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VORWORT I 

Die Reihe der Donaukonferenzen, dieses 
wichtige Forum des regionalen 
wissenschaftlichen Erfahrungsaustausches 
der Donauhydrologen, kann sich einer 
grofien und ergebnisreichen Tradition 
riihmen. Die erste Vorhersagekonferenz 
fand 1961 in Budapest statt, wurde von 
den hervorragendsten Wissenschaftlern 
unserer Region (Dumitrescu, Kaczma­
rek, Kalinin, Ll.sz16ffy, usf.) veranstaltet 
und iiberbrilckte den die damaligen acht 
Donaulander in zwei Blocke trennenden 
Eisernen Vorhang. 

Seit 1961 wurden die Konferenzen 
abwechselnd in den acht daran interes­
sierten Llndern veranstaltet. Sie haben 
wesentlich zum Austausch und zur 
Synthese des hydrologischen Wissens im 
Donauraum beigetragen. 

Die XVI. Konferenz, mit welcher die 
zweite Runde abgeschlossen wurde, fand 
in Kelheim, Deutschland statt. Es 
nahmen daran etwa 200 Wissenschaftler 
aus den Donaulandern teil. 80 von ihnen 
waren eingeladene Gaste der deutschen 
Regierung, da sie infolge der gegen­
wartigen schwierigen wirtschaftlichen 
Lage der mittel-osteuropaischen Llnder 
kaum imstande gewesen waren, an der 
Konferenz teilzunehmen und ihre 
Vortrage zu halten. Die XVI. Konferenz 
war die erste jener Serie, welche ilber 
das herkommliche Thema der Vorher­
sage hinausgehend, sich als eine 
"Konferenz ilber hydrologische 
Vorhersagen und hydrologisch-
wasserwirtschaftliche Grundlagen" 
definierte. 

Die XVII. Konferenz wird vom Unga­
rischen IHP/OHP Nationalkomitee in 
Budapest vom 5-9 September 1994 
veranstaltet. Mit ihr wird die dritte 
Runde unter der Donaulandern begon­
nen, deren Anzahl inzwischen, infolge 
historischer Geschehnisse, nun schon 13 

3 

PREFACE 

The series of Danube Conferences, as a 
major forum of regional scientific 
exchange of the Danube hydrologists, 
has by know a rich and successful 
tradition. The first Forecasting 
Conference took place in 1961 at 
Budapest, organized by the most 
outstanding scholars of our region 
(Dumitrescu, Kaczmarek, Kalinin, 
Llszl6ffy, etc.) bridging the gap between 
the two blocks of the - at that time eight 
-Danube Countries separated by the Iron 
Curtain. 

Since 1961, conferences were held 
biennially by turns in the eight countries 
involved, essentially contributing to the 
exchange and synthesis of hydrological 
knowledge in the Danube Basin. 

The XVIIth Conference completing the 
second circle, was held in 1992 in 
Kelheim, Germany, and attended by 
about 200 scientists of the Danube 
Countries. 80 of them were invited 
guests of the Federal Goverment of 
Germany since otherwise - due to the 
actual economic situation in the Central­
East European Countries - they would 
not have been able to attend the 
conference and deliver their lectures. 
The XVIth Conference was the first one 
of the series which, exceeding the 
traditional topic of forecasting, defined 
itself as a "Conference on Hydrological 
Forecasting and Hydrological Bases of 
Water Management". 

The XVIIth Conference, will be 
organized by the Hungarian IHP/OHP 
National Committee and held in 
Budapest, on 5-9 September 1994, 
initiating the third circle of Conferences 
among the Danube Countries whose 
number has by now reached, due to 



betragt. Das traditionelle Vorbe­
reitungstreffen hat im Forschungs­
zentrum fiir Wasserwirtschaft AG 
(VITUKI) am 19. und 20. Mai 1993 
stattgefunden. Es nahmen daran die 
Vertreter der Lander Deutschland, 
Osterreich, Slowakei, Ungarn, Kroatien 
und Rumanien sowie der UNESCO und 
der WMO teil. Die hauptsachlichen 
Ergebnisse des Vorbereitungstreffens 
waren erstens die Festlegung der fi.inf 
Konferenzthemen und zweitens der 
BeschluB, daB die Konferenzsprachen 
von nun an Deutsch und Englisch sein 
werden, anstatt Deutsch und Russisch 
wie bei den ersten 16 Konferenzen . 

Die lnformationsnote 1 (Anforderung 
von Beitragen) fiir die XVII. · Donau­
landerkonferenz wurde vom Veranstalter 
Ende September 1993 an die IHP Na­
tionalkomitees samtlicher europaischer 
Lander sowie der U.S.A. und Kanadas 
versandt. Als Beantwortung wurden bis 
zu den reichlich verlangerten 
entsprechenden Terminen etwa 250 
ausgefiill te vorlaufige An mel­
deformulare, 157 Kurzfassungen und 
schlieBlich 127 vollstandige Kon­
ferenzbeitrage eingereicht. Als eine neue 
MaBnahme in der Geschichte der 
Donaulanderkonferenzen wurde ein 
Wissenschaftlicher Beirat ins Leben 
gerufen, bestehend aus einem Sekretar, 
den Gutachtern der fiinf Konferenz­
themen (einberufen auf Grund von 
Nomienierungen aus den IHP National­
komitees der Donaulander), zwei 
Mitgutachtern (eingeladen <lurch die 
Gutachter) und dem Herausgeber des 
Sammelbandes der Konferenz. 

Jeder Gutachter, eventuell unterstlitzt 
durch seinen Mitgutachter, hat die zu 
seinem jeweiligen Thema eingereichten 
Beitrage ilberpriift, entsprechende 
Empfehlungen fi.ir ihre Annahme, 
Zuriickweisung (infolge inhaltlicher, 
formeller oder sprachlicher Probleme 
oder Irrelevanz fiir den Donauraum) 
oder Versetzung in ein anderes 
Konferenzthema gemacht. Es wurde 
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historical events, 13. Its traditio.nal 
preparatory meeting took place on 19-20 
May, 1993 in the Water Resources 
Research Centre Pie. (VITUKI) and was 
attended by representatives of the 
following Danube Countries: Germany, 
Austria, Slovakia, Hungary, Croatia and 
Romania as well as by those of 
UNESCO and WMO. The main issues 
of the preparatory meeting were the 
identification of the five Conference 
Themes and the decision that conference 
languages will be German and English, 
instead of German and Russian, as 
adapted during the first 16 Conferences. 

The first circul~ (call for papers) of the 
XVIIth Danube Conference was sent at 
the end of September 1993 by the 
Hungarian National Committee for 
IHP/OHP to the IHP National 
Committes of all European Countries, 
the U.S.A. and Canada. As a response 
to it, about 250 filled-in preliminary 
registration forms, 157 abstracts and 
finally 127 full conference papers 
reached the Organizer by the generously 
prolongated respective deadlines. As a 
new institution in the history of the 
Danube Conferences, a Scientific Board 
was installed, consisting of a Secretary, 
the Conveners of the five Conference 
Themes (selected on the basis of 
nominations by the IHP National 
Committees), two Co-conveners invited 
by the latter and the Editor of the 
Conference Proceedings. 

The Conveners, aided by their respective 
Co-conveners, reviewed the papers 
submitted for their respective themes, 
made recommendations about their being 
accepted, refused (because of content­
related or linguistic causes or irrelevance 
for the Danube Basin) or transferred to 
another theme. They were also invited 
to prepare keynote papers for their 
respective themes. The following table is 



Konferenzbeitriige/Conference papers 
Kurz-

No. Land/Country fas- einge- angenommen/accepted 
sun- reicht 
gen ins.'. fiir das Thema/for Theme 

sub- ge-
Abst- mitted samt 
racts 1 2 3 4 5 

total 

1 Deutschland 15 13 13 5 2 3 - 3 
Germany -

2 Osterreich/ Austria 7 6 6 1 - l 3 1 -
3 Tschechien 4 4 4 - 1 2 1 -

Czech Republic -
4 Slowakei/Slovakia 6 6 6 l 2 - 1 2 -
5 Ungaro/Hungary 23 15 15 - - 8 2 5 - 6 ~ Slowenien/Slovenia l 2 2 l - 1 - -- ·c: 
7 c Kroatien/Croatia 11 9 9 1 2 4 - 2 ;::I - 0 

u 
8 v Bosnien und - - - - - - - -

.0 
Herzegovina ;::I 

1a 

- ~ 
Bosnia-Herzegovina 

9 
v 

Jugoslawien 20 18 18 5 5 1 7 "O -
.la Yugoslavia "3 - «l 

10 
Cl 

Rumiinien/Romania 13 12 11 4 5 1 1 0 -- 0 
11 Bulgarien/Bulgaria 11 10 8 1 2 1 1 3 -
12 Moldavien/Moldavia - - - - - - - --
13 Ukraine/Ukraine 22 17 14 - 3 3 1 7 

14 Wei6ru6land 2 - - - - - - -
Belorussia - "' 15 

v 
Ru6land/Russia 10 9 8 5 3 ·c: - - -- '- =· o.> ;::I 

16 "O 0 Usbekistan 8 4 1 - - 1 - -
~~ U zbekhistan - o.> 
~ ..g 

17 ~o Holland 2 1 1 - 1 - - -
~ The Netherlands -

18 U.S.A. 1 1 1 1 - - - --
19 Kanada/Canada 1 - - - - - -

I In.sgesamt/Total I 157 I 121 I 111 I 16 I 22 I 34 I 14 I 31 I 
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jedem Gutachter freigestellt, seinen 
Einfiihrungsvortrag zu schreiben. Die 
Tabelle auf der vorigen Seite enthalt eine 
Ubersicht und die Aufschliisselung nach 
Landero der eingetroffenen 
Kurzfassungen und vollstandigen 
Beitrage. 

Das vorliegende Sammelwerk enthfilt in 
zwei Banden vier Einfiihrungsvortrage 
der Gutachter und die 117 akzeptierten 
Konferenzbeitrage die in camera-ready 
Form eingereicht wurden, wobei vom 
Herausgeber nachtraglich hochstens 
geringere Anderungen formellen Charak­
ters vorgenommen wurden . 

Im Hindblick auf den Jubilaums­
Charakter der XVII. Donaulander­
konferenz, womit die dritte Konferenz­
runde beginnt, war der Veranstalter 
bestrebt, hervorragende Festredner fiir 
die Eroffnungsfeier zu gewinnen. Die 
Festreden von Herrn Professor Kresser 
und Herrn Dr. Szesztay (beide waren 
unter den Griindervatern der Ersten 
Donaulanderkonferenz in 1961), von 
Herrn Professor Hofius (der im Auftrag 
des Deutschen IHP/OHP National­
komitees die hydrologische Zusammen­
arbeit der Donaulander wahrend der 
Periode 1987-1992 auBerst wirksam 
koordiniert hat) , von Herrn PfUndl (der 
einen umfassenden Uberblick liber die 
neu es t e Entwicklu ng in den 
gemeinsam en Bestrebungen der 
Donaufander for die Koordinierung der 
Wasserwirtschaft und des Gewasser­
schutzes gewahren wird) sowie von 
Herrn Kraemer von der WMO, sind 
zusammen mit den bis Manuskripts­
schluB angekommenen Grul3reden , 
ebenfalls im vorliegenden Sammelband 
enthalten. 

Um die erwi.mschte Teilnahme an der 
XVII. Donaulanderkonferenz auch unter 
den gegenwartigen sc hwier ige n 
wirtschaftlichen Verhaltnissen mancher 
mittel- und osteuropaischer Lander zu 
ermoglichen , hat der Veranstalter 
verschiedene ungarische und 
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a survey and a breakdown, according to 
the countries within and outside the 
Danube Basin, of the abstracts and full 
conference papers received . 

The present two volumes of Conference 
Proceedings contain four keynote papers 
of the Conveners and 117 accepted 
conference papers as they were 
submitted by their authors, in camera­
ready form, without adding other than 
minor formal adjustments. 

In view of the jubilee character of the 
XVIIth Danube Conference, initiating 
the third circle, the Organizer strived to, 
and was happy to succeed in, inviting 
excellent speakers to the Opening 
Ceremony, including Professor Kresser 
and Dr. Szesztay - from among the 
Fathers of the First Danube Conference 
of 1961; Professor Hofius - who, on 
behalf of the German IHP/OHP National 
Committee, very efficiently coordinated 
the hydrological cooperation of the 
Danube Countries during the period 
1987-1992; and Mr. Pfiindl - offering a 
broad survey of recent developments in 
the joint efforts of the Danube Countries 
for co-ordinated water management and 
environmental control). The fifth festive 
speaker, Mr. Kraemer, gives a statement 
on behalf of WMO. These five festive 
speaches are also included in the present 
Proceedings along with the Greeting 
Addresses reaching the Editor before 
closing manuscript. 

In order to 
attendance to 

enable a substantial 
the XVIIth Danube 

Conference even under the present 
difficult situation of some Central and 
East European Countries . the Organizer 
has approached various national and 
international institutions , as potential 



internationale Institutionen als potentielle 
Sponsoren angesprochen. Es wird hier 
den folgenden Institutionen, welche das 
Ansuchen positiv beantwortet und 
gro13ziigige Unterstiitzungen geleistet 
haben, herzlichst gedankt: dem 
ungarischen Ministerium fiir Verkehr, 
Nachrichteniibermittlung und 
Wasserwirtschaft, dem ungarischen 
Ministerium fiir U mweltschutz und 
Regionale Entwicklung, der Ungarischen 
UNESCO-Kommission, dem For­
schungszentrum fiir Wasserwirtschaft 
AG (VITUKI), dem Oberbiirgermeister 
der Hauptstadt Budapest, der 
International Science Foundation, der 
UNESCO, der WMO, der Koordinie­
rungseinheit Donauprogram der CEC 
und der Ungarischen Akademie der 
Wissenschaften. 

Ein besonders herzlicher Dank geht auch 
an die Mitglieder des Lokalen 
Organisationsausschusses der Konferenz 
sowie ihren zahlreichen Helfern, deren 
selbstlose Arbeit bestimmt wesentlich zu 
den wissenschaftlichen Ergebnissen und 
der herkommlich freundschaftlichen 
Atmosphare der XVII. 
Donaulanderkonferenz beigetragen hat. 

Budapest, Mai 1994 

sponsors of the Conference. The positive 
answers and substantial helps received 
from the Hungarian Ministry for 
Transport, Communication and Water 
Management, from the Hungarian 
Ministry for Environmental Protection 
and Regional Development, from the 
Hungarian UNESCO Commission, from 
the Water Resources Research Centre 
Plc. (VITUKI), from The Mayor of the 
Capital Budapest, the International 
Science Foundation, from the UNESCO, 
from the WMO, from the Danuve 
Programme Coordination Unit of CEC 
and from the Hungarian Academy of 
Sciences are gratefully acknowledged. 

Special thanks are also expressed to the 
members of the Local Organizing 
Committee of the Conference and their 
numerous helpers whose unselfish efforts 
may substantially have contributed to the 
scientific results and the traditionally 
amicable atmosphere of the XVllth 
Conference of the Danube Countries. 

Budapest, May 1994 

~ . 
L ·' .. ~~ 1 ·~)~~ I l , 

(M. Domokos) 

Sekretiir I Secretary 
des UNGARISCHEN IHP/OHP NATIONALKOMITEES 

of the HUNGARIAN IHP/OHP NATIONAL COMMITTE 
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" an excellent forum for 
gathering better and more 
detailed knowledge on one of the 
most international rivers of the 
Earth ... " 

Greeting address by 

Dr. Gabor DEMSZKY 
The Mayor of the Capital Budapest 

Ladies and Gentlemen, dear Conference Participants: 

It is my particular pleasure to greet you among the walls of Budapest. The 
Danube Countries have selected Budapest for the third time as the venue of their 
International Conference on Forecasting, Hydrology and Water Management. 

The history and economic development of Budapest, situated almost at the 
middle point along the course of the great river, had been closely connected to the 
River Danube. The river offers natural resources and economic values of decisive 
importance for future development as well. 

The two-leveled river embankments of Budapest, which were built in the 1870-
ies, are of historic monument value and largely define both the development and the 
view of the city. They were built with the the following two main objectives: 

to provide flood defence and especially to prevent the occurrence of ice 
floods; and 

to facilitate river navigation and cargo shipping. 

Indeed, the quays of more than 10 km total length had, in the last century, 
opened a wide gate for the shipping of all kind of products of the Danube Basin such 
as timber, agricultural and industrial products. The river-port function of Budapest had 
a significant role in turning the city into a major centre of the economic life of the 
broader region. 

The down town Danube reach between Margit Bridge and Szabadsag Bridge, with 
the quays, bridges, buildings and with their natural environment has been declared by 
UNESCO a world heritage, but this area is by no means a kind of outdoor museum. set 
apart from the life of the city. Essential urban traffic routes run , without level 
crossings. along both the Buda and Pest embankments, actually in the floodplain of the 
River Danube. Above a water stage of 6 meters the river gradually inundates these 
transportation corridors, like it happened in the spring of this year, too. This is one of 



the reasons why the operators of the public networks of the metropolis are extremely 
interested in the recent results research into water level forecasting. In the possession 
of more reliable forecasts the disturbance to urban traffic can be reduced, by reducing 
the period of traffic diversion from the quays, which creates from time-to-time an 
almost unbearable burden on the traffic of the city. 

Among the operation and development tasks of municipal government, water 
supply and sewerage are two major ones with which the Conference is going to deal, 
too. 

It is perhaps known to you also that the water supply of Budapest is based on 
bank-filtered drinking water resources and , to a smaller extent, also on surface water 
intake from the River Danube. As both sources are essentially those of the river, the 
papers of the conference dealing with water budgets, sediment transport, ice conditions, 
water quality and aquatic life are discussing important aspects from the point of view 
of these public supplies. 

These subjects closely relate to the work of our water supply and sewerage 
experts, but they are also important for city planners, professionals of trade and 
commerce and also for those of tourism, who all attempt to develope and make use of 
other, environmental, landscape, ecological, etc. values of the River Danube. 

Casting a view over the broader Danube Valley it is our particular pleasure to 
recognize that 13 riparian countries sent their professionals to the Conference in order 
to present the results of their research or practical works. 

The Conference provides an excellent forum for gathering better and more 
detailed knowledge on one of the most international rivers of the Earth, and for having 
discussions on, and making proposals for further research needed for the better 
protection and development of the great ecological and economic values of the River 
Danube. 

I wish all of you dear Participants fruitful work and an enjoyable stay in our 
metropolitan city Budapest. 



" ... we are proud for our role 
played in the development of the 
Danube river or in the protection of 
the population and wealth against 
flooding." 

Greeting address by 

Professor Dr. Odon STAROSOLSZKY 
Director General of VITUKI Plc. 

Distinguished Participants of the XVIIth Da~u-be -Confer-ence: 

On behalf of the host institute and its staff I have an extraordinary honour and 
particular pleasure to welcome you in the Water Resources Research Centre, the 
institute hosting the Conference and the Secretariat of the IHP/OHP National Committee 
of Hungary. 

We are extremely glad since VITUKI's staff was active since these Conferences 
are regularly organized. We run the Secretariat since the launching of UNESCO's 
International Hydrological Decade, and the national reference centre of WMO's 
Hydrological Operational Multipurpose System. 

) 

The location of VITUKI is physically and spiritually bounded to the Danube. 
Our campus is accommodated in a former Danube bed which was filled partially by 
dredged material of the river, our campus border is the main levee of Budapest and the 
Rackeve Danube arm. From the roof of our central building we can enjoy the beautiful 
view over the Danube. This physical neighbourhood is a representative factor for our 
institute. 

The spiritual neighbourhood is supported by several hydrological, hydraulic or 
water-quality studies on, or related to, the Danube and her utilization. VITUKI's 
spiritual connections with the Danube were strengthened recently since VITUKI was 
appointed as national focal point for the Danube Environmental Programme of the 
European Community, World Bank and UNDP. 

VITUKI has participating in several international studies and contributed to the 
Cousteau-team expedition over the Danube, the Environmental and Navigability Study 
of the Netherlands over the Danube, the UNDP/WHO water quality monitoring studies, 
and to the compilation of the hydrological yearbook of the Danube Commission. 

It is almost 100 years now since it is the responsibility os VITUKI and its 
predecessors, respectively , to compile and disseminate daily reports and forecasts on 
the Danube water levels and discharges both along the Hungarian reach and 



thatextending from Regensburg to the Iron-Gate. This traditional activity was one 
major topics in the close cooperation within the biennial conferences devoted for a long 
period to the hydrological forecasting. 

Danube water quality study over the joint Slovak-Hungarian reach is one of the 
biggest effort of our water quality laboratory made jointly with the relevant Slovak 
Institute, the VUVH in Bratislava. 

Danube water is flowing from our taps since bank-filtered wells supply partly 
the Budapest Water Works, therefore the detailed investigations of VITUKI on the 
bank-filtered water resources and their vulnerability are also regular topics of our 
research plans. 

Our hydraulic laboratory was the site of several physical models related to 
barrages, water intakes and outlets, river training and flood control works along, or 
bridges over, the Danube. The hydraulic laboratory tests on the Paks Nuclear Power 
station and the regular field inspections over the greatest water intake of Hungary are 
also important features of the connection between the Danube and VITUKI. 

This is the reason why we are proud of our role played in the development of 
the Danube river and in the protection of the population and wealth against flooding. 

When we organize a technical-scientific meeting, as we do it relatively 
frequently, we like to introduce this large river to our guest and we put into the 
programme a visit or a boat excursion, like we do it at this conference by the courtesy 
of the Mayor of the City of Budapest, as you are certainly aware from the circular of 
the Conference. We like to introduce this river which is a connecting tie with several 
countries of Europe, upstream and downstream. Thus, we have close collaborations, 
particularly with the neighbouring countries, like Austria, Slovakia or Yugoslavia, 
including joint sampling or measuring programmes in order to generate data series 
acceptable for the border sections of the river. We feel that we can do more jointly than 
separate I y. 

Therefore we wish to promote furthermore collaborqtion between institutes and 
researchers of the Danube Countries both in scientific programmes and in operational 
data acquisition. This forum, the XVIlth Danube Conference can be the site of the 
establishment of initiatives new or the reinforcement of existing collaborations. We are 
particularly glad to have this meeting with several representatives and excellent 
hydrologists from the Danube Countries, and also countries outside of the Danube 
catchment. 

I hope that you will be satisfied by our efforts in the preparation and the 
implementation of the programme. 

On behalf of the host institute I wish to all of the participants a successful 
conference and a memorable stay here in Budapest and Hungary. 

Thank you for coming and visiting us! 
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XVII. KONFERENZ DER DONAULANDER 

-
8 Uber hydrologische Vorhersagen und 

hydrologisch-wasserwirtschaftliche Grundlagen 

XVIIth CONFERENCE OF THE DANUBE COUNTRIES 

on Hydrological Forecasting and Hydrological Bases 
of Water Management 

~~ 

Budapest, 5 - 9 September, 1994 

BEITRAG/PAPER No.: F.1. 

GEDANKEN ZUR GRUNDUNG DER ARBEITSGEMEINSCHAFT DER 
DONAULANDER FUR HYDROLOGISCHE VORHERSAGEN IM APRIL 1961 

von em.Prof.Dr.techn.Dr.h.c. W. Kresser, Wien 

Kurzfassung 

Der Verfasser ist - neben den weiland Professoren Kalinin, Ll.szl6ffy, usw. - einer der 
Grunder der Konferenzen fiir hydrologische Vorhersagen der Donaulander, deren erste 
im April 1961 in Budapest getagt hat. Wfilirend der vergangenen 33 Jahre haben die im 
allgemeinen zweijahrlich veranstalteten 16 Konferenzen in den bisherigen acht 
Donaulandem in zwei Runden stattgefunden. Die 17. Konferenz, die neben der 
Vorhersage nunmehr auch allgemeinere Fragen der Hydrologie und der 
Wasserwirtschaft behandelt, wird bereits die dritte in der Griinderstadt Budapest sein. 
Mit ihr wird somit die dritte Runde in den inzwischen auf 13 angewachsenen 
Donaustaaten beginnen. Bei diesem festlichen AnlaB blickt Professor Kresser auf die 
Vorgeschichte der Griindung der Arbeitsgemeinschaft in einem weiter gespannten 
historischen Rahmen zuriick, wobei er schwerpunktmaBig einige wichtigere Aspekte der 
Geschichte der globalen und der ungarischen Gewasserkunde hervorhebt sowie 
abschliefiend auf die Bedeutung und die Erfolge der bisherigen Konferenzen kurz 
eingeht. 

Reflections on the foundation of the Working Pool of the Danube Countries for 
hydrological forecasting 

Abstract The Author is - besides the late Professors Kalinin, Laszl6ffy, etc. - one of 
the founders of the Conferences for Hydrological Forecasting of the Danube Countries, 
whose first meeting took place in April 1961 in Budapest. During the past 33 years the 
16 Conferences, organized every second year alternatively in the so far eight Danube 
Countries, made two rounds. The 17th Conference, already dealing also with general 
topics of hydrology and water management, will be the third one taking place in the 
town of foundation, Budapest. With this Conference starts, the third round among the 
Danube Countries whose number has increased in the meantime to 13. At this festive 
occasion, Professor Kresser offers a review of the events preceding the foundation of 
the Working Pool for Hydrological Forecasting within a wider historical framework, 
focusing on selected aspects of the history of global and Hungarian hydrology and 
briefly underlining the importance and achievements of the Conference held so far. 
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GEDANKEN ZUR GRUNDUNG DER ARBEITSGEMEINSCHAFT DER DONAU­
LANDER FUR HYDROLOGISCHE VORHERSAGEN IM: APRIL 1961 

von W. Kresser, Wien 

Im Ablauf der Geschichte der Menschheit hat es immer wieder Zeitpunkte gegeben, die fur die 

Entwick.lung eines Volkes, der Technik oder einer bestimmten Wissenschaft eine Zasur 

bedeuteten. So waren fur die gesamte westliche Zivilisation entscheidend das Jahr 1453 mit der 

Eroberung Konstantinopels <lurch die Tilrken, 1492 mit der Entdeckung Amerikas, 1789 mit 

der franzosischen Revolution oder 191 7 mit der Errichtung des Sowjetstaates mit allen sich 

daraus ergebenden Folgen, zu denen indirekt auch der Bau der Berliner Mauer im August 1961 

zu rechnen ist. 

1961 war auch das Jahr, das fur die Hydrologie der Donaulander von besonderer Bedeutung 

werden sollte. Am 12. April 1961 umkreiste das sowjetische Raumschiff Wostok I die Erde, 

und mit dem russischen Major Gagarin betrat zum ersten Mai ein Mensch das Weltall. Zufallig 

wird a n d e m s e l b e n T a g hier in Budapest die Arbeitsgemeinschaft der Donau­

lander fu.r hydrologische Vorhersagen gegrilndet, die heute bereits mit dem dritten Zyklus der 

alle zwei Jahre in jeweils einem anderen der Donaulander stattfindenden Konferenzen beginnt. 

So unterschiedlich diese beiden Ereignisse ihrem Gewicht nach zu bewerten sind, ist ihnen 

doch auch gleichzeitig Grundlegendes gemeinsam. Mit der sowjetischen Weltraummission hat 

der Mensch einen bis dahin verschlossenen Raum erobert und auch mit der Grtindung der 

Arbeitsgemeinschaft fur hydrologische Vorhersagen vvurde Neuland betreten. Die Hydrologen 

der Donaulander wagten sich auf das schwierige Gebiet wissenschaftlich fundierter 

Vorhersagen, das bis dahin vorwiegend eine Domane der Meteorologen gewesen war, und 

eroffneten sich damit ein Fachgebiet von gro13er Bedeutung fur die Wasserwirtschaft und 

darilber hinaus fur weite Bereiche der heutigen Wirtschaft. 

Welche G r i.i n d e waren es nun, die dazu fuhrten, gerade h i e r i n B u d a p e s t die 

hydrologischen Vorhersagen als ein mehr oder weniger eigenstandiges Forschungsgebiet der 

Hydrologie zu kreieren? Gewasserkundliche oder wasserwirtschaftliche Vorhersagen hat es 

zweifellos schon in der F r il h z e i t der Menschheit gegeben, was am sinnfalligsten wohl fur 

Agypten zutriffi. Fur dieses Land, dessen Existenzgrundlage das Wasser bildete, hing die not­

wendige Bewasserung eines ganzen Jahres entscheidend von der richtigen Voraussage des Ein­

setzens der Jahresflut des Nils ab. Das Erscheinen des Sirius am Abendhimmel gait als das 

18 



astronomische Ereignis, das mit dem Beginn der jahrlichen Uberschwemmungen in Zusam­

menhang gebracht wurde. Ahnliche Relationen zwischen der Stellung der Gestirne und 

best1mmten hydrometcorologischen Geschchnissen uncl, darauf basierend, gcwisse 

Vorhersagen auf Grund einer metaphysischen BctrJchtungsweise der Natur wurden auch in 

Mesopotamicn, in China und lndien sowie spatcr im Bereich der mittelamerikanischen 

Hochkulturen erstcllt. 

Gei diesen altesten Versuchen, durch eine bestimmte Vorhersage die Moglichkeit zu schaffen, 

das lebensnotwendige Wasser zu bewirtschafien oder mit dem Wasseriiberfluf3 verbundene 

Gefahren abzuwenden, standen den fri.ihen Entwicklungsstufen als Hilfamittel somit hauptsach­

lich gewisse ubersinnliche Vorstellungen und Kombinationen zur Verfi.igung. Erst mit der 

R e n a i s s a n c e trat der Mensch in ein neues Verhaltnis zur Natur und ihren 

Erscheinungen. Das Streben dcr nachsten Jahrhunderte war daher mit steigendem Erfolg 

darauf gerichtet, die Zusammenhange zwischen einzelnen Naturerschcinungen und konkretcn, 

feststcllbaren oder mef3baren Tatsachen zu ergri.inden, ihre Vielzahl und Vielfalt auf 

einheitliche Prinzipien zuri.ickzufLihren und womoglich mathematisch zu formulieren . D<lmit 

war der Weg der natunvissenschaftlichen Forschung bis in unsere Tage vorgezeichnet, em 

Weg, der vor allem auch fUr das Gebiet der hydrologischen Vorhersagen gilt 

Es dauerte jedoch noch langere Zeit, bis es zu einem eigenstandigen Fachbereich einer gewas­

serkundlichen Voraussage kommen konnte, denn zu seiner Etablierung fehlten noch einigc 

wesentliche V o r a u s s e t z u n g e n . Eine davon war zweifellos dcr Mangel an aus­

rcichenden Naturbeobachtungen, was allgemcin auch fl..ir den Ruckstand der gcsamten Hydro­

logie gait Als nachteilig erwies sich weiterhin die bis in die Mitte unseres Jahrhunderts herauf 

fehlende Kooperation mit den Nachbal\J./issenschaften der Gewasserkunde sowie die geringe 

Pflege der integrativen Disziplinen, wie der Physik und Mathematik. Erst nach der Behebung 

dieser Mangel und dem damit verbundenen ticferen Einblick in die natul\J./issenschafllichen 

Zusammenhange konnte mit der wisscnschaft:lichen Behandlung der vielen Probleme der 

hydrologischen Vorhersagen begonnen werden. 

Im Jahrc 1961 war es dann soweit, und wcnn die Inauguration der Arbcitsgemeinschafl der 

Donaulander fi'1r hydrologische Vorhersagen hier in Budapest erfolgte, so lagen clafur 

h i s t o r i s c h e G r u n d e vor. Fur ein Land, dessen Gebiet zu einem erheblichen Teil 

unter dem Hochwassersaum der grof3en Fllisse, insbesondere der Donau und der Theif3 liegt, 

bcdcutete die Vorherbcstimmung der Hochwasserstande von jeher eine Oberlebensfrage Unter 

dem Zwang der Erfordernisse der Wirtschaft: und der Sicherheit der Bevolkerung wurdcn in 
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Ung.am daher bereits vor hundert Jahren mit den bescheidensten Hilfsmitteln und unbeschadet 

der damaligen Schwierigkeiten einer entsprechenden Nachrichtenubermittlung hydrologische 

Vorhersagen getroffen und damit eine Pionierarbeit geleistet, die nicht hoch genug eingeschatzt 

werden kann. 

Das Hauptverdienst dafur, daf3 sich nach den Wasserstandsprognosen der franzosischen 

Hydrologen BELGRAND und MAZOYER fur das Seinegebiet auch im Donauraum ein klassi­

sches Zentrum gewasserkundlicher Forschung in bezug auf die hydrologische Vorhersagc 

entwickeln konnte, gebuhrt ohne Zweifel dem bedeutenden ungarischen Hydrologen Joseph 

PECH. Im Jahre 1886 wurde PECH mit der Fuhrung des eben gegrundeten Ungarischen 

Hydrographischen Dienstes betraut. Schon vier Jahre spater arbeitete er die ersten Wasser­

standsprognosen for das von Pref3burg bis zum Eisernen Tor reichende ungarische Donau ­

gebiet und fur neun Pegelstationen an der Theif3 aus, wobei der Fehler in 72°/o der Falle 

weniger als 10 cm betrug. Ab 1892 wurde dann der regelmaf3ige Vorhersagedienst eingefuhrt, 

und es kamen fur alle bedeutenden Gewasser des Karpatenbeckens Tageskarten der Wasser­

stande heraus, die von der Post versandt wurden und einen grof3en Erfolg verzeichneten 

Bereits ein Jahr spii.ter, als der Osterreichische Hydrographische Dienst eben gegrundet wurde 

und a.ndere Linder noch iant,(:; auf e;11e ahnliche institution warten muGten, gab PECH fur 27 

Pegel, wovon zwolf an der Donau lagen, schon sehr genaue ein- bis funftagige Hochwasser­

vorhersagen heraus. Ab 1898 folgten dann fur 20 Donaupegel 24- und 48stundige Wasser­

standsprognosen die eine erstaunliche Genauigkeit aufwiesen. PECH begnugte sich jedoch 

keineswegs mit der Einrichtung eines funktionierenden Vorhersagedienstes for ein ausge­

dehntes Gewassersystem, sondern arbeitete auch maf3gebend an der methodischen Weiterent­

wicklung des von ihm in seiner Bedeutung erkannten neuen Teilgebietes der Hydrologie. Sein 

zweibandiges Werk daruber war die erste allgemeine, zusammenhangende Pubhki:ition auf dem 

Gebiet der gewasserkundlichen Vorh ersage in den Donaulandern und wurc!e auch :n deutscher 

und franzosischer Sprache veroffentli cht 

Auch die spater folgenden Hydrologen Ungarns pflegten bis 1n unsere Tage herauf die hohe 

Tradition, zu der sie sich allein schon durch das grof3e Werk von PECH verpflichtet fuhlten . Su 

waren es denn auch die u n g a r i s c h e n Hydrologen, die sich nach dem Zweiten 

Weltkrieg, nach der Wiedererrichtung und Modernisierung des hydrographischen 

Nachrichtendienstes, dem Forschungszweig der hydrologischen Vorhersage zuwandten, neue 

Prognoseverfahren entwickelten und ihre praktische Anwendung und Zuverlassigkeit pruften 
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Sie arbeiteten fur samtliche grof3eren Flusse des Landes handliche graphische Verfahren oder 

geeignete mathematische Methoden, vorwiegend der mehrfachen Regression, aus . 

Es war somit nur logisch, wenn im Jahre 196 l der wohl bedeutendste Hydrologe Ungarns der 

Nachkriegszeit, Waldemar LASZLOFFY, die Grundung einer Arbeitsgemeinschaft fur hydro­

logische Vorhersagen vorschlug, die samtliche Donaulander einschlief3en sollte. LASZLOFFY 

und der darnalige Leiter der Forschungsanstalt fur Wasserwirtschaft, Karoly STELCZER, 

luden mich ein, gemeinsarn mit ihnen das Grundungskomitee zu bilden, und so kam es dann im 

April 1961 zur Einrichtung eben dieser Arbeitsgemeinschaft, die somit auf 33 Jahre ihres 

Bestehens zuruckblicken kann. 

Wahrend auf der Grundungskonferenz und auch noch auf der 2.Tagung in Graz im Rahmen 

eines mehr oder weniger geschlossenen Kreises von in der Hydrologie Tatigen grundsatzliche 

Fragen der Prognose, insbesondere die notwendigen Definitionen, die Moglichkeiten und 

Grenzen einer Vorhersage sowie die Methoden und ihre Genauigkeit behandelt wurden, ergab 

sich spater eine zunehmende Ausweitung der zu behandelnden Themen. Die 3 .Konferenz fand 

dann in Bukarest statt, wobei sich der T eilnehmerkreis von da an laufend vergrof3erte, was aber 

nicht immer mit einer Erhohung der qualitativen Effizienz verbunden war. Es folgten die 

Konferenzen in Bratislava, Beograd, Kiew, Sofia und Regensburg, bis dar1n im Jahre 1977 die 

IX Konferenz an ihren Grundungsort Budapest zuruckkehrte und damit die zweite Runde der 

alle zwei Jahre stattfindenden Tagungen einleitete. 

La13t man die bisherigen sechzehn Konferenzen Revue passieren, so erhebt sich die Frage, ob 

der seinerzeitige, die ersten Tagungen pragende Optimiusmus berechtigt war, oder ob die 

ursprunglichen Erwartungen zu hoc)1 lagen. Reicht die damalige Konzeption im wesentlichen 

auch heute noch aus, oder verlangen daruber hinaus neue Probleme eine Behandlung, um den 

heutigen Erfordernissen einer urnfassenden Wasserwirtschaft zu entsprechen? Das sind nur 

einige Fragen, die sich anlaf31ich einer Jubilaumstagung aufdrangen und deren Beantwortung 

selbstverstandlich nur eine subjektive sein kann. 

Zieht man die Erfolge auf dem Sektor der hydrologischen Vorhersagen in den letzten Jahren in 

Betracht, so laf3t sich trotz gelegentlicher Ruckschlage feststellen, daf3 sich der Gedankenent­

wurf des Jahres 1961 bewahrt hat und das Forschungsgebiet der hydrologischen Prognose 

einen hohen Stand wissenschaftlicher Erkenntnis erreicht hat. Besonders augenfallig ist dabei 

die erfolgte A u s w e i t u n g d e r A r b e i t s t h e m e n , so daf3 jetzt nicht nur das 

zur Grunderzeit angesprochene Gebiet der hydrologischen Vorhersagen, sondern auch die 
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hydrologisch-wasserwirtschaftlichen Grundlagen behandelt werden sollen. Damit stellt sich 

dem forschenden Hydrologen eine Fulle neuer Aufgaben, und die Wandlung der Problematik 

und der Methoden zwingt ihn, im Suchen nach neuen Erkenntnissen immer weiter in die 

komplexen Zusammenhange des hydrologischen Geschehens einzudringen. Dabei riicken in 

zunehmendem Ma13e Problemkreise in den Yordergrund, die an den G r e n z e n z u 

a n d e r e n W i s s e n s c h a ft e n liegen. Es gilt also die Barrieren zu einigen Nach­

bargebieten zu uberwinden und die bestehenden Kontakte noch mehr zu pflegen. Somit wird es 

auch bei den hydrologischen und wasserwirtschaftlichen Yorhersagen zunehmend zur 

Anwendung der in anderen Disziplinen bewahrten Methoden und Denkweisen kommen . Bei 

alien euphorischen Zukunftsplanen sollte man jedoch bedenken, dal3, ungeachtet aller 

wissenschaftlichen Fortschritte, das sinnhafte Begreifen der naturhaften Zusammenhange in der 

Hydrologie stets im Yordergrund stehen mu/3. Das eigentliche Experimentierfeld gerade in der 

hydrologischen Yorhersage ist bei aller Achtung vor den geistigen Leistungen weder der 

Schreibtisch noch das Laboratorium, sondern einzig und allein d i e N a t u r 1 n a J J 

ihrer Yielfalt. 
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Abstract 

The role of water as impact transmitting media and coherence 
creating force in nature and society was an important recog­
nition and far sighted vision of Professor Dr.Woldemar Lasz-
16ffy, who was the principal initiator of the regular confer­
ences on Danube hydrology and from whom I have learned theory 
and practice of hydrology for more than two decades.In nature 
the integrating role of water is a reflection of the holistic 
character of planetary evolution and manifests itself in the 
harmonization of local diversity with macrosacle coherence 
through an intricate and very finely tuned interaction between 
the processes of water balance dynamics and landscape ecology. 
The atomistic principles and fragmented approaches underlying 
the market induced tendencies of the technological and indus­
trial developments of the last few centuries sharply conflict 
with nature's holistic functioning, as well as with the deep­
ly holistic structure and capabilities of the human brain and 
mind itself-leaving and nourishing hope that the cultural and 
ecological dimensions will soon find their proper place in a 
world order of lasting peace and real prosperity. This holis­
tic principles seem to be reflected also in the history of 
the long-lasting co-operative initiatives and efforts prepar­
ing the ground for the regular conferences and bringing sur­
prisingly full and quick success even under the difficult con­
ditions of the late fifties and early sixties when the iron 
curtain system crossing the Danube Basin was still in full 
force. 

Koharenz und Diversitat im Donaueinzugsgebiet 

Kurzf assung 

Die in der Natur und der Gesellschaft als wirkungslibertragen­
des und koharenzschaffendes Mittel gespielte Rolle des Wassers 
war eines der wichtigen Erkenntnisse und weitsichtigen Visio­
nen von Profe~sor Dr.Woldem~r Laszl6ffy, dem hauptsachlichen 
Veranlasser <ler regelma~igen Konferenzen liber die Donauhydro-
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logie, von dem ich die Theorie und Praxis der Hydrologie wah­
rend mehr als zwei Jahrzehnte erlernt habe. Die integrieren­
de Rolle des Wassers ist in der Natur eine Wiederspiegelung 
des holistischen Charakters der planetaren Evolution. Diese 
Rolle kommt darin zum Ausdruck, daB sie die lokale Diversi­
tat mit der groBmaBstablichen Koharenz - ilber komplizierte 
und auBerst f ein abgestimmte Wechselwirkungen zwischen den 
Prozessen der Wasserbilanz-Dynamik und der Landschafts6ko­
logie - in Einklang bringt. Die den vom Markt gepragten Ten­
denzen der in den letzten Jahrhunderten stattgefundenen tech­
nologischen und industriellen Entwicklungen zugrunde liegen­
den atomistischen Prinzipien und f ragmentarischen Annaherun­
gen geraten in einen scharfen Konflikt sowohl mit der holis­
tischen Funktion der Natur als auch mit den tiefwurzelnd ho­
listischen Struktur und Fahigkeiten des menschlichen Gehirns 
und des menschlichen Geistes sBlbst. Dies alles laBt uns 
speist unsere Hoffnung darauf, daB die kulturellen und 6ko­
logischen Dimensionen bald ihren geeigneten Platz in einer 
Weltordnung des andauernden Friedens und einer wahrhaftigen 
Prosperitat finden werden. Diese holistischen Prinzipien 
scheinen sich auch in der Geschichte von langdauernden Anre­
gungen zur Zusarrunenarbeit und Anstrengungen widerzuspiegeln, 
welche den Grund fur regelmaBige Konferenzen ebnen,wobei sie 
ilberraschend vollstandige und rasche Erfolge zeitigen, sogar 
unter den schwierigen Verhaltnissen der spaten funfziger und 
der frtihen sechziger Jahre, als das das Donaubecken ilberquer­
ende System des Eisernen Vorhangs noch in voller Kraft war. 

1. Introduction 

Every drop of water flowing in the drainage basin and the riv­
er system of the Danube - being in unceasing motion and ac­
companied on their journey by a great variety of biogeochemi­
cal constituents - serves as impact transmitting and integrat­
ing media among the basin's various landscapes and ecosystems 
ranging from the magnif icient mountain peaks of the Alps and 
Carpaths through large alluvial flatlands till the grandious 
and fertile delta at the Black Sea. Similarly, the region's 
hydrologists - and today this term includes all those con­
cerned with the aquisition and application of knowledge on the 
role of water in nature and in society - could and should serve as 
initiators and promoters of understanding and co-operation 
for the common good of all the people sharing the blessings 
and hazards of the world's most international river, the Dan­
ube. 

The role of water as coherence creating media of nature and 
society, and the high relevance of this role within the con­
ditions of the Danube Basin was a deep conviction of Profes­
sor Woldemar Laszlof fy who has planted the seed ideas of the 
Danube Hydrology Conferences and from whom I have learned 
hydrology for more than two decades. In sections 2 and 3 of 
this homage and tribute paying writing I am trying to out­
line, very tentatively and briefly, the integrating and im-
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pact transmitting role of water in large fluvial basins and 
how this role conflicts with the atomistic principles under­
lying the market shaped industrialization of the last few 
centuries and decades of human evolution.In section 4 an at­
tempt is made to revive events and pieces of personal memory 
on how Prof.Laszl6ffy's seed ideas cristalized into success 
with devoted and most competent support of two other "found­
ing fathers" of the Conferences, Professor Dr.Werner Kresser 
and Professor Dr.Genadij Pavlovich Kalinin. 

2. Water balance and landscape ecology 

Water is an element of integration and interaction. The fluv­
ial basin wherein water performs its present day actions----rs­
itself the river's own creation as having responded to forces 
of geology and climate during the preceeding thousand and mil­
lion years (boxes A and B in Figure 1). From point of view of 
hydrology and water balance dynamics the fluvial basin is a 
self contained and integer unit of nature with its own set of 
structural and functional parameters, such as the humidity/ 
aridity coefficients; percentages and types of vegetation cov­
er; infiltration and exfiltration coefficients; river net­
work densities and the interconnected layers of groundwater 
aquifers, and many others as sampled further tentatively in 
box C of Figure 1. 

From point of view of life forms and landscape ecology the 
same piece of land consists of hundreds and thousands of mo­
saics that are selfcontained and autonomous units with regard 
to their biological and physiological functions; They are, 
however, closely interlinked and interdependent along the 
pathways of the hydrological processes in terms of the flow 
of water, energy, nutrients and many other important biogeo­
chemicals. These mosaics can be loosely classified into (1) 
terrestrial, ( 2) aqua tic and ( 3) littoral ecosystems the pro­
portion and territorial pattern of which is one of the major 
aggregate feature of the fluvial basin as the homeland of 
landscape ecology (box D in Figure 1). 

The interrelatedness of the processes of the water balance 
and the landscape ecology is very close and crucial, indeed, 
in both directions: Any climate or geology generated change 
in the water balance or the flow pattern of the f luvial ba­
sin leads slowly but surely to very finely tuned responses 
within the mosaics of landscape ecology; Similarly,any change 
in structures or evolutionary processes within the terres­
trial, aquatic and littoral ecosystems (which can be caused 
under natural conditions by aging, disease, forest fire, 
climate change, tectonics, and many other internal or exter­
nal factors) leads slowly but surely to very precisely cor­
responding changes in the flow pattern and the water balance 
of the f luvial basin - as indicated by the feedback arrows 
among the various boxes of Figure 1. 

The features of coherence and diversity characterizing the 
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alluvial basin as home of the interacting processes of water 
balance dynamics and landscape ecology are visualized and 
quantified on Figure 2. This scheme summarizes average and 
extreme values of the partition of precipitation water dur­
ing its journey through the unsaturated zone and the various 
layers of groundwater aquifers leading to its recycling in 
the form of evapotranspiration and runoff.The values written 
near the arrows of this manybranched partition process re­
late to the Hungarian portion of the Carpathian Basin's 
Great Plains (the largest alluvial basin of Europe with its 
almost hundred thousand sq.km aggregate extension) and its 
57 subbasins (varying in size from a few tens to a few thou­
sands sq.km). The single standing values (560 I'1I"\ for precip­
itation; 106 mm for infiltration reaching the first ground­
water layer, etc.) describe the average water balance condi­
tions for the 43 thousand sq.km Hungarian portion as a whole, 
whereas the corresponding two values in bracket (500 and 
600 mm for precipitation; 5 and 190 mm for infiltration to 
the first groundwater layer; etc.) indicate the respective 
minimum and maximum of the 57 subbasins.Even this highly sim­
plified representation of water balance dynamics clearly de­
monstrates that territorial variability is relatively small 
within processes dominated by climate (precipitation and 
evapotranspiration), but diversity among the sub-basins in 
terms of variability and skewnew of the statistical distri­
butions increases rapidly when factors of landscape ecology 
(soils, vegetation, topography, depth of the subsequent 
groundwater layers, etc.) come in play and reach dominant 
role. This is examplified by the balance components within 
and below the unsaturated zone, such as the values of inf il­
tration reaching the first groundwater layer (with a range 
between 5 and 190 mm for a mean of 106 mm) or the downwards 
and upwards fluxes of water between the subsequent groundwa­
ter layers (ranging for the 57 sub-basins from 0 to 180 mm 
with a mean of 20 mm and O to 40 mm with a mean of 5 mm, 
respectively) . 

As far as concepts and methologies of experimental assess­
ments and research are concerned the finely tuned harmoniza­
tion of macroscale coherence and local diversity of water 
balance dynamics and landscape ecology, outlined on Figure 1 
and examplified on Figure 2, can conveniently be approached 
by procedures of multivariate statistical analysis such as 
factor analysis, cluster analysis, discrimination analysis) 
as it was recently well demonstrated in the 4/1991 issue of 
the Journal "Hidrol6giai Kozlony" by Gal and O.Kovacs with­
in the context of the chemical composition of groundwaters 
participating in various branches of the inf iltration/exf il­
tration cycles of the Pannonian basin. 
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Fig. 2. Comparison of selected characteristic features of natural evolution 
(N) and the market-induced industrial technologies and organizations (M) 

A. General features 

N M 

General hierarchical structure Holistic and highly Atomistic and linear 
and the worldview reflected in non-linar 
it 

Geographical distribution over Even and site Highly uneven and 
the continents and the planet specific centralized 

(decentralized) 

Driving motivations and Increasing Market mechanism 
evolutionary trends diversity and and principles of 

stability comparative 
economic 
advantages 

Typical time period of reaching Millenia and longer Years and shorter 
significantly new state of the 
system 

Energy basis Renewable only Mostly non-
renewable 

B. Specific features of landscape ecology and water balance dynamics 

Plant cover types Diversity in plant Monocultures in 
communities isolation 

Typical period of plant Multi-annual and Annual growing 
successions longer season or shorter 

Relation to soil conditions, Finely tuned local Little or no regard, 
moisture availability and adaptations large monolithic units 
microtopography 

Relation to climate Adaptation Trying to minimize 
through plant impacts through 
successions irrigation, plant 

breeding, etc. 

Relation to wetlands, river Adaptation Minimization of 
flooding and groundwater through plant impacts through 

selection drainage, flood 
control, etc. 

Energy basis Sunshine and its Mostly fossil fuels in 
converted forms nitrogen fertilizers, 

machine cultivation, 
etc. 
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3. Coherence and diversity of nature versus fragmentation 
and monocultures of the industrialized societies 

In a historical perspective the ecologically controled co­
herence and diversity of water balance dynamics, alongside 
with the formation and continuous reformation of the fluvial 
basins is the result of the interplay of climate and geology 
at various time scales. The planetary machine of wheather 
and climate driven by transformations of the solar energy is 
in vigorous activity virtually at all possible time scales: 
Minutes and hours in the case of radiation cycles controled 
by Earth's rotation, some 20 to 100 thousand years in case 
of the cycles in the parameters defining the Earth's orbit 
around the Sun, and billions of years in the case of the 
slow but unceasing trend in the intensification of solar ra­
diation, which is almost exactly compensated by the decreas­
ing trend of atmospheric absorption and the greenhouse ef­
fect. Impacts of geology follow loose cycles of a few hund­
red million years of internal heat storage and mountain for­
mation accompanied by continental drift. This basic cycle is 
supplemented by occasional upheavals of earthquages and vul­
canic eruptions, as well as by a gradual and slow decreasing 
trend in the intensity of radioactive heating within the 
Earth's interior. Within planetary evolution as a whole cli­
mate and geology closely interact and control each other at 
sensitive points: Carbondioxid, one of the most important 
output of vulcanic eruptions and rock formation is the cru­
cial atmospheric constituent controlling climate through the 
greenhouse effect. At the same time the formation of climate 
controled sedimentary rocks is frequently a decisive factor 
in designating critical places and periods of vulcanizm and 
plate tectonics. In this way large scale coherence and local 
diversity are characteristic features of natural evolution, 
indeed, within all its segments and at all scales of time 
space. 

Human activities entered planetary evolution (as well as the 
mosaics of landscape ecology and water balance dynamics of 
box D in Figure 1) some ten thousand years ago with the in ­
vention and wide spread application of crop production tech­
nologies. Human inpacts became dominant, however, only very 
recently when industrialization spurred by objectives of eco­
nomic power and supported by technology centric science, 
reached full hegemony and global coverage. As examplified in 
the Table the principles of fragmented analysis and stereo­
typed monocultural solutions guiding market oriented indus­
trial organizations and technologies are radically different 
from strategies and solutions of natural evolution and eco­
logy. The ultimate source of these radical differences lies 
in the system forming and functioning principles of the two 
domains. Nature forms her systems on a holistic basis and 
operates them in the direction to increase stability,resili­
ence and energy efficiency for the system as a whole by ap­
plying highly structured non-linear regulatory mechanizms to 
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this effect. Systems of the m ~rket driven modern industrial­
ized world economy are designed one by one "atomistically" 
with the overriding single ultimate objective to increase 
capital accumulation and fiscal efficiency through linearly 
formulated functional concepts and with the general consequ­
ences of decreasing social and ecological diversity, stabil­
ity and resiliense paralleled by rapidly increasing demands 
for external energies and support services (see e.g.the well 
documented analysis of Daly and Cobb in "For the Canmon Good", 
Beacon Press, 1989) . As water deeply penetrates both, nature 
and society hydrology and water management are becoming cru­
cial fields of research and action in redirecting global de­
velopment to properly include the cultural and ecological di­
mensions and to bring lasting peace and real prosperity for 
the human race. 

4. Origins of the Danube Conferences 

In search for answer why the principal features of natural 
evolution and the market-induced industrial growth are so 
radically different,it is interesting and surprising to note 
that the human mind and brain which has created the rapid in­
dustrialization, is in itself the latest product of the plane­
tary evolution and in latent potentialities it is the most 
perfect holistic system capable to harmonize irnrnensly diverse 
structures and functions into admirable coherence and in­
tegrity. In the light of this recognition the scientific­
-technical - industrial revolutions of the last few centuries 
can be regarded as the enlightment and bloom of the human 
brain's left side only (which is mainly responsible for sequ­
ential and linear thinking of analytical nature); It seems, 
therefore, that a second period of enlightment bringing into 
balance and bloom also the human brain's right side poten­
tials (with major functions for coherent and holistic pat­
tern recognition, as well as for integrative and intuitive 
appreciation and judgement of aesthetic and ethical nature) 
is still to come. In fact, there are numerous signs within 
both, the various walks of practical life, as well as the 
realms of scientific thoughts that this second age of human 
enlightment is already dawning in spite of and among the many 
serious social, ecological and political conflicts of our 
troubled times. It is in this spirit that I am greatly hon­
oured and priviledged to be here today to testify for the 
great human and professional personality of the late Profes­
sor Dr.Waldemar Laszloffy who radiated holistic thinking and 
strengthened coherence through his words and actions,and who 
was the initiator and principal founding father of the bian­
nual Danube Hydrology Conferences, the first of which was 
held 33 years ago. 

Dr.Laszloffy recognized the need for this type of conferences 
at the very beginning of his career, at the late twenties 
and early thirties, when he was occasionally involved in the 
hydrological background studies of important practical issues 
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of flood control and river hydraulics emerging during the 
sessions of the International Danube Corrunission (IDC) of 
that time. He felt extremely frustrated - as he told me some 
25 years later - seeing the wide gap between theoretical cap­
abilities and practical expectations as e.g . in the case of 
the 1926 high floods of Danube when the impact of the new 
flood control dikes on the flood flows of the Danube and the 
Drava Rivers had to be investigated and quantified under the 
pressures of time and formalities of the meetings of the in­
terested IDC countries. Although these pressures triggered 
sometimes peak achievements - as in the case of the solution 
of the above mentioned impact assessment by the excellent hy­
draulic engineer of that time J.Benedek the basic principles 
of which might be seen a forerunners of the subsequent flood 
routing and cascade-model approaches - Dr.Laszl6ffy has clear­
ly recognized how more easily and efficiently the theoreti­
cal foundations and practical applications of such issues 
could be discussed and solved if the same experts could meet 
and develope personal aquaintance and professional understand­
ing within the framework and atmosphere of regular scienti­
fic conferences held sequentially in the Danubian countries. 

The approaching second world war made, however, formal ini­
tiatives impossible. Prof. Laszl6ffy unceasingly and syste­
matically continued to work towards this objective by perso­
nal research on the hydrology of the Danube Basin; by exten­
sive personal correspondence with hydrologists of other Dan­
ubian countries; by establishing a rich and well classified 
Hydraulic Engineering Library (mostly by sacrificing his 
evening hours and weekends, and acquiring the majority of the 
publications in exchange for the quarterly journal "Vizugyi 
K5zlem~nyek" which he has edited for more than two decades) ; 
as well as by spreading the concepts of integrated river ba­
sin development in scientific conferences and in private con­
versations. 

As soon as the post-war conditions did allow, i.e. around the 
mid and late fifties when the Water Resources Research Insi­
tute VITUKI was consolidated and the newly constituted Dan­
ube Commission started to play its role as a potential link 
between the Eastern and Western part of Europe, Prof.Laszl6ffy 
resumed inquiries about outlooks of initiatives for the reg­
ular conferences. The fact that these tentative and entirely 
informal inquiries brought rapid success and the first con­
ference could be held already in 1961 was due primarily to the 
full hearted and highly competent support of the regions two 
other distinguished personalities and hydrologists, Professor 
Dr.Werner Kresser and Professor Dr.Genadij Pavlovich Kalinin. 
It turned soon out that these three leading hydrologist of 
integrated vision and foresight were already pursuing the same 
common objectives for quiet some time. Although each of them 
had to act according to his own conditions these seemingly in­
dependent thoughts and actions met together into a well bal­
anced strategy of quick and full success. 
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Prof .Kresser as Director of the Central Hydrological Office 
of Austria, then subsequently Professor and Rector of the 
Vienna Technical University not only symbolized in his friend­
ly and always ready to help personality his country's histori­
cal role as a link between West and East; he also importanly 
and most competently contributed to its practical realiza­
tion. Prof .Laszl6ffy and Prof .Kresser developed and maintained 
in these years full and firm alliance and have realized a 
great many of their common co-operative endeavours through 
rare but always contented personal meetings and conversations 
(permeated by deep sympathy and high respect towards each oth­
er, as well as by full competence and far sighted vision in 
water sciences - as I had the inspiring opportunity to wit­
ness this at a few occassions) and through frequent corres­
pondence as well as through an excellent mediator, Civ.Eng. 
Ernst Glasel Austria's long standing delegate at hydrology -
-related meetings of the Danube Commission, subsequently Di­
rector of the Hydrological Off ice in Vienna and always a 
dedicated supporter of international co-operation in hydro­
logy. 

The aquaintance and the subsequent fruitful co-operation with 
Prof.Kalinin came about through rather unexpected and irregu­
lar ways - as it frequently happens in the history and evolu­
tion of the holistic and non-linear systems. Late summer in 
1959 Prof .Laszl6ffy was requested to prepare himself for a 
three weeks study tour in the Soviet Union in order to bring 
home first hand information and utilizible experiences, and 
I was privileged to accompany him as interpreter (and to see 
again the country where I have spent already 26 months some 
ten years earlier as a prisoner of war) . The study tour took 
place in November via Moscow-Leningrad-Walday-Moscow-Kiew. 
One of its highlights was shortly after our arrival to Mos­
cow when we met Prof .Kalinin whose pioneering research on 
river forecasting and global hydrology was known to us from 
his outstanding publications. He received us late afternoon 
of a snowy day at his surprisingly small desk in a medium 
size room shared by four or five other members of his re­
search team. When, after having listen for about half an hour 
his modest and concise words on latest research projects of 
his team, Prof. Laszl6ffy started to speak about the ideas 
and informal initiatives on the regular Danube Conferences 
he responded with glowing face and enthusiastic words giving 
at once his personal consent and willingness to participate 
and to be one of the key speakers of the envisaged first con­
ference. After this good start Prof. Laszl6ffy raised the 
issue of the eventual Danube conferences also during the 
brief receptions at the directors of the visited institutions 
and by the end of the three week study tour he succeeded to 
obtain not only preliminary agreement but also active in­
terest towards the proposed conferences particularly in their 
potential role as supplementary tools supporting the objec­
tives and the activities of the Danube Commission. 

Having found general agreement on the basic idea and preli-
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minary green lights on its realization Prof. Laszl6ffy ini­
tiated informal and semi-formal consultations in Budapest, 
Vienna and Bucarest about constitutional and procedural is­
sues of the envisaged conference. Based on Proposal from 
Dr.Sorin Dumitrescu, that time Director of the Hydrological 
and Hydraulic Engineering Research Institute in Bucarest, it 
was unanimously accepted that no central administration or 
secretariat will be established for this purpose. The con­
ferences will be organized by the Danubian countries sequ­
entially on a voluntary basis and that the host institute 
will convene for each conference an international prepara­
tory committee meeting, consisting from representatives of 
the participating central institutes of the Danubian coun­
tries, to decide upon the agenda and other major details of 
the forthcoming conference. In retrospect of three decades 
this loose and decentralized approach performed perfectly. 

It was also general agreement at the preparatory consulta­
tions that the conferences should concentrate on questions 
of hydrological forecasting for which the practical need and 
utility was most obvious in terms of navigation and flood 
loss prevention. There was, however, also general consent on 
Prof.Laszl6ffy's repeated notion that at a later stage,when 
the regular conferences will solidify and when the emerging 
new demands and conditions will make it reasonable and feas­
ible, the conferences could gradually broaden their scope and 
objectives to include also other aspects of hydrology as a 
basis for water resources management, as well as for environ­
mental management and land use planning. It is most gratify­
ing to see that this hope and foresight of the "founding 
fathers" is now becoming a fact of this 17th Conference and 
a promise for the future perspectives. 
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Hydrologische Zusammenarbeit der Donaulander auf Expertenebene 

K.Hofius 
Bundesanstalt fl.ir Gewasserkunde 
Kaiserin-Augusta-Anlagen 15-17 

D-56068 Koblenz 

Kurzfassung : Der Beitrag befa~t sich mit der hydrologischen Zusammenarbeit der 
Donaulander im Rahmen des lntemationalen Hydrologischen Programmes der UNESCO in der 
Zeit von 1987 bis 1992. 

Hydrological Cooperation of the Danube Countries on Expert Level 

Summary: This contribution describes the hydrological cooperation of the Danube countries in 
the framework of UNESCO's International Hydrological Programme between 1987 and 1992. 

Die Zusammenarbeit der Donauanliegerstaaten im Rahmen der Hydrologie-Programme der 
UNESCO - 1965-1974 lnternationales Hydrologisches Dezennium (IHD) und seit 1975 
lnternationales Hydrologisches Programm (IHP) - hat nun eine fast 30jahrige Tradition . Diese 
Zusammenarbeit la~t sich unterteilen in: 1. die seit 1961 (also bereits vor Beginn der IHD ) afle 
zwei Jahre ausgetragenen Konferenzen Ober hydrologische Vorhersagen und 2. die seit 1970 
laufende Zusammenarbeit von Experten der Donaulander. 

Auch die Zusammenarbeit der Experten besteht aus zwei Phasen: In der ersten Phase, 1970 
im Rahmen des lnternationalen Hydrologischen Dezenniums begonnen und ab 1975 im 
Rahmen des lnternationalen Hydrologischen Programms fortgefOhrt , wurde die Hydrologische 
Monographie , Die Donau und ihr Einzugsgebiet, erarbeitet. 
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Zusammenarbeit der Donauanliegerstaaten 
im Rahman der Hydrologie Programme 

der UNESCO 

Seit 1961 alle zwei Jahre Konferenzen der 
Donaulander Ober hydrologische Vorhersagen 

Ab 16. Konferenz unter neuer Bezeichnung: 
Hydrologische Vorhersagen und hydrologisch­
wasserwirtschaftliche Grundlagen 

I 

I 
Seit 1 970 Zusammenarbeit von Experian 
der Donaulander 

Phase I: Erarbeitung der hydrologischen 
Monographie "Die Donau und ihr 
Einzugsgebiet". Abschlur.. 1986 

Phase II : Seit 1987 Weiterarbeit Ober spezielle 
hydrologisch-wasserwirtschaftliche Themen 

Die Zusammenarbeit gestaltete sich aufgrund der politischen Lage in Wirklichkeit etwas 
komplizierter als hier dargestellt werden kann, da lediglich vier Donaulander ihren Beitrag zur 
Monographie im Rahmen des IHD/IHP erstellt haben. HierOber wird in einem anderen Beitrag 
zu dieser Konferenz ausfOhrlicher Stellung genommen. 

Mein Beitrag und Vortrag beschrankt sich auf die 2. Phase der Zusammenarbeit der 
Donaulander auf Expertenebene, d.h. auf die Zeit nach Fertigstellung der Monographie. 

Als 1986 die deutschsprachige Version der Donaumonographie erschienen war, herrschte rnr 
kurze Zeit Unklarheit darOber, ob und wie die Zusammenarbeit der Donauanliegerstaaten 
fortgesetzt werden sollte. Unter der Schirmherrschaft der UNESCO hatte sich die 
Zusammenarbeit auBerordentlich gut gestaltet. Alle beteiligten lnstitutionen, aber vor allem die 
mitwirkenden Experten , fOhlten sich im Schutze dieser Weltorganisation geborgen. 

1986 bestand der politische Gegensatz zwischen Ost und West in Europa noch in vollem 
MaBe. So ist es verstandlich, daB allseits der Wunsch geauBert wurde, die Arbeiten 
fortzusetzen und dies im Rahmen des lnternationalen Hydrologischen Programms der 
UNESCO . 

Die Initiative tor eine Fortsetzung der Arbeiten ging von einer Gesprachsrunde Ober die 
hydrologische Monographie der Donau aus, die am 17. und 18. September 1986 in Belgrad 
stattgefunden hatte. Dort wurde die Empfehlung ausgesprochen , die Arbeit fortzusetzen . 
Ungarn Obernahm die Ausarbeitung von Vorschlagen tor eine weitere Zusammenarbeit. Die 
Vorschlage sollten mbgliche Themen, aber auch formale Angelegenheiten, wie DurchfOhrung 
und Koordinierung der Arbeiten sowie einen Zeitplan, beinhalten. Ungarn hat diese Aufgabe in 
hervorragender Weise erflillt. Die erste Sitzung der Vertreter der IHP-Nationalkomitees der 
Donaulander in der zweiten Phase der hydrologischen Zusammenarbeit fand in Budapest vom 
13. - 17. April 1987 statt. Die Einladung hierzu ging zuruck auf die bereits erwahnte 
Gesprachsrunde in Belgrad, aber auch auf einen BeschluB der 12. Sitzung der IHP­
Nationalkomitees der europaischen sozialistischen Lander, ausgetragen vom 15. - 20. 
September 1986 in Smolenice, CSSR. Bei dieser Sitzung sind auf!.erordentlich wichtige 
Beschlusse gefa!3.t worden, die die Arbeit der hydrologischen Experten aus dem Donauraum in 
den nachfolgenden Jahren stark gepragt haben und Hauptgegenstand der bis 1993 
abgehaltenen, insgesamt acht Sitzungen der Vertreter der IHP-Nationalkomitees waren: 
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Gesprachsrunde Ober die 12. Sitzung der IHP -
Hydrologische Nationalkomitees der 
Monographie des europaischen sozialistischen 
Donaueinzugsgebetes in Lander, 
Belgrad, Jugoslawien, Smolenice, CSSR, 
17. -18. Septerrber 1986 15. - 20. September 1986 

I I 
I 

I 1. Arbeitssitzung in Budapest, Ungarn, 13. - 17. April 1987 I 
I 

I 2. Arbeitssitzung in Wien, Osterreich, 12. - 16. September 1988 I 
I 

I 3. Arbeitssitzung in Sofia, Bulgarian, 20. - 22. September 1989 I 
I 

I 4. Arbeilssitzung in Kiew, Sowjetunion, 17. - 21. September 1990 I 
I 

I 5. Arbeitssitzung in Straubing, Deutschland, 4. und 5. Juni 1991 I 
I 

I 6. Arbeitssitzung in Kelheim, Deutschland, 17.und 18. Mai 1992 I 
I 

I 7. Arbeitssitzung in Tulcea, Rumanian, 26. - 28. Mai 1993 I 
I 

I 8. Arbeitssitzung in Bratislava, Slovakei, 11 . - 15. April 1994 I 

Arbeit und BeschlUsse der 1. Sitzung in Budapest beinhalten einen formellen und einen 
fachspezifischen Teil. 

Der formelle Teil ist rnr eine Zusammenarbeit mit Beteiligung mehrerer Lander unerlaBlich . 
Wenn diese Lander zwei unterschiedlichen politischen Grundsystemen angehbren, wie es 1987 
im damalig politisch strukturierten Donauraum noch der Fall war, dann gewinnt dieser formelle 
Aspekt eine noch herausragendere Bedeutung . 

Die Teilnehmer der 1. Arbeitssitzung erarbeiteten auf der Grundlage eines ungarischen 
Vorschlages einen Entwurf Ober 

Grundsatze 

der regionalen Zusammenarbeit der Donaulander im Rahmen des Jnternationalen 
Hydrologischen Programms (/HP) der UNESCO auf dem Gebiet der Hydrologie 

Die nationalen IHP-Komitees der acht Donaulander (D, A, CS, H, YU, RO, BG, SU) kommen 
uberein, nach Fertigste/Jung des ersten Bandes auch weiterhin Ober hydro/ogische Probleme 
zusammenzuarbeiten. Die Zusammenarbeit erlolgt im Rahmen des lntemationalen 
Hydrologischen Programms der UNESCO, insbesondere im Projekt 1.1 der 3. Phase und 
Projekt If. 6 der 4. Phase. 

2 
Ziel der Zusammenarbeit ist es, durch gemeinsame Anstrengungen einen Beitrag zur UJsung 
aktue/Jer hydrologischer und wasserwirtschaftlicher Prob/eme, die das gesamte oder einen 
grof3en Tei/ des Donaugebietes betreffen, zu Jeisten. 

Um Doppelarbeit zu vermeiden, 
Frageste/Jungen, die bereits von 
be ruck sichtigt. 

werden hydro/ogische und 
internationa/en Organisationen 
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3 
An der Zusammenarbeit nehmen Beauftragte und Experten, die von den teilnehmenden IHP­
Nationalkomitees benannt werden, teil. 

Ferner k6nnen sich Vertreter der Nationalkomitees der Lander Schweiz, ltafien, Polen und 
Albanien der Mitarbeit anschfief3en. 

4 
Fur jedes Thema im abgestimmten Arbeitsplan wird von den Vertretern der IHP­
Nationalkomitees auf freiwilliger Basis ein Projektleiter gewahlt, der fur die Koordinierung und 
Durchfuhrung des Themas verantwortlich ist 

Fur die DurchfOhrung eines Projektes wird fofgender Plan vorgesehen: 

Der Projektleiter arbeitet ein Durchfilhrungskonzept aus (lnhalt, Form, Verzeichnis der 
benotigten Unterlagen, Terminplan) und sendet es den teilnehmenden Landern zu. 

Stellungnahme der Teilnehmer zum Konzept (schriftlich oder bei einer Sitzung). 
Einarbeitung der Stellungnahmen seitens des Proj.<Jkfleiters. Nach eventuel/ notwendiger 
Abstimmung der Stellungnahmen arbeitet der Projektleiter ein endgilltiges Konzept aus und 
versendet es an die teilnehmenden Uinder. 

Der Projektleiter fahrt die ertorderliche Bearbeitung durch, sendet die Entwurfe des 
Schluf3berichtes den Teilnehmern zwecks Stellungnahme zu. 

Nach Prufung dieses Entwurfes legen die Teilnehmer ihre Stellungnahmen sowie 
Vorschlage Wr etwaige Erganzungen, Streichungen oder Anderungen dem Projektleiter vor. 

Der Projektleiter fertigt den endguftigen Sachbericht an und /egt diesen den fLJr die jeweifige 
sprachfiche Fassung verantwortlichen Herausgebern vor (die deutsche Fassung der 
betreffenden Institution in der Bundesrepublik Deutsch/and oder in Osterreich, die russische 
Fassung der zustandigen Institution in der Sowjetunion) und sorgt, mit der finanziellen 
UntersWtzung des IHP-Komitees seines Landes, fur die Herausgabe des Berichtes als 
eines Folgebandes der Donaumonographie. 

5 
Die Arbeitssprachen sind deutsch und russisch. Im Schriftwechsel sowie bei Sitzungen konnen 
beide Arbeitssprachen verwendet werden. Die Ergebnisse werden in Deutsch und Russisch 
veroffentlicht. 

6 
Die Gesamtkoordination der Zusammenarbeit wird vom IHP-Komitee eines der teilnehmenden 
Lander durchgefUhrt (im folgenden Koordinator genannt). Dern Koordinator obliegen die formale 
Ausrichtung der Veroffentlichung der Ergebnisse sowie Hilfeleistung bei der Einberufung von 
Arbeitssitzungen. Die Gesamtkoordination wird einvernehmlich, den IHP-Phasen angepal3t, 
turnusmal3ig gewechselt. 

7 
Bei Bedarf, in der Regel jahrlich, soften Arbeitssitzungen stattfinden. Das I HP-Nationalkomitee 
des Gastlandes ladt zur Sitzung unter Mitteilung des Sitzungsortes und der Sitzungszeit sowie 
der mit dem Koordinator abgestimmten vorlaufigen Tagesordnung rechtzeitig ein. 

Das Sitzungsprotokoll ist vom Gast/and in Zusammenarbeit mit dem Koordinator vorzubereiten. 
Im Protokofl sol/ auch festgehalten werden, wo und ungefahr wann die nachste Sitzung 
stattfindet. 

8 
Reise- und Aufenthaltskosten der an den Sitzungen teilnehmenden Fachleute sind vom 
Entsenderstaat zu tragen. Die Kosten fur die eigentfiche Veranstaftung (Miele , 
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Dolmetschergebuhren, Kosten fur Schreib- und Vervie/faltigungsarbeiten sowie tor Ortliche 
Transportmittel, usf.) sind vom nationalen IHP-Komitee des jeweiligen Gastlandes zu tragen. 

g 

Die vorliegenden Grundsatze finden am Tag der Unterzeichnung durch die Vertreter der IHP­
Nationa/komitees a/fer acht Donaulander tor die dritte Phase des /HP Anwendung. lhre 
GO/tigkeit erstreckt sich, vorbehaltlich Regierungsbesch/Osse, zunachst auch auf die vierte 
Phase des /HP. 

Diese Grundsatze wurden den acht IHP-Nationalkomitees zur offiziellen Stellungnahme und 
zum Vollzug zugeleitet. Wahrend der Sitzung in Budapest wurde das deutsche IHP­
Nationalkomitee gebeten, fUr die verbleibende Periode der 3. Phase des IHP, das hemt bis 
einschlieBlich 1989, die Koordinierung der Arbeit vorzunehmen. Die deutsche Koordinierung 
wurde auf allgemeinen Wunsch bis Ende 1992 fortgefUhrt. Seit 1993 erfolgt die Koordinierung 
durch das osterreichische IHP-Nationalkomitee. 

Auf der 1. Arbeitssitzung nahmen aber auch fachspezifische Aspekte einen breiten Raum ein. 
Die Initiative hierzu ging wiederum von Ungarn aus. Es wurde ein Themenkatalog mit zwolf 
Vorschlagen eingehend erortert: 

1. Geschiebe- und Schwebstoffuhrung der Donau und ihrer wichtigeren Zubringer, mit 
besonderer Rucksicht auf beobachtete und erwartete Anderungen infolge natarlicher 
Ursachen und anthropogener Eingriffe 

2. Temperatur- und EisverMltnisse der Donau und ihrer wichtigeren Zubringer, mit 
besonderer Rucksicht auf beobachtete und erwartete Anderungen info/ge natorlicher 
Ursachen und anthropogener Eingriffe 

3. Untersuchung der beobachteten und zu erwartenden Anderungen des Abfluf3regimes der 
Donau und ihrer wichtigeren Zubringer {hauptsachlich auf der Basis des Datenmaterials 
des ersten Bandes der fertiggestel/ten Monographie) 

4. Erste/lung wasserwirtschaftlicher Langsschnitte fur die Donau und ihrer wichtigeren 
Zubringer tor die Entwick/ungsstufen 1990 (Gegenwart) und 2010 (Vorhersage) 

5. Untersuchung der /angfristigen Trends in den Niederschlags-Zeitreihen des Donau­
Einzugsgebietes 

6. Untersuchung des Retentionsverhaltens der Teileinzugsgebiete des Donauraumes auf der 
Basis von Abfluf3zeitreihen 

7. Untersuchung der Gleichzeitigkeit von Hochwasserwel/en entlang der Donau und ihrer 
wichtigeren Zubringer 

B. Statistische Untersuchung der Niederwassergeschehen an der Donau und ihren 
wichtigeren Zubringern 

9. Abschatzung des Antei/s des unterirdischen Abflusses im Donau-Einzugsgebiet (als eine 
Erganzung von Kapite/ Ill der fertiggestellten Monographie) 

10. Untersuchung der Stabilitat der /angjahrigen mittleren Hochwasser- und Nieder­
wasserabf/Osse im Donau-Einzugsgebiet 

11. Hydrographischer Atlas des Donau-Einzugsgebietes 

12. Detail/ierte hydro/ogische Wasserbilanz fur das Donau-Einzugsgebiet (eine wiederholte, 
austohr/ichere Version des Kapitels Ill der Monographie) unter Benutzung von um 20 Jahre 
langeren Datenzeitreihen sowie der im Projekt Nr. 11. enthaltenen lnformationen. 

Die Teilnehmer der 1. Arbeitssitzung einigten sich auf die Themen 1, 2, 5 und 7 und auf 
folgenden Bearbeitungsmodus: 
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Geschiebe- und Schwebstoffregirne der 
Donau und ihrer wichtigeren Zubringer 
Projektleiter : Dr. L. Rak6czi, Ungarn 

Hochwasserkoinzidenz der Donau mit ihren 
wichtigeren Zubringern. 
Projektleiter: Prof. Dr. S. Prohaska, 
Jugoslawien 

Temperatur- und Eisregirne der Donau und 
ihrer wichtigeren Zubringer 
Projektleiterin : Dr. A. Stancikova, 
Tschechoslowakei 

Langfristige Schwankungen des 
Niederschlags im Donaueinzugsgebiet 
Projektleiter : Dr. 0 . Behr, bsterreich 

Bei den nachfolgenden Arbeitssitzungen wurden im wesentlichen die Plane zur Bearbeitung der 
Projekte, ihre jeweilige Durchfuhrung bzw. die Berichte selbst besprochen. 

Anfang 1992 konnte das erste Teilprojekt der zweiten Phase der Zusammenarbeit 
abgeschlossen und 1993 veroffentlicht werden. Rak6czi, L. (1993): Schwebstoff- und 
Geschieberegime der Donau. In : Die Donau und ihr Einzugsgebiet - Eine hydrologische 
Monographie. Folgeband I. 

Die von Herrn Dr. Behr und der Frau Dr. Stancikova geleiteten Projekte werden ebenfalls in 
Kurze abgeschlossen und die Ergebnisse veroffentlicht. 

Nach Fertigstellung der genannten Projekte haben die IHP-Nationalkomitees der Donaulander 
weitere Vorhaben in Planung. Von den bei der ersten Sitzung in Budapest 1987 vorgelegten 
zwolf Projekten sind erst vier berOcksichtigt worden. Als besonders vorrangig erscheint die 
Aktualisierung der Monographie. Fur die einzelnen Kapitel der Monographie, die sich mit dem 
Wasserhaushalt befassen, kann nun auf einer 20jahrigen (1971 - 1990), erganzenden Periode 
aufgebaut werden. Wunschenswert ware auch die Aufnahme einer Periode ruckwirkend bis 
1931 . So konnte eine Beurteilung tur die zwei Standard-Perioden der WMO, namlich 1931 -
1960 und 1961 - 1990, vorgenommen werden. 

Zu Beginn dieses Beitrages wurde die Bedeutung der UNESCO, unter der sich die 
Zusammenarbeit vollzogen hat, besonders hervorgehoben. Wahrend meiner Tatigkeit als 
Koord inator in den Jahren 1987 bis 1992 habe ich versucht, die Weltorganisation fUr 
Meteorologie 0/VMO) , eine Sonderorganisation der Vereinten Nationen, die u.a. fUr die 
operationelle Hydrologie zustandig ist, mit einzubeziehen. Die WMO hat ihre Bereitschaft 
hierzu ausgesprochen . In ihrem 4. Langzeitplan fUr die Hydrologie und Wasserwirtschaft, 
aufgestellt tur die Jahre 1996 - 2005, ist die Zusammenarbeit mit Fluf.Sgebietskornmissionen 
ausdrucklich vorgesehen . 

Ein weiterer Aspekt, der mir bei meiner Koordinierungstatigkeit am Herzen lag, betrifft den 
regen Gedankenaustausch zwischen Donaulandern und Rheinanliegerstaaten . Die 
Rheinanliegerstaaten haben ihre hydrologische Zusammenarbeit ganz ahnlich wie die 
Donaulander organisiert: Diese findet statt im Rahmen des IHP und OHP, ebenso wurde eine 
lnventarisierung in Form einer hydrologischen Monographie vorgenommen. Nach deren 
Fertigstellung wurde die Bearbeitung einzelner Themen, die tur alle Anliegerstaaten von 
lnteresse waren , aufgenommen. 

In die Zeit der deutschen Koordinierung fiel der politische Umbruch, der tur manche Lander 
zwar Freiheit, aber gleichzeitig auch sehr schwierige wirtschaftliche Verhaltnisse zur Folge 
hatte . In einem Teil des Donauraumes wird gegenwartig ein erbitterter, blutiger Krieg 
ausgetragen. Hierunter leidet natOrlich auch die Zusammenarbeit der Hydrologen. lch bin 
jedoch zuversichtlich , daf.S auch in Zukunft eine erfolgreiche Zusammenarbeit der nunmehr 
dreizehn Donaulander erfolgen wird. 

40 
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-
fi ilber hydrologische Vorhersagen und 

hydrologisch-wasserwirtschaftliche Grundlagen 
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~ 
of Water Management 
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BEITRAG/PAPER No.: F.4. 

lnternationale Zusammenarbeit im Donauraum 

auf dem Gebiet der Wasserwirtschaft1
l 

Dietrich Pfundl 
Bayerisches Staatsministeriurn 

fiir Landesentwicklung und Urnweltfragen 
Oberste Wasserbehorde 

Franz-J osef-Strau.B-Ring 4 
80539 Miincben 

Kurzfassung: Die Entwicklung der internationalen Zusarnmenarbeit auf dem 
Gebiet der Wasserwirtschaft im Donaugebiet im Verlauf der vergangenen zwei 
Jahre wird aufgezeigt. Besondere Schwerpunkte bilden das "Ubereinkornmen iiber 
die Zusammenarbeit zum Schutz und zur vertraglichen Nutzung der Donau" 
sowie das "Umweltprogramm fiir das Donaueinzugsgebiet" der UNDP. 

International Co-operation in the field of Water Management 

within the Danube River Basin 

Abstract: The development of international co-operation in the field of water 
management within the Danube River Basis during the past two years is shown in 
this article. Focal tasks are the "Convention on Co-operation for the Protection 
and Sustainable Use of the Danube River" and the "Environmental Programme 
for the Danube River Basin" of the UNDP. 

1 1 St and : 1 O . O 4 . 9 4 
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Einleitung 

Dje Notwendigkeit zur internationalen Zusammenarbeit im Donauraum auf dem 
Gebiet der Wasserwirtschaft ergjbt sich aus der Bedeutung des Donaustroms fur 
jeden Anrainerstaat und aus der Tatsache, da£ die wasserwirtschaftlichen Zu­
sammenhange an den Staatsgrenzen nicht baltmachen. 

Die in diesem Raum gestiegenen Anforderungen an die Nutzung des Wassers, die 
Belastungen der Gewasser, der Niedergang natiirlicher Ressourcen erfordern ein 
international koordiniertes Handeln. 

Mit dem erklarten Ziel, schrittweise zu einer Annaherung der Lebensbedingun­
gen in West- und Osteuropa zu kommen, haben Umweltsanierung und die Was­
serwirtschaft, insbesondere der Gewasserschutz, auch im Donauraum neue Di­
mensionen bekommen. 

Im Rahmen der 16. Konferenz der Donaustaaten iiber hydrologische Vorhersagen 
und hydrologjsch-wasserwirtscbaftliche Grundlagen 1992 in Kelheim wurde bereits 
ein systernatisierender Dberblick iiber die internationale Zusammenarbeit der 
Donaulander auf dem Gebiet der Hydrologie und der Wasserwirtschaft gegeben. 
Dieser soll bier nicht wiederholt werden, sondern die Entwicklung der vergange­
nen zwei Jahre dargestellt werden. Insbesondere soll der Fortgang der Donau­
scbutzkonvention und des Umweltprogramms der UNDP fur den Donauraum 
aufgezeigt werden. 

Nichtstaatliche Aktivitaten 

Die Internationale Arbeitsgemeinschaft Donauforschung (IAD) hat im Oktober 
1993 ihre 50. Sitzung der Landesvertreter abgebalten. In diesem Grernium wird 
nach wie vor wicbtige Grundlagenarbeit fiir die Gewasser des Donauraums gelei­
stet. Die wissenschaftliche Buchreihe "Ergebnisse der Donauforschung" wurde mit 
den Banden iiber die "Ergebnisse der internationalen Donauexpedition 1988" und 
iiber die "Wasserbeschaffenheit der Donau von Passau bis zu ihrer Miindung" 
fortgesetzt. Weitere Veroffentlichungen ii.ber "Limnologjscher Zustand und Giite­
verhaltnisse der bayerischen Donau und ihrer groBen Zubringer" sowie iiber 
"Zooplankton, Phytoplankton und Zoobenthos der Donau" sind in Vorbereitung. 

Die Cousteau-Foundation hat ihr Projekt "Die Donau: Fur wen und wofiir?" mit 
einem Schlu.Bbericht beendet. Die Ergebnisse sind auch als Videos und Broscbii­
ren veroffentlicht. 

1993 wurde die Arbeitsgemeinschaft der Wasserwerke im Donaueinzugsgebiet 
gegriindet. Diese will die Anstrengungen bei der Sanierung der Donau unter­
stii.tzen mit dem Ziel, die Donau iiberall fur eine sichere Trinkwasserversorgung 
nu tzbar zu machen. 

Im September 1993 war von der slowakischen Umweltgesellschaft eine internatio­
nale wissenschaftliche Konferenz "Die Donau - gemeinsame Arterie Europas" 
vorgesehen. 

42 



In Deggendorf (Bayern) hat im November 1993 eine okologische Donaukommis­
sion getagt, die sich hauptsachlich rnit Fragen im Zusamrnenhang rnit anstehen­
den AusbaumaBnahmen an der Donau befaBt hat. 

Yorn 19. - 21. April 1994 findet in Ulm ein lnternationales Kolloquium "Lebens­
raum Donau - Europaische Okosysteme" statt. Dabei werden neben den Auswir­
kungen stofflicher Belastungen und struktureller Yeranderungen auch die Bedeu­
tung von Okosystemen sowie Perspektiven fiir die Donaulandschaft behandelt. 

Getragen von den NGOs jeden Donaustaates hat sich unter Fiihrung von Bulga­
rien und Rumanien ein NGO-Donau-Forum gegriindet. Dieses will die Bewu.Bt­
seinsbildung bei der Bevolkerung iiber Umweltbelange fordern und eine verstark­
te Beteiligung der Offentlichkeit bei den verschiedenen Aktionsprogramrnen im 
Donauraum erreichen. Hierzu wurden zahlreiche AufkJarungstreffen veranstaltet 
und Empfehlungen erarbeitet, die insbesondere auch in den Arbeitsplan des 
UNDP-Programms einflieBen sollen. 

Internationale und multilaterale Aktivitaten 

Im Rahmen der Bukarester Deklaration hat die Arbeitsgruppe "Gewasserbeschaf­
fenheit" ihr Untersuchungsprogramm fortgesetzt. 1993 wurde auf freiwilliger Basis 
ein erster Ringversuch rnit rund 50 Untersuchungslabors des Donauraums zum 
Yergleich von Analysenergebnissen durcbgefiihrt. Die Arbeitsgruppe "Hochwas­
ser" hat einen Katalog iiber die erforderlichen Datenstationen, Hochwasser-Mel­
destellen und iiber die Meldewege erarbeitet. 

Das Augenmerk Europas richtet sich zunehmend auf den Donauraum: Yorn 14. -
15. Oktober 1993 hat die 2. Interparlamentarische Konferenz des Ausschusses fiir 
Umwelt, Raumordnung und Komrnunalfragen im Europarat rnit dem Thema "Der 
Donauraum" in Regensburg stattgefunden. Der AusschuB verabschiedete eine 
SchluBerklarung fiir eine Europa-Chana des Donauraums 

ein Donaurat soll Initiativen auf dem Gebiet der Landesplanung sowie von 
Yerkehrs- und Umweltfragen im Donauraum koordinieren. Sitz des Rates 
sowie des zugehorigen Sekretariats soll Rumanien sein. 

• Grundlage hierfiir sollen Beschliisse der jeweiligen National- oder Regional­
parlamente sein, die noch 1994 gefaBt werden sollen. 

Ober die weitere Urnsetzung ist noch nichts bekannt geworden. 

Okologische Donaukonvention 

Zur okologischen Konvention fiir das Donaugebiet, die neben der Donau-Gewas­
serschutz-Konvention entstehen soll, ist unter der Federfiihrung Ungarns ein 
zweiter Entwurf erarbeitet worden. Dieser wurde im Januar 1993 in Budapest 
eingehend erortert. Leider konnte hieriiber kein Einvernehmen erzielt werden. 
Die sehr kritische Diskussion hat ergeben, daB der Entwurf grundlegend iiber­
arbeitet werden muB. Man wollte nun versuchen, die Konvention in Anlehnung 
an die Alpenkonvention aufzubauen. 



Der dritte Entwurf dieser Konvention vorn Februar 1994 enthalt nun Elernente 
der Alpenkonvention, insbesondere hinsichtlich der allgerneinen Verpflichtungen. 
Es sind aber auch Teile der Inhalte der Konventionen iiber die biologische Viel­
falt und iiber die grenziiberschreitende Auswirkung von industriellen Storfallen 
sowie iiber Schutz und Nutzung grenziiberschreitender Wasserlaufe und inter­
nationaler Seen eingearbeitet. Auch der Entwurf der Konvention iiber die Zu­
samrnenarbeit zurn Schutz und zur vertraglichen Nutzung der Donau hat Pate 
gestanden. 

Durch Zusammenarbeit irn Rahmen bilateraler oder regionaler Obereinkommen 
sollen die geeigneten MaBnahmen auf den Gebieten 

Schutz der Biospbare, Wasserwirtscbaft, Luftreinhaltung, Bodenscbutz, Energie, 
Verkebr, Fremdenverkebr und Erholung, Abfallbewirtschaftung, Bevblkerung 
und Kultur 

getroffen werden. Dieser Ennvurf soll im Laufe des Jahres 1994 nun diskutiert 
werden. 

Umweltprogramm des UNDP fiir den Donauraum 

Kurz zur Erinnerung: Im Februar 1992 waren Arbeitsprogramrn und Strukturen 
des Program.ms festgelegt worden. Mithilfe von Arbeitsprogrammen, internationa­
len Beratern und einem Konsortiurn von Geldgebern sollen in der auf drei J ahre 
ausgelegten 1. Phase die Grundlagen fiir ein umfassendes Umweltprogramrn 
(Phase 2) erarbeitet werden. 

Diese Arbeiten sind weit fortgescbritten: 

die Nationalberichte sind abgeschlossen. Derzeit werden die harmonisierten 
Kurzfassungen erstellt; 

der Warn- und Alarmplan fiir Gewasserverunreinigungen bzw. Storfalle ist 
auf der Grundlage nationaler Warn- und Alarmplane sowie nationaler Alarm­
zentren weitgehend ent\vickelt und soll in Kiirze abschlieBend behandelt 
werden. 

Fiir die Bereiche Uberwachung, Datenverarbeitung, Laborstandards sind die 
Strukturen ebenfalls festgelegt; sie sollen in spezialisierten Untergruppen 
weiter bearbeitet werden. Eine Koordinierungsgruppe soll die Tatigkeiten 
iiberwachen, Scbulungen veranlassen, Uberwachungsstrategien empfehlen und 
internationale Verbindungen herstellen. 

Daneben wurden von internationalen Beraterfirrnen umfassende Untersuchungen 
zu besonderen Themen irn Donaugebiet durchgefiihrt: 

- iiber wasserbezogene Gesundheitsaspekte im Donauraum, insbesondere fiir 
die Trinkwasserversorgung, 
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- eine integrierte Umweltstudie uber Nahrstoffbelastungen, deren 2. Phase mit 
der Erarbeitung von Zielen und Kostenschatzungen in Kiirze abgeschlossen 
werden soll. 

- Im September dieses Jahres soll in Bled ein Workshop uber "GIS und Um­
weltmanagement fiir das Donaugebiet" abgehalten werden. 

- Auch soll ein Kataster der biologischen und 6kologischen Ressourcen ange­
legt werden. 

Mit internationaler Unterstiitzung wurde daneben eine Reihe von Pre-Investment­
Studien fiir zahlreiche Nebenfliisse der Donau erstellt, z.B. fiir Drau, Morava 
oder Arges. Sie sollen dazu dienen, die notwendigen MaBnabmen samt ihrer Prio­
ritat festzulegen und deren Auswirkungen sowie Umsetzungsmoglichkeiten in der 
2. Phase aufzuzeigen. 

Zur Konfliktlosung mussen Strategien entwickelt werden. Diese haben fiir grenz­
uberschreitende Flusse eine besondere Dimension, weil bier der Schutz der Ge­
wasser und des Lebensraumes in internationalem Zusamrnenhang gesehen wer­
den muB. Daher ist derzeit ein Strategischer Aktionsplan (SAP) fiir die Umset­
zung des Prograrnrns in Bearbeitung. J e ein Vertreter fiir drei Llndergruppie­
rungen sowie Mitglieder internationaler Finanzierungsinstitute haben in sehr 
dichten Arbeitssitzungen ein Instrument entworfen, da.B dazu dienen soll, priorita­
re Aktionen und lnvestitionen fiir den Donauraum herauszufiltern sowie deren 
Umsetzung zu fordern. 

Der SAP soll teilweise als Instrument zur Erfiillung der Anforderungen der Do­
nauschutzkonvention dienen und soll auch m6glichst die strategischen Ziele im 
Zusammenhang mit der Okologiekonvention erfassen. Im Juli soll das Endergeb­
nis der Arbeitsgruppe im Rahmen der Task-Force erortert werden, im Septem­
ber/Oktober soll die Endfassung festgelegt und eine Deklaration fiir die Um­
weltrninister der Donaustaaten hierzu fiir Oktober /November vorbereitet werden. 

Vorher wird noch im Mai die 4. Sitzung der Task-Force in Wien stattfinden. Auf 
der 3. Sitzung im Oktober 1993 hatte sich gezeigt, da.B die Mitarbeit der NGOs 
am Umweltprogramm sich nicht einfach gestalten wird. Die "NGO-Gruppe aus 
den Donaulandern" schlagt vor, eine Verbindungsperson als Mittler zu benennen. 
Die Task Force bietet an, daB zwei Reprasentanten der NGOs jeweils zu den 
Treffen eingeladen werden. Bei der Vielzahl der NGOs im Donauraum, bei deren 
vielfaltigen Ansichten und Zielen, wird es schwierig werden, bier zu einer kon­
struktiven Mitarbeit zu finden. 

Ubereinkommen iiber die Zusammenarbeit zum Schutz und zur vertraglichen 
Nutzung der Donau 

Globale Probleme wie die Verschmutzung der groBen Strome erfordern national 
und international koordiniertes wirksames Handeln. Die Barrieren fiir eine lan­
derubergreifende Zusammenarbeit sind auch im Donauraum gefallen. 
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Die Arbeitssitzungen zur Erarbeitung der - in Kurzform - Donauschutzkonvention 
sind erfolgreich abgeschlossen. Im 2. Sachverstandigengesprach im Marz 1993 in 
Bratislava konnten zwar Fortschritte erzielt werden, aber noch keine Oberein­
stirnmung. Erst nach einer Aussprache der Umweltminister der Donaustaaten am 
Ran.de der IFAT im Mai 1993 in Munchen wurde in der 3. Sitzung im September 
1993 in Bukarest iiber die fachlichen und organisatorischen Fragen weitgehend 
Einvernehmen erzielt. Einige mehr politisch zu entscheidende Fragen wurden in 
einer Sitzung Ende November/ Anfang Dezember 1993 in Sofia geklart. Ein 
weiteres Arbeitsgesprach im Marz dieses Jahres in Prag hat alle noch notigen 
Voraussetzungen fur die Unterzeichnung der Konvention geschaffen. Diese soll 
nun am 29. Juni in Sofia stattfinden. 

Der Entwurf der Donauschutzkonvention baut auf dem ECE-Obereinkommen 
vom 17.03.1992 zum Schutz und zur Nutzung grenziiberschreitender Wasserlaufe 
und internationaler Seen auf. Die Konvention soll fur das gesamte Einzugsgebiet 
der Donau gelten. Ihre Ziele und Grundsatze sind vor allem 

eine vertragliche und gerechte Wasserwirtschaft 

- Erhaltung, Verbesserung . und rationelle Nutzung der Oberflachengewasser 
und des Grundwassers, 

Abwehr von Gefahren aus Storfallen mit wassergefahrdenden Stoffen, aus 
Hochwasser und Eis, 

die gegenwartigen Verhaltnisse im Bereich der wasserbezogenen Umwelt 
nach Moglichkeit verbessern, nachteilige Einwirkungen verringern, scbadliche 
Veranderungen vermeiden, 

Verbessern der aquatischen und litoralen okologischen Bedingungen. 

Das Verursacherprinzip und das Vorsorgeprinzip, der Stand der Technik und die 
beste Umweltpraxis sind Grundlagen des Handelns. Fur die Umsetzung ist es 
notwendig, Gewasserbeschaffenheitsziele zu entwickeln, Ernissionsbegrenzungen 
zu vereinbaren, Oberwachungssysteme einzurichten, Untersuchungs- und Aktions­
programme aufzustellen. 

Neben der Gewasserqualitat werden aber auch Wasserbenutzungsanlagen, Was­
serbauarbeiten, HochwasserschutzmaBnahmen, Fragen der Hydrologie und der 
Erosion vom sachlichen Geltungsbereich der Konvention erfaBt. 

Zur Umsetzung des Obereinkommens wird eine lnternationale Komrnission einge­
richtet, in der die Vertragsparteien zusammenarbeiten. Die Komrnission wird von 
einem Sekretariat mit Sitz in Wien unterstiitzt. Neben einer Standigen Arbeits­
gruppe werden fur einzelne Arbeitsgebiete und fur spezielle Fragen Sachverstan­
digengruppen eingesetzt. 

Es besteht die Erwartung, daB die Aktivitaten der Donauschutzkommission nach 
der Unterzeichnung der Konvention - auf zunachst interimistischer Basis - rasch 
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anlaufen werden. Es sind auch rechtzeitig die Weichen zu stellen, daB die irn 
Rahrnen des Urnweltprogramms der UNDP eingeleiteten MaBnahmen - soweit sie 
in den sachlichen Geltungsbereich der Donauschutzkonvention fallen - vom Se­
kretariat der Donauschutzkonvention iibernommen und - mit weiter gewahrter 
internationaler finanzieller Unterstutzung - zielgerichtet fortgefilhrt werden kon­
nen. 

Ausblick 

Im Rahmen dieses Beitrags die Aktivitaten des IHP irn Donauraum darzustellen, 
hieBe Donauwasser nach Budapest tragen. Zudem wird von berufenerer Seite 
ausfilhrlich darauf eingegangen. Dieser Darstellung ist zu entnehrnen, daB die 
gute und erfolgreiche Zusammenarbeit in diesern Bereich nach wie vor besteht. 

Auch nach Unterzeichnung und lnkrafttreten der Donaukonventionen, insbeson­
dere der Donauschutzkonvention, kann auf die wissenschaftliche Grundlagen­
arbeit im Rahmen des IHP nicht verzichtet werden. Es rnuB daher rasch ein Weg 
gefunden werden, die fachlicbe Kompetenz dieser Zusammenarbeit in die Korn­
missionsarbeit einzubringen und irn Vollzug der Konventionen umzusetzen. 
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This paper briefly reviews water issues in the United Nations 
in the wake of UNCED. It discusses WMO's activities in hy­
drology and how these relate to the Danube basin. It looks to 
the future and the contribution of the Danube to the improve­
ment of global knowledge of the hydrological cycle. 

The Danube is the most international river of the world. It 
has 10 riparian countries and 18 catchment-sharing countries, 
of which five have minor shares in the basin. It constitutes 
a basic and important lifeline for socio-economic development 
of the countries concerned. The paramount importance of, and 
the need for international cooperation in various fields of 
activity was already recognized many years ago.This XVIIth 
CONFERENCE OF THE DANUBE COUNTRIES ON HYDROL03ICAL FORECASTING 
AND HYDROLOGICAL BASES OF WATER MANAGEMENT,with already a his­
tory of more than three decades and which will address a num­
ber of current world-wide and basin-related water problems,is 
a good example of such co-operation. 

Until recently, water was taken for granted, and its avail­
ability appeared infinite. But a rapidly expanding world po­
pulation (especially in less developed countries) and growing 
economic activity have led to demand outstripping supply in 
many regions. In addition, contamination of both surface and 
ground water has led to a universal recognition that the re­
source is both finite and fragile. 

Most individuals and governments are now aware of the problems 
of the deteriorating global environment and of the possible 
consequences of climate change. However, not all are aware of 

49 



the increasing pressures being exerted on water resources, 
both as regards scarcity and quality - water being the fore­
most casualty of human activities and of likely climate changes. 
These pressures can be intense within national borders and 
even more intense between nations sharing the same river ba­
sin. At the same time virtually every socio-economic develop­
ment is demanding more and more water. A recent report (1994) 
of the Committee of Natural Resources of the UN Economic and 
Social Council, indicates that some 80 countries are already 
suffering serious water shortages and, in many cases,scarcity 
has become the limiting factor in social and economic develop­
ment. Contamination of surface and ground waters from indus­
trial effluents, agricultural pollution and human wastes is 
reaching critical dimensions in many parts of the world.Added 
to the above may be the threat to life and property from 
floods, droughts and other forms of water-related disasters. 
While uncertainty remains about the future climate at global, 
regional and smaller scales, there is no uncertainty that wa­
ter resources will be directly affected by any such changeand 
that these effects will in turn have impact on other sectors, 
e.g. agriculture and energy. The above trends may endanger 
the integrity of natural ecosystems,threaten human health and 
quality of life and constrain socio-economic development. 

Water issues, affecting both developing and developed coun­
tries, should not be compartmentalized nor should they be 
viewed in isolation from other environmental and development­
al issues. The need for the holistic approach to freshwater 
management, within the framework of overall resource manage­
ment, is now well appreciated. Similarly, water issues should 
be tackled in conjunction with land use issues; and water sys­
tems on and beneath the land surf ace are linked to the atmos­
pheric system above and to the seas which eventually receive 
the flow. Water quality is intimately related to water quan­
tity and these two prime aspects of the water resource base 
must be approached together. 

Integrated management within international river basins poses 
particularly difficult challenges, as does the cooperation in 
these basins. About one quarter of the world's countries are 
situated entirely in international river basins and, in more 
than half, the areas belonging to such basins exceed 50% of 
the total country area. The problems concerning international 
basins have certain similarities from one part of the globe 
to another. These problems are mainly legal and political,but 
their repercussions also have an impact on many technologi­
cal developments including those in hydrology. Indeed, coope­
ration plans for the development of international basins fre­
quently hinge much more on hydrological data than those of na­
tional basins. Questions related to the interest and respon­
sibility of riparian owners can objectively be analyzed only 
if the streamflow regime and quality of water from the dif­
ferent parts of the basin are known sufficiently well. 

The Dublin International Conference on Water and the Environ­
ment (ICWE) (1992) made the case for effective integrated plan-
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Ring and development of transboundary river and lake basins. 
Governments were recommended to take actions, among others, 
regarding the promotion of cooperation of riparian countries 
within transboundary basins and the establishment of appro­
priate legal, institutional and operational mechanisms.Agenda 
21 of the UN Conference on Environment and Development(UNCED) 
(Rio de Janeiro, 1992)reflected these views and stressed the 
desirability of taking into account the interest of all ripa-
rian states concerned with transboundary water resources. 
This cannot be achieved without an adequate and regular hy­
drological assessment of the shared river basin or groundwa­
ter province concerned. 

The riparian and catchment-sharing countries of the Danube 
have long recognized the need for reliable and timely data on 
water quantity and quality, and their use for water resources 
assessment and for planning, design, management and forecast­
ing purposes. This is clearly evidenced by some 14,000 rain­
fall stations, 500 evaporation, 7,500 discharge and 4,200wa­
ter quality stations which according to WMO statistics (INFO­
HYDRO, W~O-No. 683) were being operated in 1993 by national 
hydrological, hydrometeorological and meteorological services 
of Danube basin-sharing countries. As such, it can be con­
sidered as one of most dense networks in the world. Neverthe­
less, it is also a fact that the national hydrological agen­
cies in a number of these countries are currently facing a 
contradictory situation: on the one hand there are increasing 
demands on their services while, on the other, the budgetary 
allocations to support these activities are being subjected 
to important reductions. All this has brought to the fore 
the importance of international co-operation regarding water 
matters. 

In the light of international co-operation WMO has been en­
trusted by its some 175 Members to facilitate world-wide co­
-operation in the fields of meteorology and operational hy­
drology. The Organization's involvement in the latter field 
is through its Hydrology and Water Resources Programme. This 
Programme is geared to assist Hydrological and Hydromete­
orological Services of Members to meet increasing demands for 
the assessment and development of water resources,on the one 
hand, and for the protection from the threat of natural dis­
asters, on the other, all in support of sustainable develop­
ment of water resources and of environmental management. Thus, 
this programme has supported national services as regards 
their responsibilities for the collection, processing and 
analysis of data for water resources assessment, for water 
quality protection and for flood forecasting. The overall 
objective of this Programme for the decade 1992-2001 is: 

"To ensure the assessment and forecasting of the quantity and 
quality of water resources, in order to meet the needs of all 
sectors of society, to enable mitigation of water-related 
hazards, and to maintain or enhance the condition of the 
global environment". 
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The HWRP also promotes co-operation between countries at re­
gional and sub-regional levels, especially when there are 
shared basins. In the specific case of the Danube countries, 
the following might be mentioned: 

a)In 1962 an exchange of letters between the Danube Commis­
sion and WMO formalized a working agreement between the two 
organizations. An important milestone in this cooperation 
was the publication of recommendations regarding: (i) the 
coordination of the hydrometeorological services on the Dan­
ube; and (ii) the actions to be taken to determine river­
-flow data. One of these recommendations consisted of codes 
used for transmission of hydrological observations and fore­
casts within the Danube basin countries, some using the Glo­
bal Telecommunication System (GTS) of WMO's World Weather 
Watch (WWW) . These codes formed the basis of two standard 
international code forms: one for basic hydrological data 
transmission and processing (HYDRA) and one for hydrological 
forecasting (HYFOR) . The codes were adopted for broader use 
by WMO in 1974, and adopted for their introduction in the 
Danube basin as of January 1977. 

b) Since its inception in 1981, the Danube countries have 
had an important participation, in WMO's Hydrological Opera­
tional Multipurpose System (HOMS), established for the in­
stitutionalized transfer of operational hydrological techno­
logy. Over the years all the countries established their HOMS 
National Reference Centres (HNRCs) and thus became part of 
the HOMS system. Although basin countries are net suppliers 
of technology, having contributed altogether some 70 opera­
tional hydrological technologies in form of components to 
HOMS, they are also users of the advantages offered through 
HOMS. Until May 1994 385 requests had been received for 
these components, and basin countries have made 190 requests 
for technology generated elsewhere. With the recent changes 
the newly independent states of the region have expressed 
their interest in HOMS and some of them have already estab­
lished their HNRC. 

c) Anumber of Danube countries participated, during the late 
eighties, in the regional UNDP/WMO project on the develop­
ment of HOMS components in the field of application of hy­
drology to energy production. The project's aim was to iden­
tify, select, standardize, test and develop technologies op­
erationally used in the European region. As a result some 
30 components were prepared, which were transferred internal­
ly and externally. Training workshops were organized,the num­
ber of experts having participated exceeding one hundred. An 
excellent co-operative relationship was established be­
tween the agencies of the participating countries. Although 
the project was originally aimed at hydrological technologies 
for energy production, an important part of which involves 
forecasting future river flows, the results can be applied 
in a broader range. There are proposals to develop a follow­
-up project on regional transfer for prevention of natural 
disasters, under the aegis of the International Decade for 
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Natural Disaster Reduction \IDNDR), but as yet no source of 
funding has been identified. 

d) Over the years, experts in the field of hydrology from 
Danube countries have had an important participation in activ­
ities of the WMO Corrunission for Hydrology and the Regional 
Association VI (Europe). They have been involved either as 
members or rapporteurs of subject-oriented working groups of 
CHy and/or of the RA VI working group on hydrology (WGH) . One 
recent product has been a technical report on "Hydrological 
co-operation in selected international river basins within 
Europe", prepared by the RA VI WGH and published in 1992. 

As regards future developments, WMO and UNESCO, with the sup­
port of the World Bank, are promoting a major long-term ini­
tiative to improve knowledge of the hydrological cycle through 
a World Hydrological Cycle Observing System (WHYCOS) . WHYCOS 
is in direct response to the need expressed by the ICWE and in 
Chapter 18 of Agenda 21 for an improved knowledge base in tenns 
of quantity and quality. WHYCOS would consist initially of 
about 1,000 stations world-wide sited on the major rivers. 
Each station would monitor about 15 variables such as flow, 
load, water chemistry and on-bank meteorological variables. 
Many of these stations already exist, mostly in the developed 
world. The data collected would be transmitted via geo-statio­
nary 8atellites, such as METEOSAT, to national, regional and 
global centres, employing the WMO WWW system where applicable. 
In turn, WHYCOS would contribute data to WWW and to the Global 
Climate Observing System (GCOS), as well as to the Global Ter­
restrial Observing System (GTOS) . The concept is currently be­
ing developed for Africa, Latin America and the Caribbean, for 
countries bordering the Mediterranean Sea and for the Aral Sea 
basin. It is expected that the hydrological networks of the 
Danube countries will also form part os WHYCOS: 

From the topics it can be seen that the Conference will address 
a number of world-wide current water problems which have been 
mentioned above, as well as specific problems connected with 
transboundary rivers and the international character of the 
Danube basin. It is expected that the exchange of information 
on technical matters will be of benefit not only for the basin 
countries, but also for the global hydrological community. It 
might also perhaps lead to further joint activities in the fu­
ture, thus continuing the many years of fruitful co-operation 
for the benefit of the countries of this basin. In this con­
text, WMO will be pleased to continue and increase its associ­
ation with the Danube countries in the undertaking of new 
joint ventures. 

53 





THEMA/THEME 

1 

Methoden zur Gewinnung, Bearbeitung 
und Bereitstellung hydrologischer Daten, 

einschlieBlich der Fragen der 
Hydrometrie, Standardisierung und 

Regionalisierung 

Methods of collecting, processing and 
disseminating hydrological data including 
the aspects of hydrometry, standardization 

and regionalization 

Gutachter/Convener 

Professor Dr. R.F. Schmidtke 





XVI!. KONFERENZ DER DONAULANDER 

• 
8 Uber hydrologische Vorhersagen und 

hydrologisch-wasserwirtschaftliche Grundlagen 

XVllth CONFERENCE OF THE DANUBE COUNTRIES 
on Hydrological Forecasting and Hydrological Bases 

of Water Management 
~ 

Budapest, 5 - 9 September, 1994 

BEITRAG/PAPER No.: 1.00. 

Einf iihrungsvortrag 

METHODEN ZUR GEWINNUNG, BEARBEITUNG UND BEREITSTELLUNG 

HYDROLOGISCHER OATEN EINSCHLIEBLICH FRAGEN DER HYDROMETRIE, 

STANDARDISIERUNG UND REGIONALISIERUNG 

R.F. Schmidtke 

Kurzfassung: Die Einflihrung in den Themenbereich 1 stellt die 15 
hierzu angenomrnenen Konferenzbeitrage kurz vor. Dabei wird eine 
Gliederung nach Me13netzplanung, Me.B- und Erfassungsmethoden, 
Regionalisierung hydrologischer Daten und Informationssysteme 
vorgenomrnen. Au.Berdem liefert sie Hinweise fur die sich verstar­
kende Notwendigkeit zur Standardisierung und Qualitatssicherung 
sowie zur Ermittlung des wirtschaftlichen Werts gewasserkundli­
cher Daten und Dienste. 

Methods of Collecting, Processing and Dissi.minating 

Hydrological Data Including the Aspects of Hydrome~~y, Stan­

dardization and Regionalization 

Abstract: The paper gives an introduction into conference theme 
1. It disposes the 15 contributions accepted for oral presenta­
tion according to the topics: design of hydrological networks, 
measurement and survey methods, regionalization of hydrological 
data and information systems. In addition, it puts emphasis on 
the increasing needs for standardization and quality-control as 
well as for evaluating the economic benefits of meteorological 
and hydrological information and services. 
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Einleitung 

Die gewasserkundlichen Dienste vieler Lander stehen heute vor 
einer besonderen Herausforderung: Auf der einen Seite steigen 
die Anforderungen an Qualitat und Quantitat hydrologischer Oa­
ten, was durch den generell zunehmenden Informationsbedarf, vor 
allem aber durch die sich vereng~nden ~oglichkeiten zum Inter­
essenausgleich zwischen den verschiedenen mi t der Res source 
Wasser verknlipften Nutzungs- und Schutifunktionen bedingt ist. 
Auf der anderen Seite zeigen sich immer deutlicher die 
Leistungsgrenzen der staatlichen Verwaltungen, was dazu flihrt, 
da.B an die f inanzielle und personelle Ausstattung strengste 
Ma.Bstabe angelegt werden mussen. 

Zudem wird heute die bisher vorherrschende Sichtweise, es han­
dele sich bei diesem Bereich um offentliche Informationsinfra­
struktur, zur Diskussion gestellt und zwar im Hinblick auf die 
Frage, inwieweit eine Wahrnehmung solcher Aufgaben dem Markt­
geschehen anvertraut werden kann. Dern hier vorzustellenden The­
menbereich kommt daher eine wesentlich gro.Bere Bedeutung zu als 
der alleinigen Darstellung des naturwissenschaftlich-technischen 
Erkenntnisfortschritts. 

Von den 15 angenommenen Konferenzbei tragen beziehen sich auf 
Fragen der 

Me.Bnetzplanung 
Me.B- und Erf assungsmethoden 
Regionalisierung hydrologischer Daten 
Inf ormationssysteme 

1 Referat 
3 Ref erate 
8 Referate 
3 Referate 

Im f olgenden sollen dazu einige knappe Bemerkungen gemacht und 
zusatzlich auf die nicht behandelten, aber im Sinne der vorange­
stellten Rahmenbedingungen fur wichtig erachteten Aspekte 

Standardisierung und Qualitatssicherung sowie 
wirtschaftlicher Wert gewasserkundlicher Daten 

kurz eingegangen werden. 

Me.Bnetzplanung 

Hydrologische Me.Bnetze haben sich meistens schri ttweise liber 
viele Jahrzehnte entwickelt. Ihr Auf- und Ausbau erfolgte nach 
dem jeweiligen empirischen Erkenntnisstand. Erst in Jungerer 
Zeit konunen analytische Planungsmethoden zum Einsatz, etwa bei 
der Revision bestehender Netze, der konzeptionellen Gestaltung 
neuer Me5aufgaben (z.B. der Grundwasserbeschaffenheit und der 
Deposition) oder bei der Entwicklung integrierter Me.Bnetze. 
Einen guten tiberblick liber das vorhandene Wissen und lauf ende 
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Aktivitaten zur Methodenverbesserung liefern die Berichte zurn 
Internationalen WMO-Workshop liber die Planung von Beobachtungs 
netzen, der im November 1991 in Koblenz/Deutschland veranstaltet 
worden ist. 

Im Prinzip geht es bei der Losung dieser Aufgabenstellungen 
stets um Fragen der MeBnetzoptirnierung. Der hier vorzustellende 
Beitrag von PESTI zeigt dazu ein Beispiel, wobei er die Info:rma­
tionszuverlassigkeit bei variierter MeBnetzdichte liber ein Mehr­
kriterienverfahren bewertet und auf diese Weise das Auswahlpro­
blem lost. 

MeB- und Erf assungsmethoden 

Zu diesem Teilbereich liegen 3 Berichte vor, die sich mit sehr 
unterschiedlichen Problemstellungen auseinandersetzen. Der Bei­
trag von WEIGL und DIETZER widmet sich der quantitativen Nieder­
schlagsbestimmung mit Radar. Er zeigt den Ausbaustand des Radar­
verbundnetzes des Deutschen Wetterdienstes auf und erortert die 
Qualitatsfragen der Radarniederschlagsdaten. ADLER stellt ein 
neuartiges Gerat zur Durchf luB- und Stromungsmessung an groBeren 
Fllissen vor, das mit der Ultraschall-Doppler-Technik arbeitet. 
Es hat sich bei seinem Einsatz wahrend des Dezember-Hochwassers 
an Rhein und Mosel bestens bewahrt, wobei erstmals die AbfluB­
kurven im Bereich sehr seltener Ereignisse mit MeBdaten belegt 
werden konnten. 

Angesichts der Hochwasserkatastrophen der letzten Jahre und der 
damit wieder starker ins gesellschaftliche BewuBtsein geruckten 
Hochwassergefahren besitzt der Beitrag von BRILLY uber die kar­
tographische Erf assung von Uberschwemmungsgebieten speziell in 
FluBoberlaufen auch einen sehr aktuellen Bezug. 

Regionalisierung 

Mit 8 Beitragen bildet der Fragenkomplex "Regionalisierung" den 
Schwerpunkt des Konferenzthernas 1, womit seine Bedeutung ein­
drucksvoll unterstrichen wird. NOBILIS und SKODA prasentieren 
das Konzept der einheitlichen Starkniederschlagsauswertung und 
-regionalisierung flir Osterreich. Fur eine Regionalisierung von 
AbfluBwerten im Niedrig-, Mittel- und Hochwasserbereich gibt 
SCHILLER grundlegende Erlauterungen und stellt Ergebnisse fur 
den bayerischen Donauraum vor. Mit Hochwasserinformationen flir 
das Gebiet Serbiens befassen sich PETROVIC, der eine Methodik 
flir unbeobachtete Einzugsgebiete vorstellt, und PROHASKA, der 
eine regionale Analyse maximaler Jahresabflusse behandelt. 

Fur den Niedrigwasserbereich f aBt die Untersuchung von DEMUTH 
eine umfangreiche Literaturstudie uber die Anwendung und den 
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Einsatz statistischer Verf ahren zur Ubertragung einschlagiger 
Kenngro13en zusammen. Konkrete regionale Niedrigwasseranalysen 
stellen TRNINIC fur das Flu13gebiet der Drava in Kroatien sowie 
IGNJATOVIC und NIKIC fur das Gebiet Serbiens vor. 

Die Prasentation von KOWALSKI und Mitautoren liber die von ihnen 
entwickelte Methode zur Bewertung von Hochwasserscheiteldurch­
fllissen ist bewu13t als AbschluB dieses Themenkomplexes gewahlt, 
da hierbei in richtungsweisender Form ein geographisches und ein 
hydrologisches Informationssystem zur Anwendung gelangen und 
damit ein logischer Ubergang zum nachsten Teilbereich "Informa­
tionssysteme" geschaffen werden kann. 

Inf ormationssysteme 

Die Nutzungsmoglichkei ten hydrologischer Inf ormationen hang en 
ganz wesentlich von ihrer Verfligbarkei t und dem ef f izienten 
Zugriff ab. Diese Erkenntnis hat sich heute allgemein durchge­
setzt, weshalb dem Aufbau adequater Informationssysteme hohe 
Prioritat zugemessen wird. Bei der Komplexitat der Materie sind 
die dabei zu liberwindenden Schwierigkeiten nicht zu libersehen. 
Ein internationaler Gedanken- und Erfahrungsaustausch auf brei­
ter Basis ware dazu sicherlich von gro13em Nutzen. Insofern r __ 1 

die 3 zu diesem Teilbereich vorzustellenden Beitrage als Pl~~ - ­
form flir weitergehende Diskussionen sehr zu begrti13en. 

GERGOV und SLAVOV berichten uber das nationale bulgarische In­
f ormationssystem Sedimentdaten, das mit einer Reihe zusatzlicher 
hydrologischer Daten ausgestattet ist. Die On-line- bzw. Off­
line-Datenverarbeitung im Hydrometeorologischen Dienst Serbiens 
stellen PALMAR B.P. bzw. PALMAR B.I. und jeweilige Mitautoren 
vor. 

Standardisierung und Qualitatssicherung 

Als allgemeine Anregung und ein etwaiges Thema fur die nachste 
Donaulanderkonferenz sei auf die sich immer starker abzeichnende 
Notwendigkeit zur Standardisierung und Qualitatssicherung hinge­
wiesen. 

Die Wasserwirtschaft selbst und vie le mi t wasserwirtschaftlichen 
Fragestellen berlihrten Institutionen stlitzen sich auf hydrologi­
sche MeJ3ergebnisse, die mit verschiedenartigen Me13- und Analyse 
verf ahren gewonnen werden. Um einhei tliche Anforderungen an dir! 
Me13ergebnisse bzw. den Me13aufwand sowie eine ~ute Vergleichbar­
kei t der Untersuchungsergebnisse zu gewahrle ·: sten, bedarf es 
einer entsprechenden Qualitatssicherung. 

Diese ist um so erforderlicher, je weitverzweigter die daten­
erhebenden Institutionen getrennt sind, deren Informationen 
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gemeinsam ausgewertet werden sollen. Das trifft ganz besonders 
flir groBe FluBgebiete zu, fur die staatenlibergreifend hydrologi­
sche Fragestellungen zu bearbeiten sind, damit auch konkret fur 
den Donauraum. 

Qualitatssicherung ist mithin ein Sammelbegriff flir alle MaBnah­
men, die Aussagen liber Qualitat und Fehler von MeB- und Unter­
suchungsbefunden ermoglichen. Dazu gehoren al le Schri tte des 
Vergleiches von MeBgeraten und -methoden, die Durchflihrung von 
Messungen bis hin zur Auswertung der MeBergebnisse und ihre 
Dokumentation. 

Zweifellos kann die Durchflihrung qualitatssichernder MaBnahmen 
einen gewissen Mehraufwand bedingen, der bei gleichzeitig gefor­
derten Einsparungen an Personal und Finanzmitteln problematisch 
anzusehen ist. Wenn aber hydrologische Oaten zunehmend einer 
Uberprlifung durch Dritte standhalten und groBraumige Bilanzie­
rungen und Vergleiche zulassen sollen, dann ist die darauf abge­
stellte Qualitatssicherung eine unverzichtbare Voraussetzung. 

Die standardisierte, zumindest aber die harmonisierte Datenge­
winnung ist dabei Bestandteil dieser Uberlegungen. Eine wertvol­
le Hilfestellung kann die verstarkte Beachtung des "Guide of 
Hydrological Practices" und der "Technical Regulations, Volume 
III - Hydrology" der WMO leisten . 

Wirtschaftlicher Wert gewasserkundlicher Oaten und Dienste 

AbschlieBend sei noch auf einen zweiten Punkt hingewiesen: Der 
Wert hydrologischer Oaten muB starker in das BewuBtsein derjeni­
gen gerlickt werden, die liber die finanzielle und personelle 
Ausstattung der gewasserkundlichen Dienste entscheiden. Auch 
wenn hierzu in dieser Konferenz kein Beitrag enthalten ist, so 
zeigen doch laufende Aktivitaten, wie beispielsweise eine weite­
re unmittelbar bevorstehende Tagung der WMO liber den okonomi­
schen Nutzen der Meteorologischen und Hydrologischen Dienste, 
daB dieses Thema hohe Aktualitat besitzt. Es gilt, diese Bestre­
bungen nach Kraften zu unterstlitzen. 

Anschrift des Verf assers 

Professor Dr.-Ing. Reinhard F . Schmidtke 
Vorsitzender der deutschen IHP/OHP-Arbeitsgruppe 
"Regionale Zusammenarbeit - Hydrologie der Donau" 
c/o Bayerisches Landesamt flir Wasserwirtschaft 
LazarettstraBe 67, D-80636 Mlinchen 
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Abstract: A methodology to design measurement networks, in view of hydrogeologic site characteri· 

zation, is presented. Observation networks c.ombining different types of measurement techniques are 
considered. The wmost appropriate" measurement network is selected based on two often conflicting 
objectives: (1) minimizing the uncertainty in characterizing the spatial distribution of parameters , and (2) 
minimizing the observation c.ost. Uncertainty is characterized by a c.ombination of average and maximum 
kriging variance. The approach combines two common techniques, geostatistics and multi-criteria 
decision making to determine the wbest" measurement network . The methodology is illustrated for a 
study area located near Ashland, Nebraska, USA. 

Integrierte Messungsnetz Verfahren um hydrogeologische Gebiete zu Charakterizieren 

Abstrakte: Ein Verfahren zum Konstruieren eines Messungsnetzes fiir die Charakterisierung eines 

hydrogeologiscben Gebietes ist vorgestellt. Die Beobachtungsnetze, die verschiedene Typen von 
Messungstechniken kombinieren, sind in Betracht gezogen. Das wbeste geignete" Messungsnetz kann an 
der Basis von zwei in Konflikt stehende Zielen gewiihlt werden : (1) Minimizierung der Unsicherheit der 
Charakterisierung von der riiumlichen Pararnetem Verteilung, und (2) Minimizierung der Beobachtungs­
kosten . Die Unsicherheit ist charakterisiert durch kombinieren des Mittelwertes und die maximum 
Kriging-Abweichung . Die Anniiherung kombiniert zwei gewohnlichen Techniken, Geostatistischen und 
Multi-Kriterium Entscheidungs Methoden zum bestimmen das wbeste" Messungsnetz. Das Verfahren ist 
fiir ein Untersuchungsgebiet in der Niihe Ashland (Nebraska, U .S.A) illustriert. 

1. Introduction 

The purpose of this paper is to present a method for observation network design which 
simuhaneously minimizes parameter uncertainty and observation cost, and can be used for 
characterizing a site with respect to spatially dependent variables such as hydrologic or 
hydrogeologic parameters. 

A common objective of measurement network design is to minimize the number of 
measurements required to achieve an acceptably low estimation error (Barnes, 1989). 
Observation network design for the purpose of quantifying hydrogeologic and solute transport 
parameters are described by, among others, McBratney et al (1981), Bogardi et al (1985), 
Knopman and Voss (1989), and Cleveland and Yeh (1990). Measurement network design for 
surface and ground water quality monitoring purposes has been stuclied by Carrera et al (1984), 
Pinter and Somly6dy (1986), Meyer and Brill (1988), Loaiciga (1989), and McKinney and 
Loucks (1992), and for remediation by Ahlfield et al (1988) and Woldt (1990) . An observation 
network may include several types of measurement techniques. In Pesti et al (1994), for 
instance, hydrogeologic data are obtained directly from wells (eg. layer thicknesses determined 
from well logs, or hydraulic conductivities estimated from well capacity tests), and indirectly 
from geophysical measurements (eg. layer thicknesses and transmissivities derived from the 
interpretations of resistivity measurements). Data obtained by different measurement techniques 
may differ in their accuracy and in the support volume which they represent. 



In this paper a common case, where observation data are insufficient to depict tl1e 
spatial distribution of bydrologic/bydrogeologic variables, is considered. Two common 
techniques, geostatistics and multi-criteria decision making (MCDM) are combined to determine 
the "best" measurement network. Geostatistics are used to determine spatial distribution of 
estimation vari.~nces for the hydrologic/bydrogeologic parameters obtained from different 
sources. MCDM is utilized to evaluate observation network alternatives based on their cost and 
the estimation variances associated with them. 

2. Problem description 

Consider an area with a sparse observation network where the available data are insufficient to 
properly characterize the site regarding a set of K spatially dependent variables z = { z,, 
k= 1, ... ,K}, and thus additional measurements are necessary. The "best" measurement network 
is expected to have the least cost and provide the most accurate information on the spatial 
variation of z among all candidate networks. 

Thus, one objective is to maximize the estimation accuracy in characterizing the spatial 
distribution of z. The estimation accuracy can be expressed as the variance of estimation error 
such as average and maximum kriging variance (Journel and Huijbregts, 1978). The two 
variance criteria and their individual characteristics with respect to sample design for geologic 
site characterization are discussed in detail by Barnes (1989). Sampling design based on any 
one of these criteria may lead to a different "optimum" network. Unlike the average, maximum 
kriging variance, as a point measure, does not reflect the overall level of uncertainty over a 
region. Thus, minimizing only the maximum kriging variance could lump observations in areas 
of high uncertainty at the expense of the characterization of the remainder of the region. On 
the other hand, minimizing the average kriging variance alone, the uncertainty of some 
unsampled but "valuable" areas may remain relatively high. A better result can be expected 
using a proper combination of the two variance criteria. 

Another objective is to minimize the observation effort characterized, here, by a single 
criterion, the observation cost. It generally increases with the density of measurement 
networks; thus simultaneous minimization of cost and estimation variance are often conflicting 
objectives. 

3. Methodology 

3.1. Variogram calculation using initial data 

To detect spatial dependencies pertinent to z, experimental variograms (Journel and Huijbregts , 
1978) are calculated, and variogram models are fitted to them. The variograms and fined 
variogram models determined from the initial data set are assumed to be representative of ilie 
acrual spatial covariance functions for z over the entire area of interest. 
If only ~imited or no existing observations are available, variograms can not be estimated; then 
one may claim that it is better to design a network assuming spatially independent yield and 
travel time. Such a spatial independence assumption may yield, in many cases, smaller 
estimation variances than would a spatially dependent assumption. This fact may result in 
underestimating the required network. Thus, for any network design model one must have 
some information on the overall areal variation of the parameter to be observed. Even if no 
measurement data exist, regional information, experience, or samples from part of the area may 
be available. 

3.2. Estimation variances for the initial and expanded candidate nehvorks 

Techniques, such as cokriging (Journel and Huijbregts, 1978), kriging with uncertain or noisy 
data (de Marsily, 1984) and compound kriging (Delhomme, 1979; Woldt, 1990) are alternative 
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techniques to characterize spatial variability where data are available from several sources. 
Here compound kriging, a method that accounts for the different accuracy and support for the 
differently measurement data is used. In fact, kriging itself is not performed, only the 
estimation variance is calculated which depends only on the variogram (spatial covariance 
function) and the geometry of the existing observation network (i.e., number and density of 
measured locations). Kriging variances are determined on a grid covering the entire study area, 
and then the average and maximum estimation variances are calculated. Assuming that the 
empirical variogram determined from the existing network is a good approximation of the acrual 
spatial covariance functions for z, the average and maximum estimation variances are similarly 
calculated for each measurement network alternatives. 

3.3. Observation network costs 

The total cost C7 of a particular observation network combining measurements of m types with 
different number of observations for each type (n,, i = 1,. .. ,m) is defined as 

Cr = l: cini (1) 
1•1 

where C; is the unit cost associated with the measurement method of type i. 

3.4. Selection of the "best" observation network 

Finally the "best" observation network alternative is 
selected jointly considering the variance reduction 
for each element (hydrogeologic parameter) in z and 
the costs of the alternatives; that is a multi-criteria 
decision making (MCDM) problem. In the ideal 
situation, the cost would be zero and the variance 
reduction would approach 100 % ; obviously this is 
not feasible. Composite programming (CP) (Bogardi 
et al, 1984), one of the numerous distance based 
techniques is used here to evaluate each network 
alternative by measuring its "distance" from the 
ideal network. In the present case each network 
alternative is represented by its cost and the average 
and maximum kriging variances for z. The best 
alternative is selected based on these indicator 
variables called first level or basic indicators. The 

3rd level 

Figure 1: Structure of the CP problem; 
AE(a2), t..Max(o-2): reduction in the 
average and max. kriging variance; YR: 
composite variance reductions. 

structure of the CP model is defined by a successive grouping of the indicator variables through 
several levels (Figure 1). This grouping process leads to a two-dimensional problem that 
aggregates the character of the basic indicators in two composite values; one for variance 
reduction and one for cost. 

4. Application 

The methodology is illustrated using real data from a rectangular study area of 108 km2 located 
near Ashland (Nebraska, USA). The layout of the Ashland well field is shown in Figure 2. 
The general geologic section of the site can be characterized as a leaky aquifer with relatively 
thin (less than 1.5 m) top layer composed of soils, sandy silts, and clays, underlain by a 
saturated near surface clay unit over a sand and gravel aquifer. Depth to the water table is 2 
to 3 meters, and the depth to the bedrock ranges from 17 to 29 meters. 

The objective is to characterize the site regarding the most appropriate areas for water 
supply wells. An area is considered the "best", where the sustainable pumping rate and the 
degree of protection for the well are the possible maximum. The level of protection is 
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measured by the travel time for a fixed wellhead 
protection zone radius. Yield and travel times are 
calculated in terms of directly measured and 
geophysically estimated hydrogeologic parameters. 
Details on the yield and travel time calculation for 
the leaky aquifer of Ashland are given by Pesti et al 
(1994). Data are available from well logs and 
specific capacity tests from 36 irrigation wells (direct 
data). These wells are considered as the existing 
observation network. 

First, yields and travel times were calculated 
for each measured location. Next the spatial 
dependencies (variograrns) were determined, and 
spherical models were fitted for both yield and travel 
time. Then, estimation variance maps were 
calculated by compound kriging using data from the 
existing network. Figure 3 shows the variance map 
for yield. The map shows two relatively large 
interconnected areas of high estimation variances 
located between the two main groups of wells. The 
existing observation network does not allow a 
reliable characterization of the spatial variability of 

StD.dyarca L~\_ 

Figure 2 : Current state , network 0 

yield and travel time . Thus, an expansion of the existing network is necessary. 
Two sets of measurement network alternatives, 3 networks in each, are defined to 

reduce the estimation variance. Each alternative includes the existing network and additional 
vertical electrical sounding (YES) measurements (Zohdy et al, 1974). The two groups differ 
only in network density; 1 VES/km2 for the first group (Figure 4) and 1 VES/2 km~ for tl1e 
second. The first alternative in both groups, network 1 
and 4 consist of 108 and 54 vertical electrical .---------------~ 

soundings respectively. Soundings are performed on 
a 1 km uniform grid covering the entire study area. 
They do not consider the location of existing wells 
and thus are not expected to be most effective 
alternatives. The second alternative in each group, 
network 2 and 5 are subsets of networks 1 and 4; 
they consist of 39 and 19 VES measurements in 
addition to the existing wells. Sounding locations 
cover the areas of highest estimation variances on 
the map variance of the current state. Networks 3 
and 6 represent a middle way between the previous 
alternatives; seven sub-regions are defined for VES 
measurements covering most of the high variance 
locations. Networks 3 and 6 consist of 75 and 37 
VES measurements, respectively. 

Estimation variances for each candidate 
network were calculated as for the existing 
measurement network. The reduction ( % ) of the 
mean and maximum estimation variance relative to 
the current state (i.e., mean and maximum 
estimation variances for the existing network) was 
also determined (Table 1). The relative reductions 
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Figure 3: Estimation variance for yield , 
Q (gpm)2 based on data from net\vork 0 . 
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Figure 4: Observation network alternatives using wells and vertical electrical soundings of 1 /km2 density . 

in mean and maximum estimation variances for yield and travel time and the costs of the 
candidate networks are the basic indicators in the MCDM analysis for selecting the "best" 
network alternative . Using composite programming, the set of basic indicators is aggregated 
through several steps into two composite variables, the overall variance reduction (VR) and the 
cost. These variables as well as the basic indicators are normalized to the interval [O, 1]. The 
weights and balancing factors used in each group and level of the CP-strucrnre are 0.5 and 2 
respectively. Other weighing schemes would probably result in different solutions as has been 
shown iil' 'a sensitivity analysis (Pesti et ·al, 1994). Figure 5 shows the variance versus cost 
relationship for. the six alternatives and the current state (alternative 0) where the ideal point is 
[0,1]; each alternative is represented by a point. The closer an alternative is to the ideal point 
the better it is. Here alternative 6 appears to be the "best" observation network. 

Table 1. Reduction t.(%) in maximum and 
average kriging variances, max(a2) and E(a2). 

Network Amax(a20) AE(a2 0) Amax(a2,) AE(a2,) 
(%) (%) (%) (%) 

1 29 41 37 37 
2 0 19 5 19 
3 19 35 30 33 
4 11 29 21 27 
5 0 15 5 15 
6 11 26 21 26 
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Figure 5: Variance reduction (VR) vs. cost 
Cost and VR are equally weighted. 



5. Conclusions 

Results of this paper lead to the following conclusions: 
1. The approach described here may be effectively used to evaluate and rank measurement 
network alternatives based on their accuracy and cost. 
2. The advantage of combining geostatistics and MCDM is that the spatial characteristics of 
hydrogeologic parameters (Q and t), and the relative importance of accuracy (variance 
reduction) and observation cost associated with each network alternative can be jointly 
accounted for. 
3. An observation network combining several different measurement techniques (e.g., obser­
vation wells and properly located geophysical measurements) may significantly and cost­
effectively improve the accuracy of site characterization. 
4. Though in the presented application only VES measurements were used to expand an 
existing network of wells, the approach allows the combination of several different measurement 
techniques (e.g., VES, profiling, electro-magnetic methods). 
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Zusammenfassung: Das Radarverbundnetz des DWD besteht der­
zei t aus fiinf C-Band-Radargeraten in Berlin, Essen, 
Frankfurt, Hamburg und Miinchen. Der Ausbau auf insgesamt 16 
Standorte ist geplant, damit die Bundesrepublik Deutschland 
moglichst flachendeckend mit quantitativen Radarnieder­
schlagsinformationen versorgt werden kann. 
Der groBte Vorteil der Radarmessung ist die f lachendeckende 
Darstellung der Niederschlagsverteilung in einer raumlichen 
Auflosung von einem Quadratkilometer. Nach Unterdriickung von 
Boden- und Festzielechos und der Aneichung an Messungen von 
(Boden)-Niederschlagsstationen im Off-Line-Betrieb erhalt 
man in einem ersten Schritt eine realistische Verteilung der 
taglichen Niederschlagshohen fiir jeden Quadratkilometer im 
Umkreis van 100 km Radius des Radarstandortes. 

Measurement of Precipitation with Radar of the 
Deutscher Wetterdienst 

Abstract: The radar network of the Deutscher Wetterdienst 
now consists of five reflectivity-only C-band radars 
installed at Berlin, Essen, Frankfurt, Hamburg and Munich. 
The network will be extended to 16 locations to establish a 
coverage of the Federal Republic of Germany as complete as 
possible. 
The greatest advantage of radar measurement is that the high 
spatial resolution of one square km allows an extensive 
representation of the distribution of precipitation. After 
suppression of ground clutter and calibration with rain gau­
ges in non real-time in a first step one can obtain a 
realistic distribution of daily precipitation amounts for 
each square km within 100 km radius of the radar location. 
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1. Einleitung 

Neben der herkornrnlichen punktuellen Messung der Nieder­
schlagshohe mit Niederschlagsmessern, -sarnmlern und 
-schreibern besteht die Moglichkeit der indirekten Messung 
durch Radar. Die vom Radar ausgestrahlten elektromagne­
tischen Impulse werden von Niederschlagsgebieten zuruck­
gestreut, wobei die Niederschlagsintensitaten von der GroBe 
und der Dichteverteilung der Hydrorneteore (Regentropfen 
Schneekristalle u. a.) innerhalb des Niederschlagsgebietes 
abhangen. 

Im Radarverbundnetz des DWD ( s. Abb. l) erfassen derzei t 
funf C-Band-Radargerate wahrend ihres quantitativen MeB­
zyklus den Niederschlag irn Funf-Minuten-Takt. Daraus werden 
die stundliche und tagliche Niederschlagshohe in einem 
Umkreis von 100 km jedes Radarstandortes (Berlin, Essen, 
Frankfurt, Hamburg und Furholzen bei Munchen) berechnet. 

Der Ausbau des Radarverbundes auf insgesarnt 16 Standorte ist 
aus hydrorneteorologischer Sicht eine Minimalforderung, um 
eine rnoglichst vollstandige Flachenabdeckung der Bundes­
republik Deutschland mit quantitativen Radarinformationen 
zu erreichen. Bis Anfang 1995 sollen sukzessive die nachsten 
funf Radargerate in Hannover, Emden, Neuhaus, Rostocl\: und 
Berus installiert werden. 

Der groBe Vorteil der Radarniederschlagsmessung liegt in der 
hohen raumlichen Auf losung von einem Kilometer und einem 
Grad Azimut, die eine flachendeckende Darstellung der 
Niederschlagsverteilung erlaubt. Diese ist besonders fur 
wasserwirtschaftliche und landwirtschaftliche Anwendungen 
sowie fur Witterungsgutachten von groBern Nutzen. 

Die Qualitat der Radarniederschlagsdaten ist wegen ver­
schiedener Ursachen noch unbefriedigend, so daB vor einer 
Abgabe der Daten urnfangreiche statistische Aufberei tungen 
durchgefuhrt werden rnussen . Schwerpunkte in der Entwicklung 
von Methoden zur Qualitatsverbesserung sind die Unterdruk­
kung von Boden- und Festzielechos und die Aneichung an Mes­
sungen von (Boden-) Niederschlagsstationen. 

Im folgenden wird am Beispiel des vorn Frankfurter Radar 
erfaSten extremen Niederschlagsereignisses am 20. August 
1992 die Radardatenaufbereitung im Off-Line-Betrieb vor­
gefuhrt, die notwendig ist, um aus der fehlerhaften 
Original-Radarniederschlagsm~ssung eine realistische 
Niederschlagsverteilung zu erhalten. 
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2.Unterdruckung von Boden- und Festzielechos 

Das Originalradarbild vom 20. August 1992 (s. Abb. 2; 
Radarstandort Frankfurt/M.-Flughafen in der Bildmitte) zeigt 
auBer einigen SchauerstraBen vor allern den von Boden- und 
Festzielechos verseuchten radarnahen Bereich (in der Abb. 
als dunkelblaue Flachen rnit der scheinbaren Niederschlags­
klasse uber 70 mm belegt) I der die Aussagekraft der Radar­
messung in diesem Gebiet stark verringert. 

Da die Bodenechos im Gegensatz zu den Festzielechos leider 
nicht konstant, sondern von den atmospharischen Aus­
brei tungsbedingungen der Radarstrahlen und dami t von der 
Wetterlage abhangig sind, muB zu deren Unterdruckung die 
zeitliche Komponente berucksichtigt werden. 

So wird eine laufend aktualisierte Cluttermap (Referenzkarte 
mit Boden- und Festzielechos) aus zuruckliegenden Radarmes­
sungen erstellt. Die als Clutter gekennzeichneten Radarpixel 
werden in mehreren Schritten mit Hilfe der umliegenden 
Niederschlagswerte interpoliert. 

Nach einem Abgleich mit den Bodenniederschlagsparametern 
"Maximaler Niederschlagsgradient der (Boden-) Stationen" und 
"Maxima le Niederschlagshohe der (Boden-) Stationen" erhal t 
man das bodenechounterdruckte Radarbild. Sowohl zu hohe, 
unrealistisch wirkende raumliche Strukturen der 
Niederschlagsverteilung als auch eine allgemeine Ober- oder 
Unterschatzung des Niederschlagsfeldes werden dami t schon 
vor der eigentlichen Aneichung weitgehend beseitigt. 

3. Aneichunq 

Wie ein Vergleich der quantitativen Radarniederschlagsdaten 
mit den Messungen von (Boden-) Niederschlagsstationen zeigt, 
sind erhebliche Unterschiede beider MeBsysteme festzustel­
len. Bei den Tageswerten mufS mi t einer Unterschatzung des 
Radar-Niederschlages um den Faktor zwei gerechnet werden; 
diese Unterschatzung wachst bei noch grofSerer zei tlicher 
Auflosung weiter an. Zudem sind auch genugend Falle einer 
Oberschatzung des Radar-Niederschlages bekannt. Sarni t geht 
es ohne Aneichung des Radar-N iederschlages an den "Boden­
Niederschlag" nicht. 
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Der off-line-Vergleich bzw. die Aneichung erfolgt z. Z. auf 
der Basis von Tageswerten der Niederschlagshohe aller zur 
Verfugung stehender Niederschlagsstationen. Fur jede Nieder­
schlagsstation wird ein Boden-Radar-Faktor bestimmt. Die 
Auswahl des zugehorigen Radarpixels wird dabei insoweit 
modifiziert, daJS dasjenige Radarpixel aus dem Neunerfeld 
(zentraler und dessen acht benachbarte Radarpixel) aus­
gesucht wird, dessen Niederschlagswert die geringste Dif­
ferenz zum Stationswert aufweist. 

Die Faktoren werden auf die Flache des Radarkreises inter­
poliert, so daB zu jedem Radarpixel ein eigener Aneichfaktor 
gehort (sog. pixel-interpolierte Aneichung). Die Mul­
tiplikation dieser Aneichfaktoren mit den entsprechenden 
bodenechounterdruckten Radardaten ergibt das off-line­
-angeeichte Radarbild (s. Abb. 3), welches einige,bedeutende 
Verbesserungen gegenuber dem Originalradarbild bzw. den 
(Boden-) Niederschlagsrnessungen herkornrnlicher Art zeigt. 

Arn auf fall ends ten ist die starke Unterschatzung des 
Niederschlags im nicht-angeeichten Radarbild im NNW-Sektor, 
der vom nur etwa 25 km entfernten Taunus zum groBen Teil 
abgeschattet wird. Gerade in diesem Gebiet hat, wie der 
Ausschnitt von Limburg (s. Abb. 4) zeigt, eine Schauerzelle 
Starkniederschlage bis zu 100 mm gebracht. Die in Abb. 4 mit 
den zugehorigen Niederschlagswerten versehenen Stationen 
liegen nicht im Zentrurn der Schauerzelle und unterschatzen 
die Niederschlagshohe im betreffenden Gebiet um die Halfte. 

Eine weitere und ebenso als realistisch zu bewertende Tat­
sache ist die raumlich mehr strukturierte Verteilung der 
Niederschlagshohe irn angeeichten Radarbild als bei inter­
polierten (Boden-) Niederschlagsmessungen. Schmale, aber 
intensive Schauerzellen werden somit hervorgehoben. 

Fur die Aneichung in Echtzeit ist von einer Reduzierung der 
verfugbaren Niederschlags stationen als Aneichstationen aus­
zugehen. Dies bedingt, daB die Auswahl dieser Aneichsta­
tionen von groJSer Bedeutung ist. Sie mussen einerseits eine 
relativ groJSe raumliche Reprasentanz haben und andererseits 
zeitlich in ihrer Gute als Aneichstation konstant bleiben. 
Beide Kriterien konnen aufgrund eines Boden-Radar-Vergleichs 
uber einen langeren Zeitraum (mind. ein Jahr) hinweg unter­
sucht werden. 
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Abb.3: Off-Line-ange.Radarbild v. 20.08.92 {~. Erkl. s.Text 
Fig.3: Radar map of August 20 th, 1992 after calibration 

f. declarati on s. t e xt) 
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Messungen von Durchflussen und Stromungsprof ilen 
mit einem Ultraschall-Doppler-Gerat (ADCP) 

Von Matthias Adler 
Bundesanstalt fur Gewasserkunde 
Kaiserin-Augusta-Anlagen 15 - 17 
D-56068 Koblenz 

Die Bundesanstalt fur Gewasserkunde verwendet ein neuartiges 
Gerat zur DurchfluB- und Stromungsmessung, das mit der Ul­
traschall-Doppler-Technik arbeitet . Es wird in den USA her­
gestellt und tragt die Bezeichnung Acoustic Doppler Current 
Profiler, ADCP . 
DurchfluBmessungen mit dem ADCP sind wesentlich schneller 
und kostengunstiger als Messungen mit Flugeln. Diese Vor­
teile kommen vor allem bei der Erfassung instationarer Was­
serbewegungen zum Tragen, z. B. bei Tidestromungen oder 
Hochwasserwellen. 
Der f olgende Bericht gibt einen Uberblick uber Handhabung 
und FunktionspTinzip dieses neuartigen Gerates . AnschlieBend 
wird auf praktische Erf ahrungen sowie die meBtechnischen 
Grenzen beim ADCP-Einsatz eingegangen. 

Measurement of Discharge and Current Profiles 
with an Acoustic Doppler Current Profiler {ADCP) 

by Matthias Adler 

The Federal Institute of Hydrology of Germany is using a new 
instrument for discharge and current measurements. It opera­
tes on the basis of the ultrasonic Doppler principle. It is 
called Acoustic Doppler Current Profiler (ADCP) and is of fe­
red by a US manufacturer. 
ADCP measurements are much faster and thus more economical 
than traditional propeller-meter measurements. These advan­
tages yield most under unsteady flow conditions, e. g. du­
ring floods or in tidal rivers. 
This paper describes the handling of the instrument and 
outlines its functional principle . Practical experiences 
with the ADCP as well as limitations in the application of 
the instrument are presented. 
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1 Beschreibung der ADCP-Sonde 

ADCPs gibt es in verschiedenen Bauarten . Der hi er vorge­
stell te 1.200 kHz Breitband-ADCP ist fur Gewasser mit Tiefen 
zwischen 2 und maximal 2 O m geeignet. Das Gerat wird im 
MeBschacht eines trailerbaren Kunststoffbootes installiert 
(Bild 1) . Systemkonf iguration und Hauptabmessungen einer 

ADCP-MeBeinheit sind im Bild 2 dargestellt. In dem zylin­
derformigen Gehause sind die Elektronik, eine Uhr, ein Ther­
mometer, ein Pendel sowie ein Magnet-kompaB untergebracht. 
An einem Ende des Zylinders sitzen 4 Schallwandler . Dies 
sind Keramikplatten, die im kurzzeitigen Wechsel als Sender 
und Empfanger von Ultraschallimpulsen arbeiten . Die Kabel­
verbiµdung am anderen Ende dient der Kommunikation zwischen 
-~CP und DOS-Rechner sowie der Stromversorgung des ADCP. 

Bild 1: ADCP-Boot und Visualisierung der Schallstrahlen 
Fig. 1: ADCP-Boot and visualization of acoustic beams 

2 Ablauf einer Messung 

Eine DurchfluBmessung lauft schnell und ohne Hilfsgerate ab. 
Insbesondere bedarf es keiner Positionsbestimmung zu einem 

. Referenzpunkt am Ufer, wie bei der Flugelmessung. Der ADCP 
wird im MeBschacht des Bootes so wei t abgesenkt, daB die 
Wandler unter dem Kiel des Bootes vorstehen. Das Boot fahrt 
auf beliebigem Weg von Ufer zu Ufer, der MeBpfad muB also 
nicht wie bei der Flugelmessung rechtwinklig zur Stromung 
verlaufen. Das Boot kann den FluB auch zum Beispiel schrag 
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oder im Zickzackkurs uberqueren. Es muB auch keine bestimmte 
oder gleichmafSige Bootsgeschwindigkeit eingehalten werden. 
Wahrend der Fahrt wird der Wasserkorper unter dem ADCP aku­
stisch "abgetastet 11

• Die MefSdaten werden in Echtzeit ver­
arbeitet. Der DurchfluiS zwischen dem Startpunkt und de::­
rnomentanen Position irn Querschnitt wird standig angezeigt 
und aktualisiert. Die MeiSdauer betragt ea . 1 Minute fur 100 
rn MefSweg. Am Ende der Mes sung ist der Durchf lufS zwischen 
Start- und Endposition des Bootes ermittelt. 

1200 kHz Breitband AOCP 

Gewicht: 17 kg 

3 Durchflws~rmittlung mit dem ADCP 

Bild 2: 1200 kHz 
Breitband ADCP, 
Systemkonf iguration 
und Hauptabmessung 

Fig. 2: 1200 kHz 
broad-band ADCP, 
system conf igura­
tion and main di­
mension 

Der ADCP enthalt vier verschiedene Sensoren: 

4 Ultraschall-Wandler 
1 Pendel 
1 MagnetkornpafS 
1 Thermometer 

Pendel, KompaB und Thermometer sind zur DurchflufSmessung 
nicht essentiell notwendig . Es sind Hilfssensoren, die Zu­
satzinformationen liefern und die MeBdatenqualitat verbes­
sern. 

Das Pendel dient z. B. dazu, Stampf- und Rollbewegungen des 
MefSbootes und eine ungewollte schrage Aufhangung des ADCP zu 
registrieren und die MeiSdaten entsprechend zu korrigieren. 

Die DurchflufSerrnittlung kommt prinzipiell mit dem Ultra­
schall-Doppler-MefSsystem aus. Es ermittelt drei GrofSen: 

die Wassertief e 
die Geschwindigkeit des Bootes 
die Verteilung der Stromungsgeschwindigkeiten. 
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v • mittlere Flierl -
ges~hwindigkei t 

in e1ner Zei ie 

s · Weg - lnk r emen : 
des ADCP-Bootes 

Bild 3a: Defini­
tionsskizze zur 
DurchfluBermittlung 
rnit dem ADCP 

Fig. 3a: Definition 
sketch for disch­
arge determination 
with ADCP 

Bild 3b: Defini­
tionsskizze, Detail 
aus Bild 3a 

Fig. 3b: Definition 
sketch, detail f rorn 
Fig. 3a 

Die Geschwindigkei ten des Bootes und der Stromung werden 
vektoriell, d. h. in GroBe und Richtung bestimmt. 

Der ADCP unterteil t den MeBquerschnitt in eine Vielzahl 
sogenannter Zellen. Sie haben eine konstante Hohe von z. B. 
25 cm (wahlbar) und eine variable Breite, die von der 
Schallimpulsfolge und der Bootsgeschwindigkeit abhangt. Fur 
jede Zelle wird ein TeildurchfluB ermittelt. Die Summe aller 
Teildurchflusse ist der GesamtdurchfluB . Die Berechnung des 
Gesamtdurchflusses laBt sich mit diesem Verfahren auf die 
Berechnung eines DurchfluBinkrernents, den TeildurchfluB ~Q 
einer Zelle reduzieren. Er wird durch vektorielle Verknup­
fung von Boots- und Stromungsgeschwindigkeiten errechnet. 

In Bild 3a ist der willkurliche MeBpfad eines ADCP - Bootes 
von Ufer zu Ufer dargestellt. Eingekreist ist ein Wegincre­
ment s. Die Verhaltnisse sind in Bild 3b detailliert darge­
stellt. Im einzelnen sind zu sehen: 
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Das durch die Orien tierung der Wandler vorgegebene 
Koordinatensystem des ADCP zur Beschreibung der Vekto ­
ren v und s ( s.u. ) . 
Das aus Bootsgeschwindigkei t und Fahrzei t berechnete 
Weg - Increment s. 
Der Wi nke l a zwischen Weg- und Geschwindigkeitsvektoren 
s und v 

Zurn ZellendurchfluE, 6Q, tragt nur die Komponente von v bei, 
die senkrecht auf dem MeEweg s steht . 

b.Q = Iv I 
stellt) 

sin a lsl ·6h ( wobei 6h die Zellenhohe dar-

Dieselbe Gleichung vektoriell geschrieben lautet : 

6Q = Iv x sl · 6h 

4 Geschwindigkeits- und Tiefenmessung mit dem ADCP 

Grundlage der im vorhergehenden Abschnitt beschriebenen 
DurchflufSberechnung sind die Bootsgeschwindigkei t und die 
Stromungsgeschwindigkeiten in den einzelnen Zellen. Sie 
werden mit Hilfe des Dopplereffektes ermittelt . 

Stromungsgeschwindigkeiten 

Die von einem ADCP-Wandler ausgesandten Ultaschallimpulse 
werden von Partikeln im Wasser, z. B. Schwebstoffen, reflek­
tiert. Man kann annehmen, daE sie sich im Mittel wie die sie 
tragende Stromung bewegen . Der Wandler empfangt die reflek­
tierten Strahl-en mit einer anderen Frequenz , als er sie 
ausgesandt hat, falls es zwischen Wandler und Reflektoren 
eine Relativgeschwindigkeit in Richtung des Schallstrahles 
gibt (Radialgeschwindigkeit ) . Die Frequenzverschiebung wird 
als Dopplerverschiebung bezeichnet. Mit ihr laEt sich die 
Radialgeschwindigkeit berechnen. 

Der ADCP hat vier Wandler . Sie strahlen den Schall schrag 
nach unten in verschiedene Richtungen ab und zwar in einem 
Winkel von 30 ° zur Vertikalen. Die Schallstrahlen laufen 
wie die gedachten Kanten einer Pyramide, in deren Spitze 
sich der ADCP befindet. 

Vier Schallstrahlen messen vier Geschwindigkeitskomponenten 
der Stromung. Sie konnen durch trigonometrische Umformungen 
in raumliche Geschwindigkeitsvektoren transformiert werden . 

Der ADCP empf angt von Partikeln reflektierte Schallechos aus 
dem gesamten Wasserkorper unter den Wandlern . Um daraus ein 
Stromungsprofil zu ermitteln, wird das Echo in 11 Zeitfenster 11 

zerlegt . Jeder Tiefenzelle wird eine Reflektionszeit zuge­
ordnet, die sich aus der Entfernung der Zelle von den Wand­
lern und der Schallgeschwindigkeit ergibt. Aus dem Echo 
einer Tiefenzelle wird die mittlere Stromungsgeschwindigkeit 
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dieser Tiefenzelle ermittelt. 

Bootsgeschwindigkeit 

Die Bootsgeschwindigkeit, genauer gesagt, die Geschwindig­
keit des ADCP uber Soble, wird ahnlich wie die Str6mungs­
geschwindigkeit mit Hilfe des Dopplereffektes bestimrnt. Sie 
laJSt sich aus der Dopplerverschiebung des an der Soble re­
flektierten Schalls ermitteln. 

Wassertiefe 

Sie wird nach dern Prinzip des Echolotes bestimrnt und errech­
net sich aus der Laufzeit des Schalls vorn Wandler zur Soble 
und zuruck. 

5 MeS- und Randbereiche bei der DurchfluSermittlung 

Die wichtigste Leistung des ADCP ist die Stromungsprofilmes­
sung. Sie ist jedoch aus geratetechnischen Grunden nur im 
MeJSbereich (Kernbereich) des Querschnitts moglich, in Ufer­
nahe sowie uber und unter dem Kernbereich gibt es Zonen ohne 
MeJSwerte. Ihre DurchfluJSanteile werden durch Extrapolation 
der MeJSwerte des Kernbereichs berechnet. Der Kernbereich und 
dami t die Genauigkeit der Messung wachst mi t zunehmender 
Wassertiefe. Die Relation zwischen Kern- und Extrapolations­
bereich ist in Bild 4 am Beispiel des Querschnitts Brohl, 
Rhein, dargestellt. 

50 IOQ 150 200 m lOO 
AttttllM wt1• Outrscnn11tsnullpunrl I a J 

Bild 4: MeJS- und Randbereiche am Beispiel der MeJSstelle 
Brohl, Rhein 

Fig. 4: Measuring and border areas in the case of the gau­
ging station Brohl, Rhein 

6 Darstellung der MeSdaten 

Der ADCP sendet wahrend der Messung Rohdaten an den ange­
schlossenen DOS-Rechner. Sie werden dort auf Festplatte 
gespeichert, in Echtzeit weiterverarbeitet und dargestellt. 
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Bild 5: Darstellung der ADCP-MeiSdaten: MeiSpfad und Stro­
mungsvektoren 
Fig. 5: Representation of measured ADCP data: measuring path 
and flow vectors 
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Bild 6: Darstellung der ADCP-MeiSdaten: MeiSquerschnitt und 
Stromungsprof il 
Fig. 6: Representation of measured ADCP data: measurement 
cross-section and flow profile 
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Der Bildschirrn ist in einen kleinen Bereich mit festem For­
mat und einen groBeren Bereich mit vom Anwender wahlbarer 
Darstellungsart gegliedert. 

Auf dem permanenten Bildschirmausschnitt wird der aktuelle 
Wert wichtiger MeBdaten angezeigt, unter anderem: 

akkumulierter DurchfluB zwischen Startpunkt und momen­
taner Position 
Wassertiefen; 1 Wert je Wandler 
Roll- und Stampfwinkel 
KompaBwinkel 
Wassertemperatur 
Me15dauer 

Im variablen Bildschirmausschni t ,t bietet das Prasentations­
programm eine Reihe von Darstellungsrnoglichkeiten zwischen 
denen man auch wahrend einer laufenden Messung umschalten 
kann. 

Eine der wahlbaren Grafiken stellt den MeBpfad und die Stro­
rnungsvektoren dar (Bild 5). 
Der Me15pfad erscheint als dicke Linie, die Stromungsvektoren 
als Nadeln. Es werden die Strornungsvektoren in einer wahl­
baren Tiefe gezeigt. Ihre Lange entspricht der absoluten 
Horizontalgeschwindigkeit. Eine andere Darstellung zeigt den 
MeBquerschnitt (Bild 6). Zu sehen ist der Sohlverlauf und 
die Verteilung der Stromungsgeschwindigkeiten. Die ubliche 
Farbskala, mit der jeder Zelle eine Stromungsgeschwindigkeit 
zugeordnet wird, ist hier durch Scharz-WeiB-Muster ersetzt. 
Die weiBe, stufige Linie in Sohlnahe trennt Kern- und unte­
ren Randbereich (siehe Abschnitt 5). 

7 Das ADCP-MeBboot der Bundesanstalt fur Gewasserkunde 

Als die BfG vor 1992 ihre ersten ADCP-Messungen machte, 
wurde das Gerat am Bug von Arbeitsschiffen aus Stahl mon­
tiert. Dieses Verfahren ist jedoch mit einigen Nachteilen 
verbunden, die bei dem neuen ADCP-Boot, der 11 Ml 11

, ausgeraumt 
sind. Es handelt sich um ein trailerbares Kunststoffboot, 
wiegt ea. 1,7 t und ist 6 m lang. Das MeBgerat ist in einem 
Schacht irn vorderen Teil des Bootes untergebracht und dort 
optimal gegen StoBbeschadigungen gesichert. Anders als beim 
Stahlboot arbeitet der ADCP-Kompa15 zur Bestimmung der Stro­
mungsrichtung ungestort. Wegen der geringen Wasserverdran­
gung wird die naturliche Stromung nicht beeinfluBt, wahrend 
sich vor dem Bug von Schiffen mit groBerem Tiefgang ein 
Strornungsstau ausbildet. 
Die Eintauchtief e des ADCP geht als wichtige RechengroBe in 
die DurchfluBberechnung ein. Sie ist bei einem mehrere Tan­
nen schweren Boot in Fahrt wegen der Bugwelle jedoch prak­
tisch nicht genau f eststellbar und kann sich um Dezimeter 
von der Eintauchtiefe im Stillstand unterscheiden. Im MeB­
schacht eines leichten Kunststoffbootes ist die Eintauchtie-
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fe dagegen einfach und exakt bestimmbar. Sie ist bei Still­
stand und langsamer Fahrt gleich. 
Eine praktischer Vorzug eines trailerbaren Bootes besteht 
darin, daB es auf der StraBe rasch von MeBstelle zu MeBstel­
le transportiert werden kann. 

8 Einschrankungen beim ADCP-Einsatz 

Die Bundesanstalt fur Gewasserkunde hat die wichtigsten 
ADCP-Daten - Stromungsgeschwindigkeiten, Wassertiefe, "bot­
tom track" und DurchfluB - unter verschiedenen Bedingungen 
irn Feld mit Flugeln als Referenzgerat uberpruft und eine 
gute Ubereinstimrnung der Werte beider MeBsysteme festge­
stellt [2]. So wichen z. B. die Durchflusse in keinem Fall 
um mehr als ± 4 % voneiander ab. Dennoch gibt es MeBbedin­
gungen, bei den der ADCP unvollstandige, fehlerhafte oder 
keine Daten liefert. 

Die gravierendste Einschrankung fur den ADCP-Einsatz ist 
eine minimale Wassertiefe von 2 rn. In diesern Grenzfall ist 
j edoch der Kernbereich der Strornung, in dem die FlieBge­
schwindigkeiten meBbar sind so klein, daB tlie DurchfluBer­
mi t tl ung mit einer Unsicherheit behaftet ist, die der der 
Einpunkt-Flugelmessung entspricht. Mit zunehrnender Wasser­
tiefe steigt die Zahl der MeBzellen und darnit die Genauig­
keit der DurchfluBwerte. Problernstellungen bei denen Sohl­
oder Oberflachengeschwindigkeiten relevant sind, z . B. 
Stofftransport, konnen mit ADCP-Messungen grundsatzlich 
nicht gelost werden (s. Abschnitt 5 ) . 

Hoher Schwebstoffgehal t des Wassers sowie bewegte Boden­
schichten konnen sich ungunstig auf die Ausbrei tung der 
Ultraschallsignale bzw. deren Echos auswirken. Bisher ist 
wenig daruber bekannt, bei welchen Bedingungen die Grenzen 
der Einsetzbarkeit liegen. Die schwierigsten Verhaltnisse, 
unter denen die Bundesanstal t fur Gewasserkunde ihr ADCP 
eingesetzt hat, traten beim Weihnachtshochwasser 1993 im 
Rhein auf. Trotz verrnutetem starkem Geschiebetrieb und 
Schwebstoffkonzentrationen von bis zu 500 rng / l arbeitete das 
Gerat zuverlassig. 

Von anderen Anwendern wurden jedoch unter bestimmten Bedin­
gungen Ungenauigkeiten beim "bottom tracking" festgestellt. 
Eine Untersuchung des GKSS-Forschungszentrurns Geesthacht in 
der Tideelbe ergab Fehler bei der DurchfluBerrnittlung von 
bis zu 10 % [5] . Das AusmaB der Storung des Bodenechos hangt 
wesentlich von der Konsistenz der bewegten Bodenschichten 
ab. Nach Kolb [5] ist die Beeinflussung besonders groB, wenn 
Wasser hoher Schwebstoffdichte uber unkonsolidiertes, aku­
stisch weiches Sediment stromt. 
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FLOOD PLAIN MAPPING FOR FLOOD PROTECTION ON HEADWATER 
STREAMS 
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Abstract 

On the headwater streams time is measured in hours. Operations should be 
organised to do themselves without strict control or guide. The Treated 
settlements, owners of treated property, members of civil defence, fire services 
should be infonned about operation plans, local characteristics of flood events, 
local flood zoning, flood safety rules related to local conditions, flood proof 
operations on theirs facilities etc.The flood plain zoning is well known non 
structural measure and powerful tool in different aspects of flood protection 
management. On the headwater streams we suggest that river bank erosion 
should be incorporate in flood plain maps. Mapping of flood plains has a long 
tradition in US and flood zoning scheme with adequate coding was developed 
similar like used by FEMA (Federal Emergency Management Agency) 

Zusammenfassung 

Im obersten Einzugsgebiet wird die Zeit in Stunden gemessen. Operationen 
sollten so organisiert sein, daB sie von selbst, ohne Fuhrung und Kontrolle 
ablaufen. Die gefahrdeten Siedlungen, Eingentumer van Liegenschaften 
sowieg Mitglieder des Zivilschutzes oder der Feuerwehr sollten Uber den 
Ablauf der Operationen, die Eigenheiten von lokalen Hochwasserereignissen, 
lokale Oberflutungszonen, die van den lokalen Verhaltnissen abhangigen 
Sicherheitsvori<ehrungen bei Hochwasserereignissen, Sofortma.Bnahmen in 
ihren Anlagen usw. infonniert werden. Die Ausscheidung von 0 
berflutunfsgefahrenzonen ist eine bekannte MaBnahme und ein wiri<sames 
Hilfsmittel fur verschiedene Aspekte des Hochwasserschutzes. Wir shlagen 
vor, daB in den oberen Einzugsgebieten Uf ererosion in die Ka rte der D 
berflutungsgefahrenzonen integriert werden soll. Das Ausscheiden von D 
berflutungsgefahrenzonen hat in den USA eine lange Tradition. Eine Methode 
zur Ausscheidung von Dberflutungsgefahrenzonen mit einer adaquaten 
Kodierung wurde entwickelt. Sie ist mit der von FEMA benutzten Methode 
vergleichbar. 
1. Introduction 



Slovenia is positioned south-east side of the Alps where a lot of heavy floods 
have happened in the last few years due to typical frontal orographic 
precipitation. Here are situated upstream watershed in areas of the Sava and 
the Socha rivers. The mountainous alpine and hilly area with deep narrow 
valleys is threatened by heavy rain and flash floods . 

Only four hundred twenty square kilometres (two percent) of total area is 
flooded, but nonetheless contains areas of intensive agricultural production, 
heavily urbanised sections, and vital traffic connections. Surface erosion and 
landslides affect on area of four thousand seven hundred square kilometres. 
Mainly damages are caused by landslides and river bank erosion. 

On the headwater streams time have been measured in hours. In detail 
operating plans with instruction have to be done and personas interested in 
have to be informed. Operations should be organised to do themselves without 
strict control or guide. The Treated settlements, owners of treated property, 
members of civil defence, fire brigades (who have been established in each 
village in The Slovene) etc.· should be informed about operation plans, local 
characteristics of flood events, local flood zoning, flood safety rules related to 
local conditions, flood proof operations on theirs facilities etc. 

The flood plain zoning is well known non structural measure and powerful tool 
in different aspects of flood protection management. On the headwater streams 
we suggest that river bank erosion should be incorporate in zoning. A few 
hours of flooding can't damage structure as soil erosion and river bank erosion 
can do. Potential erosion could be estimate by hydraulics calculation of 
sediment transport , geological data, and experiences on previous floods. 

2. Mappinq of flood hazards 

The dete .• nination of flood plains on maps is a basic necessity for flood 
protection management. The flood plain maps support a variety of structural 
and non structural flood damage reduction measures and are also useful for 
planning of flood protection activity. 

Mapping of flood plains has a long tradition in US. Tennessee Valley Authority 
began mapping flood plains in 1953. Other federal organisations began 
producing flood plain maps a short time later. Federal mapping of flood plains 
is under supervision and control of Federal Emergency Management Agency 
(FEMA 1990, 1992, ARC 1992). Guide of flood insurance rate maps and other 
acts for uniform mapping were issued. 
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3. Mapping for headwater streams 

Flood zoning scheme with adequate coding was developed similar like used by 
FEMA (ARC 1990). Proposed scheme (table 1) give enough infonnation for 
flood management, physical planning, civil defence, and settlements. For 
different zones recommendations, and proposals were done. Flood defence 
organisation and planing is related to conditions in head-water streams (figure 
1, Brilly 1992). 

HEADWATER 
STREAM FLOODS 

FLOOD 
HOUR 

FLOOD OPERATION CONTROL 

ES 

OS - Ordinary Service 
EWS - Emergency Warning Service 
ES - Emergency Service 

* 
OS 

Figure 1. Time shedule of flood protective operating plan 

Zone symbol 
Q 

P10 
P100 
PMM 
H 
0 

I 
x 

Table 1 
Description 
Flood way area with significant velocity of water (0.5 m/sec) 
Flood plain for ten years return period flood 
Flood plain for hundred years return period flood 
Flood plain for maximum possible flood 
Area of mud flow hazards 
Area under dam and dike break hazards or by stop up of 
bridges, outfalls and drainage channels. 
Area of special flood related bank erosion hazards 
Area estimated with low accuracy 

Differences are in the mapping of flood plain related to return period of flood 
including a maximum possible flood (figure 2), additional mapping of area 
treating by dam and dike break or by stop up of bridges, outfalls and drainage 
channels. Information about flood plain areas with different return periods is 
basic for evacuation of ' ,.eated citizE. .s and their goods on safe places out of 
flood hazard. 



P100X P100X 
P10 P10 

. . I .. - . .. l 

Figure 2. Stream cross section with zones 

Mapping of flood is oriented to flood protection at first. Most important part of 
flood plain is a floodway (stream itself and surrounding area). It is part of flood 
plain with significant velocity of water (Q) and should be ur1der special 
treatment and supervision of water authority. The floodway zone also should 
have special treatment during the flood event. It is very dangerous for crossing 
a specially areas with possible bank erosion (QI). 

Figure 3. Map wit flood plains 
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Accuracy of mapping is crucial question. The flood lines could be detennined 
by sophisticated hydrological and hydraulics modelling based on historical data 
and field measurement or only by expert analysis of map and field prospecting. 
The first way give us accurate results but take a time and lot of many. The 
second one isn't expensive and could give us enough good results in short 
period of time. Maps should be made as soon as possible and later related to 
flood damage and hazard they could be corrected with more accurate data. An 
example of flood plain map in Slovenia is presented on figure 3 
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AUSWERTUNG UND REGIONALISIERUNG VON STARKREGEN FUR 
HYDROLOGISCHE ZWECKE IM PROJEKT OKOSTRA-93 

Von F. Nobilis und G. Skoda 

Zusammenfassung 

Ein osterreichweit einheitliches Konzept der Starknieder­
schlagsauswertung und -regionalisierung wird vorgestellt. Es 
stutzt sich auf bewahrte Vorarbeiten, neue Studien aus Nach­
barlandern und wird durch Vorschlage erganzt, die vor allem 
im alpinen Gelande Berucksichtigung finden konnen. Ein FluS­
diagramrn erlautert die Vorgangsweise. Der Regionalisierung 
wird besonderes Augenmerk geschenkt. 

Abstract 

The authors present the Austrian concept of evaluation and 
regionalization of remarkable precipitation. It is besed on 
tested former studies, new publications from neighbouring 
countries, and will be supplemented by proposals which might 
prove suc<essful especially in Alpine regions. A flow-chart 
explains the procedure of evaluation. Special attention is 
directed to the regionalizat1on of data . 

OKOSTRA-93 

Die Strategie einer osterreichischen koordinierten Starknie­
derschlagsregionalisierung und -auswertung (siehe OKOSTRA-93, 
Heft 1, 1990) beruht auf einer Nutzung bewahrter Basiselemen­
te, die ~ich im Laufe der letzten Jahrzehnte in Mitteleuropa 
- grenzur . .1erschreitend - harmonisch entwickelt haben. Diese 
Elemente zahlen zu den anerkannten Standardverfahren; Sie 
werden i 11::;besonders in den Untersuchungen von Auer et al., 
1984; De 1:scher Wetterdienst, 1990; DVWK, 1985; Geiger et 
al., 198 . OKOSTRA -93, Heft 1, 1990; OKOSTRA-93, Heft 2, 
1991; OK1 ·~)TRA-93, Heft 3, 1992; Schimpf, 1970; Steinhausser, 
1985 und 'lerworn, 1993 behandelt. 

Um mogli ::1st rasch zu homogenem Datenmaterial zu gelangen, 
wurden ..j_ ;:, Jahre 1991 200 Monate (aus Mai bis September), aus 
1992 306 Monate (aus Mai bis September) sowie aus 1993 400 
Monate I 3\ S Mai bis September) ruckwi r kend aufbereitet u nd 
digitali ~ ~rt. Dabei beschrankte man sich a u f die klimati sch 



auJSerst vielseitige "Fegior; Salzkammergu:", die uberdies eine 
hohe Stationsdichte aufweist (SKODA, G. und F.HOLAWE, 1991 ) . 
dieser Raum wurde nicht zuletzt wegen seiner starkgeglieder­
ten Topographie, die erfahrungsgernaJS bei der Regionalisierung 
die groJSten Probleme bereitet, als Modellgebiet fur 
OKOSTRA-93 ausgewahlt. 
In jenen Teilbereichen, in denen die Standardroutinen, etwa 
auf Grund allzu einschrankender Annahmen im Bereich Sttistik 
oder wegen ausgepragter topographischer Einflusse Versagen 
(mussen), wird versucht, durch Zusatzmodule Verbesserungen zu 
erreichen. Diese umfassen insbesonders einen verbesserten 
statistischen Ausgleich uber die Regen-Dauerstufen und die 
raumliche Interpolation und Darstellung von Niederschlagsf el­
dern, die sogenannte Regionalisierung. 

Dern Benutzer der Programmdisketten bieten sich die nach­
stehend vorgestellten M6glichkeiten (SKODA, 1993): 

Aufbereitete Ombrographen.schreibstreifen 

DRA--+ Digitalisierung 

DRA --+ Regressionsparameter 
u und w 
in Abh.ingigkeit 
der Dauerstufe 

DRA --+ Regenhohen in 
Ab!Wigigkeit von 
Dauerstufe und 
Wiederkehrzei t 

DRA --+ Regionalisierung 
(ohne Orographie) 

OWUNDA-; 

Optimierte RegenMhen in 
Abhiingigkeit von 
Dauerstufe und Wiederkehrzeit 

NIP -; Regionalisierung 
(mit Orographie) 

Regionalisierung klimatologischer Starkniederschlage 

Bei der Ermittluno von Gebietsniederschlaaen ist eine gewich­
tete Berucksichti~ung der Punktwerke unum~anglich. Fur die 
Interpolation klimatologischer Starkniederschlage in orogra­
phisch gegliedertem Gelande hat HAIDEN (in: OKOSTRA-93, Heft 
3, 4., 1992; 1994 ) einen Jl.lgorithmus entwickelt, der theore­
tische Beziehungen zwischen Orographie und Niederschlag sowie 
geeignete Gewichtsfunktionen in der raumlichen Interpolation 
verwendet. Ein Beispiel fur eine bereits ansprechende Sta­
tionsdichte zeigt Abbildung 1. 
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Abbildung 1: Interpoliertes Niederschlagsfeld fur die 
Dauerstufe 24 Stunden und eine Wiederkehrperiode 
von 100 Jahren. Daten gewonnen an 29 Kl1rnasta­
tionen aus langjahr1gen (unkorrig1erten ) 
Tagesrne~werten . Kreuze markieren Stationsorte . 
(HAIDEN, aus : OKOSTRA-93, Heft 3, 4. 1992 ) 
Oben: Reine (quadratische ) Interpolation 
(Orographie nicht berucksichtigt ). 
Unten: Komb:nation aus interpoliertem Feld urj 
Modellrechnung. 
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Die Stationsdichte ist ausreichend, so dag auch ohne 
Berucksichtigung der Orographie in der Interpolation der 
staubedingte Niederschlagsgurtel erkennbar wird . In der kom­
binierten Verteilung ergeben sich zusatzliche Strukturen, wie 
z.B. markante Maxima an den Nordrandern der grogeren Bergmas­
sive sowie eine abruptere Abnahme der Werte im Ennstal. 

In der Literatur wird bei der Moglichkeit der Erfassung raum­
licher Strukturen im Starkniederschlagsfeld auf ein groges 
Mag an Unsicherheit hingewiesen. Als Grunde werden ungunstige 
Stationsverteilungen, Megfehler und komplexe Wechselwirkungen 
zwischen meteorologischen und topographischen Einf lussen 
genannt. Hier konnen andere Megsysteme, wie z.B. Satelliten­
beobachtungen oder Radarmessungen weiterhelfen : Die bei Ein­
zelereignissen bekannten Magzahlen von Niederschlagsf eldern 
(wie etwa Dimensionsgrbgen } stellen eine wertvolle Zusatzin­
formation bei der raumlichen Interpolation dar . 

Ausgehend von bekannten Megpunkten (Stat i onen ) kann das ge­
suchte Niederschlagsfeld unter Beibehaltung der von der Natur 
vorgegebenen (beobachteten ! } raumlichen Strukturen (fast) 
beliebig v erfeinert werden . Die neu hinzugewonnenen Megdaten 
sind stochastischen Charakters, d.h., sie stellen als ein­
zelne Punktwerte nur eine von vielen mbglichen Realisierungen 
dar, gemeinsam als Feld beschreiben sie jedoch die Strukturen 
der raumlichen Verteilung von Niederschlagen optimal: 

Die simulierten Felder sind im statistischen Sinn von Beob­
achtungen nicht zu unterscheiden ! 

Als leistungsfahiges Interpolationsverfahren, das auf Dimen­
sionszahlen in geeigneter Weise anspricht, schlagen wird die 
"Methode der zufallsgesteuerten Mittelpunktsverschiebung" 
nach SAUPE (1988) vor . (Diese rekursive Technik ist u.a . bei 
der Gestaltung von Phantasielandschaften am Bildschirm be­
kannt geworden } . 

Es gibt also erste erfolgversprechende Simulationen von 
Starkniederschlagen an beliebigen Ortspunkten. Fur die 
Hydrologie ergeben sich somit zusatzliche M6glichkeiten im 
Hinblick auf die Beantwortung von Bemessungsfragen. 
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XVII. KONFERENZ DER DONAULANDER 

iiber hydrologische Vorhersagen und 
hydrologisch-wasserwirtschaftliche Grundlagen 
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on Hydrological Forecasting and Hydrological Bases 
of Water Management 

Budapest, 5 - 9 September, 1994 

BEITRAG/PAPER No.: 1.06. 

Regionalisierung von A.bflUssen mit Hilfe von Spendenlllngsschrri.tten und 
dimensionslosen Kenngr~Ben 

H. Schiller 

Kurzfassung: Bei der Regionalisierung, d. h. der Schaffu.ng von Grundlagen zur 
Ableitung von AbfluEgrlJ8en far Einzugsgebiete ohne Pegelmessungen, werden die 
Bereiche Mittelwasser (MQ), Niedrigwasser (NQ) und Bochwasser (HQ) getrennt 
voneinander behandelt. Gemeinsame Strategie fUr alle drei Bereiche ist es , 
zuniichst linienftJrmig entlang der Flul3lllufe zu beginnen und dann mit den 
Liingsschnitten und einzelstehenden Pegeln einer Region in die Flllche ilber­
zugehen. Um die Werte vergleichen zu kannen, werden sie durch Teilen mit 
einem kennzeichnenden Parameter normiert. 

Flir einen Teil des bayerischen Donaugebietes wird mi t einer Auswahl von 
Pegeln gezeigt, wie Mittel-, Niedrig- und Hochwasserwerte mit Bilfe von 
Spendenlangsschnitten und normierten KenngrtJBen dargestellt werden ktJnnen. 

Regionalization of discharge applying longitudinal specific flaw sections and 
specific values 

Abstract: In regionalization, i. e. the development of a tool for derivation 
of hydrological parameters for ungauged sites anywhere in a given region, 
mean flow, low flow and flood flow are investigated separately. The strategy 
applied begins with the stations along the rivers and progress.~s to use their 
longitudinal sections as a link to the stations within the '"area. To allow 
comparison of the hydrological values they are norIIJBlized by division using 
a characterising parameter. 

Hydrological low flow, mean flow an flood flaw characteristics will be shown 
for a selection of stations within the Bavarian Danube Basin using longitudi­
nal sections and normalized values . 
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1. Aufgabenst:ellung und Vorgehensveise 

In einem dichtbesiedelten Land ist es notwendig, die filr wasserbauliche und 

wasserwirtschaftliche Planungen sowie zablreiche weitere Zwecke ben~tigten 

Abfluf3groBen an nahezu jeder beliebigen Stelle des Gewassernetzes m.it guter 

Ge!lEuigkeit angeben zu konnen. Die Grundlage dafUr bildet das Pegelnetz mit 

seinen MeBergebnissen. Die Aufgabe bei der vorzunehmenden Regionalisierung 

besteht nun darin, aus den Auswertungsergebnissen der Pegel landesweit 

Arbei tsunterlagen zu entwickeln, mi t deren Hilfe die ben~tigten We rte filr 

jede beliebige Stelle mit genilgender Genauigkeit in einfacher Weise abgele­

sen, interpoliert oder extrapoliert werden k~nnen . Dieses Ziel wird sich 

allerdings nur insoweit erreichen lassen, als die Konzeption des Pegelnetzes 

auch darauf abgestellt ist. Die Arbeitsergebnisse sind daher zugleich eine 

Grundlage fiir eine Verbesserung bzw. Revision des bestehenden Pegelnetzes 

I 2 I. 

Die Regionalisierung wird zweckmll.Bigerweise filr die drei Bereiche Mittel­

wasser, Niedrigwasser und Hochwasser getrennt vorgenoIIJIJlen. 

Der jeweils erste Schritt besteht in einem linienhaften Vorgehen entlang der 

Wasserlaufe der groBeren Gewasser, an denen mehrere Pegel vorhanden sind. Um 

die Auswertungsergebnisse der einzelnen Pegel in Form eines hydrologischen 

Langsschnittes miteinander vergleicben und entlang der einzelnen Linien 

interpolieren zu konnen, mtlssen sie allerdings auf eine zumindest einigerma­

Ben einheitliche Basis gebracbt werden. Am besten geeignet ware eine ein­

hei tliche Beobachtungsperiode mi t einer reprlisenta tiven, d. h. m~glichst 

langen Dauer. Zugleich wird der Einstieg in die Normierung vorgenommen, in 

dem man die Abflllsse durcb die Flache des Einzugsgebietes teilt und alle 

Werte als Spenden (l/s*km2) darstellt. Das bedeutet, daB die hydrologischen 

Langsschnitte sowohl als AbflUsse in Bezug zum Einzugsgebiet (bzw. such 

Fluf3kilometer) und als Spenden in Bezug zum Einzugsgebiet aufgetragen werden, 

wobei letztere fur den nun folgenden Ubergang in die Flache notwendig sind. 

Dazu werden die hydrologischen Langsschnitte fiir eine ganze Region mit den 

Werten der einzelstehenden Pegel zusammengefaBt, wobei vor a_lem die Langs­

schnitte der Oberlaufe das Bindeglied von der Linie zur Flache sind. 

In den einzelnen Abfluf3bereichen Mittel-, Niedrig- und Hochwa£ser ergeben 

sich auBer bei der weiteren Normierung such noch verschiedene andere Unter­

scbiede. 
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2. Hittelwa.sser (MQ) 

Die Darstellung des Mittelwassers als Spenden ergibt bereits eine so gute 

Vergleichbarkeit in der Menge, daB eine weitere Normierung zu diesem Zweck -

z. B. Teilen der MQ der einzelnen Pegel durch das langjllhrige MQ eines 

grtJBeren FluBgebietes - nicht nlJtig ist. Zur Kennzeichnung hydrologischer 

Regime ist es allerdings Ublich, die Quotienten zwischen den langjllhrigen 

Monats-MQ mit dem langjllhrigen Jahres-MQ zu bilden (Parde-Koeffizienten). 

Als einheitliche Jahresreihe wird die Periode 1961/ 90 verwendet. Das hat 

einersei ts den groBen Vorteil, daB eine einheitliche Vergleichsgrundlage 

gegenilber anderen solchen Perioden , z. B. 1901/31, 1931/60 und den davon 

unterschiedlichen L!J.ngeren und ktirzeren Beobachtungszeiten der einzelnen 

Pegel vorhanden ist. Auf der anderen Seite ist aber zu berilcksichtigen, daB 

sich das Mittelwasser in den unterschiedlichen hydrologischen Regionen 

Bayerns bei einer 30jllhrigen Beobachtungsdauer auch nur mit unterschiedlichen 

Genauigkei tsgraden einstell t. Zum Erreichen einer Genauigkei t von ± 10% 

gegenilber dem Wert einer sehr Langen Reihe genilgen fur die Donau und das 

sildlich von ihr liegende Gebiet Beobachtungsdauern von rd. 20-30 Jahren, 

wahrend im nordlichen Donaugebiet und im Main- und Elbegebiet dazu Beobach­

tungsdauern van 30 bis 80 Jahren notwendig sind. Filr das Erreichen einer 

Genauigkeit von ± 15Z van MQ genilgen fflr die Donau und das sildliche Einzugs­

gebiet 10 - 20 Jahre, wllhrend im ntJrdlichen Donaugebiet 20 - 30 Jahre nlJtig 

sind. Im MBin- und Elbegebiet sind es Uberwiegend 30 - 40 Jahre und gebiets­

weise bis zu 60 Jahre /1/. 

Mit der flachenhaften Darstellung des Mittelwassers in Form von Isolinien, 

die auBer fflr die Spende in l/s*km2 such analog dem Niederschlag in mm/Jahr 

gebrlluchlich ist, kann bei durchlsssigem Untergrund wie z. B . Karst und 

Schotterflachen nur die potentielle AbfluBbildung dargestellt werden. Sie 

sagt nichts darilber aus, wo dieser AbfluB nun auch tatsllchlich an der Ober­

flache erscheint. Dies zeigt wiederum ein Lageplan (Abb. 2), bei dem die 

Mittelwasserspende bei den einzelnen Pegeln angeschrieben ist. 

3. Niedrigwasser 

Es hat sich gezeigt, daB das "mittlere Niedrigwasser" (MNQ bzw. als Spende 

MNq) als NiedrigwasserkenngrtJBe nicht brauchbar ist, da dieser Wert sehr 

hllufig anthropogen beeinfluBt ist und in keinem Zusammenhang mit den Ergeb-
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nissen der Niedrigwasserstatistik steht. Aus diesem Grund sind bereits einige 

Lander dazu fibergegangen, al s NiedrigwasserkenngrtJBe einen Wert aus der 

Dauerlinie zu verwenden. In Bayern ist m.an ilbereingekommen, dazu den 20tagi­

gen Unterschreitungswert 20Q der langjii.hrigen Dauerlinie zu verwenden. 

Als einheitliche Jahresreihe wird wiederu.m wegen der guten Vergleichbarkeit 

die Jahresreihe 1961 I 90 verwendet. 'ltber die Abhll.ngigkei t der erreichbaren 

Genauigkei t von der Llinge der Beobachtungszei t gibt es noch keine Unter­

suchungen. Im Vergleich zum Mi ttelwasser dilrfte hi er ein deutlich niedrigeres 

Niveau zu erwarten sein, da einzelne trockene Jahre das Ergebnis stark 

beeinfluBen konnen. 

Uber die Spenden ist zwar beim Niedrigwasser auch schon eine sehr gute 

Vergleichbarkei t gegeben. Eine Normierung mi t dem Verbal tniswert 20Q : MQ 

ergibt dartlber hinaus noch einen Kennwert filr das SpeichervermtJgen der 

einzelnen Einzugsgebiete. Allderdings ist dabei eine Abhii.ngigkeit von der 

GrtJBe des Einzugsgebietes, und generell eine Zunab.me der Verbal tniswerte 

fluBabwarts bzw. mit zunehmender EinzugsgebietsgrtJBe zu beachten. Im Langs­

sclmitt lassen sich Niedrig- und Mittelwasser gemeinsam darstellen (Abb . 1). 

Im Lageplan zeigen Spenden und Verhaltniswerte an den Pegeln an, wo erhebli­

che unterirdische AbfluBanteile am Pegel vorbeiflie13en oder von einem anderen 

Einzugsgebiet hinzukommen (Abb. 3 und 4). 

4. Hocbwasser 

Die Behandlung der Hochwasserverhliltnisse ist im Vergleich zum Mittel- und 

Niedrigwasser weitaus schwieriger als in den beiden anderen AbfluBbereichen. 

Der Grund dafilr besteht im wesentlichen darin, daB der als Auswertungsziel 

vorgegebene lOOjahrliche Hochwasserscheitelabflu13 (HQ100 ) nicht durch eine 

· einfache Berechnung aus den Beobacbtungsergebnissen gewonnen werden kann, 

sondern das Ergebnis einer Extrapolation ist. In Abhangigkeit von der Lange 

der Beobachtungsreihe und den verschiedenen Verteilungsfunktionen kannen die 

gewinnbaren Extrapolationswerte in einem sehr weiten Umfang streuen. Allein 

um eine Genauigkei t beim ari tb.metischen Mi t telwert MHQ, der dem HQ2 , 3 ent­

spricht, van nur ± 20% zu erreichen, sind in den meisten Teilen Bayerns 

Beobachtungsreihen von 20 - 40 Jahren, teilweise bis zu 60 Jahren erforder­

lich. Nur in einigen Gebieten SUdbayerns, vor allem im alpinen Bereich, 

genUgen dazu Seobachtungsreihen von 10 - 30 Jshren. Ziel ist jedoch, beim 
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HQ 100 eine Genauigkeit von mindestens 20% zu erreichen, weshalb die Beobach­

tungsreihen m(jglichst lang sein miissen. Je nach Pegel k(jnnen dazu noch 

Probleme mit der QualitlJ.t der Daten koIIIIDen, wenn die Abflu.Bkurven im oberen 

Bereich mehr oder weniger wei t extrapoliert sind oder unklare StrlJmungs­

verhli.l tnisse auftreten . Gute Ergebnisse lassen sich meist nur dadurch gewin­

nen, daB .man an jedem Flu.B von den Pegeln mit dem besten Informationsgehalt 

ausgeht, d. h . solchen mit sehr langen Beobachtungsreihen und zuverl!J.ssigen 

Daten, und die weniger gut belegten Nachbsrpegel mit allen einsetzbaren 

MVglichkeiten an diesen Informationswert anschlieBt. Neben dem Vergleich von 

AbflUssen und Spenden im Langsschnitt wird dafUr vor allem der Verh!J.ltniswert 

HQ 100 : MHQ (normierte Verteilungsfunktion) und die ErhVhung der ReprlJ.sentanz 

des ari th.metischen Mi ttelwertes MHQ der Stichprobe durch Regression mi t 

benachbarten l!J.nger.en Hochwasserkollektiven eingesetzt. Dazu koIIJI1Jt noch die 

Prilfung der Kollektive auf HomogenitlJ.t /3/. 

Die Ergebnisse - Hochwasserabflusse verschiedener Eintrittswahrscheinlichkei­

ten HQ 1 bis HQ100 , mi t tlere Hochwasserabflilsse MHQ mi t Verhii.l tniswert HQ100 : 

MHQ - werden dargestellt in Spendenl!J.ngsschnitten und Lsgepl!J.nen mit einge­

tragenen Verbal tniswerten HQ 100 : MHQ. Der tlbergang in die Fl!J.che erfolgt 

ahnlich wie bei den anderen AbfluBbereichen durch ZusB1IIIDenstellen von Spen­

denlangsschni t ten MHq mi t eingetragenen Verhlil tniswerten BQ100 : MHQ einer 

Region, erganzt mit den entsprechenden Werten der alleine stehenden Pegel 

(Abb. 5 und 6). Es zeigt sich dabei eine erstaunliche Systems tik bei den 

Verbal tniswerten BQ100 : MHQ in . Form einer Zunah.me entlang der Flilsse vom 

groBeren zum kleineren Einzugsgebiet, einer Zunahme in SUdbayern von West 

nach Ost und einer Beziehung zu HVhe der mittleren Hochwasserspende bezogen 

auf gleiche Einzugsgebietsgr(jBen /4/. 

Besonderheiten aufgrund inhomogener Kollektive, z . B. Karst, durchlassige 

Talverfiillungen, Schotterfelder, LoB usw., zeigen sich je nach Auspragung in 

mehr oder weniger groBen VerhlJ.l tniswerten HQ 100 : MHQ . Dieser Verhii.l tniswert 

lii.Bt sich deshalb far Einzugsgebiete ohne Pegel jedenfalls mit besserer 

Genauigkeit abschi:ttzen als die mittlere Hochwasserspende. Letztere ist sowohl 

von der GroBe des Einzugsgebietes, als auch von der jeweiligen Region und 

sicher such noch von weiteren Fsktoren abh!J.ngig. Zur besseren Absch!J.tzung der 

mittleren Hochwasserspende filr beliebige Standorte wlJ.re es wiJnschenswert, 

noch eine wei tere Absch!J.tzhilfe zur Verfilgung zu haben. Ein Versuch, eine 

solche Unterlage zu entwickeln, ist fUr die Zukunft vorgesehen. 
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Abb. 3 

Abb. 4 

Ubersichtslageplan mit einigen Pegeln i.m bsyerischen Donaugebiet 
und zugeh()rigen Niedrigwasserspenden 20q (1/ s*k:rriZ): Es ergeben sich 
kon.krete Hirrweise auf Besonderheiten bei.m unterirdischen Ahflu.B. 
z. B. Zustrom von der Gennach zur Singold. 
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The paper presents the procedure for regionalization of the basic 
parameters of the boundary runoff intensity theory fo r calculation of the 
maximum flow on the territory of Serbia. The procedure is based on maximum 
use of all peak discharges records at hydrological researched profiles, 
identification of the basic parameters of boundary runoff intensity theory 
and investigation of their regional homogenization at the wider catchment 
areas . 

The paper will be illustrated with some regional homogenous areas for 
basic parameters of boundary intensity method on the territory of Serbia. 

Also presented are the results of computation of flood peak 
discharges on hydrologically unresearched profiles in the catchment area 
of the Nishava and Juzna Morava. 

REGIONALISIERUNG VON PARAMETERN DER THEORIE 
DER ABFLU/3GRENZINTENSITAT AUF OEM TERRITORIUM SERBIENS 

KURZF ASSUNG: 

In der Arbeit ist das Regionalisierungsverfahren flir die 
Grundparameter der Theorie der Abflu/3grenzintensitat flir die Berechnung 
des maximalen Abflu/3es auf dem Territorium Serbiens dargestellt. Das 
Verhafren beruht auf der maximalen Benutzung aller an den hydrologisch 
erforschten Profilen bemerkten gro/3ten Durchflli(3e, der lndentifizierung 
der Grundparameter der Theorie der Abflu/3grenzintensitat und auf der 
Prlifung ihrer raumlichen Homogenitat auf dem breiteren Flu(3gebiet. 

In der Arbeit sind alle Grundparameter der Theorie der 
Abflu/3grenzintensitat fut einzelne regionale homogene Gebiete auf dem 
Territorium Serbiens dargestellt. 

Dargestellt sind auch die Ergebnisse der Berechnungen des maximalen 
Wasserdurchflu/3es auf den unerforschten Profilen in den Flu/3gebieten der 
Nisava und Juzna Morava. 

109 



1. Introductory Notes 

Sudden increase in the use of water resources first requires good 
knowledge of water regime of given waterways or territories . Thus maximum 
flood represents one of the main elements of water regime on which 
depends , to the greatest extent, the stability and economy of hydraulic 
structure or system. 

It is well known that the calculation of maximum flood has its 
significant characteristics depending on the fact whether systematic 
hydrological observation exists or not on given watercourse. If it does, 
the task is to choose that statistical scheme which describes the 
distribution function of existing sample (series of observed values) . In 
the second case , where systematic hydrological observation does not exist, 
various calculation schemes are based on theoretical notion of discharge 
forming processes. Thus the maximum flood calculation on small, 
hydrologically unexamined catchment based on the theory of boundary runoff 
intensity theory has the best t heoretical foundation. 

2 . Computation methodology 

According to the theory of boundary runoff intensity ,maximum 
discharge can be defined with the help of the equation (Alexeev, 1966) 

Qmax,pr. 16.67 imax,p (·r) <p F (l) 

or introducing the concept of so called "heavy rain reduction curves" 

Qmax,p 
qmax,p 

F 
16.67 <p l/Jp ( T) Hmax,dn,p (2) 

where Qmax,pr. - peak flow discharge (m3/s), <p - total coefficient of 

runoff, imax,p(T) - maximum mean rain intensity for computed rain duration 

tk = T, T - time of concentration (min), F - drainage area (km2) , 
Hmax,dn,p maximum daily rainfall (mm), p - probability of occurence, 

l/Jp(T) - rainfall reduction curve ordinate of mean intensity. 
The expression of the computation of maximum runoff on unexamined 

watercourse (1) or (2) is closely connected with previous defining of 
coefficient <p, time of concentration T and mean rain intensity for 

calculated rain duration imax,p(T) (time of rainfall concentration). 
Coefficient definition tp for unexamined watercourse is the most 

responsible part of the task of maximum flood calculation. If there exists 
a basin (watercourse) that can serve as "analogue" then the coefficient <p 

can be defined using the expression (2) from the relation (Anon,1973). 

(<p Hmax,dn)p,a 
qmax,p,a 

(2) 

16.67 l/J(Ta) 
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or modification of the same relation (Anon, 1984; Petkovic et al., 1990) 
introducing the catchment area and mean slope of the basin, where "a" 

denotes analogue , qmax,p - specific peak flow (m3/s/km2 ). 

In the case where "analogue" catchment areas do not exist then it is 
proper to consider separately the basic parameters of maximum discharge of 
the product of runoff coefficient <p and maximum daily rainfall Hmax,p , 

that is conditional runoff depth or total hydrometeorological parameter 
<p Hmax (Alexeev , 1966; Prohaska et al. 1990). 

On the basis of systematic hydrological observation in homogeneous 
area from the aspect of this parameter, in inversion calculation 
procedure, regional empirical dependency can be formed 

Xp = (<p Hmax,d)p = f (F, J, Jsl , TZ, . .. ) (3) 

where J - mean slope of the main channel, Jst - mean slope of the basin, 
TZ -prevailing soil type on the catchment. 

Dependency (3) is the basis for the calculation of conditional runoff 
depth on hydrologically unexamined catchments in certain region. This is 
the objective mode of defining the value of total hydrometeorological 
parameters, avoiding subjective defining of particular coefficient <p and 
uncertain mean daily rainfall on the catchment Hmax,dn,p which form 
maximum flood. 

Total travel time on the catchment (time of concentration) is in 
general the function of channel Jag and overland lag time. 

But, however, since for the most watercourses where systematic 
hydrological observations are caried out there are no data on average 
slope lengths, their slopes and geomorphological characteristics typical 
for surface runoff, it seems justified to express the time of 
concentration T through travel time of water along watercourse channels Tk 

(Alexeev, 1966; Petkovic et al. 1990) that is 

T = KT Tk (4) 

where KT is the proportion coefficient and represents the relation between 
total travel time and travel time of water along the watercourse. 

Travel time of water along the main watercourse can be defined as per 
the expression (Anon 1973, 1984) 

1000 L 
(5) 

m Jl/3 Qmax,pl/4 

where m is the parameter depending on mean roughness along the 
watercourse, mean slope of the main channel and river bed characteristics, 
L- the main watercourse length. 

The parameters defined in this way are necesary for the calculation 
of maximum discharge on unexamined waterways. 
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3. Parameter regionalization procedure 

Using all the available data on maximum discharges on hydrological 
stations on the territory of Serbia, the processed heavy rain results on 
all the pluviographic stations given in the form of rain reduction curves 

(reduction curves yl(-c) and t/J(T)) for each hydrological station the 
relative values are computed of the total hydrometeorological parameters 
Zp = (cp Hmax,dn)p using the expression (2). 

Research carried out afterwards showed that for certain regions 
(large catchment areas) this parameter depends mostly on the catchment 
area and that relationship can be approximately defined by two-parameter 
relationship. 

(cp Hma.x,dn)p - Xp (6) 

where Xp -regional hydrometeorological parameter for elementary catchment, 
and a - regional reduction coefficient. 

In the process of such analysis it became evident that parameters Xp 
and a depend on probability of occurence. So, for example, in Table 1 
values of such parameters are given for the basin of the river Nishava and 
middle and upper part of the basin of the Juzna Morava. 

Table 1. Parameter values Xp and a 

basin Nishava basin J.Morava 
p% -- --- --

Xp I a Xp I a 

0.1 85.l 0 .0130 77 .0 0.0075 
1 52.8 0 .0090 55.0 0.0060 
5 34.0 0.0060 38.0 0.0050 

10 28.0 0.0050 30.0 0.0045 

Adequate relationship is defined also for other regions on the 
territory of Serbia. 

In such analyses parameter m in the equation (5) is defined using the 
general relation between the main runoff and inflow water elements in 
river network, and on the basis of recorded extreme flood waves. 

These values are brought into the function of mean slope of the main 
channel. In Table 2 characteristic values of this parameter are given. 

Table 2. Dependency m=f(J) 

J(7..) 5 10 20 30 40 

m 11 9 8 7.5 7.0 

Parameter KT in the expression (4) is defined on the basis of 
observation from examined watercourse (including small experimental 
catchments too) in the procedure of calculation inversion using reduction 
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curve of mean rain intensity lj.l(-T) and expression (2) , that is 

qmax,p 

16.67 (cp Hmax,dn)p 
f(r/J) (7) 

on the basis of which and with the known travel time of water along the 
main watercourse -ck, the following relation is given 

(8) 

The analyses made on such occasions showed that the coefficient K-c 

depends to a great extent on the catchment area. Table 3 contains some 
characteristic values of this dependency . 

Table 3. Dependency K-c = f(F) 

F (km2) 5 10 20 40 60 100 200 300 

K-c 4.1 4.0 3.7 3.4 3.2 2.9 2.5 2.2 

In this way relevant parameters are defined for the calculation of 
maximum discharge on unexamined catchments. 

4. Results of the application in practice 

Explained methodology and carried out analyses served for the 
calculation of maximum water discharge on hydrologically unexamined 
catchments on the profiles of future reservoirs in the preparation of 
Water management basis of Serbia as well as on profiles of intersected 
rivers of future roads. 
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Obtained results of these computation are the starting point in the 
first phase of designing of these constructions . For the purpose of 
developed methodology, as an example, graphical display (Fig.I) shows the 
dependency of specific peak flow on the drainage area qmax,lY. =f(F) for 

the basin of the Juzna Morava with belonging basin of the Nishava and on 
the basis of observed values. 

The same graphic display shows relative values of maximum discharge 
of unexamined profiles . The analyses of such dependency as well as 
dependency of other regions in Serbia show that computed maximum water 
discharge values on unexamined watercourse correspond to the general 
relation of reduction of maximum specific discharge, so that the results 
can be accepted for this designing level. 

5. Conclusion 

Explained computation methodology is suitable for the examination of 
basic parameters of flood hydrographs in the planning phase of hydraulic 
structures when various alternative solutions are considered. But, 
however, for the purpose of higher designing phases, and especially for 
the level of main design, additional hydrometeorological field research is 
necessary which can confirm or reject assumption series made in such 
analyses. And if this is not done, the security and economy of future 
constructions can be jeopardized in the construction phase and also in 
exploitation phase. 
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Abstract 

Since many years the multiple regression approach has been a popular tool within hydrology 
to estimate flow parameters at the ungauged site. This method of regionalization has been 
especially applied to flood statistics and mean flows. Yet only little is know about 
regionalization of low flow parameters. The objective of this study is to summarize an 
extensive literature study carried out by investigating about 120 regression models on a world 
wide scale. In a first step the study investigates the type of basin characteristics used in the 
regression models and their significance. Secondly it was of interest to which extent the type 
of low flow parameter to be estimated was influencing the significance of the basin 
characteristics in the models. 

Zusammenfassung 

Seit vielen wird die multiple Regressionsanalyse in der Hydrologie fur die Regionalisierung 
von AbfluBkenngroBen verwandt. Dieses statistische Verfahren wurde bislang vorwiegend fur 
die Abschatzung von Hochwasserkenngr6Ben sowie dem mittleren AbfluB herangezogen. 
Weltweit gibt es nur wenige Studien, die sich mit der Regionalisierung von 
Niedrigwasserkenngr6Ben befassen. Diese Untersuchung faBt eine umfangreiche 
Literaturstudie iiber die Anwendung und den Einsatz statistischer Verfahren zur Obertragung 
von Niedrigwasserkenngr6Ben zusammen. Dabei wurden iiber 120 statistische Schatzmodelle 
gesichtet und ausgewertet. Zuerst wurde die Art der Gebietsparameter, die als signifikante 
Kenngr6Ben in die statistischen Modelle eingingen, untersucht. Danach wurde untersucht, in­
wieweit die Auswahl der Gebietsmerkmale zur Schatzung der Niedrigwasserkenngr6Ben von 
der zur schatzenden Niedrigwasserkenngr6Be selbst abhangt. 

1 Introduction 

In our changing environment hydrological extremes become more and more important 
especially when dealing with water quality management. In the past few years a log of effort 
was made to establish low flow procedures and to evaluate methods to estimate low flow 
parameters at the ungauged site. The most popular tools in this type of regionalization are 
based on empirical methods or statistical approaches (Stall 1962, Goddard 1963, Speer et al. 
1964). The empirical methods need beside detailed knowledge of the basin physiography 
(e.g . morphology, topography) additional information about the hydrological behaviour of the 
basin under investigation. Dyck 1976 e.g. introduced the 'specific runoff method' based on 
the catchment area. Hayes 1990 applied a similar approach to estimate low flow prohability 
parameters. The statistical approaches can be separated into the correlation ana l: s: 111,1 the 
multiple regression analysis . Latter is a simple method to estimate flow parameters at the 
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ungauged site and has to be considered the most used method in hydrology and water 
resources management. This method has been applied in regionalization since 1960 in ea. 30 
studies to estimate low flows based on 120 regression models. This paper summarizes the 
results of an extensive literature study carried out by the author looking at both: (1) the basin 
properties significant in the models and (2) the type of basin properties significant due to 
different low flow parameters to be estimated. The geographical extent of the studies covers 
only a few regions in the world. Most of the studies were carried out in the United States of 
America and Canada (45 and 1), Western Europe including the Scandinavian countries (70) 
and only very few studies in Africa (Malawi, Tanzania and Zimbabwe) with altogether 4 
studies. For the regions of the entire Eastern European countries, Asia and Middle and Latin­
America and Australia no literature was available at all. Therefore the study covers only part 
of the world and may be biased. 

A first comprehensive study to regionalize various runoff parameters such as flood statistics, 
mean flow and low flow parameters for different regions within the United States were 
carried out by Thomas & Benson 1970 in the latest sixties. In Europe the first statistical 
estimation procedures for low flows have been developed for catchments in the United 
Kingdom and in Scotland. Compared to the work carried out in the United States the studies 
in Europe are based on a smaller sample size (Wright 1970). In general the most extensive 
study to regionalize low flows have been carried out in the framework of the FREND-Project 
(1985-1988) for the region of Western Europe (Gustard et al. 1989). In this study both type 
of models were developed: global statistical models for the entire study area and detailed 
regional statistical models covering single countries or clusters of countries or single regions 
only (Gustard & Gross 1989, Demuth 1989). There the statistical models are based in some 
case on up to 1500 basins. A comprehensive study focused on regionalization of the base 
flow and the parameters of the base flow recession were carried out by the author for the 
state of Baden-Wuerttemberg (Southwest Germany) and the South of the Black Forest 
(Demuth 1993). 

Tab. 1 Summary of the ten most frequent basin properties derived from 120 statistical low 
flow models 

1. 

2. 

3. 

4. 

5. 

6. 

7 . 

8. 

9. 

10. 

Die zehn haufigsten Gebietsmerkmale aus insgesamt 120 Niedrigwasserschatz­
modellen 

Basin properties Acronym Frequency 

Catchment area [knfJ AREA 66% 

Annual average rainfall [nmJ GAAR 49% 

Soil index SOIL 227. 

Median altitude [ml HMEAN 15% 

Lake percentage [%J FA LAKE 13% 

Proportion of the catchment above the tree line [%J MOUNT 13% 

Stream channel slope [km .km-2) SL 1085 12% 

\.iei ghted lake percentage [%] \.iPLAKE 11% 

Base t low index BF! 10% 

Drainage density [km.km-2] DD 10% 

2 Model evaluation based on catchment characteristics and low flow predictors 

Due to the large amount of basin characteristics (46 in total) used in the statistical low flow 
models the most important and frequent characteristics were evaluated from the 120 different 
models. Table 1 summarizes the ten most important basin characteristics according to the 
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frequency of their occurrence . The result shows clearly that the catchment area (AREA) with 
a frequency of 66 % and the annual average rainfall (GAAR) with 49 % are the two most 
basin characteristics which have been set up so far in low flow estimation models. The other 
basin properties achieve only frequencies between 10 and 22 3. Based on these findings the 
hydrologiste in practise wanting to estimate low flows can in general restrict on a selection of 
these ten basin properties. However to estimate special low flow statistics (e.g. frequency 
parameters, parameters derived from the flow duration curve) the restriction towards ten 
basin properties does not suffice . 

The selection of basin properties used to estimate low flow parameters depends also on the 
type of low flow parameters itself. These findings are known from investigations of 
regionalizing flood statistics and mean flows (Aschwanden 1985). The verification of this 
statement was proofed by examination of 120 regression models in this study. In order to 
find any significant difference in the composition of the predictors the 120 models (Table 2) 
were classified into five groups according to the type of low flow parameter to be estimated. 
The following groups were chosen: Group I Models to regionalize parameters of the 
frequency curve; Group II Models to regionalize parameters of the hydrograph; Group III 
Models to regionalize parameters of the duration curve; Group IV Models to regionalize 
parameters of the recession curve; Group V Models to regionalize the base flow. Table 2 
summarizes the studies by author in chronological order according to the five different 
groups. The values in brackets represent the percentage of the special model group on the 
total of 120 models evaluated . 

Tab.2 Result of the investigation of the 120 statistical models according to the type of 
models 

Ergebnisse der Auswertung der 120 statistischen Modelle nach Modellgruppen und 
mit Angabe der Autoren 

Model-Groups 

Group I 

Frequency analysis 

(44.0 X) 

Group 11 

Hydrograph 

C22.5 X) 

Group 111 

Duration curve 

(22.5 X) 

Group IV 

Base flow 

(6.0 X) 

Group V 

Recession parameters 

C6 X) 

Authors 

THOMAS & BENSON (1970); BROWN (1971); ARMBRUSTER (1976); CHANG & BOYER 

(1977); BINGHAM (1982); FUCHS & RUBACH (1983); ARIHOOO & GLATFELTER 

(1986); IJETZEL & BETTANDORFF (1986); MOLTZAU (1990) 

IJRIGHT (1970, 1974); BROWN (1971); INSTITUTE OF HYDROLOGY (1980); 

GUSTARD (1983); PILON & CONDIE (1986); GUST ARD, MARSHALL & SUTCLIFF 

(1987); GUSTARD & GROSS (1989); SMYTH (1980); KROKLI (1989); TALLAKSEN 

( 1989); MOL TZAU (1990) 

INSTITUTE OF HYDROLOGY (1980); ARNELL, BROWN & REYNARD (1990); KUUSISTO 

(1986); IJETZEL & BETTANDORFF (1986); GUSTARD, MARSHALL & SUTCLIFF 

(1987); ASCHIJANDEN & SCHADLER (1988); IJILCOCK & HANNA (1987); GUSTARD & 

GROSS (1989); BULLOCK et al. (1990); SIMONSEN (1992) 

DEMUTH ( 1989); LINDER ( 1990); GORI G ( 1992) 

PEREIRA & KELLER (1982); DEMUTH (1989); DEMUTH & HAGEMANN (1993) 
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The high percentage (44 3) of the statistical models in Group I is obvious . This is due to the 
fact that there is a high demand especially in the field of water resources management to 
work with statistics from the low flow frequency curve . Furthennore most studies using 
values from frequency analysis were made in the eighties , the decade where the most low 
flow periods occurred. Thomas & Benson 1970 developed the first models estimating low 
flow parameters from the frequency curve at the beginning of the seventies for various 
regions in the United States . Recently Moltz.au 1990 successfully finished a comprehensive 
study in Norway estimating different low flow statistics derived from the frequency analysis 
with the objective to define homogeneous low flow regions . 

The models to regionalize parameters of the hydrograph and the flow duration curve (Group 
II and III) show with 22 .5 3 and 21.5 3 similar percentages . The first studies were already 
published at the beginning of the seventies for areas in Scotland and Southwest England 
(Wright 1970 and 1974). Models to transfer parameters of the flow duration curve appeared 
for the first time at the beginning of the eighties in the 'Low Flow Studies' in Great Britain 
and Ireland (Institute of Hydrology 1980). Models estimating base flow (Group IV, 6 3) and 
parameters of the recession curve (Group V, 6 3) are only minor represented in the 120 
statistical models. In case of recession parameters the first studies were carried out by Pereira 
& Keller 1982 based on 11 catchments in a prealpine Swiss region. In connection with 
regionalization the group of base flow models (Group IV) has just recently become 
interesting to the scientific community. The first models were developed by the author based 
on data from the European Water Archive (subset of small research basins) applying a global 
model for Western Europe and a regional model for Finland (Demuth 1989). Based on the 
experience of the FREND-project additional studies were carried out for subregions in 
Germany and the State of Baden-Wuerttemberg (Linder 1990, Gorig 1992) . 

In a next step the different model groups were investigated by looking at the composition of 
the predictands within a single group. Table 3 summarizes the result of this investigation. 
Here the predictands (catchment characteristics) were classified into different types: 
morphometric properties , cover properties, geological and pedological properties, climatic 
and hydrological properties . In addition Table 3 shows which catchment characteristic were 
used to estimate a particular flow parameter (Group I - V) and which catchment 
characteristics are the most significant in the group considered. E.g . to estimate a low flow 
parameter from the frequency curve (Group I) the most important parameter is the catchment 
area (AREA) , 773; the parameter AREA occurs in 773 of the models), the annual average 
rainfall (GAAR, 533), the soil index (SOIL, 283) , the stream channel slope (SL1085, 
23 3), the median altitude (HMEAN , 213) . The other parameters are of minor importance in 
the models. In models estimating base flow (Group IV) the annual average rainfall (GAAR) 
occurs in each model ( 100 3) . 

3 Conclusion 

The results of the 30 studies indicate that the models to regionalize parameters derived from 
Group I (frequency analysis), Group II (hydrograph analysis) and Group III (flow duration 
curve) show a similar structure considering the composition of predictands (physiographical , 
climatic and hydrological catchment characteristics). However, characteristic differences 
among these three model groups become obvious only by considering single relevant 
predictands. These differences can be usually explained by differences in the physiography of 
the region itself. The most frequent used predictand in the three model groups is the 
catchment area (AREA) followed by the climatic variable annual average rainfall (GAAR) . 
The application of the basin properties such as WPLAKE, SOIL, BFI, SL1085, HMEAN and 
MOUNT are highly dependent on the regional characteristics and the background of the 
author . Furthennore it is obvious that apart from the hydrological characteristic base flow 
index the predictands are exclusively physiographical basin properties . Among the first three 
model groups these physiographical basin characteristics are more important than the climatic 
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Tab. 3 Frequency of the Drainage basin properties in the five model groups 

Haufigkeit der Gebietsmerkmale in den 5 verschiedenen Modellgruppen 

Predi ctands Acronym Percentage within the model groups 

Frequency Hydrograph Duration Base flow Recession 

Analysis Curve Analysis 

I II Ill IV v 

Morphomet r i c properties 

1. Catchment area (knfl AREA n 59 62 43 43 

2. Stream channel slope C10-85X) SL 1085 23 

3. Main river length (kmJ MSL 14 

4. Median altitude (m] HMEAN 21 19 29 

5. Maxim.in al t i tude [m] HMAX 19 

6. Length of the catchment (km] AXIS 15 

7. Relief RELIEF 15 

8. Catchment width [kmJ IJIDTH 15 

9. Drainage density (km.km-2] DD 86 57 

10. Strahler's bifurcation ratio RB 14 

Cover properties 

11. Percentage of forest CXJ FOREST 43 29 

12. IJei ghted lake percentage CXJ IJPLAKE 30 

13. Percentage of lake, reservoir [XJ FALAKE 15 19 14 

14. Catchment above tree line in X MCXJNT 19 22 

15. Urban development in X URBAN 11 12 

16. Volune of growing stock rm3 .ha-1] VGS 14 

17. Percentage of pasture [XJ PAST 14 

Geological and pedological properties 

18. Soil index SOIL 28 19 23 

19. Hydrogeologi cal index GEO 71 

Climatic properties 

20. Annual average rainfall [nm] GAAR 53 48 38 100 14 

21. Distance to sea to the west [km] IJSEA 11 

Hydrological properties 

22. Base flow index BFI 15 27 14 

23. Runoff ratio (Q20/Q90) RATIO 17 

24. Recession constant KST 15 

and hydrological predictands in low flow regionalization. The models to regionalize the base 
flow and the parameters of the recession curve show a significantly different structure in the 
composition of the predictands in comparison to the model groups above (Group I-III). In 
some cases other characteristics are used e.g. bifurcation ratio (RB) according to Strahler or 
the mean river length (MSL). The totally changed frequencies resulted in a completely 
changed weighting of the single predictands e.g. the frequency of the climatic characteristic 
annual average rainfall (GAAR), which is present in all base flow models. In model group V 
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(models regionalizing parameters of the recession curve) the geological characteristic (GEO) 
occurs most frequent, followed by the drainage density (DD) . Concerning the significant 
basin characteristics the regionalization of low flows has to be ranked between the 
regionalization of mean and flood flows. In case of regionalizing mean flows the climatic 
basin characteristics are dominant, whereby the physiographical characteristics are dominant 
in regionalization of flood statistics . 
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Based on the hydrologic data for the period 1960-1989, a regional 
hydrologic analysis of low streamflow has been developed for the Drava 
River catchment in Croatia. The basic low streamflow parameters were 

Q
3
o,aox' Q

30
,
95

x (minimum average 30-day discharge of 80 and 95% 

probability) and Q . (absolute minimum annual discharge). 
m1n 

We have also presented the hydrologic analysis of low streamflow 
for small catchment areas on which there are insufficient or no 
available data. 

ZUSAMMENFASSUNG 

Ftir Drava Flu(jgebiet in Kroatien an der Basis der hydrologischen 
Daten aus dem Periode 1960-1989 wird die regionale Analyse der 
Kleinwasser ausgearbei ten, Die Grundindizen der Kleinwasser werden 

Q
3
o,aox' Q

30
,

95
x (minimaler mittlerer 30-jahriger Tagesdurchflu(j mit 

8C1 und 95 % Wahrseheinligkeit) und Q . (absoluter minimaler 
m1n 

.. esdurchfl u(j) . 
Auch die hydrologische Analyse der Kleinwasser fur k 

Flu(jgebiete, van denen gibt es wenig oder gar keine Daten , w_ 
darges te 11 t. 
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1. INTRODUCTION 

The increasing water demand, both from quantitative and 
qualitative aspect, changes the orientation of the water management 
projects towards the low streamflow courses . On the other hand, 
the network of hydrological gaging stations was meinly developed in 
the large and medium-size rivers. However , the practice increasingly 
requeste water regime analyses for low streamflow courses for which 
there are no measurements or they are of short duration . For these 
reasons the present regional low streamflow analysis has been prepared 
on the basis of data for large and medium-size r ivers , and the low 
streamflow equations have been presented . 

3. ANALYSIS RESULTS 

In low streamflow regional analysis , the discharge data we re 
used from 16 gaging stations in the Drava River catchment fo r the 
period 1960-1989 . Three characteristi c low streamflow referenc e values 
were calculated, expressed as specific values q

30 1 
so:r. ' q

30
, 
95

:Y. 

(specific minimum mean 30-day discarge of 80 and 95% probability) and 
qmin (specific minimum annual discarges) . The specific inflows of low 

streamflow (1 s- 1km- 2
) in the Drava River catchment are shown in 

Table 1. 

Table 1. Characteristic specific inflows of low streamflow (1 s- 1km- 2
) 

in the Drava River catchment 

Tabelle 1 . Charakteristische spezifsche Er giebigkeiten der Kleinwasser 
( l s- 1 km- 2 

) in Drava Flu~gebiet 

EJI STATION 

I 
RIVER 

A lq30, 8011q30, 9SEJ 
(km2

) 

l. BEZDAN * DUNAY 210250 . 0 4.80 4. 17 3 . 76 
2 . BOGOJEVO * DUNAY 251593 . 0 5.32 4.67 4 . 23 
3 . BO TO VO DRAVA 31038 . 0 6 . 99 5.99 2.58 
4 . D. MIHOLJAC DRAVA 37142 . 0 6 . 41 5.68 4.42 
5 . G. RADGONA * MURA 10197 . 0 5.95 5 . 22 4.31 

6. JANDRA$ICEK TRNA VA 105 . 1 0.48 0 . 27 0 . 03 
7. KOPRIVNICA KOPRIVNICA 122.0 0 . 57 0.43 0.03 
8. LETINA MURA 13148.0 5 . 06 4.06 2.99 
9 . LUDBREG BEDNJA 547 . 0 2.21 l. 67 0 . 41 

10 . MIKLEUS II VOCINKA 173 . 0 0 . 76 0 . 57 0. 10 

11. MLACINE GLIBOKI 84.0 0 . 54 0.01 0 . 00 
12. M. SREDISCE MURA 10891. 0 5.91 5. 10 3.85 
13 . NOVIGRAD P. KOMARNICA 48.0 0.25 0.08 0.00 
14. TEREZINO P. DRAVA 33916.0 6 . 40 5.34 3. 18 
15 . TORMAFOLDE * KERK A 978 . 0 0 . 87 0.68 0 . 35 

16 . ZELEZNICA BEDNJA 308.0 l. 74 l. 30 0.71 

* stations outside the Croatian territory 
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According to the obtained study results it is clear that the 
largest values of q

30
' sox' q

30
' 

95
x have been obtained for the Drava 

and Mura Rivers data. The specific parameters for the smaller water 
courses have considerably smaller values. 

3. HYDROLOGIC ANALYSIS OF LOW STREAMFLOW IN INSUFFICIENTLY 
ANALYZED WATER COURSES 

According to the UNESCO Recommendations (1982), Vladimirov's method 
has been applied in low streamflow analysis for insufficiently studied 
water courses (ea tchments) . For data obtained from the nine gaging 
stations in low streamflow courses in the Drava River catchment area 
(48.0 <A< 173.0 km2

) for the period 1980-1989, through a relation : 

Q30,80% 
a A b 

where: 

Q30 , 80% - minimum mean 30-day discharge with 80% probability ( 1 

A - catchment area (km2
) 

a, b - unknown coefficients, 

the below analytical expression has been obtained : 

Q30,80% 0 . 0116 A 1. 868 
r = 0.890 
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Applying the transition coefficient, the expression for the second 
parameters was obtained : 

Q30,95% 0.690 Q30,80% (3) 

Canel usi vely, the practical expressions have been obtained which 
can be used for small catchments (48.0 < A < 173.0 km

2
) the data on 

which are lesser or unavailable. It is clear that the objective is an 
application of measured values and the above relations could not be 
verified without them. 

4. CONCLUSION 

The basic conclusion is the need for increasing number of quality 
hydrologic measurements, both on large and medium-size rivers and on 
low streamflow courses. Only measurements can verify and improve the 
regional analysis data. 
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ABSTRACT 

From the water management point of view, drought has significant economic 
and social influence. Extremely low-flows can cause shortage, decreased produc­
tion, pollution and various other damages. 

According to the legal regulations, prescribed by the Republic of Serbia, 
concerning either water resources development, or land use management or any 
other environmental aspect, only the monthly average low-flow discharge, with 0.95 
probability of occurrence is determined as the designed low-flow value. On the 
contrary, hydrological analysis of low-flow regime for the territory of the Republic 
of Serbia have shown that the 30 days average low-flow discharge, with 0.95 
probability of occurrence (Q9590 ) should be used. This variable has a physical 
meaning (not only the numeric value of the discharge is defined, but the duration 
of the drought as well) and is not liable to the influence of overestimation of the 
discharge, due to fixed time intervals (calendar one month). 

Estimation of the designed low-flow value for hydrologically unexplored areas, 
or for the short runoff records, was done by the regional analysis. Up to the 
present, all studies of low-flow characteristics have proved that the territory of the 
Republic of Serbia can not be treated as homogeneous. It is necessary to apply 
low-flow analysis for subregions. The basic information are the measured daily 
discharges at gauging stations. The time series of all characteristic low-flow 
variables and required meteorological parameters were determined using systematic 
observation from the basic hydrological and meteorological network. For relatively 
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homogeneous areas, general relationship was obtained, between the 30 days average 
low-flow discharge, with 0. 80 probability of occurrence and the catchment area such 
as Q80% = a(A)° . (fo obtain the 30 days average low-flow discharge, with 0.80 
probability of occurrence discharge (Q80 ')1;), we used three-parameter Weibull and 
two-parameter log PIRSON ill probability distribution functions). By the similar 
procedure the designed low-flow discharge is determined by function Q80% = 
c(Q80%r. During this process only the watershed areas less then 2000 km2 were 
analyzed, due to impossibility of low-flows coincidence, different low-flow 
characteristics and substantial heterogeneity of hydrogeological characteristics. 

Entire watershed area of the territory of the Republic of Serbia, concerning 
the low-flow characteristics, the hydrogeological characteristics, the multi-annual 
precipitation and the average elevation, has been divided into several regions and 
subregions. 

This approach for estimation of the 30 days average low-flow discharge 
characteristics of unexplored catchments has given satisfactory explanation during 
the survey of exceptions. 

1. INTRODUCTION 

To attain optimal water use, the consumers should be supplied with water at 
the rate and quality required to meet its justified demand. Drought (duration, 
deficit and occurrence time) has significant influence on it as economic feature of 
water resources. Intention to design any hydrotechnical system (water supply 
systems, irrigation, waste water treatment plants, etc.) requests the designed low­
flow to be estimated, as a minimum discharge for main aims to be fulfilled. 

Having on mind the fact, discharge is a random variable, there is no economic 
approval to define the recorded (absolute) minimum value as the designed low-flow. 
Low-flow has been analyzed for purposes of safety of water supply for given water 
demands. 

The main intention of this paper is to find possibilities for quick and reliable 
estimation of the designed low-flow in hydrologically unexplored areas for various 
hydrotechnical purposes. 

2. STATISTICAL ANALYSIS OF LOW-FLOW 

The following watershed areas are included in the statistical analysis of low­
flow characteristics for the territory of the Republic of Serbia: 

(1) The Drina catchment 
(3) The V. Morava catchment 
(5) The Nisava catchment 
(5) The Z. Morava catchment 
(7) The Timok catchment 
(9) The Dragovistica catchment 
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(2) The Kolubara catchment 
(4) The J. Morava catchment 
(6) The Toplica catchment 
(8) The Ibar catchment 

(10) The Homolje catchment 
(12) The Drim catchment 



Time series of all characteristic low-flow variables and required meteoro­
logical parameters were determined using systematic observations from the basic 
hydrological and meteorological network. Basic dates are the measured daily 
discharges at gauging stations . In order to determine accurate time series of low­
flow the quality control and improvement of data were done. Continuous and 
homogeneous time series of average low-flow were defined for different time units: 
one day, ten, twenty and thirty days and monthly period. To estimate the low-flow 
characteristics, fitting was done by three-parameter Weibull and two-parameter log 
PIRSON III theoretical probability distribution functions. Goodness of fit tests was 
done applying the Kolmogorov test. 

As a result of this analyses, the best fitted theoretical probability distribution 
functions are selected and the 30 days average low-flow discharges, with 0.80 
probability of occurrence (Q80%) are estimated. 

3. REGIONAL ANALYSIS OF LOW-FLOWS 

3.1 General remarks on regional analysis of low-flows 

One of approaches for estimation of low-flow characteristics in hydrologically 
unexplored areas is to use empirical relations between the minimum discharge and 
the catchment area. For relatively homogeneous areas (concerning the hydrogeolo­
gical characteristics , the multi-annual precipitation, the average elevation, 
afforestation, etc.) the correlation equation between the 30 days average low-flow 
discharge, with 0. 80 probability of occurrence and the catchment area can be 
written as (Fig . I and 3): 

Q80% = aAb (3.1) 

where: 

A 
a, b -

is a low-flow discharge as a thirty days average, with 0. 80 
probability occurrence in m3/s 
is the area in k.m2 

are the areal constants 

By the similar procedure, depicted in the Figure 2 and 4, the designed 
low-flow discharge (Qm0) is determined by function written in the form 

where: 

c, m -

(3.2) 

is a low-flow discharge as a thirty days average, with 0. 80 
probability occurrence in m3/s 
are the areal constants 
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During this process only the watershed areas less then 2000 km2 were 
analyzed, due to impossibility of low-flows coincidence, different low-flow 
characteristics and substantial heterogeneity of hydrogeological characteristics. 

3.2. Hydrogeological aspects for the low-flow regional analysis 

Territory of the Republic of Serbia is characterized by complex geological 
fabric, vary heterogeneous lithologic composition, different and active tectonic with 
numerous erosion processes. To understand correctly the role of hydrogeology in 
space and time, at regional analysis of low-flow, the thorough knowledge about 
terrain geological composition, its structure and tectonic, is indispensable. It is , 
also, necessary to have information about the other elements and factors which 
make an direct and/or indirect influence on the state of ground water at the 
present, namely hydrogeoJogical features of certain space. 

Carrying out of this project was based on Serbian general hydrogeological 
regional division. Considering the geology-structural, hydrogeological, facial and 
lithological characteristics in common with physic-geographical features (climate, 
topography, etc.) the territory of the Republic of Serbia is divided to six regions (1): 

1. The area of Carpatho-Balcanian mountain-range 
2. The area of Serbian crystalline core 
3. The area of Central and South Serbia 
4. The area of Western Serbia 
5. The area of Panonian basin 
6. The area of Dacian basin. 

The low-flow regional division is made for the first four regions. 
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Referring to specific structural-geological, hydrogeological and geomorpholo­
gical units, the mountain (fold) structure (Vlasinski, Velikorzavski, etc.) and the 
basin structure (Metohijski, Macvanski, etc.) subregions were separated. The 
correlation relations for this different regions are shown in the figures 1 and 2 - for 
the mountain structure, and in the Figure 3 and 4 for the basin structure. 

Hydrological units are conditioned by lithological composition and geomor­
phology of the terrain. As a consequence of diversity in seepage characteristics and 
space relations, different hydrological functions are caused, regardless of lithological 
composition. According to the rock mass geometry and seepage characteristics and 
its interaction, on the territory of the Republic of Serbia, five ties. hydrological 
different types of terrain are divided (2): 

- terrain with intergranular porosity of aquifer 
- terrain with intergranular and fractured porosity of aquifer 
- terrain with cavernous - fractured porosity of aquifer 
- terrain with fractured porosity of aquifer 
- terrain mostly without aquifer 

For example, in the area of alluvial flats, during the average or high water 
level, ground water in sand-gravel water-bearing formation is of sub-artesian 
characters. In the elevated loam, "free-phreatic aquifer" exists, at the same time. 
At low-water level sand-gravel water-bearing formation, amount of ground water 
is insignificant. 
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4. CONCLUSIONS AND REMARKS 

As a result of this research, the map of Srbija showing divided subregions with 
different low-flow characteristics has made. The correlation equations 3.1 and 3.2 
have defined for every subregion. Although the estimation of low-flow characteris­
tics in hydrologically unexplored areas, based on the catchment area characteristics, 
is generally speaking, rough, increasing requirements for those analyses in water 
resources development and management and other environmental aspects justify 
their application. The major advantage of this approach is the possibility of quick 
estimation of the design low-flow value in hydrologically unexplored areas. 

Exposed approach give us possibility to make a look at ground water forming 
conditions in certain environment circumstances and their changes in time. Our 
concrete investigations confirm the fact, this approach is exact way low-flow regional 
analysis. 
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ABSTRACT 

In this paper the results of regional analysis of the basic parameters of the flood flows 
(maximum annual discharges) are presented. The regional relationships are defined on the basis 
of data from 147 gauging stations on the territory of Serbia with the period of observation over 
30 years. The applied methodology is based on space-time analysis using the technique of 
development of the regional growth curves. The paper is illustrated with the most important 
general results of carried out regional analysis . 

REGION ALE ANALYSE MAXIMALER JAJ-IRESDURCHFLO~E AUF DEM 
TERRITORWM SERBIENS 

ZUSAMMENF ASSUNG 

In der Arbeit sind die Ergebnisse der regionalen Analyse von Grundparametern der 
Grof)gewasser (maximale Jahresdurchfltif)e) dargestellt. Es sind regionale Abhangigkeiten 
aufgrund von Beobachtungsangaben der 147 Wassermef)stationen auf dem Territorium Serbiens 
ftir den Zeitabschnitt mehr als 30 Jahre definiert. Die angewandte Methodik beruht auf der 
raumlich-zeitlichen Analyse unter Benutzung der Tech~ik normalisierter Verteilungskurven. 
Die Arbeit ist durch die wichtigsten allgemeinnen Ergebnisse der durchgeftihrten 
Regionalanalyse illustriert. 
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INTRODUCTION 

Proper choice of relevant maximum discharges for the purpose of designing on wider area is 
possible only after comprehensive spatial-time analysis of its basic statistical parameters. For 
the purpose of such analysis very long series of maximum annual discharge are necessary. 
Unfortunately, in the practice of most Danube countries existing series of maximum annual 
discharge are limited in time. The consequence is that statistical parameters, computed on the 
basis of them, can be very unreliable and burdened by significant errors. Spatial variability 
which can be obtained in analysing these parameters can be the consequence of the nature of 
the process of maximum annual discharge, but also the error in its computing. 

For the purpose of understanding of spatial variability of the process of maximum annual 
discharge on the territory of Serbia and investigating the possibility of its regionalization 
detailed spatial-time analysis of existing time series bas been done. Preliminary results judging 
by spatial regionalization and homogenization of the series of maximum anuual discharge are 
given in this paper. 

REGJONALIZATION PROCEDURE OF DIS'fRIBl.TTION CURVES 
OF MAXIMUM ANNUAL DISCHARGE 

The basis for the regionalization of the series of maximum discharge on the territory of Serbia 
are the results of the computation of occurence probability on 147 gauging stations. Theoretical 
probability values are obtained with the help of Pearson III and Log-Pearson III distribution 
functions. In this case II the analyses were carried out with the normalized distribution functions 
in the mode of: 

where: 

KP - ordinate values normalized by the distribution function for probability p 

Qp - maximum annual discharge for probability p 

0 -mean value of the series of maximum annual discharge 

Cv - variation coefficient of the series of maximum annual discharge 

Normalized distribution functions of the maximum annual discharge probability were computed 
for all the gauging stations having the series longer than 30 years. On the basis of obtained 
ordinates of all the gauging stations the fluctuation amplitudes of normalized values for the 
probability characteristics were defined by: 

where: 
Ap = K max,p-K min,p 

Ap - fluctuation amplitudes of the ordinate values of normalized distribution functions 
for probability p, 

K max, p - maximum ordinate of distribution functions for probability p, 

K min, p - minimum ordinate of distribution functions for probability p. 

Value of fluctuation amplitude is then divided on n class interval of the value: 

Ap 
/iKp.; = - = canst. 

n 
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where : 

/1Kp.; - class interval value, 
n - total number of class interval, 
i - ordinal number class interval. 

Class intervals are defined, in general, as: 

where: 
!!J(p, 1 = UL,, .,. - LLp,,. 

ULp.; - upper limit of class interval, 

LLp.; - lower limit of class interval. 

In defined case: 
- for i = 1 

- for i = 2 

- for i = i 

- for i = n 

LLp.1 = K min,p 

ULp, I = K min, p + /1Kp, i 

LLp. 2 = K min , p + /1Kp.,. 

ULp. 2 = K min,p + 2· /1Kp.,. 

LLp.1 = K min,p +(i- l) · l1Kp.1 

ULp.1 = K min ,p+ i· /1Kp .1 

LLp,n = K min,p +(n- i)· /1Kp,i 

ULp.n = K min,p+fl·/1Kp.i = K max,p 

Computed ordinates of normalized distribution functions for all the gauging stations were 
classified in relevant class intervals and adequate identification number INB were given to them 
which correspond to the ordinal number of class interval. The frequency of identification 
number in the probability occurence function was analysed as per whole territory of Serbia and 
as per gauging stations. The prevailing identification number for the certain gauging station is 
obtained as the weight mean value . 

where: 

D 

:l:i·INE 
MINE= -'-1=~1 --

n 

MINE - prevailing value of identification number of the certain gauging station. 

Average value of identification number in the function of occurence probability for the territory 
of Serbia is computed as per the formula: 

N 

:l:INEJ,p 
MINEP = _i=_I ~­

N 
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where: 

MINBP - average identification number for the territory of Serbia for the occurence 
probability p; 

INB1. p - identification number of j- th gauging station for probability p; 

N - total number of gauging stations on the territory of Serbia. 

RESULTS OF PRACDCAL PROCEDURE APPLICATION FOR REGIONALIZATION 
OF DISTRlBUTION CURVES OF MAXIMUM ANNUAL DISCHARGE 

Explained procedure of regionalization of distribution curves of maximum annual discharge is 
applied on 147 gauging stations on the territory of Serbia which had the observation period 
longer than 30 years. In the following text the computation results in numerical and graphical 
mode are given. 

All the computed ordinates of normalized distribution curves of maximum annual discharge 
priobability as per gauging stations are classified in relevant class intervals, that is, relevant 

identification number INBj is given to them where i=l,2,. .. n(n=lO) . The example of these 
computations is shown in Table 1 on key profiles of gauging stations on the territory of Serbia. 
The Table also contains relevant statistical parameters like : mean values MINBp, standard 
deviation SDINp, variation coefficient CVINBp, asymmetrical coefficient CSINBp. 

Survey of Identification Number on Key Gauging Stations in Serbia 
Table 1 

NO Gauging River Area Probability in % 
station 50 20 10 5 2 1 0.1 

1 Bezdan Danube 210 250 6 6 5 3 2 2 1 
2 V .Gradiste Danube 670 375 7 6 5 3 2 2 1 
3 Senta Tisa 141 715 5 5 5 4 3 2 1 
4 S.Mitrovica Sava 87 996 5 5 5 4 3 2 1 
5 Li .Most Y.Morava 37 320 6 6 5 3 2 2 1 
6 Rada Ii Drina 17 493 4 4 5 4 4 3 2 
7 Vrbnica B.Drim 4 381 4 5 6 5 4 3 2 
8 Orcu5a Plavska 252 3 1 2 1 2 2 3 

147 Drelje Pecka Bis. 120 1 7 10 10 10 10 10 
MINBp 3.5 4.1 4.8 3.9 3.5 3.3 2.9 

Teritory of Serbia SDINBp 1.4 1.4 1.2 1.0 1.0 1.1 1.7 
CVINBp 0.4 0.4 0.3 0.3 0.3 0.3 0.6 
CSINBp 1.4 0.0 0.0 1.1 1.6 1.6 1.7 

Representive normalized distribution curve of maximum annual discharge on the territory of 
Serbia computed as mean value of upper and lower limit of confidence interval in the function 
of occurence probability is shown on Fig.I. Relevant identification number INBi is added to 
each representative curve. The same drawing also contains average normalized curve for the 
whole territory of Serbia. 
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Table survey of representatives of certain identification number on key profiles of gauging 
stations in Serbia is shown in Table 2. In the same table certain statistical parameters are given 
as well: mean value MINBi, standard deviation SINBi, coefficient of variation CVINBi and 
coefficient of asymmetry CSINBj. 

Survey of Representation of Identification Number on Key Profiles of Gauging Stations in 
Serbia 

Table 2 
No Gauging River Identification number MJNB 

station 1 2 3 4 5 6 7 8 9 10 

1 Bezdan Danube 1 2 1 0 1 2 0 0 0 0 3.57 
2 V.Gradiste Danube 1 2 1 0 1 1 1 0 0 0 3.71 
3 Senta Tisa 1 1 1 1 3 0 0 0 0 0 3.57 
4 S.Mitrovica Sava 1 1 1 1 3 0 0 0 0 0 3.57 
5 Lj .Most V .Morava 1 2 1 0 1 2 0 0 0 0 3.57 
6 Radalj Drina 0 1 1 4 1 0 0 0 0 0 3.71 
7 Vrbnica B.Drim 0 1 1 2 2 1 0 0 0 0 4.14 
8 Orcufa Plavska 2 3 2 0 0 0 0 0 0 0 2.00 

147 Drelje Pecka Bis. 1 0 0 0 0 0 1 0 0 5 8.29 

MIN Bi 0.3 1 1.7 2.1 1.3 0.4 0.1 0.0 0.0 0.1 3.72 
Teritory of Serbia SDINBi 0.6 0.8 1.1 1.4 0.9 0.7 0.2 0.2 0.1 0.5 0.66 

CV IN Bi 2 0.8 0.6 0.6 0.7 1.7 5.1 6 12 7.6 0.18 
CS IN Bi 2.6 1.2 1 0.3 0.4 1.5 5.5 5.8 12 9.2 2.27 

Total survey of representation of relevant identification number (annual number MINB) for 
certain gauging station on the territo ry of Serbia is shown graphically on Fig.2 in the mode of 
frequency and representation curves . 
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Frequency and representation curves 
of mean identification number MINB 
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CONCLUSION 

Numerical and graphical indices of results of carried out analyses show that not a single profile 
of gauging station on the territory of Serbia can be singled out as uniform regional normalized 
distribution functions of maximum annual discharge. Almost each particular gauging station in 
the probability occurence of 50 % to 0,1 % correspond from three to more defined regional 
curves. From the standpoint of average values of most represented are regional curves from 
identification number from 3 to 5. In general, it can be concluded that great spatial 
identification number of heterogeneity exists in the water function . That only indicates the 
expressed regionalization of basic statistical parameters of the maximum annual discharge series 
on the territory of Serbia. 
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Erfahrungen und Ergebnisse bei der Berechnung von Hochwasserscheitel­
durchflussen mit Wahrscheinlichkeitsaussage in Sudthuringen unter Nutzung 

eines geographischen und eines hydrologischen lnfonnationssystems 
(POSTER) 

Oas Verfahren HQ-REGIO wurde bereits aut der Konferenz der Donaulander 1992 
in Kelheim vorgestellt. 
Es wurde auf derBasis angepa11ter Verteilungsfunktionen der Jahres-Hochwasser­
durchflusse (HQ) und einzugsgebietsabhangiger Faktoren, die direkt oder in trans­
formierter Form eine statistische Abhangigkeit zu den HQ- Werten aufv.leisen, ent­
wickelt und dient der Ermittelung von HochwasserscheiteldurchflOssen mit Wahr­
scheinlichkeitsaussage in hydrologisch unbeobachteten Gebieten. 

Im Einzugsgebiet der oberen Werra erfolgte die Modellanpassung auf der Grundla­
ge der Oaten von 24 Pegelstationen mit Reihen von 20 bis 100 Jahren sowie den, 
mit Hilfe des geographischen lnformationssystems (GIS) ARC! INFO, ermittelten 
Geofaktoren. 

Die praktische Anwendung tor unbeobachtete Einzugsgebiete setzt entweder den 
standigen Einsatz eines GIS tor diese Aufgabe oder die einmalige Ermittelung der 
Geofaktoren tor ein Netz ausgewahlter kleiner Flachen voraus. In ThOringen wird 
der zweite Weg beschritten. 
Die Bestimmung der mittleren Gebietsniederschlage und -abflOsse erfolgt mit Hilfe 
des hydrologischen lnfonnationssystems GEOFEM, das aul1erdem die Ermittelung 
langjahriger Werte von 

- potentieller Gebietsverdunstung 
- realer Gebietsverdunstung 
- Direktabflul1 und 
- Grundwassemeubildung mit schnellen und langsamen Anteilen 
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ermoglicht. Die dem System zugrundeliegenden Berechnungsalgorithmen gelten 
prinzipiell nur tor den Festgesteinsbereich. Durch die verwendete spezie!le 
Rasterung mit Einheiten von 500 x 500 m ist die detaillierte Erfassung stark variie­
render Ausgangsparameter einer kleinen Gebietsflache m6glich. 

Fur den Grad der Abnangigkeit der Hochwasserwahrscheinlichkeit von den EinfluGi­
faktoren lief ert der multiple Korrelationskoeffizient eine Aussage. Im Sudthuringer 
Raum liegt er nach den letzten Anpassungstests zwischen 0,94 und 0,97 . Die vor­
lieg_enden Ergebnisse, die im Poster naher erlautert werden, sind fur Gebiete ~ 10 
km2 akzeptabel. 
An der Verbesserung der Anpassung tor kleinere Gebiete wird gearbeitet. 
lnsbesondere erscheint die Berucksichtigung extremwertstatistisch berechneter 
Starkniederschlage als aussichtsreiche M6glichkeit zur Beseitigung der 
vorhandenen Mangel. 

Perspektivisch ist die Einbindung von HQ-REGIO und GEOFEM in ein ubergreifen­
des wasserwirtschaftliches lnfonnationssystem auf der Basis von Arc View vorgese­
hen. Auf diese Weise wird der geographische Bezug zu beiden Verfahren herge­
stellt. 
Die bereits realisierten L6sungsschritte sollen am Posterstand an einem PC 
demonstriert werden. 
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S U M M A R Y 

A Nation .:3.l Informatior1 
has been develooed. 
network of Bulqaria. 

Sediment Data ( NJBSD l 

the Ne.t i on::<.l 1r; i de CJ a. o e 

the susoended sediment 
concentration / load; sediment oroanic concentration; orain-

size distribution; sediments soeci f ic 
been included in. In addition one should find 
discharqe data as well lev el :3.nd temoera t ue: 

water qualit y and hea v v 

data is on the list as 
met2.l content. The orecioita t ion 

erosion is considered. The outout of the NI BSD i~ on three 

level accordina to the wa v the data has been treated- Th i s 
make sense when the data market is conserned. 

The Bank. the cataloa and the r etriev al s v stem is 

computerized and this allow a direct fast acces~ to the 
information. 
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NATIONAL INFORMATION BANK OF SEDIMENT DATA 

G.Geroov. Dr .• V-Slavo v . 
National Institute of Meteoroloov and Hvdroloov. 
"Tzarioradsko shose" - 66. Sofi .::i., Bulo.;;iTi .3 

The proiect desiqns of water intakes. channels. ponds 

and dams and much mot-e ena i neer i no con5tructions reouire 
appropriate sediment 1 oad da.ta about the The 
oresent day computer facilities oermit their bank storaoe 
and multidirectional retrieval and usaoe- There isn ' t manv 
references on the sediment data bank structure. function 
c..nd maintenance [F't-oceedinos 1980. Gu.idlines. 1985]. It i:: 
hard to find the links with some other water resource~ 
information banks. To add one should 

recommend the develooment 
of sediment data bank without anv details. 

In 1992-93 the authcn-;; ha\.Je done .~ como] ete N3.tion:::il 
Information Bank of Sediment data 

- fio-1· 

for the Bulaarian rivers 

It allows the storaoe on a disk the valuable in~or­
mation both on suspended load, that has been oathered since 
1952 and water discharoe, measured since 1935. as well as 
the water temperature, the atmospheric orecioitation. the 
water chemical comoosition etc. It is intended to build it 
in as a sep .3t-ate oart of the total N.ati.c:mal Inforrr .. 3tion 
Ba.nk of Hydt-o-ff1etem-oloaica.l date<. sta.tioned a.t the 
National Institute of Meteoroloqv and Hvdroloov. Sofia· 

The sediment data bank consists of four units - enter 
- [1J, computation - [2J, manaaement - [3J. exit -[4J. 

The basic conception we share is that all the data ei­
ther observed or measured at the oaoe network is 
"equidistant" - [1.1]. A oerma.nent seo.:<ra.te o.:.t-t of the 
"entrance" unit one should considet- .3 comeout et-ized 
catalooue of rivers -[1.2J. It contains detailed 
information about the watersheds the areas. the mean 
altitudes above sea level, the lenoth of the rivers and the 
distances of the aaae stations from the months and the 
sources etc. The catalooue mioht be adiusted accordino to 
anv chanoes of the locations of the oaoe stations. 

The ne>:t sepa.ra.te o.:<rt of the "entt-ance" unit cor1si!:'.ts. 
of a "Bibl io" cataloaue -[ 1.3] with the m3.in needed re+er­
ences. 

A part of the treatment reouired [2J, or in some 
cases whole procedure. miaht be comouterized 
[AeTOMaTH3aUH~, 1988]. Another oart of the first steo raw 
data treatment includes a comouterized module for susoended 
sediment 
as well 

laboratory data calculations on the concentr2tion 
as on the load values. The later software has been 

144 



de v el oc•ed b v 
National Institute of Met eot-o 1 oci \..' 

i t 1 :::: 2 .001 i e d a.+. t he 

for two v ears alread v . Thus the d a ta manaaernen t i ~ ~oe~ded 

The e :< i t i t s e 1 f is dev ided ir• three level~ 3ccordino 

to the deoree the information 

beino the tables 
discr1at-·:::ies after 

of e v er v da v water and susoended sediment 
the..,_, are de v elooed 

meter calibration curves and discharoe ratino cur v es. 

The second "e :·: it" 1 e v el of the ban~ includes some so-

ohisticated statistical parameters -[4.2J. the 2sses!:'.ment 

of 
the 
the 

annual and 
st .. :itistic.::il 

the mountl v and seasonal distribution: 

multiannual water and sediment vield data= 

tests solution etc .. b\i 

appropriate useful 
by the oracticinq 
on that 1 evel, 
distribution data 

tables or oraohics. 
enoineers. 
tha.t contain the 
and soecif ic weiaht 

that are mainlv used 
set two more modules 

sediment. o ~- a. i n -!:'. i z e 

of sediments as thev 

are of soecial interest for the enc1neers. 
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ABSTRACT 

The hydrological forecasting department of the Republic Hydrometeorological Service of 
Serbia has intensively modernized since the 1990. This paper gives an overview of the PC 
System 'FORECAST' for the real time processing and dissemination of hydrological and 
meteorological data. The PC System 'FORECAST' in RHMS of Serbia consists of the 
independent procedures that enable the eff1C1ent communicati o n. data processing and the 
simple data access . as well as the graphical presentation 

DIE ECHTZEITDATENVERARBEITUNG IM 
HYDROMETEOROLOGISCHEN DIENSTE SERBIENS 

ZllSAMMENFASSllNC; 

Die Hydrolog1she Vorhersag e<:lhleilung des Rt:: 11111!1> r: hen Hydrometeorol0g1st.i1t:n D1e1,s1 es 
Serbiens wird ab I 990 int ens i\ moderP1s1ert D1esL Arbeit gibl d1c i_; ,-'.~ ( rsicht des 
Compu1ersys1ems "VORHERSAGE" fu u di e Vcrail•e111111g unri D1saitiut1on der 
hydrologischen und meieorolog isc.hen E·:h1ze11lla ten Da~ Comr1ne1svs1 ern 
"VORHERSAGE" im RHM Dienst c besteht a11 < den 11r1abhcien~1gen Prnzcdli : ..:n . w.:k hc 
wertvolle r..:.ummunikation. rechn enscbe Da1e11 ve 1 a rbe11ung und einfachen Datenzutritt 
sow1e eine graphische Praesentation crmocglicher .. 
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INTRODUCTION 

It is well known that basic activities in the hydrological service in real time include data 
observation, collection and transmission to communication centers, data processing and 
forecasting, as well as preparing different types of reports and warnings for users in water 
management, hydroelectric power production management and the flood protection 
services. 

The PC System 'FORECAST' in RHMS of Serbia consists of the independent procedures 
that enable the efficient data acquisition and dissemination, simple data access and data 
processing, as well as the graphical presentation. 

The PC System 'FORECAST' is a non--WINDOWS application. 

PC SYSTEM 'FORECAST' 

The primary menu of the PC System 'FORECAST' iooks like this : 

Choosing, for instance, the Option No. 1 * Hydrological Data, one can choose between 
further sub-options: 

The Option No. 1-1 * gives the tabular water level overview for 5 days from the chosen 
day backward (default date: today) for all network stations. Almost every option has a sub­
option for choosing a date: 

The Option No. 1-2* gives the tabular discharge overview for 5 days from the chosen day 
backward (e.g. today). The Option No. 1-3* processes discharges (using rating curves or 
equations). The Option No. 1-4* lists the stations and their characteristics . 
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The Option No. 2"' Meteorological Data gives the tabular overviews of the meteorological 
data interesting for the hydrological forecasting: air temperature , precipitation, snow 
package . 

The Option No. 3* Thematic Maps makes the series of thematic maps of the hydrological 
data for the chosen date : discharge. water stage differences within 24 hours , water 
temperature. ice, as well as meteorological data . 

,_..-----ls' Republic o1 se:bl 
·je--- ~··--.... RHM Se!"Vlce 

7 -t..o2 Stage 
_ 12 -. •• ._ __ difference 

r; f in 24hollr11 

_____ .-···-- --~--\ Republic or Se'.b1 
·Bezdan "-· RHM Servi.ce 

'II' ent.6·.
1 

ogojevo :._ Network 
•. . of gauging 

/.. ad ~~ ·~-·f •t..ationm 

-i3 
10 

.-· ,.: 
2 

.r ... 
\ ...... Vrbni_:~---·-.f"···--··:·: 

7.01.1994. 
'i._/,_.' 

Fig . 1. Stage difference thematic map with station network map 

The Option No. 4"' gives the tabular overviews of water temperature and coded ice data for 
5 days (as in Option No. I*). This option also makes ice forecasts and ice reports. 

Choosing the Option No. 5* or the Option No. 6*, one has further options for choosing 
between several discharge forecasting models. 

The Option No. 5"' Flow Routing Forecasting Models includes sub-options for choosing 
model : Riflow, Muskingum, MANS (modified Kalinin--Milyukov model , developed in 
RHMS of Serbia), AR models. 

a ( rn3/a) 

-- Hyd,..ogreph No. 1 
-- Hyd,..ogreph No.2 
-- T,.. lbu t.or-y c 
....... ,.....T,..tbul.ef""y b 
-- T,... lbu l.n,..y c 
------ Tren a"f'ormc l•d ""'° . 1 
-- For•ce•t. f'or"' No.2 

69 63: 66 69 7'2 ?"& 7'B 81 M B7 M 9::J 96 99 ll!CZ111Ei118l1111'4l1714Mll231:W.1291::121::1S1:B1'41,._..1'47168 

de y a/y• e,.. 

Fig. 2. River Sava and tributaries hydrographs with forecast for S.Mitrovica by 
model MANS . 
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Choosing the Option No. 6* Conceptual Models there is another popup menu for making 
a decision which one of the conceptual moisture accounting models to run : 

6.:.1~ Mod.cl W'.B *V ·•·· 
~i~t:M~~i·••• [.-A.'."N'"I< _. i<' • 
M3! 'Mo.di:iL: s . s~A ;ruR. ···· 

Choosing, for instance, the Option No. 6-1 * Model H*B*V (there is the lumped and the 
semi-distributed version of a model): 

The Options No. 7-1 * through 7-3 * make various types of reports for users in water 
management by the automatic procedures for the chosen date: 

·uY: R#J>O:~/>• :· 
._.,.,,_,_. ' ~lc.ff R.~wn,s:.·:•. 

·· - ~f RJeI>oris : r 

The Option No. 7-2* make reports which are included in The Weekly Bulletin. 
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Fig. 3 . Weekly Bulletin for river Danube and Tisa catchment 
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By the Option No. 8" the connection with the Weather Forecasting Department is made. 
There are possibilities of viewing the digitized satellite maps of Europe, the digitized 
radar display of Serbia and the weather forecasting maps . 

Data acquisition and data dissemination is assembled through the Option No. 9" and the 
Option No. 10" . Our PC forecasting system is connected to GTS network by the front-end 
computer VAX in the telecommunication center of the RHMS . Most of the observed data in 
Serbia are collected by radio-link. There are also several gauging stations with the 
automatic data acquisition system. The modem connection is used for the dissemination our 
reports, forecasts, bulletins and flood warnings . We also accept reports from the water 
management services by modem connection. For the telex coding and decoding there are 
automatic procedures . Files of hydrological and meteorological data are organized as direct 
access data base (binary coded, record = date). 

The Option No. 11" Graphical Support includes 3 sub-options : 

fff11twhne$~ri~sP1agrams .· :- :, 
tl~2~ ~tchil}eiitMips _· . . . 
nsJ~ neliiot;25 · · · 

The Option No. 11-1" plots the time series diagrams for the chosen period of time and the 
chosen catchment. 

H Com) 
QC m:i.,...-••a) 

OICT 

Fig. 4 . Sample hydrographs: river Danube, river Tisa and river Sava 

The Option No. 11-2* plots hydrographical map of catchments, with the gauging station 
network: basins of Danube, Tisa. Sava, Morava, White Drim, etc. 

The Option No. 11-3* gives the presentation of diagrams and maps using graphical 
animation program packages. 

The Option No. 12* consists of the system maintaming software: file back-up utilities, 
graphical and tabular data control and analysis (by records and by stations), the year-book 
reports , etc. Using this option data can be interchange with non real time data processing 
system; data can be prepared for model calibration and other purposes. 
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Fig . 5. Tisa river basin. 

CONCLUSIONS 

The main conditions for the efficient work of a hydrological forecasting service 
(A. Szollosi-Nagy, 1987), are : 

A well developed network of hydrological and meteorological gauging stations, 
Facilities for rapid and reliable communications in collecting and disseminating 
hydrological and meteorological information, 
Well documented hydrological and meteorological records with facilities for data 
processing, storage and rapid retrieval , 
A number of specialists available. 
Feedback information on the water management operations and flood protection 
systems such as reservoirs , irrigation and drainage projects. 

The PC System 'FORECAST' for the real time data collecting, data processing and data 
dissemination . in RHMS of Serbia has accomplished all of the main conditions for the 
efficient data management. 

The modern hydrological forecasting service must be in a permanent state of development 
and improving of system performances . 
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ABSTRACT 

This paper presents non real time data processing system developed in the Republic 
Hydrometeorological Service of Serbia (RHMS ) Non real time data processing system is a 
sub system of HYDROLOGICAL INFORMATION SYSTEM OF SERBIA (HIS) . 

System consists of the program package BALANCE linked to HYDROLOGICAL DATA 
BASE under UNIX operating system . The variety of computer programs for hydrological 

· data analyses are also developed including 'MCL' model (National HOMS component). 

Software characteristics , specific data processing methods, interconnection between system 
components , present state and future plans for system development are particularly stressed 
in this paper. 

DIE NICHTECHTZEIT- DATENVERARBEITUNG IM 
HYDROMETEOROLOGISCHEN DIENSTE SERBIENS 

ZUSAMMENFASSUNG 

Diese Arbeit praesentiert die im Dienste Serbiens entwickelte Nichtechtzeit­
Datenverarbeitung . Das System besteht aus dem Programmpaket BILANZ (Wasserbilanz) , 
das unter dem DOS entworfen wurde . Die Hydrologische Datenbase unter dem 
Operativsystem UNIX entworfen wurde BILANZ mit der Base verbunden ist. Auch wurde 
in der Abteilung die groessere Anzahl der verschiedenen Programme fuer die Analyse der 
hydrologischen Daten, eingeschlossen das Modell MCL (Reihenvervollstaendigungs- und 
-verlaengerungsmod f' ll ) entwidelt 

In dieser Arbeit wurd en insoesond ere Software charakteristiken, spezielle 
Datenverarbeitungsmethoden, gegenseitige Beziehung der Systemkomponenten sowie 
jetziger Zustand und kuenftige Plaene betont. 
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INTRODUCTION 

The intensive development of hydrological data acquisition techniques, data processing and 
data dissemination in RHMS of Serbia in past few years , resulted in adopting of new data 
processing methods and standards. 

Centers for data collecting and primary processing are Hydrological District Offices . All of 
the District Offices are supplied with personal computers with appropriate software for 
non real time data primaT}' processing. Data prepared in previously defined form are sent to 
central office of RHMS where data conversion and archiving has been done in the 
Hydrological Data Base (HDB) . Data can be send in remote way (diskettes) or by modems . 

1. PROGRAM PACKAGE 'BALANCE' 

Program package BALANCE for hydrological non real time data processing is designed 
under DOS operating system in FORTRAN language . 

Easy data modification is achieved through user dialog menus and panels for the 
input/output process. These panels make a program friendly, visually appealing, easy to 
learn, and easy to use. Input forms are prepared according to standard document formats 
used on field . 

Data are stored in direct access data base that enables fast data access and minimizes 
needed storage space . 
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Fig. 1. Sample charts for river Rzav : hydrographs , rating curve, and flow duration curve 
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Extensive graphical support is realized using Golden Software's GRAPHER software 
package . Programs are preparing data in the Grapher data format. Users can benefit using 
variety of Grapher's functions and drivers for different types of printers and plotters . 

System BALANCE consists of procedures -- programs that can be installed independently. 
Procedures are developed for: 

Processing of the discharge measurement data. 
Digitalization of water stage records . 
Discharge data processing (stage discharge relation), 
Water balance criterion control , 
Tables and graph processing, 
Year book out print. 
Import, export and format conversion. 

Digitalization program uses specific algorithm for sampling of continuous water stage 
records . Main goal of method used is to preserve data precision of original record using 
minimum data storage space. 
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Fig . 2 . Sample chart of limnograph at gauging station Kratovska Stena, river Z.Morava 

Water balance program offers graphical and numerical criterion control of monthly mean 
flows and total volume using flow duration curves . 

2. HYDRO LOGICAL DATABASE (HDB) 

RH MS H~ d ro l og1cal Ua t a Base pro.J ee! sta rt ed 111 1991. Database hardwa re and softwa re 
solution s a rc dctermrn ..:d h' ex perts from th e l11Sll tu te 'Vinc:i ' HDB enabl es sim ple and 
eas) modi fic ation uf all data collected tn database and uniform data utili za t io n for 
sta11st ical. ref' iOrtCli and o th er types of an;i lyses 

Databa se is a•:co mpli shed und er UNI X multi - user environme nt w ith PC 486 se rv er. 

The da tillias c 1s desi gn ed usin g OR.ACLE Compute r Aided Sys tem Engineerin g ( CA ~ E ) 

tool5 for syst em developm ent In march 1992 the hydrol og ical database was put rn effect. 
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The selected Relational DataBase Management System (RDBMS) is based on the structured 
query language (SQL) and offers the installation of database software on different 
platforms (such as IBM's mainframe system) . 

ORACLE RDBMS software enables work under multi-user environment . high data integrity 
and high system performances . 

ORACLE RDBMS manages user -- program dialog by menus . Data are entered in 
previously defined forms , fields. pages . blocks or through windows . All of the functions 
and queries can be realized simple and easy by menus, forms and views . User can retrieve 
needed data through queries using clauses , functions , expressions and operators . Almost 
every column in the data table can be used as a key. 

ORACLE RDBMS network software enables data and applications linking on different 
units and makes possible connection between different computer networks and operating 
systems . 

SUBSURFACE 
YATER 
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DEPOSITORIES 

WATER 
POLLUTION 

Fig. 3. General structure of Hydrological Data Base 

Hydrological Data Base HDB consists of 8 sub bases : 

Surface water 
Subsurface water 
Water quality 
Water supply structures 
Wells 
Springs 

·• Waste depositories 
Water pollution 

Surface water sub base includes basic network data and measured data : water level , 
discharge, suspended load, water temperature. as well as catchment characteristics: 
topographical and other. Cartographic catchment characteristics data base modules are 
defined in cooperation with Faculty of Civil Engineering, University of Belgrade according 
to recommendations of the FRIEND AMHY project. 
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Subsurface water sub base includes basic network data and measured data: water level 
and water temperature. as well as geological and hydrogeological aquifer characteristics. 

Water qualit} sub base includes basic network data and measured data: chemical, 
physical , biological and bacteriological water quality indices. More than 30 water quality 
indices are covered as well as 16 indices for highly toxic materials. Quality of surface 
water and quality of sub surface water are monitored. 

Water supply structures, wells, springs sub bases include basic and measured data: water 
level , discharge, water temperature , water quality , as well as aquifer characteristics and 
other characteristics depending of water supply structure specified. 

Waste depository sub base includes basic properties of potential water pollutant deposited. 
Depositories are classified due to hazardous materials deposited. 

Water pollution sub base includes basic physical. chemical, radioactive, biological and 
bacteriological waste water indices . Data for different types of pollutant originated from 
industries as well as municipal wastes are collected. 

3. HYDROLOGICAL ANALYSES 

Hydrological data base HDB offers simple and uniform data utilization for different needs 
mainly in water resources management and legislation. RHMS experts have carried out 
number of hydrological analyses and studies of flood flow, mean flow and low flow 
characteristics as well as suspended load transport characteristics using HDB's Surface 
Water sub base as a powerful tool. 

RHMS experts had developed own software solutions for: 

Duration curves, double mass curves, 
Unit hydrograph analyses, 
Frequency distribution analyses of one and two variables, conditional probability 
analyses, 
Regression and correlation analyses, 
Multivariate AR(l) model for stream flow simulation, 
Model for Completing and Lengthening 'MCL ', AR(l) multivariate model for 
completing of missing records (National HOMS component). 

Statistical analyses of precipitation records are used to determine flood flow from natural 
and urban areas . Methodology for flood flow analysis based on unit hydrograph theory and 
SCS method for effective precipitation computation has been adopted. 

Envelope curves for flood flow are constructed based on statistical analyses of flood flows 
records for more than 130 gauging stations in the Republic. 

Low flow analyses are carried out to determine regime of critical flows and measures that 
have to be taken in order to preserve water quality. The areal distribution of low flow 
characteristics is used to compute critical flows for remote areas. 

The regional analysis was carried out to compute mean flow and specific discharge 
distribution . 
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Fig. 4 . Reliability of meeting water demand 
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Fig . 5 . Flood flow frequency analysis 

This paper presents an overview of hydrological non real time data processing in RHMS of 
Serbia. The role of the Surface Water Sub Base of the Hydrological Data Base in water 
resources analyses and water management is particularly stressed. 

Efficient computer system for distributed hydrological non real time data processing is 
made . All procedures of the program package BALANCE are developed in RHMS allowing 
further improving and modification . New version will be designed under Windows 
environment sharing data via computer network with UNIX HDB server . 

Next step in HIS building is development of Geographical Information System. GIS will 
enable direct access to areal data such as topographic maps, pedological maps and other 
thematic maps needed for regional hydrological analyses . GIS will provide graphical user 
interface for HDB making it more user friendly . 
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NOTES 
•sco UNIX V/386 3.2v2 .0 Software License Agreement Serial No. ltd 566459 
•ORACLE RDBMS V6.0.27 .9.3 Software License Agreement Contract No . SLA-83/FY92 
•Golden Software GRAPH ER V 1. 79 and SURFER V4 . J 5 are subject to Software License Agreement. 
•Microsoft MS DOS. Fortran \15 . I and Windows are subject to Software License Agreement. 
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Summary 
With regard to the problems due to reducing of the budget 
available for monitoring, as well as the need to ensure some 
activities have not been performing till now, a new optimization 
of the hydrological monitoring networks seems to be necessary. In 
paper, there is mentioned an analysis of this problematics in 
Slovakia and some measures being applicated, too. 

Optimierung der hydrologischen Uberwachungsnetze in Slowakei 

Kurzfassung 
Unter Berucksichtung der Probleme mit der Kurzung des zur 
Uberwachung bestimmten Budgets and mit Rucksicht auf die bisher 
nicht eingefuhrten Tatigkeiten ist eine neue Optimierung der 
hydrologischen Uberwachungsnetze notwendig. Der Beitrag enthalt 
eine Analyse dieser Problematik fur den Fall der Slowakei und 
erlautert die Massnahmen, die in dieser Hinsicht getroffen 
wurden. 

I. INTRODUCTION 

Hydrological monitoring has been performed in Slovakia since 
1865 when regular observing of the water stages on the Danube in 
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Bratislava and Komarno began. Further development can be 
characterized by gradual transition also in the sphere of the 
groundwaters and water quality in the last decades. In the recent 
years there can be indicated some basic problems in result of the 
general transformation of society towards the democratic basis, 
changes of the institutional and economic relations, change of 
the role of the state in the sphere of the water management and 
environmental policy. The network optimization tasks in the past 
could be practically solved without regard on for instance 
economic aspects - at the present times a multitask solution is 
demanded. A substantial reduction of the budgets and their 
restructuralization are the main causes of the network 
optimization process which takes place at the present. 

2. THE MAIN ASPECTS OF MONITORING SYSTEMS 

The Slovak Hydrometeorological Institute provides monitoring 
activities in the spheres of hydrology (both quantity and quality, 
surface and ground water, regime and operational), meteorology, 
climatology, air and environment protection. Individual systems 
operate separately, their interaction on the level of the central 
database is relatively limited. In the sphere of the hydrological 
monitoring there are distinguished subsystems as follows: 

a) Surface water quantity - regime monitoring 
506 hydrological locations are monitored in Slovakia. Water 

levels, temperature and ice phenomena are monitored. Flow 
measurements are carried out on a regular basis in order to 
update the stage-discharge relations. At most locations paper 
water-level recorders have been installed. 

b) Surface water quantity - operational service 
The main concern of the operational centre is the prediction 

of water levels and discharges along the Danube river and other 
important rivers in the Slovak Republic. There is 76 prognostic 
stations (52 equipped by remote automatic facilities). Various 
forecasting techniques are applied to increase the reliability of 
the prediction. Depending on the alert warnings are sent out 
regularly. 

c) Ground water quantity 
The ground water monitoring network of the Slovak Hydro 

Meteorological Institute includes 1908 locations (1392 boreholes 
and 516 springs) .There are 140 locations with automated 
instruments, while the remaining locations are observed by 
volunteers. Measured variables include ground water level (bore 
holes), yield (springs) and water temperature. The frequency of 
observation ranges from continuously (water-stage recorder) to 
hourly for automated instruments and weekly for the remaining 
objects. 
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d) Surface water quality 
The surface water quality is monitored at 295 river 

locations. The samples are taken and analyzed by the Water 
Boards. The parameters are: 4 physical/chemical indicators, 4 
characteristics of oxygen content, 11 characteristics of mineral 
content, 8 nutrients or characteristic of nutrients, 7 specific 
and nonspecific organic ppllutants, 1 sulfide, 10 heavy metals, 8 
specific pollutants-radioactivity, 3 biological indicators, and 6 
microbiological indicators. A monthly sampling frequency is 
maintained at most locations. Surface water is divided into five 
classification categories according to water quality. 

e) Ground water quality 
Altogether 294 ground water monitoring stations are listed 

for Slovakia. Sampling frequency is 2/year for all determinands. 
Number of specific determinands in different determinand groups 
are: 4 physical/chemical indicators, 5 characteristics of oxygen 
content, 16 characteristics of mineral content, 5 nutrients or 
characteristic of nutrients, 51 specific and non-specific organic 
pollutants, 2 specific inorganic pollutants, 15 heavy metals, 1 
specific pollutants - radioactivity, 7 biological indicators, and 
11 microbiological indicators. 

3. EVALUATION OF MONITORING SYSTEMS 

An optimization of quantitative hydrological network was 
performed for several times in the past. Actual location of the 
stations is a result of a long-term development, during which 
various aspects of the societyns needs were taken in account. The 
main goal was to realize demands of the water management. A great 
attention was paid to the continuity of the observation series 
and their homogeneity. Before including of the stations into 
regular network a stage of a detailed aim-oriented measurements 
usually took place. 

In the sphere of the surface water quantity monitoring 
network can be stated relatively high representativeness and good 
data quality. Maintenance of the field stations is demanded but 
not very expensive. The local registration on computer medium is 
still incipient. Investments being prepared for registration 
equipments will substantially change the situation. Processing of 
the hydrological materials is of a satisfactory quality. 

The operational stations network of the river system is 
prevailingly equipped by automated stations with remote 
transmission in real time. Deficiently seems to be obsoleteness 
and the break-down rate of the automated stations. This year has 
began a process of the replacement of the stations for the 
stations of a new type which conform to demands also for the data 
registration both for regime observations and operational tasks. 

In the sphere of the groundwater monitoring there still does 
not exist quite satisfactory representativness of the location. 
The greatest problem is presented by the network maintenance. 
Many of the bore holes are very old and investments for their 
reconstruction are very high. The only automated is the ground 
waters registration in the area of the water power plant 
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Gabcikovo and on the Zitny Island as a whole. 
Although a relatively high amount of money goes for the 

surface waters quality monitoring , the obtained results do not 
seems to be adequate ones. The network is very extent and the 
list of the monitored parameters is nearly constant and extent in 
all river profiles. There is not distinguished the basic network 
which ought to fulfill demanded needs of the trends monitoring 
and the standards testing from the network specially controlling 
only certain group of the specific pollutants. Still there has 
not been monitored quality of the suspended solids and river bed 
sediments, as well as quality of the living organisms . Also the 
screening process for analysing the occurence of parameters 
unincluded into the list of the standard packet has not been 
implemented on the regular basis. As the emission principle of 
the pollution monitoring is a subject of the legislative solution 
it is necessary to prepare a reconstruction of the network . 
Emission control monitoring systems require direct monitoring of 
the waste water discharges and specific methods of analysis of 
the samples. A greater attention has to be paid to the sampling 
problem from the point of view both of the representativeness in 
the river profile and time. Of a great importance are also 
technological discipline during the transport and conservation of 
samples. 

In the sphere of the ground water quality monitoring are in 
force most of comments mentioned in the case of surf ace water 
quality. 

4. ACTUAL MEASURES 

Reduction of the SHMI budgets in 1993 and 1994 nearly by 
50 % in comparison with the 1991 budget in real price units, 
unevitably had to be demonstrated in the monitoring stations 
reduction, too . Operational costs for networks monitoring 
quantity are relative low. Because of this reason and also with 
regard to relatively high effectiveness we have reduced these 
networks only by approximately 10 % since 1993. In reduction both 
the ground water and surface water quantity monitoring networks 
we followed criteria as follows: low hydrological 
representativeness 
- unconvinient technical conditions 
- existence, resp. implementation of the automated stations . 

In the sphere of the water quality monitoring which is very 
expensive there was necessary to reduce not only the total costs 
but al so to redistribute the rest costs to ensure development 
also of activities have not established till now. This shift 
could not been realized at once, it is of a long-term character. 
I n 1993 there was realized a first stage: - first but very small 
reduction of the number of the stations 

excluding of the monitoring of six general parameters in 
semi-real time mode (three times weekly) . The 
monitored parameters are not representative for the water 
quality situation in a river basin. Two automated stations for 
continual monitoring of these parameters have been put into 
operation 
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- reducing of the frequency from monthly to 
parameters ( first of all of micropollutants) 

quarterly in some 

In 1994 there have been continuing the further reduction of 
the number of the stations, parameters and frequencies. However, 
there was put into the operation monitoring of the suspended 
solids quality and in less extent of the river sediments, too. 
Anyway there was implemented screehing of relatively very high 
number of pollutants in the Nitra basin. In the sphere of the 
ground water quality monitoring ; the stations were divided into 
small group for monitoring in full extent of parameters and big 
one with very reduced list of parameters. Performing of the 
complete analysis of this reduced group in case of indication of 
the summary parameters exceeding (for instance NEL, AOX, and so 
on) is taken in account . 

CONCLUSION 

An aim of re-evaluation 
partially to consider reduced 
monitoring and on the other 
financial means for ensuring of 
performed till now. 

of the monitoring stations is 
amount of money available for 

hand to redistribute a part of 
activities which have not been 
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Die Erstellun~stechnologie von langfristi~en 
landesweiten Frilhjahrsabflussvorhersa~en fUr 
Flachlandeinzugs~ebiete mit verschiendenen 

Zeitdauern 
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Kurzfassung: Das lan~fristige Frbhjarsabflussvorhersage­
system flir das FlachlandesRebiet der Ukraine ermtiglicht 
Abflusshbhen und HBchstwassermenRen mit verschiedenen 
Zeitdauern und raumlicher Detaillisierung vorherzusagen. 
Mittels der erstellten Mehrvariantentechnologie werden 
die Uorhersagefriste, Zeitdauer, Eintrittsdatenumfangs 
und Stufen der raumlicher DetaillisierunR berUcksichtigt. 
Automatische Darstellungen von UorhersageerRebnissen auf 
der Karte erlauben die Abflusswerte sogar fur unbeobachten­
de Einzugsgebiete abzuschatzen. 

The technology of long - term area spring runoff 
forcastinR with various earliness. 

Summary : The long - term forecasting system of spring 
runoff for plane territories gives possibility to have 
forecasts of runoff depth and maximum disharge.This 
forecasts may be issued with different earliness and area 
detailization. This many-variant technology permits to take 
into account the dates of forecast issues, information 
volume and levels of area detailization. 
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1.EinleitunQ 

Die Uorhersagen der FruhlinQsabflusse. die ein 
Hauptteil der Wasserbilanz in der LandesQebiet von der 
Ukraine betragen sind , haben aktuelle Bedeutung infolge der 
Wasservorratsbegrenzung. · 

Das ausarbeitende lan~fristige Frtihlin~sabflussvorher­
saQesystem erlaubt verschiedene Abflusswerte wie Abflussh~­
hen und HochstwassermenQen fur die EinzugsQebiete irn Flach­
land von Ukraine und Weissrussland zu bekommen. Auf 
diesem Territorium befinden sich die EinzuQsgebiete von den 
FlUssen Ober-, Mittel - und Niederdnipro, Pripjat,Siwerskij 
Donez, Sudlicher Bug. 

Das Uorhersagesystem hat die MBQlichkeit; Abflussh~hen 
und Hochstwassermengen mit verschiedenen Zeitdauern und 
raumlicher DetaillisierunQ vorherzusaQen, einschliesslich 
auch der radiumverunreinigten kleinen Einzugsgebiete auf 
dem Polissja-Gelande. · 

Fur das Flachland von Ukraine sind unstandige 
Winterwetter und ver~nderliche FrilhlinQswetter 
kennzeichnend. Es kommt vor . dass ein Fruhlingshochtwasser 
um vieles kleiner als ein Winterhochwasser ist. Das 
geschieht fast jeder Winter infolge der h~ufigen Tauwetter 
c5 - 10 Mal in Winter). 

Das veranderliches 
SchneeansammlunQsvorQanQe 
beeinflusst. 

Temperaturregime· . wird 
erschwert und Bodenzustande 

2.Methodische und mathematische Uersor~ung 

Die Grundlage dieses Systems ist . rnathematische 
Abflussrnodell "Sloj-2". In der Untersuchung wird die 
Wasserbilanzmethode angewendet. welche an die empierische 
Abh~ngigkeiten des AbflusshBhe von den Schneevorr~ten, 
Niederschlag814 Luftemperaturen der Schneeschmelzperiode und 
Kennwerten des Einzugsoberfl~chenzustandes QeQrUndet. 

Die Schmelzwasserverluste sind in der Moldell durch den 
Abflusskoeffizienten berechnet. Nach der Modell werden 
die Anderungen der Winter- und Fruhlingsprozesse auf dem 
Einzugsgebiet modelliert und GrBssen der Winterhochwasser 
und Schmelzfruhlingsabflusse eingeschatzt. Die Bewertung 
der Dynarnik der Wasserspeicherung im Boden und an der 
Einzugsoberflache, Tiefe der Bodendurchfrierung wird s ich 
unter Berucksichtigung von dem Einfluss der Tauwetter und 
veranderlichen Wasserbeckenr auminh a l ts erful lt. 

Dabei i st es mo g- 1 i eh ni ch t nur 8e iJ bachl1rnt;c: c1a ltn, 
sonder n ei ucn durch Mode l l ie ru ntJ in l.at;licher1 Zeitspa nn en 
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errechneten Angaben auszunutzen. Es handelt sich um 
HasserQehalt der Schneedecke. Tiefe der Bodendurchfrierung 
und Bodenfeuchtigkeit. Fur das Landesgebiet von Ukraine, wo 
jedes Winter die Tauwetter geschehen, errechneten Angaben 
sind mehr sicher. 

Ein Sthneedeckenwassergehalt S wird laut taglicher 
Niederschlage seit dem Winteranfan~ durch die folgende 
Formel berechnet: 

+ r~ + P.3 - L he - z I 1 I 
feste Niederschlage in einer Winterperiode, 
feste Niederschlage in einer Schneeschmelzperiode, 
flUssige Nieders~hl~ge in einer Schneeschrnelzpe­
riode, 
Wasserabgabe aus dem Schnee in alle Tauwetter, 
Uerdunstung in einer Wintersperiode. 

Die Bodenfeutigkeit W wird folgenderweise berechnet: 

~l = W o + Ll W 1 + [llH i / 2 I 
wo Wo - Bodenfeutigkeit nach letzter Herbstbeobachtung, 

~W 1 - Uer~nderung der BodenfeutiQkeit von letzter 
Herbstbeobachtung bis zum Anfang der Schnee­
ansammlung aufs Wassergebiet, 

~Wi - ErganzugsbefeuchtunQ des Bodens fur alle Tau-
wetler. 

Ins Modell wird FrilhlinQsabflussh~he durch die Formel 
aus15edruckt: 

H='2CS+P)-£iH+Ho /3/ 
wo ~ Abflusskoefizient, 

P - Niederschl~ge in einer Fr~hlingsperiode, 
~H - Oberflachenretention, 
Ho - Grundabfluss. 

Der Parameter~H ist der Einfluss van Uerh~ltnissen der 
Einzuggebiete auf die Abflussverlusten berlicksichtigt 
Cz.B., die Neigung, Uersumpfung, Uerwaldigkeit, kunstliche 
Abflussregulierung uswl. Dieser Parameter wird nach den 
AbhanQigkeiten, die zonale Landschafsverhaltnisse der 
Einzugsgebiete verallgemeinern. berechnet cPalissja-Gelande, 
Steppe, Haldsteppel. 

3.Erstellungstechnologie van Uorhersagen 

Dl e Proz esse van der Abflussformierun~ wurden in die 
Mcd e l1sLr uktur f~r die ape rativen Berechnungen bes chrieben. 
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Fur die Systemverwirklichung wird die 
Mehrvariantentechnologie ausgearbeit , die Uorhersagefriste , 
Zeitdauer, Eintrittsdatenvolum und Stufen der raumlicher 
Detaillisierung berUcksichtigt . Dabei ist es m6glich eine 
ununterbrochen Abflussuorhersagung seit erste n 
Februardekade mit stufenweise Genauigkeitsuerbesserung der 
Uorhersagen ausgefuhren . 

Das langfristige Fruh jar sabflussvorhersagesystem 
schliesst einen Kornplex der pro gramierten Mittel ein, die 
eine Auswahl , Aufschreiben , Analyse , Korrigierung der 
Dalen, Berechnung und Uorhersageerstellung der Abflusshlihen 
und Hochstwassermengen mit verschiedener Wahrscheinlichkeit , 
gewahrleistet werden . 

Zwei Haupteinheiten dieses Systems AUTOPOL und SLOJ 
stellen die Programmen dar: 

-flir die Auswahl der Eintrittsdaten aus operativen 
hydrometeorologischen Basissatzen ; 

-fur das Aufschreiben der Oaten in dern Eingangsrnassiv 
des mathematischen Modells: 

-fur die Berechnung rnit Hilfe des Modells und 
automatische Darstellung von Uorhersageergebnissen auf 
der Karte. 

Der programierte Komplex AUTOPOL erm5glicht Auskunfte 
VOID Zustand der Basisdaten auszunutzen, notige Uolumen der 
meteorologischen Gr~ssen einzunehmen und korrigieren . Durch 
den programierten Komplex SLOJ ermoglicht eine Bewertung 
des Eintrittsdatenzustandes, die Korrigierung abgesonderter 
Massive zu verwirlichen . Es gibt auch die Mfiglichkeit flir 
die Beschreibung des Entwicklungsganges der Prozesse , die 
sich auf dem Einzugsgebiet wahrend der Winterperiode 
ereignet . 

Die Eintrittsdaten des Modells sind tagliche Mittel­
und Maximaltemperaturen, Niederschlage laut der 
Standardbeobachtungen von 1. November bis zur Uorhersage­
oder Berechnungfrist und auch Bodenfeuchtigkeit nach der 
Her bstende. Meteorologische Kenngrossen fur die Zeitdauern 
werden als Warscheinlichkeitswerte vorgestellt. 

Uor der Uorhersageerstellung werden folgende 
Kenngrossen,wie Dauer der Schneeschrnelzperiode und 
FrUhlingsabflusse, Schneeschmelztemperatur, Niederschlage 
in dieser Periode und Niederschlage wahrend der 
Fruhlingsabflussperiode, in die Basissatze von BASPOL 
eingetra~en, van wo diese Parameter ins SLOJ ausgew~hlt 
werden konnen. 

Die Hauptvorhersageerstellungen werden 15-30 Tagen vor 
dern Scheeschmelzbeginn verwirklicht. Der 
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Eintrittdatenumfang schliesst die Beobachtungen aus der 100 
Meteostationen ein. 

Auf Grund obergenaunten Eintrittdatenumfang werden 
landesweite Abflussvorhersagen fur Gebiete mit 
Qemeinsamen Flachen 380000 COber-, Mitteldnipro), 90000 
CSiwerskij Donez), 64000 km~csudlicher Bug) vorhergesagt. 
Dabei ist es moglich auch die Abflussvorhersage fur 
kleinere Einzugsgebiete emit Flachen5- 10 km~) zu erstellen, 
das soQar fUr Fruhjarsabflussvorhersage in verunreinigten 
Gebiete auf dem Polissja-Gelande CTschornobylzone) 
ausQenutzt wird. 

Um die Uorhersagewerte noch Qenauer zu haben. kann man 
ihre Erstellung nach der Schneeschmelze ausfUhren, 

Das oben beschriebene Modell wurde Seit 1989 im 
Fruhling jedes Jahres erprobt. Die Eintreffung der 
Uorhersagen mit Zeitdauern 30-40 Tagen betragt 80-95/.. 

Automatische Darstellungen von Uorhersageergebnissen 
auf der Karte erlauben die Abflusswerte sogar fUr 
unbeobachtende Einzugsgebiete abzuschatzen. Diese Moglich­
keit kann man die Berechnungen flir Anflillungsregimes der 
kleinen Wasserbehalter ausnutzen. 
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Abstract 

---""""/'~ 

For making forecasts at the outlet of the Bohemian part of 
the Elbe River basin, the MUFSYS-4 modelling system has been 
selected. Its structure allovs to include various modelling 
techniques. Fol loving a complex river formation of this part 
of the Elbe River, the APIC rainfall-runoff model, the PACK 
snov model and the TDR diffuse-translation model vere 
applied. This paper presents some of the problems vhich were 
met vhen validating these models . 

Zusammenfassung 
FUr die Berechnung der Vorhersagen im Schluapegel an der 
tschechischen Elbe vurde ein Modellierungsystem MUFSYS 4 
benut2t. Seine Structur ermoglicht verschiedene 
Modelltechniken ein2ugliedern. In den kompli2ierten 
Fluabedingungen dieses Teiles des Elbe vurde ein 
Niederschlag-Abfluamodell APIC, Schneemodell PACK und 
Transformations-modell TDR ausvahlt. Dieser Beitrag 
ski22iert einige Problemme mit velchen die Prognostiken bei 
der Kalibration der Modellen aufstoaen muaten. 

1 . Introduction 
The MUFSYS-4 forecasting system CMultipurpose Unsteady Flov 
Simulation System) has recently been a subject of interest 
and it has been studied by many hydrological forecasting 
centres in Bohemia. It concerns a modelling system al loving 
to combine, for a given territorial unit, various modelling 
techniques in such a vay that the runoff from lhe entire 
basin is determined as precisely as possible. The Elbe 
River, for which MUFSYS has been applied, drains nearly 
entire territory of Bohemia and, in terms of the Elbe Basin 
as a vhole, it covers ils upper part vith lhe area of over 
50 OOO km2. The forecasting model performs functions of 
a river basin with a number of components representing river 
reaches vilh relevant subbasins, folloving the complex 
structure of the river network in lhe Elbe River basin. 
A modular structure presents lhe system vith features of 
a versatile hydrological construction set, a quality that 
vas important al a lime of deciding how lo apply the model 
for the Elbe Basin. In the first phase, the system vas 
applied separately at five particular territorial units with 
a possibility of their future interlinking. In effect, it 
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meant to find an optimum set of parameters for each of the 
invesligaled basins. Afler introducing lhe forecasting 
version of the model al the central office, where forecasts 
are being prepared for the closing section of lhe Elbe River 
al the Usti n. Labea sile, it vill be possible lo include 
the other four systems into the basic outline and lo 
increase the lead lime of lhe forecast. 

2. Modelling techniques applied 
In the MUFSYS-4 •odelling system applied for simulation and 
forecasting water discharge, the following modelling 
techniques were used: 

APIC model - for siaulaling rainfall induced runoff 
PACK model Anderson's snowaell aodel based on 

energy balance equation 
TDR model - for transformation of channel water movement 

The APIC aodel includes: 
8 paraaeters of the so-called seasonal quadrant 
5 paraaelers of rainfall quadrant 
1 parameter of retention quadrant 

Purpose and mathematical expression of relationships between 
these parameters are given in (4). Initial parameter values 
of the APIC rainfall-runoff model were estimated using 
a computeri2ed optimi2ation of the coaxial correlation 
parameters, by which 25 subbasins on the territory of the 
C2ech Republic were analy2ed with results serving as 
analogues also for other basins. 
The Anderson's PACK snow model (1) contains approx. 20 
parameters that can be iniliali2ed through physiographic 
characteristics of the basin and using meteorological data 
collected from a netvork of climatological stations vhile 
following the model description, which is sufficiently 
straightforward. The fol loving are the main parameters: 

UADJ effect of average wind speed above the snow cover 
SCF rainfall correction factor 
MFMAX maximum snowmelt factor 
MFMIN minimum snovaelt factor 
SI average water equivalent corresponding to snow 

Secondary 
NMF 
TIMP 
PXTEMP 

PLWHC 
MBA SE 

DAYGM 

layer covering the entire basin 
parameters are as follows: 

maximum negative snowaelt factor 
antecedent temperature index 
temperature at a boundary between rain and 
snowfall 
capacity of snow cover to contain liquid water 
basic snowmelt temperature at periods vithoul 
precipitation 
snovmelt amount at a boundary between snow and 
soil 

The TDR diffuse-translation aodel comprises Lhe fol loving 
parameters: 

C channel water velocity km/h 
K diffusivity ka2/h 
D river section length km 

The principles of the diffusion 
procedure to specify the parameters 
For the Elbe River subbasins, the 
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are referred Lo in (2). 

relevant paraaeLers for 



parlicular seclions vere derived from lhe average hydraulic 
and geomelric characlerislics of Lhe channel. These v~lues 
vere calculaled or eslimaled from longiludinal and cross 
seclions. The average velocilies were delermined by using 
Lravel Lime curves. A Lhree layer TDR model vas applied in 
all Lhe basins, lhal is, Lhe parameters vere determined for 
low, medium and high discharge. 

3. Model structure 
A simulation version of Lhe HUFSYS-4 forecasting sysLem is 
operated by the C2ech Hydromeleorological InsLiLuLe for five 
LerriLorial units. 

PL2EH 

Fig. 

~ in 1 eL 
O ouLleL 
C> conLro 1 s i Le 

~external input APIC, C%Q>, PACK 

STRUCTURE OF THE RIVER NETWORK FOR HUFSYS-4 
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The fol loving table presents some of the basic data. 

RIVER OUTLET IINTERBASINI NUMBER OF 

I 
TOTAL 
AREA 

NO.OF 

'RIVER I AREA I PRECIPITATION I 
I I [ k•2] SECTS. I Ckm2 l GAUGING 

CTDR) C API> STATIONS 

BEROUNKA BERO UN 2428,8 7 476,5 3 
1195 4 

SAZAVA CONFLU. 4349,2 9 794,3 3 
WITH 625,5 3 
VLTAVA 1519,3 4 

348,5 2 

JI ZERA TURICE 2159,2 2 791,0 I 3 
509, 1 I 3 

LABE PRELOUC 3710 9 660 

I 
4 

850 4 

I.. I I 12200 4 
I I I USTI N. L. 9458 I 9 621,6 I 4 

I 
2023,4 

I 
4 

5063,4 9 
865,5 2 

I 630,7 I 2 

I I I I 253, 1 I 2 

Validation procedures for particular modelling techniques 
vere not identical for all of the basins. The firsl trials 
comprising the rainfall-runoff relationships and snovmelt 
processes v ere made for small, homogeneous unils. 
A transformation procedure vas, on lhe olher hand, applied 
for l arge basins. The relevant results vere subsequently 
used in lhe MUFSYS-4 modelling system. 

4. Input data 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

I 
I 
I 

For eslimalion of lhe relevant parameters, a recent 30-year 
series of flood hydrographs vith peak discharges over 
1/2-a-year flov vas used . Precipitation data vere obtained 
from the netvork of precipitation gauging stations, lhat is, 
for simulation purposes from those stations vhere data vere 
available only for past periods , or, from a nelvork of 
reporting stations for real-lime dala. Based on lhe 
frequency of reporting, lhe stations can be classified as 
regular vilh daily reports giving precipitation depths for 
every six-hour intervals, regular vith daily reports shoving 
24-hour precipitation depths, and finally sites vith 
i rregular reports giving data al a lime of exceeding 
a limit. Stations vilh a possibility of automatic 
transmission of data are not, so far, operated by the C2ech 
Hydrometeorological Institute. One of the advantages of the 
system is a possibility of not restricting lhe input, data lo 
a single lime interval , as lhe missing data are 
aulomalically interpolated. 
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5. Assessment of results 
The simulation results were not al all identical, and the 
individual experts had different criteria for their 
assessment. The basic forecasting system and the principal 
site al Usl1 n. Labem (indicated by a thick line in Fig. 1) 
were tried by validating lhe TDR model. The inflow from 
interbasin was estimated, in the first phase, as one per 
cenl of inflowing discharge. In the second simulation phase, 
this lateral percentage increment was replaced by inflow 
calculated by the APIC model rainfall-runoff procedure. The 
obtained results appeared inaccurate. The main reason was 
found in incorrect eslimalion of runoff from lhe effective 
rain. The effects of lhe basin transformation function, 
modifying subsequently a shape of the runoff hydrograph into 
ils final form, are rather limited and the results have 
clearly indicated lhal wilhoul a relatively precise 
determination of lhe rain-related runoff, il is nol possible 
lo arrive lo the required shape of the hydrograph by 
changing parameters of lhe diffusion-translation equation. 
A similar conclusion was formulated by an experl operating 
a forecasting system of the Berounka River, where the 
identical procedure had been applied - the rainfall-runoff 
procedure had been employed after validation of the TDR 
model, however, results from the APIC model were al the same 
level with those using a percentage increment. For the upper 
and middle Elbe Basin with a closing site al the Prelouc 
locality, parameters of the transformation and 
rainfall-runoff models were estimated simultaneously . The 
final results vere the besl of all of the investigated 
territorial units, the simulated discharge al the outlet 
filled well the observed values, so the model for that basin 
appeared applicable. 
The first trials with a rainfall-runoff model combined with 
a snowmell procedure were made for a mountainous basin of 
lhe Ji2era C790 km2) and for the Sa2ava River running 
through a hilly lands region. The results of simulations of 
flood flow resulting from snowmell on lhe Ji2era River were 
surprisingly good, results for lhe other river were nol as 
much successful. In subsequent experiments, the lwo basins 
were incorporated inlo a model which was sel for entire 
basins and lhe parameters were estimated on the TDR model 
for summer flood flows. The longest uninlerrupled 
invesligaled period - 4.5 months was represented by floods 
in 1965. In terms of snow accumulation, it concerned the 
most significant recent period, when there was snow cover 
laying, lo a high degree, also in lowlands in Bohemia. 
A drawback of this period was unsyslemalic measurement of 
water equivalent of lhe snow cover, so il often had lo be 
estimated from available analogous data. Simulations for the 
two basins were made in lwo versions - with all of lhe data 
available from the hydrological and climatological observing 
networks (their number was al least double of those given in 
the table) and with exclusively those input data which would 
be available in the operation stage Ctheir number is given 
by the table). The flows simulated while using a network of 
operational stations were usually higher (by 5 lo 25 %). An 
intercomparison is shown in the following figure. 
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Conclusions 
Based on the available results, it is clear that out of the 
above mentioned modelling techniques applied in the Elbe 
River forecasting system, lhe least suitable one appears to 
be lhe APIC model. !ls suilability·vas demonstrated for 
small basins, particularly for those vhere lhe runoff vas 
jusl being formed. Relatively promising results vere reached 
by simulations of long uninterrupted periods, if lhe 
simulation started al lov-flov periods. Hovever, for 
inhomogeneous regions, lhe simulations did not bring lhe 
expected results, as vas lhe case vilh periods vilh 
high-intensity initial rainfall. For continuing experiments, 
a possibility comes into consideralion of replacing lhe APIC 
model by a more suitable rainfall-runoff relationship. 
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Um die Nutzbarkeit der Abflussvorhersagen in der Karpa­
tenregion zu erhohen, wird man methodische Grundlagen fur 
ihre Erstellung in landesweiter Form verwendet. Mit dieser 
Ziel wird zwei mathematische Fruhjahrsabfluss-Modelle aus­
genutzt, die im Zusammenhang funktionieren. Die Modelle 
errechnen Abschatzungsgrossen der Wasserabgaben fur die 
bestimmten Hohenzonen auf Basis von meteorologischen Mess­
werten und stellen sie in raumliche Abbildung. Deshalb 
gibt es die Moglichkeit Zuflussfullen zu beliebigen Fluss­
strecken oder Flussquerschnitten vorherzusagen, wo sogar 
Beobachtungen abwesend sind . 

Abstract 

Spatial spring runoff forecasting 
in a mountain country on the basis of 

mathematical modelling 

For a value heigthen of water runoff forecastes is used 
methodical basis for their composition in a spatial form . 
With that end in view two mathematical models of spring 
runoff employ which function in the interrelation . The mo ­
dels calculate water yield data at the appointeed high-zones 
on the basis of meteorological observation and represent 
theirs in the spatial form. Therefore it is possible to 
obtain of the inflow forecastes to any stretch or profil of 
a river even if the hydrological measurement is absented. 
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1. Einleitung 

Fur die Vorhersagen der Hochwasserabf lusse werden Metho­
diken verschniedener Strukturen mit konzentrierten oder 
verteilten Parametern genutzt. Aber dabei kann man sie meis­
tens nur fur Flussquerschnitten erstellen, wo die entspre­
chenden Messungen geflihrt werden. Aus der praktischer Sicht 
sind der Wert und die Anwendbarkeit solcher Vorhersagen 
begrenzt, weil es fur mehrere Bedurfnisse, insbesondere in 
Gebirgsregionen bei Siedlungsschutzmassnahmen, notig ist, 
Information und Warnungen entlang einem Flusse zu haben. 

Befriedigende Losung dieser Aufgabe kann man auf Grund­
satzen der landesweiten Abflussvorhersagen beruhen. Solches 
System ist fur die Fruhjahrsabflussvorhersagen im Fluss­
gebiet von Tyssa innerhalb der Ukraine-Grenzen bereitge -
stellt (d.h. fur die Flusse Obere Tyssa, Tereswa, Rika, Bor­
shawa, Latoryzja, Ush). 

2. Methodische Grundlagen 

Zu methodischen Grundlagen des Vorhersagesystems wurden 
mathematische Modelle SLOJ-3 und SNIH-3 gebraucht /1-3/. 
In den Modellen sind die Prozesse der Fruhjahrsabflussfor­
mierung, die auf dem Flussgebiet sich ereignen, so schema­
tisiert, dass sie durch die Standardbeobachtungen zu be­
rucksichtigen ermoglichen. Die Strukturen dieser Modelle 
schliessen Eigenheiten der Abflussbildung, die den Karpaten 
-Einzugsgebieten eigen sind: vertikale und landweite Veran­
derlichkeit der hydrometeoroligischen Grossen, oft gesche­
hende Tauwetter. 

Auf dem Medell SLOJ-3 stutzt sich kontinuierliche Mo­
dellierung den ganzen Winter der Dynamik der Bodendurch -
frierungstiefe, Bodenfeuchtigkeit, Schneeansammlung und 
-schmelze wahrend jedes Tauwetters. Erhaltene Angaben wer­
den als Eingangsgr~ssen fur die langfristige FiGhjahrsab­
f lusshohenvorhersagen gebraucht. 

Abf lussgangvorhersagen wahrend Tauwetter und Fruhjahrs­
schneeschmelzen werden mittels des Modells SNIH-3 erstellt. 
Dieses Hodell hat drei Subsysteme, die folgende Prozesse 
vorstellen: Schneeschmelzen, Tauwasserabgaben, Abflussrege­
lungsvorgange durch Einzugsgebiete und Flussnetze, Wellen­
ablaufe in Flussstrecken. 

Beide Modelle funktionieren im Zusammhang. Erhaltene 
durch SLOJ-3 vor Beginn einer Fruhjahrsschneeschmelze Anga­
ben dienen zu kurzfristigen Vorhersagen mittels SNIH-3. 

3. Technologie der Systemanwendung 

Der Anwendungs prozess dieses Vorhersagesystems besteht 
aus foldenden Verfahren. 

(a) Fur die langfristigen Abflussfullenvorhersagen wird 
geschatzt 

- Wasserabgaben im Fruhjahr fur Beobachtungsstellen 
unter Berucksichtigung wahrscheinlicher Niedersch­
lage, 
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Wasserabgaben im FrGhjahr fGr bestimmte Hochzonen, 
- Mittelabflusshohen fur Flachen, die an bestimmte 

Flussstrecken grenzen, und entspechende Zuflussmen­
gen, 

- Abflussfullen in Querschnitten. 
(b) Fur die kurzfrictigen Abf lussgangvorhersagen wird 

in jeden 6 Stunden berechnet 
- Wasserabgaben fur bestimmte Hochzonen, 
- Wasserabgaben fur bestimmte Flussstrecken, 
- Transformation erhaltener Wasserabgaben und der 

Abflusswellen mittels Einflussfunktionen (Impul-
san two rt). 

Fur die Bewertung der Parameter der Einflussfunktion /4/ 
kann man folgende Gleichungen benutzen: 

(a) fur Oberflachenabflusse 

ref = 1 . oo ~ = 0.041 - 0.085!+ 2.20 

(b) fur Unterflachenabflusse 

'Z2 = 3. 00 
n = {O . 131 - 0 . 115 I + 2 . 4 O , 

2 
5.650 - 0.1151, 

wo 1 - Flussstreckenlange, km 
I - Flussgefalle, %0 . 

4. Beispiele 

1 < 25 

1 ~25, 

Das erste Beispiel (Abb.1,Tabelle) zeigt die Anwendungs­
ergebnisse des obergenannten Systems fur die Vorhersage der 
Fruhjahrsabflusshulle entlang dem Fluss Latoryzja. 

Aus der Abbildung 2 ist es klar zu sehen, wie die Hoch­
wasserwelle in den Flussabschnitten wechselt (der Kurzfrist­
vorhersage nach). 
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Zuf lussvorhersage im Fruhling 1878 langs des Flusses 
Latoryzja 

Inflow forecast in spring 1978 along Latorycia 

Entfernung vom Ursprung des Flusses 
Kenn-
we rte 0 10 20 30 40 50 

A F 135 135 125 120 120 
berechnete 

Hs 140 150 162 160 135 
Hq 140 145 150 152 151 
v 18 38 59 78 96 

AV 19 20 20 18 18 
gemessene 

Hs 153 
v 41 

Entfernung vom Ursprung des Flusses 
Kenn-
we rte 50 60 70 80 90 

A F 120 410 120 110 110 
berechnete 

Hs 105 80 48 18 
Hq 151 132 126 120 112 
v 96 138 147 153 155 

AV 18 42 9 6 2 
gemessene 

Hs 102 
v 141 

Anmerkungen. 

AF - Zunahme der Einzungsgebietsflache (km 2 ) 
Hs - Mittlere Abflusshohe auf der Flussstreckenflache (mm) 
Hq - Abflusshohe am Flussquerschnitt (mm) 
V - Abflussfulle am Flussquerschnitt (Mio m5 ) 

hV - Zunahme der Abflussfulle (Mio m3
) 

Annotation. 

AF - increases of the catchment area (km2 ) 
Hs - mean runoff depth on the area of stretch of the 

river (mm) 
Hq - runoff depth in the prof il of the river (mm) 
V - runoff volume in the profil of the river (mio m3 ) 
~v - increases of the runoff volume (mio m3) 
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ABSTRACT 

The model HBV is applied in the Forecast Department of the Republic 
Hydrometeorological Service of Serbia since 1988. Software is gained as WMO HOMS 
component (author Bergstroem, S., D.Sc. SMHI, Norrkoeping, 1976). Model is applied on 
sub basins of the river Drina, river Kolubara and river Morava (catchment area from 500 to 

5000 km 2 
). 

The PC System 'HBVB' based on the original HBV package is developed in RHMS. System 
enables additional functions for easier model calibration, runoff simulation and 
forecasting. System uses the graphic and the mapping software packages, the interactive 
(menu) communication software, and the self-made data processing software. In this paper 
we put an accent on the optimization methods used for calibration of model parameters. 

DIE OPTIMIZATION, DIE SIMULATION UND DIE 
VORHERSAGEAUSARBEITUNG MIT DEM 'HBVB' SYSTEM 

IM HYDROMETEOROLOGISCHEN DIENSTE SERBIENS 

ZUSAMMENFASSUNG 

Das HBV-Modell brachte man in der Vorhersageabteilung ab 1988. zur Anwendung. Das 
Software wurde als eine WMO-Komponente erhalten, ( der Verfasser dr. S. Bergstroem, 
SMHI, Norrkoeping, 1976). Das Modell ist bis jetzt auf die Unterflussgebiete der drei 

Fluesse: Drina, Kolubara und Morava angewendet (oberflaeche von 500 bis 5000 km 2 
). 

Das auf dem originellen HBV-Paket grundlegende Computersystem "HBVB" ist im 
hiesigen Dienste entwickelt. Das System ermoeglicht zusaetzliche Funktionen fuer eine 
einfachere Kalibration der Modellsparameter, die Simulation der Abfluesse und die 
Vorhersageausarbeitung. Das System benutzt graphische und kartierende Software -
Pakete, interaktives Kommunikations - Software und selbsthergestelltes Software. In dieser 
Arbeit wurden die Optimisationmethode fuer die Kalibration der Modellparameter betont. 

187 



INTRODUCTION 

Basic act1v1t1es in the hydrological service in real time include data observation, data 
collection, data processing and forecasting. Program system 'HBVB' is a part of real time 
data processing system. 

The System 'HBVB' consists of the independent procedures that enable the efficient and 
simple parameter file access, data manipulation, data processing and the graphic 
presentation. 

Program System HBVB is designed under DOS operating system in FORTRAN language. 
Input and output files are ASCII coded. For graphic support the Golden Software's package 
GRAPHER is used. The Golden Software's package SURFER is applied for map viewing. 

Procedures are developed for: 

Data input processing (hydrological and meteorological) 
• The model parameters overview 

The model state overview 
The model parameter optimization 
The runoff simulation 
Graphical support 
The runoff forecasting 

1. OPTIMIZATION OF MODEL PARAMETERS AND STREAM FLOW 
SIMULATION 

In this section we will describe the methods for model parameters opt1m1zation. The 
iterative method used consists of two steps. The first step is the identification of the region 
of the optimal solution for selected pair of parameters. STEP and MAP procedures are used 
first for evaluation and mapping of criterion function . 

1• llCPUT I OUT1UT OVllllUllll 
z- PMllN!'U FILE OUBllUIEll 
3• STATE IKITIALIZATIOll 
4• -TD SELllCTIOll 
5• sru OPfl"IZllTIOll 
6• HILLCl,Jlll llBntOD 
7• IUMTIOll C1lllUE 

B• SCA11'Ell PLOT 
9• KODEL HllU 
18• c:MPH ICS 
11• stJl.Rl 

Fig 1. Main selection panel for HBVB system 

In the second step automated procedure for multivariate function optimization is used. 
Steps are to be repeated successively until optimal solution is reached. 
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The STEP method is a simple search method. Values of criterion function are determined 
in the grid points of two dimensional space. The initial grid size and limits selected can be 
changed in the next step of the search. inquiring criterion function near the local extreme. 

The MAP method is based on the output grid from the STEP method. The surface of 
criterion function can be mapped in 2 or 3 dimensional space . For the graphics 
presentation of criterion function the TOPO or SURF program are used . 

. 1 kB r-ec::-alon coel'r i.cl•nt tor up,.,. aur. 

. Z 1<1 rec:m ion coetriciawt for u.pper- sone 

. 3 k2 ~lon coelflclewt for Joure,. xone 

. '4 att) •pper tone l latt 
, S pcoc ,..rcolation fl'"Olll u.p .. r W lc:M9r s,o,.. 
. 6 Wt.a ~.,,. ht sail f"OUtine 
. 7 FC rlell .,..,..est,,, 
. 8 ~lt ~ton of p,.....e;tplUUon 4u1e to elau.aUon 

9.18 csr ·-- fall corr.et.ion f•c1.or 
11.12 oclt •~d.eirr-ee factor for s"NJW .elt 
13 .14 1:t tllre:dtold tet.perat.aare hi .,.,.. routine 

. 15 pcorr preclplt..'t.ton COl"l"flC'ttoft factor 

. U> cfr ....C~inv !..::tor 

.17 CMh wa't.er coll'tent ift •now ~ka,r 

. 18 lp1.ofc Ji,..it to,. ,at.ential e-u.pol"'ation/fiel• e.apaci'ty 

.19 IW.Xh..u: tt111e \.a•e in t.ran.tCl:7"'ailtlon lu..cthm 

.28 t.e&Jt ~t..u.r. corl"'9Cti.on clue 1.o •l•v.at.ion 

Fig 2. Selection panel for STEP and HILLCLIMB method 

For automatic optimization the ROSENBROCK HILLCLIMB method of maximization of 
multivariable nonlinear functions subject to non linear inequality constrains is used. This 
method is based on the Rosenbrock sequential search technique (1960). Methods assumes a 
unimodal function. Several sets of starting values for the independent variables should be 
used if it is known that more than one minimum exists , or if the shape of the surface is 
unknown . 

Fig. 3. Criterion function represented with contour lines 

To make the methods user friendly, set of programs is developed for selection of model 
parameters. as well as initial step size, starting values and constrains input. 
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In both methods weighted combination of numerical criteria is applied for criterion 
function . The basic set of criterion is selected according to Operational Hydrology Report 
on the WMO Project on lntercomparison of Models of Snowmelt Runoff. 

100 

- CBSER\/ED 
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DISCHARI'.£ 
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- PO>ECIPITATION 
- l'EM"ERATI..RE 

Fig . 4 . Simulation plot for river Zapadna Morava at station Kratovska Stena 

The iterative method of optimization is find to be the most efficient. The Step method and 
the Hillclimb method are used successively leading to optimal solution. Parallel to criterion 
control, visual inspection of hydrograph, scatter diagrams and duration curves is applied. 

...... ... .. 
0 - C9SER\/ED ( ..:l/ol 

Fig .5 . Flow duration curve and scatter diagram for river Zapadna Morava (3000 km 2 
) 

The model has been calibrated in a semi-distributed version for sub basins of the river 
Drina, the river Morava and the river Kolubara. 
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The river Zapadna Morava (3000 km 2 
) catchment was divided into five sub basins of area 

from 250 to 900 km 2 
. Sub division was necessary because of the non-homogeneous 

topographic, geologic , pedologic and climatic catchment characteristics . Sub models with 
two to five elevation zones are used accounting different precipitation and snow melt 
regime . Five precipitation and temperature stations are used as well as three stations for 
evaporation data. On this catchment there are two automated precipitation station and one 
automated hydrological station for on line hydrological forecasts purposes . 

Model is found to be robust giving excellent results especially for snow melt runoff. 

Fig . 6. The river Morava catchment 

Model is used for the discharge simulation as well as the data quality control considering 
possible origins of simulation errors : 

input data errors (stage, precipitation, temperature. evaporation) , 
rating curve errors (extrapolation errors, rating curve shift) . 

It is also possible to use model calibration techniques for the optimal design of the 
precipitation <treal network. The optimal design is a system design based on the selection 
or combination of all pertinent variables so as to maximize some objective function with 
the requirements of the design criteria. 

2. FORECASTING WITB MODEL HBV IN RHMS 

The forecasting procedure is incorporated in the real time data processing system 
FORECAST. Forecasting procedure uses direct access data base. Choosing the Model HBV 
from FORECAST's main menu new menu will be enabled: 

Morava Basin 
Drina Basin 
Kolubara Basin 
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After selecting the river basin, next selection menu will be given : 

Forecast 
Model States 
Model Parameters 
Graphical Support 

In the option Forecast there is an input menu for Quantitative Precipitation Forecast 
(QPF) and air temperature fields forecast. Forecasts for up to ten days are given as areal 
averages . 

The option Model States enables changing of initial values of soil moisture, snow 
accumulation, melted water in snow or water storage in lower and upper zone . 

T he option Model Parameters gives an overview of the calibrated model parameters. 

The option Graphical Support enables graphical overview of input variables , observed, 
simulated and forecasted hydrographs as well as model states . 

Updating of simulated discharges is made using manual - interactive procedure on the basis 
of 15 to 30 simulated values before the forecasting period . Adjustment can be done either 
by the correction of input variables (rainfall or snow melt) or by changing model state 
variables . 

CONCLUSIONS 

T he HBVB system in RHMS of Serbia based on original HBV software enables additional 
fu nctions for more efficient model parameter calibration . STEP, MAP and HILLCLIMB 
procedures facilitate the process of the parameter optimization, still relationship between 
them must be taken into the consideration. 

Forecasting procedures enables on-line data processing and dissemination. Forecasting a re 
made up to ten days ahead on the basis of QPF. Automated updating procedures will be 
incorporated in the new version of system . New version of the PC S~· stem 'HBVB' will be 
in C language with user dialog designed in Visual Basic or SDK for Windows. 
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Abstract: The operational procedure for the prediction of the daily 
dischc ,,i ~e!:> ' s made of three components: 

a simulation model for the water runoff propagation on the 
characteristic river sectors (non-linear model type transfer function) 
for which the inputs are obtained with the help of some graphic 
correlations and of some simple mathematical relationships; 

- an up-dating method (necessary for using the procedure in real 
time ) which allows to correct the simulated discharges over the entire 
prediction interval on the basis of the errors between the simulated 
discharges and those recorded on the hydrometric forecasting station; 

- a series of simpler prediction methods in the sections what 
are the inputs in the simulation model. 

In the work, the application of the procedure for the prediction 
of the daily discharges with 5 days anticipation on the river Mure~ is 
also presented. 

OPERATIONSVERFAHREN ZUR PROGNOSE DER TAGLICHEN 
WASSERMENGEN 

Kurzfassung: Das Operationsverfahren zur Prognose der tag lichen 
Wassermengen ist aus zwei Bestandteilen zusammengesetzt: 

-ein Modell zur Simulation der WasserfluBpropagation in 
charakteristischen FluBabschnitten (ubertragungsfunktionsarti-ges, 
nicht lineares Modell ) , fur das die EingangsgroBen mittels 
graphischer Korrelationen und einfacher mathematischen Beziehungen 
erhalten werden; 

-eine Wiederaktualisierungsrneeethode notwendig zur 
Echtzei tanwendung des Verfahrens ) , die eine Korrektion der im ganzen 
Lauf der Prognosezeit simulierten Wassermengen aufgrund der 
Abweichungen ermoglicht, die zwischen den simulierten und den in der 
hydrornetrischen Prognosewarte registrierten Wassermengen auftreten; 

eine Serie von einfachen prognostischen Methoden in den 
Abschnitten die Eintritte in dos simulation Modell bilden. 

In der Arbeit wird auch die Anwendung des Verfahrens zur 
Prognose der taglichen Wasssermengen mit einer Vorhersage von 5 Tagen 
auf dem Mure~-FluB vorgesstellt. 

193 



INTRODUCTION 

The operational procedure for the prediction of the daily 
discharges is made of a simulation model of the runoff 
propagation and an up-dating method for the simulated 
discharges, at which a series of simpler prediction methods 
is added in order to increase the prediction anticipation 
period. 

THE SIMULATION MODEL 

The Muskingum model elaborated by McCarthy (1935) and 
presented in the work (xxx, 1960) is one of the expedite 
procedures frequently used in practice for the flood waves 
propagation in the river beds. 

The processing of the propagation process with the 
help of the systems theory leads to an improvement of the 
classic Muskingum model because it gets a better 
flexibility in the numerical simulation of the different 
practical cases of the runoff propagation. 
The behaviour of a river reach from the point of view of 
the runoff propagation can be approximated with that of a 
linear system of the Muskingum type (Fig. 1) described by 
the state equation: 

k(l-x) dQd +Od = 0 -kx d0a 
dt - ~ dt (1) 

where {2a, Qd are the affluent and the deffluent discharge 
respectively, of the river reach; k, x- model parameters; t­

time. 

Q, P SIMPLIFIED PREDICTION Qa SIMULATION Qd UP-DATING Qp 
METHOD MODEL PROCEDURE 

Key: 
Q, P - Hydromeleorological date. (discharges, precipitation. elc) 

Qa - Affluent hydrogre.ph 
Qm ,Q d, Q p - Deffiuent hydrogre.ph: mesured, simulated and pre dieted 

Fig. 1 Operational procedure for the 
prediction of the daily discharges 

According to the linear systems theory, the output of 
the system is given by the equation: 

t 

Qd(t)= f (1(-c)h[t-i:,{2a(i:)]d't (2) 

0 

where h[t-i:,Q0 (1)] is the ordinate at the moment t-i: of the 
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nucleus function of the system, corresponding to the 

affluent discharge ~(~). 
For a system of the Muskingum type the nucleus 

function is (Dooge, 1973) : 

h(t) = _x_o(t) + 1 e k(l-x) ( 3) 
x-1 k(1-x)2 

where o(t) is the Dirac function. 
Because the input and the output of the system are 

known over discrete time intervals, the equation (2) 
becomes ($erban & Corbu$, 1987): 

m 

Qd(m 6.t) = 6.<I,. Qi (i ~)U;[(m-i + l)l\.t], m = 1,2,. .. ( 4) 
i=p 

for j = 1 

l /jJ ]2 j /jJ :t 1- e - k(l-x) e - k(l-x>, for j = 2, 3, .. . 

(5) 

p= {
l, ifm$n 

m-n+ 1, ifm > n 

where 2J(m ~) is the ordinate at time m L\.t of the deffluent 

simulated hydrograph of the river reach; ~(n1L\.t) - affluent 
mean discharge over the time interval [ (i-1) M, i M]; 

U;[(m-i+l)6.t] - the ordinate at time (m-i+l)6.t of the nucleus 
transfer function of the system at an unitary impulse 

~(i 6.t) evenly distributed over the time interval M; n­
number of ordinates of the transfer function. 

The nucleus function U U 6.t) of a Muskingum type system 
has 2 parameters k and x. The first parameter represents 
the duration of propagation of the discharges under 
permanent regime and it is variable, in terms of the 
affluent discharge on the river reach, and the second one 
shows the attenuation degree of the discharges. 

With the condition that the ordinates of the nucleus 
function should be positive, there results that the 
parameters of this one should accomplish the following 
restrictions: 
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/),./ . /),./ 

x ~ 1 + ( ) ' 1f - < 1 
k ln 1- /).t k 

k 

x < 1, 
. /),./ 
1f-~l 

k 

( 6) 

The use of the equation (4) and (5 ) in the calculation 
of the runoff propagation offers some advantages out of 
which the following can be mentioned: 

the extension of the variation field of the 
parameter x from [0 + o~5J to (-~ + 1) which, with the help 
of the systems theory gives to the Muskingum solved model a 
larger flexibility of the calculation of the numerical 
simulation of the runoff propagation of the inferior 
reaches of the rivers with great easily flooded meadows; 

the k parameter can be considered as variable in 
terms of the discharge propagated by the river reach; 

- the preservation of the affluent flood wave volume 
over the considered river reach. 

CALIBRATION OF THE SIMULATION MODEL PARAMETERS 

In order to calibrate the parameters of the daily 
discharges prediction model, the topology scheme of the 
hydrographic network has been first carried out implying 
the division of the water flow into characteristic reaches. 
This division has been dictated by the Mure$ river 
configuration over the considered reach (Glodeni-Nadlag) as 
well as by the position of the prediction sections where 
there are hydrometric stations, taking into account at the 
same time the hydraulic and geometric characteristics of 
the Mure$ bed. The prediction sections taken into account 
are: Targu Mure$, Ludu$, Ocna Mure$, Alba Iulia, Acmariu, 
Gelmar, Brani$ca, Burjuc, Savar$in, Rodna, Arad and Nadlag. 
The confluences of the main affluents Niraj, Lechin~a, 

Arie$, Tarnava, Ampoi, Sebe$, Strei and Cerna have also 
been taken into account . 

Although the remaining parts of the basin between the 
hydrometric stations taken into account are not explicitly 
modelled , their influence is indirectly taken in the 
calculation, by introducing the up-dating procedure. 

The optimum values of the parameters of the simulation 
model have been determined by the propagation of some 
typical cases of discharge hydrographers occurred. 

UP-DATING PROCEDURE 

The simulation model is entirely based on the upstream 
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discharges (measured and estimated) without taking into 
account the discharges recorded at the downstream 
hydrometric station where the prediction is carried out. In 
order to use this model in real time it is necessary to 
elaborate an up-dating procedure which, based on the errors 
between the simulated discharges and the discharges 
recorded till the moment of the prediction elaboration at 
the downstream hydrometric station, should allow a 
correction of the simulated discharges over the entire 
prediction interval. 

The up-dating procedure used (Ferral, 1983) is 
differently applied for the increasing and decreasing 
branch of the hydrograph simulated at the downstream 
hydrometric station. 

For the increasing branch, the following relationships 
are used: 

Qp(t + 1) = Q111 (t) +[~(t + 1)-Qd(t)]C(t) (7) 

( 8) Q P ( t + 2) = Q P ( t + I)+ [ Qa ( t + 2) - Qa ( t + I) JC ( t + 1) 

0.5::;; c::;; 2 
For the decreasing branch, 

are used but in this case the 
calculated as follows: 

C(t) = Qm(t) 
Qa(t) 

0 (t + 1) 
C(t + 1) =-~'--P __ 

Qd(t + 1) 

(9) 

( 10) 

(11) 

the relationships (7)- (8) 
correction factors C are 

( 12) 

(13) 

were Qm(t-2), Qm (t) are the discharges measured at moments 

t-2 and t respectively; Qd(t-2), Qd(t), Qd(t+l), Qd(t+2) - the 
simulated discharges at the moments ~2, ~ t+l and ttl 

respectively; Qp(t + 1), Qp(t + 2) - the predicted discharges at 

the moments t+l and t+2 respectively; C(t), C(t+l) 
correction factors at moments t and t+l respectively; t­
moment of the prediction elaboration. 

PREDICTION ELABORATION 

In order to elaborate the prediction the following input 
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data are necessary: 
the measured and the predicted discharges at the 

hydrometric station at Glodeni; 
the measured and the predicted discharges at the 

hydrometric stations considered on the main tributaries of 
the Mure$ river; 

- the measured levels at the hydrometric stations on 
the Mure$ river. 

SIMPLIFIED PREDICTION METHODS 

In order to increase the prediction anticipation the 
operational procedure has been completed with some simple 
prediction methods in the sections that are inputs in the 
simulation model, namely: the trend method (used in the 
recession phase of the hydrograph, when precipitation 
and/or snow melting is not expected) the multiple linear 
regression method (used when the recorded and /o r predicted 
precipitation are known). 

CONCLUSIONS 

The operational procedure for the prediction of the daily 
discharges made of a simulation model of the runof f 
propagation, an up-dating method of the simulated 
discharges and some simpler prediction methods, gives good 
results at its application in real time, especially during 
the first 1-4 prediction days. 

The intervention of the forecasting hydrologist in 
establishing the most probable predicted values is 
especially important. 
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Abstract 

Usually. in the case oflong reaches they are divided into some Sl1breaches. the routing 
procedure being applied Sllccessively on each subreach from upstre<im to downstream. Still it should be 
noted that the intennediary calculated hydrographs are not known Thus it will be necessary to e:-q)fess 
the outflow of ;1 reach divided into n-subreaches as a function of the upstream and downstream meaSltred 
\ 'alues of discharges. 

A successive theoretical routing. based on the Mnskingum relationship was applied. obtaining 
an e:...1ension of the Muskingum method in the case of n-subreaches ~ a mathematical model for 
p<lrameters calibration. as well as some case shldies are also presented 

Ausweitung des Muskingum-Modells im Fall von n Teilabschnitten 

Zusammenfassung 

In der Praxis wird im Fall von Jangen FluBabschnitten die Berechnung der Fortpflanzung 
Sl1kzessive. in der FlieBrichtung fortschreitend. fiir jeden einzelnen Teil<lbschnitt dnrchgefiihrt. 
Trotzdem muB bemerkt werden. daB keine MeBwerte der Durchflufimengen fiir die so berechneten 
Zwischemnengenkmven zur Verfiigung stehen. Deshalb ist es notwendig. die fluBabwarts auftretenden 
Wassermengen des in Teilabschnitte aufgeteilten Abschnittes abhiingig von den Mefiwerten der 
Eintritts- und Anstrittsmengen des Absclmittes auszudriicken. 

Dmch die sukzessive. mittels der klassischen Muskingum-Beziehung dnrchgefiihrte 
Berechrnmg der FortpflanZ11ng. wurde eine Ausweillmg dieses Modells auf den Fall von n 
Teil;ibschnitten erhalten: ebenfalls werden auch ein mathematisches Modell fiir die Eiclumg der 
Parameter sowie Anwendungsbeispiele vorgestellt. 
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1. Theoretical and practical bases: 
The Muskingum routing method gives the outflow Cf.; of a river reach as a convex linear 

combination between the upstream inflows Q; and Q_J and the downstream discharge 

Cf.;-J at the previous moment. 

( 1 ) 
where: 

c0 + c, + c, = I ( 2 ) 
and besides these : c

0 
2:: O; c, 2:: O; c, 2:: 0 . 

The coefficients c0 , cJ and c2 depend on the travel time T of the flow in steady state 
through the considered reach, depend on the attenuation parameter 8 as well as on the 
chosen time step!::,,,t: 

c0 = c0 (T, 8, /::,,,t) ; CJ =CJ (T , 8, /::,,,t); c2 = c2 (T, 8,1::,,,t) ( 3 ) 
The /::,,,t routing period must respect the stability Courant condition (P . Serban and 

others-1989) : 
l 

/::,,,t ~T=-
7J 

where u is the velocity of the wave and I is the length of the reach. 

( 4) 

If the /::,,,t routing period is too small considering T, the outflow from the 
downstream point is evaluated before the !Ugh flood reaches trus point. Due to this fact, 
at the beginning of the computation the first downstream values could result negatives. 
This type of instability risk is practically eliminated if /::,,,t is nearer to T. At a limit it can 
be taken equal to this one (Ven Te Chow, 1964) : /::,,,t == T; /::,,,/ ~ T . 

On the other hand, M is chosen on the condition to define adequately the 
increasing branch of the flood hydro graph: 

M ~ ( ± + *) t.. ( 5 ) 

where t .. is the !Ugh flood increase period. 

Thus, conflicting requirements for the /::,,,/ time step could result : on one hand it 
must be small enough considering t,., and on the other hand it must be near enough to T. 
This apparent contradiction can be solved if the travel time acceptable from the stability 
conditions of the flood routing (thus implicitly the length of the computation reach) is 
dependent on the M time step, chosen on the condition (5) : 

T = T (M); I=/(/::,,,/) ( 6) 
The more is the !::,,,t time step small the less should be the travel time T 

respectivelly the length I of the computation reach. 
If the travel time T between the gaging stations is greater than !::,,,t, a reach of length L 
must be divided into n subreaches, where: 

n=[:,+os] (7) 

the routing being accomplished successively on each subreach from upstream to 
downstream. 

Still, it is to be noted that the (n-1) intermediary calculated hydro graphs cannot 
be validated in any way because the recordings are only at the upstream and downstream 
ends of the reach of len!:,rth L. 
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Thus, the downstream outflows must be expressed considering the inflows 
measured at the upper most point of the n subreaches . That implies the extension of the 
Muskingum model for repeated runs of the routing relationship ( l ). 

2. The description of the mathematical model. 
In this model the relation ( l ) is considered as a multiple linear correlation. The 

coefficientsc0 , c1 and c2 represent the weight of the discharges Q;, Q;_1 and <J;_1 m 
determining the discharge 'i.;. 

At first, the case of two river subreaches (AB and BC) is taken into account. 
The relation ( 1 ) can be written thus : 

Q~=a1·Qt+b1·Qt-1+C1·Q~-1 (8) 
and 

Q'. ' = a1 ·Q~ +b2 ·Q~-1 +c2 ·Q'.~1 ( 9) 
where A, B and C represent the corresponding points, a 1, h1, c1, and a 2 , h2, c2 , are the 
coefficients of the equation ( l ) concerning the two routing subreaches . 

The term Q~1 from the relation ( 9 ) can be obtained from the relation ( 8 ) 
replacing the subscript i by i-1; 

Q~1 = a1 · Q~1 + h1 · Q.:2 + c1 · Q~2 ( 10 ) 

Combining equation ( 8 ) and ( 10 ) with equation ( 9 ) gives: 

This result can be written as follows : 
Q/' = a QA + f3 Q.~1 + y Q~2 + 8 Q~2 + e Q~1 ( 12 ) 

If the flood travel time from A to B is equal with that from B to C and 
approximately equal with the routing period Af : 

/ AB = / B<' = f1t ( 13 ) 
then the discharge Q.~2 = Q8 (i 11t - 2 Af) passed through the point C to the former step 
and thus can no longer influence the outflow from the section C at the moment i. 

If the coefficients a J3, y, 8 ,e from the equation ( 12) are considered as weights 

then it is clear that Q.~2 weight is either very near to zero or even negative 
That means the routing relation, in the case of a reach made of 2 subreaches, 

becomes: 
( 14) 

Making a similar calculus for a reach composed of3 subreaches (AB, BC and CD) 
the relation will be as follows : 

Q[) = a Q/ + f3 Q~I + Y Q~2 + 0 Q~:; + £ Q~:; + <p Q.~1 ( J 5 ) 
Following the same reasoning to the fonner one, the weight that corresponds to 

the discharge Q~, (which needs a time roughly equal to 2Af to get in the section D) is 
practically zero. 

Thus, in the case of 3 subreaches, the routing relation becomes : 
Q/J = a QA + f3 Q~l + y Q~2 + 8 Q~, + <p Q~I ( 16 ) 
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It can be observed that the downstream outputs from the point D is expressed only 
according to the upstream inputs of the reach (point A) and to the downstream output at 
the former moment 

Returning to the initial marking, by means of a generalisation, in the case of a 
number of n subreaches the following relation results 

n~ l 

q, = co<J, +c1<J;-1 +c1 <J,_~+ ... + c,,(l,_,, +c,,+1lf1-1 = I., c.1 (l,_, + c,,+1Cf1-1 : 
1 = (1 

c > 0 
J 

( ] 7 ) 

It is to be remarked that fo r n= 1, the relation ( 17 ) is transformed into the relation 
( 1 ), applied for a single reach . 

In the calibration stage the first coefficients c
1 

could result negatives which means 

that the corresponding inputs do not effectively influence the current downstream 
discharge . 

In such cases, the relation ( 17 ) will be written . 
n=k+i. 

o="°'cO .+co c . > 0 (18 ) 1 1 ~ J ~1-1 n+l 1 1-I J 

The number k represents the delay index, and A shows the number of terms taken into 
account. 

The relation ( 18 ) represents the extension of the Muskingum model for flood 
routing in the case of a reach divided into n subreaches without a considerable 
contribution of the tributaries 

3 . A Mathematical Model for the Parameters Calibration 
The relation ( l 8 ) is considered like the relation ( l ) - as being a multiple linear 

correlation. Their coefficients are obtained respecting the condition that the sum of the 

square deviations from the calculated values of CJi (noted in the following by cl ) and the 

measured outputs q;m should be minimal. 

In the case of the relation (1) the objective function is written: 

(min) Z1 = I.,Cq,< -q.m; 2 C 19) 

or even: 

(min) z; = J_ ±(q' -c/)2 = ~ l .z 
N i-1 I I N J 

Replacing q; with q;·, in the relation ( 1 ) we have : 

q;' = c
0 
.Q +c, .Q_, +c

2 
.q;~ , 

The function ( 1 9 ) becomes minimal in the conditions : 

( 19') 

( 20) 

qi" :::: {j;m ( 21 ) 

Taking into account the relation ( 21 ) the following approximation can be 
accepted : 

qi'~1 :::: qj"'_] ( 22 ) 

This approximation is necessary in the relations ( 20 ) and ( 19 ) in order to avoid 
recursive formulations of the calculated downstream output (Drobot, 1987) Thus the 
objective function Z 1 becomes : 

(min) Z1 = I.,(cj,"" -qn2 = I.,(c0Q +c1Q_1 +c2q;':.1 -q;") 2 
( 23) 
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The coefficients c0 , c1 and c2 can be obtained either by equalling to zero the 

derivatives of the function Z1 and by solving the obtained linear system (the classic 

optimisation), or by means of an algorithm of nonlinear programming 
In the case of this model the constraint ( 2 ) is no longer used assuring thus a 

greater elasticity in the choice of the parameters values . The runs for various real cases 
lead to sums of the coefficients between 0.98 - 1.01 so close enough to unity. The 
difference to the unity represents percentual losses of the high flood wave in the main 
floodplain (infiltration, stagnation, evaporation etc .) or inputs from minor tributaries . 

In the case of n subreaches the objective function is as follows : 

( min J Z,, = t. (q; - q~ J' = t. [ ,,~;~·iQ_, + c,,.,q,~, - q~ J ( 24 ) 

or 

( 25 ) 

The unknown elements are the coefficients c1: , ct+i , . . . , en , cn+i, all the other 

values (the downstream and upstream discharges) being known 
To minimise the function Zn or z;, any of the two approches previously shown 

can be used : the classic optimisation or the nonlinear programming. 

4 Validating the model 
Using a registered input hidrograph at Orofteana station on the Prut river in 

Romania, the "mesured" outputs were calculated considering four subreaches with 
different parameters along the reach 

c
0 

= O. 2 c0 = 0 .3 c0 = 0. 1 cc;· = 0 .4 

I CJ = 0.4 II Cj = 0.2 III Cj' = 0.3 IV Cj" = 0.3 

c2 = 0.4 c;_ = 0.5 c:; = 0.6 c;-· = 0.3 

By using the classical Muskin,gum model for one reach, the obtained coefficients 
did not all respect the non-negativity condition: c0 = 0. 201; c1 = -D. 065; c2 = 0. 885 . 

Repeated runs considering two, three and finally four subreaches were performed; 
finally the following routing relation was accepted: 

qi = C, · Q~, + ('3 · QH + C, · QH + C, · qH ( 26 ) 
where: c2 =0.075;c3 =0.040;c4 =0.186;c5 =0.736. 

The computed hydrograph after calibration and the "measured" one are almost 
superposed (Fig. l .a). 

The flood registered in april 1982 on the same river on the reach Orofteana­
Radauti was also tested. The flood travel time is about 22 hours; for a routing period 
Af=4 hours and 5 subreaches the routing equation is : 

qi = c3Qi-3 + C4Q_4 + C5Q;_5 + c6qi-I ( 27 ) 
were: c3.=0.208;c4 =0.105;c5 =0.204;c6 =0.415 . 

A graphic representation of the input hydro graph, respectively of the measured 
and calculated output after parameters calibration is given in Fig. 1.b. 
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Fig 1. - Reach discharge hydrographs considering n-subreaches 
a) downstream fictional case; 
b) april 1982 flood on the reach Orofteana-Radauti 

5. Conclusion 
The proposed model is an extension of the Muskingum relation, useful when the flood 
travel time is greather than the routing period ill. The number of subreaches into which 
the reach is divided depends on the ratio TI ill. 

The convex linear combination which expresses the output as a function of the 
former inputs into the reach and the previous output is the relation ( 17 ) or ( 18 ), the 
non-negativity condition for all the coefficients having to be satisfied. 
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The results of short term forecast (one, two and three days ahead) for one 
section of the river Danube are presented in this paper. Basic assumptions of 
model DLCM (Discrete Linear Cascade Model) have been applied for the 
operational forecasting of discharge data. Basic model parameters have. been 
optimized: n (number of resevoirs) and K (travel time storage coefficient). 
Stochastic part of the model using autoregressive scheme has t>een defined by 
AR(2,l) model. Kalman filter has been also applied for real-time parameter 
updating and forecasting . 

DIE KURZFRISTIGE VORHERSTAGE FUR DIE DONAU 

ZUSAMMENF ASSUNG 

Die Resultate der kurzfristigen Vorhersage (l-tagig,2-tagig, und 3-tagig) auf 
einem Segment des Donau-Flussgebietes sind in diesem Artikel gegeben worden·. 
Die Grundvoraussetzungen des Model! DLCM (Diskretes lineares Kaskaden-Modell) 
sind auf die operationelle Vorhersage des Durchflusses angewendet worden. Die 
grundsatzlihen Parameter des Modells sind optimiert worden: n (die Nummer des 
Speichers) und K (Koeffizient des Laufwegs des Wasservolumens). Der 
stochastische Teil des Modells ist mittels der Autoregression bestimmt 
worden, und ist durch Model! AR(2,l) beschrieben. Flir die Prognose und 
Korrektion der Parameter des Modells in der Realzeit, wurde der Kalman-Filter 
angewendet. 
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INTRODUCTION 

In the practice of operational hydrological forecasting the main problem is 
the real-time forecast of runoff. A vast number of different forecasting 
approaches exist and the decision on their selection should be based mainly 
on · physico-geographical conditions of the basin and the rivers. The 
availability of necessary data from networks and possibility of applying 
appropriate computational techniques are important factors, too. 

The River Danube receives several major tributaries in the southern part of 
the Pannonian Basin surrounded by the Ca'.rpathian Mountain~ . Predominantly 
flat area, absence of small tribl,ltaries and · considerable lateral inflow make 
flood routing the most feasible technique to be applied for the river flow 
forecasting in this area. One of the flood routing techniques is . the Discrete 
Linear Cascade Model (DLCM) given by A.Szoll6si-Nagy (1982) which presents 
the discretization of the continuous Nash cascade model. The principles of a 
state-space modeling are used. Discretization of the continuous process was 
basic prerequisite to use Kalman filter as digital filtering technique for 
real-time parameter updating and forecasting . 

The objective of this paper is to present the results of applying coupled 
deterministic-stochastic model (DLCM + ARMA) for operational hydr-ological 
forecasting on one section of the river Danube, including the selection of 
the appropriate ARMA model for different lead times (one , two and three days 
ahead). Also basic equations of state-space representation of the model 
together with Kalman equations are presented. 

DETERMINISTIC DLCM 

Introduced by Nash (1957), river section, which is to be analyzed, with 
inflow Ut and outflow Yt, is considered to consist of n linear reservoirs in 
cascade with same storage coefficient K. Output of one reservoir is the input 
to the next one, and output of the last reservoir is the output of the whole 
system. Discretized form of this approach is developed by A. SzolHSsi-Nagy 
(1982) which assumes that both input Ut and output Yt are sampled et 
equidistant sampling intervals llt. Such representation is given by equations: 

X ~(llt) X + r(.M) U 
-t+llt t - t 

y 
t 

(1) 

(2) 

where X is a state variable, eq . amount of water stored in each reservoir of 
the cascade. State transition matrix and input transition vector are : 

[~(at)) ij = ( 
(kllt)i- j -kilt 

e 2::: 
(i- j)! 

0 < j 

(3) 

i-1 
(kllt)i 

[rt Ml] i - kilt 
[ (1 - e --) I k 

j = 0 
j! 

(4) 
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H is output vector defined by 

~ n 
(5) 

= n 

Basic formulae of DLCM, (1) and (2), can be solved using following initial 
state vector determined by the first n input/output data 

-1 
= er 

0 n 

where er is .the observability matrix 

(ik.6t)n- j -ik.6t 

[cr]ij = k (n-j)! e 
vector e is defined by : 

i-1 

[et= Y. -
1 

\ h .. u. 
l 1-J J 

j=O 

and hJ, j = 1,2, ... n, is the j-th ordinate of the impulse response of DLCM. 

STOCHASTIC (ARMA) MODEL 

(6) 

(7) 

(8) 

Considering error sequence, obtained by applying deterministic DLCM, it is 
possible to identify a stochastic time series model for residuals, provided 
that they follow an autoregressive-moving average (ARMA) model.If the residu­
als follow the ARMA(µ,l) model, appropriate state-space representation is: 

x a a a x 
n+l,t 1 2 µ n+l, t-llt 

0 0 0 (9) 
+ w 

t-At 

Xn+µ,t Xn+µ,t-At 0 
0 . 1 0 

where the state variables X are error data : Ct= X0 • 1,t; ct_1= Xn+Z,t, etc. 
and a1, a2, ... aµ are the parameters obtained by the Yule-Walker equation, 

Kendall, Stuart(l968). µ '· is the order of the ARMA model, and w is the white 
noise sequence. Equation (9) can be presented as : 

~ 
t 

4i (flt) x' + ~(flt) w 
c - t-At t-At 

(10) 

COUPLED DETERMINISTIC-STOCHASTIC MODEL 

As both models, DLCM and ARMA, are defined in similar form, it is possible to 
define joint deterministic-stochastic model defined by the following 
equations : 

• • • • • 
~ = 4i (At) 

t 
X + r (At) U + !:!! w 
- t-At - t-llt t-At 

(11) 
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y 
t 

• • 
!:! x 

t 

Obtaining augmented column vectors 
detail by A. Szoll6si-Nagy et al. (1986). 

DIGITAL FILTERING TECHNIQUE 

• 
~. r·. and matrix 4> • is 

(12) 

described in 

For the real time parameter updating and forecasting well known linear Kalman 
filter is applied. First step is prediction of state vector X and error 
covariance matrix P tit time steps ahead: 

• • • • 
x 4> (tit) & + [ (6t) u (13) 
- tit-tit t - titlt-.6t t-6t 

• •1 • •1 
p 4> (6t) p 4> (tit) + D Q D (14) 

tit-tit t-tit I t-.llt 

The second step is their updating after receiving the new measurement Yt 

•1 
[H• H•r r K p tl p 

t tit-tit tit-tit 
(15) 

• • 
[ v, 

• • l & & + K - H & 
tit t I t-M t tlt-6t 

(16) 

p = [I -t,- H• l p tit-6t tit 
(17) 

Its obviously that discrete state-space representation of the coupled deter"' 
ministic-stochastic model is suitable for applying this linear filtet . The 
computational scheme is recursive and can be easily performed on 
microcomputers. 

MODEL DLCM + ARMA APPLICATION FOR SHORT-TERM FORECASTING 

The test data used for the River Danube are daily data from the gauge 
stations Budapest and Bezdan, (year 1991). Estimation of basic model 
parameters n (number of reservoirs) and K (travel time storage coeffici~nt) 
were performed by direct search optimization technique, Harkanyi (1982), 
yielding n = 3, K = 1.29 days. Residuals from the · pure deterministic DLCM 
showed high autocorrelation, leading that stochastic part of the model had to 
be identified. Six ARMA models were considered: AR(l,O), AR(l,l), AR(2,0) , 
AR(2,l) , ARCl,2) and AR(2,2), yielding model AR(2,1) for forecasting one .and 
three days ahead and AR(2,0) for two days . Differences in error statistics 
obtained by using pure DLCM and DLCM+AR models are given in the following 
table : 
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Table l· Ertor statistics for forecasts one, two and three days ahead 
Tab.No. I Die gru11dsatzlichen Fehler-Parameter der 1,2, und 3-tagiger Prognose 

T = 1 day T = 2 days T = 3 days 

- - -
Statistics c (j R m TI c er R Cll TI c (j R . Cll TI 

c c c c c c 

DLCM 46.4 181.7 0.89 - 42.4 226.9 0.88 0.45 38.4 268.0 0.90 0 .69 

DLCM + AR 0.4 52.8 0.01 0.92 0.8 85.9 -0.02 0.94 0.2 110.0 -0.03 0. 95 

The mean error c , standard deviation er and lag-one correlation coefficient 
Rc(l) are considerably smaller for all lead times in the case of joint model, 
together with higher coefficient of effectivenes~ TI . (Table 1.). Figure 1. 
shows the tesults of the forecasting procedure by applyihg joint model. 
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CONCLUSION 

The results obtained by applying model DLCM+AR togethe_r with Kalman filter 
for river flow forecasting on considered section of the River Danube are 
quite acceptable, especially for one-day ahead forecasting. Series of 
residuals have characteristics of Gaussian white noise, so no error 
propagation exists. The coincidence of measured and computed hydrographs 
exists, with better results for the falling tail of hydrograph than _for the 
ra1smg one. Improved results could be obtained by model parameter 
calibration for high and low flow regimes separately, and also discretized 
time step could be smaller than M = 24 hours. 

For operational real-time forecasting, software package written in FORTRAN 
programming language was developed and adapted to run oi:l MicroVAX computer. 
Input data are morning stages observed at gauge stations Budapest and Bezdan. 
Forecasts are issued as stage/discharge values for one, ·two and three days 
ahead and can be graphically presented. This software package need small 
memory and short computation time (about two minutes). Since 1993, the model 
has been used in Operational Centar for Hydrological Forecasting in FRY. 
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ABSTRACT: Comparison of different methods for short range forecasting of the 
Danube water levels and discharges, available at the National Institute of Meteorology 
& Hydrology - Sofia is the aim of the present paper. Several forecasting techniques for 
flood rooting like single input single output and multiple input single output linear 
systems with different methods for the approximation of the corresponding unit 
hydrographs have been used. An attempt was made to improve the prediction 
accuracy applying auto regression model over the forecasting residuals . Evaluation 
and comparison of prediction accuracy at various conditions was performed with 
emphasis on: the influence of the "Iron gates" on the water level and Jischarges daily 
and weekly variations; the importance of the separate consideration of different 
tributaries in the forecasting model; the use of instantaneous or daily mean values for 
the levels and the discharges; the seasonal influence and others. 

BEZUGLICH DER KURZFRISTIGEN HYDROLOGISCHEN 
VORHERSAGEN IM BULGARISCHEN TEil DES DONAU-FLUl3ES 

Dobri Dimitrov - Nationales lnstitut fur Meteorologie und 
Hydrologie, 1784 Sofia, BULGARIEN 

ZUSAMMENFASSUNG: Der vorliegende Artikel beschaftigt sich mit dem Vergleich 
verschiedener Methoden zum kurzfristigen Vorhersagen der Wasserstande und -
mengen, die im NIMH zu VerfOgung stehen. Es sind verschiedene prognostische 
Techniken zur Transformation der hohen Fluten angewandt, wie z. B. die linearen 
Systeme mit einem Eingang und einem Ausgang sowie mit mehreren Eingangen 
und Ausgangen, die verschiedene Modelle zur Approximation des jeweiligen 
Einzelhydrographes verwenden. Es wurde ein Versuch zur Bess.erung der 
Vorhersagengenauigkeit mit Anwendung der Autoregression auf die Reste 
(Nebenprodukte, Differenzen) gemacht. Es wurden Bewertung und Vergleich der 
Vorhersagengenauigkeit unter verschiedenen Bedingungen unternommen, indem 
Rechenschaft Ober folgendes abgelegt wurde : ~ den Einflul3 der "Eisernen Tore" 
auf die taglichen und wochentlichen Schwankungen der Wasserstande und -
mengen; - die Wichtigkeit der Betrachtung der Nebenfl013eanteilnahme im 
prognostischen Model!; - die Anwendung der momentanen und mitteltaglichen 
Werte ·tor die Stande und Mengen; - den Einflul3 der Jahreszeiten u.a . 
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1. INTRODUCTION 

The short range forecasting of water levels and discharges along the 
Bulgarian part of the Danube river is of valuable importance for a num.ber of 
activities in the region of Lower Danube. In spite of the fact that the prac'tical 
needs for forecasts of the downstream countries are not identical and depend 
on the specific industrial and social conditions, the mentioned problem remain 
as central basic part of various applications. Many problems make the 
establishment of real time short range forecasting services complex: the 
operation of Iron Gates, its influence on the daily and weekly water levels and 
discharges variations and the necessity for real time data availability; the 
significance of various tributaries contribution and the need for operational 
access to the data bases of different countries. Taking into account the above 
mentioned problems,. the author presents some results on the short range 
forecasting at two cross-sections - the village of Novo Selo (located 17 km. 
downstream the Iron Gates 2) and the town of Ruse (close to the end of the 
Bulgarian section). 

2. DATA SETS AND METHODS USED. 

The variations of the water levels and discharges at the cross-section of 
Novo Selo depend practicaly of two main factors - the variations of the inflows 
at the middle part of Danube and the operation of the Iron Gates .1. Having in 
mind previous investigations (Dimitrov, 1992), the discharge series of the 
following cross-sctions were c.housen as predictors: Danube - Bogoevo, Sava -
Sr. Mitrovica, Tisa - Seged, Vel. Morava - Lubichevski most. Approximate 
calculations show that the expected leed time of the forecast for the outflow 
cross-section of Novo Selo should be within 3 days. The other part of the 
Danube considered, with outflow cross-section at the town of Ruse, was 
assuned to be predicted by the Bulgarian tributaries: Ogosta - Miziya, lskar -
Oryahovica, and Yantra - Karanci, the Romanian ones Olt ~ Stoenesti, Jiu -
Podari and Arges - Budesti, while the discharge series of Danube - Novo Selo 
was taken as the Iron Gate 2 outflow. The length of the all series was eight 
years within the period 1980 - 1987. It was chosen bearing in mind the fact that 
significant influence of the Iron Gates 1 on the high flow was observed in 1988. 
All the data used were daily averaged discharges measured in qm/s. The first 
seven years were used for calibration and the last one was used to verify the 
forecasting relations found. 

The multiple input single 01.,Jtput linear technique with non-parametric 
pulse response function obtained by least squares method was used for flow 
routing {Kachroo and Liang, 1992). The convolution integral may be expressed 
in terms of pulse responses, as a series of algebraic equations in the form: 

L m(k) 

Y - "' "' x<k> H(k) 
i - ~ ~ i-j+1 i ' 

k=1 j=l 

where Y is the outflow series, X are the inflow input series, Lis their length and 
m(k) is the memory length of the system corresponding to the k-th input series. 
The updating of the· model forecasts WqS done using simple autoregressive 
(AR) model: 
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p 

ei = L </JJei-J+1 +a, 
/=1 

where e are the residuals, </J are coefficients and a is the white noise of zero 
mean and certain variance. The coefficients were evaluated also by the least 
square method. All the calculations were implemented by PC using the MS 
Power Station 32 Fortran compiler. 

3. RESULTS AND DISCUSSIONS. 

Several simulations were carried out in order to achieve beter results 
and adjust some of the algorith parameters. Nevertheless some information on 
the leak time was available, the assumed memory length was matter of fitting . 
Experimental calculations were done varying the m(k) within the range 7 - 30. 
For the Novo Selo forecasting scheme an optimal memory length of 10 days 
was found. Shorter memory significantly decreases the forecasting accuracy. 
For the Ruse forecasting scheme a shorter memory length of 7 days was found 
optimal, which correspond to the preliminary knowledge about the system. 
Summary of the final rsults is given in Table 1. 

Table 1. Summary of the prediction accuracy. 

Danube at "Novo Selo" Danube at "Ruse" 
cross section cross section 

Estimate Calibration Verification period Calibration Verification period 

not updated updated not updated updated 
Mean of the outflow .577.104 .557.104 .577.104 .615.104 .615.104 .615.1 Q4 
Estimated 0 mean .574.104 .595.104 .591 .104 .612.104 .610.1 Q4 .612.104 

Ratio Oobsv./Qest. 1.0054 0.990 0.997 1.004 1.004 1.001 
Initial variance .559.107 .747.107 .747.107 .611.107 .772.107 .772.107 
Residual variance .237.106 .326.106 .165.106 .398.106 .047.106 .011.106 
Etticiancy R2 % 95.76 95.64 97.79 99.35 99.40 99.86 
MS Error of peaks .518.106 .461 .106 .399.106 .084.106 .052.106 .046.106 

The calculated pulse response functions for the Novo Selo discharges 
forecasting are goven in Fig. 1. For all predictors (except for the Tisa river) we 
see several significant lag responses varying from 1 to 6-7 days.The shortest 
responce is observed at the Vel. Morava river. The river of Tisa has medium 
values, while the Sava river and Danube - Bogoevo have maximum values up 
to 7 days. Interesting particularity of the pulse response functions calculated 
for longer memory lengths is that they have obvious periodical shape with 
length of the period about one week. Partly this could be seen on Fig . 1 and 
could be explained with the operation of Iron Gate 1 acumulating water during 
the weekend. This could be seen also on Fig 3, where the Novo Selo 
hydrograph of the observed and predicted daily discharges for the verification 
period - 1987 is shown. The analysis of table 1 - Novo Selo, verification period 
and the comparison of fig. 3 and 4 shows the significant improvement of the 
forecast results when the autoregresive updating procedure is used. 

Similar results are achieved for Danube - town of Ruse cross-section. A 
model with seven inputs (including Danube at Novo Selo. the mentioned above 
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three Bulgarian and the Romanian tributaries) and one output was 
experimented. The assumed memory length was shorter in this case. The final 
pulse response functions displayed on Figure 2 are with length of seven days 
which correspond to our preliminary knowledge on the flood transformation 
characteristics of this part of the watershed. The pulse response function of 
river Arges is not given on the Fig. 2 as far as most of the responseordinates 
are not significant. The summary of the forecasting accuracy in Table 1 - last 
column, show that the predictions are much better in this case. This means 
that if both the Bulgarian and Romanian tributaries are known at real time the 
forecast for the Danube - Ruse will be almost perfect. 

4. CONCLUSIONS 

The results, demonstrated most of all by the summary of the prediction 
accuracy, show that even by those simple linear methods almost perfect 
results could be achieved for Danube - Ruse cross-section. The same could 
not be said for the Novo Selo cross-section where the case is more complex 
and additional information about Iron Gates operations will be necessary at 
real time. Another important conclusion is that simple AR updating procedures 
could significantly improve the results and should be applied to the operational 
techniques. 
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ALGORITHM AND CALCULATION PROGRAM FOR THE PREDICTION OF 
THE DAILY MEAN DISCHARGES 

V. UNGUREANU & C. CORBU~ 

Nati onal Institute of Meteorology and Hydrology, 
Sos. Bucure$ti-Plciie$ ~ i, 97, cod. 71562, Bucharest, Romania 

Abstract: For the predic tion o f the dail y mean discharges, with 
5 days am::icipation, a mathematical mode l based on the linear 
multirle regressi o n has been used, which, in order to increase 
the anticipation, has been completed with a ser i es cf graphic 
relationships and mathematical simple relationships. These 
relationsh ips have been applied, related to the hydrological 
regime phase, for the increase and decrease branches of the 
hydrograph of the daily mean discharges. 

The calculation program created on the basis of the 
elaborated algorithm has been applied for the prediction of the 
daily mean discharges at the hydrometric stations considered on 
the Barcau, Cri~ul Repede, Cri~ul Negru and Cri$ul Alb Rivers. 

ALGORITHMUS UND RECHENPROGRAMM ZUR PROGNOSE DER 
MITTLEREN TAGLICHEN WASSERMENGEN 

Kurzfassung: Zur Prognose der mittleren taglichen Wassermengen, 
mit einer Voraussage von fOnf Tagen, wurde ein mathematisches 
Modell angewandt, das auf einer vielfachen, zwecks Erhohung der 
!rntizipation durch eine Reihe von graphischen und 
mathematischen Beziehungen erganzten Linearregression beruht. 
Diese einfachen Beziehungen wurden abhangig von der Phase des 
hydrologischen Zustandes, far den ansteingenden und bzw. den 
abfallenden Zweig der DurchfluBganglinie der mittleren 
taglichen Wassermengen angewandt. 

Das aufgrund des ausgearbeiteten Algorithrnus erstellte 
Rechenprogramm wurde zur Prognse der mittleren taglichen 
Wassermengen bei den in Betracht genommenen, auf den FlOBen 
Barcau, Cri.sul Repede, Cri~t..:l Negru und Cri$ul Alb gelegenen 
Warten ang ewandt . 
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INTRODUCTION 

Following the analysis of the runoff occurrence way, of the 
existing hydrometeorological network, of the hydraulic 
structures and of the propagation times for the 
hydrographic basins of the Bardiu, Cri$Ul Repede, Cri$ul 
Negru and Cri$Ul Alb rivers, for the prediction of the 
daily mean discharges, a mathematical model was chosen 
having at the basis the multiple linear regression which, 
in order to increase the anticipation period, was completed 
with simpler forecasting models. 

On the basis of the elaborated algorithm program 
VMEDZ I v. 1 . 0 was created (Ungureanu & Corbu$, 1992) . This 
program containing a system of main menus, sub-menus, helps 
and opening and up-dating file sub-programs with input 
data, it is made in the Turbo-Pascal programming language 
and can be run on any IBM-PC/AT compatible computer. 

BRIEF PRESENTATION OF THE PREDICTION MODEL 

The mathematical model for the prediction of the daily mean 
discharges uses a multiple linear correlation of the 
following form ($erban & Ungureanu, 1982): 

NS(i) NA (i ,j) 
v;p = I. I. CR(i,j,k) vf.EC(i,j,k) (i) + TL(i) 

j=l k=l J 

where: v~p is for the value forecasted for the forecasting 

station SP with i anticipation days; NS (i) number of 
stations entering in multiple linear correlation for the 
anticipation day i; NA (i,j) - number of inputs from station 

Sj in correlation; CR (i ,j, k) - correlation coefficients (k 

values for each station SJ); vf.EC(i,J,k) - the value recorded 
J 

at the station Si at moment DEC(i,j,k); TL(i) 
term of the correlation. 

CALIBRATION OF THE PREDICTION MODEL PARAMETERS 

the free 

In order to calibrate the parameters of the prediction 
model for the daily mean discharges in the hydrographic 
basins of the Barcau, Cri$Ul Repede, Cri$Ul Negru and 
Cri$Ul Alb rivers, the hydrometric stations for which the 
forecasting will carried out were first established (Fig. 
1) . Then, following the analysis of the propagation times, 
the hydrometric stations which, at various time lags, stand 
for the independent variables, were established. 
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n · R.Barcau S.H.Nu$falau 

t> . R.Bi$tra S.H .Chiribi$ 

8 • R.FinQIQlor S.H.Sar$ig 

~ • A .Barcau S .H .Salard 

(a) 

1 • R.Cri:.ul Negru S.H.Tinca 

t2 · R.Valea Noua S.H.Hu:;a:;au 

de Tinca 

13 · R.Cri:;ul Negru S.H .Zerind 

(c) 

~[!I 

1 · R.Criaul Repecle S.H.Ciuce... 

2 • R.IRd S.H.Bulr 

3 . R.Borocl S.H. Top11 cle Cria 

4. R.Criaul Repede S.H.Or11cle11 

(b) 

'<l!J 
~""~ ~,,(~ 

l l 
~ ~ 

1 • R.Criaul Alb S.H. V11t11 cle Joa 5 • R.Gebia S.H .Sebia 

::? • R.B11neatilor S.H.Hlllnillgiu 6 · R.Criaul Alb S.H.Boc1ig 

3 • R.Sighi1ou11 5 .H.Brlliii 7. R.Cigher S.H .C:hier 

4 . R.Criaul Alb S.H.GurRhont 8 · R.Criaul .A.lb S.H.Chiaineu Cria 

(d) 

Fig 1 Schematic representation of the hydrographic basins 
of the Barcau, Cri$Ul Repede, Cri$Ul Negru and Cri$ul Alb 

rivers 

The next step was the determination of the multiple 
linear regression coefficients and the analysis of the 
regression and its variation. Several multiple regression 
correlations were obtained in terms of the considered 
variables and time lags. When choosing the most adequate 
correlation, the following requirements were taken into 
consideration: 

- the number of independent correlations had to be as 
small as possible so that the corresponding number of input 
variables for the model should be as small as possible, on 
the one hand, in order to shorten the period necessary to 
introduce the data and on the other, to diminish the 
errors: 

- to avoid the use of certain predicted values of the 
independent variables that can cause errors; 

the multiple correlation coefficient had to be as 
close as possible to 1. 

Having in view the above mentioned requirements, 
following the regression analysis the hydrometric stations 
entering in the predictions relationships were established 
as well as the multiple linear correlations that can be 
applied in practice for the prediction of the mean daily 
discharges at the hydrometric stations established for the 
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predi ction 
stands f or 
prediction. 

(Table 1) . In tr1e 
the mome nt rday ) 

n:::. a t 1 ons hips of Tab l e 
o f tne a chi evemen t of 

i / 
the 

Table 1 Multipl e linear correla t ~ons use in the prediction 
of the mean daily discharoes -

River and Anti- River and nvcrgaugrng station use in the 
forecasting cipa- mul l1ple linear correlation 

station tion 
Barcau Barcau Barcau I Bistra Fanetelor 
Salard Salard Nusfalau Chiribis SarsiJ?. 

t+l t L t-1 t t+l 
Cr. Repede Cr. Repede Cr. Repede lad Bo rod 

Oradea Oradea Ciucea Bulz Tooa de Cris 
t+l t I l t+l 

Cr. Negru Cr. Negru Cr. Negru Valea Noua Cr. Negru Holod 
Zerind Zerind Tinca H. de Tinca Beius Holod 

t+] t 1 l 
t+2 t t+ l l t+J 

Cr. Alb Cr. Alb Banestilor Sighisoara 
Gurahont Vata de Jos Halmagiu Brazii 

t+l L t-1 t t+l 
Cr. Alb Cr. Alb Sebis 
Bocsig Gurahont Sebis 

t+l l t+J 
t+2 t t+2 

Cr. Alb Cr. Alb Cr. Alb Cigher Cr. Alb Sebis 
Ch.isineu Cris ChisineuCris Bocsie Chier Gurahont Scbis 

t+] t t t 
t• i - t+l t t+ l 
t .J.. 3 - t+2 t+l t+2 

GRAPHIC CORRELATIONS USED FOR THE PREDICTION OF THE DAILY 
MEAN DISCHARGES 

For the prediction of the daily mean discharges two types 
of graphic correlations were established allowing the 
determination of t he da::..ly mean discharge forecasted for 
the i ncreasing branch (type a ) and for the decreasing 
branch, respectively ( type b ) o f the dail y mean discharges . 

These graphic correlations have the form: 
- type a: 

whe re: Q= is the predicted da il y mean discharge ; p_ - the 
sum of the mean daily precipitation on the basin, reco rded 
o r predicted dur ing the pr? vious subsequent days with 
rainfalls; 

- type b: 

DQ = f(Q:) 

where: DQ is the predicted lag of daily mean discharge; Q:: 
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- the daily mean discharge recorded in the previous day. 
The above correlations were done for all the 

hydrometric stations in the hydrological basin of the Cri$ 
Rivers which form the inputs for the prediction 
mathematical model of the daily mean discharges. 

The prediction of the daily mean discharges according 
to the phase of the hydrologic regime is carried out by 
using graphic correlations, as it follows: 
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in case signifi­
cant rainfalls, capable 
of causing large 
discharge variation are 
to be predicted, type a 
graphic correlations are 
applied (Fig. 2.a). For 
the first day with 
forecasted rainfall, a 
correlation is made with 
the predicted rainfall 
for that day, and for the 
following days, a 
correlation is made with 
the sum of mean daily 

Fig. 2.a Graphic correlation for precipitation on the 
the increasing branch of the basin from the beginning 

daily mean discharge hydrograph of the flood and until 
the day the prediction is 

carried out. Thus the runoff daily mean discharge is 
determined by adding the daily mean discharges previous to 
the occurrence of the flood resulting in the daily mean 
discharge predicted for the entire flood increasing period 
(for the entire period over which precipitation are 
forecasted) . 

R.Barcau S.H.Nusfalau 
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Fig. 2.b Graphic correlation for 
the decreasing branch of the 

daily mean discharge hydrograph 
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- for the decreasing 
branch of the daily mean 
discharge hydrograph, in 
case the precipitation 
that could modify the 
recession curve of the 
hydrograph, type b 
correlations are used 
(Fig. 2.b). By making 
these correlations with 
the measured or predicted 
daily mean discharge, the 
decreasing gradient of 
the daily mean discharge 
is determined. By 
deducing this one from 



the discharge with which the correlation was done, the 
daily mean discharge forecasted for the next day is 
determined. 

- for of the stationary regime as well as for the case 
when weak precipitation are forecasted on the background of 
a slight decrease of the daily mean discharges, the 
forecasted daily mean discharge will be taken equal to the 
daily mean discharge of the day when the forecasting is 
achieved. 

CONCLUSIONS 

The tests carried out by means of program VMEDZI v. 1. 0 
showed that the prediction algorithm of the daily mean 
discharges, having at the basis the coupled multiple linear 
correlation, for the increase of the anticipation period, 
with simple prediction methods, leads to very good results 
especially for the first 3 forecasting days. The use of 
multiple linear correlations on discharge classes also 
leads, in some cases to an improvement of the prediction. 
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Danko Biondic, B.Sc. Energy Institute Ltd, Zagreb Croatia 

The existing and the planned hydro power plants on the rivers Drava and Mura represent a part of the 
multipurpose system which would be used for electricity generation, active flood protection, irrigation, 

drainage and other purposes. For the needs of hydropower system planning and future control, high 

quality data should be available in each development stage regarding the river basin. Simulation models 
should be used in all stages. The mathematical model MIKE 11, based on one-dimensional St. Yenant 

equations for gradually varied unsteady flow is under development. Upon carried out verification, the 
model will be adapted for the needs of system control in the planned Drava basin hydro power plants 
control center. 

DIE ENTWICKLUNG DES NACHAHMUNGSMODELLS FUR DIE UBERFLUTUNGWEI:..LEN AN 
DEN FLUSSEN DARAVA UND MURA 

Zusammenfassung 

Bestehende und planmaBig vorgesehene Wasserkraftwerke an den Fliissen Drava (Drau) und Mura (Mur) 
stellen einen Tei) des Mehrzwecksystems fur die Erzeugung der elektrischen Energie, fur den Schutz 
gegen Uberschwemmungen, fur die Be- und Entwasserung, sowie fur verschiedene andere Zwecke dar . 

Fur die Zwecke der Vorausplanung und der kiinftigen Steuerung des Wasserkraft-systems miissen, fur jede 

Stufe seines Ausbaues, zuverlaBige Unterlagen iiber den Flussbereich vorhanden sein. Man soll 

Nachahmungsmodelle injeder Ausbaustufe anwenden. Derzeit wird das mathematische Model! MIKE 11, 

auf Grund der eindimensionalen St. Venant Gleichung fur den stufenweise veranderbaren unstiitigen 
Durchfluss entwickelt. Nach der erfolgreich durchgefurten Uberpriifung wird das Modell den Bediirfnifien 

der W asserkraftsystem- Steuerung im vorausgeplanten Steuerungs-Zentrum des Drau-Flussbereiches 
angapasst. 
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Introduction 

The Drava river, being the largest tributary of the Danube in the Republic of Croatia, is an international 

watercourses which has great significance for several European countries through which it flows: Austria , 

Slovenia, Hungary and Croatia. Total drainage basin of the Drava river amounts 43.238 km2
• Average 

annual height of precipitation in this basin is about 990 mm, being the highest in the area of Alps and 

decreasing towards East. Average flows of the Drava on the territory of Croatia range from 320 m3/2 in 

the border area with Slovenia to 555 m3/s in the area of its mouth into the Danube downstream of the 

town Osijek . 
Total number of 21 hydropower plants have been constructed along the entire course of the Drava river: 

11 on the territory of Austria (total capacity of 621 MW and average annual generation of about 29 J 4 

GWh), 7 on the territory of Slovenia (total capacity of 533 MW and average annual generation of 2760 
GWh) and 3 hydropower plants on the territory of Croatia (total capacity of 247 MW and average annual 

generation of 1279 GWh) . Besides electricity generation, the described system has other purposes, too : 

increase of flood prevention efficiency, watercourses regulation and similar. By the construction of the 

above hydro power plants, the water potential has up to now been utilized to a significant degree on the 

territory of Austria, fully on the territory of Slovenia and to a lesser degree in Croatia. 

Besides the three already constructed hydropower plants, the construction of five new hydro power plants 
on the Drava and four new plants on the Mura river has been planned on the territory of Croatia. Most 
of this construction is planned to be realized in cooperation with Hungary and Slovenia. 
The researches regarding the possibilities for more efficient utilization of the constructed hydropower 

system (flood prevention and increase in electricity generation) have started in Austria at the end of 

sixties. In the first phase the researches were directed towards obtaining the earliest possible and most 

accurate flow forecasts. Further researches and gained experiences in the development of forecasting 

model and control system gave positive results, and the most recent researches are aimed at further 

improvement of hydropower plants' control system. 

Having in mind the above facts, Hrvatska Elektroprivreda has, several years ago, started the activities on 

the development of the control system for hydropower plants in series . One of more significant activities 

is the development of simulation model for the Drava and the Mura river sections in Croatia, which 

would in the future be applied to the Drava river upstream system. 

The multipurpose common mathematical simulation model MIKE 11, developed in Danish Hydraulic 

Institute has been used as modelling basis. The model enables continuous simulations of one-dimensional 

unsteady flow in open watercourses and in vc1rious water resources management facilities. Furthermore, 

its additional modules enable the simulation of catc~ent basin outflows, simulation of water sediments 

and pollutants spreading and simulation of riverbed morphology changes. 

The mentioned model is to be used for establishing the rules for the control of the constructed system as 

well as in the process of the hydropower facilities' construction planning and complex training of the 

Mura and the Drava section downstream from the mouth of the Mura. Since the Drava and the Mura are 

in their longer part border watercourse, it would be better if the mentioned model could be realized in 

cooperation with appropriate institutions of neighboring countries. 

Mathematical modeling of unsteady flow in open watercourses 

Open watercourses are constituent part of hydrographic network of a particular catchment basin, which 

represents fully or partly (in its individual segments) one of constitutive elements of physical part of water 

resources management system. Systematic approach to solving water resources management problems in 

the catchment basin treats them as ducts, so that the problems regarding water transport between 

individual facilities could be treated as a fundamental theoretical hydraulic problem of unsteady flow in 

open watercourses . 
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Basic mathematical model of this phenomenon represents the foundation of future development simulation 

models : 

simulations of consequences resulting from unexpected dam or embankment fracture 

simulation of multiphase flow (problems of river sediments and pollution spreading) 
simulation of changes in riverbed morphology. 

The flow of ground waters in riverbeds and on flood areas is in its nature unsteady, turbulent and three­
dimensional . The third dimension of flow is in mathematical models presented mainly locally or only in 

exceptional cases and the impact of turbulence is presented by means of empiric indicators the values of 

which represent the resistance to water flow . 

In mathematical modelling of unsteady flow in longer river sections one-dimensional models are mainly 

applied since the two-dimensional ones are too detailed and comprehensive. The main fearure of one 
dimensional models is that they can give satisfactory results if the flows in flood areas are in parallel with 
the flows in main riverbed, what can most often be presumed. Locally, where obvious two-dimensional 
flows exist in flood areas, the problems could be resolved by the modelling of characteristic transversal 

and longitudinal flows network by the application of so called quasi-two-dimensional modelling procedure 

or by the introduction of so called additional flood areas. 
Hydraulic simulations of unsteady flows are based on the solution of integer Barre De Saint-Venant partial 

differential equations system by the application of one of the known numerical methods . 

The multipurpose software package MIKE 11, developed in The Danish Hydraulic Institute, has been 
chosen for the simulation of flood wave transformation . The simulation of flood waves is carried out by 

numerical solution of integer one-dimensional, St. Venant equations. The model is particularly appropriate 
for the simulation of wide flood areas by the application of quasi two-dimensional procedure. 

The structure and concept of program package leans on integrated database and on various calculation 
modules which commonly share and use data from the database. 

Characteristic of the research area 

In the first development stage the modelled area comprised the section of the Mura from Slovenian border 

to its mouth into the Drava and the section of the Drava from Slovenian border to g.s. Botovo (Figure 
1 ). 

The flow profile of the Drava and the Mura have wide floodplanes, a number of backwaters and 

interconnected flows. The width of floodplanes ranges from 400 m to more than 1600 m, causing 
extremely complex flow regimes during the occurrence and withdrawal of flood waves . 
In the modelled area there are several gauging stations, so that a significant number of data is available 
for hydrologic analysis and model calibration . Main features of available gauging stages are given in 
Table 1. 

Simulation model includes the constructed derivation hydropower plants on the Drava river: HPP 

Varazdin, HPP Cakovec and HPP Dubrava. By regular hydrologic measurement in hydropower plants 

a number of data have been acquired which were utilized during the development of simulation model. 

Main characteristics of the constructed hydropower plants are given in Table 2. 

The construction of hydropower plants has significantly shortened the Drava flow, increased the head of 

water level which resulted in the change of downstream riverbed morphology characteristics , especially 

as regards sporadic deepening and occurrence of numerous sandbanks. 
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Table I 

Gauging St. River Starting 

Work 

Orm oz Drava 

Va raid in Drava 1821 . 

Hrienica Drava 1984 . 

D. Dubrava Drava 1978 . 

Botovo Drava 1873 . 

Gibina Mura 1956 . 

M. Sredisce Mura 1888 . 

Le tin a Mura 1948 . 

Kotoriba Mura 1948 . 

Fig. 1 MAP OF RESEARCH AREA 

LEGEND: 

CATCHMENT AREA 

BORDER 

BUILT - HPP 
A GAUGE STATION 

Type of DischargeQ 100 r.p . 

Measure (m3/s) (m3/s) 

H 326 

H.Q 341 2795 

H 

H 

H.Q 524 2851 

H.Q 164 1606 

H,Q 172 1723 

H.Q 166 1667 

H 
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1000 r.p. 

(m3/s) 

3639 

3519 

1878 

2383 

2324 

Period of 

analysis 

1946-1983 

1951-1981 

1951-1990 

1974-1990 

1951-1990 

1951-1990 



According to the available documentation, co'.lstruction of five new hydropower plants, in addition to the 
existing facilities , is planned on the Drava section downstream from the mouth of the Mura up to the 
mouth into the Danube . Furthermore, on the Mura section from the interstate border with Slovenia up 
to the mouth into the Drava, the construction of four hydropower plants has been envisaged . 
The planned facilities are of multipurpose character and, besides electricity generation, their construction 
would solve a number of other problems related to the utilization of surrounding area: land protection 
from water flow regulation, protection of flooding river banks and facilities along riverbed from river 
erosion, catchment of riverbank and seepage waters and establishment of conditions for catchment and 
irrigation of agricultural land, while on the downstream section of the Drava flow navigable conditions 
would be established . 

Table 2 

HPP Output Qi Total Storage Year of 
MW m3/s 1000 m3 Construction 

Va raid in 86 450 7.350 1975 

Cakovec 80.4 500 51.500 1982 

Dubrava 80.6 500 93 .500 1989 

Boundary conditions and calibration 

The first phase model, which comprises the Drava and the Mura section from interstate border with 
Slovenia to g.s. Botovo, has been develope~ on the basis of horizontal scheme (Figure 2) showing all 
connections between individual elements of physical part of water resources management system. 
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Model input data consist of data on the space, or riverbed geometry, geometry of buildings belonging to 
the constructed hydropower plants and other facilities in the basin (bridges, hydraulic structures, and 

similar). Data on geometry include the coefficients of hydraulic roughness . 

The measured cross sections have been linked by the development procedure as well as by definition of 
model hydrologic inputs and outputs, definition of boundary condition and definition of control points for 
the needs of calibration . In wide flood areas quasi two-dimensional procedure was applied in modelling . 

Due to the size of modelled area and limited computer memory, basic model of the Drava section from 
g.s. Ormoz (peak of HPP Varazdin storage basin) up to g.s. Botovo, which includes the Mura river 
section from g.s . Gibina to its mouth into the Drava, have been divided into three sub-models: (1) sub­

model HPP Varazdin, (2) sub-model HPP Cakovec, (3) sub-model HPP Dubrava. Each sub-model 
encompasses pertaining facilities : storage basins, intake and outlet channels, old Drava riverbeds, left and 

right floodplaines along old riverbeds . 
The sub-model of HPP Dubrava area includes the Drava river flow downstream from the HPP Cakovec 
restitution up to the g.s. Botovo and the Mura river flow from g.s . Gibina to its mouth into the Drava . 
The interconnection of sub-models has been carried out through common boundary conditions at the input 

of individual sub-models. The selection of cro,ss section profiles has been conditioned by available data 
on recently measured cross-sections (Drava 1987-1991, Mura 1987-1988,) taking into account the 

appropriate physical layout of profiles, location of gauging stations, mouths of tributaries, locations of 
structures and similar. The selected profiles intend to provide the highest quality description (represent) 

of individual sections and preserve approximate linear change of riverbed geometry. 
During the calibration procedure, the values of roughness coefficients initially defined according to 
StrickJer (storage basins 30, river bed 20, floodplaines 10, intake channel 70, outlet channel 40) were 

changed according to the need. 
As initial conditions, water levels and discharges were defined for two measured floods in 1989. Hourly 
values of water level and discharge recorded at gauging stations Varazdin, Donja Dubrava, Hrzenica, 
Botovo on the Drava river and gauging stations Gibina, Mursko Sredisce and Letina on the Mura river 

were used. 
Hourly data from daily lists of operational states of HPP Varazdin, HPP Cakovec and HPP Dubrava 

were used for the definition of internal boundary conditions . 

Boundary conditions were, due to the specific model development, defined according to previously 
mentioned sub-models. Since discharge measurement data were incomplete, the H-t diagram at g .s. 

Ormoz bas been chosen as the upstream boundary condition of the entire model. As the downstream 
boundary condition the Q-H diagram at g .s. Botovo has been chosen. The flow of main Drava tributaries 

(Bednja and Plitvica) and Mura tributaries (Krka with Ledava and Tmava) has been included on the 

location of mouth as poim inflows. 
Model values which were calculated were compared to measurement values and proved to be in 

concordance, i.e. the model correctly simulates natural state. Occasional non-correspondence between 
simulation results and measurement data resulted from insufficient measuring data, errors in the 

measurement of discharge/water level and errors in the recording of riverbed and structures' geometry. 
The obtained results . which represent the comparison between simulated and measured level (H-t 

diagram) on the location of HPP Dubrava darn, and the comparison of simulated and measured level (H-t 
diagram) on the location g.s. Mursko SrediSce are shown in Figure 3. 

All shortcomings recognized during model calibration would be resolved during the verification 

procedure. For the needs of model verification comprehensive measurement of flood wave were 

performed at the end of October 1993. The measurements were carried out at a number of permanent and 
temporary measuring locations on the rivers Drava and Mura, in the section from Slovenian border to the 

settlement Ferdinandovac between Koprivnica and Virovitica. 
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The model described represents the first phase in the modelling of the Drava river catchment basin on the 

territory of the Republic of Croatia. After the verification and the modelling of minor tributaries runoff 

from the catchment basin (by tbe application of additional module NAM), the developed simulation model 

could successfully be used for planning the operation of the existing bydropower plants in series. 

It should be noted that the modelling of the tributaries runoff from the catchment basin is also in progress 

and that the model of runoff from the Dravinja river catchment basin in Slovenia has been completed . 

During the model tailoring to the end user needs , i .e. Hrvatska Elektroprivreda, it would be desirable to 

accomplish link with the gauging stations Slovenian models located in the catchment basin Drava river 

in Slovenia. 

Upon the completion of the first phase of mathematical modelling of the rivers Drava and Mura on the 

territory of Croatia, further model development will include the section of the Drava river from g.s . 

Botovo to its mouth into the Danube . These activities should be performed in cooperation with appropriate 

institutions of Hungary and Slovenia since the Mura and the Drava are mainly border rivers . 

Upon the completion of modell ing, i.e . verification and tailoring to end user , the developed model could 

be successfully applied while planning complex land use along the rivers Mura and Drava. 

Natural and man-made caused morphological changes of riverbeds construction of the water resources 

management facilities and other structures which have influence on the flow should continuously be 

observed and included in the model . 
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Abstract 

\Vhen retention basins are used flood control , unsteady flow mathematical models can be 
effectively used for reliable prediction of extreme stages and discharges . Optimal design criteria 
can be determined by numerical simulation , and the extent of flood attenuation can be planned 
for two principal goals to be accomplished: (a) to increase the degree of protection by the existing 
levees, and (b) to increase the degree of levee safety during floods of short return periods bu t long 
duration . To illustrate the advantage of hydraulically based predictions , results of the river Tisza 
case study are presented . 

DIE ABLAGERUNGSWASSERBECKEN IN DER 
UEBERSCHWEMMUNGS-PROGNOSE UND BEI WASSERVERWALTUNG 

K urzfassung: 

Bei der Verwendung der Ablagerungswasserbecken zur Ueberschwemmungskontrolle koennen 
die enormen Abfiuesse und Ueberfallhoehen mit Hilfe der mathematischen Modellen fuer die un­
stationaeren Fliessvorgaenge gut vorgesehen werden. Die optimalen Kriterien koennen <lurch die 
nummerische Simulation bekannt werden. Auf diese Weise wird die reduzierte Ueberschwemmung 
<lurch die Erfuellung der folgenden Prinzipien vorgesehen: (a) Erhoehung des Prozenten der Ue­
berschwemmung mit dem bestehenden Abfluss und (b) Erhoehung des Prozenten der Versicherung 
durch die Ueberschwemmung mit kurzem Zurueckperioden langerer Dauer . Zur Illustration dieser 
hydraulisch begruendeten Prognose werden die Resultate des Flusses Theiss dargestellt . 

1. Introduction 

Some rivers of the Danube basin are characterized by flood events of very long duration . 
For instance, the 1970 flood on the Yugoslav sector of the river Tisza extended over 1.5 
months. Under such circumstances, the existing levees may be severely damaged due to 
effluent seepage. One solution of flood management ensuring levee protection is to form 
a system of flood relief basins , by which the water stages and discharges can effectively 
be reduced. Retention basins can also ensure protection against floods which exceede the 
design flood of the existing levees. For instance, the levees designed for 100-year extreme 
flows . may prove adequate for 500-year flows , if appropriate retention volume is provided . 
The degree of flood reduction by retention basins is generally an economic category and 
depends on many factors , such as topography, value of the land to be potentially flooded , 
infrastructure. environmental impact, etc. 

This paper deals with usage of retention basins along 80 km long reach of the river 
Tisza in '{ugoslavia, between the Hungarian border (km 156+175) and the town Becej 

J Faculty of Civil Eng. , University of Belgrade , B.O .Box 895 , 11000 Belgrade , Yugoslavia 
2 lnstitute for the Development of Water Resources" Jaroslav Cerni", B.O .Box 530 , 11000 Belgrade 



(km 76+150) [3]. Several synthetical flood waves of return periods between 20 - 500 years. 
as well as one recorded flood, have been used in order to investigate the individual and 
corn bined effects of one , two, and three retention basins. Hydraulically based predictions 
of time and space distribution of maximal water stages and discharges have been used in 
order to formulate the most efficient flood management strategy. An organization scheme 
of services and activities involved in realization of this project has also been proposed . 

2. Retention basins 

The concept of retention basins as a means of active flood protection , is applicable 
whenever the extreme water levels and discharges cannot be significantly attenuated in 
the flood plains of the given river channel. 

Several locations can be potentially used for retention basins on the reach of the river 
Tisza through Yugoslavia, between the town Becej (km 76+150) and the Hungarian border 
(km 156+175) . Three such locations have been chosen: "Kanjii.a" - near town Kanjifa 
(km 143+990), "Pana" - upstream from town Senta (km 132+170), and " Veliki rit " -
upstream from town Becej (km 82+100), (Fig.l) . Their individual retention capacities 
are between 105 and 140 million cubic meters , while the flooded areas vary between 1560 
hectares ("Kanjiia") and 2123 hectares ("Veliki rit" ). 
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Each basin is to be provided with one side weir, used for filling and emptying. 
The proposed retentions are of the "necessity" type [2], and are to be activated only in 

the case when maximal stages exceede the crest of the existing levees (in this ca.se, levees 
have been designed for the 100-year flood) , or in the case of emergency, i.e. when the 
stability of levees is endangered, regardless of the flood wave return period. 

3. Design criteria 

The hydraulic effects of retention basins have been analysed for the 100, 200 , and 
500-year synthetic flood waves3 , as well as for one real flood , recorded in 1970, whose 
peak roughly corresponds to the 50-year maximum (23 probability of occurrence). The 
following assumptions and design criteria have been accepted: 

3 0ther inflow hydrographs may be investigated in fu t ure , considering the flood control operational 
strategy of Hungarian storages on the river Tisza. 
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(a) The activation of retention basins starts from the most upstream basin ("Kanjiia". 
see Fig. 1 ). and proceeds downstream , as the water stage attains a predetermined ele­
vation. In the case of 200 and 500-year floods, this elevation has been set to equal the 
maximal water level of the 100-year flood. and in the case of the 100-year flood. it is equal 
to the maximal water level of the 50-year flood. 

(b) The side weirs used to fill (and partially empty) the retention basins, have the 
bottom elevations corresponding to the l 0-year ma.xjrnal water elevations at particular 
locations, while the length of each weir is to be determined by hydraulic calculations 
in such a wa); that the retention capacity is ma.xjmal. The side weirs are to be formed 
as emergency structures or by mines at the moment of emergency. In either case, their 
formation can be considered instantaneous in the time scale of the flood event. 

( c) The crucial locations for evaluation of effects of retention basins are town Senta 
(km 122+550) and Ljutovo (km 76+150), upstream of town Becej (Fig.l), where rnarimal 
water stages must be lowered to a degree which ensures the safety of buildings and other 
valuable property. 

4. Method of computation 

The calculation of flood waves propagation has been carried out by numerical integra­
tion of the full St. Venant equations, using the well known implicit Preissmann method , 
the details of which can be found in numerous specialized literature, such as [l] . 

The fiow exchange between the river channel and a retention basin can be treated 
as broad-crested free weir overflow within the limits of lD flow modelling. This fiow is 
bidirectional, from the river channel to the retention basin, and vice versa, depending on 
the instantaneous wa.ter surface elevations. The water eleva.tion in each basin is deter­
mined by iterative solution of the continuity equation, using the input elevation-volume 
relationship , and assuming that the water surface in the retention basin is horizontal. 

5. Results of computation 

Different combinations of initial and boundary conditions have been used in computa­
tions, but only some results are presented in this paper. 

An optimal length of weirs has been de- ei30 

termined first. For a preset weir bottom ~83.2<' 

elevation, it is possible to determine a by- .S - 15 83.10 

draulically optimal weir length which en- i= 
~ &3.00 

sures the maximal retention volume, and ci 

consequently, the maximal downstream 
attenuation of the flood wave. Fig. 2 de­
picts results of such an analysis for the re­
tention basin "Kanjiia" and the 500-year 
flood. As can be seen, the optimal weir 
length is between 50 and 80 m. Since 
the three considered retention basins are 
of similar characteristics, the value of 50 
m has been chosen for all basins. 

. 8':..90 

; 82.a? 

Fig. 2 Maximal stage for the 500-year 
flood at town Senta for different lengths 
of the side weir "Kanjifa" [4] 

As calculations have shown, the 500-year flood wave cannot be significantly attenuated 
by the individual use of retentions "Kanjiia'' or "Pana'·. However, if those two retention 
basins are activated together, the 500-year flood discharge peak of 4500 m3 /s can be 
reduced to about 4100 m3 /s, which roughly corresponds to the 100-year maximum. The 
maximal stages are reduced accordingly (Fig. 3). 

Analysing the possibility of lowering the 100-year water stages to such a degree that 
they would roughly correspond to the 50-year flood stages, it has been concluded that 
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this could be accomplished at the downstream end of the river reach only if all three 
considered retentions are used together (Fig. 4-a.b ). In this case , the filling time of th e 
basins "Kanjiia" , "Pana" , and '"Veliki rit'' would be 13 , 15. and 24 days, respectively. 

Investigating the effects of retention basins on the 1970 flood wave (which approxi ­
mately corresponds to the 50-year flood wave ) , it has been concluded that th e best strat­
eg:v would be to activate all tree basins at the moment when the water stage reaches their 
weir bottom elevations. According to design assumptions , these weir bottom elevations 
roughly correspond to the 10-year flood maximal stages at particular locations. The result s 
of computation are presented in Fig . 4-cd . 

Finally, Fig. 5 shows a proposed organization scheme for this particular kind of active 
flood control and management, as well as the basic activities necessary for development and 
maintenance of a decision support system for optimal and prompt operation of retention 
basins . 

RESEARCH ORGANIZATION 
Studies/software development 

FLOOD CONTROL CENTER 
for the river reach I 

HYDROMETEOROLOGlCAL SERVICE 
Flood forecasting/monitoring 

Yes No 
~------------<-Flood control measures? >------1 

Estimation Localization of 
No of maximal weak spots"in Stage-d.iscbarge 

sta es d.isch. the stem li.IDi ta ti on? 
No 

Yes 

I .MAINTENANCE I Choice of I Hydraulic Acceptable 
Database retention basins computations effects? SERVICE 

Fig.5 Organization scheme for optimal use of retention basins [3] 

6. Conclusions 

The retention basins can be efficient means of act ive flood control and management. 
Activation of several basins , individually or simultaneously, gives the possibility of re­
duction of flood st ages and discharges , according to specifi c, predefined goals. Hydrauli c 
computations can be effectively used to determine the optimal construction parameters 
(side weir bottom elevation and length), or an optimal operational strategy which would 
enable the existing levee system to withstand floods exceeding the design flood, or to pro­
tect levees against damage during very long flood events. The results of the river Tisza 
case study are presented as an exampl e of flood forecasting and management by retention 
basins . 
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ANALYSIS OF FWOD CONTROL SOLUTION BY APPLYING 
A MATIIEMATICAL MODEL 

Mijo Vranjesl. Vinko Jovicl, Davor Bojanicl, Miroslav Braun2 , Mir FfHpovic2 

ABSTRACT: 
In the liver's vale, where urbanization is usually develop. one of the major requirements of .. mprehensive water­

resources developments is flood control. The optimal solution of flood protection must be can ed out by complex 
analyses. Efficient ar;alyse may be to do by corresponding mathematical model. The reduction of complex channel or 
liver flow to one dominant direction i. e. t o one dimensional model is connected With great number of dilliculties and 
assumptions. The flow through compound cross section generally occurs in the main channel ana on the shallow flood 
plains. It is necessary to introduce into the equations the effects of the momentum distribution i.e. the flow resistance 
distribution effects. 1his paper presents an one dimensional model for the unsteady flow based on fully hydrodynamics 
equations. Model can be use for planning and operational purposes in livers and channels With hydrotechnic 
structures. The example of the unsteady flow in the Sava River (system flood protection Middk Posavlje) Illustrates 
application of the model. which is calibrated and tested With different flood events and showed good agreement between 
observed and simulated flows. The hydrodynamic equation s integrated through fmite element method and system of 
nonlinear algebraic equations solves by Newton-Raphson method. 

KURTZFASSUNG : 
Der Hochwasserschutz is! eine der wichtigsten wasserwirtschaf!lichen Aufgaben in Flu&alern, wo gew \hr lich die Urbanisierung 

des Gebietes betont wird. Die LOsungen werden auf verschiedenen Konzepten gegrilndet und die optimaie .<:sung wird durch die 
komplexen Analysen und zwar mittels enlsprechenden mathematischen Modells gefunden. Die DarsteHung fi.; , zusammengesetzten 
FlieQ.ens in FIOssen und Kanalen durch ein eindimensionalles Modell ist mit einer Reihe von Schwierigkeite :. L-nd Vereinfachungen 
verburtden. Der Wasseriauf durch den Flu!1querschnitt stellt das FlieQ.en im Hauptbett und in lnundationen vor. r ieshalb ist es noting, die 
Etfekte der Bewegungsmenge und Flaienwiderstandsverteilung in einem so zusammengesetzten Ouerschnit' r t•ie Grundgleichungen 
einzufOhren. In dieser Arbeit ist ein auf vOllig hydrodynamischen Gleichungen gegrilndetes, eindimensionale> V\odell tor unstationares 
FlieQ.en dargestellt. Das Modell kann zum Planen und Steuem in FIOssen und Kanalen mtt hydrotechnischen qauten verwendet werdet. 
Am Beispiel des unstationaren FlieQ.ens im Flunlauf der Save (Hochwasserschutzsystem im Mittleren Save\ ~.Jiet) ist die Anwendung 
des Modell dargestellt, das durch Oberprilfung der verschiedenen Oberschwammungsbedingungen sehr £ _ 1 ~ Obereinstimmung der 
gemessenen und berechnelen Werte der Flulllaufparameter zeigte. Die Differentialgleichungen werden durc nwendung der Methode 
der Endelemenle inlegriert und das System der unlinearen algebrischen Gleichungen wird durch die Newton-H •phson Methode gelost. 

1 Gradevinski fakultet SveuclliSta u Splitu. 58000 Splil Matice hrvatske 15. Croatia 

2 JVP Hrvatska vodoprivreda. 41000 z.agreb. Avenija Vukovar 220, Croatia 
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INTRODUCTION 

The construction of hydrotechnical structures significantly influences and changes the 
Dow regime: hence, a solution of the problems related to Dood protection becomes a 
complex task. Large hydrotechnical systems frequently occupy wide areas with a network 
of rivers and channels intended for the control of water masses. The planning. development. 
construction and exploitation of such complex hydrotechnical systems require a proper 
approach to the analysis of the optimal solution. Such systems are constructed over several 
years. generally realized 1n stages. so that the system can function efficiently in all stages and 
be continually monitored. In this way the system can be more easily modified and corrected 
according to the latest findings. 

The development of modem computer applications and numerical methods makes it is 
possible to perform efficient analyses by simulating the operation of the system by applying a 
suitable mathematical model. The term model implies various approaches to the process 
simulation or reconstruction . The selected model should correspond to the phenomenon it 
describes. The selection usually begins by studying the available or previously developed 
models: subsequently, a group of models best suitable for the process is selected . Since the 
conditions differ in each system. there is no universal model which can include all elements of 
a complex hydrotechnical system. This applies also to a multi-purpose hydrot:echnical system 
Srednje Posavlje. for which a specific mathematical model has been developed . 

THE MIDDLE POSA VWE SYSTEM 

The multypurpose Middle Posavlje system is situated in the economicaly very developed. 
central part of Sava River basain (Fig. 1 and 2). It is most inportant function is regulation of 
flood water regime and flood protection of the wide Sava neighbouring areas. without 
deterioration the status-qua along the downstream sections. This area includes several flat 
and swampy regions whics havw been constantly flooded. An enormous area of 2050 krn2 is 
flooded every year, and 2800 km2 once in every 50 years, what represent approx. 5% of t..11e 
total land territory in the Republic of Croatia. The whole system consists of sevf'.raJ relief 
canals. relief storages and water distributing hydrotechnical structures. It is being realised 
gradually. with the intention of each stage being an optimum step to the final solution. The 
objective of a complex hydrotechnical intervention was to make the best use of this natural 
state by reducing the frequency of floods and the size of the affected area. The idea of using 
the naturally flooded plains in order to alleviate the large Sava flood wave is, at the same time. 
ecologically efficient. In 1990. one part of that area. Lonjsko polje. was declared a national 
park. 

lOOkm 

-·- stale border 

-{>:::;.reservoir 

-it- hydroeletnc pnwer plant 

· . flooded area 

Figure l. The River Sava Catchment Area 
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The most important objective was to ensure flood control. and another objective was to make 
the system flexible and to make the investment economically justifiable. It is difficult to find 
an optimal solu tion due to a vezy strict criterion which does not allow degradation of the 
natural flow regime. 

In addition to flood control. it is necessazy to bring into accordance these objectives with 
other interests involved such as reclamation. navigation. hydropower, urban-planning, 
forestzy. enviror.ment:BJ protection. etc.) . The entire area has a well-developed hydrographic 
network of natural streamflows. particularly in the plains. The flood flow is quite complex in 
such networks , especially when the water from the main channel floods wide plains. 
Monitoring data and measurements from a great number of gauging stations made it possible 
to get an insight into the nature of these complex flows . wh ich are a great help in the 
selection and development of a model. The flow regime in the entire catchment is quiet. 
unsteady and displays backwater effects . In order to ensure effic jent operation of the 
structures under such conditions. 1t is necessazy to know the discharge Q and the water level 
h at each time instant. 

MATHEMATICAL MODEL 

The concept of the model is consistent with the system for which it was developed: it is 
flexible and after certain modifications can be applied to other systems. This model belongs to 
a categozy of models with internal identification. which means that the model structure 
corresponds to the structure of the process occurring in a system. Since these flows have one 
dominant direction the model is one-dimensional. Natural streamflows have compound cross­
sections (main channel flow and flood plains). so the flow through such cross-sections should 
be described as precisely as possible [7]. 

By balancing mass and momentum on a specific section of the streamflow, we obtain: 
- continuity equation 

- dynamic equation 

where: 

8Q 8A, 
-;::-+- = q- f 
ox 8t 

8Q o ( Q
2 J 8y ( o~ QIQI J -+- -- +g~-+g ~-+-- =qvcosS ox ox Ji(h) ox ox Ji(h) 

(1) 

(2) 

x- flow direction. Q- total discharge [m3 /s) . q- distributed lateral inflow [m3 /s/m). f- inflitration along 
the flow [m3/s/m], Ai- total cross-sectional area [m2), Aa- active part of the cross-section [m2]. 
v- average flow velocity [m/s]. f1 (h)- distribution function of momentum in a compound cross-section. 
f2 (h)- function of flow resistance in a compound cross-section. t}- angle of lateral inflow into the main 
flow 

Equations (1) and (2) are numerically integrated. The selection of appropriate numerical 
methods follows the same criteria which are applied to model selection. These methods are 
general and are applied in various technical disciplines. Although they are different. 1t is 
possible to find. at least to a certain extent. some common features in all of them [2]. The 
method selected herein. i.e. Finite Element Method, was chosen according to criteria of 
accuracy, stability and efficiency. Compared to the method of finite differences . for example. 
this method has an advantage of being more efficient and numerically more stable than 
differentiation since functions are integrated. The advantages of this method have been 
confirmed by a great number of examples in papers [4 and 6) . Taking into accou nt the fact 
that the flow is not prismatic and using functions f 1 (h) and f2 (h) representative cross-sections 
are selected by dividing the entire area into elements. By defining elements and profiles 
(nodes) a topological scheme with M nodes and N elements is obtained. Since the discharge Q 
and the water level h change slowly it is sufficient to take linear interpolation functions <I> 1 (x) 
and <I>2 (x) on the element. The state on each element j at a certain instant is defined at the 
upstream boundazy by discharge Q 1(t) and by water level hil(t) : at the downstream boundazy 
it is defined by discharge QJ2 (t) and h12(t). and the following functions are obtained for each 
element: 
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h=~1(t)<l>i{x)+~2(t)<l>i{x) (3) 

Q = Qi1(1)<1>1(x)+Qi2(t)<1>2(x) (4) 

Numbers i 1 and i2 are global expressions for nodes associated to element j according to a 
topological scheme. Using these approximations and the base function which is equaJ to one. 
equations (1) and (2) are integrated on each element. aft.er which two non-linear aJgebra1c 
equations are obtained [6]: 

FJ1(11j1,llj2,QJ1•QJi) = 0 (5) 

FJ2(11j1,l~2.Qjl•Qji) = 0 (6) 

Two discharges (upstream and downstream) are computed on each element and the water 
level vaJues are computed in the nodes. The topoJogicaJ scheme includes N elements and M 
nodes. wherefrorn there are M+2N unknowns. By integration on elements it is possible to 
obtain 2N equations (5) and (6). AdditionaJ M equations are obtained by flow continuity for 
elements associated to node i. 

m p 

2::(-1) Qjp+Qv=O (7) 

j=I 

where: 
m- number of elements associated to node, p= 1 for upstream node on the elemenl 
p=2 for downstream node on the elemenl QJP discharge on the eleme?l Gv external inflow 

Non-linear algebraic equations are obtained after integration in time. 
~(Q~)=o . ~ 

The system of equations (5). (6) and (8) is solved for each time step iteratively by the 
Newton-Raphson method. Jacobian matrix is developed according to the topological scheme. 
From the element equations (5) and (6) the following is obtained: 

[ 
i3Ff ]{ } [ a Ff ]{ } { k } (9) -- !J.hn + -- !J.Qfl = - Fi 
i)hil ()Qjl 

where: k- iterative step. I= 1.2 

From the nodaJ equations it fol1ows: 

[ ;~)w;,} = -F3' (10) 

Matrix (M+2N)x{M+2N) is of band type and hence not suitable to be applied, so that in the 
procedure of assembly the discharge increment ls computed from the elements equations (10) 

{aQ~)=-{FJ l[ ~ f-[ ~'.,I~ r {Mr} (Ill 

and it ls introduced into (9). so that a band matrix of the system MxM is obtained with the 
unknown water level increment {M/ },; = l,M in nodes. After computing this value it is 

in.troduced into (11) and the vaJues of discharge increment { ~Q J,} are computed so that it is 

possible to obtain new values of the disch~e and water level in the next iterative step 
{h,k+I} = {h/} +{ M/} . (12) 
{gy1} = {QJ, }{ ~Q;,} (13) 

where : f=l.M . j=l.N. l=l.2 

The integration is performed for one time state until a satisfactory accuracy is achieved 
which is determined according to the vector norm. 

llMll,ll~Qli,jMmax j;j~Qmax j 

The programme package was written for PC in FORTRAN and ls' divided into three parts: 
- pre-process (geometry and topology. boundary and initiaJ conditions and graphic control) 
- unsteady treatment (computation per time stages) 
- postprocess (numericaJ and graphicaJ presentation of the results ) 
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By using various elements. either simple or incJuding any type of structures (such as 
hydroelectric plants, Jocks, spillways. etc.). it is JX>ssible to obtain simple toJX>logical schemes 
even for the most complex hydrotechnical systems. 

RESULTS 

The geometry of the domain is determined by placing several cross-sections. ea 2000, 
almost perpendicular to the main flows. By selecting 390 representative profiles the 
streamflows are divided into elements. The toJX>logical scheme for the completed structure is 
presented in Figure 3. 

Q(t)~ 
.---.....----.......-1 

· ~-....--.-..--~~ ~--.-...'!!-'""""~ ,... ...................... ____ ~,QJ 
BROD 

Q(t)> 
KOSTAJNICA 

JAMNICKA KISELICA 

Figure 3 . Topological scheme for the completed structure 

According to the values of water levels and discharges measured during several 
hydrological periods at several water gauging stations. a calibration was perlonned in order to 
determine the Strickler coefficient values. Since the channel flow is unsteady the calibration 
should be performed by comparing the measured and computed values of Q-H curves. as 
presented in Figure 4. 

103 103 103 h [m a.s.L] 

101 101 101 

99 

~ 
99 99 

97 97 97 

CALCULATED 

95 95 I I I I I I I 95 

0 50 t [days] ioo 0 800 Q[m3/s] 1800 0 aoo.o Q[m3/s] 1800 

Figure 4 . Measured and computed flood wave values at Rugvica Gauging Station for the 1982. year 

Considering the present stage of engineering works on the structures the system operation 
was checked for various hydrological conditions and for 100-year floods. The same applies to 
the completed construction phase. The results show that the flood wave control is a complex 
task. The situation is particularly complex on the Sava River on the section where the Una 
and Kupa confluence into the Sava. which was not ta.ken into account in previous 
computations. The entire flow of the Sava River is unsteady, which is well evident from the 
discharge curves 'for 100-year flood wave as presented in Figure 5. The flow is particularly 
complex at places where the Sava tributaries flow into it, which is presented by a discharge 
curve at the confluence of the Kupa River in Figure 6. The river flows upstream in some 
sections of the system. particularly in the vicinity of the confluence of tributaries or near the 
hydrotechnical structures. Figure 7 presents the tributaries near the inflow of the Lonja-Strug 
Channel into the Sava River. 
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F1g. 5. Discharge curves 
in the Sava River 

2000 Q [m3/s] 4000 

Fig. 6 .Discharge curves 
in the Kupa River 
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F1g. 7. Discharge in the vicinity 
of the inflow of the 
Lonja-Strug Channel 

Since this system is complex it was not possible to use simplified computational procedures, 
1.e. conceptual models (Muskingurn) or models based on complete equations. 1.e. neglecting 
some terms from complete set (kinematic wave model). Paper [8] states that simplified models 
are not suitable even for simple channels w1th lateral inflows or locks. According to the earlier 
versions of the model the complex flow in the retentions of the left bank was simulated by 
several cells, as in a great number of examples from the book [l]: however, in this case it could 
not be done. The results are much better when the flow is considered to be parallel to the Sava 
Rlver. It can be concluded that successful modeling can be effected if the type of the process 
is well-known and if the suitable model and numelical procedures have been subsequently 
chosen. 
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Niederscblagsvorhersagen mit den Regionalmodellen des 
Deutscben Wetterdienstes 

B. Dietzer 

Zusammenfassung : 
Beim Deutschen Wetterdienst sind neben einem globalen Vorhersage­
modell mit einer Gitterweite von ea. 200 km zwei ~egionalmodelle 
im operationellen Einsatz : das sogenannte Europa-Modell ( EM ) 
mit ea. 55 km und das Deutschlandmodell ( DM ) mit ea. 14 km hori­
zontaler Auflosung. An den GitterpunKten dieser Modelle stehen Nie­
derschlagsvorhersagen bis hin zu einer stundlichen Auflosung zur 
Verfugung. Die Modelle werden eriautert und die damit routinemaBig 
erstellten Niederschlagsvorhersagen vorgestellt. Anhand von Beispie­
len wird gezeigt, wie sic~ die Qualitat der Niederschlagsvorhersage 
mit den feiner aufgelosten Ausschnittsmodellen verbessert hat. 

The Forecast of Precipitation with the Limited Area Models 
of the Deutscher Wetterdienst 

Summary: 
At the Deutscher Wetterdienst in addition to a global weather predic­
tion model with a horizontal resolution of about 200 km, two limited 
area models are in operational use : the Europa-Modell ( EM ) with a 
grid distance of about 55 km and the Deutschland-Modell ( DM ) with 
14 km. At the grid points of the limited area models, forecasts of 
precipitation up to a hourly resolution are available. The paper des­
cribes the models and the operational forecast products of precipita­
tion. The quality of the prediction of precip1tat1on nas improved 
with the high resolution models. 

Anscnr:ft des Verfassers : 
Dr. Bernd Dietzer 
~eutscher Wetterdienst 
Referat Hydrometorologie 
Postfach 10 04 65 
63004 Offei:bach 
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1. Einleitung 

Der Niederschlag ist einer der wier.tigsten Wetterparameter, den die Wetter­
dienste vorherzusagen haben. Als Eingabedaten fur hydrologische Vorhersage­
modelle zur Warnung der Bevolkerung und zum Betrieb wasserwirtschaftlicher 
Anlagen werden die Vorhersage der Niedersehlagshohe, bezogen auf einen be­
stimmten Zeitraum, sowie Aussagen zu Art, Beginn, Andauer und Intensitats­
verlauf des Niederschlags benotigt. Diese Daten konnen zunehmend genauer 
aus numerischen Wettervorhersagemodellen gewonnen werden. 

2. Numerische Wettervorhersagemodelle 

Die numerische Wettervorhersage versucht mit Hilfe prognostischer und diag­
nostischer Gleichungen aus Hydro- und Thermodynamik den zukunftigen Zu­
stand der atmospharisehen Variablen, wie Luftdruck, Temperatur, Windkompo­
nenten, spezifischer Feuchte - ausgehend von einem Anfangszustand ( Analy­
se ) - zu berechnen. Die Modellatmosphare wird dabei durch ein 3-dimensio­
nales Gitternetz aufgespannt. In der Vertikalen ist die Atmosphare vom Bo­
den bis zum Oberrand in mehrere Schichten aufgeteilt. Physikalische Prozes­
se wie z.B. die Feuchtkonvektion , deren horizontale Erstreckung kleiner ist 
als der Gitterpunktsabstand, mussen summarisch behandelt werden ( Para ­
metrisierung ). 

Die Gute der Vorhersage der atmospharischen Variablen ist dabei umso gros­
ser, je feiner das Modellgitter ist, und je mehr Schiehten in der Vertika­
len benutzt werden. Dern steht aber der enorme Reehenaufwand bei der Losung 
der Gleichungen gegenuber, der dazu zwingt, fein aufgeloste Modelle nur in 
einem eng begrenzten Gebiet einzusetzen. Die Randwerte fur ein solches Mo­
dell werden von einem grobmaschigeren ubergeordneten Modell bereitgestellt. 

3. Die Modellkette des Deutschen Wetterdienstes 

Beim Deutschen Wetterdienst ( DWD ) sind drei Wettervorhersagemodelle im 
operationellen Einsatz, die zweimal taglich, ausgehend vom 00 UTC und 
12 UTC Analysentermin, gerechnet werden: 

- das Globale Modell ( GM ) , Modellgebiet gesamte Erdkugel, horizontale 
Gitterweite ea. 200 km, 19 vertikale Schichten, Vorhersage bis 168 Stun­
den. 

- das Europamodell ( EM ), Modellgebiet Europa/ Nordatlantik, Randwerte vom 
GM, horizontale Gitterweite ea. 55 km, 20 vertikale Schichten, Vorhersage 
bis 78 Stunden. 

- das Deutschlandmodell ( DM ), Modellgebiet Deutschland / angrenzende ~an­
der, Randwerte vom EM, horizontale Gitterweite ea. 14 km, 20 vertikale 
Schichten, Vorhersagezeit bis 36 Stunden. 

Die Behandlung der zur Niederschlagsbildung fuhrenden physikalischen Pro­
zesse ist im EM und DM weitgehend gleich. I n den Modellen w1rd :w1schen 
stabilem ( skaligen ) und konvektivem Niederschlag unterschieden. Stabiler 
Niederschlag entsteht durch groBraumiges Aufsteigen stabil ?esch i chteter 
~uft. Das Niederschlagsgebiet erstecKt s i eh me i st uoer mehrere 1 0 0 km ~is 

etwa 1000 km. Skaliger Niederschlag entsteht im Modell, wenn das durch den 
Gitterpunkt definierte Volumenelement voll mit Wolkenwasser angefullt ist. 
Diese Bedingung ist in der Regel an mehreren benachbar t en Gitterpunkte ~ er­
fullt, es entsteht groBraurniger Niederschlag. In den Modellsleicnungen : u r 
den skaligen Niederschlag werden die Komponenten spez. Feuchte und Wolken­
wassergehalt, sowie Regen und Schnee mitgefuhrt. Die wolkenphysiKalischen 
Prozesse, die im hydrologischen Zyklus fur den skaligen Niederschlag van 
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Bedeutung sind, werden in parametrisierter Form behandelt. 

Der konvektive Niederschlag ist das Ergebnis feuchtkonvektiver Prozesse, 
die in einer horizontalen GroBenordnung ablaufen, die kleiner sind als 
die Gitterweite. Feuchtkonvektion mu6 somit in parametrisierter Form im 
Modeli beschrieben werden. 

Die entscheidende Verbesserung der Niederschlagsvorhersagen mit dem DM ba­
siert auf der wesentlich genauer darstellbaren Orographie. Die Abb. 1 zeigt 
die irn EM und DM verwendete Gelandestruktur. Damit wird eine topographisch 
bedingte Verstarkung bzw. Abschwachung gro6raumiger Niederschlagsgebiete 
besser vorhergesagt. Pra- und postfrontaie Niederschlagszonen werden ge­
nauer erfa6t. Der Tagesgang der Konvektion im orographisch starker geglie­
derten Gelande ist darstellbar. 

Abb . 1: Orographie im Deutschland- und Europarnodell 
Isolinien : 20m (fett), lOOm, 250m, 500m, 750m (fett), lOOOm 

1500m, 2000rn, 2500m ( fett), 3000m 

4. Niederscblagsvorhersageprodukte des DWD 

Die Niederschlagsprognosen werden in stundlicher Auflosung, getrennt nach 
Schnee und Regen, sowie konvektivem und skaligern Niederschlag, in einer 
Datenbank abgespeichert. Uber Langwellen-Fax werden Niederschlagsprognosen 
des EM in Isohyethenforrn fur Mitteleuropa bis 78 Std. routinemaBig verbrei­
tet. Ein Beispiel zeigt die Abb. 2. 

Abb. 2: RoutinernaBige Niederschlagsvorhersage des Europa-Modells 

247 



Vom DM werden Vorhersagen de: Niederschlagshohe in Rasterform, sowie der 
Konvektionsform und der Niederschlagsart i n Symboldarstellung bis 36 Std. 
ebenfalls routinemaBig gesendet ( Abb. 3). 

Spezielle Nutzer werden mit Niederschlagsprognosen fur definierte Gitter­
punkte uber Telex oder DATEX-P beliefert. 

Abb. 3: RoutinemaBige Niederschlagsvorhersage des Deutschland-Modells 

5. Die Giite der Niederschlagsprognosen 

Die Verifikation der Niederschlagsprognosen wird dadurch erschwert, daB es 
sich bei den gemessenen Niederschlagshohen um Punktmessungen handelt. 
Gitterpunktswerte aus der Modellvorhersage dagegen sind eine Art Gebiets­
niederschlag uber die jeweilige Gitterpunktsflache. Es mussen daher auch 
Flachenrnittel aus Niederschlagsrnessungen rnit vorhergesagten Flachenmitteln 
verglichen werden. 

Die Abb. 4 zeigt die Sumrne der taglichen 24 std. Niederschlagshohen fur 
Oktober 1993 irn Vergleich mit den vorhergesagten 24 std. Niederschlags­
prognosen fur die Vorhersagezeiten T+6 bis T+30 Std. fur das Gebiet 
Deutschland und Schweiz. Man erkennt, daB das DM die lokalen Unterschiede 
in der Niederschlagsverteilung wesentlich besser simulieren kann, als das 
EM. So sind die beobachteten Maxima in der Sudschweiz und in den Mittel­
gebirgen auch in den DM-Vorhersagen zu f inden. 

Abb. 4: Monatliche Niederschlagsh6hen filr Oktober 1993 ~us Beobachtung 
und Vorhersage T+6 bis T+30 mit Deutschland- und Europa-Modell 
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Auch be1 einer Einzeltalla~swertung zeigt sich die Verbesserung der Nieder­
schlagsvorhersagen mit dem OM gegenuber dem EM : die Abb. 5 zeigt den ge­
messenen 24 std. Niederschlag in der Schweiz vom 24.9.93 ( Hochwasser im 
Tessin ) und die Niederschlagsvorhersagen mit EM und DM. Auch hier werden 
die auf die Sudschweiz begrenzten Niederschlage vom OM deutlich besser vor­
hergesagt, als durch das EM. Auch die Absolutwerte ( beobachtet mehr als 
110 mm ) werden vom OM ( eoenfalls 110 mm ) wesentlich besser prognosti­
ziert, als vom EM ( nur bis 70 mm ). Dennoch zeigt die Abbildung auch die 
Grenzen der numerischen Vorhersage auf : der vom DM vorhergesagte Nieder­
schlag ist auf ein wesentlich grosseres Gebiet verteilt, als in Wirklich­
keit. So werden auch fur die Ostschweiz Niederschiagshohen bis zu 50 mm 
prognostizi~rt, wo nur weniger als 10 mm gemessen wurden. 

6. SchluBbemerkungen 

Wie die Abb. 5 zeigt, kann eine Niederschlagsvorhersage mit hochaufgelo­
sten Wettervorhersagemodellen im Detail noch gro5e Fehler aufweisen. Trotz­
dem ist es mit dem DM gelungen, einen weiteren Schritt in Richtung einer 
raumlich und zeitlich genauen Niederschlagsprognose ZU tun. Verbesserungen 
in der Parametrisierung der Niederschlagsprozesse und genauere Analysen der 
Bodenparameter lassen weitere Gutesteigerungen der Niederschiagsvorhersage 
erwarten. 
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Abb. 5: 24 std. Niederschlag vom 24.-25.09.93 beobachtet, sowie 
24 std. Vorhersagen vom 24.09.93 00 UTC ( in 1 / 10 mm). 
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EVALUATION OF HYDROLOGICAL FORECASTS' ACCURACY 
ON THE SLOVAK REACH OF THE DANUBE RIVER 
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Slovak Hydrometeorological Institute 
Jeseniova 17 , 833 15 Bratislava, Slovakia 

Summary: Since 1920 the short range hydrological forecasts 
of water stages on the Slovak reach of the Danube river have 
been regularly carried out. In the past the hydrological 
forecasting has been provided at the various institutions 
according to the historical and political situation in the 
country. 
Department of Hydrological Information and Forecasting 
Service at the Hydrometeorological Institute was established 
in fifties and from that time it was possible to follow 
systematically the accuracy of the issued forecasts. 
In the paper , the errors' evaluation for forecasts issued in 
different time periods, is outlined. 

DER GENAUIGKEITSAUSVERTUNG VON HYDROLOGISCHEN 
VORHERSAGEN IM SLOVAKISCHEN DONAUABSCHNITT 

Kurzfassung: Die kurzfristigen Vasservorhersagen im 
slowakischen Donauabschnitt werden schon seit dem Jahre 
1920 ausgegeben. In der Vergangenheit wurden hydrologische 
Prognosen den historischen und politischen Veranderungen im 
Land entsprechend von verschiedenen Institutionen 
durchgefi.ihrt. 
Hydrologischer Informations- und Vorhersagedienst wurde im 
Hydrometeorologischen Institut in den funfziger Jahren 
gegri.indet, seitdem ist es mbglich, die Genauigkeit der 
ausgegebenen Vorhersagen zu verfolgen. 
Im Artikel sind einige Erkenntnisse aus der 
Genauigkeitsauswertung von hydrologischen Vorhersagen, die 
in verschiedenen Zeitperioden ausgegeben wurden, aufgefi.ihrt. 
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Hydrological forecasting in Slovakia has been performed at 
the specialized department of the Slovak Hydrometeorological 
Institute - Hydrological Information and Forecasting Service 
(abbreviation HIPS ). 

HIPS is responsible for hydroprognostic service over all the 
territory of the Slovak Republic. At the present time HIPS 
provides prediction for 13 rivers and 28 river sites . For 
this purpose the extensive monitoring of hydrological , 
meteorological and water management data has been realized . 
Further , the hydrometeorological information with the 
neighbouring states and all Danubian countries is exchanged . 
Of the longest tradition are the hydrological forecasts on 
the Slovak reach of the Danube where they have been 
regularly performed since 1920. In the past , the 
hydrological forecasting has been provided at the various 
institutions according to the historical and political 
situations in the country . That is why it was possible to 
carry out the systematic processing of hydrological the 
forecasts' accuracy only from fifties when 
Hydrometeorological Institute was established. 

The accuracy and success of the hydrological forecasting 
have their development and they depend on the general level 
of hydrological service, forecasting methods, monitoring's 
technical level and professional skill of the . forecasting 
service staff. 

On the Slovak reach of the Danube 
forecast river sites: Bratislava , 
Sturovo . 

there exist four basic 
Medved'ov . ' Komarno and 

For several years HIPS is in 2-shift operation from 6 a . m. 
to 10 p.m . At the present there are prepared forecasts for 
6, 24 and 48 hours and estimation for three days, one week 
and one month for various purposes according to the 
requirements of the different organizations. In the paper 
there are presented some results of the evaluation of 
24-hours forecast's accuracy, which was done for the longest 
period and gives the homogeneous series for comparison . 

According to the Czechoslovak norm, in the case of short 
term forecasts issued in regular time intervals , the 
tolerable error of the forecast is defined by the equation: 

where ad is the standard deviation of the changes of the 
forecasted quantity's real values (di) in the forecast 
period given by : 
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n - 1 

and in the relationship for the arithmetic mean: 

d 

n 
~ d· 

i=l l 

n 

are the changes di taken into consideration with positive 
and negative signs. 

The evaluation of the accuracy will be done according to the 
following criteria : 

1. percentage 
tolerable error 

of the suitable forecasts 
in all issued forecasts 

in view of the 

2. average error e.g. the arithmetic mean of the absolute 
values of errors 

3. number of errors in% up to 10,20 and 30 (40) cm. 

Generally speaking, the antropogenic activities on the 
Danube has obviously influenced the forecasts' accuracy in 
the negative way. Due to the water structures construction 
the gauging stations which were the inputs for the river 
models (Linz, Struden, Krems, partially Vien-Reichsbrucke 
etc.) were gradually laid up. Besides, as a result of the 
main stream's canalization and the other antropogenic 
effects over the drainage basin, the reaction of the runoff 
process to the flush of precipitation or water from melted 
snow was accelerated. In the last ten years the travel times 
on the reach Linz - Bratislava have been reduced by 20-30%. 

The development of forecasts' accuracy in time as well as 
along the stream can be illustrated by the Table 1. By 1959 
were only one hydropower plant in operation in Austria, in 
the year 1986 already eight ones. The average error in 
Bratislava was doubled. Errors of the forecasts have 
increased primarily in the sphere of smaller errors (up to 
30 cm) in connection with the uncheckable manipulation of 
the hydropower stations . The influence of manipulation which 
took place mainly in the Austrian reach of the Danube 
gradually dissapears down the stream . 
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In the Table 3 there are the results of accuracy evaluation 
of the forecast for Bratislava in the time periods of the 
years 1959, 1970-1976, 1982-1993. General development may be 
characterised as the gradual increase of the forecst's 
errors since the year 1959 up to 1986 when certain 
stabilization has been achieved, which can be related with 
extension of monitoring and improvement of forecast's 
methods. In the year 1993 the forecasts' accuracy has been 
slightly reduced again. 

Bratislava was the important forecasting river site 
controlling the inflow into the Slovak reach of the Danube. 
After setting the Gabcikovo structure into partial operation 
in October 1992, the gauge is under the influence of the 
Cunovo reservoir. In January 1993 the new gauge has been 
installed upstream of Bratislava at Devin. 

the Gabcikovo.The The gauge Medveoov is situated downstream 
forecasts' accuracy was evaluated from the 
October 1992 and then from March 1993 up to 
year. As may be seen from the results 
accuracy has been considerably reduced in all 
setting the Gabcikovo hydropower station into 

year 1987 up to 
the end of the 
(Table 2) , the 
criteria after 
the operation. 

The Gabcikovo structure is a new challenge for the 
hydrological forecasting service. As a consequence of 
considerably changing runoff conditions, the existing 
forecasting methods have to be adapted and new methods and 
models have to be developed. 
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TABLE 1. 

TABELLE 1. 

Sta-rion 

Vienna 

Bra-rislava 

Komar no 

TABLE 2. 
TABELLE 2. 

Year 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

Hydrological forecasts' accuracy 
Bratislava and Komarno 
Die Genauigkeit von hydrologischen 
in Vien, Bratislava und Komarno 

Tolerable Suitable Average 
Year error forecasts error 

(cm) (%) (cm) 

1959 96 7 

1986 21 80 15 

1959 97 5 

1986 19 90 10 

1959 94 4 

1986 12 93 5 

Hydrological forecasts' accuracy 
Die Genauigkeit von hydrologischen 
in Medved'ov 

Tolerable Suitable Average 
error forecasts error 
(cm) (%) (cm) 

21 97 7 

18 94 9 

17 94 7 

18 94 7 

22 95 8 

15 92 6 

26 82 16 
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at Vienna , 

Vorhersagen 

Error up to 

10 I 20 '30 
cm (%) 

85 95 96 

56 80 91 

92 97 98 

67 91 97 

94 98 99 

90 98 100 

at Medved'ov 
Vorhersagen 

Error up -ro 

10 I 20 I 40 
cm (%) 

79 95 99 

77 94 99 

81 96 99 

82 96 100 

80 95 99 

84 98 100 

51 76 92 



TABLE 3. Hydrological forecasts ' accuracy at Brat islava 
TABELLE 3 . Die Genauigkeit von hydrologischen Vorhersagen 

in Bratislava 

Error up -ro 
Tolerable Suitable Average 

10 I 20 I 40 Year error forecasts error 
(cm) (%) (cm) cm (%) 

1959 19 97 5 92 97 99 

1970 30 96 9 74 92 97 

1971 16 93 7 83 96 99 

1972 17 95 6 83 97 99 

1975 19 95 6 87 96 99 

1976 19 94 7 78 95 99 

1982 19 88 - - - -

1983 19 90 - - - -

1984 16 79 11 - - -

1985 23 85 12 - - -

1986 19 90 10 67 91 99 

1987 26 90 13 59 83 96 

1988 24 90 11 60 87 96 

1989 22 90 12 50 89 97 

1990 31 91 9 67 90 99 

1991 30 95 11 66 89 97 

1992 21 91 10 68 89 97 

1993 20 87 11 63 87 96 

256 



XVIl. KONFERENZ DER DONAULANDER 

-
8 Uber hydrologische Vorhersagen und 

hydrologisch-wasserwirtschaftliche Grundlagen 

XVIlth CONFER.ENCE OF THE DANUBE COUNTRIES 

on HydrologicaJ Forecasting and Hydrological Bases 
of Water Management 

~ 

Budapest, 5 - 9 September, 1994 

BEITRAG/PAPER No.: 2.15. 

Der hydrologische Vorhersagedienst in der Ukraine -
Zustand und Fortentwicklungsperspektiven 

Kurzfassung 

der methodischen Grundlagen 

W. Manukalo, M.Sosedko 
Ukraine, Kyjiw, Staatskomitee 

fur Hydrometeorologie 

Im Bericht werden die Struktur von hydrologischem 
Vorhersagedienst in der Ukraine und Angaben uber Vorher­
sageerzeugungsumfang dargestellt. Die Aufwartsentwichlung 
der methodischen Grundlagen verwirklicht sich mittels 
Einfuhrung der Vorhersagetechnologie, die an der Bildung 
solcher Systeme orientiert ist, die Abflussvorhersagen in 
landesweiten, kontinuierlichen und zeituberdeckenden For­
men vorzustellen ermoglichen. Solche lang- und kurzfris­
tigen Vorhersagesysteme werden auf der Basis der mathema­
tischen Abflussmodellierung begrlindet. In der Perspektive 
werden die raumlich und zeitlich detaillierten Abfluss­
vorhersagesysteme auf ganzes Landesgebiet von Ukraine 
verbreitet sein. 

The hydrological forecasting service in the 
Ukraine - situation and further development 

perspectives of methodical bases 

Abstract 

The structure of the hydrological forecasting service in 
the Ukraine and information of forecasting produce volume 
are represented in the report. The improvement of metho­
dical bases is proceed successfully by means of a intro­
duction of forecasting technology that creates such sys­
tems with presentation of runoff forecastes at spatial, 
continuous and overlaped form. Such long- and short­
team forecasting systems are based on mathematical mo­
delling. In perspective spatial and temporal detailed 
runoff forecasting systems will be extended to all terri­
tory of Ukraine . 
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1. Einleitung 

Die Ukraine mit einer Gesamtflache von 603700 km2 erst­
reckt sich von Norden nach dem Suden in 900 km und von 
Osten nach dem Westen - in 1300 km. Hier gibt es Ebenen, 
Anhohen und Gebierge. Die Landschaften des Flachlandes 
andern sich von der Zone der gemischten Walder bis zur 
Steppen. Den Gebirgsregionen sind vertikale Anderungen der 
metheorologischen Grossen eigen. Grosse Differenz zeigt 
sich auch in Feuchtigkeit des Landesgebiets . Wenn in der 
Karpaten 800-1200 mm und im Nordwesten 600-700 mm pro Jahr 
niederfallt, wogegen im Suden nur 350-450mm. 

Verschiedenartigkeiten der Klima-, Orographie- und 
Bodenverhaltnisse beeinflussen der Vorgange der Abfluss­
formierung und bestimmen Besonderheiten der Flussregime. 
Fur ebenes Gelande sind Fruhjahreshochwasser infolge der 
Schneeschmelze, Sommer- und Winterniedrigwasser kennzeich­
nend. Im Fruhjahr fliesst hier gewohnlich etwa 60-80% von 
jahrlicher Abflussfulle ab, wahrend in der Westukraine,ins­
besonders in der Karpaten, geschehen fast jedes Jahr und 
mehrmals Regenhochwasser, die manchmal einen katastrophis­
hen Charakter bekommen. 

Wichtiges Problem fur die Ukraine gibt es die ratio­
nelle Ausnutzung von Wasservorraten. Dises Problem be­
findet sich unmittelbar im Zussammenhang mit allgemeiner 
Interessiertheit zur Umweltverbesserung, Naturschatz­
wiederherstellung und Hochwasserschutze. 

2. Die Struktur des hydrologischen Vorhersagedienstes 

In der Ukraine konzentriert alle Tatigkeit des hydrolo­
gischen Vorhersagedienstes bei den Amtern, die dem Staats­
komitee fur Hydrometeorologie unterordnend sind . 

Die Ausarbeitung der methodischen Grundlagen fur hydro­
logischen Vorhersagen, mit entsprechenden Programm­
systeme einschliesslich, verwirklicht Ukrainisches hydro­
meteorologisches Forschungsinstitut. Im Institut werden 
die Methodiken und Systeme der lang- und kurzfristigen 
Wasserstands-, Abfluss - und Eisverhaltnisvorhersagen 
erarbeitet. Zu diesem Zweck wird auch notwendige wissen­
schaftliche Untersuchungen erfullt: Verallgemeinerungen 
der Beobachtungsangaben, Erforschungen der Gesetzmassig­
keiten der Abflussvorgange usw. Ausserdem widmen die Gelehr­
ten einen breiten Raum der Anwendung von erarbeitenden Me­
thodiken in der Praxis. 

Die operative Hauptvorhersagestelle heisst das Ukrai­
nische hydrometeorologische Zentrale (UkrHMZ), die sich in 
Kyjiw (Kiew) befindet. Die UkrHMZ ist Leitdienststelle fur 
die Regional- und Gebietsdienststellen, die ihre Infor­
rnationstatigkei t koordiniert. Die UkrHMZ selbst versorgt 
rnehrere Einrichtungen auf der Staatsebene mit verschie­
denen hydrologischen Vorhersagen und Beratungen. 

Sehr viele Einrichtungen und Betriebe erhalten hydrolo­
gische Informationsangaben in verschiedenen Formen von der 
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Gebiatsdianststellen fiir Hydrometeorologis (GHHD), dsnen 
bestimmte Flussbecken zugeteilt sind. Solcherweise dienen 
diese GHMD in den Fragen uber hydrologischen Beratungen als 
Regionalzentrale des gesamten Vorhersagedienstes (Tab.1) . 

Die hydrologischen langfristigen Vorhersagen erstellt 
die UkrHMZ fur alles Landesgebiet (es ist ihrer Tatigkeits­
bereich). Die Kurzfristvorhersagen werden in den entspre­
chenden Regionalzentralen vorbereitet. 

Tabelle 1. 

Standorte der Regionalzentralen 
des hydrologischen Vorhersagedienstes 

Regional centres location of the hydrological 
forecasting service 

Standorte 
der Regionalzentralen 

Lwiw 
Ushgorod 
Tscherniwzi 
Kyjiw (Kiew) 
Odessa 
Charkiw 
Simferopol 

Die zugeteilten 
Flussbecken 

Dnister, Bug, Prypjat 
Tyssa 
Pruth, Siret 
Dnipro, Desna u.andere Zuflusse 
Sudlicher Bug 
Siwerskij Donez, Pryasow'je 
Krimflusse 

3. Vorhersageerzeugnisumfang 

Hydrologische Vorhersagen beziehen sich auf mehrere Ein­
r ichtungen und wirtschaftliche Betriebe. Das sind wichtige 
Zweige, u.zw . Land-, Wasser- und Gemeindewirtschaft, Hydro­
energetik, Verkehrswesen, Fernmeldeleitungen, Hochwasser­
schutz usw. 

Die Charakteristiken des Abf lussregimes (Volumen, Ab­
f lussgange, Exstremwerte, Hochwasserstande und -abflusse, 
ihre Anbruchsfriste) werden, im Betracht von der Erschein -
ungsform und Flussbeckenflache,mit verschiedenen Zeitdauern 
vorgesagt - von einigen Stunden (Regenhochwasser in Gebirge) 
bis zum 30-90 Tagen (Fruhjahrsabf luss- und Wasserspeicherzu­
flussvolumen am Dnipro). 

Der Vorhersageerzeugnisumfang, dass operative Dienst­
stellen des Staatskomittee wahrend eines ganzen Jahres er­
stellen, macht etwa 1200 langfristigen und mehr als 8 Tau­
send kurzfristigen Vorhersagen aus (Tab.2). 

Ein Losung der Problem zur rationellen Nutzung der Was­
servorrate ist aufs engste mit effektive Funktion der Stau­
raumkaskaden (vor allem am Dnipro und auch am Dnister, in 
den Flussbecken vom Sud . Bug und Siw.Donez) verbunden. Im 
ganzen gibt es in der Ukraine 1094 Wasserspeicher, die 
55 km3 Wasser akkumulieren. Ihre Nutzraume, die fur die Ab­
flussregelung und Wasserversorgung gebraucht werden, errei­
chen 26 km3 

. Von ihnen bef indet sich 8 Wasserspeicher 
mit Nutzinhalt 18,6 km3 am Dnipro. Aus den Dnipro-
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Speichern wird das Wasser in den Donezbecken, Krywyj Rih, 
Krim, fur Landberieselungen (2,6 Mio ha) entnommen. Die 
Gesamtvolume der unwiederbringlichen Wassernutzung reicht 
ungef~hr 10 k~ . 

Perspektive und operative Planung der Speicherfassung 
und- abarbeitung, Stromerzeugung, Wasserentnahme fur Bewas­
serung, gleichzeitig mit den Anforderungen des Schiffsver­
kehrs und anderer wirtschaf lichen Wasserbedurfnisse, wird 
unter Berucksichtigung van ganzen Abf lussvorhersagekomp­
lex erfullt. Auf diese Weise kann man fast optimale Zu­
stimmung der Interessen verschiedener Wirtschaftszweige 
wahrnehmen. Gleichzeitig wird die Naturschutzmassnahmen 
nicht vergessen. 

Tabelle 2 

Jahrlicher Vorhersageerzeugnisumfang 
Annual forecasting produce volume 

Anzahl 
Kennwerte 

der Gewasser der Vorhersagen 

Langfristvorhersagen 
1. Zufluss 

in einer Jahreszeit 
in 90 Tagen 
in 30 Tagen 
in 10 Tagen 

2. Hochste Fruhjahrswasser-
stande 

3. Hbchste Fruhjahrsabflusse 
4. Fruhjahrsabflussfulle 
5. Hochster, niedrigster, 

mittlerer Monatswasserstand 
6. Eisverhalnisse 

2 
2 
5 
4 

31 
15 
25 

6 
29 

Kurzfristvorhersagen 
1. Zufluss 

in 10 Tagen 
in 1 Tag, einigen Tagen 

2. Hochster Wasserstand 
3 . Mittelere Abflussmenge in 

5 und 10 Tagen 
4. Mittlere, niedrigste, hochste 

Wasserstande in 10 Tagen, tag­
liche Wasserstande 

5 . Schiffahrtswasserstande 

2 
3 
8 

17 

6 
1 

20 
20 
80 

188 

51 
20 
38 

743 
31 

82 
2313 

38 

1147 

4091 
400 

Auf dem ganzen Landesgebiet der Ukraine konnen Hochwas­
serere ign isse fast jahrlich Risiken , Gefahren und Ver­
lusten hervorrufen. Im Flachland sind es Uberflutungen und 
Zerstorungen hauptsachlich wahrend der Fruhjahrshochwas­
se r . Im Pripjat-Flussbecken geschehen noch Regenhochwasser 
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in einigen 
ist solche 
schlossen. 

Sommerjahreszeiten. Aber in den Gebirgsregionen 
Gefahr wahrend des ganzen Jahres nicht ausge-

So in den Karpaten rufen reichliche Niederschlage und in­
tensive Schneeschmelzen haufige Hochwasser hervor, die of­
ters katastrophische Charakter haben. Darum in den Fluss­
becken von Dnister,Tyssa, Pruth und Siret sind Hochwasser­
und Murgangwarnung von grosser Bedeutung. Diesem Zweck muss 
das Vorhersagesystem dienen, dass jetzt in der Einfuhrung 
gestanden ist. Dieses System gibt die Moglichkeiten, Ab­
flussfullen und Abflussgange wahrend des ganzen Jahres vor­
zusagen. 

Wesentliche Bedeutung haben fur unseres Land auch recht­
zei tige Warnungen uber Eiserscheinungen, -bildung und -auf­
gang . Solche Angaben sind fur Wasserverkehr, als auch fur 
den Schutz der Transportstrassen und Fernmeldeleitungen no­
tig . 

4. Weiterentwicklungsrichtungen der methodischen 
Grundlagen 

Eines von Massnahmen fur erfolgreiche Tatigkeit des hyd­
rologischen Vorhersagedienstes ist weitere Vervollkommung 
seiner methodischen Grundlagen mittels Einfuhrung fur alle 
Flussbecken solcher Vorhersagesysteme, die noch hbhere 
Inf ormationswerte haben und vollkommene Technologien benut­
zen. Der Begriff von Technologie schliesst Vorhersagestruk­
turen, Programmausrustungen, Datenbankorganisationen. 

Unter methodischen Gesichtspunkt wird die Erstellung der 
Vorhersagesysteme auf solcher Weise gerichtet, damit sie 
begunstigen konnen, Abflusscharakteristiken mit verschie­
dener Zeitdauer in folgenden Formen vorzustellen:(a)landes­
weite, (b) kontinuierliche, (c) zeituberdeckende. Notwen­
digesweise ist die Kombinierung der Formvorstellungen mog­
lich. 

Solche Vorhersagesysterne werden auf der Basis der mathe­
matischen Modellierung der Abflussprozesse begrundet, die 
in den Einzugsgebiete geschehen und Verhaltnisse fur die 
Abflussformierung schaffen . Hit diesem Zweck wurden die 
Modelle gebildet, dass die Forrnierung des Regen-, Tau- und 
Gemischtwasser simulieren /1-4 / . 

Die landesweiten Vorhersagen mit verschiedenen Stufen 
von Flachendetaillierung (im Zusammenhang mit Bedurfnisse) 
haben · einen hoheren Inforrnationswert . Gegenwartig werden 
diese Systeme der langfristigen Fruhjahrsvorhersagen fur die 
Flussbecken von den Dnipro - Zuflussen, Sud. Bug und Siw. 
Donez ausgenutzt. Es werden die Ausarbeitungen betreffs 
ihrer Verbreitung auf ganzes Landesgebiet erfullt . Auch 
gilt es landesweites Regenabflussvorhersagesystem fur die 
Westukraine zu entwickeln. 

Schon funktionieren zwei Systeme der kontinuierlichen 
Abfluss- und Zuflussvorhersagen mit Zeitdauern von 1-5 bis 
30-90 Tagen fur die Dnipro-Stauraumkaskade und den Dnis­
ter-Wasserkraftkomplex. Die Vorhersagen werden mit der 
Uberdeckung erstellt, darum gibt es Moglichkeit , genauere 
Angaben regular bei der Verkleinerung van Zeitdauer zu 
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bekommen. Kontinuierliche Kurzvorhersageerstellung der 
Abf lussganges wird wahrend der Regenhochwasser an den Kar­
patenf lussen angewandt. 

Effektive Abf lussvorhersagen fur Gebirgsf lussen konnen 
ohne Niederschlagsvorhersagen unter Verteilung auf orog­
raphichen Gebiete nicht gewahrleisten. Entspechende Ausar­
beitungen werden fur das Gebiet der Ukrainischen Karpaten 
mit Benutzung von Satelliten - und Radiosondendaten erfullt. 

In der Perspektive werden die raumlich und zeitlich 
detaillierten Abf lussvorhersagesysteme auf ganzes Landesge ­
biet von der Ukraine verbreitet sein . 

5. Schlussbemerkung 

Die Steigerung der Effektivitat vom hydrologischen 
Vorhersagedienst verlangt Vervollkommung der methodischen 
Grundlagen und Automatisierung aller seinen Technologiebes­
tandteile. Fur unseren Gebirgsregionen sind wesentliche 
Fortschritte in dieser Richtung ohne Schaffung der automa­
tichen Beobachtungs- und Informationssysteme nicht moglich . 

Fur die Karpatenregion ist es sehr wichtig, die enge 
Zusarnmenarbeit zwischen entsprechenden Diensten von Ukra­
ine , Ungarn , Rumanien, Moldova und Slowakei zu unterhalten. 
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Kun.fristbewirtscha.ftung un.d Abflu6"Vorhersage im Uberleitungssystem Dooau-Main 

f\-1. Becker und K. Wilke 

Kurzfassung: Mit dem Zic.:l eines Ausgleicbs hydrologisch bedingter Standort-Unterschiede zwischen Nord­
und Si.idbayern betreibt der Freistaat Bayern - Wasserwirtschaftsverwaltung - seit 1970 den Bau eines 
Systems zur Uberleitung von Altmi.ihl- und Donauwasser in das Regnitz-Maingebiet. Der Beitrag behandelt 
neben einigen Gesichtspunkten der Kurzfristbewirtschaftung auch beispielhaft die Verkni.ipfung von 
Langz.eit- und Kurzfristbewirtschaftung und vor allem die operationelle Hochwasservorhersage im oberen 
Altmi.ihltal, bei der als Verfahren das Wiener-Mehrkanalfilter zum Einsatz kommt. Es wird i.ibcr die 
Berech.nung des Mehrkanalfilters, die operationelle Datenbeschaffung und die erstmaligc Anwendung des 
Filters unter Echtzeitbedingungen im Hochwasserfall berichtel. 

Short Time Operation and Flood Forecast in the lnterbasin Water Transfer System Danube-Main 

Abstract: Since 1970 the Bavarian Government pursues the project of the Interbasin Water Transfer System 
Danube-Main with the aim to balance water resources between northern and southern Bavaria and to 
prevent that water becomes a minimum factor for the economic development in the northern part of 
Bavaria. This paper is dealing with some aspects of the short time operation of the system <Jnd the use of 
the Wiener-filter algorithm as a Looi for the flood forecast in the upper Altmiihl valley. Information is given 
to the development of the filter model, the data collection under operational conditions and the firsl real 
Lime use of the model in case of f1ood. 

Ziel und Konzeption des Oberleitungssystems 

Ausgangspunkt des Oberleitungssystems ist zum einen der Main-Donau-Kanal, der sicb zwischen der 
Regnitzmiindung in den Main bei Bamberg und der Altmi.ihlmi.indung in die Donau bei Kelheim erstreckt 
(Abb. 1). Der Schiffahrtskanal bietet dabei - oh.ne bauliche VergroBerung - eine ideale Moglichkeit, Wasser 
aus dem Donaugebiet in das Regn.itz-Maingebiet i.iberzuleiten. Dazu bedurfte es lediglich einer enlspre­
cbend dem wasserwirtschaftlichen Bedar[ vergroBerten KapazitiHsauslegung der an den funf Stufen der 
Siidrampe for die Betriebswasserversorgung des Kanals vorgesehenen Purnpwerke (Becker u.a., 1985). 

Um einen mbglichst wirtschaftlichen Pumpbetrieb zu realisieren und um kiirzere Bctriebsunterbrechungen 
im Fordersystem zu iiberhri.icken, errichtet die Wasserwirtschaftsverwaltung einen Ausgleichsspeicher, den 
Rothsee (Nutzraum 7 hm3

), der auch fi.ir die Freizeit- und Erholungsnutzung bedeutsam sein wird. Das iiber 
den Main-Donau-Kanal i.ibcrgcleilctc Wasser kann i.iber die Roth und die Rednitz dem Grof3raum 
Ni.irnberg zugcfi.ihrt werdrn. 

Da die Enlnahme aus der Donau nichl uneingescbrankt moglich ist, auf der anderen Seite aus Effizienz­
griinden eine gewisse Versorgungssicherheit im Regnitz-Maingebiel gewahrleistet werden muB, bedarf die 
Kanali.iberleitung einer Erganzung. Hierfiir isl das zweite Teilsystern, die Altmi.ihl-Brombach-Oberleitung 
(Brombachsystem). vorgc~ehen. Es besleht aus einem Ausgleichsspeicher im Altmi.ihltal, dem Uberlcitungs­
stollen, der die europaische Hauptwasserscheide Don<1u-Rhein unterfahrt und der Brombachtalsperre. 
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Hohenstodt 

Abb. 1 Dbersichtslageplan 
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Der Altmi.ihlsec (SLauinhalt 13.4 hm 3
) dient in erstcr Linie dazu, Hochwasscr der oberen Altmiihl kurzfristig 

1uri.ickzuhalten. um sie in den Brombachsee ahlciten zu konnen. Dadurch tragt der Speicher auch zum 
Hochwasserscbutz fi.ir di e milllcre Altmiihl bei . Er erm6glicbt auBerdem eine begrenzte Niedrigwasser­
;rnfbohung in dcr Altmi.ihl und 6rtliche und i.iber6rtliche Erholungsfunktionen. Durch einc ea. 120 ha groBe 
Flachwasser- und lnselzone werden im See wenvolle okologische Ausgleichsflachen gescbaffen. 

Mit einer Wa.sserflache von i.i.ber 9 km~ und einem Inhalt von rund 132 hm 3 stellt der Brombachsee das 
Kernstiick des Brombachsystems dar. Der Speicher hat primar die Aufgaben, schadenverursachende 
Hochwasser der oberen Altmi.i.hl aufzunehmen und dieses Wasser zur gezielten Niedrigwasseraulbohung in 
das FluBsystcm von Rednitz-Regnitz-Main abzugeben. Das ist insbcsondere bci Niedrigwasser in der Donau 
crforderlich. wenn don einc Wassercntnahme nicht statthaft ist. bzw. bei Betriebsstorungcn im Teilsystcm 
Main-Donau-Kanal. Eint weitere Funktion liegt in der Bereitsteilung wasserorientiencr Freizeit- und 
Erholungsm6glichkeiten im seenarmen r::iiittclf rankischen Verdichtungsraum. 

2 Bewirtschaftungskonzeption 

Die Enrwicklung optimaler Bewirtschaftungs- und Steuerungsvorschriften for das Oberleitungssystem 
vollzieht sich nach einem Rahmenkonzept in drei Stufen (Rosemann u. a., 1980): 

Langzeitbewirtschaftung, d. h . Aufstellungjener Bewirtschaftungsgrundsatze, die die optimale langfristige 
Auslastung derwasserwirtschaftlichen Anlagen unter Einhaltung der notwendigen Randbedingungen 
sichern. 
Kurzfristbcwirtschaftung, d. h. Entwicklung optimaler operativer Bewirtschaftungsregeln for maBgcbliche 
Bclastungsfalle und Anfordcrungen in Abhangigkeit von bestimmten Systcmzustanden. Dabei sind die 
in der Langzeitbewirtschaftung entwickelten Grundsatze als Restriktionen zu beachten. die jedoch im 
Wege der Riickkoppelung bei entsprechenden Erkenntnisfortschritten modifiziert werdcn k6nnen. 
Betriebsplan, d . h . Fixierung der Steuerungsregeln in Form einer Anweisung for den Echtzeitbetrieb auf 
der Basis der Erkenntnisse aus Langzeit- und Kurzfristbewirtschaftung. 

Die Bewirtschaftung des Oberleitungssystems unter Langzeitaspekten beruht auf einer umfassenden 
mehrjahrigen Untersuchung, die einen vorlaufigen AbschluB im Jahr 1984 fand (Fortschreibung 1992) . 
Unter Einsatz eines mathematischen Systemmodeils wurde auf der Basis von AbfluBwochenwerten der 
.lahresreibe 1930/85, ohnc 1945, der LOsungsraum eingegrenzt und in einem schrinweisen interaktiven 
AbwagungsprozeJ3 eine optimale Bev.iirtschaftungsstrategie gefunden. 

Mit einer mittleren langjiihrigen Uberleitungsmenge iiber den Kanai von rd . l 25 Mio m3 und von rd . 25 
Mio m3 aus der oberen Altmi.i.hl kann der RegnitzabfluB bei Huttendorf (nordlich von Ni.Imberg) auf rd. 27 
m3/s im Sommer und rd. 22 m3/s im Winter aufgehoht werden. Die Wirksarnkeit der Aufbohung betragt 
damit mengenma.Big etwas uber 98 %. Das Wasser der Altmi.i.hl wird dabei zu rd . 80 % bei Abfliissen uber 
MQ, vor allern bei Hochwasser entnommen. Die durchschnittliche Entnahme durch die Wasserwirtschaft 
von rd . 4,7 m3/s entspricht rd . 1.4 % des mittleren jahrlichen Donaudargebots am Pegel Kelheirnwinzer 
unterhalb der Altmiihlmi.indung. Der Hauptanteil dieser Entnahme findet im Sommerhalbjahr start, wenn 
die Donau i.iblicherweise hobere Abflusse fiihrt. Ab Oktober geben die Pumprnengen spi.i.rbar zuri.ick, da 
verstarkt Wasser aus dem Brombachsce ein!Zesetzt wcrden kann. Aus Donau und unterer Altmiihl wird kein 
Wasser entnomrnen, wenn am Pegcl Kclh~imwinzer ein DonauabfluB von 140 m3/s erreicht oder unter­
schritten wird. Dieser AhfluBwert, der etwa dcm langjahrigen mittleren NiedrigabfluJ3 MNO in diesem 
Donauabschnitt entspricht, wurde zum Schurz der unterhalb liegenden Donaurcgionen und zur Sicherung 
ihrcr Entwic:klungsmoglichkeiten festgeschrieben . 

3 Kurzfristbewirtscbaftung 

Wahrend di <.: Untersuchungen zur Langzcitbev..1rtschaftung mit Hilfe eincs Bilanzierungsmodells fiir das 
(j esamtsystem auf einer einheitlichcn Datenbasis von Wochenmittelwerten der Abfli.isse und Speicherinhaltc 
abgewickelt \.VUrden, miissen bei der Kurzfristbewirtschaftung Modelle herangezogen werdcn, die hinsichtlich 
der vcrwendeten Algorithmcn und Zcitintervalk den Hauptzielsetzungen in den Tcilbercichen des Obcr­
leitungssystems angepaf3t sind. 
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Aufgrund van besonderen Anfordcrungen irn Vorfcld dcr norwendigen Rechts- und Genchmigungsverfahrcn 
bewgen sich bishcrige Kurzfristuntcrsuchungt:n auf spcziclle Tcilaspekte und -raumc des Gcsamtsystcms. 
Zu nennen sind die Thcmen 
- Erarbeitung van Grundlagen fiir den vorlaufigen Betriebsplan des Teilsystems Kanaliiberleitung und des 

Rothsees, 
- Abstimmung der Kanalbewirtschaftung mit der Schiffahrtsverwaltung, die fiir den Pumpbetrieb am Kanal 

zustandig ist, 
- Bereitstellung van Kiihlwasser fur thermische Kraftwerke an Regnitz und Main in Trockenjahren, 
- Yoruntersucbungen fur eine Niedrigwasservorhersage am Pegel Hiittendorf/Regnitz, 
- Hochwasserbewirtschaftung des Altmii.h.lsees, 
- Voruntersucbungen fur eine Hochwasservorhersage zum Altmiihlsee. 

Bei den Untersuchungen zur Kanalbewirtschaftung (Pumpbetrieb) fur die Kiihlwasserbereitstellung und den 
Yoruberlegungen zur Niedrigwasservorhersage wurden Bilanzierungsmodelle und Regressionsansatze auf 
Tageswertbasis berangezogen. Die Bearbeitung der Hochwasserthemen verlangte zeitlich hoher aufgeloste 
Modelle im Stundenbereich. 

Die logische Yerkniipfung von Langzeit- und Kurzfristbewirtschaftung bis hin zum Betriebsplan soil an der 
zentraJen Aufgabe des Oberleitungssystems, der Niedrigwasseraufhohung der Regnitz, exemplarisch 
verdeutlicht werden. Hierbei mul3 erreicht werden, da.13 selbst in trockenen Jahren auch noch in der 
kritischen Jahreszeit geniigend Wasser fur die Aufbohung verfugbar ist und rucht bereits der Brombachsee 
oder der Rothsee leer sind, wenn noch gro!3e Wassermengen zur Niedrigwasserauihohung benbtigt 
werden. Eine optimale Bewirtschaftungsstrategie mu.f3 bestrebt sein, Speicberwasser fur die kritischen 
Trockenperioden des Jahres im Spatsommer bzw. Herbst zu sparen, weil in dieser Zeit u. U. kein Donau­
wasser entnommen werden darf. Das dahinterstehende wasserwirtschaftliche Ziel ist, die mit einer Niedrig­
wasserperiode einhergebenden potentiellen volkswirtschaftlicben Scbaden zu minimieren. Wie Abb. 2. 
verdeutlicht, ist dies der Fall, wenn durcb die Bewirtschaftung gro!3e Unterscb.reitungen des Aufbohungs­
ziels vermieden, statt dessen hauligere oder langer andauernde, aber geringere Abweichungen zugelassen 
werden. 

Schodenssumme 
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Abb. 2 Qualitativer Zusammenhang zwischen verschiedenen Betriebsregeln zur Niedrigwasseraufhohung 
und den nicbt verhinderbaren Schaden 
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Bei der OpLimierung unt cr LangzeiLaspekLcn gait das Ziel. die Summe dcr quadrierten einseiLigen Ah­
wcichungen vom angcsLrcbtcn AufbC>hungszie l (UnlerschreiLUngsmengcn) zu minimieren . Zurn Yergleich: 
Die ZielfunkLi on "Minimierung der Summe der Unterschreitungsmengen '" (nicht der Ouadrate! ) hiittc Be­
winschaftung.sslrategien mit bestmoglichen Sichcrheitcn nach Menge, Haufigkeit und Dauer hervorgehrachL, 
jedoch nichl das SchadenspotenLial rninimierL. 

lm Rahmen einer Kurzfristbetrachtung la.Bt sich der Speicherbetrieb weiter optirnieren. Dies kann z. B. 
dadurch geschehen, daB fi.ir jedes ZeitintervaU eine maximale n.icht zu iiberschreitende Abgabewassermengc 
festgelegt oder die Abgabe maximal auf einen bestimmten ProzeDLsaLz des Speicherinhaltes begrenzt wird. 
Eine andere Moglichkeit ware, for jedes Zeitintervall einen tiefsten Speichcrwasserstand zu definieren, der 
in diesem lntervall nicht unterschritten werden darf. 

Fiir den vorliiufigen Betrieb dcr Kanaliiberleitung und des Rothsees wird in Trockenperioden, wenn cine 
EnLnahme aus der Donau nicht moglich ist, die Strategic verfolgt, die Speicherabgaben in Abhangigkeit von 
bestimrnten Seewasserstandcn scufenweise zu vcrmindern. um so den erwlinschten "Spareffekt" zu erziclen. 

Nach der Eroffnung des Main-Donau-KanaJs im Herbst 1992 bcgann die Wasseriiberleitung, um den 
erstmaligen Einstau des Rothsees und die dazu vorgeschriebenen Untersuchungen durchzufuhren. Ein 
mehrjahriger Probebetrieb zur Niedrigwasseraufhohung der Regnitz soU im Sommer 1994 beginnen. 

4 AbfluBvorhersage im Teilsystem Altmiihl-Brombach-Uberleitung 

Im Jahr 1986 wurden bere its der Altmiihlsee, der Uberleicerstollen und die Brombachvorsperre als Tei! der 
kiinftigen Altmiihl-Brombach-Uberleitung in Betrieb genommen. Das Teilsystcm hat die Aufgabe, im Tai 
der mittleren AltmtibJ schadenverursachende Sommerbochwasser weitgehend zu verhindern und das zuruck­
gehaltene Hochwasser dem Brombachsee zuzuleiten, von wo es gezielL zur Niedrigwasseraufhohung der 
Regnitz abgegeben wird. 

Fur die Bewirtschaftung des Altmi.ihlsecs ist es daher von zentraler Bedeutung, friihzeitig Kenntnis iibcr die 
ki.inftigen Zuflusse zum Speicher zu erhalten. Die gesrclhe Aufgabc laBt sich mit mathematischen Model­
le.n, z. B. auf der Basis einer multiplen linearen Regressionsanalyse , auf der Basis einer Mehrkanalfilterung 
oder einer multiplen Frequenz-Response-Analyse !Osen. Die Wahl fie! auf das Verfahren der Mehrkanalfil­
terung nach Wiener, das von der Bundesanstalt for Gewasserkunde in Koblenz bereits seit mehr als 10 
Jabren zur kurzfristigen Wasserstandsvorhersage an 16 Rheinpegeln zwischen Speyer und Emmerich 
verwendet wird. 

Im vorliegenden Fall bestand die Aufgabe darin. den Seezuflul3 for den Zeitraum der nachsten 12 Stunden 
unter Vcrwendung momentancr Wasserstande und Abfliisse vorherzusagcn. 

-1.1 GrundJagen 

Das Wiener-MehrkanaJfilter gchbrt wie das Einheitsganglinienverfahren zum Typ der hydrologischen 
Blockmodelk, bei dene11 der funktionelle Zusammenhang zwischen Eingangs- und AusgangsgroBen 
empirisch aus vorliegenden Beobachrungen abgeleitet wird, ohne dabei die physikalischcn ProzeBe 1m 
Einzugsgebiet naher zu beriicksichrigen. Die Stationarital der Zeitreihen wird dabci vorausgesetzl. 

Beim Wiener-Filter wird das hydrologischc System, z. B. das Einzugsgebiet oder ein GewasserabschnitL, im 
mathematischen Sinn aJs lineares zeitinvariantes Filter angesehcn, d . h. allgemein als Ubenragungssystem, 
das eine gegebene diskrete Eingangsfunktion in eine gewlinschte Ausgangsfunktion uberfiihrt. 

Die System- oder Filtereingange konnen Wasserstande oder Abfliisse an Pegeln des Hauptflusses und/oder 
an Nebcnflussen sowic l\Jiederschlage und weitere quantitative hydrologische Variablcn sein, daher 
"' Mehrkanalfiller '" . Die E ingangc werden beim zeitlichen Durchgang durch je ein Filler (Ubenragungs­
funktion) einzcln so verandert (gewichtet) , daH ihre anschlieBende zeitgerechte Oberlagcrung oder 
Superponicrung den FilLcrausgang ergibt. 
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Die Besonderheir des Wiener-Filrers liegt darin, daH die Ubcnragungsfunktionen ausschlieBlich aus 
abgeschatzten Kovarianzen, d. h . nichl normiencn lincaren Korrclationen zwischen den cinzclnen Eingangen 
sowohl untereinander als auch jeweils mit dem Ausgang berechnel werden, also aus den 

Autokovarianzen der cinzelnen Eingange, 
den paarweiscn Kreuzkovarianzen der Eingange (z. B. den Kreuzkovarianzen des 1. Eingangs mit dem 
2. Eingang und des 2. Eingangs mit dem 1. Eingang) sowie 
den Krcuzkovarianzcn des Ausgangs mit den einzelnen Eingangcn. 

Ein Yorhersagefilter crhall man, wenn die Eingange nichl auf den zeitgkich beobachtclcn Ausgang. sondern 
auf den um das Vorhcrsauezeitintervall verzbgcncn Ausgang bezogcn werden. Die bis zum Vorhcrsagc1.cil­
punkl vorliegenden Wasscrstiinde oder Abfliisse am Yorhcrsagepegel konnen ebcnfalls als Eingang benutzt 
wcrden, wodurch die sog. Erhaltungsneigung des A usgangs ( autoregrcssiver Antcil) mit bcriicksichtigt wird 
(Wilke, 1984) . 

4.2 Erstellung des Vorhersagemodells 

Zur Berechnung der Obertragungsfunktion standen mittlere stiindliche Wasserstiinde aus den Abflu13jahren 
1970 - 1983 an den Pegeln Altmiihl, Binzwangen, Thann, Ornbau und dem Pegel Bechhofen an der Wieseth, 
einem rechtsseitigen AltmiihlzufluJ3 zur Verfogung (s . auch Abb. 1). Desweitern konnte auf stiindliche 
Niederschlagssummen an 6 Niederschlagsme!3stellen fi.ir die Sommerhalbjahre 1978 - 1983 zuriickgegriffen 
werden. 

Ausgehend von dieser Datenbasis wurde eine Vielzahl von Ubenragungsfunktionen (Operatoren) berechnet 
und getestet. Zur Yerwendung kamen Dalen eincs gesamten AbfluJ3jahres, mehrer aneinandergereihter 
Abflu13jahre, nur von Sommerhalbjahrcn und nur von Winterhalbjahren. Die Zahl der Daten einer Mef3reihc 
varuerte dabci zwischen mehreren 100 bis zu 30 OOO . 

Der grundsatzliche Arbcitsablauf JiiBt sich am Beispiel einer Berechnung mil 6sti.indlichen Wasserstands­
werten eines Abt1u13jahres wie folgt bcschreiben: 

Extraktion jedes 6. Stundenmittelwerts aus der Wasserstandsreihe eines Jahres; ergibt 1460 Wasser­
standswerte pro Jahr, 
Ermittlung von 6stiindlichen Wasserstandsdifferenzen (1459 Werre), 
Berechnung von Obcrtragungsfnnktionen fiir unterschiedliche Kombinationen von Eingangs- und 
AusgangspegeL 
Anwendung jeder Obertragungsfunktion auf alle nicht im Berechnungsintervall verwendeten Daten, 
d.h. Durchfiihrung von Yorhersageberechnungen, 
Yergleich der vorhergesagten Werte mit den MeJ3werten im Vorhersageinrervall und Priifung der 
Vorhersagequalitat. 

Die Bewerrung der Giite dcr Vorhersagen erfolgtc nichr nur nach statistischen Methoden, die aufgrund 
ihrcr integralcn Angaben bier keine geniigend e Trennschiirfe bieten, sondern nach individueller Ein­
schatzung der Differenzen aus Messung und Yorhersagen in der Umgebung der errechncten Hochwasser­
Scheitel. Auf diese Weise wurden die Ergebnisse von mehr als 1000 Programm.laufen untereinander 
verglichen. Aus den umfangreichen Berechnungen !assen sich folgende Schliisse ziehen: 

Der Aufwand zur Ermittlung und Auswahl der Obertragungsfunktionen fiir das Mehrkanalfilter ist 
erheblich, das fertige Model! jedoch sehr leicht zu handhaben. Yorhersageberechnungen konnen auch 
unter Nutzung von Standardprogrammen zur Tabcllenkalkulation oder notfalls sogar auf einem nichtpro­
grammierbaren Tasch cnrechner durchgefuhrt werden. 
Mit Abfli1ssen anstelk von Wasserstanden als Eingangsdalen kbnnen im Mittel bessere Ergcbnissc 
erreicbt werden. Dies wird darauf zur i.ickgefi.ihrt, daJ3 mi! den AbfluJ3daten einc hbhcre Linearital in den 
Parametern der Obenragungsfunktionen einhergeht. Wenn man beriicksichtigt, daB 1.. B. am Pcgel 
Ornbau einer betragsma13ig gleichen Wasserstandsdiffcrenz im Niedrigwasserbercich eine AbfluB­
anderung von weniger als 1 m3/s, im Hochwasserbereic h jcdoch cine um mehr als den Faktor 10 hiihen: 
AbfluJ3anJcrung cntsprichl. dann wi rd dies vcrsli-indlich. 
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Die Einbcz.ichung von Niederschliigen brachte nur geringfllgig bessere Ergebnisse. Zugunsten eines 
einfachercn Vorhcrsagemodells wurde auf die Hinzunahme von Nicderschlagsinformationen deswcgen 
vorersl vcrzichtet. 
Ui.ngere und unmirtelbar vorausgegangene Me/3reihen zur Eichung der Modellparameter kbnnen zu 
besseren Ergebnissen als kiirzere und weiter zuri.ickliegende fuhren. Fur den operationellen Einsatz des 
Modells kann es daher von Yorteil sein, die Modellpararneter in gewissen Zeitabstiinden an Hand 
beobachtcter Dalen von einern oder mehreren zuri.ickliegenden Jahren neu zu ermiucln. 
Die gr613ten Abweichungen zwischen Beobachrung und Berechnung am Pegel Ornbau treten unmittelbar 
zu Bcginn von Hochwasserercignissen auf. u. a. da Niederschliigc, die innerhalb des Yorhersagezeit­
raums ab0u/3wirksam wcrdcn, vom Modcll nicht crfaBt werden konnen. lrn ansteigenden Ast der 
Hochwasserwelle gehen die Abwcichungen bcreits wieder deutlich zuri.ick. Die Diffcrenzen liegen meist 
unter 5%. 

4.3 Operationeller Einsatz 

Die genannten Pegel Bechhofen, Binzwangen. Thann und Ornbau verfogen seit Ende der 80er Jahre iiber 
AnschJiisse zum automatisierten gewiisserkundlichen MeBnetz der bayerischen Wasserwirtschaftsverwaltung, 
das eine jederzeitige Fernabfrage und Obertragung der Wasserstiinde in die Betriebszentrale des Ober­
lcitungssystems ermbglichl. 

Der Pegel Ornbau, kurz oberhaib des AJtmubisees gelcgen, hat bis zum Jahr 1984 den gcsamten Altmiihl­
abOuB erfaBt. Seit 1985 wird bereits oberhalb dieses Pegelstandones, am "SchopOrnpf Ornbau", der groBte 
Teil des AitmiihJabflusscs bei Hochwasser i.iber ein neu gcschaffenes Gerinne in den AJtmuhlsee eingeleitet 
(H0, 00 = 150 m3/s). In der alten AJtmi.ihl verblcibt nur ein bkologisch notwendigcr Abflul3, dcr bei seltcnen 
Hochwasscrereignissen ea. 15 - 17 m3/s betriigt. 

Zu Beginn einer Yorhersageberechnung miissen die momentanen Wasserstiinde der Pegel Bechhofen, 
Binzwangen und Thann und die Abfliisse am Schopfkopf abgeruf en und dem Rechenmodell iibergeben 
werden. Das Prograrnm rechnet aus den Wasserstanden rnittels der AbfluBtafeln die zur Vorhersage 
erforderlichen Abfli.i.sse aus. Filtereingiinge sind 3stii.ndliche AbfluBdifferenzen der genannten 3 Pegel sowie 
der AbfluI3 am Schopfkopf Ornbau, der den Pegel Ornbau beziiglich des gesamten Speicberzuflusses ersetzt. 
Vorhersagegr6J3e ist die AbfluBdifferenz am Schopfkopf; fiir den Benutzer wird der Ab0uf3 direkt ausgege­
ben. Entsprcchend der AnzahJ von 12 Koeffizienten einer Obertragungsfunktion werden fiir jede Eingangs­
grbBe zu Beginn der Vorl1ersageberechnung 12 vorhergehende 3stiindliche AbfluJ3iinderungen benotigt. Im 
Mittel- und Niedrigwasserbereich geniigt es, die Vorhersagen z.B. 2mal taglich zu bcrechnen; im Hoch­
wasserfaJJ sollen sic sti.indlich for den Zeitraum der niichsten 3, 6, 9 und 12 Stunden erfoigen. 

Im Dei'..ember 1993 wurdc das Yorhcrsagemodell erstmals im Hochwasserfall on-line eingesetzt. Bei diesem 
Hochwasserereignis handcltees sich an der oberen AltmiihJ um das hbchste irn Beobachtungszeitraum (for 
Pegel Thann erwa 30 .Jahrc) . Ahbildung 3 zeigt die Bildschirmmaskc fiir die Eingabe, und zwar die ausge­
fi.illtc Maske zum Zeitpunkt 21.12.1993, 12.00 Uhr, die zugehi:irige Vorbersagetabelle fur 15, 18, 21 und 24.00 
Uhr , sowie zum Yergleich die AbfluBganglinie mi! den Yorhersagewerten am Schopfkopf Ornbau (in der 
Abb. rnit Ornbau 2 be1.eichnet) . 

Die Vorhersage is! derzeit aus mehreren Griinden noch mit Fehlern behaftet, die erziclbare Qualitat "on­
line'" daher nocb nicbt wcrtbar: 

Fiir den GesamtabfluB am Ouerschnitt Schopfkopf Ornbau mii.ssen derzeit geschiitzte Werle eingegeben 
werden, da der geplante Ultraschallpegel zur '"on -line"-Erfassung des AbfluBanteils, der direkt in den See 
eingeleitet wird, noch nicht errichtet ist. Nur der Teilabflu/3 der "Restaltmii.hJ" wird on-line ubertragcn. 

Aufgrund der gewii.hlten Modellstruktur ist eine moglichst genaue Bestimmung der Abfli.issc an dicser Stelle 
unerlii.Blich. Hilfsweise kann der aktucllc Zuf1uf3 1.um Sec nur indirekt iiber eine Bilanzicrung des See­
volumens aus den Seespiegelandcrungen und den Ableitungcn aus dem See ermiueltwerdcn, wobei letzterc 
allerdings an mchreren Punkten zu crfassen sind. Zudem diirften bei dem relativflachen und groI3en See die 
Einfliisse der Seeretention und des Windstaus von erheblicher Bedeutung scin. 
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EINGABEMASKE 

l Dimens1onen: Zeile l mit J (Bl, BE, TH) in m, Zeile 4 (SO) in cbm / s 

!Spaiee 10 ll 12 131 
••••a -- • • •Daaa•a &•a•• a• a && Z a & •Sa• S aaa• asa & &a & &&aa.aaa aaa • aaa&D aaaa a& a aaa a a+ 

!Datum 19 12 199J 21 12 19931 
IZeit 24 J 12 15 18 21 24 6 9 12 I 

I I BI 40 4) 61 88 104 119 126 12) 128 156 153 139 1261 

l 2 BE 44 46 SO 61 66 77 131 141 143 148 152 150 145I 

I J TH 2JJ 2Jl 234 242 249 256 265 274 281 299 Jll Jl5 323I 

I 4 SO 1'.4 14 . 2 14 . 9 17 . 8 22.0 26 . 5 32 . 8 42 . 7 61.2 99 . Sl3l.Ol4l.0148.0I 

l • Letzter Wert 4 • Einzeln 7 • Speichern 
2 z Zeile 5 • Spalten versch . 8 • Vorhersage 
J • Spalte 6 • Tage versch . 9 • ASCII 
Wahl ( l 0 • Ende) : 

1(024,019) 

VORHERSAGE 

Datum Uhr- Gemessener Vorhergesagte Abfluesse 
Zeit Abfluss am Schoepfkopf Ornbau 

3Std . 6Std. 9Std . 12Std. 
-----------------------------------------------------
20 12 1993 21 42 . 7 35 . 2 30 . 4 
20 12 1993 24 61. 2 47.0 39 . 0 
21 12 1993 3 99 . 5 66.8 50 . 9 
21 12 1993 6 131. 0 108.5 71. 7 
21 12 1993 9 141. 0 142.3 117. 6 
21 12 1993 12 148.0 14 8. 1 150.1 
21 12 1993 15 153 . 8 155.5 
2 1 12 1993 18 159.0 
21 12 1993 21 
21 12 1993 24 

Return z Zurueck zur Eingabemaske ... 
1(024,037) 

26.0 21. 5 
32.6 27 . 1 
43.0 34.5 
54.2 47 . 3 
76.3 56.7 

122.6 79 . 5 
158.2 126.9 
163.0 163 . 5 
160.8 170.8 

163.1 

Boyerisches Londesomt fuer Wosserwirtschoft 15 .03 .94 

134099999 
134099993 
134099996 
134099912 

mH.3/s 

1~0 

125 -

100 

75 

25 

10 
DEZ 93 

19 20 21 22 

Messwerledolei 
Messwertedolei 
Messwertedotei 
Messwerledolei 

23 24 

Abb. 3 Eingabemaske, Ergebnistabelle und AbOuBganglinie mit Vorhcrsagewerten 
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Durch dieses Hochwasserereignis werden die irn Mod<.:11 benbtigten WasscrsLands-AhOuB-Bcziehungcn an 
alien Pegeln irn obcren 81.!reich hesscr als bishcr abgcsichert und tragen in Verbindung mit ciner Nachei­
cbung - wie vorne erwahnl - zu einer Stabilisicrung der Yorhersagcn bci. 

5 Ausblick 

Die anstehenden Untersuchungen zur Kurzfristbewinscbafrung dienen primar dem Ziel, bis zur Inbe­
triebnahme des gesamten Oberleitungssystem weitere Entscheidungshilfen for deo endgiiltigcn Betriebsplan 
und die Steuerung im Eclttzeitbetrieb bereitzustellen. Die hierbei noch zu gewinncnden Erkenntnisse 
konnen dazu fiihren, die Langzeithewirtschaftung zu iiherpriifen und dcren Strategien fortzuschreihen . 

1n der nacbsten Arbeitsphase bilden folgende Themen den Entwicklungsschwerpunkt 

Erstellung einer Ab0uf3vorhersagc fi.ir den maBgebenden Pegel Hiittcndorf/Rcgnitz unter Einschluf3 dcr 
Speicherabgaben aus Roth- und Brombachsce; ein besonderes Problem bilden hierbei kurzfristige 
Hocbwasser aus sommerlichen Starkregen, die innerhalb der Laufzeit einer Abgabewelie vom Speicher 
bis zum Kontrollquerschnitt auftreten konnen. 
Erarbeitung einer mehrtagigen Nied.rigwasservorhersage fur die Donau im Bereich Kelheim, um die 
Entnahmestrategie der Kanaliiberleitung auf den Yerlauf einer Niedrigwasserperiode und den Eintritt 
des Entnahmegrenzwertes bin zu verbessern. 
Prognostizieren des voraussichtlichen Pu.mpbedarfs in Abhangigkeit von einer mehrtagigen Abflu13-
vorhersage der RegniL~, um den Pumpeinsatz und damir den Energie- und Kostenaufwand zu optimie­
ren. 
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PERIODICITY AS A MAIN COMPONENT OF HYDROLOGICAL 
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M.Genev 
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Blvd. Tzarigradsko shose No 66. Sofia 1184. Bulgaria 

SUMMARY: The hydrological processes are generated by the 
impact of a number of elements of accidences. It has been 
established that the various geophysiscal processes are 
time developed under the influence of both external and 
internal causes. which form the causuality sequential 
relationships. It proved that the correlation function of a 
cyclic process is periodic and depends on the lag of 
correlation. A proper statistical model for long term river 
discharge forecasting in real time has been developed. 

DER ZYKLUS - EINE HAUPTKOMPONENTE IN DEN STATISTISCHEN 
MODELLE FUER FLUSSABFLUSSVORHERSAGE 

KURZFASSUNG: Es wird den existierten Zyklus in den 
Naturvorgaengen untersucht. Es ist festgeste 11 t. dass die 
Entwicklung der geophysikalischen Vorgaenge. einschliess-
1 i eh des F l ussabf 1 usses. von den i nneren und aeusseren 
Ursachen bewirkt wird. Es wird behauptet, dass die 
Korrelationsfunktion des Zyklus auch eine Zyklo 
Daempfungsfunktion ist. Deswegen ist die Vorhersage des 
Flussabflusses <lurch die festgestellten Innerreihenverbin­
dungen moeglich. 
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River flow processes are considered as a stochasic 
processes, determined by diversity of natural flow 
formatting factors. Their mutual interchanges when most of 
the links are hidden and they don't have visual appearance, 
stipulate its probability character. 

Until recently in hydrology it was accepted as possible to 
reveal the simple causality in the course of formation of a 
range of a number of natural processes. It turned out that 
the preconditions for a simple causality do not conform to 
the existing causality in nature. The last should be 
regarded as a result of multistep forming of natural 
processes when the number of so called accidental elements 
are increasing rapidly (Alle)(}l{H 1969, AHMCMMOB 19551. 

By the term multistep of natural phenomenon formation one 
should consider the acting causes of every process having 
their own causes going on the same logic. Thus one should 

reach prafactors, standing on endles formation stages. In 
the process of interactions of the corresponding causes 
arise undetermined interceptions of relationships, which 
lead to appearance of uncontrolled accidental elements. 
They are such a phenomenon which can't be defined by a given 
low. They are results of coincidences and mutual 
interceptions of the actions of a range of causalities. 

2. EXTERNAL INFLUENCES AND INTERNAL CAUSALITY. 

In the last decades, in hydrology a specific popularity 
gained the point of view that the influence of all external 
causes is coded when the development of the investigated 
process is concerned. It provokes its internal causality 
development. This internal causality, invoke development of 
the process in time and probably is determined by the 
inertia and the multistep formation of river flow. 

On the base of expressed internal causality, the values of 
the investigated process for the previous moments 
represent, indicators for future development of the 
process. That is why the internal causality should be 
regarded as a sign of the external cause. Internal 
causality in the development of the natural processes have 
served as a base for development of the contemporary 
stochastic methods and models and for their forecasting 
(Kolmogorov, Box & Jerkins, etc.). 

Now, when 
not only 

talking about 
the isolated 

causality one should have in 
influences but first of all 
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natural conditioned run and development of the objective 
existing probabilities by its essence processes. 

The development of the separate natural processes in time 
is determined on the base of the equation: 

G 
l 

u z 

E f (E > + E r o > + e (t), 
s s,l s s,l 

s=i s=i 

(1) 

i.e. under the influence of external E and internal I 
s, l s,l 

causes which are transferred by probability cause 
effect connections during the process formation. The 
term e (t) is the general influence of the so called 
residual element of the accident: 

k 
v 

e (t) = E E e 
i , j 

i =O j =O 

where v is the number of the medial degree of formation 

and 
third 

the 

(2) 

k - the number of the elements of accident of every 
and 

i 

degree of formation. 

By introduction of the accident criteria 6 the general 
indefiniteness of the investigated process with regard to 
the external and internal causes can be evaluated, i.e. 

6 = D I D , 
e 

where D 
e 

and D are cor!espondingly the accident 

(3) 

component, 

revealing under the influence 
dispersion of the range G . 

l 

of the accident elements and 

At D = 0, 6 = O, 6 (t) = constant the influence of the 
external and internal causes simply determine the process 
Gl • Taking into account probable nature of the process Gt 

and probable character of the hydrological processes in 
general - this situation is in principle impossible. 

At D 
e 

O, 6 = 1, G = 6 (t) = 0 - the influence of the 
l 

external and internal causes do not reveal. In this case 
the development of the process in time is completely 
determined by the influence of the accidental elements. The 
forecasting of a similar process is in general absurd. 

It proved that the whole class of natural processes get 
into the values range between 6 = 0 and 6 = 1. 

One should have in mind that the accidental criteria of 
every process depends first of all on the causes included. 
That is why as longer the time period between the causes 
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and their effects is (i.e. as bigger the number of the 
intermediate stages in process formation) as bigger the 
accident criteria regarding this causes is and vice versa. 

3. ACCIDENTAL ELEMENTS - FLOW FLUCTUATIONS 

It is necessary the hypotheses that all geophysical 
processes are developed under the influence of statistical 
and dynamic regularity to be introduced i.e. under the 
influence of a big number of accidental elements. Their 
resultant should pulsate in time, which means it is 
subjected to fluctuations, which have a cyclic character. 
From here it comes out the nature of the statement that the 
time series which describe the evolution of a natural 
processes should be cyclic with comparatively short 
periodic fading correlation functions. The investigations 
in this field proved that the cyclic recurrence and rhythm 
appears as universal characteristic feature of the natural 
processes. Moreover the presence of cyclic recurrence in 
anyone process determine cyclic modification of its 
correlation function. Let's suppose that a given cyclic 
variation process 

~ ( t ) = Ol cos At + It sin At , ( 4) 

satisfying the condition 

M Ollt = 0, M 0<
2 = M 1t

2 = b, ( 5) 

where M is a symbol of the arithmetic mean. 

Than the correlation function of this process have the 
following description: 

R (T) 
1 

2 
0 

where o is the dispersion of the series ~ (t) 

Setting (4) in ( 6) it come out: 

(T) 
1 

Ml [Ol At sin At] R = cos + It 
2 

0 

T)] I = [Ol cos A ( t - T) + It sin A. ( t -

= M {Ol 
2 

cos At cos A ( t T) + Ol#t [cos At sin A. ( t - T) 

+sin At cos A.(t - T)] + 1t
2 

sin A.t sin A.(t - T)} 

= b [cos At cos A ( t - T) + sin At sin A ( t - T)] 

b cos A. t, 
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i.e the correlation function of the cyclic modifying 
process should be cyclic too. Increasing the number of 
summing sequences (4), the expressiveness and cyclic 
recurrence should increase in order with the stability and 
internal correlation by the low: 

n 

R (T) = E 
µ=1 

b cos A. t. 
µ 

(8) 

That is why every process which is constituted by n 
elements of an accident should be cyclic and beside this to 
have internal correlation. 

The whole variety of correlation function of the 
processes schematically can be approximated by 
equation types given on Figure 1. 

natural 
three 

a.) C) 

-o&t • 1.tc>• C.e 
'1,0 

"Rl't) 
1,D 

• "tll't)•].cos-w'C 

\ 
0 

. . . . . . 
•·. 

0 ·· ..... ,·· 0 

. 
· ..... ·· 

.... ,• ... 
•' 

.... / 't 
Figure 1. Types of correlation functions. 

The first of them (a) is an asymptote, the second (b) - an 
asymptote with imposed harmonic, and the third (c) by B = 
constant - a not fading harmonic. The first two equations 
are applied for description of correlation function of the 
processes from the type of a simple Marcovian chains. These 
are the fluctuation processes (wind speed and flow in a 
given point), the broad class . of processes in ecosystems, 
radio systems and in general all processes, entering in the 
concept stationary accidental functions. The correlation 
functions of this processes differ from each other, 
especially by the inclination and fall of their asymptotes, 
but have a characteristic feature - a limited range of 
delay. The third of this equations proved to be most 
suitable for description of correlation functions of a 
broad class of natural processes and especially for the 
river flow. In contrast to the other two (a) and (b), the 
correlation function of this type differ by unlimited range 
of delay. 

This allow 
included in 
of process 

increasing the number of terms which will be 
a forecast equation, use of an optimal volume 
prehistory, which contribute to increase 
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forecast precision. 

Taking account of (8) every process G formed by a 
l 

multitude of accidental elements should be cyclic and have 
internal correlation. This gives a reason for obtaining 
information for presence of feed-back in the process, of 
the type: 

G = f ( G , G , G , .... ,G ) 
t+p t t-1 t-2 t-n 

( 9) 

owing to which every next value is like fated (with 
probability P < 1) by a range of quantities in its 
prehistory. To this effect are the existing dynamic and 
statistical regularities, which are inherent characteristics 
of the investigated process. 

Actually this is a prerequisite for transition to studding 
of internal reasons in the processes derivative from 
their external causes. Therefore it is accepted as a fact 
that the whole multitude of the external causes in their 
diversity of accidental combinations are coded in the 
values of the natural processes. Therefore the interaction 
of the external causes, their internal manifestation and 
development of internal causes of the investigated process 
give reason to forecast its future values on the base of 
determined inter range structural connections (specific for 
every process) of the runoff Q(t) by the equation: 

T 
max 

- E K (T) Q(t - T), 
m 

(10) 

T=1 

where K (T) 
m 

is the function of the optimal inter range 

connections, computed for a set forecasting terms; T 
max 

the maximum set delay of the correlation function. 

The utilization 
possibilities for 

of the suggested approach reveal 
investigation and optimal forecasting of 

a broad class of geophysical processes including the river 
runoff. 
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The analysis of stochastic characteristics of annual mean, minimum and 
maximum water stages is carried out on the basis of long-range forecasting of water 
stages on the Danube river and its main tributaries. A mathematical model has been 
established. For trend, periodic, and stochastic components the variance for the 
complex model has been determined. The problem has been solved by decomposition 
on deterministic and stochastic components. An analysis of existence and influences of 
each particular component has been done for each cross-section and for all variables. 
General conclusion referring to the applications of the model, as well as its predictive 
accurracy have been drawn. 

ANAL YSEN UND LANGFRISTIGE VORHERSAGUNGEN DES .. 
WASSERSTANDES DER DONAU UND DER BEFAHRBAREN ZUFLUSSE 

KURZF ASSUNG 

Auf Grund langfristigen Beobachtungen des Profils der Donau und der 
wichtigsten Zufliisse in Jugoslawien, wurden Analysen der ja.hrlichen stochastischen 
karakteristiken des durchschnittlichen, maximalen und minimalen Wasserstandes 
gemacht. Fiir jede Serie wurde die Dekomposition fiir die deterministischen und 
stochastischen Komponent gemacht, um das mathematische Model fiir das Komponent 
des Trendwertes, des periodischen Wertes und des stochastischen Wertes festzustellen. 
Fiir jedes Profil und jede Veranderlich keit wurde eine Analyse des Bestehens und des 
Einflusses der Komponenten gemacht. Allgemeine Schlussfolgerungen auf Hinsicht 
der Moglichkeit, diesen Typ des Modeles zur Prognose zu benutzen, wurde gezogen, 
so wie die Genauigkeit die man bei der Voaussagungerwarten kann. 
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INTRODUCTION 

It is very important to analyse changes in long-range hydrological series for 
various purposes: inland navigation on large rivers, design of water intakes on small 
rivers, plans for flood protection measures, etc. 

Previous analyses showed the existence of variations of long-range 
hydrological values on the river Danube and its tributaries [3]. The reference [3] 
presents some examples of maximum water stage variations which have occurred as a 
consequence of river regulation. We tried to model, in more detail, all components of 
series for profiles on the river Danube and the tributaries of navigable rivers with a 
view to indicate the existence of variation regularity and to quantify influence of 
particular components. 

DATA AND METHODOLOGY 

Annual data of minimum, mean and maximum observed water levels, expressed 
as absolute elevation above Adriatic sea level, has been considered for four profiles of 
river Danube and two profiles of its tributaries (river Tisza and river Sava). Table 1. 
gives the locations of analyzed profiles, periods of observation and basic statistic 
characteristics of the series. 

Table 1. BASIC CHARACTERISTICS OF OBSERVED DATA 

I
' j gauging 

River No! station 
i period of I I sample I i I standard ,. coeff. of 

distance i observation 1 I size I average! variance J deviation variation 

DANUBE! 1.1 BEZDAN 
I 1 

I i ! min I 115 I 81.39 I o.690 1 o.831 1.021 
j 1425.5 / 1876-1990lmean! 115 I 83.54 I 0.637 I 0.798 I 0.955 

i ! max I 115 I 86.31 I o.641 i o.aoo i o.927 
I i 

DANUBE! 2. 1 BOGOJEVO 
I . 

i i min I 101 ! 78.35 l 0.396 1 0.629 j 0.803 
1367.4 ! 1890-1990 I meani 101 I 80.49 ! 0.437 ! 0.661 : 0.821 

i I max I 101 I 83.20 I o.787 I o.887 1.066 

I ! I 
DANUBE' 3. 1 PANCEVO 

i I min i 114 I 67.63 l 0.643 i 0.802 1.186 
1153.3 i 1876-19891 mean! 114 ! 69.97 I 0.499 i 0. 707 1.010 

! ! max i 114 ! 72.82 l 1.007 1.004 i 1.378 
I I 

DANUBE! 4.1 GRAOISTE 
/ I min I 64 I 64.52 i 4.032 2.008 ! 3.112 

1059.8 l 1926-1989 i mean; 64 I 66.59 I 2.760 1.661 2.495 
! I max I 64 I 69.11 i 1.203 1.097 I 1.587 

TISA j s. i SENTA 
! 

i min I 68 1 72.37 I 1.653 1.286 1.m 
122.0 1923-1990lmea~ 68 I 74.99 J 1.060 1.030 i 1.373 

! max I 68 T 79.01 ! 1.542 1.242 I 1.572 

SAVA 
1

1 s. I MITAOVICA 
I I 

I I
. min I 68 i 72.85 I 0.112 0.335 0.460 

136.o 1920-1987 mea~ 68 ! 1s.2a I 0.288 o.536 o.-m 
I ~, m-ax--..,~-68--rl-7-8-.86-+l~o-.385~...._-o_.620~_._-o_._7_8~7 
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For investigation of time-dependent hydrological series, in addition to the basic 
statistics (averages,variances, etc.) , it is necessary to establish parameters of the 
internal structure of stochastic processes (autocorrelation function-ACF, partial 
autocorrelation function-PACF, periodogram). Analyses can be performed in the time 
domain or in the frequency domain. In this paper a combined approach is applied, i.e. , 
the periodical component has been analyzed in the frequency domain, while all other 
components have been treated in the time domain. 

In principle, the mathematic modelling of any time dependent series, can be 
accomplished in two ways : 

(i) by decomposing complex stochastic phenomenon on basic 

components, and choosing an adequate model for each one of them, or 

(ii) by integral modelling of a complex process with a priori adopting a certain model 
type, and optimizing its complexity . In either case, is necessary to consider the standard 
procedure of the model, development, which includes identification, calibration and 
verification. 

Each one of the two approaches has its advantages and disadvantages. For 
instance, if the second approach is chosen, the final solution is obtained faster, but 
there is no insight into the influence of some components which could have physical 
interpretation (trend and periodicity). 

In this paper, the first of the two approaches has been used, because the 
decomposition of a complex stochastic process on basic deterministic and stochastic 
components, enables quantification of the importance of each component and gives the 
information about the influence of each component in the complex model. 

A hypothesis has been made that the annual water elevations series are complex, 
stochastic time dependent series, that may generally include deterministic components: 

trend and periodicity, and stochastic components such as: the random component and 
outlayers. In the analyzed series no outlayers are present, so analysis is reduced to the 
three components, assuming that the series are stationary and ergodic. Sometimes, for 
the sake of easier detection of some components, the removal of mean values from 
hydrological series is done. 

The procedure includes the following steps [6): 

a) presentation of characteristics of the considered series (graphic presentation of 
series, basic stochastic characteristics); 

b )modelling of a component (choice of model type,calibration, verification); 

c )forming of new series (by removing component for which the model is determined) 
and back to step a); 

d)when modelling of each component is completed, an integral model is established 
and analyzed by comparing modelled and observed values and/or by residual analysis. 

Steps a) to c) are repeated with sequential removing of the following 
components: the mean value, trend, periodicity and stochastic component. 
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The previous analysis in ref.[3] has shown the linear trend is applicable. 
Calibration has been done by the least squares method.Periodical component is 
modelled by the Fourier's transforms [5]. The significance of the various harmonics are 
tested using Ficher's "g" statistics [2) . The random component is modelled by a general 
ARIMA (p,d,q) model. The order of the ARIMA model is chosen by ACF and PACF 
[I).Verification is done with the "Portmanteau" test. In a detailed study [4] , alternative 
models are compared, as well as the influence of overestimation. 

For final models of complex series, the percentages of explained variations for 
each one component are calculated, and a quality of final complex model is analyzed 
with residual characteristics. 

RESULTS 

According to the described procedure, the values of the minimum, mean and 
maximum water levels have been analyzed independently. The complete overview is 
given in ref. [4) . 

As an illustration of the applied procedure, the results for the minimum water 
level stages on the location Bezdan of the river Danube (km 1425.5)are shown in Fig.I. 

A summary for all analyzed profiles and for all characteristic water levels is given in 
Table 2. A definite residual distribution after removing all existing components is also 
presented in the same table. 

CONCLUSIONS 

Results of stochastic analyses have shown that a linear trend component exists on 
all profiles and for all characteristic water stages,except for minimum stages on river 
Sava (profile No .6, see table 2.).For the same profile, the existence of the periodical 
component for the minimum and the maximum stages is not detected. The periodical 
component appears on all other profiles for the minimum and the mean water levels, 
except for the profile No.2. on river Danube. 

The periodical component for the maximum water levels is detected only on 
profile No.4. on river Danube. The number of important harmonics varies from one to 
three. The random component exists for the minimum and the mean water levels in all 
cases (except for profile No.6.), and for the maximum levels only in one case (profile 
No .4 .,river Danube). It is shown that (if existing) the random component can be 
simulated with the AR(l) or MA( 1) models. The residuals in all cases have 
characteristics of "white noise" , which means that the complex models are adequately 
chosen. ' 

The length and homogenity of the time-series data are crucial for the quality of 
results. 
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Fig.I.CHARACTERISTIC DIAGRAMS FOR MIN. LEVELS ON THE GAUGING STATION NO.I. 

a) the original series, b)original series ACF, c)original series PACF, d) original series periodogram, 
e)periodical component f)trend, g)random component, h)ACF of residuals and i) PACF of residuals. 
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Table 2.MODEL CHARACTERISTICS FOR WATER LEVEL SERIES 

ll 
St I Mean I Linear trend ! Periodic component I Random comp. !Residual ! 

Ii No. i value ! Yes/No i Pos./Neg. ! Yes/No I No.of hann. I Yes/No Type I distribution i 
~ ::·::·· .. / · .· 4al minimum water stages . ····.· .. · .·-.: .. : ..... . ......... : ·:·· 1: · . . ........ ....... ·:· ... ........ ·.·· ... I 

Ii 1 I 81.39 y I N I y I 2 l y i AR(1) I N(0;0.34) i! I 
I I I I 

I 
I 

I Ii 2 ! 78.35 y ! N y ! 1 I y I MA(1) N(0;0.28) i i i 
11 3* I 67.63 i y I p ! y I 2 I y AR(1) i N(0;0.39) 

I 

I: 
4* ! 64.52 y I p i y I 2 l y AR(1) ! N(0;0.56) I I I i 

5* ! 72.37 I y I p ! y I 3 I y MA(1) i N(0;0.31) I 

11 

I 

I 6 ! 72.85 ! N I I N I I N I N(0;0.11) I 

~ <. lb/ mean water stages 
·I ··.·.···.· . Ji 

fl i ! 
1; 

1 i 83.54 y : N y I 2 I y AR(1) N(0;0.43) I 
Ii 2 ! 80.49 ! y i N ! N I I y MA(1) i N(0;0.38) I 

I· 
: 

I y I p y ! I y I 
! 

ii 3 69.97 I I 1 i I AR(1) N(0;0.42) i 

11 4" i 66.59 i y i p j y I 3 i y I MA(1) I N(0;0.50) I 
! 

'i 5* I 74.99 I y ! p ! y ! 2 y I MA 1 i N o·0.73 I 

2 y AR(1) N(0;0.18) 11 

(I ) 11 

6 75.28 Y N j Y 
() 

· /clmaximum water stages 
86.31 Y N N N N(0;0.59) 11 

i: 2 I 83.20 I y I N N I I N i i N(0;0.78) '! 
i1 

i I 

I~ 3" I 72.82 I y I p i N i I N I I N(0;1.20) i 
11 4" I 69.11 I y I p ! y i 2 I y I AR(1) I N(0;0.97) i I 
1: I I ! ! ! ! 

! 
j· 5* 79.01 I y p N j N N(0;0.54) i 
i: 6 ! 78.86 i y i N l N l i I i N(0;0.38) I 

note (*): cross-sections under back water influence 
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Abstract: Tl1e impact of different operation rules of the 
Gabcikovo diversion type hydro-power station on the runoff 
regime of the River Danube and the energy production of the 
power station has been studied. A methodology for the 
simulation of the system operation with a daily time s t ep 
using mathematical models has been developed. Eighty five 
years of the system operation using mean daily discharge 
data from the period 1901-1985 were simulated . The long term 
influence of the system operation on the changes of the 
basic statistical characteristics of the discharge regime 
ha s been evaluated. Electric energy production of the powe r 
plant has been predicted with a daily time step. The effects 
of the system operating scenarios on the energy production 
were studied. 

LANGZEITVORHERSAGE DER ENTWICKLUNG DES HYDROLOGISCHEN 
REGIMES DER DONAU 

Kurzfassung: Der Einfluss von verschiedenen Betriebsplanen 
des Wasserkraftwerks Gabcikovo auf die zuktinftige 
Entwicklung des Abflussregimes der Donau wurde untersucht. 
Die Abflusstransformation durch das komplexe System 
Flussbett - Stauraum - Kraftwerk - Aulandschaft wurde durch 
mehrere matematische Modelle beschrieben. Ftinfundachtzig 
Jahre taglichen Kraftwerkbetriebes wurden auf der Basis von 
Durchflussdaten aus der Periode 1901 - 1985 simuliert . Die 
Langzeitwirkung des Betriebes des Systems auf das zuktinftige 
Verhalten des hydrologischen Regimes der Donau wurde 
statistisch untersucht . Die Energieprodukion des 
Wasserkraftwerks wurde auch errechnet und ausgewertet. 
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1. INTRODUCTION 

The present technical realization of the Gabcikovo 
diversion type hydroelectric power station consists of a 
weir on the river Danube at Cunovo, which diverts a part of 
the discharge of the Danube to an 17 km long artificial 
diversion canal with a capacity of 4000 m3 /s. The canal, 
which is used for navigation too, is led outside of the 
former flood protection dams on the left bank of the river. 
The power head at the hydropower plant in Gabcikovo varies 
from 16 to 21.5 m depending on flow conditions. 

The area between the weir and the confluence of the 
power plant outlet with the Danube at Palkovicovo consists 
of forested flood plain ecosystems on both sides of the 
Slovak Hungarian border reach of the Danube. Water levels in 
the river represent the dynamic boundary condition for the 
groundwater regime of the flood plains and adjacent areas . 

One of the most controversial issues concerning the 
operation of the system is the amount of water, which should 
be released into the old river bed at Cunovo. 
Environmentalists prefer the restoration of the original 
dynamics of the discharge regime by using the diversion 
canal for navigation only with the consequence of negligible 
energy production. However in the recent decades increased 
erosion in the old river bed has been observed and therefore 
the restoration of the natural discharge regime might not be 
sufficient to maintain the existing ecological conditions in 
the flood plains. 

Water management specialist suggest to stabilize the 
old river bed level and to rise the water levels by a series 
of fixed weirs. This system together with the existing fixed 
weirs in the flood plains on both sides of the Danube and 
channels for surface irrigation .from the Cunovo reservoir 
and the diversion canal could be used for flood plain 
management. This solution would enable the operation of the 
power station. At present time the Slovak part makes 
intensive use of the possibility to feed river arms in the 
flood plains with water withdrawn from the diversion canal. 
No river regulation has been made in the main river and a 
final intergovernmental agreement on the discharge regime of 
the Danube has not been reached yet. 

In $oltesz and Szolgay (1993) an interim solution for 
the draw-off problem has been studied. Based on the 
extensive monitoring of groundwater levels in the project 
area in the period from 1987 to 1990 and results from 
mathematical modelling of groundwater flows in the flood 
plains, the effect of different mean monthly discharge 
releases on groundwater levels has been studied. Result of 
this study was a proposal for variable mean monthly 
releases, which are listed in table 1. Release values were 
selected with the goal to preserve the observed mean 
groundwater regime characteristics from the monitored 
per iod . It has to be noted, that the monitored groundwater 
J ev~l regime was in fluenced by the present river bed 

1y , which i affected by erosion. 
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Table 1. Mean monthly releases in m3 /s as proposed in 
Soltesz and Szolgay (1993) 

Mittlere monatliche Restwassermengen im m3 /s nach 
Soltesz und Szolgay (1993) 

Month 
Release 

11 - 2 
500 

3- 5 
SOO (7SO) 

6 
7SO 

7 
1250 

8 
1000 

9 10 
SOO (7SO) SOO 

In this paper the methodological background for the 
above proposal is presented together with selected results 
of the extensive simulations of the effect of different 
mean monthly releases on the hydrological regime of the 
Danube and the energy production. 

2.DESCRIPTION OF THE MATHEMATICAL MODELS 

The influence of several possible future operation 
rules of the Gabcikovo system on the hydrological regime has 
been studied in detail in Szolgay (1991) and on the 
groundwater table in Soltesz (1992) . For this study 
mathematical models developed for the simulation of the 
original Slovak - Hungarian joint project (the Gabcikovo -
Nagymaros system), described in detail in Szolgay (1991), 
have been modified to predict the consequences of the 
present technical realization. 

The simulation problem was decomposed as follows: 
(a) routing of flows in the Danube and through the Cunovo 
reservoir from the nearest gauging station in Bratislava to 
the weir in Cunovo, 
(b) simulation of the water balance and the different 
release rules, 
(c) routing of flows from Cunovo through the riv er and the 
flood plains (the old river bed) to the confluence of the 
Danube with the outlet of the power station, 
(d) routing of flows in the diversion canal and computation 
of the generated hydropower, 
(e) statistical analysis of simulated flows at three sites. 

The flood plains significantly contribute to the 
attenuation of the flood waves passing through the study 
area. Travel time of the flood peaks is variable and wave 
form and discharge dependent. To account for this with 
sufficient accuracy, a multilinear conceptual flood routing 
method has been applied. In the simulations two linear sub 
models were used both consisting of a series of linear 
reservoirs. The first routed flows lower than the bankful 
discharge (3000 m3 /s), the second was activated when the 
discharges were in the out of bank range. They were 
calibrated by trial and error on a series of flood waves 
observed between Bratislava and Medvedov in the last decade. 
Two sets of selected events with peak flows lower or greater 
than the bankful discharge were used in the calibration . 

Water will be withdrawn from the reservoir and the 
river by several users (e . g . for irrigation of the flood 
plains, water for agriculture, industry, fishery etc.). The 
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aquifer connected with the river will be exploited for 
drinking water supply. Losses due to seepage to deep layers , 
for evaporation, through navigation locks etc. had to be 
considered too. The estimated withdrawal rate wil l exhibit a 
seasonal variation between 100 and 300 m3 /s . Es t i ma t ed mean 
monthly values of the withdrawal rates have been used in the 
computation of the daily water balance of the system. 

The release rules for constant monthly releases from 
the Cunovo reservoir were modelled as fol l ows: 
(a) the discharges in the Danube were not allowed to 
decrease below 500, 750, 1000, and 1250 m3 /s respectively, 
when natural flow conditions allowed for this . Otherwise 
natural flows have been maintained. The selected threshold 
values were often used in discussions of the problem, 
(b) only discharges in excess of the prescribed releases 
were used for energy production, 
(c) in flood situations only discharges over 4000 m3 /s have 
been released into the old river bed. 

For comparison the original utilization scenario settled 
in the Slovak-Hungarian intergovernmental agreement, which 
was signed in 1977, has been considered too. It allowed 
a release of SO m3 /s into the old river. 

The diversion canal has been modelled by a linear 
channel. Discharge rating curves derived by uniform unsteady 
flow computation at the power station and the outlet of the 
canal were used for the approximation of the mean daily 
power head. 

Eighty-five years of mean daily flows observed in 
Bratislava in the period from 1901 to 1985 served as model 
i nput data for the future behavior of the danubian flows . 
The natural hydrological regime based on the present flow 
r outing characteristics and on the estimated future water 
withdrawal rates was modelled for comparison too. 

3 . SIMULATION RESULTS 

The simulated mean annual, monthly, daily discharges and 
the maximal and minimal mean daily discharges have been 
statistically analyzed at three sites in the old river. 
Selected results for a site near to the confluence of the 
outlet channel and the Danube are listed in tables 2,3,4 . 

The variability of the predicted mean annual discharges 
is generally much lower, their skewness far higher than of 
the corresponding values for natural flow conditions . The 
behavior of the time series of mean monthly flows exhibits a 
decrease of variability with increasing releases into the 
old river . The skewness of the series shows opposite 
tendency . The autocorrelation properties of natural mean 
monthly flows of will not be preserved. Flows in wet months 
are less variable than natural flows in general, but they 
are extremely skewed with skewness coefficients reaching far 
beyond the experience in our geographical conditions. Flows 
i n dry months practically stayed on the level of the 
guaranteed releases with negligible variability, which in 
turn has increased the skewness to very high values . 
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Table 2. Predicted mean monthly discharges in m3 /s as a 
function o f the mean monthly release 

Vorhersage dcr mittleren Monatsdurchfluessen im m3 /s 
als Funk ti on der rnittleren monatlichen Restwassermengen 

-- - ---------------
Release Natural 500 7 50 10 00 1250 
[m 3 /s] conditions 
Month 

11 1421 501 744 940 1072 
12 1460 504 742 936 1071 

1 1526 509 746 939 1075 
2 1629 514 754 960 1110 
3 1953 515 759 991 1194 
4 2349 512 925 1057 1247 
5 2662 527 770 1014 1259 
6 2800 556 797 1040 1282 
7 2628 565 802 1041 1276 
8 2229 521 766 1011 1245 
9 1825 512 757 994 1190 

10 1507 500 745 955 1107 

Table 3. Predicted coefficients of variation of mean monthly 
discharges as a function of the mean monthly release 

Vorhersage des Variationskoeffizienten der mittleren 
Monatsdurchfluessen als Funktion der mittleren monatlichen 
Restwassermengen 

Release Natural 500 750 1000 1250 
[ m

3 Is J conditions 
Month 

11 0.34 0.02 0.03 0.1 0. 17 
12 0.38 0 . 05 0.05 0. 11 0. 16 

1 0.42 0.09 0.06 0. 11 0. 17 
2 0.39 0. 15 0.09 0. 11 0. 16 
3 0.32 0. 1 0.05 0.04 0.08 
4 0 . 26 0. 16 0.09 0.06 0.04 
5 0.27 0.22 0. 11 0.07 0.04 
6 0.28 0.55 0.35 0.24 0. 17 
7 0.34 0.34 0.21 0.14 0. 1 
8 0 . 28 0. 13 0.07 0.04 0 . 05 
9 0 . 34 0. 13 0.08 0.07 0 . 1 

10 0.32 0.01 0.04 0.09 0. 15 

The simulated energy production in table 4. quantifies 
the expected production losses with increasing releases into 
the old river. An analysis of the discharge time series in 
the power canal showed, that with increasing guaranteed 
flows in the Danube, the operation of the power plant 
would exhibit a growing number of random irregular dropouts. 
The real time control of the system would become difficult 
and the value of the produced energy would decrease. 
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Table 4. Predicted percentage of electrical energy 
production at Gabcikovo as a function of the mean monthly 
release. 
Vorhersage der Energieproduktion (im Prozenten) als Funktion 
der mittleren monatlichen Restwassermengen 

Release [ m3 Is J so SOO 750 1000 12SO 
Month 

11 100 64 44 29 19 
12 100 6S 46 31 21 

1 100 66 49 34 24 
2 100 68 S2 38 27 
3 100 7S 61 47 36 
4 100 80 68 56 4S 
s 100 83 74 64 S4 
6 100 84 7S 66 56 
7 100 82 ·72 62 S2 
8 100 79 66 S4 42 
9 100 72 S7 41 29 

10 100 66 48 32 21 

4. CONCLUSIONS 

The analysis has shown, that with increasing mean 
monthly releases into the Danube at Cunovo the hydrological 
regime parameters would not resemble those of the predicted 
natural flow conditions. The simulated hydrological regime 
exhibits more extreme behavior resulting from flows 
concentrated around the guaranteed values with occasional 
releases of high excess flows in flood situations. Floods 
would have a shorter duration and sharper peaks, thus the 
need for periodic flooding of the forests would not be 
fulfilled. On the other hand, the economic utilization of 
the system could become difficult because of the irregular 
and low energy production. 

The conflict between the need to restore the ecological 
conditions and to maintain an economically effective 
operation of the system remains thus unresolved. The need 
for different solutions seems to be apparent. 
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ABFLUfiVORHERSAGE MIT NEURONALEN NETZWERKEN 

FLOOD FORECASTING BY NEURAL NETWORKS 

A.H.G. Veldkamp, P.J.J.F. Torfs, P.M.M. Wannerdam & I. Jellema 

Kurzfassung: Lineare Mehrfachregression is eine bei der Echtzeitabflufivorhersage eingesetzten Methoden. 
Trotz der nichtlinearen Beziehung zwischen Abtliillen verschiedener Pegelstellen oder zwischen Abtlufi und 
Niederschlag wird ein lineares Model angenommen. In diesem Aufsatz wird die potentielle Anwendbarkeit 
von neuronalen Netzwerken - eine neue, nichtlineare Modeltechnik - vorgestellt . Die Anwendungsbeispiele 
beziehen sich auf Hochwasserereignisse in den Rhein und Donau Einzugsgebieten. Fiir einige Fiille konnten 
mit Hilfe der neuronalen Netzwerke, im Vergleich zur linearen Regression, verbesserte Ergebnisse erzielt 
werden. Da sowohl die Eichung als auch der Einsatz von neuronalen Netzwerke eine Vereinfachung 
darstellt, scheint diese Technik fiir die operationelle Abtlufivorhersage eine attraktive Altemativlosung zu 
sein . 

Summary: Multiple linear regression is one of the methods being used for real-time flow forecasts . 
Although a linear model is assumed the relationship between discharges or between discharges and 
precipitation depths are actually nonlinear. The aim of this paper is to present the potentials of neural 
networks which is a new methodology of nonlinear modelling. The method is applied to flood events in the 
basins of the river Rhine and Danube. For some cases neural networks indeed show improved results as 
compared with linear regression techniques. Since a neural network appears easier to calibrate and to 
operate it presents an attractive alternative to conventional linear and nonlinear regression methods in 
operational flow forecasting. 

1. Introduction 

The main objectives of flood forecasting are to predict the peak discharge and the time of 

occurrence of this peak with sufficiently accuracy. The accuracy of the forecast is 

dependent on both the type and quality of data available and on the model used. To 

extend the period of forecast weather forecasts have to be included in the flow prediction 

procedure. A comprehensive review of models for real time flow forecasting has been 

presented by Kraijenhoff and Moll (1986). 

One of the models being used to forecast daily discharges of the river Rhine at station 

Lobith situated at the Dutch-German border is based upon multiple linear regression 

(Model Lobith). This type of models may be appropriate for relatively large river systems 

in which response times are large. Model Lobith uses rainfall depths and flow data of 

locations further upstream to predict the discharge at Lobith one or more days ahead. 
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Although the model generally yields proper results some flood events show evidence of 

non linearity. Especially discharges forecasted three days ahead are not always calculated 

properly. It was suggested (Van den Eertwegh , 1992) that neural networks which is a 

rather new methodology of nonlinea.r modelling would yield better estimates of the 

forecasts. This is the subject of a number o f hydrological stud ies in which the potentials 

of neural networks in hydrological modelling are being examined . Zwambom (1993) used 

neural networks in rainfall runoff modelling of the experimental basin of the Hupselse 

Beek in the Netherlands. 

Veldkamp (1993) compared the results of flow forecasts using the Model Lobith and 

neural networks on the river Rhine. Recently also flow data observed at stations along the 

river Danube, between Bratislava and Mohacs are involved in this study (Jellema, 1994) . 

This paper presents the main resu lts so far of both these studies on flow forecasting and 

discusses the promising application of neural networks in real -time flood forecasting. 

2. The neural network 

A neural network consists of a number of neurons or processing units each of which 

performs a nonlinea.r transformation on its inputs . Before transformation inputs are 

weighted and accumulated . Commonly , the processing units are arranged into distinct 

layers, i.e. input, hidden and output layers . When the information passes on from input to 

output without recurrent connections the network is called a feedforward network. To get 

an idea of how a neural network works a comparison is made with a linear regression 

model. Figure 1 shows a schematic representation of a typical linear model , in formula: 

Y : output, 

X 1, X2, x3 : input data, 

W 1, w2, w3 : coefficients 

Figure 2 shows a schematic representation of a typical feedforward neural network, in 

formula: 

y 

X1 , X2, X3 

W1, W2, W11, 

f() 

: output, 

: input data, 

: coefficients, 

: transferfunction 
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3 

Output 

Input 

Figure 1: A schematic representation of a linear model. 

y Output 
layer 

Hidden 
layer 

Input 
layer 

Figure 2: A schematic representation of a neural network 
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As shown in figure 2 the scheme of the neural network is somewhat more complicated 

than that of the linear regression model. Most significant is the extra layer known as the 

"hidden layer". A neural network may consist of a few of such layers. Each layer consists 

of a number of neurons. In the example of figure 2, the hidden layer has two neurons. A 

hidden neuron (figure 3) computes a weighted sum (Ij = EWiXi) of its inputs 

(X1, x2 ... XN) that is transformed by a nonlinear function (f) into the output. Generally a 

tangent hyperbolic transfer function is applied. Neural networks can in general differ from 

each other in the number of neurons, number of hidden layers, type of transfer function 

and in the way that neurons are connected. 

y 

Figure 3: A single neuron. 

The weights (W 1, W 2 ... W N) have to be calibrated. To determine these parameters 

neural networks are 'trained' by showing them observed input and output examples. By 

adjusting the weights the network 'learns' the desired relation between input and output. 

In hydrological applications neural networks are trained in an iterative way by a the 

"backpropagation" procedure. In the first step the weights are randomly generated. Then 

the output is calculated from a given input. This calculated output is then compared with 

the desired output. The weights are adjusted so that the deviation between computed and 

desired output is minimized. The se.quence of adjusting the weights is backward from 

output layer to input layer. 
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3. Results of flow forecast on the river Rhine. 

To forecast the discharge of the river Rhine at station Lobith at the Dutch German border 

several neural networks have been developed using the software package NeuralWorks 

Professional II/PLUS of NeuralWare Inc. 

As input to the neural networks, discharge and rainfall data are used of stations further 

upstream in Germany. In this study nine years of daily data have been used, of which one 

set of data was selected for training and the remaining set for verification of forecasts. 

Three groups of neural networks have been made and applied: 

1) Neural networks that forecast the whole range of discharges; these networks did not 

improve the results as were obtained with the linear regression model (Model Lobith). 

2) Neural networks that particularly forecast the upper part of the hydrograph and 

networks to forecast the lower part; only the lower discharges show comparable results 

as calculated with Model Lobith. 

3) Neural networks to forecast the residuals between the discharges forecasted with the 

linear model and the observed discharges. This network uses the forecast of Model 

Lobith as a-priori information. The performance of the network in this case is clearly 

better than that of the linear model especially for the peak discharges. This neural 

network succeeds in forecasting the systematic nonlinear residuals. 

Since the results of Model Lobith are used as additional input it is shown that neural 

nets are capable to exploit a-priori knowledge. 

4. Results of flow forecast on the Danube 

Also in the study of floods on the Danube the software package NeuralWorks has been 

used. The data provided for this study are mean daily discharges at Bratislava, at 

Nagymaros and Budapest for the period 1984-1988. 

Three groups of neural networks have been made and examined: 

1) Neural networks to forecast the discharge at Budapest based upon the discharge 

observed at Bratislava, i.e. flood routing over a relatively large distance between the 

gauging stations involved. 

2) Neural networks to forecast the discharge at Budapest based upon the discharge at 

Nagymaros, i.e. flood routing over a rather small distance between the gauging 

stations. 

3) Neural networks to forecast the discharge at Budapest two or three days ahead using 

the discharge both at Bratislava and Nagymaros. In this case a forecast is being made 

based upon data collected at stations further upstream. 

In most cases the results are promising, but for the examples studied neural networks 

do not yet significantly improve results of linear models. Especially in the case of 
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forecasts over a small distance i. e. Nagymaros - Budapest the neural network is able to 

distinct a nonlinear factor. This is shown in the example of figure 4 representing the flood 

of May 1987. 

From this figure it is clear that the neural network approach does fit a little better than 

the linear model. However not all periods examined show such good results. Smee this 

study uses only discharge data an exhaustive examination of the potential of neural nets to 

forecast flood discharges at Budapest has not yet done. If more detailed data, e.g. 

precipitation, evaporation and discharges of tributaries would be used, the nonlinear 

components in the discharge might be explained better. Therefore continuing research will 

focus on further exploring the potential application of neural network models in flow 

forecasting and rainfall-runoff modelling. 

4800 

4600 

I 4400 

~ -'200 

] 4000 

3800 

3600 

N agymaros-Budapest 

measured 

neural network 

linear regression 

3400 .._~~~~....._~~~~...__~~~~'--~~~~'--~~~--J 

125 130 l3 5 140 145 150 

time in days 

Figure 4: Result of the forecast at Budapest obtained with a neural network 

model and with a linear regression model. Period Mai 1987. 

An advantage of forecasting with neural networks is the adaptive character of the 

network. If some changes in the river are made e.g. the building of darns and bypass 

canals it is possible to adapt the model with relatively short time series. This adaptive 

character is comparable to Kalman-filtering, but in the case of neural networks the 

approach to the problem is more applied, and only little mathematical knowledge is 

needed. 
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5. Conclusio~ 

This paper demonstrates the potential application of neural networks for flow forecasting . 

It is al so demonstrated that a-priori knowledge of the flow forecast can be incorporated in 

the application of neural nets. 

For the Rhine basin some floods are cleariy better forecasted by the neural network 

than by the conventional model Lobith. In those cases the neural network was capable of 

using the nonlinear information of the input. 

In the case of the Danube much Jess data was availabie and the capability of neural 

nets to model nonlinear relations have not yet fully been explored. In the continuing 

research more data will be included and it is expected that the results of conventional 

modelling techniques might be improved. 

The training of neural networks is relatively easy and the execution of the model is 

very fast. In case of changing river characteristics neural network models can be easily 

adapted. 
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DEVELOPMENT OF WATER FORECASTING MODEL BASED ON 

PROBABILITY ANALYSIS OF TRAVEL TIME 

Petkovic Tioslav, Canic Katica, Lekic Dejan, 
Federal Hydrometeorological Institute, Belgrade 

Water forecasting model was developed as a result of studying lag time at a river 
section taken as random value and its distribution curve approximation whose 
parameters are defined in optimization process. Statistical algorithm of issued 
forecasts is applied for the purpose of improving forecasts. 

As a result of model development numerical and graphic indicators of issued 
forecasts are presented in this paper for one river flow section 

ZUSAMMENFASSUNG 

Aufgrund der Erf orschung der Zufluf3zeit auf der Teilstrecke des Flumaufs als 
Zufallsgro(3e und <lurch die Verteilungskurve durchgefilrhte Annaherung deren 
Parameter in Optimierungsverfahren bestimmt sind, ist das Medell filr die 
Wasserprognose entwickelt. Zur Verbesserung der Prognose ist der statistische 
Algorithmus der Anpassung der gestellten Prognosen angewendet. 

Als Ergebnis des entwickelten Modells sind in der Arbeit die nummerischen und 
grapischen Indizes der gestellten Prognosen filr eine Teilstrecke des Flu(3laufs 
prasentiert. 
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1. INTRODUCTION 

The computation of water level discharge transformation at the certain section of 
river flow depending on whether this section is with or without tributaries 
presents a starting point for the development of the short-term forecasting model. 
The approach used depends on the availability of hydrologica l data on the section, 
travel time and the form of applied transformation functions . 

The paper studies the river flow section on the Danube from Budapest to Bogojevo 
but due to the lack of data on the Drava river at the territory of Yugoslavia which 
represents a significant tributary on this section, data from gauge station Barch 
on the Drava river in Hungary were used . 

As a result of this study a prognostic model has been developed for the discharge 
forecasting at the gauge station Bogojevo for the period of 1 +4 days ahead. 

2. BASIC ASSUMPTION OF THE MODEL 

The discharge computation on the river flow s ection limited by one output and with 
several input profiles where water level or discharge observation dat a exist, can 
be carried out with the help of linear transformation model with concentrated 
inflow I 1, 10, 12 I. 

m t 

Q(t) = [ ki -J r 1 · (t-T) · qi(-r) · dT 

l=l 0 

where Q (t)-discharge at output 

profile, k1-balance coefficient 

corresponding to each input 
transformation function. 

profile , 

taking 

profile, 

q1 (t)-water discharge at i-th 

into consideration lateral 

m-number of input profiles, 

(1 ) 

input 

inflow, 

r(T)-

Numerous practical experiences show that t ransformation funct ion can be very well 
approximated by two-parameter Gamma distribution / 6, 7 / or by considering it in 
probability sense - as the density of travel time distribution of elementary water 
volume at the section I 2, 3 /. 

The approximate approach in defining function r (-r) is based on t he selection of 
some of the well-known distribution curves and their parameter assessment at the 
studied watercourse section. 

Numerical experiment as well as the possibility 
computation / 3 I showed that this curve can be very 
Gamma distribution, that is, Brovkovich curve, i .e . , 

<X<X T a-1 T 

r(-rJ = - (:_) exp(- -) ·B(-r) 
m 1r(a) lm1 m 1 

where: 
Cs-2Cv 

[1-3~)+ 3 ~T 2 ;z~rJ 8(-r) = l - ~~) -
6 c 3 1 v 

() 

of standardization of the 
well approximated by modified 

(2) 

M3 

<X = f31 = 1 + c} /32 /3 1 • (1 + 2C} l Cv=- c =-s 
c 2 m1 (j'3 

v 
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Parameters of this adopted travel time distribution are defined by the method of 
moments I 3 I and for the section without tributaries they amount to: 

m1 = T 

cr2 = a 2 • T 

M3 = k·a4 ·m1 

L 

(3) 

(4) 

(5) 

where: T is the average travel time at the section ( T = - , L- the section 

v 
length, V - mean velocity, a-diffusion parameter, k-ratio between coefficient of 
variation and skewness of travel-time data on considered section. 

Necessary values for the assessment of the moments, and with it also distribution 

parameters assessment are the mean inflow velocity at the section V, diffusion 
parameter a and parameter k which are calibrated in the optimization for minimizing 
of differences between observed and computed discharges at the output section. 
Balance coefficients K1 are defined from the conditions of maintaining the water 

balance at the section and are proportional to the discharge values at input 
profiles and belonging catchment areas of this profiles . I l, 10, 12 /, i.e., 

(6) 

where Kw is mean unadjustment coefficient of water balance at the section, Kf 
1
-

coeff icients which are proportional to the ratio of surface areas which are 
controlled and not controlled by systematic discharge observations. 

3. MODEL SCHEME FOR DISCHARGE FORECASTING AT THE SECTION 

Above mentioned scheme of runoff computation has served as a basis for development 
of discharge forecasting model for the river flow section. 

Basic Model equation, according to / 8, l, 10, 12 I is: 

m ri o 

Ot+o= [ K1 [ [ r1,f Q1,t+o-J+1+ 1>1.J° Ci1,t+o-J+1] +4>t(Q,ol (7) 

1=1 J=o+1 j=l 

where: Ot+o-f orecasted 

consideration the initial 

input in j-th moment of 
Ci.1,1-similar line q1,1 but 

transformation function, 

discharge value at the output profile with taking into 

conditions, o-forecast lead time, q1,1-ordinate of i-th 

time which are known in the time of forecast issuing t, 
ordinates are not known in the time t, r 1,rordinate of 

4>t(q,o)-correction operator in accordance with literature 

I 8, 9 / which take into consideration observed discharge data on output profile in 
the moment of issuing forecast. 

As can . be seen from the 
discharge forecasting it is 
consideration the on-line data 
of yet not known forecast lead 

equation (7) in operational short-term water level 
necessary to solve the problem of taking into 

on output profile as well as the problem of defining 
times period. 
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Introduction of the information on observed discharge on output profile in the 
moment of issuing forecast can be performed through the operator <f>t(Q,o) whose 

structure and the mode of application are described in detail in the paper/ 8, 9 / . 
Here, in developing forecasting discharge model at the section Budapest-Bogojevo 
correction principle is applied which is based on taking into consideration the 
forecasted errors in the moment of issuing forecasts I 4, 5, 11 / i.ed., 

~Qt 

<f>t(Q,o) = ( rl,max ) · r1,max+o (8) 

I\ I\ 
where: ~Qt=Qt-Qt, Qt-forecasted value of discharge without correction, Qt-observed 

discharge, rl,max-value of maximum ordinate of transformation function. 

Also, besides· on-line information, the mode of defining input values Cii,J for the 

period of forecast lead time is built in the model. Among several procedures fully 
described in the papers / 9, 10, 12 / in this paper following expression was 
applied: 

(9) 

where: r-discharge differences correlation coefficient. This coefficient is defined 
on the basis of historical data using both data for the rising hydrographs as for 
the falling ones. 

4. MODEL DEVELOPMENT FOR WATER DISCHARGE FORECASTING AT THE 
DANUBE RIVER AT THE SECTION FROM BUDAPEST TO BOGOJEVO 

Studied flow section from Budapest to Bogojevo at the river Danube is typical 
example for flow section with lateral inflow. (Figure 1.) 

Figure 1. River section scheme at the Danube 
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Budapest at the Danube river and 
Barch at the Drava river were 
selected as input profiles and 
Bogojevo as output profile. 

Observation data in the period 
1988-1992 were used for parameter 
calibration of transformation 
function. The flood waves which 
appeared at at least one 
watercourse were selected. 

In the optimization procedure 
parameters of transformation 
function were defined. Numerical 
values of these parameters are 
given in the Table 1. 

Optimized parameters were used for 
development of discharge 
forecasting model at gauge station 
Bogojevo for 1+4 days ahead. 



Table l.Parameters of transformation functions at the section Budapest - Bogojevo 

model parameter 
Flow section L --- --- -- K1 Optimization 

a 
I k: .. , I k period 

km day 

Budapest-Bogojevo 279 0.35 I 52 I 2.1 0.85 1988-1992 

Barch-Bogojevo 167 0.84 I 31 I 1.5 1.50 1988-1992 

Figure 2. Graphic survey of observed and forecasted discharges at gauge station 
Bogojevo (a-forecast lead time t+l, b-forecast lead time t+4) 
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b) Forecast lead time t+4 

- Observed 
------ Forecasted with adaptation algorithm 
• • · • • Forecasled without adaptation algorithm 
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Thus, starting from space distribution i.e. the distances of input profiles from 
the output ones and initial ordinate characteristics for transformation functions, 
it was necessary to define only the value of input discharge at the gauge station 
Barch at the Drava river for t+l and t+2 days ahead, i.e., values Ciz,t+l and 1h,t+z· 
For that purpose recurrent expression is used (9).In the Figure 2, for illustration 
purposes, graphic display was given of observed and forecasted discharges for t+l 
and t+4 at gauge station Bogojevo for one characteristic flood wave during 1993. 

Table 2 contains the results of issued forecasts during 1993 at the gauge station 
Bogojevo for t+l to t+4 days ahead. 

Table 2. The assessment of issued forecasts S/o-0 with the use (numerator) 

and without use (denominator) of adaptation algorithm 

Forecasting period (day) 
River - profile 

1 I 2 I 3 I 4 

0.557 

I 
0.323 

I 
0.220 

I 
0.372 

Danube - Bogojevo -- -- -- --
1.079 0.620 0.452 0.532 

As can be seen from the Figure 2 and Table 2 developed model for discharge forecast 
at the gauge station Bogojevo for 1+4 days ahead shows satisfactory results and can 
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be used in operational forecasting 
improves significantly the accuracy 
consideration the initial conditions 
forecasting . 

5. CONCLUSION 

issue. Introduction 
of issued forecasts . 

of on-line 
That is, 

for the is necessary especially 

information 
taking into 

short-term 

Developed model for discharge forecasting at gauge station Bogojevo based on 
probability principle of defining transformation functions and introduction of 
current correction of issued forecast showed satisfactory results especially in the 
high-flow periods. This could have been expected since the model parameters are 
optimized only on the basis of significant flood waves. Further investigation will 
be directed to the establishing of the change patterns of model parameters in other 
r iver flow regimes as well as introduction of other correction operators pursuant 
to better research and taking into consideration of initial terms . 

Conducive to the increase 
problem will be solved also 
Resources Research Center 
Budapest. 
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P.Serban (Romania), P.Bartha (Hungary) 

Summary: In the framework of the hydrological activity of the WMO 
Regional Association VI (Europe) a special project has been 
carried out for the past few years. The purpose of the project 
is to compare the performance of different hydrological models 
used to forecast the flow in large river systems. As a part of 
the given project three Hungarian and one Romanian models were 
tested on the data of the Lower Danube. The results presented in 
the paper confirmed the applicability of the tested diffusion 
wave, cascade and Muskingum type models and also pointed out the 
importance of the real-time updating procedures added as error 
models. 

Erprobung rumanischer und ungarischer Durchf lus modelle 
mit den Daten der Unteren Donau 

Kurzf assung 

Im Rahmen der hydrologischen Tatigkeit der WMO Regional 
Association VI (Europe) wurde wahrend der letzten Jahre ein 
besonderes Proj ekt durchgeftihrt. Sein Ziel ist, die ftir die 
Durchf lusvorhersage grosser Flussysteme verwendeten 
verschiedenen hydrologischen Modelle miteinander zu vergleichen. 
Als ein Teil des Projektes wurden drei ungarische Modelle und ein 
rumanisches Medell mit den Oaten der Unteren Donau geprilft. Die 
im Beitrag mitgeteilten Ergebnisse haben bewiesen, das die 
untersuchten Modell-Typen (Diffusionswelle, Kaskade und 
Muskingum) anwendbar sind und haben gleichzeitig auch auf die 
Wichtigkeit der Anwendung von zusatzlichen real-time Updating­
Verfahren, als Fehlermodellen, hingewiesen. 
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Introduction 
The World Meteorological Organization (WMO), of which some 

160 States and Territories are Members, is a specialized agency 
of the United Nations. According to the Convention of WMO, 
Article· 2. one of the purposes of the Organization: 

to promote activities in operational hydrology and to 
further close co-operation between Meteorological and 
Hydrological Services. 

The commitment in the field of operational hydrology, as set 
out in Article 2(e) of the WMO Convention mentioned above, is 
exercised through the Hydrology and Water Resources Programme 
(HWRP) . This programme assists the Hydrological Services of 
Members in matters of operational hydrology and in mitigating 
water-related hazards such as floods and droughts. It also 
promotes co-operation between countries at regional and sub­
regional levels, particularly where shared river basins are 
concerned, including education and training activities in 
hydrology. 

The scope of the HWRP is basically operational hydrology 
which, as defined in the WMO General Regulations, comprises: 

(a) Measurement of basic hydrological elements from 
networks of meteorological and hydrological stations: 
collection, transmission, processing, storage; 
retrieval, and publication of basic hydrological data 

(b) Hydrological forecasting; 
(c) Development and improvement of relevant methods, 

procedures, and techniques. 

Working groups on hydrology also are established by the six 
regional associations (Africa, Asia, South America, North and 
Central America. South West Pacific and Europe) of WMO to address 
some topics covered by the HWRP and others relevant to the 
hydrological problems of their respective Regions, including: 

surveys of the adequacy of networks of hydrological 
stations, hydrological data-transmission and processing 
facilities, data banks, hydrological forecasting; 

Specific projects are designed to investigate and compare 
technology such as instruments forecasting models and network­
design techniques. Regional aspects of projects covered by the 
HWRP are implemented principally by the six regional working 
groups on hydrology in WMO·s six regional associations. 

According to the resolutions of the Regional Asociation VI. 
(Europe), one of the tasks of the Hydrological Working Group is 
to assess the characteristics of the hydrological models used in 
the Region. 
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2 

The strategy used by the Hydrological Working Group in order 
to implement this task comprises two successive phases: 

a/ Phase I consists of collecting and analyzing the 
information on characteristics of the three well­
def ined types of hydrological models: for hydrological 
forecasting, extrapolation of hydrological time series 
and assessment of man·s influence on the natural 
hydrological regime. 
This phase had been completed in 1986 by carrying out 
a Report where the characteristics of 62 hydrological 
models proposed by 20 countries of the WMO Region VI, 
have been analyzed. 

b/ Phase II includes the testing of the models by their 
owners on the basis of the data supplied by the 
interested institutions. This activity allows the 
model owners to assess the range of applicability of 
their models and allows the data suppliers to select 
the adequate model in order to solve some practical 
problems. 

The RA VI countries participating in the second stage of the 
project have selected the following problems which can be solved 
by applying the models from the Report: 

daily forecast of historical hydrological data and 
especially of the flood waves; 
development of historical hydrological data series 
starting from the usual climatological observation 
data; 
simulation of the run-off hydrograph in the gauged and 
un-gauged basins; 
simulation of the fresh - saltwater interface in the 
coastal areas; 
water balance over basins, especially with reference 
to infiltration and evapotranspiration; 
study of the man·s influences on the hydrological 
regime. 

In order to solve these problems one or several models as 
well as the necessary data sets for their testing, have been 
selected. 

Five countries expressed intention to test own models with 
the data sets supplied by some institutions that is: Belgium, 
Czechoslovakia (former), German Democratic Republic (former), 
Sweden and Hungary. Up to now, five models from Belgium, Hungary 
and Romania have been tested using data supplied by Switzerland 
and Romania. 

The purpose of this project is to compare the performance 
of hydrological and ~ydraulic models used for forecasting the 
flows of large river systems. The project was first discussed at 
Vancouver Workshop (1987). 

The the three previous WMO Intercomparison projects dealt 
with basins which were small enough to demonstrate mainly the 
characterisation of soil moisture accounting and system type 
(black-box) models and consequently flow routing was not a 
predominant factor of these Intercomparisons. This situation is 
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reserved for large rivers, for which many of the well-established 
forecasting systems have been developed. 

It was proposed, therefore, that the project on large rivers 
would: 

a/ 

b/ 

Enable hydrologists to compare the relative 
performance of operational forecasting systems on 
rivers for which forecasts are really needed and which 
have not been selected only for the purposes of model 
comparison. 
It would be useful in assessing the relative merits of 
various flow routing methods for forecasting the flows 
of large rivers. 

Testing Romanian and Hungarian forecasting models 

In the midle and the lower Danube the channel flow is the 
dominant factor to forecast in the operational practice. Not 
surprisingly the most important component of the operational 
forecasting models used by the Forecasting Services of the 
riperian countries is a kind of flood routing procedure which 
comes from the following classes: 

1. Dynamic models based on numerical solutions of the 
Saint-Venant equations system which describes the 
usteady motion of the water in the river; 

2. Diffusion and kinematic models based on the 
simplification of the motion equation of the Saint­
Venant system; 

3. Hydrological models based on replacement of the 
motion-equation of the Saint-Venant system by the 
storage equation . 

In the framework of the above mentioned WMO project on the 
data of the lower Danube the following routing models were 
tested. DIFFU, CLCM and DLCM from Hungary (Bartha, 1993) and 
DANUBIUS from Romania. 

For the purpose of testing forecasting models of flood 
routing, data were supplied for the period 1977-1981 for Danube 
river at the hydrometric station Zimnicea and Ceatal Izmail as 
well as · at the station Lungoci on the Siret river which is an 
important tributary of the Danube. 

Zimnicea station lies at 4 74 kilometres· distance from 
Ceatal Izmail. Lungoci station is 76 km off the confluence of the 
Danube with the Siret river. 

LUNGOCI ._ 

76 km SIRET RIVER 
y T 

ZIMNICEA 399 km 75 km CEATAL IZMAIL 
DANUBE RIVER ROMANIA 
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The DIFFU model is based upon the diffusion equation . The 
basic equation is: 

where: Q is the discharge; 
D - diffusion coefficient; 
C - wave celerity. 

( 1) 

A solution, suitable for digital computing required the 
discretisation of the continuous equation both in time and space, 
which resulted the introduction of an additional (third) 
parameter, the length unit of the discretisation (AX) • The 
parameters of the model ( C, D, DX) are to be optimized using past 
observed data and are used afterwards as time invariant values 
for forecasting. 

The CLCM and DLCM hydrological models models are based on 
the Kalinyin-Miljukov-Nash linear cascade concept, and differ 
only in the technique of mathematical solution of the basic 
differential equation system, which can be presented for a single 
linear reservoir, as follows: 

where : 

dW I di=Q-q 

t W·K•Q 
W is the storage, volume; 
Q - outflow; 
q - inflow; 
K - storage (time) coefficient. 

( 2) 

The impulse-response function of a single linear reservoir is: 

-r 
1 -

h(t)=-e r 
K ( 3) 

A cascade consists of a number (n) of serially linear 
reservoirs. The response of such a system to unit impulse is 
described by the following function: 

1 t ·-1 .:!. h{r)=--(-) er 
K•r(n) K 

where f (n) is the gamma function 

The Continous Linear Cascade Model (DL 
continuous solution of the equation system 
by the convolution integral: 

I 

Q(r) = J h(t) •q(t-t )dt 
0 

where h(t) is defined by equation (4). 
The Discrete Liner Cascade Model 

representing the system of the storage 
equations in state space notation (Szoll6si-
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(4) 

L is based upon the 
which is described 

( 5) 

~ is based on 
the continuity 

gy I 1982) : 



Where: W(t) 
q(t) 
Q(t) 
F 
G 
H 

5 

r !!_ W(t) =FW(t) .. Gq(t) 
' dr 

Q(t) =H • W(r) 

is the state variable (storage) ; 
- inflow; 
- outflow; 
- state transition matrix; 
- input transition vector; 
- output vector. 

( 6) 

For discrete time intervals (bt) the discrete state-space 
model is described as: 

l 
W(r+M)=~(M) W(r) .. r(M)q(r) 

Q(r) =H • W(t) 

where: 

(kilt(1 -tt. 1 

(1-;)I ' ' 
l:=_:l__ if I ~ j 

K 

0 if i <) 

is the state transition matrix, and 

is the input transition vector . 

(7) 

(8) 

(9 ) 

The forecast updating procedure for the presented model s 
(DIFFU, · CLCM and DLCM) is based on an autoregressive mod e l: 

Where : QF(t+ t) is the forecasted discharge at the mome nt t+Dt; 
QS(t+ t) - simulated discharge at the momen t t +~t; 

e (t) - forecast error at the mom e nt t; 
A1 ,A2 , • • • A5 - coefficients of the au t orer:i1 · e~~ s .i. ve mod e ]. 

The DIFFU, CLCM and DLCM models were calibrated f o r th e 
period 1977-1978 and were checked for the period 1980-1981 . 
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To evaluate model performances, the following numerical 
criteria were used: the standard deviation, NTD and the first 
autocorrelation coefficient (Tab.1.) 

The NTD criterion gives the magnitude of the error between 
the obs~rved and the computed hydrographs. 

where: 

H 

E(yc1-Y..J2 

NTD=1--1--
1 
--­

N 

E(yo1-.Yi 
1•1 

Y~ - observed discharges; 
Y

0 
- mean of the observed discharges; 

Yci - calculated discharges; 
N - length of the data series. 

(11.) 

The NTD criterion is a dimensionless value which is not 
dependent on the magnitude of the discharge or the length of the 
data series. 

Analyzing the results obtained by calibrating the DIFFU, 
CLCM and DLCM models in the Romanian sector of the Danube river 
between the station Zimnicea and Ceatal Izmail the results 
presented in Table 1. show that the three models have similar 
performance. 

Testing the forecasting capability of the presented models, 
while taking into account an one-day lead time, points out the 
importance of the updating procedure. The same forecast updating 
procedure was used for al 1 the three models, reducing the 
magnitude of errors to one third and making the residual error 
sequences uncorrelated, what was required. 

However the difference between the tested models are so 
negligible, that they are considered so they have the same 
accuracy. The analysis of computation time required to elaborate 
hydrological forecasts in real time shows that the DLCM model 
runs three times faster than the CLCM model and ten times faster 
than the DIFFU model. 

The DANUBIUS model (Serban and Corbus, 1987) is made up out 
of a simulation model and a forecast updating procedure. 

The simulation model is based on the following Muskingum 
type equations of the which describe the behaviour of a river 
sector: 

(12) 

where: w is storage in the river sector; 
q - inflow; 
Q - outflow; 
x,K - parameters. 
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The discrete impulse-response function of the equations 
system (12) is (Serban and Corbus, 1987): 

1_:t11 -e -llr/L(l-.i:)j, for j " 1 

h(jtJ.t) = 

~!1 _, -llt/K(l -z)J2 -jllt/K(l -i) F. · " 2 3 e , ;Or j , , •.. 
tH (JJ) 

The kernel function has two parameters K and x. Parameter 
K represents the travel time under steady-state conditions and 
it is function of the inflow in the river sector and Parameter 
x represents the attenuation of the floods. 

The updating procedure used applies different approaches for 
the rising and falling limb of the simulated hydrograph. 

For the rising limb of the hydrograph, the following 
relationships are used: 

QF(r+M) "QM(r) ·IQS(r + t::.r)-QS(t))CF(r) 

QF(t+2M)=QF(r+ Llr) +[QS(t +2tJ.r)-QS(t+tJ.t))CF(r+tJ.t) 

CF(t) =[ QM(t)-QM(t-2t.t) )°-1 
QS(t)-QS(t-2M) 

CF(r+M) =(CF(r)]0
·
7 

0.5sCFs2 

(14) 

For the recession limb of the hydrograph relationships (14) 
are used, but in that case the CF coefficients are thus 
calculated: 

CF(t) = QM(r) 
QS(t) 

CF(r+Llt)= QF(r .. tJ.t) 
QS(t+M) (15) 

where: QM(t - t), QM(t) are the flows measured at the moments 
t-2 t and t respectively; 
CF(t), CF*t+ t) - correction factors at the moments t 
and t+ t re3pectively; 
t - forecasting moment. 

The DANUBIUS model was calibrated for the interval 1977-1979 
and was checked for the interval 1980-1981 (Table.2). 

The numerical criteria used to evaluate the DANUBIUS model 
performances were: the standard deviation, NTD, the first 
autocorrelation coefficient and the error frequency curve. 
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Test 
Model 

DIFFU 

CLCM 

DLCM 

8 

Assessment of the performance for the 
DIFFU I CLCM, DLCM models 

Criterion Calibration Simulation 
1977-1978 

NTD 0.971 0.974 
Rl 0.898 0.955 
SD 214.6 373.1 

NTD 0.964 0.960 
Rl 0.939 0.970 
SD 309.8 461.9 

NTD 0.963 0.964 
Rl 0.929 0.961 
SD 314.5 440.5 

Table 1. 

Forecasting 
1. day ahead 

0.998 
0.103 
105.5 

0.998 
0.146 
104.8 

0.998 
0.065 
109.5 

Table 2. 

Assessment of the performance for the DANUBIUS model 

Simulation 
and 

Forecast 

QS 

QF 

Criteria 

SD 
NTD 
Rl 

SD 
NTD 
Rl 

Calibration Forecasting period 1980-1981 
1977-1979 

302 
0.94 
0.354 

1 2 3 4 5 6 7 

320 341 382 448 552 572 634 
0.95 0.91 0.79 0.70 0.64 0.56 0.45 
0.37 0.38 0.41 0.43 0.45 0.48 0.51 

68 121 175 268 345 382 440 
0.99 0.98 0.96 0.91 0.85 0.77 0.71 
0.09 0.11 0.14 0.17 0.19 0.21 0.22 
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Analyzing the graphical and numerical c riteria to evaluate 
the DANUBIUS model performances, the followi ng con c lusions can 
be drawn: 

the DANUBIUS model yields very good results when 
applied in real time. Thus the errors between 
forecasted and measured levels respectively are 
smaller than 20 cm in 10 0 %, 99 %, 98 %, 94 %, 88 %, 
68 % and 51 % of the total cases for 1,2,3,4, 5 , 6 , and 
7 steps/days ahead; 
the forecasting updating procedure leads to a 
considerable improvement of simulated flows especially 
for the first 1-4 days of lead time. This is obvious 
if the SD and NTD criteria are compared in simulation 
and forecasting regimes respectively; 
The autocorrelation coefficients r 1 for the forecasting 
intervals are smaller than 0 . 25, which shows that the 
model is correctly set, and that the updating 
procedure is efficient enough to diminish the residual 
errors degree of dependence. 

Conclusions 
The application of the DIFFU diffusion model and of the 

CLCM, DLCM and DANUBIUS hydrological models for the forecasts of 
daily flows in the Romanian sector of the Danube river leads to 
similar results. 

The forecast updating procedures used by the models tested 
within the project substantially improved the fore cast 
performance and the residual errors are non-correlated. 
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A synthesis on the present problems of the water cycle under the circumstances of the changes in the 
hydrological balance components due to the human activity and the climate change is presented. The 
behaviour of the different components of the bio-geochemical and water cycles under the aforementioned 
conditions depends on the &J>ace and time scales, thus: 1. patch scale processes (SV AT models); 2. 
regional scales models which aggregate the small scale processes to sizes solved by models in real 
landscapes (104km2); 3. investigations at a scale of J0S-J06km2

; 4. global procedures and aggregated 
models for the translation of the large scale outputs of climate into the scale of ecosystems. 
Some types of physically-based as well as the statistical models for trend analysis of hydrological data, 
used at different range of space are shown. 
An overview of the papers concerning the impact of the human activity and/or the climate change upon 
the water balance components, submitted at the XVI! Conference of Danubian Countries in Budapest 
1994, is made. The deviations in determining the mean annual runoffusing grid maps at different scales 
are also considered. 
The cooperation between Danubian Countries in a sustainable water development constitutes a sound basis 
for believing that the future of water resources in this region will be optimistic. 

Auswirkungender menschlichenTitigkeitund der K.limainderung auf die 
W asserresourcen 

Kurzfassung 

Es wird eine Syntbese der Probleme des Wasserkreislaufs geboten, welche sich in den durch menschliche 
Tatigkeiten und Klimaanderungen herbeige fiihrten Verinderungen der Komponenten der hydrologischen 
Bilanz manifestieren. Das Verhalten des biochem.ischen und Wasserkreislaufs-Komponenten bangt unter 
den eiwiihnten Verhfiltnissen vom Raum- und Zeitmabstab ab, undzwar: (1) Pro~se im Parzellen­
Mabstab (SVAT-Modelle); (2) Proz.esse im regionalen Mabstab, welche die Kleinmabstab-Pro~se zu 

319 



Grobenordnungen integrieren, welche schon <lurch Modelle im wahrhaftigen Landschaftsmabstab ( l a4km2
) 

gelost werden konnen; (3) Untersuchungen im Mabstab von 10S-1cf'km2
; (4) globale Verfahren und 

Aggregatmodelle filr die Ubersetzung der grobmabstablichen Ausgangsdalen von Klimamodellen in den 
Mabstab des Okosystems. 
Es werden verschiedene Typen von physisch begriindten Modellen sowie von statistischen Modellen fiir 
die Trendanalyse hydrologiscben Daten gezeigt, welcbe in verschiedenen riiumlicben Mabstaben 
verwendet werden konnen. 
Es wird ein Uberblick iiber die zur XVII. Donauliinder-konferenz (Budapest, 1994) eingereichten, sich 
mit den auf die Wasserbilanz-Komponenten ausgeiibten Auswirkungen der menschlicben Tatigkeit 
und/oder der Klimaanderung befassenden Beitriige geboten. Es werden dabei die bei der zur Feststellung 
des langjiihrigen mittleren Abflusses erfolgenden Anwendung von Rasterkarten verschiedener Mabstiibe 
auftretenden Abweichungen ebenfalls untersucht. 
Die Zusammenarbeit der Donauliinder fiir eine erhaltbare wasserwirtschaftliche Entwicklung bildet eine 
feste Basis fiir die Annahme, dab die man der Zukunft der Wassersirtschaft in dieser Region optimistisch 
entgegenblicken kann. 

INTRODUCTION 

Lots of people. scientists and the others. feel that something is happening to our 
climate, water resources and environment. There are local problems eveiywhere and they 
are different. That is why a large part of scientific community is deeply interested in the 
perception and the prediction of the water resources problems the humankind is cope 
with. The main purpose of this short key-note paper is a free and open discussion of the 
very complex problems related to the impact exerted by antropic and climate changes 
upon the water balance. 

There are a many interesting and valuable conclusions but despite of them the 
general trend in water resources both concerning the quantity and the quality is not 
optimistic. Biswas (1991) stated that. like oil some l5-20years ago. the daywhen water 
could be considered to be a cheap and plentiful resource is not virtually over. 

On the one hand. the world population is increasing continuously and almost 
unforseeingly and on the other the amount of fresh water available on a Jong term basis 
is limited. 

So. the ratio between the needs and water resources is decreasing steadily. Moreover. 
as the human activity increases. more and more waste products are contaminating 
available water resources. 

Extensive activities have been carried out in water resources development and 
management during the last 50 years. 

Although many of these have had a positive instantaneous impact on the environ­
ment. in the long term their influence has proved to be negative. The main issue facing 
the water related experts is how to ensure a rapid and adequate response to the changing 
contexts in an unpredictible future and how to prepare the mankind for the water 
resources future . 

A possible representation of the interraction between the water balance components 
and the human activities is shown on Figure l . 

According to this scheme. the human activity effects may be grouped. thus: 
1. Effects of the land cover changes silvicultural and agricultural treatments. 

deforestation. ploughing. etc.): 
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Figure 1. ·n1c inlerrnction lic twccn tile wat er balanre ro111potH':11ts <1 nrl l1111na11 activiti es (afterl'antha Rhei. No. 18. 1981) . 



Table 1. Enviromental impact of larfre- engineering projects. 

ENVIROMENT MEDIA INFLUENCED BY TIIE PROJECT 

l'JYPE OF PROJECT NATURAL SOCIAL 

WATER AIR SOIL FLORA FAUNA MAN 

WATER 
RESOURCES 2 0 2 l 2 1 - 2 

DEVELOPMENT 

COMUNICATION 
2 0 0 1 1 1 - 2 AND TRANSPORT 

MINING 2 0 0 1 1 1 - 2 

INDUSTRY 2 2 0 1 1 1 - 2 

URBANIZATION 2 2 0 1 2 1 - 2 

Table 2. Change in the hydrologic cycle due to hwnan actiVities. 

The branch of a hydrologic cycle influenced by the project 

1YPE OF PROJECT 
SURFACE SUBSURFACE ATMOSPHERE 

QUANT. QUAL. QUANT. QUAL. QUANT. QUAL. 

WATER RES. DEVELOP. 

irrigation 2 2 2 2 1 0 

water control over catchment 2 2 2 2 1 0 

water control in the rivers and lakes 2 2 2 2 1 0 

increase of available water resources 2 2 1 0 1 0 

COMMUNICAT. AND TRANSP. 

roads 0 1 0 2 0 0 

railways 0 0 0 0 0 0 

pipelines 0 1 0 1 0 0 

airports 1 0 1 0 0 0 

MINING 

surface mining 2 1 1 2 0 0 

deep mining 1 I 2 2 0 0 

exploitation of hydrocarbonic 0 2 2 2 0 0 
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2. Effects of the engineering works including urbanization (urban runoff. reservoirs, 
industries. etc.: 

3. Effects on the water quality (leaking sewers. oil storage tanks and petrol stations. 
industrial waste water and storage/contaminated land. septic systems. pesticides and 
fertilizers. etc.) . 

Table l presents the environmental impacts oflarge engineering projects (Kovacs. 
l 980). Therein: 0 - means negligible influence: l - means slight and/or indirect impact: 
2 - indicates a strong or direct influence. 

Table 2 presents large engineering works listed and grouped according to the 
folloWing three objectives (Kovacs. 1980): l -water resources development: 2 - commu­
rucation and transport: 3 - mining. 

Jn general. the methodology for the assessment of the impact on water resources due 
to human activity relies upon. either on the comparison of the results from representa­
tives and/or on the modification of each component of the water balance equation. (if 
such modifications can be predicted) . 
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Figme 2. The scale of processes involved in hydrolog,v and water resources (Torgersen. 1994). 

The extent and magnitude of the development of water bodies all over the world have 
not been generally recognized until now. One of the main reasons of this unsa tisfacto:ry 
state is the complexity of the time and space scale of the processes involved in coupled 
hydrological. hydrogeological and water resources analyses and models. Figure 2 
(Torgersen, 1994) shows that the next approach to the water resources analyses and 
models must involve both a development of grid-scale parametrisation from sound 
scientific principles at the atomistic level to the lenght scales which arc either below 
and/ or beyond the bucket/ grid scale of the current engineering approach es (Torgersen. 
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1994). The water resources problems consist of vei:y small and vei:y fast processes . The 
causes predominanUyappearin a limited area during a short period but the consequences 
are felt in a large area during a prolonged period. For example the time or the construction 
of a hydro-power plant or a chemical factoi:y is a few years in an area covering a few square 
kilometers but the consequenes. predominanUy negative. can affect a much larger area 
(hundreds or thousands of square kilometer). during several decades or even more . 

CLIMATE CHANGE/HUMAN ACTIVITY CONSEQUENCES 

It has been known since late in the last centui:y that an anthropogenic warming of 
the earth climate was possible due to the atmospheric emissions and radiative properties 
of industrial and agricultural "greenhouse gases" (Arrhenius and Waltz. 1990) . The 
problem is to assess the impact of climate change and its variability upon the components 
of the heat and radiative balance which in its turn exerts a major influence on the water 
balance. 

To answer to this question it should firstly to know what is the real quantity of 
additional greenhouse effect as comparing with the present one which is beneficial for our 
planet life. induced by human activity which causes general climate change. Although the 
answer is not simple. therearealotof models and scenarios related to the impactofclimate 
change on different items. such as: l . Sea level rise (WMO-JPCC. 1992) (C.Bondar. 1989) ; 
Hvdroelectric power generation (Dud. 1993); Precipitations (Bonacci and Denic. 1993) ; 
(Koleva. 1994): 4. Water balance (Lobanova. 1994). (Zdenek. 1994). (Miko. 1994). 
(Niekamp and Hugel. 1994) . 

The reasons of the climate change exist and some local variations of the climate and 
hydrological parameters have been noticed . 

So, the human activity which directly exerts an impact on the local water balance 
have caused. cause and will cause a lot of consequences due to the climate change at a 
regional and global scale. 

Finally. there is only one reason for additional greenhouse effect which causes 
climate change and its variability: i.e. human activities . 

Therefore. there is no significant difference between the human activities and climate 
change on the water balance . The main difference is probably in the space and time scale 
effects . The effect of the human activites can cover a relatively small area while the 
consequences of the climate change are more extensive both in the space and time scale. 

Even under conditions where the earth"s processes are not significantly influenced 
by the mankind activity the changes in physical parameters of the earth and implicitely 
the parameters characterizing the water balance componets affect the biochemical cycles 
which govern the life on the Earth . That is why. during the last two decades a special 
attention has been paid to the study of the water processes over the land-surface as input 
elements in global changes models . 

Nevertheless the global circulation models (GCMs) do not include sufficiently the role 
of the biological processes and a profound knowledge ofbio-hydrological processes at the 
land-surfaces is needed to assess the impact which climatic changes and/or Man·s 
activity exerts on the biosphere (Balle. 1993). 

The research of the biosphere processes coupled with the modifications in the water 
balance components is needed as the former have a feedback impact on the latter. 

To explore more closely the relationship between the earth's physical parameters and 
those of the biochemical cycles. !CSU has decided to initiate the International Geosphere­
Biosphere Program (JGBP) which entail. a core project dealing with the Biological Aspects 
of the Hydroogical Cycle (BAH CJ. This core project has the following two objectives (JGBP 
Global Change Report No.28. 1994): 

1. To assess the biospheric controls of the hydrological cycle through field measure­
ments in view of developing models of the energy and water fluxes in the soil-vegetation­
atmosphere system at temporal and spatial scale ranging from vegetation patches to 
GCMs grid cells. BAHC project will be interactive at the 104 

- 105 km 2 scales with the 
project of the integration of the water balance and energy processes at continental scale 
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Figure 3 . BAHC research in relation to other research activities. (IGBP. Report No. 28) 
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(Global Energy and Water Flux Experiment project -GEWEX- in the framework of the 
WMO-World Climate Research Program): 

2 . To develop appropriate data base that can be used to describe the interactions 
between the biosphere and the physical Earth System and to test/validate model 
simulations of such interactions . 

The main focuses of the BAHC project (Fig . 3) address to the processes occurring at 
different scales of spaces and time, thus: 

- Focus 1 is oriented to patch scale processes using model of type SVAT (Soil­
vegetation-atmosphere transfer): 

- Focus 2 extends its investigations toward the experiments of regional scales. 
taking into account the interaction between the water balance components and the land 
use. type of soils and vegetations under significant heterogeneity conditions. of their 
distribution: 

- Focus 3 is oriented to the determination of the spatial and temporal variability of 
the interactions biosphere-hydrosphere over large territories of 104 -105 km 2 • 

- Focus 4 is developing procedures. aggregated models to provide climatic variables 
(precipitation patterns and extreme events) using large scale information. 

Thus . for applications in ecology and water balance the output of GCMs should 
be disaggregated (down scaled) and interpolated at a suitable resolution so as to predict 
at a spatial scale of 50 km and at a temporal scale Jess than one day. 

For the time being a lot of SVAT models have been developped . The components of 
a SVAT model, (water balance components included) are shown on Figure 4 (Balle. 1993). 

The water exchange between plants and atmosphere depends on the type and the 
growth stage of the vegetation. soil humidity, length of the plant roots. C0

2 
pressure as 

well as the meteorological characterstics of the radiation and air humidity at the 
a tmospheric boundary layer. 

It can be noticed that in the SVAT models the computation of the actual 
evapotranspiration as a main component of the water balance is primordial. Presently. 
there are a lot of models for the evapotranspiration assessment at a small scale and under 
homogeneous conditions. of the land cover and soil. Among the most used one can be 
noticed the models based on the eddy correlation (Mizutani and Ikeda, 1993) the 
micrometeorological method (Bowen ratio method). the modified Penman-Montheith 
method (1965) where the cannopy and aerodynamic resistences have been introduced . 

To test/validate the parameters of these methods special and costly measurements 
concerning water storage capacity of the soil . the Oow velocity of the sap and the water 
intake ratio should be performed . 

As the areas increase. the interconnection of the landscape units result in the very 
complex ecological processes as shown in Figure 5 (Balle, 1993). 

An evaluation at this scale (104 krn 2 - 105km2) of the processes governing the coupled 
biogeochemical and water balance cycles under the human and/or climate change 
impact becomes much more complicated . 

The processes induced by the human intervention at this regional scale have not only 
a local socio-economical and ecological impact but a sensitive influence on the climate . 

Among these distorsions of the fragile equilibrium between the nature and human 
requirements one can notice the land degradation and desertification which are the result 
of the over exploitation of water resources forest fires . over grazing, salinization. 
inadequate replacement of nutrients, climate variabrnty and climate change. The 
dynamics of these processes have mesoscale impacts on the wind systems and precipi­
tation patterns and aquifers may transport water from distant location (Balle, 1994). 

Thus, the mesoscale processes have an impact not only on the areas of l 0 4-105krn2 

order of magrutudes but due to the interconnexion of the water cycle with the bio­
geochemical cycle processes the vegetation strongly influences the runoff and the 
precipitations. Consequently, the sediments and biological debris volumes will increase 
which results in an impact on the carbon cycle. So the hydrological cycle once more is 
interrelated to the bio-geochemical cycles. 
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The problem which arises at the mesoscale is to find the aggregation models which 
should be able to determine both the evapotranspiration estimates averaged over 
inhomogeneous areas and to study its variability in order to established how conclusive 
are the mean values. 

To build such aggregation models a good knowledge of the land cover is required. 
Among the main models which have been developped. the SPAC (Soil-Plant-Atmosphere­
Continuum) includes some fundamental equations of the atmosphere and underground 
region (Kuzuha et al.. 1993). 

In this model the horizontal flows of water and heat are ignored in the underground 
region. 

Another model (Budagovski. 1986) takes into account the leaf area index (LAI) as 
characterizing the heat and water Ouxes. A data convolution on LAI dynamics into a 
general time-function provides good values for actual evapotranspiration. The model 
relies upon the assessment of a function Y(I.AI) which is determined on plots for different 
types of vegetation. The evapotranspiration is than computed function ofY(LAI) and the 
meteorological factors. 

The leaf areaindexas well as the Y(LAI) variability are assessed using remote sensing 
technics by aircraft and satellite. 

An important problem for the aggregation of the hydrological and bio-geochemical 
cycles over an extended area is the spatial and temporal scaling. 

The scaling of the water balance processes from small areas towards extended areas 
implies the aggregation of the Ouxes between atmosphere and the land-surface charac­
teristics to be comparable with the simulations made on the regional and global models. 

On the other hand the research of the ecosystem requires inputs from atmosphere 
(water. snow. atmospheric trace constituents} at spatial resolutions compatible with the 
ecological units. Therefore. there is a "scaling up" of the ecological zones and a "scaling 
down" of the meteorological inputs. These implies non-linear relationships and the 
process parametrization is completly different from that for the patch scale. 

In order to study this parametrization a certain number of sites representative for an 
extended area (say 104 km2) is selected . 

These sites are intensively equipped with instruments up to the atmospheric 
boundary layer. 

A system for assessing the inhomogeneity variability at the grid width of mesoscale 
models and medium resolution of the satellite pixel is shown in Figure 6. 

The aircraft observations should be up to dated periodically. 

Another way to study the human/climate change impact is the statistical analysis 
of the hydrological time series. 

ln the framework of the WMO - project concerning the climate change program (WCP­
WATER) a comparative analysis of hydrological and related data has been launched. 

The Working Group of hydrology of the WMO Regional Association VI (Europe) 
initiated a "Technical Report (Lemmela. Liebscher. Nobilis. 1990) having the following 
subjects: 

- Studies of climate changes and climatic variability using hydrological data 
(rapporteur: Mr. F.Nobilis, Austria): 

- Effects of climate changes on water resources system (rapporteur: Mr. B.Lemmela. 
Finland); 

-Models forevaluatingtheimpactof climate changes on waterressources (rapporteur: 
Mr. H.Liebscher. Federal Republic of Germany): 

This report has described the availability of long hydrological time series (Global 
Runoff Data Centre-GRDC. Global Precipitation Data Centre-GPCC and FRIEND data 
base). 
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Some models for trend analysis of hydrological data series were developped. Also. 
models for studying the influence of climatic change (based on the future scenarios of 
studying climate changes) on the hydrological cycle and its components were considered. 

Another project directed by Polish Academy of Science in collaboration with the 
lnternational Institute of Applied System Analysis (IlASA) undertook a statistical analysis 
on more than 200 sets of data whose span ranged from 30 to 200 years (WMO, 1994). 

The test results (published in September 1992) provided statistical evidence of a 
greater change in the set of time-series than should arise by chance . 

The way to study from statistical point of view should continue on a long term basis 
considering the following goal (WMO, l 994): 

- formulating guidelines for water resources managers regarding possible modifica­
tions of procedures for deriving design data: 

- identifying a global (and regional network of benchmark stations: 
- exploring procedures for a sirnula taneous analysis of hydrological and clirna tological 

data series . 
During the XVIII Conference of Danubian Countries on Hydrological Forecasting 

and Hydrological Bases of Water Management - Budapest. 1994 a lot of papers are 
concerned with the trend analysis of hydrological and climatological data series in order 
to assess human and climate change impact on the water balance components. 

An interesting problem is the role of the spatial scale in case of the mean annual 
runoff representation in form of a grid maps . The advantage of the grid maps for 
representing the water balance components is evident as they allow to digitize the 
estimates in a system of cells and thus they facilitate the automatic data processing. 

There are several procedures for grid maps producing (Arnell. 1991) of the mean 
annual runoff: 

- Utilization of the runoff estimates recorded in small. representative basins as the 
mean value of the grid cell. This procedure overestimates the average annual runoff 
because small catchments are concentrated in head water regions. 

- Distribution of the runoff recorded at the outlet of an extended-area basins among 
the grid-cells within the basin. This procedure is somehow similar with that for producing 
the isoline maps. Using a larger number of hydrological stations within Danube Basin. 
the errors of the water balance did not exceed+ 5% (Domocos and Sass. 1990). lt implies 
a disaggregation of the average runoff recorded at the outlet by a weighting procedure 
taking into account the relative contribution of each grid cell. 

- Utilization of empirical relationships between runoff and climate and apply the 
computed runoffto a glided climate date base. This method implies a good knowledge of 
the climatic data spatial distribution. 

- Using the models of monthly water concomitently with climatic grid data. The 
computation implies the use of the empirical models (Turk-Pike. FREND multiple 
regression. IIASA Terrestrial Water budget) and therefore the results depend on how the 
correct are the parameters of these models for monthly evapotranspiration assessment. 

The application of this procedures for a grid of 0.5° x 0.5° (35 x 55 km) in the Danube 
Basin corresponding to the hydrological station Hofkirchen has lead to computed 
average annual runoffvalues which overestimate the real one when using the Turk-Pike 
and FREND relationships and under estimate the real value of the runoff for the other 
methods . 

In general for a good enough estimation of the annual runoff. using grid maps a much 
higher resolution grid is needed. For the territory of Romania the utilization of a grid 
map 30 x 30 km, results in significant evaluation of the average annual runoff as compared 
with the results obtained for a grid map having four times more resolution. 

INSTEAD OF CONCLUSIONS 

Water is our common responsability. The present World water consumption is about 
5000 km3 /year and a linear extrapolation results in almost. 10000 km3 in 2050 . To cope 
with the water needs in the future and with the natural hazards of floods and droughts . 
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the institutions responsibile for water management should be able to have an as correct 
as possible perception on the regional and global changes due to human activities and/ 
or climate change . 

The prevision of the changes in water balance components corroborated with the 
inherent interractions with the biogeochemical cycles is prerequisite for a sustainable 
socio-economical development. 

In view to this aim the components of the water balance and the related 
biogeochemical ones should be continuously measured with a dedicated system of 
instruments. 

On the other hand. a continuous research activity to build models as close as JX>ssible 
to the complex processes of the water cycle at different space and time scales, is required. 

To develop these goals a close cooperation between scientists from different regions. 
is imperative. because the water problems exceed the national boundaries. The main goal 
of the cooperation between the Danube countries is a sustainable water development in 
the Danube basin. Great efforts should be made to reach this objective and the present 
successful cooperation constitutes a sound basis for believing that unpredictable future 
of water resources in this region will be optimistic. 
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ABSTRACT 

The upstream stretch of the Kupa River catchment area (within the Danube catchment basin) 
is the vegetation overgrown karst receiving, due to favorable climatologic and topographic 
conditions, large quantity of precipitations. The paper presents the results of regional hydrologic 
analyses based on characteristic parameters of mean, maximum and minimum annual flows for 
the analyzed period (1950-1989). Based on interrelation of typical hydrologic parameters general 
expressions are developed for main characteristics and relations governing the surface runoff 
from the analyzed border karst region of the Danube catchment basin. The results of the 
analysis are compared to relevant results of other analyses. 

REGIONALE WASSERWIRTSEHAFTSANALYSE DES EINZUGSGEBIETES DES 
OBEREN TEILES VOM FLUSS KUPA 

ZUSAMMENFASSUNG 

Der obere Teil des Einzugsgebietes der Kupa (im Einzugsgebiet der Donau) gehort zum 
bewachsenen Karst mit grossen Niederschlagsmengen als Folge gunstiger klimatologischen und 
topografischen Verhaltnissen. In der vorliegenden Arbeit sind angegeben die Ergebnisse von 
regionalen wasseruirtschaftlichen Analysen welche auf Grund Karakteristischer Parameter der 
mittleren, grossten und kleinsten Jahresabflussmengen durchgefUhrt wurden fl.ir die bearbeitete 
Zeitperiode (1950-1989). Auf Grund wechselseitiger Verhattnisse von Karakteristischen 
hydrologischen Parameter, wurden allgemeine Ausdrucke fur die hauptsachichen Verhaltnisse 
entwickelt bezuglich des oberirdisehen Abflusses vom behandelten Karstgebiet des Randteiles 
vom Donaueinzugsgebiet. Die Ergebnisse dieser Bearbeitung und die entsprechenden 
Ergebnisse anderer Analysen wurden gegenubergesteltt. 

1.0 INTRODUCTION 

The analyzed region of the upper Kupa River catchment area is located in the western part of 
the Croatian karst in the Gorski Kotar district. The mild continental mountain climate of this 
region is characterized by high precipitations - 1900 to 3000 mm per year in average and up to 
5000 mm in wet years [ 5]. The precipitation distribution is typical for particularly low 
precipitations during the warm seasonf (June-September), with frequent periods of completely 
deficient rainfall (even for several months), and heavy precipitations during the cold season 
(October-May). 
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The major water courses, the Kupa River with its tributaries Cabranka and Kupica, and Rjecina 
River have considerable underground retentions in the back their springs. Only the very small 
streams of the Crni Lug have practically only surface runoff. The parts of the catchment areas 
superficially gravitating towards the watercourses are steep and generally overgrown by 
coniferous and deciduous forests. Regarding high precipitation and vegetation overgrowth, the 
Gorski Kotar district differs from the other Croatian karst regions where the vegetation reduces 
going in the eastward direction and the precipitations fall considerably (the most common 
average annual precipitation from 1300 to 2300 mm). 

The intent was to interrelate the 

2.0 MEAN ANNUAL FLOWS 

Fig. 1 The Gorski Kotar overgrown karst 
catchment areas with gaging stations. 

The conducted analyses have indicated that there are reliable relations between the mean 
annual flows Q (m3/s) and influence catchment area A (km2) for the catchments in karst regions. 
The Fig. 2, together with calculation data, shows the relations applying to these regions: 

(a) the upper stretches of the Kupa and Rjecina catchments are affected by 
underground retentions in the back of their springs: 

Q = 0.184 A0
·8 correlation coeff. r = 1.00 (1) 

(b) the water courses influenced by the underground retentions and riverbed losses: 

Q = 0.047 A - 0.21 r = 0.99 (2) 
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(c) very small steep catchments with high precipitation: 

Fig. 2 

Q = 0.0614 A + 0.0028 r = 1.00 

0 
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4.0 +----+~----+----+--~-~~--"-=~8_.....____, 

~ ~ 00 ~ $ ~ ~ ~ ~ ~ ~ 
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Mean annual flows Q dependant on the influence catchment area A 

(3) 

The relations (1), (2) and (3) are developed on a small number of data, but since their deviation 
from the input data is small they are considered sufficiently reliable. 

The relation between the effective, P e (mm), and gross, P (mm), precipitations has been 
analyzed considering the relations developed for the Croatian karst catchments [ 6]: 

P e = 0.83 P - 250 r = 0.98 (4) 

The Fig. 3 illustrates the relation (4) which applies for effective runoff in karst for the catchment 
area with no relevant water losses and mean-water runoff coefficient c > 0.50. In deriving the 
relation (4) for the Croatian karst 18 paired values (P, P J for the overgrown karst with runoff 
coefficient c > 0.50 have been used in calculation. 

In addition to the relation P e = 0.83 P - 250, the Fig. 3 also shows the limits within which 95% 
of the values is set (the probable deviation including 95% cases is aP = ± 18%). The relation 
(4) slightly differs from the relation for the Sava River karst region, i.e. P e = 0.88 P - 224 (mm) 
[ 4], and has also been checked against the data on Hellenic karst [ 2) with very low mean 
annual precipitations (P = 600 - 800 mm), as shown in Fig. 3. 

3.0 MAXIMUM ANNUAL FLOWS 

The Fig. 4 shows paired values of influence catchment areas and maximum recorded specific 
inflows (A, qM) for all discussed stations in the Croatian karst, with separately presented stations 
in the overgrown karst. The maximum values envelope for the region of minor catchment areas 
(up to A = 36 km2

) was defined on the basis of maximum overgrown karst: 

qM = 5.74 A-0.09J (5) 

and maximum specific inflows of the upper Kupa catchments are 
very close to the envelope curve for the catchment areas A = 36 - 4000 km2 

qM = 25.89 A-0.si 4 (6) 
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Fig. 3 

Fig. 4 
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The Fig. 4 also shows Creager 10- and 20-year envelope curves, and the maximum envelope 
curve for the catchment areas of Croatia, Bosnia and Slovenia [ 1] . The maximum envelope 
curve, applicable for catchment areas A = 100 - 8000 km2 [ 3), has also been presented for 
catchment areas of the Danube and large European rivers. According to this envelope, the 
values qM for the catchments exceeding 150 km2 in area increase as compared to the envelope 
for karst catchment areas whose minimum values are explained by the effect of karst 
underground retentions reducing the flood water. 

For modular coefficients of maximum annual flows of 10- and 100-year return period, the 
relations with the maximum annual flows variation coefficients cvM have been developed (Fig. 
5) . 
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Fig. 5 The modular coefficients of maximum annual flows QMp!O M depending on 
maximum annual flows variation coefficient cvM· 

The relations developed for the overgrown Croatian karst 

01r110 = 1.29 Cvltl + 1 .01 
Q"' 

QJ.1100 = 3.67 cvN + 0.76 
OM 

r = 0.99 (7) 

r = 0.93 (8) 

show little difference from the relations developed for the catchment areas of the Danube and 
large European rivers I 31: 

[ 

0 1.110 
~ = 1.3 Cvltl + 1.01, 

4.0 MINIMUM ANNUAL FLOWS 

respectively 
0

"' 100 
= 3,67 cvN + o,a1] 

o,,, 

The typical parameters of minimum annual flows were available for analysis only for the upper 
Kupa catchment area, including the largest catchment area in the Crni Lug region, since the 
other catchment areas of the overgrown karst of the Gorski Kotar dry out during the season of 
low water level. The relations have been developed for average minimum annual flows~ (m3/s) 
dependent on influence catchment area size A (km2

) and mean annual flows Q (m3/s), as shown 
in Fig. 6. 

Cin = 0.004 A1
·
08 

(the relation applies for A > 3.0 km2
) 

r = 1.00 (9) 

~ = 0.107 0 1
·
04 r = 0.99 (10) 

For minimum annual flows in the upper Kupa catchment area of 10- and 100-year return periods, 
Om1o and Qm1oo (m3/s), respectively, the relations have been developed dependant on influence 
catchment areas A (km2) and mean annual flows Q(m3/s) which need not be graphically 
presented. 
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Fig. 6 Relation between average minimum flows ~ with influence catchment area A and 
mean annual flows Q for the upper Kupa catchment area 

5.0 CONCLUSIONS 

The relations presented in this paper could be used for similar catchment areas with no or 
insufficient data available from direct hydrological monitoring. However, it is important that in 
addition in geological, topographical and biological runoff conditions, the similarity of the 
precipitation regimes regarding rates and distribution exists. 

It should also be said that, compared with the results of the regional analyses conducted for the 
catchment areas of the Danube and major European rivers [ 3], the number of relations 
between the characteristic hydrological parameters obtained for the overgrown karst was 
considerably smaller. The main cause is the specific karst relief with its specific underground 
water circulation which differently affects the runoff in the analyzed hydrological profiles. 
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DIE DURCH DIE DURRE GEFAHRDETEN REGIONEN 
DES DONAUEINZUGSGEBIETES 

Imre Palfai, Tamas Laszlo Boga und Jen6 Labdy 
Wasserwirtschaftsdirektion Unteres Theissgebiet 

H-6701 Szeged, Pf. 390 Ungarn 
Kurzf asung 
Die Verfasser haben in einer fruheren Studie (2) den Durre­
index PAI

0 
eingefuhrt, welcher als prozentmassig ausgedrUck­

te Quotient zwischen der mittleren Temperatur der Periode 
April-August und dem gewichteten Mittelwert der monatlichen 
Niederschlagshohen der Periode Oktober-August definiert wur­
de. In einer weiteren Studie (3) wurden - unter Verwendung 
der zur Wahrscheinlichkeit 4% (d.h. zur Wiederkehrsperiode 
25 Jahre) gehorenden Werte PAI4% der PAI 0 Indizes der ein­
zelnen Jahre - die Regionen des Theiss-Einzugsgebietes vom 
Gesichtspunkt ihrer Gefahrdung durch die DUrre qualifiziert 
(z.B. PAI 4%< 6: durrefreie . .. , PAI 4% >12: durch die DUrren 
ausserordentlich gefahrdete Region).In der vorliegenden Stu­
die wurde dieselbe Methode zunachst auf das Staatsgebiet Un­
garns, und sodann auf das ganze Donaueinzugsgebiet ange­
wandt (Bild 2.\Bei der Losung letzterer Aufgabe wurden der 
Donaumonographie (1) entnommene Niederschlags- und Tempera­
turinformationen sowie eine empirische Beziehung zwischen 
dem langjahrigen Mittelwert des spezifischen Abflusses und 
der Kennzahl PAI 4% verwendet (Bild 1.) . 

The drought-endangered regions of the Danube Basin 
Abstract 
In an earlier paper of the same Authors (2) , the drought in­
dex PAIQ was introduced, defined as the in persentage ex­
pressed ratio between the mean temperature of the period 
April-August and the weighted average value of monthly pre­
cipitation amounts during the period October-August.In a 
further study (3), the regions of the Tisza Basin were qua­
lified according to their endangerment by droughts, on the 
basis of indices PAI~~ , i.e . the values of 4% probability 
(or of return period ~f 25 year) of the indices PAI 0 of 
individual years (e.g, PAI~~ < 6: no danger of drought, .. 
PAI 1to/o > 12: region extre~ely endangered by drought). In 
the present paper, the same method has been adopted first to 
the national area of Hungar y , and then to the whole Danube 
Basin(Fig. 2 .)The latter tas k has been sol v ed by u t il i zing 
prec ipitation and temperature information taken from the 
Danube Monograph (1) as well as an empirical r elat i onship 
be ~ ween the multi- a nual specific runoff and the i ndex PAI~ % 
( F 1 g. 1. ). 
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l.Ziel und Methode 

Die niederschlagsarme Witterung der letzten Jahre sowie 

die sich entwicklende Klimaanderung (eine globale Aufwarmung 

der Atmosphare ) lenken die Aufmerksamk e it in zunehmendem 

Masse auf das Phanomen DUrre, auf die dadurch verursachten 

Probleme, auf die daraus resultierenden - hauptsachlich die 

Landwirtschaft treffenden - Schaden. 

Eine der Hauptfragen ist die folgende: welche Regionen 

werden von der DUrre oftesten und hartesten betrof fen? 

2.Anwendung auf das Theiss-Einzugsgebiet 

Diese Frage wurde fUr das Einzugsgebiet der Theiss mit 

Hilfe des sog. Durrenindexes PAI beantwortet, dessen Gebra­

uch in Ungarn war einigen Jahren eingefUhrt wurde . 

Der Durreindex PAie wurde folgendermassen definiert: 

t1v-v111 
PAio - ·100 

P x -v1. 11 
( 1 ) 

wobei: PAI 0 - der DUrreindex ( °C/ 100 mm) , t 
1
"-vur - mitt-

lere Lufttemperatur der Periode April-August ( °C), PX-wi 

gewichtete Niederschlagshohe der Periode Oktober-August (mm ) 

Bei einer durchschnittlichen Saatsstruktur sind die anzuwen­

denden Wichtungszahlen die folgenden: fUr Oktober: 0,1; No-

vember: 0,4; Dezember bis April: 0,5; Mai: 0 , 8; Juni: 1 '2; 

Juli: 1 , 6 und August 0,9 (4) .Die nach Gl. ( 1) errechnete 

Kennzahl PAI 0 muss, in Abhangigkeit von der Anzahl der 

SchwUletage, der Lange der niederschlagsfreien Periode und 

der Tiefe des Grundwasserspiegels , noch mit verschiedenen 

Korrektionsfaktoren modifiziert werden (2). 

Die Struktur des DUrreindexes ahnelt derjenigen d es 

Ariditatsfaktors , der als das Verhaltnis zwischen den lang­

jahrigen Mittelwerten der potentieller Verdunstrung und des 

Niederschlags def iniert wurde und dessen annahernde gebiet -
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liche Verteilung fUr das Karpatenbecken und den mittleren 

Teil des Donuaraumes durch K. Szesztay (5) ermittelt wurde. 

Die Einstufung der Regionen erfolgte auf Grund der 

Kennzahl PAI 11 "~ d.h. des mit 4% Wahrscheinlichkeit (oder 

mit 25 Jahre Wiederkehrszeit) zu erwartenden Wertes der In-

dizes PAI der einzelnen Jahre. Die durch die Durre in ver-

schiedenen Massen gef ahrdeten Regionen wurden auf Grund der 

gebietlichen Verteilung dieser Kennzahl PAI4% abgegrenzt 

( 3) . 

3.Anwendung auf das Staatsgebiet Ungarns 

Unter Anwendung der oben geschilderten Methode wurden 

die Berechnungen nun fur 72 meteorologische Stationen Un­

garns mit den Dalen der Periode 1931-1993 durchgefuhrt, um 

die durch die Durren in verschiedenen Massen gefahrdeten Re­

gionen des Staatsgebietes abzugrenzen. Dabei wurden. auf 

Grund des Indexes PAio 

gewendet: 

folgenden Qualifizierungen an-

< 6 

6 - 8 

8 - 10 

10 - 12 

12 

- durrefreie.Region 

- massig durregef ahrdete Region 

- mittelmassig durregefahrdete Region 

stark durregefahrdete Region 

- ausserordentlich stark gefahrdete Region 

4. Anwendung auf das Donaueinzugsgebiet 

Aus der Donaurnonographie (1) sind die gebietlichen Ver­

teilungen der langjahrigen Mittelwerte sowohl der jahrlichen 

Niederschlagshohe als auch der Temperatur, ja sogar auch die 

klimazonalen Karlen bekannt. Zwar kann man auf Grund dieser 

Unterlagen die von der Durre am meisten gefahrdete Regionen 

vermuten, doch konnen die einzelnen Regionen voneinander 

exakt, auf numerischer Basis nicht abgegrenzt werden. 
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So wurde fur den ausserhalb Ungarns liegenden Teil des 

Donaueinzugsgebietes - da hierfur die zur Ermittlung der 

Durrekennzahl PAI notwendigen Grunddaten nicht zur Ver-

fugung standen - das folgende indirekte Verfahren verwendet. 

Aus den fur Ungarn vorliegenden daten wurde - unter 

Verwendung der Abflusskarte der Donaumonographie - eine em­

pirische Beziehung zwischen dem langjahrigen Mittelwert der 

Abflusses und der DUrrekennzahl PAI4% ermittelt <Bild 1.). 

Unter Verwendung der letztgenannten Beziehung konnten dann -

mit Hilfe der Abflusskarte des Donaubeckens - die Durre­

regionen innerhalb des ganzen Donaueinzugsgebietes abge­

grenzt werden <Bild 2.) 

PAl4% ( °C/1 OOmm) 
20~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I 
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I 
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I 
12-l···· 

I 
10~ . 

i 
I 8l· 

6~· 
I 
I 

:~ 
+ ·· + .... + ... 

+ 
···· ···· ··· · ··+ ···1 

+ I 

. J 
i 

O+I ~~~~~~~~~~~~~~~~~~~~~~~~~~---; 
0 50 100 150 L (mm) 

Bild 1. Beziehung zwischen dem langjahrigen Mittelwert der 

Abflusses (L) und der DUrrenkennzahl PAI4%· 
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Es kann festgestellt werden, dass die mit PAI ~~ > 6 

gekennzeichneten, von der Durre am meisten gefahrdeten Re ­

gionen des Donaueinzugsgebietes sich entlang des mittleren 

Laufes der Donau, in Theiss-Tal, weiters im Tal der Unteren 

Donau und der Fruth, sowie - in geringeren Masse - im Mahri­

schen und im Siebenburgischen Becken und in der Region Tara 

Barsei befinden. Die Durregefahrdung nimmt im Inneren der 

Tieflandgebiete standig zu. Stark, ja sogar ausserordentlich 

stark gef ahrdete Regionen trifft man im ungarischen und ju­

goslawischen Teil des Theiss-Tales, am rumanischen und bul­

garischen Ufer der Unteren Donau, sowie am unteren Lauf der 

Fruth, sowohl auf rumanischen als auch moldavischen Staats­

gebiet. 
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Methods to calculate tne water balance 
of mountain basins 

s u m m a r y 
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cnern1vts1, Ukraine 

Considered are the methods to calculate the basic elements 
of water balance of mountain basins (atmospheric prec1p1ta­
tion, flow, evaporation, changes in water stock of snow co­
ver, soils and underground layers) during a short (month­
long period of time. Taken 1nto account were the influence 
of altitude, exposition and slope steepness over the value 
of water balance elements of the basins. The methods can be 
made use of when calculating water balances of any mountain 
area. 

Die Hethodik der Berechnung von 
Geb1rswasseramnlungb1lanz 

z u s a m m e n f a s s u n g 

Es wird h1er betrachtet d!e Hethod1k der Grundelemente 1m 
Gebirgssamenelgebe1t (N1eder.schlage, AbflleBen, Ausdustung, 
Was.servorvatswecn.se l 1n der Schneedecke, lm Boden und 1n 
unter1rd1.schen HorizontenJ fur e1nen kurten (monatisen) 
Ze1traum. Es w1ra aucn beruck.s1cht1gt EinfluB von Hohe, Ex­
position und Ne1gung aer Gebirgsabhange auf dle GroBe der 
Wa.s.serbilantgrundelemente lm Geb1rgssaumelgeb1et. Die Hetho 
dik kaun be1 aer Wasserb11anzrechnuns von be11eb1ger Gebir­
gsreg1on verwendet werden. 
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The theory and calculations, which result "from solv1ng the 
equations of water and thermo- balances of river basins are 
the bases to hydrologically prognose the "flow volume during 
the flood-time, as well as mal'\e short-run prognoses of mel­
ted snow losses. The mentioned prognoses, however, are com­
plicated, since not available are the methods to compose 
the water and heat balances for .a short period of time (se­
ason, month, etc.), as well as hydrometeorolog1cal materi­
als of observations of full value. That was why the author 
has worked out hls own technique which helps calculate the 
elements of water balance of mountain basins for a short 
(month, season) period of time for certain years and the 
long-term period. The methods allow for measuring of the 
discrepancy 0£ water balance and estimating the observati­
ons accuracy. The equation of short-run water balance ls 
composed of six basic elements: atmospheric prec1p1tat1on 
( P), sunmar:y water flow ( Y J, suumary evaporation from a ba­
s in surface (EJ, water stock changes 1n: melted snow (~Usn) 

soil layer (6 Us) and underground horizons (~ Uu) and can 
be expressed in a formula: 

p :::V+E '!t:i.Usn=tJU~±t;, Uu., ( 1 ) 

Tbe right part of the equation ls not usually equal to the 
left one because of not accurate def1n1t1on of the balance 
elements and not considering some other balance parameters. 
Hence, the equation ls becoming as fol lows: 

P- V - E '± 6 U sn ± li U $ i. 6 U u. = N' (2) I 

where B stands for the balance discrepancy. 
The middle layer of atmosheric precipitation for the basin 
territory (P) is defined by the expression: 

Po = P ('Z,) fr-+ P (:C2)t2+ · · · + P(2n) fr. =I P(:C l) -1.i_ , 
f F i=1 F 

where t~ is the i-th altitude zone, 
( ~). 

P(Z~) - average precipitation layer zone, which we define 
by the graph of interconnection between precipitation and 
altitude and 
F - the water collection territory. 
The diagrams of connection between the precipitation and 
observation post altitude are being built for each altitude 
zone. Tbree klnds of corrections are introduced into the me 
asured precipitation values: w1nd, precipitation-measuring 
bucket and evaporation from it. 
Tbe suIIIDary water flow is being defined by the materials of 
hydrometr1c observations on water posts. 
The sumnary evaporation value we define by the author's me­
thod, the basis for which .is a method of turbulent diffusi­
on and heat balance (complex method). The calculations are 
of two stages, where the first one defines evaporation ba-
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sea on the complex method equations and the second impl1es 
the trans1t1on from evaporating to evaporation, depending 
upon the value of the so1I moisture. 
Evaporation ls defined by Dalton•s formula: 

E o : 1 7 , 5 ( 1 , 1 5 e s - e ) mn/ month , (4) I 

where Eo ls evaporating, 
es - absolute atmospheric hum1d1ty, be1ng saturated with 

water steam and calculated for the temperature of the cove­
ring surface, 
e - absolute atmospheric bumia1ty on the height of 2 meters. 
There is an unknown value ( es J in tll1s equation, because 
of not be1ng observed on the stations . 
To deflne the res111ency of saturated evaporations by the 
temperature of the covering surface Tn formula (4) we solve 
the magnus' equation of the heat balance. 
certain transformations 1n this equation make 1t look like 

€ s-+- 0, 8T ~ 0, 95 ( R - B ) + e + O.ST 

whereas the Magnus' formula is 

where R ls a radlational balance, 
T - atmospheric temperature, 
B - the beat flow from a covering surface to the so11. 

( 5) I 

(6) I 

Thus presented, the method can be made use of for only plain 
basins. Tbe author bas substantially supplemented and impro­
ved it w1th taklng into account the influence of the moun­
tain relief on the elements of rad1ational and beat balan­
ces, wblch determine the regime and the volume of evapora­
tion. 
With tllls the methods to measure the radiational balance 
(Which is the basic factor of evaporation) of river basins 
ls as follows. Tbe river water collecting is dismembered 
for the slopes of certain exposition, for wll1cll the calcu­
lation of monthly radiational balance is being conducted. 
The slope 1s considered as an inclined surface in the rec­
tangular co-ordinate X,Y system. Tbe X,Y surface coincides 
with the horizontal one, when its value characterzes the 
slope marks. 
The slope steepness (E) is defined by the equation: 

(7) t 

where 0 stands for an angle which comprises the plane of 
the given mountain slope and the z axe, them correlating as 

Fx';f 
-5!.xt v.:: 

0 Fo 
( 8}. 
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wbere Fx~ 

plane 
ls tbe proJection of Fo on tlle xy coordinate 

Fo = J Fx~ + F./1 + Fx~ (9) I 

wllere Fxz stands for projection of Fo on xz, and Fyz - on ,., 
Fu = 0,5[ [x (zL.1 -z£_1)] , 

L: i ( 10) 1 

F~z -== o,st [ ~ (2 ,~i -1~-1)] (11) I 

where z are the points for tlle vertices of a mountain slope 
rectangle, x and y - the distance of every vertex from the 
correspond1ng plane. 
Azimuth (a) of the projection normal to the mountain slope 
on the horizontal plane 1s defined depending upon quarter 
of circumference as follows: 

a=A 1st quarter / +X,+~ / , 

a= 180°-A 2d quarter ,' -+ x / - If/ I ( 12) I 

Q-=180°+1 3d quarter / -X,-Lj- /1 
a.:= .360° -.A 4th quarter ; -X , +~ ; J 

wbere J. 1.S the angle between the proJect1on normal an<1 
the plane and the x vertex. The angle can be defined by cor 
relation 

~ [-__EE_ (13), 
Yl. - Fo ) 

where f and J3 are the angles, composed by the plane Fo and 
vertices X and Y. 
The da11Y solar slope radiation also depends upon the posi­
tion of the sun (1ts altitude and azimuth). The height (h) 
and the azimuth (~J of any pos1t1on 1s known w1th the astro 
nom1c formulas: 

~n. ft = ~11.. f }i..vt- J + COS f COS 8 · CD'!> t, 

h11. A = c.o~ S ~ h · ~YI. t 
' 

wllcrc 11 :5taud:5 for tlic height of the Sun over lwr17<ln, 

A tJ1c a~i111utl1 of t111· Sun 

( 14) I 

( 1 5) I 

~ - the latitude of observation 
t - the sun 1nc11nat1on, being defined with astronomic an­
nuals, and 
t - the bourly sun angle, known with 

( 16 J. 
na11y, the sun radiates the slope as it is sbown in tbe 
formu1 a: 
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whereTsz,'tss 1s the t1me of sunrise and sunset,Li'I,=1,-ln,ti'I1 =Tss-1.2 
T, and't' 2 - the time of the flrst an<l the last observa-

tion, and 
S,; $2 ,S3 /> 4 ,S:i~ the values of ra<Uation intensivity at tbe time 
of observations. 
w:nen defining tbe direct daily radiation for mmountain slo­
pes with (15). we introduce corrections into the values 
~sz and Lss , wbicb consider sbadow1ng of t:ne slope by t:ne 

mountain r1<lges. To find the correction values, a cyclic 
diagram and t:ne grapbs of correlation between the sunrise 
delay and untimely sunset and the orientation and steepness 
of a slope are used. 
The da11Y volume of tbe direct and 1nd1rect radiation for 
tbe whole basin is t:ne average value for separate basin slo 
pes. The measured values are summed up witb introducing the 
coefficient of daily radiation irregularity. sumnary basin 
radiation for a certain period of time (e. g. montb) is ex­
pressed as a product of average and daily values and the 
number of days. 
Wllen calculating tbe values of summary radiation, which was 
absorbed by the earth, we take into account the albedo of 
tbe covering surface ( ~ ), w:nose, say, monthly value for 
t:ne given surface of a mountain slope is defined as average 
daily value. The albedo of a mountain slope ls an average 
value of radiation in altitude zones, represented by diffe­
rent kinds of covering surface, w:nereas the albedo of the 
wbole basin comes forward as that of the average mountain 
slopes. 
Tbe intensity of emanation is very important wben we measu­
re the radiation balance and is described by Stephen-Bolz­
man Law: 

( 18) 1 

wbere e 1s a constant of Stephen-Bolzman, 
g' - emanation capacity, or the coefficient of the diffe-

rence between the properties of emanating surface and tbe 
black body, 
Ts - surf ace temperature. o 
For small steepness slopes (a<30 ), whicb are characteristic 
for the Carpathians, t:ne effective emanation is defined by 
tbe formula: 

1 ef = j s · cn:S a ) 
wbere jef means effective emanation of the horizontal 
face . 

( 19) I 

sur-

To define tbe warmtb, flowing into the soil we make use of 
the materials of soil temperature (for different depths) ob 
servations, or tabular monthly data. 
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To know the average values of atmospheric temperature and 
humidity on the basin for a certain period of time , we use 
the graphs of interconnection of these elements with the al 
titude. The average temperature and humidity on the basin 
slope for a month can be defined with the formulas: 

'I _ T,f , +T2-#24- .. . +Tnfn. 
lo F 

l r f , + £2 .f. 2 -+ · " + f.. n t n 

F 

(20} I 

( 21) 1 

where Ti, T2, .. . 'T'.,_ , e,,e. 2 , ... f..11.. correspond to the temperature 
and the humidity in altitude zones, known with the mentioned 
graphs; 
f1, tz, ... f n. - the altitude zone areas, 1n per cents to 

the total slope area, and 
F - slope area. 
The average temperature and the humidity for the whole ba­
sin is nothing but the average temperature and humidity of 
the separate basin slopes. 
Thus, we obtained all necessary data to solve the equation 
of thermobalance and Magnus' formula, which is needed for 
estimation of the e~) Q parameter and, when done, for es­
t1mat1on of evaporating by (~). 

The transition from evaporating to evaporation is made ac­
cording to the formula: 

E= K1
P + ( Eo - K

1
P)_0_ 

lAf (22) 1 

where E
1
E0 ~~d P correspond to evaporating, evaporation 

and prec1p1tat1on, 
K - t he share of prec1p1tat1on, evaporated directly from 

t!!_e surface and vegetation, 
U. - average (for the fixed period) value of productive 

soil moisture stock, ancl 
U..f - the least productive moisture capacity. 

Winter evaporation value is usually the value of the dally 
radiationa l balance and can be expressed by the formula: 

R-c' 
L 

where R stands for the daily radiationaal balance, 
c' - dciily turbulent heat exchange, 
L - specific value of evaporation warmth. 

(23) 1 

The estimation of the basin radiational balance was carried 
out according to the mentioned methods. 
Suggestecl methods were tested in Tysa river basin within 
Ukraine. 
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METHODOLOGY FOR THE ASSESSMENT OF THE WATER RESOURCE OF 
THE SNOW COVER WITHIN A HYDROGRAPHIC BASIN 
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National Institut of Meteorology and Hydrology , 
Sos. Bucure$ti-Ploie$ti, 97, sector 1, Bucharest, ROMANIA, 

Abstract: Snow cover density is generally influenced by the 
e meteorological parameters. This observation allowed us to 
establish a relationship between the snow cover density and 
the air temperature, the depth and the "age" of the snow 
cover (namely, the number of days elapsed between the 
appearance of the snow cover and the moment when its 
density was computed). 

The method was then used to estimate the snow cover 
density and the water equivalent for the raingauge stations 
where only the snow depth was measured. 

These data are useful as the average water equivalent 
in a river basin constitutes an input element for the 
forecast models of the spring runoff. 

METHODE ZUR SCHATZUNG DER WASSERRESERVE DER 
SCHNEESCHICHT EINES FLUSSBECKENS 

Kurzfassung: Die momentane Dichte der Schneeschicht wird 
von den meteorologischen Parametern beeinfluBt. Aufgrund 
dieser Beobachtung wurde eine Beziehung festgestell t 
zwischen der Dichte der Schneeschicht und der 
Lufttemperatur, der Schneedicke und dem "Alter" der 
Schneeschicht (namlich, der verlauf enen Tagesanzahl vom 
Auftreten zur Messungszeit der Schneeschicht). 

Die Methode wurde dann zur Schatzung der 
Schneeschichtdicke verwendet und des entsprechenden 
Wasseraquivalenten des FluBbeckens, wo nur Messungen der 
Schneeschichtdicke durchgefuhrt werden. 

Die berechnete Data werden zur Schatzung des 
Mittelwertes des Wasseraquivalenten verwendet, das als 
Eintrittsparameter in die Prognosemodellen des 
FruhlingsabfluBes tritt. 
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1. INTRODUCTION 

The spring runoff in a catchment is caused by the melting 
of the snow cover accumulated on the basin during the cold 
period of the year, phenomenon caused by the temperature 
increase during the spring months as well as by the liquid 
precipitation of that period. 

Therefore, one of the necessary elements for the 
development and use of a spring run off forecasting model 
( Stanescu & Simota, 1992) is water amount stored in the 
snow cover expressed as the mean water equivalent of the 
snowpack on the catchment, determined at the beginning of 
the forecasting period. 

A major difficulty in a correctly evaluating the mean 
water equivalent on the catchment is caused by the 
unevenness of the areal distribution on the catchment, 
especially when the sampling points have a reduced nwnber 
and do not cover the entire altitude ecart and the entire 
variation range of the morphological condition of the 
basin. The present di ff icul ty in the evaluation of the 
areal distribution of the snow cover by the means of 
aerialphotogrammetry or field expedition measurements leads 
to a determination of the mean equivalent in the catchment 
based only on snowcover observations in the raingauge 
network. 

The direct measurements for the water equivalent 
(therefore, density) are carried out only at the 
meteorological stations at the raingauge stations, only the 
snow cover depth being measured. 

The evaluation of the snow cover density from the 
snowcover observations at the raingauge station is 
currently achieved by the comparative assessments with the 
values obtained at the meteorological stations in the area, 
according to the evolution in time and altitude of the snow 
cover. In order to eliminate the subjective factor in these 
evaluations density correlations of the snow cover can be 
used with the influencing meteorological parameters. 

2. VARIATION OF THE SNOW COVER DENSITY IN TERMS OF THE 
METEOROLOGICAL FACTORS 

The survey of the time evolution, the snow cover density 
revealed the fact that is influenced by meteorological 
factors, such as: air temperature, saturation deficit, wind 
speed, precipitation. The air temperature and the 
saturation deficit follow rather well this evolution. The 
wind speed, with rather strong oscillations from one day to 
another, gives a weaker cprrelation with the density of the 
accumulated snow cover (Copaciu & Tibacu, 1993). 
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The dynamics in time of the snow cover determined the 
introduction of an additional factor referring to the "age" 
of the snow cover (B ) . As the time step was considered in 
the day time, B stands for the number of days between the 
appearance of the snow cover and the calculation moment. 

Finally, the authors give a calculation relationship 
of the snow cover density, as it follows: 

p =Co+ C1 T + C2 ( ~) ( 1) 

where p is snow density (g/cm2); Co, C1, C2 - coefficients 
of the multiple regression; .r - daily mean temperature of 
the air (from the preceding day) (°C); h - snow dep~h (cm) . 

It was noticed that during the days with 
precipitation, the snow cover shows sudden variations (by 
the occurrence of the "dry" snow or mixed or liquid 
precipitation). This phenomenon has determined the 
development of two separate sequences for the days with 
precipitation and for the days without precipitation, 
different values being obtained for the coefficients of the 
multiple regression. 

3. APPLICATION OF THE METHODOLOGY AND RESULTS OBTAINED 

The above described methodology was applied for the 
determination of the water content of the snow cover, in 
Colibi~a catchment. This covers a surface of F = 115 km2, 
the mean altitude is H 1175 m, and an altitude 
development between 700 and 2000 m. Snowcover data from 5 
collecting points have been used (three meteorological 
stations and two raingauge stations). Out of these 5 
points, only one raingauge station is located directly in 
the catchment. 

Because the snow water equivalent is strongly 
dependent on altitude, the following relationship was used 
for the calculation of the mean equivalent of the basin: 

E = JHmax E(H) ap(H) dH ( 2) 
Hmin aH 

where E(H) is variation of the snow water equivalent with 
altitude (mm); p(H) - hypsographic curve, expressed in %; 
Hmin1 Hmax - minimum and maximum altitudes respectively' of 
the river basin (m). 

In order to determine E(H), it is necessary to 
entirely use the snowcover information. In the first phase, 
for the two raingauge stations, densities were evaluated by 
comparing them with those from the meteorological stations, 
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in terms of the snow cover depth and the altitude 
distribution trend of the water equivalent. 

In order to use type (1) relationships, for the 
calculation of the snow cover density the multiple 
regression coefficients were determined on the basis of the 
data recorded at the meteorological stations, and the 
following relationships resulted : 

P1 =0.1 8+0.02T+0.04B/h 
(3) 

P2 = 0.23 +0. 04T + 0. OIB I h 

where p1 and P2 stand for the density of the snow cover 
calculated for the days with precipitation, and without 
precipitation, respectively. 

For the calculation of the temperature corresponding 
to the altitude of the raingauge stations, the temperature 
distribution with altitude was used, by using the daily 
mean temperature values from the three meteorological 
stations. In order to average the point temperature 
variations with altitude, the daily temperatures over the 
last five days of the month were averaged. 

The Tables 1 and 2 present, for comparison, the 

Tabl.e 1 
Raingauge station (H = 1095 m) 

Year Month T B h p c P e 
(oC) (days) (cm) (g/cm3) (g/cm3) 

1977 I -2.6 31 23 0.24 0.20 
II -2.1 59 5 0.34 0. 4 0 

197 8 I -5.6 62 30 0.21 0.25 
II -3.4 90 32 0.28 0.25 

1979 I -2.4 30 15 0.25 0.20 
II -8.8 58 4 0.34 0. 40 

1980 I -9.5 32 51 0.20 0.20 
II -7.7 60 35 0.22 0.24 

19 81 I -7.0 62 65 0.20 0.25 
II -7 .1 90 68 0.22 0.30 

1982 I -9.5 63 55 0.21 0.25 
II -6 .3 91 70 0.22 0.25 

1983 I -3.7 34 35 0 .2 1 0.25 
II -3.7 62 26 0.23 0.25 

1984 I -8 .0 63 27 0.25 0.25 
II -4.3 91 34 0.24 0.25 

1985 I -5.3 52 57 0 .22 0.25 
II -13.6 80 65 0.19 0.20 

1986 I -5.1 68 80 0.22 0.20 
II -10.6 96 85 0.23 0.20 

1987 I -12.2 49 130 0.17 0. 20 
II -7.8 77 60 0.21 0.30 

1988 I -3.9 56 23 0.27 0.20 
II -6.3 85 40 0 . 23 0.15 

1989 I -5.7 79 57 0.22 0. 20 
II -0 .4 107 34 0.31 0.30 
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Tab.le 2 
i H = SO S m ) ;------- Ra.:.r;a au(le station 

r--:iear i Mon::r. i '.:- I E h !I p c p e 
l------1'----1----1_0 c_·, __ -+i _1_a_a_y_s_) --<1-- __ (_c_m_)_-+-_(-=-g_/ _cm_.3_) -+--( -=-g /_c_m_3_)~ l- 197!1 I~ = ~:~I 3~ ; ~:~~ ~::~ 
I l97st- I -.:;~ 69 22 0.24 0.25 
! I II I -3-2 I 97 27 0.25 0.25 
1 19 ; 9 I / --_-2 ___ 2--r-----3-0-+-----1-8-+-----o-.-2-4-+----0-.-2-0-1 

i II i -6 .l 58 9 0.26 0.40 
-----,~-----11----·----+------+------+-------I 

• 1980 T '1 -8.9 32 34 0.20 0.20 
I : i -7.o 60 14 0.24 o.3o 1 ___ 1_9_8_1~1'----1-~-~1, ---=-~-:-~-4-------~-~-4-----;-~-4----~-:-;-~-+----~-:-;--1~ 

1-----198 ~ 1

1 

_ 1~ 1 

_lo_ 2 
1 

62 2 5 o. 2 6 o. 2 5 
I l I -5.6 9Q 3} 0.28 0.20 

1983 

1~84 i I -2.8 31 16 0.25 0.22 I I II -2.6 60 11 0.27 0.27 

density values e valuated by means of the first method (Pel 

and the densit y values calculated by relationships (3), 

( Pc l , for the two rainfall stations. Further on, the water 
equivalent point values were calculated. 

On the basis of relation ship (2 ) , the mean 
~qu1 valent C•n the catchment was calculated in a 

water 
first 

variant 'by using Pe) Ee and a second variant (by using Pc) 

£('. 
A 1 3-year period (1977-1989) was considered for the 

calculation. The values evaluated and calculated correspond 
to the end of the months of January and February, as the 
water occurred from the snowmelt influences the runoff in 
February and March. 

From the comparative analysis of the calculated and 
evaluated densities (Tables 1 and 2), it can be noticed 
that, generally, there are no g reat differences. At the 
same time , the number of t he densit y values calculated by 
m ar..s :::~ fo:::_-Tr,ulas ( 3 } having higher values or equal to most 
o those evaluated, is rather well balanced with the number 
o those with low values. 
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Fig. 1 

4 . CONCLUSIONS 

In t h e c as e o f t h e meaIJ wate r 
equ iva l ent o: t he ea t chment t here 
a re n o grea t di f fere nce s e~th e r 

(Figure 1 ) . The deviati o n of ,t h e 
c alculat ed value s as a g a i n st t h~ 

evaluated ones i s within a max im um 
+/ - 20 t ecart. 

The results obtained by using a c alcu l a tion formula for th e 
snow cover density, in terms of the meteor o l og i c a l 
parameters, for the d eterminatio IJ of the me a E water 
equivalent on the catchment, as compa r e d t c t he dens i t y 
evaluation method in the points where t here are no direc t 
measurements, lead to the conclusion tha t the advan ta ge o f 
using a cal c ulation relationshi p does no t sta n ci 1 1: t he 
"correction" of the evaluated values, bu t i n t he fa ct tha t 
it offers to t he fore c asting h ydr ol ogis t a n a s ses ~ men t 

"device" for the densit y , excludi ng ~. nus th e s ~b ] e ct ivi t :: 

of the methodology used until now . 
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§~ The conjugated hydrological parameters refer to the hydrological event which is defined 
by two or even more coupled traditional hydrological synthetic characteristics. one or more of these 
conditioning the value (values) of the other (others) 

An example of computation of the volume components at two reservoir sites while the volume and 
the maximum discharge of a fiood wave (correlated) at the outlet of a catchment is given. 

A theoretical computation for n volume components of a reference fiood wave at the outlet of a basin 
is presented. 

A procedure for the assessment of the impact of the reservoirs on the maximum discharges of a fiood 
wave at the outlet is presented . 

Kurz(assunq: Die hydrologische vereinigte Parameter beziehen sieh ouf dos hydrologische Ereignis. 
das durch zwei oder mehrere hydrologische synthetische und traditionelle (classische) gekupelte 
Charakteristiken genau beschrieben ist. eine oder mehrere von diesen enthalten das Wert (die Werte) von 
der undere (die anderen) . 

Es wird ein Beispiel fur die Rechnung der komponenten der Wassermenge der zwei stauseen gegeben. 
donn wenn man W niax (maxirnale Abfiuss) der Hochwosserwellen in einen underen Abschnitt des 
Einzugsgebiet kennt. 

Es wird eine theoret1sche Rechnungfur die Komponenten von ·n· Wassermenge einen Hochwasserwelle 
in einer unteren Absehnitt eines Einzugsgebiet gegeben. 

E~ wird ebenfall!' eine Moglichkeit fur die Bestimmung der Oberen Abschnitt stausee Einfluss uber 
die Hochwasserwellen in einer unteren Alschnitt gegeben. 

Introduction 

The- achievement of reservoirs in a hydrographic basin implies a dimensioning calculation of 
their volumes as well as an impact study for the determination of the reservoir influence upon the 
flood waves under the natural regime. in any of the points located on the water courses. downstream 
each of these reservoirs. 

If. for instance. we consider the scheme on Fig.I and an embankment is meant to be achieved 
over reach 0-0 on the main river . then the dam dimensioning is done for a maximum discharge 
resulting from the composition of the deffiuent maximum discharges QAldl and Q 8

1d1 of the amuent 
floods in reservoirs A and B . 

The deffiuent discharges QAfdl and g
8

1dl depend on the value of the affiuent flood waves in the 
reservoirs and on the planned capacity of these reservoirs . By hypothesis we accept that the value 

of the flood waves in points A and B is characterised by the volumes of waves WA and W 8 

respectively. We also consider that at the outlet of the basin. (point 0) the flood wave which has WA 

and W
8 

components is defined by its maximum discharge G
0 

and volume W
0

. 

A flood wave of volume W 
0 

and maximum discharge G
0 

can be made but of unlimited number 

of A and B components. Obviously. the greater the volumes of these WA and W 
8 

(on condition that 

WA + W 
8 

$ W 
0 

) the more diminished the aleviation of waves A and B will be and therefore the 
reservoir efficiency will be smaller. 
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Method description 

The flood occurrence P risk in A and B of equal volumes or larger tha n certain \'A and , .H valu e~ . 

when the wave is in 0. is characterized by va lues Q
0 

and W 
0 

1s defined by the conditioned 
bidimensional probability relationship : 

fl ) 

More generally. given a series of j variables taking u 1 ... . u " values conditioning a seri es of 
Uk+! •••. U r dependent Variables. yields: 

where (Ionescu H., l 958): 

fluk+J"uk+2 ... u, I u 1 .u 2 ... uk) = exp! - --
1
- i M* (u -u• Jiu ;:-"..J' 

2r.tr·kl /2 '\~ 2j M*I k+I tj I 
1 

· 

•is the normal conditioned multidimensional distribu ted functi on 

I 
I 

L_ _____ o _ _ _ t 
Fig. l. Scheme of volume components computation 

I 

I 

J 
Die Rechnung Schema fUr die Komponenten der Wa ssermenge 

Jn relationship (3) there is: 

- the matrtx of the conditioned mean value 

where : 
u 1 =II u, II . i = l ... k is the matrtx of the conditioning variable values. 
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m I I u , I ' i ::. . .. k is the matn .>. :Jr the van .iblf- cond• ' 1tming rn'."<"•n vaiues . 

u I I 
I 

+ 1 r is th e matrtx of the meaP \ ;Jlu•_,;-. , ,f the C()nditioned variables. 

- The matrices · 

M11 = I I rtJ 01 0 . I I i.J -- l .. . k 
J 

M12 = I l rtJ 01 o, I I l = i. .. k . j = k+l .. r f5) 

M2 1 = I ; rtJ 01 OJ I I : = k+ l .. . r. .i= J k 

M2., = I ! rtJ c 
l 

0 I I i.J = k+ l. .. r 
I 

ITJ <:3se the conditioned eXLetding prob2!,ilny is calr·, J;ned for 2 variables1he follo~:i ng formula 
!Owl"n 1956) C'an be used : 

wh ere 

and 

C=G 

( =!_-, ~) 

r r1:· ,, 

il u u ,. n 
l ; 

if u u . <: c 
! J 

ll . - r• LI 
____ ! __ ~~-:-

nr a
2 

vaJues h1i..;ller than J, generally for a 2 4 there is· 

J 
Ttu

1
.1 .-;,· 1 

In relationship (6). P(u l JS the µr c1bability or va lue Ll 

(6) 

(7) 

(8 ) 

(9) 

(10) 

; ·1 relationships (6) and [ 7) vali 1es u represent ·stanoardized" values .e)ven by relationship: 

u - u• 
u · = (11) 

o • 

where: u • is !he- cundi1 ioned mean (sef- relationship i.+)) 
In r!:!ationship (ll) o• is 1he conditir,ned stand<J: d deviation. and in relationship (7) . r,,• is the 

conditioned correla1 iun coe! f'1cient. Values a: . 0
1
• and r,,• are calculated by means of matrix 

·,·ariable·-cov;-i r 1abk 1 rms 

M*1: = i r · 1.: 0·. c · . I I= M 22 - M 2 1 M ' 1
1 ! M 12 i.J=k+ l .. . r (12) 

It must be noticed llH t.. as function (3) is a nom1al distribution . ii 1::-. nt"cessa.ry that at least all 
variables conditioning I ' . u. as wf'l l as those- condiliuned Uk. i .. . U , have a nonnal distribution. 
ln order to Fnsure ~ his .:on11i1.hm a va nabie change i'> performed for ar~v of the l ' variables. of the 
fonn: 

u ==- JogU + C (13) 

Value C can be determined by su r-cessive trials until the points representing the empirical 
probability curve are placed on a streigh i line in an axes system when the ordina1 e has a logarithmic 
srale. and the abscbsa has a Gauss 's p robability ~cale. Jn case we cakuiate the exce-eding 
probability conditiom·d for 3 variables. the Stecks data calculation formul a s and tables I J 958) can 
be used . and if the probability is determined for more than three variables and these are <;Upposed 
to be correlated. a Markow scheme can be used. thus : 

p(uk+2' uk+3) 

p(uk+2) 

361 

pfur_ 1.u rl 

p(ur-l) 

(l 41 



Application 

The application of the above mentioned . 
Theoretical bases to the studied case in the present paper is done as it follows : 

1. The probability distribution of WA and W 11 rnnditioned variables as well as of W 
0 

and G
0 

conditioning ones is brought to a nonnal distribution by using the relationship ( 13) . 
As an example. the following were chosen : 
W A - the volumes of the annuai flood waves at the Bro$teni s1..at1 on (F=646 krn 2 ) on the 

Motru River. 
W 13 - the volumes of the annual flood waves at the Corcova station (F=420 km 2 ) on the 

CO$U$tea River . 
W 0 and G0 - volumes of the annual flood waves and annual peak discharges respectively at 

the Fata Motru.lui station (F=l 703 km 2 ) o 
At these stations. there are available annual series of maximum discharges and volumes 

with a 40 year Jenght each. 
By applying relationship ( 13) following standardized variables result : 

(15) 

2. The mean square deviations 0 1• 0 2 • a~ . 0 4 are calculated as well as the correlation coefficients 
r 12 • r 1 ~. r 14 • r 23 • r:•• between variables. yielding : 

Table 1 

Variable Mean Mean square Correlation coefficients 

deviation u2 u3 u4 

ul 1.6 0.231 0.83 0.82 0.68 

u2 2.4 0 .267 0 .65 0 .50 

u3 1.3 0.230 0.64 

u4 1.0 0.314 
-----

3. The following matrices are fom1ed: 

4. The following matrices are determined according to the rela~ionships (5) 

M11 
60.505 -43.515 

-43.515 45.372 

0.044 
0.049 

0 .040 
0 .041 

M2l 

M12 
0.044 0 .049 
0 .040 0.041 

0.053 0.046 
0 .042 0 .099 

M22 

(16) 

(17) 

5. Matrix M*
1
J is calculated according to the relationship (12) and then the values r\ o*l'o•J 

6. The correlation between the annual volumes of the floods is made at Bro$leni and Corcova 

stations (WA= f!W8 )) . 
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7 The Oood wave a t the outlet 0 1 Lhe basin (the h_vdromeLric station of Fata Motrului) is 
considered as having a peak discharge w 1! h 1% probability of Q 

0
=950 m 3 /s. 

Considering a mean Lotal duration of the flood wave T r = 120 h . a mean coefficient of the 

fom1 r = 0.37. it yields W ri = Q c T T ·t =152.106 m 3
. 

8 . It is considered that over the rest of the basin with a surface of 637 km2 • the maximum 

volumes represent ratios R of l 0%.20%.30% and 50% of the total volume of 152 . l 0 6 m 3 occurred 
with a 1% probability at Fata Motrului. 

Any of the R value altt>matives ff or example R= J 0%) leads to the determination of the total 
volumes runofT on t.h r> two A and P subbasins and then. from the correlation between these. 
determined at it em 6 . the pair of \'al ~ 1 es WAIR' 1 a nd W

8
1R11 yields. 

9 . RelaUonsh1p ( 13) is applied for each of the pairs w ArR: ' and W
8

1R 11 yielding a pair of variable 

\'a lues u
3

R
1 
= lof1"W _., rRi , ::ind u

4
R, = JogW

8
1R 11 for a accepted R

1 
ratio. The following matrix is carried 

out: 

u = l 

log Q
11 

log J 52 . lflf; 

log 950 

and from the relationsh ip (41 u•
1 

is calculated . 

(18) 

JO. With va lues a•
1
. 0•J r"

11 
resulted from item (5) and the values of the conditioned means 

resulted from item (9). according 1 o relationship ( 1 l) the standardized values of the conditioned 

variables u
3
R1 and u 4R1 are 

u3Rl-u• 3 
and 

. u4RI -u• 4 

U 4Rl = ---.-­
CJ 4 

(l 9) 

11 . Further on. Owen·s calculation scheme is applied through the relationships (6)-(10) and. 
for a given pair of volume values at the Bro~teni (WA ) and Corcova (W 

8
) stations. the simulated 

exceeding probability is calculated under the conditions when the annual maximum discharge and 
maximum volume values are given with a l % exceeding probability at the Fa\a Motrului station . 

J 2. By adopting another R percentage ratio for the participation of the rest of the basin in the 
occurrence of the flood wave with a 1 % exceeding probability at the outlet of the basin. another pair 
of values WAIR2l and wflrR2: result according to item 8. 

Table 2 gives the exceeding prol.Jabilities according 10 relationship ( l) for various pairs of values 
of the variables WA and W8 determined following ·th ,· adoption of a certain R ratio . 

Table 2 

R(%) W_..(l06 rn3 ) W (106m =i) p. Wo(105m3) Qo(m3/s) P(o/o) 

10 91.5 45.3 152 950 4.5 

20 79.0 42.6 152 950 10.2 

30 70.3 36.l 152 950 20 

50 50.1 25.9 152 950 57.5 

363 



Conclusions 

The R ratio is noticed w express in fact the wa:v in wh il'h th e rainfall is spatially dislributerl on 
the basin when at ils ouUet it fom1s a Oood wave \~ith a f!1 ven p excf"'eding probabil ity 

It can be noticed from Table 2 that the P exceeding probabili tv of th e pairs WA and W
5 

conciitioned by the Oood wave at the 0u l1 et with a l % exceedmg probabillly of the peak discharge 
is \'ery low when the rainfall is considered as practir.:a lly conC'entratt-d onlv in th e upstream area 
of the basin and the contribution of the rest of th e- t.asin to the w a ve volume a t the outl rt is 0 nly 
l 0% of the total. 

Jn 57 .5% of the total of rombinations. a combination where W
0 

2 50. l . JOF m :< an d 

W 11 :2: 25.9. l06m 3 occurs. 

This happens in a situation when the rest of th f basin. <:.l th0u gh with only a 637 km 2 

surface (as against the total area of the twu s11 bbas;ns of 1066 km 2 1. pan ici pates wilh 50% of 
the total volume of the wave at the outlet 
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ABSTRACT 

A great number of hydrotechrucal structures have been built along the Drava 
River and throughout its catchment area during the last fifty years. The construction 
of these structures had a great influence on the water regime of the Drava River. The 
paper presents the analysis of the time series of the water levels and discharges at the 
Donji Miholjac station from 1890 (l 926) to 1992. The analysis includes the 
occurences of lee regime and the water temperature measurements covering the 
peiiod from 1946-1992. The paper deals with the intensity of these changes, the time 
of their occurence and trends. The disciiminant analysis method was used for 
defining the peiiod when significant changes in the hydrological regime occured. 

HYDROLOGlSCHE VERANDERUNGEN DER DRAU AN DER 

ME~TELLE DONJI MIHOWAC 

0. Bonacci und V. Deruc 
Fakultat fllr Bauwesen in Split 

58000 Split, Matice hrvatske 15. Hrvatska 

KURZFASSUNG 

Im Laufe der letzten 50 Jahre wurden die Drau entlang und im FluMebiet der 
Drau 7..ahlreiche umfangreiche hydrotechrusche und auch andere ArbeUen 
ausgefuhrt. Alle Arbeiten ubten einen gropen Eln1lup auf das Wasserregime der Drau 
aus. In dieser Arbeit wurden eine Reihe von Wasserstands-und Durchflupmessungen 
and der Mepstelle Donji Miholjac im Zeitraum van 1890 (1926) bis 1992 analysiert. 
Eiserscheinungen wie auch die gemessenen Wassertemperaturen im Zeitraum van 
1946 bis 1992 wurden analysiert. Intensitat der hydrologischen Veranderungen. die 
Zelt 1hrer Ersche1nungen und deren Trends wurden durchstudiert. 
Diskriminationsanalyse wurde zur FeststelJung der genauen Zeit der 
bemerkenswerten Veranderungen im hydrologischen Regime angewendet. 

INTRODUCTION 

The Donji Miholjac gauging station is located on the light bank of the Drava 
liver in Croatia. It is 77.81 km distant from the Drava confluence into the Danube 
(System of water dams Burdevac and Bare. 1977) or 74.6 km (Die Donau und ihr 
Engzugsegebiet. 1986). The performed studies were used as a basis of hydrological 
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data. deaJt with in this paper. The Drava catchment area on that profile amounts to 
37142 km2 . The total catchment area of the Drava River to its confluence with the 
Danube is 41238 krn 2 . Consequently the Don.Ji Miholjac station controls an area of 
90% of the Drava River catchment area. Datum plane is 88.39 m above the Adriatic 
sea level. This cross-section is relatively stable and the hydrologicaJ measurements 
performed there are reliable and Jong-lasting. The Donji Miholjac station is at the 
farthest downstream measurement point along the Drava streamflow where the back 
water influence of the Danube is felt. Considering the mentioned characteristics it 
can be assumed that the profile at Donji Miholjac sums up the influence of aJl 
natural and artificial changes which occurred along the Drava streamflow and in its 
catchment during the last hundred years. The main objective of this paper is to study 
the hydrologicaJ changes caused by man's activity. The anaJyses and results 
presented herein can be considered a continuation and correction of the analysis of 
the results performed by Bonacci et al. (1992). They should be used as a basis for 
better understanding and predicting the process development in the future . 

1. ANALYSIS OF DISCHARGES AND WATER LEVELS 

Table I presents the main statistic characteristics of monthly and yearly 
discharges measured at Donjl Miholjac station in the period from 1926-1992. The 
minimum measured discharge which was measured on 13 January 1987 was 152 
m3 /s. whereas the maximum discharge was measured on 9 February 1972 and it 
amounted to 2288 m3 /s. 

TABLE l Donji Miholjac - Drava: Monthly discharges statistics 
in m 3 /s (1926-1992) 

Month Mean St. dev . Min Max. 

Jan. 380 104 209 644 
Feb. 382 104 211 657 
Mar. 463 150 196 990 
Apr. 563 152 246 1032 
May 732 184 369 1234 
Jun . 801 233 454 1598 
Jul. 691 228 361 1422 
Aug. 569 188 302 1228 
Sep. 483 165 257 1088 
Oct. 472 181 222 1038 
Nov . 528 216 209 1225 
Dec. 439 152 232 821 

Year 542 97 363 82 1 

Figure 1 presents the mass cuive of the transformed monthly discharges in 
Donjl Miholjac. The transformation of the measured mean monthly discharges from 
January 1926 to December 1992 (804 months) was performed using the truncation 
level T.L. = 542. l 7 m3 /s . This was the mean monthly discharge during the above 
mentioned period. Bonacci (1993) concluded that the selection of different truncation 
levels does not yield great differences in the interpretation of time series. Significant 
data on drought and wet periods identification can be obtained from Figure 1. It 
presents an artlfkial but reaJ picture of the occurrence of drought periods (-) and 
their exchange with wet periods(+) and neutral periods (0) . The beginning and end of 
each period are presented in Figure 1. This is the first actual step in the 
identification of dry. wet and neutral periods. 

Table 2 presents the average and standard deviations of discharges and water 
levels in three different time periods: 1) 1926-1992 or 1890-1967: 2) 1926-1967 or 
1890-1967: 3) 1968-1992. By using these values and the statistical tests ( t and F 
tests ) it was possible to establish a significant difference between the average values 
of minimum annual water Jevel in the following two periods: 1890-1967 and 1968-
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1992. A lower but statistically still significant difference was established for the series 
of mean yearly water levels for the following two periods: 1926-1967 and 1968-1992. 
Identical conclusions can be drawn for the yearly minimum discharges In these two 
periods . For the maximum yearly discharges and water levels and for the mean 
discharges only a few differences can be explained by random influence since the 
difference is not statistically significant. It can be generally stated that the following 
values were significantly decreased after 1967. i.e. in 1968-1992 period : 1) 
Minimum yearly water level Hm from -15 cm to -98 cm, i.e. for 83 cm; 2) Average 
yearly water levels H from 102 to 54 cm. i.e. for 48 cm; 3) Minimum yearly discharges 
Qm from 253 m3 /s to 205 m 3 /s. i.e. for 48 m3 /s. 
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Figure 1 

Figure 2 presents a series of yearly minimum water levels in the period 1890-
1992. whereas Figure 3 presents a series of yearly minimum discharge in the period 
from 1926-1992. The Figures show the trends for the entire period under study from 
1890-1992 for Hm or for 1926-1992 for Orn. and for two sub-per~ods 1890-1967 for Hm 
or 1926-1967 for Orn and for 1968-1992. According to graphical presentation and 
equation of linear trends and the coefficients of linear correlation presented in Figure 
2 and 3 it can be concluded that there was a continuous trend of decrease in the 
yearly minimum discharges and water levels during the entire period. However. after 
more careful observation it becomes evident that the process of sudden decrease in 
the yearly minimum discharge and water levels started after 1967. The reasons for 
this phenomenon were explained by Bonacci et al. (1992) by the construction of dams 
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and reseivoirs on the Drava River. The construction of several small dams and 
reseivoir w1th a volume of I to I I xl 06 m3 1n Slovenia and Croatia caused a sudden 
decrease in the quantity of suspended sediment for even 60% on the Drava profile at 
Donji Miholjac. The bed load sediment from the upstream section of the Drava was 
mainly stopped which caused more intensive erosion of the bottom and the banks of 
the Drava River at the section downstream from the Mura confluence with the Drava. 
i.e. at the section more than 160 km long . 
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TABLE 2 Donji MiholJac -Drava: Average and standard deviations of 
discharges and wate r levels at different time periods 

PARAME1ER 'flME PERJOD AVERAGE IN TIME STANDARD 
Q • DISCHARGE PERJOD DEVIATION 
H · WATER LEVEL IN TIME 

PERJOD 

Qm YEARLY 1926-1992 235.3 44 .59 
MINIMUM 1926-1967 253.0 40.65 
lm3/s] 1968- 1992 205.4 34.09 

a MEAN 1926-1992 542.2 96.51 

1m3/s] 1926-1967 559.6 109.60 
1968-1992 521.8 73.40 

OM YEARLY 1926-1992 1349.0 319.20 
MAXIMUM 1926-1967 1367.0 305.80 
lm3/sl 1968-1992 1318.0 344.80 

Hm YEARLY 1890-1992 -34 .8 44.55 
MINIMUM 1890-1967 -14 .7 27.70 
!cm] 1968-1992 -97.6 23.61 

H MEAN 1926-1992 84 .3 41.91 

(cm] 1926-1967 102.3 36.86 
1968-1992 54 .2 31.54 

HM YEARLY 1890-1992 323.8 62.06 
MAXIMUM 1890-1967 327 8 57. 18 
(cm] 1968-1992 3 11.4 75.27 

The erosion and transportation of alluvial material from the Drava riverbed 
led to the lowering of the riverbed bottom and hence to the decrease in the minimum 
and mean yearly water levels. These factors should not directly influence the 
decrease in the minimum. and partly in the average yearly discharges of the Drava at 
Donji Miholjac. The reason is evident from Figure l. It can be noted that since 
September 1967 (July 1975) a long-lasting period of drought started, i.e. of discharge 
decrease which did not finish until December 1992. This process was intensified by 
increased exploitation of the Drava River for irrigation as this increased the water 
losses in the Drava catchment (Bonacci. 1993). 

This study also includes the analyses of redistribution of discharges during 
the year. It was noted that during the period 1968-1992 the discharges were most 
decreased from July to September and from January to March. whereas the 
discharges were increased in December. According to these analyses it cannot be 
stated that a sigruficant redistribution of discharges has occurred during the year on 
the Drava River at Donji Miholjac . However, the analyses showed that such a 
possibility exists and that the process should be carefully morutored . 

2 . WATER TEMPERATURE AND ICE REGIME 

The mean yearly water temperature at the Drava profile at Donji Miholjac in 
the period 1946-1992 was l 1°C, the minimum measured temperature was 0°C. while 
the maximum was 25.6°C. Table 3 presents the mean minimum. average and 
maximum yearly water temperatures and the average number of days with the 
occurrence of ice in three different time periods: 1) 1946-1992 or 1948-1992; 2) 1946-
1967 or 1948-1967: 3) 1968- 1992. The analysis of data presented in Table 3 points 
to a possible change in the temperature regime. particularly referring to the minimum 
yearly temperatures Tm. In the period 1946-1967 the average minimum yearly water 
temperature was higher than 0.01°C, whereas in the period 1968-1992 it was raised 
to 0.35°C. The mentioned data are neither statistically significantly different. The 
conclusion reached on the change in the temperature regime should be considered 
absolutely reliable. The occurrence of the change in the temperature regime of the 
Drava Rjver in the cold period of the year confirmed by the fact that there were on the 
average 20.9 days with ice in the period from 1948-1967 and that the average day of 
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days with ice during the year was decreased to 8.52 days in the period 1968-1992. In 
the first of these two mentioned periods there were only five years without ice at 
Donji Miholjac, which covers only 25% of the period. During the last 25 years there 
were eleven without ice, which represents 44% of the analyzed period. Jt should also 
be noted that significant change in the temperature regime has been noted since 
1973. These changes can be caused by a great number of factors . Bonacci and Trninic 
1991) stated an almost identical change in the temperature regime of the Sava River 
near Zagreb which has been observed since 1965 and has continued to the present 
day. 

TABLE 3 Donji Miholjac-Drava: Average values of water 
temperature and number of days \V1th ice per 
year during different time periods. 

PARAMETER 

T-WATER TEMPER. . TIME PERIOD AVERAGE IN TIME 

N-ICE REGIME PERJOD 

Tm YEARLY 1946-1992 0.19 

MINIMUM 1946-1967 0 .01 

f°C] 1968-1992 0.35 

T MEAN 1946-1992 11.20 

roq 1946-1967 11.40 

1968-1992 11.10 

TM YEARLY 1946-1992 23.30 

MAXJMUM 1946-1967 23.60 

r0 c1 1968-1992 23. 10 

N ICE REGIME 1948-1992 14.00 

[days/year) 1948-1967 20.90 

1968-1992 8.52 

They believe that mrun reason of water warming during the cold period is the man's 
influence upon the hydrological and particularly chemical characteristics of the 
water. This influence includes the effect of large urban aglomerations and industrial 
plants. The analysis shows that the minimum yearly water temperatures are 
gradually increasing. which is statistically insignificant. whereas the maximum yearly 
water temperatures are gradually decreasing. 

3. DISCRIMINANT ANALYSIS 

In this Chapter a method of discriminant analysis (Bonacci 1972. Bonacci et 
al. 1992) was used in order to accomplish the following tasks: 1) To study 
hydrological parameters causing discrimination: 2) To study the time when the sets 
were separated according to the analyzed hydrological parameters . Since this 
statistical methodology is specific and numerous computations are included only the 
mrun results will be presented subsequently. 

The analysis covered the period from 1890-1992 for the following two 
hydrological parameters: 1) Yearly minimum water levels Hm : 2) Yearly ma.'Cimum 
water levels HM . In the period 1926-1992 the following four hydrological parameters 
were avrulable (employed.used): 1) Mean yearly water levels H : 2) Yearly minimum 
discharges Qm: 3) Mean yearly discharges a : 4) Yearly maxi.mum discharges QM. In 
the period 1946-1992 the following parameters were employed: 1) Yearly minimum 
water temperature Tm : 2) Mean yearly water temperature T ; 3) Yearly maximum 
water temperature TM" Data on the ice regime N in a day /year were available in the 
period 1948- 1992. 

It was stated that the separation of sets is mainly influenced by the minimum 
yearly water levels Hm. average yearly water levels and the minimum yearly discharges 
Qm. The other studied parameters do not influence the discrimination process 
significantly. The ice regime plays a Jess significant role. The procedure of defining the 
discriminant function Z was used. This can be illustrated by the following expression 
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of the discriminant function Z defined according to parameters Hm and Orn 

Z=0.836·Hm-0 .00396·0m 

wherein Hm is expressed in m and Orn in m 3 /s . The expression was defined for the 
separation into the following two time periods: 1) 1926-1967: 2) 1968-1992. By taking 
the average values from Table 2 for the period 1968-1992. which are Hm=0.9756 m 
and 0m=205.4 m 3 /s. and by introducing them into the above expression. the following 
values for the discriminant function Z will be obtained: 

Z=0.836·(-0.9756)-0.00396·205.4=-0 .8156-0.8133 =- l .6289 

The presented simple computation shows that the significance of parameters 
Hm and Orn was almost the same for the separation process. The discrimination 
analysis confirmed the preVious conclusions related to the time changes of separation 
and pointed to 1968 as the year when the statistically sigruficant separation of the 
hydrological Drava regime at Donji Miholjac started . 

CONCLUSION 

The analyses performed in this study confirmed that sigruficant changes in the 
hydrological regime of the Drava River at Donji Miholjac started approximately at the 
beginning of 1968. These changes were reflected by a sudden and continuous 
lowering of the river bottom which was noted from a series of the yearly minimum 
water levels Hm . In addition, mean yearly water levels H and the yearly mirumum 
discharges Orn were also decreased . The reasons for the above mentioned facts 
should be explained primarily by the construction of dams and reservoirs along the 
upstream part of the Drava River. These changes also Jed to the retention of a large 
amount of bed load sediment and also of suspended sediment in the storage basins. 
Thus. the liver sections downstream from the dams degrade and this is accompanied 
by a lowering of the yearly minimum water levels . There exists a real possibility of a 
systematic decrease in the yearly mirumum discharges due to an increased water 
consumption. especially for irrigation. The analyses of the water temperature regime 
prove there has been an increase in the mirumum water temperatures were increased 
dwing the cold period of the year which resulted in Jess frequent occurrence of ice on 
the Drava profile at Donji Miholjac. Since it is located in the downstream section of 
the Drava the profile at Donji Miholjac integrated all influences resulting from man's 
actiVities in the upstream regions . Consequently, a similar trend (or even more 
intensive one) can be expected in the future and it might be even intensified. 
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Die neu Methode der hidrologischen Berechnung in Verhaltnisse 
der intensiv Wirtschafttadigkeit 

New method of hydrological calculation during intensive 
eqonomic activity 

Denisov,Ju.M., Ibragimova,T.L. 

Kurzf assung: Die Autoren vorschlagen den originalen Weg 
ausf indig machen die statistischen Charakteristik fur die 
Ausnutzung in hidrologischen Berechnung. Seine Grundlage ist 
die nachst Bestatigung: der mi ttel Quadrat der Abweichungen 
die zufallig Grose von einige Zahl minimum wurdet, wenn diese 
Zahl mit mathematische Erwartung der zufallig GroB 
zusammenfallen. Die Ausnutzung der neu Methoden an einen 
Beispiel der hidrologischen Berechnung fur Bassinen zwei 
groberes FluBes des Mittelasiens - Syr-Darja und. Arnu-Oarja 
gezeigt. 

Summary: The authors suggest original way for using in 
hydrological computations. It is based on th~ following 
statement: mean square of the random value deviati9n from some 
value is minimum if this value coincides with mathen;iatical 

· expectation of the random value. The application of new ~ethod 
·in the hydrological calculations for two basins ol large water 
economy ways in the Central Asia - Surdarya and Amudarya 
rivers gives interesting results presented in the report. 
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1. Irit.roductir.:_;r;. 
Hydrological calculations are necessary fc~ definition of 

optimum parameler·s and exploit;;.lion 1--egJme of hydrotec hnical 
conslructi ons during their designing . Cal cul .::..t.i on wet.hods, 
which are applicable both in our countr y and abroad describe 
river flow statistical characteristics ~1en the regime of the 
rivers is natural or· slightly dist.01-t_.ed. But the number of 
such rivers is decreasing owing to intensive use of their flow 
for economic needsCirrigation, hydropower generation). This 
specifically concerns the lower reaches of Cen~ral Asian 
r i ve1- s .and the 1- i ver s of the Republ i c of Uzbek is t_.an .,._,here 
all wat.er resources are utilized in the economic cycle. The 
existing methods of hydrological calculations are already non 
fit and there is an urgent necessity in developing new 
generation of hydrological calculations which would be able 
t .c• Lake into account t .he changing e conomic sit.uation. 
5.cientist.s in the USA, Western Europe, Russia and in 
Uzbekistan's SANIGMI are involved with the search of new 
calculation methods . 

The authors of t.his paper on +~he basis o:f the theory of 
nonst.at.ionary random processes and sequences developed the 
basis of new generation of hydrological calculations ...,hich 
allow Lo determine the probability and other stalis~ical 

ch.aracterisLics of mean annual and extreme water discharge . 
2 . The method of cal cul ati on of' di sti- i buti on moments and 

function of hydrological sequence distribution. 
As a rule the description of random process is made on 

' 1f-he basis of its multiple realization Cessemble). obt..ained 
~ under the same set of conditions. But it is impossible to get 
multiple realizations in hydrology, so the scientists have lo 
estimate statistical characteristics of nonslalionary 
hydrological data series by its one sample. Now the estimation 
is made by t.he met.hod of moving avei~arung . There are two 
conflicting requirements for obt..aining reliable estimations : 
for statistical characteristics to be more stable it is 
n~cess.ary that t.he period of .averaging would be longer, but 
foi- the revealing trend not t.o be sn1oothed by it i l is 
necessary that the period of aver:aging wo1..Jld be as short as 
possible . V. S. Pugachev proposed the sol ut.i on of Lhe task of 
choosing the optimum averanging period. /1/ 

There is another way t .o find statistical charact.erist.ics 
of random nonstationary processes . The follo.,.1ing is the basis 
of this method : mean square of random value Y deviation from 
some value A wi 11 be mini mum, if A agrees with an expected 
value Y, e. expect.ed value rn~/t) is determined from the 

condi lion: 

M [ Y C t) - m C l ) J 
2 = SC t) - - - mi n C 1 ) 

)' 

It's easy Lo see that Smin(t_) is a variance of the random 

processDC l ) . 
Let's prescribe individual 1-ealizat.ion 

sequence Yi=YCt), where i changes from 0 to N . 
of the random 
Let 's represent 

Y. =rn Cl . ) as a sum of funct.i ons( the function may be 
i y i 

orthogonal ) in the form a * q .Cl.), i . e. 
_i -J l 
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To solve the problem completely il's necessary lo find a 
value of P,i. e: . t..he required number of terms in the serie:s 
used in equal.ions (2) and (3). As one can se-e, lnst..ead of 
finding l.he optimum period during moving aver angi r;g. it 's 
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pr·obl em. 
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insignificant ~ When pm>1 the trend is: significant. . 

As: a ba:?is expansion funct.ions: Chebyshev•s: polynomials: 
have be~n s:el~cted from t.he class of orthogonal functions· the 
approx~~at.ion by these polynomials gives the minimu~ of 
m~ximum err o r 1and smo oth approximation. 

A.fter we have .found the di s:l1'i buli on of t.he moments: of 
random sequence il i s necessary lo determine an unconditional 
functio~ 6f d~slribulion .for t~e moment. i. or frequency o.f 
F'Cyi .i)=1~Fcy1 .i) . There is a multiple of density types and 

lhe f'unctiqi"'ls of distribution which are applicable to them.· 
For t..he limited random values C with lhe lower limit.. preset..) 
wher~ Ymin is the minimum possible discharge (discharge of lhe 

cont..ir'iious ~tream is always larger lhen zero), disli-ibut..ion 
density can be presented as : 

{ 
0 if y s y 

min 
.f( y) ( 7 ) 

2 

c ( )p e-ay + by 
y ymin if y .> y 

min 

when ; Y =O and PC y . ) =O the equa lion C 7) can pe wr· it.en as 
troi.ri TfolTI 

{ 
0 if' y s 0 

Ny) = 
2 

yp -ay + b ) ' c e - if y > 0 

Thi ·s den:::;it.y o:f probability, short of norm~lizing 

'mult.ipller is: three paramel.ric one and is: quite flexible in 
t..~rms of its practic~l applicability for statistic parameters: 

· es:timal.lon in hydrological calculal.ions (mean, vari 'at..ion 
coe.ffi ci enl. a1"'ld asymmelry coe.f:fi ci ent). 

3. The results of the method application. 
The resul ls: of the meas:uremenls of monlhl y average and 

ext.rem~ wat.er di s:charge on the main gauges o!' the ba~i ns: of 
Amudar ja and Syrdar j a rivers were taken as: i ni ti al i nformat.i on 
for calculalion. On t.he Figure 1.2 the revealed trends and t.he 
curves of frequency of lhe corresponding discharges for 
part..i cul ,ar year a1'e pres ented. 

The. advanLage of the revealed regular i l.i es is: tha l in 
every par li cul ar case we can gel. not "some gen er al var i a. t.i on 
t111rndency of l.emporal data series "/c/ , nol slow, g1'adual 
var i ~ t.i'on of l .he random variable during the time period at. 
issue .. >-3 / , but mathematical expect.alien of random hydrological 
process constructed from its cert.ain realization. 

4. Re!erene:es: 

1 . V.V . Pugachev. Random fui) c t ions: t.heory.M,Fi:zmal.gis:, 19B2, 
88.3p . 
2. E , Ande1'son . St.al.istica l analyses: of t. emporal d q. t,a series . 
M.Mir. 1976,155p. 
3. · A. I. Chebot.orev. _. Hydrological dic:t. ion~ry, L. : 
Hydromel.eoizdat. , 1978, 308p . 

Adress. 
SANIGMI, 72 , 
The- Rei:~ubl i c 

Observators:kaya st.r, 
of Uzbeki 5t..an 
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Trend analysis of the runoff data in the Naqymaros section of River Danube 
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Summary 

The paper is a contribution to the WMO project entitled "Analysing long-time series 
of runoff data" ( 1987). The gauging station with the longest reliable time series in 
Hungary, the section Nagymaros on River Danube was selected for the analysis. 
The investigated period was : 1883-1985. 

Using several methods for homogenity tests and trend analysis, the time series of 
annual minimum, mean and maximum discharges were analysed. All of the time 
series were found homogeneous by all methods. After dividing the year into four 
seasons, the time series of monthly minima ,means and maxima were examined. 
A significant decreasing tendency in the autumn series and a less definite 
increasing tendency in the summer time series was found. 

A regression analysis between the monthly mean water temperatures and 
discharges was carried out. A significant correlation was found only between the 
summer data pairs. Due to the known physical reasons, this is a negative 
correlation. 

Trendanalyse der AbfluBdaten der Donau bei Naqymaros 

Kurzfassung 

Die Studie ist ein Beitrag zum WMO-Projekt "Analyse langjahriger AbfluBdaten" 
( 1 q17). Die Analyse basiert auf die langste AbfluBzeitreihe Ungarns, die fUr den 
0 1 ;chnitt Nagymaros der Donau vorliegt. Die Untersuchung bezog sich auf die 
Pe. de von 1883 bis 1985. 
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Die Zeitreichen der jahrlichen Mindest-, Mittel- und H6chstabflusse wurden unter 
Anwendung verschiedener Methoden der Homogenitats- und Trendanalyse 
untersucht. Samtliche Zeitreichen ergaben sich, nach samtlichen Methoden, als 
homo gen. Danach wurde das Jahr in vier Jahreszeiten aufgeteilt und es wurden 
dieselben Trenduntersuchungen fur jede Jahreszeit einzeln durchgefUhrt . Eine 
signifikante abfallende Tendenz konnte in den · Herbstserien und eine weniger 
ausgepragte abfallende Tendenz in den Sommerserien nachgewissen werden. 

Zwissen den monatlichen Mittelwasserabflussen und mittleren Wassertemperaturen 
wurde eine Regressionanalyse durchgefUhrt. Eine signifikante (undzwar, aus den 
bekannten physikalischen Grunden, negative) Korrelation zwischen den beiden 
Variablen konnte nur fUr die Sommerperiode nachgewiesen werden. 

1.) Introduction 

VITUKI contributed to the project entitled "Analysing long-time series of 
hydrological data" in 1987 by the request of Wfv10. The aim of the project to 
recover the tendencies in the available longe~t reliable hydrological data series and 
to search for a connection among these tend.encies and the climathical changes. 

The gauging station with the longest reliabl~ time series in Hungary, the section 
Nagymaros on River Danube was selected for the analysis. The investigated period 
was 1883-1985, because the measured data are not quite reliable from 1986 due 
to the construction work of the barrage . 

At the begining we run the time series analysing software package supplyed by 
WMO using our data series, after that we started an individual research. 

2.) Statistical analysi£ cf veariy data 

During 1992 some l::asic research - concerning the anaiysis of long hydrological 
time series - was initiated involving Prof. J. Pieimann i~to the work. Software was 
written for the realization of eight methods for analysis : one for them for testing 
independence, six for t esfr1g homogenity and two for trend analysis. 

The following technics wer~ usad : 

1.) Test of independence : 
- Wald-Woitowitz test, to analyse the independence of data and wether 
those are identically distributed 

2.) Homogenity tests : 
Non parametric methods 
- Wilcoxon test, based on rank-statistics 
- Kolmogorov-Smirnov test, based on order-statistics 
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- Combinatorical method, based on order-statistics 
- Khi-square method 
Parametric methods 
- Student T-test, where normal distribution is assumed and it is capable to 
check, whether mean values of the two parts of time series are identical 
- Welch-test, where normal distribution is assumed and it is capable to 
check, whether standard deviations of the two parts of time series are 
independent 

3.) Trend analysis (non parametric tests) 
- Spearman-test, based on rank-statistics 
- trend-analysis, based on the least square method 

We used for our computations discharge data series of River Danube at 
Nagymaros. The investigated period was : 1883-1985. To eliminate the annual 
periodicity, only annual values were used, namely five 

1.) time series of annual mean discharges 
2.) time series of annual minimum discharges 
3.) time series of annual maximum discharges 
4.) time series of annual averages of monthly minima of daily discharges 
5.) time series of annual averages of monthly maxima of daily discharges 

All of the executed statistical tests with the time series gave the following results: 

1.) Elements of time series are independent 
2.) The time series are homogeneous 
3.) There is no significant trend in the time series 

Nevertheless a slight tendency towards decrease was detected in each time series, 
however these trends were not significant. 

1883 

0.t,NUSE: - Nt.,GYM:..RCS 

Time series of 1he annual averages of monthly minima . means and maxima of daily discharges 
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We presented on Figure 1. the time series of the annual averages of monthly 
minima, mean and maxima of daily discharges . 
Cutting into two parts the time series and analysing both of them, it is evident, 
that from one hand multi annual averages show a tendency to decrease ,on the 
other hand multi annual variances show a tendency to increase. 
The decrease of averages - as we see - could be connected to long term climatic 
changes. The increase of variances can be explained by antropogenious impact, 
particularly by the operation of different kind of reservoirs, serving different 
purposes, constructed on river systems. 

3.lSeasonal analysis of monthly discharge data series 

During 1993, dividing the year by four qarters (spring : 111-IV-V, summer : VI-VII ­
VIII, autumn: IX-X-XI, winter XII-I-II), we repeated the above investigations using 
the time series of monthly minimum, mean and maximum discharges. The results 
are summarized in Table 1. 

Results of seasonal analysis of the data series of monthly minimum. mean and maximum discharges 

statistical test test of trend analysis homogenity-test 
indepen-
dence least Spearman- Wilcoxon- Kolmogo- Combina- Khi- Student Welch· 

data 
(Wald- square tes1 test ro v- torical squ1ire T-test test 

series 
quarter Woitowitz method Smirnov method method 

test) test 

mon· spring + + + + + + + 
thly 
mean summer + + + + + + + 
disch- autumn 
arges + + + + + 

winter + + + + + + + 
man- spring 
thly 

+ + + + + + + 
mini- summer + + + + + + + + + 
mum 
disch-

autumn + + + + + 
arqes winter + + + + + + + + 
man- spring + + + + + + + thly 
maxi- summer + + + + + + + 
mum 
disch- outumn + + + + + + + 
arges 

winter + + + + + + + 

Concerning to the results of test the data series were found homogeneous in 
general. Excepcion are the monthly mean discharges and the monthly minimum 
discharges both in the outumn qarter. The trends are decreasing in both cases. 
Even in the monthly minimum discharge data of the summer qarter the trend 
analysis found a decreasing tendency, but the homogenity tests didn't supported 
that assumption . 
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4.) Seasonal analysis of the monthly maximum discharges exceeding 85 and 90% 
quantile levels 

We determined the 85 and 90% quantile levels for the whole ( 103 year long) data 
series for all the four quarters of year. After that we took into consideration only 
the discharge data series exceeding these quantile-levels . 

We concluded from the results that the number of exceedances well 
approximatable by poisson distribution function in the majority of cases . The 
magnitude of exceedances fit to exponential distribution function in every cases. 

Concerning the magnitude of exceedance significant difference between the two 
parts of the time series was not detectable. 

As regards the number of exceedances a definite decreasing tendency is 
observable during the outumn quarter. During the summer quarter the number of 
exceedances above 90% quantile level show a considerable increase (Table 2.). 

The paramethers of the Poisson distribution function belonging to the different quantile levels ( we recorded in brackets 
the number of cases of exceeding the given level ) 

time 

I 

series 
winter spring summer autumn 

whole first second whole firs t second whole first second whole first second 

time half of half of time half ol h;olf of 11me half of half of time half of half of 
quantile· series time time series 1irnc time series time time series time time 
level 

series series series series series series series series 

\ 
0. 4 5 0. 42 0. 4 6 0. 4 5 0.40 0. 49 0. 4 5 I o. 56 0 . J J 0.45 o. 4 a 0 . 4 l 

85\ ( 4 6) (22) ( 2 4) ( 4 6) ( 2 l ) ( 25 ) ( 4 6) ( 29) ( l 7) ( 4 6) ( 25) ( 21) 

0. JO 0. 29 0. )l 0. 30 0 . 2 l 0 . )9 0. JO 0. )8 0. 22 0 . ) 0 0. 29 0. )l 
90\ ( 31) ( 15) ( 16) (J l) (ll) ( 20) (Jl) ( 20) ( 11) (3 l) ( 15) ( 16) 

5.) Homogenity test for the monthly mean water temperature and regression 
analysis between the water temperature- and discharge data series 

The monthly mean water temperature data at the section Nagymaros on River 
Danube were available for us from 1967. We performed the homogenity- and trend 
analysis for the whole data series and for the data series for the four quarters as 
well. All of the analysis found the data series homogeneous, in which significant 
trend was not detectable. 
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We computed the paramethers of the crosscorrelation connection between the 
monthly mean water temperature and discharge data series . There was found a 
considerable correlation function only in the summer quarter (-0. 63) , which means 
a negative correlation between the two variables in the given season (Figure 2.) 
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Abstract: In order to reveal certain trends and cyclici ties of the river 
runoff on Romania's territory, the discharges recorded at hydrometric 
stations with long and continuous series of observations were analysed , 
charac t eristic to the main geographic areas of the country. 

The main statistical parameters were determined for the series of mean 
monthly and annual discharges as well as the statistic tests for the 
description of the time series behaviour. 

In ord e r to emphasise certain cyclici ties within the time series the 
autocorrelation func t ion was used as well as the Whittaker-Robinson test and 
the spectral analysis. 

A linear trend resulted for the discharge time series from the 
analysis of the general tendency. 

The sta t istical analysis carried out revealed common runoff trends and 
cyc l icities for certain large geogr~phical areas of the country, depending on 
the regional phisico-geographical characteristics of the hydrografic basins 
and being directly influenced by the characteristics of the general climatic 
factors . 

TENDENZEN UND ZYKLIZITATEN IM FLIEBEN DER FLUSSE AUF 
DEM GEBIET RUMANIENS 

Kurzfassung: Urn Tendenzen und Zyklizi ta ten des FlieBens der Flusse auf dern 
Gebiet Rurnaniens festzulegen, wurden die von 18, fur die wichtigsten 
geographischen Zonen des Landes cha.rakteristischen hydrometrischen Warten mi t 
langzeitigen und ununterbrochenen Beobachtungsreihen registrierten 
Wassermengen analysiert . 

Fur die betre:fenden MeBreihen von rnonatlichen und j ahrlichen 
mittleren Wassermengen wurden die wichtigsten statistischen Parameter 
bestimmt, sowie statistische Teste zur Beschreibung des zeitlichen Verhaltens 
ausgearbeitet. 

Zwecks Hervorhebung von Zyklizi taten im Rahrnen der Zei treihen wurden 
die Autokorrelationsfunktio, der Whittaker-Robinson-Test sowie die 
Spektralanalyse angewandt . 

Aus der Analyse der allgerneinen Tendenz ergab sich die Mengenreihen 
eine lineare Tendenz. 

Die durchgefuhrten statistischen Analysen stellen Tendenzen und 
Zykliz i taten heraus, die fur groBe geographische Zonen des Landes gemeinsam 
sind, von den regionalen physisch-geographischen Merkmalen der Einzugsgebiete 
abhangen und durch die charakteristischen Klirnafaktoreen unmi ttelbar 
beeinfluBt werden . 
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INTRODUCTION 

Climate and water resources system are in close 
relationship, the water resources recording in time a 
series of quantitative changes in accordance with the 
variation of the climatic factors. 

Within this context, the assessment of the rivers 
runoff trends and cyclicities have been made by analysing 
the time series of monthly and annual mean discharges from 
18 hydrometric stations with long and continuous series of 
observations . These stations are located in different 
physico-geographic regions of the country (Figure 1) and 
their recording length is higher than 35 years. 

In Figure 1, Q represents the multiannual mean 
discharge for the stations selected. 

Scale /:JSOOOOO . UKRAINA 

JS O JS 70 /OS Jim -
LEGEND : 

---< boundary 
r stream 

-( ~;~~~ gau9in9 

65.2 -5 trrilsJ 

Figure 1. Location of Stream Gauging Stations, including 0 

Due to the fact that it is 
homogeneous and consistent time series 
quasiconsistent time series for which 
have been made (as the reconstruction 

difficult to obtain 
of discharges, those 
adequate corrections 
of the natural flow 

regime) have been considered acceptable. 
Basic statistics were calculated for the time series 

of monthly and annual mean discharges and for the 
individual monthly time series (WMO, 1988). 
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The main statis:=ical parameters calculated are: the 
mul tiannual mean ciischarges along with the standard 
deviation, the multiannual mean specific discharge, the 
variation coefficient, the skewness coefficient, the 
coefficient of Kurtosis. 

TRENDS AND CYCLICITIES 

The main component of a time series is represented by 
the general trend due to the factors with permanent action. 

The general trend of the hydrologic series can be 
determined by the modification of the climatic factors as 
well as by human influence. 

The most frequently methods used in the analysis of 
the general trend are those of analytical adjustment by 
applying the least square method (Iosifescu et al., 1985). 

For the long-term variations it can be stated that the 
trend is in certain cases linear and in other cases para­
bolic. The conclusive was the linear tendency. Thus, Table 
1 contains the equation of the straight line determined for 
each of the annual mean discharge series considered. 

A slightly increasing 
Table 1. Linear trends of the linear trend results for 

series of annual mean mosL of the discharge 
discharaes series. The region of -

Station Lmear trend x(i) =a+ bi 

a b 
Bistra 28. 1436 01864 
Satu Mare 124.7400 -0 0180 
Beclean 44.7400 0 l '.230 
Gurahont 14.6620 0.0060 
Chi~ineu Cri~ 23.1540 -0.0250 
Oradea 24.1230 0.0176 
Tin ea 25.0640 0.0131 
Arad 154.1430 0.2560 
Lugoj 34.9780 0.2270 
Filia~i 74.0520 -0.5318 
Podari 95.1410 -0.3040 
Feldioara 32.6256 0.3360 
Fagara~ 56.1590 0.2310 
Co~ereni 38 .2510 0.1490 
Slobozia 38.0000 0.1138 
Nehoiu 20.2610 0.0320 
Frumosu 38.4400 0.2730 
Orsova 5587.4090 0.1183 

also graphically 
(Tertisco et al., 

represented 
1985 ) . It 
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Oltenia is an exception, 
showing a decreasing trend 
of the discharge series. 

The study of the 
river runoff cyclicities 
was carried out by the 
analysis of the 
autocorrelation function 
by applying the Whittaker­
Robinson test and by means 
of the spectral analysis. 

For the selected 
hydrometric statior.s, the 
autocorrelation functions 
and the confidence limits 
were 
corresponding 
significance 
198 8) . 

The 

represented, 
to a 95 % 

level (WMO, 

Whittaker-
Robinson 
for the 
h as b een 

diagrams were 
studied series 
calculated the 



variance estimation of the residuals, the minimum of which 
can provide the estimation of the periodic1tfes: 

N n 

~2 (n) =__!__I x2 (t)-'<LY2 (t) ( 1 ) 

N t=l t=l s 

where N is the number of data in the series; x (t) are the 
residuals, obtained by the elimination of the trend from 

the initial series; YsU) is the seasonal component; k=N/n, 

n=2,3, ... ,N. The Whittaker-Robinson test gives the 
advantage that it estimates simultaneously the seasonal 
component as well as its period. 

Often, periodicities within time series can be better 
determined by the analysis of the series in the domain of 
frequencies, by using the spectral analysis. 

The periodogram for the series x1 , ... , xN is defined 
as: 

[( ~· J2 ( " J2] ? j \ ? . J \ ~ . 

l(p) = ~ Ix; cos-~p + Ix; sin "'~p 
1=I l1=l 

(2) 

where N is the number of data in the series; X; are the 
mean discharges; p=l, 2, [ (n / 2) -1,) where ] denotes 
"the integer part of" (WMO, 1988). Then the Fischer test 
(Davis, 1976) was used for the existence of a dominant 
periodical component of a periodogram. 

Figure 2 represents the periodograms for the hydro­
metric stations of Slobozia, Nehoiu and Co$ereni located in 
Muntenia. They reveal common periods for the three 
hydrometric stations located in the same phisico-geographic 
area. 

But, the most useful for the identification of the 
periodicities within a time series is the spectral density, 
showing the existence of a cycle and its frequency. 

The spectral density function was computed based on 
the autocorrelation coefficients (Haan, 1977): 

S(f) = Lit[r( 0) + <~:r(k) cos() rrf /<.t) + r( m) cos(2 rrnif Lit)] I 3 I 

where flt is the length of the time interval ( 1 month, l 

year); f is the frequency (f=lifN/m, where f~l/2!lt is the 
highest frequency for which any information can be 
obtained); r (k) are the autocorrelation coefficients and m 
is the maximum number of correlation lags. 

By the analysis of the cyclic component of the 
considered series, common periods resulted for certain 
large geographic areas of the country: for Muntenia 8, 15-
16 and 12 year periods; for Transylvania 10, 13-15 and 20 
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year periods; for Oltenia 8 and 15 year periods; for 
Cri$ana 8, 13-15 year periods. 
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It can be noticed that certai~ periodicities are 
characteristic for several areas. Als o 3 - 6 year periods 
were obtained which are not cormnon to large areas, but for 
Orsova periods of 30, 21 year s were obtained, reflecting 
the general climatic characteristics of the Danube basin . 

The variation of all these periods depends on the 
phisico-geographic regional peculiarities o f the 
hydrographic basins, being direct ly influenced by the 
characteristics of the general climatic factors. 

CONCLUSIONS 

The analysis of the 18 series of month ly and annual 
mean discharges for the territory of the country, revealed 
the following conclusions: 

- The dependency of the altitude of the specific mean 
discharge; it is higher with the increase of the altitude; 

- The maximum values of the multiannual monthly mean 
discharge resulted for the months of April, May and minimum 
ones for the months X-III; 

- High values of the variation coefficient resulted 
for the months of July, September, October and low ones for 
the spring months; 

- The asymmetry is positive for all the t ime series; 
- The general trend is slightly increasing; 
- Cormnon periods of certain large geographic areas of 

the country resulted, determined by the inf l uence o f the 
general climatic factors and of the regional phisico ­
geographic peculiarities of the hydrographic basins. 

The results obt ained from the analysis of the time 
series of mean discharges can provide certain information 
for the long-term prediction of the rivers runoff evolution 
on Romania's territory. 
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ANTHROPOGENIC IMPACT ON THE FLOOD DISCHARGE INCREASE -
CASES AND REQUIRED MEASURES 

M. Breznik 

Anthropogenic impact on the flood discharge increase is in 
the construction of flood protection embankments, river 
regulations and erection of river barrages. These measures 
result in the reduction of retention vo 1 ume and in the 
capacity increase of the water outflow as well as in the 
greater danger of coincidence of river and affluents flood 
waves. Cases confirm the above statements. The former flood 
areas should be activated by embankment spillways. During 
the time of the greatest danger the water level in river 
storages should be reduced and embankments made higher in 
downstream areas. Mathematical models should determine the 
impact of artificially changed conditions for known 
catastrophic floods. 

ANTHRDPOGENER EINFLUSS AUF DEN HOCHWASSERABFLUSS 
BEISPIELE UND NOTWENDIGE MASSNAHMEN 
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u11cJ cJer· Ausl.Jetu vur1 FluBsl.otusluft-11. Deswt:'ye11 vt-r·klt-:i.11t-r· l siLl1 
uer Rete11tiu11Sr'dUlfl, ver-yt·uBer11 siLii J.ie Ai.Jflul3f.::..ii1.iyke.il: Ll11J 
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ge11 cJiE:' ul.Jiye11 Feslslel lu11yE::-11. Di!::' fr · ul1t:'r ·E::"11 i..iut:'r·sLl1wE::"111111u11ys­
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THEORETICAL BASICS 

With catastrophic floods the discharge is the function of 
ratio between water volume in the river and time of the 
outflow of that water, which in return is again the 
function of hydraulic conditions 

Q 
Vp, 

f (----­
T 

T f (HY) 

Q =discharge at floods, VP. river water volume, T 
outflow time, HY - hydraulic conditions 

water 

In normal conditions the volume of water in the river was 
reduced by the water retention between previous l eve 1 and 
flood level in river and by retention in the flood area 

VR- volume of water in the river, VRR - retention in river, 
VRF = retention in flood areas, "AT - natural conditions 

In artificial conditions the flood areas with highwater 
flood embankments are being cut off the river, the river 
retention is mainly filled by high level of hydropower 
plant, with lifting of gates some storage water is being 
discharged. 

VAc - discharge of some storage water behind the gates, ART 

artificial conditions upon the construction of 
embankments, regulations and river barrages, 

Artificial conditions result in greater water quantity of 
the river, which is discharged faster than in natural 
conditions. 
Capacity of outflow in artificial conditions is much 
greater as that of natural conditions due to the r~duced 
roughness, increased cross section in the storage basins of 
hydro power plants and due to the increased water surface 
slope caused by regulations or lifting of gates. 

CQ AP.r >> Co lfAr 

CQ - capacity of outflow 

Due to greater outflow capacity, the outflow time is to be 
shorter in artificial conditions 

T 0 AP.T < To 11Ar 

and the flood outflow much greater 
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CASES 

With very heavy floods in 1954 the greatest discharge of 
the Danube in Obernzell was 9600 m3/s (Hans 1956) and that 
in Vienna of 9160 m3/s (Embacher 1956). Volume of that 
flood wave in Obernzell was V = 3870 hm3 (Fig. 1) above the 
mean flood discharge 2700 m3/s. 

m 3 /s 
10000+-~....-~.----.~~~--.-~-.-~......-~....,.-~.,--~r---r~-r~-r~.-~r---, 

8 9 10 11 12 13 16 17 18 20 21 22 23 
JULY 1954 

Fig. 1 Time-discharge hyd.roqraph of Danube and tributaries 
July 1954 (hyd.rograph after Bans 1956) 

Abb. 1 Ganglinie des .Ahflusses der Donau und der Zufliissen 
Juli 1954 (Ganglinie nacb Bans 1956) 

in 

im 

Flood discharge of the Danube in August 1991 was 9600 
m3/s in Kienstok and the same in Vienna (Fig. 2, Heilig 
1992) and in Bratislava 9300 m3/s (Svoboda et al. 1992). 
Volume of the flood wave above the mean flood discharge of 
2700 m3/s was in Kienstock 2150 hm3 and in Bratislava 1100 
hm3. With considerably lesser precipitations in 1991 as 
those in 1954 and substantially smaller volume of flood 
waves in 1991, the Danube discharge was nearly the same to 
that in 1954. How to explain this disproportion? It was 
partly influenced by great discharges of the Austrian 
affluents in 1991 and by the smaller one of the German 
Danube. The main impact should be the greater water 
discharge capacity and consequently the shorter outflow 
time of the flood wave. Volume of the flood wave in 
Bratislava was reduced by the retention in the Austrian and 
Czech part of the Danube below Vienna. 

The course of the Danube flood wave in 1954 was 
examined by Embacher (1956) who determined in all flood 
areas the reduction of velocity of flood wave propagation 
(Fig. 3) and the reduction of the flood wave volume due to 
the retention in flood areas. Then flooded area are at 
present cut off from the river by means of embankment of 
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hydro power stations and flood protection embankments. The 
average velocity of the flood wave propagation on the 
Danube in Austria was 2,7 km/h and the mean water velocity 
was 2, 9 m/s in the deep part of the Danube river bed in 
Vienna on July 15, 1954. 

m3 /s 
10000 
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2000 

0 

E"iq. 2 

Abb. 2 

0 

..._ -

50 100 150 200 hours 
Time-discharge hyd.rograph of Danube in August 1991 
(hydrograph after Heilig 1992) 
Ganglinie des Abflusses der Donau i.m August 1991 
(Ganglinie nach Heilig 1992) 

Mundt ( 1980) in his study on floods dangers and the 
relevant protection in the lower Inn states (quote): 
"Inflow time at great high water is some 
hours .... di ff ere nee of levels between the mean and high 
water is approx. 9 m ... From the beginning of this century 
the discharge time of high water has been reduced from the 
edge of the Alps to the Passau for about a half ... The 
acceleration of the flood waves is partly due to the 
erection of hydro power plants and partly due to the 
deepening of the river bed as the result of regulation .... " 
(unquote). 

Peak of the flood wave in 1991 caused the inundation of 
Salzburg in late afternoon on August 2, and reached Vienna 
on August 4. Velocity of the propagation peak was around 
9,8 km/h. 

Greater velocity of flood waves propagation will result 
in greater probability of summing up of the peaks of waves 
of the main river and affluents. Also, there will be 
greater danger of coincidence for the flood wave flowing to 
the East and towards East moving cold fronts with the 
biggest precipitations. 

Bauch (1968) studied the influence of the construction 
of the river barrages on the 59 km long section of the 
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Danube between Regensburg and Straubing. A 590 m long 
physical model in the scale of lengths 1:100 and heights 
1:25 was made. Also, a mathematical model with equation of 
unsteady flow in open channels and their solution in a 
difference scheme was done. The most important results of 
the study: two thirds shorter discharge time of highwater 
wave, velocity of propagation peak of flood wave increased 
by 3,3:1 ratio of time, attenuation of the peak wave is 
smaller and the retention volume for the takeover of the 
highwater wave considerably smaller. 

10.7.1954 Date 11.7. 12.7. 13.7. 14.7. 15.7 .1954 

2lQQ_ 11-----~---t-~-

2000 

ASCHACH 

/OTIENSHEIM 
1-1.---......:::i~ /LIN z I 

/Mouth of Traun 
2 Mouth o! Enns 

I 

1900 _____ , ______ 
1 
_____ __.._ _____ +-____ .,.__f'< ___ Mouth of 

I
. Hours of delay 

~--..:.:./Moravaj 
Hours 2 

Time-distance bydrograpb of the flood wave of Danube Fig. 3 

Abb. 3 
in July 1954 (after Embacher 1956) 
Zeitfolgelinie der Fluwelle der Donau i.m Juli 1954 
(nach Embacher 1956) 

Ci~ova (1992) analyzed the impact of antropogenic 
activity on 82 flood waves of the Danube in years 1923-1988 
and 40 in years 1975-1988 and found out the acceleration of 
the water discharge and the shortening of the propagation 
time of highwater wave and faster lifting of the river 
level prior to the highest level. In December 1991 the 
water level of the Danube in Bratislava increased by 380 cm 
in 24 hours. Between Linz and Bratislava in 1968 
propagation time was from 20 hours to up the normal 24 
hours and more, at present the propagation time with mean 
discharges is, however, 10 to 20 hours. With all discharges 
the propagation time is shortened for approx. 10 hours and 
between Vienna and Brat i slava for approx. 5 hours. 
Therefore, now it is more difficult to forecast the flood 
waves. 
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In Carinthia in Austria in September 1965, 200 km2 were 
inundated (Wurzer 1966) . Upstream the Annabruecke profile 
with the discharge of 2223 ml/s there were no river 
barrages on the Drava, and no flood protection embankments 
along the river Gai 1. Downstream there were three river 
barrages in Austria and in Slovenia 6 river barrages with 
head of 8 to 17 m. In the Drava canyon in Slovenia there 
were no flood areas. From the then lowest constructed 
barrage Mariborski otok there is, up to 30 km distant 
profile of Ptuj with discharge of 2280 m3/s, mainly plane 
with smaller flood areas along the Drava. The distance from 
Annabruecke to Ptuj is 180 km and the velocity of 

12 2 
1.9.1965 

1 24 12 24 12 24 

2.9. 3.9. 4.9. 
12 24 12 24 I 2 24 12 24 

5.9. 6.9. 7.9. 8.9. I 965 
Fiq. 4 Ti.me-discharge hydroqraphs of Drava river in September 

1965 -- measured, -- supposed due to the loss of 
retention volume 

Abb . 4 Ganqlinien des Abflusses der Drau im September 1965 
qamessen, supponiert wegen Verlust des 

Retentionvol.umes 

propagation peak of f 1 ood wave was 7, 8 km/h. It was most 
probably increased due to the outf 1 ow through 9 storage 
reservoirs. At present there are in the 90 km area upstream 
of the Annabruecke profile 7 new river barrages with head 
of 10 to 26 m. Along the river Gail and many others, flood 
protection embankments were constructed. Greater majority 
of 200 km2 inundated ground in 1966 is presently protected 
against floods. Hydrograph Annabruecke 1966 (Fig. 4) has an 
untypical curve of discharge increase due to great 
retention. Typical hydrograph of the river with no flood 
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areas has a steep curve of discharge increase and a flat 
curve of discharge decrease (Bergman 1992). Figure 4 shows 
a hypothetical hydrograph for present conditions. Discharge 
will increase mainly due to the retention loss in the river 
and flood areas, increase of the river outflow capacity, 
increase of' the specific precipitations intensity caused by 
shorter outflow time of flood wave and will be reduced due 
to the retention in storage basin in high mountains. In the 
Drau basin in Austria high in the Alps there are 10 big 
storage basins with entire total volume of approx. 460 hm3. 
Surfaces of their catchment areas are Mooser 87, Koralpe 
67, Koelbrein 58, Fragant 56, Freibach 44, Bockhartsee 15, 
Reisseck 8 km' and some minor, total of around 400 km:. 
Their significance for the reduction of floods is minor. In 
comparison to 11000 km2 of the Drau basin in Austria the 
influence of reduction remains unsubstantial, around 5%, 
even with the increase of the precipitations intensity in 
mountains. 

For the river Vah basin in Slovakia Benicky (1992) made 
an estimate with mathematical model showing the increase of 
flood outflow from 2000 up to 2400 m3 and the shortening of 
the peak wave propagation time from 42 to 19 hours due to 
the construction of a chain of river barrages and flood 
protection embankments. 

ACTIVE AND PASSIVE PROTECTION MEASURES 

At very high flood outflows with return period of 50 years 
or 100 years all former flood areas are to be activated by 
the construction of overflow spillways on the embankments . 
During the period of greatest possible discharge e.g. on 
the Danube from middle of June ti 11 mid September the 
levels in all basins of river barrages should be lowered 
for 2 to 3 m, thus creating partial retention for the 
takeover of the highwater wave and prevent the total 
outflow of the storage water at gates lifting. 
Flood forecast service will be enabled to request on time 
the partial outflow of storage basins on shorter rivers 
only, there assuring beneficial effect. On the Danube 
partial storage basin outflow requests time, one week at 
least, a period for which catastrophic precipitations can 
never be forecast in advance. In flood areas the housing 
and industrial constructions are to be prevented. Flood 
damages of 9 million German marks value in Slovenia in 
November 1990 concerned newly built structures in known 
flood areas. Along most of the rivers by towns and 
industrial complexes the f load protection embankments are 
to be made higher, valuable machinery in industrial 
structures are to put on higher level. 

Iron-gate dam on the Danube has the spi 11 way 
dimensioned at 16.800 mJ/s, at the outflow of 22.000 m 3 /s 
there are transformer platform and the engine room roof 2,2 
m above the tai 1 water. Smal 1 protection wal 1 at the edge 
of the transformer platform could easily protect engine 
room against higher water than anticipated. 

397 



RECOMMENDATION 

An evaluation is to be elaborated on impact of all those 
rivers where natural conditions have changed due to river 
barrages, flood protection embankments or regul_ations. It 
is to be done by mathematical models for high waters from 
the years 1954 and 1501 on the Danube, from years 1966 and 
1851 on the Drava and for known high waters on other 
rivers. Also, the outflow of water stored behind gates of 
river barrages is to be taken into account. Pecinova (1988) 
reports that in 1954 in the upstream of Bolgaria the 
storage in 50 reservoirs was 4% and in 1980 in 600 
reservoirs 25%, that is about 45000 hm3 ( ! ) of annual flow 
of the Danube in Bolgaria . 

LITERATURE 

Ben icky J (1992) Erbohunq dor Bochwasscrgofahr durch 
Abflu~sboschlouniguog - ?:in Paradox dos Bochwassor~chiitzo~? 

XVI Konf der Donaulacder il Byd..rol Verbor u Byd..rol 
wasserwirt Grundl, Kelhei.m 135-140 

Breznik. H (1992,1) ?:rhohucg der Bochwassorabfliis~o dor Donau 
und ih.rer Zufliisse du.rch Regulierucgec ucd Staustufon voc 
Kraftswerken. XVI. Konf der Donaulander, Kelbei.m pp 293-300 
(with 26 items 0£ older literature) 

Breznik. H ( 1992, 2) Iocroaso of tho Drava and Hur a high wa tars 
due to the regulation ond river barrages. In t Conf a.bout 
the Drava river, H.aribor pp 69-76 

Cizova M (1992) Einfluss der anthropogonon Tatigkoit auf dio 
hyd..rologische Vorhersage. XVI. K.onf dor Donaulacdor, 
K.elbeim pp 302-305 

Heilig M (1992) Die Anwcndung oines mit 
Niederschlagsabflussmodellen gekoppelten Abflussrnodollos der 
Donau z ur Vorhersage der Donaubochwassor des Jahre!:: 19 91 . 
XVI. Konf der Donaulander, R.elhei.m pp 103-109 

Mudt G (1980) Hochwassergefahr und Hochwasserabwehr am Untoren 
Inn. Oest Wass Wirt 32, Wien 166-172 

Pecinova (1988) Published in Die Donau und ihr Einzugsgebiot. 
Scbwebstoff und Gescbieberegi.me der Donau. Hyd..rol Progr der 
Unesco, K.oblenz pp 56 

Svoboda A, Kunsch I, Bajtasova R. (1992) Das Donauhochwasser 
vom August 1991 und dessen Verlau! in dam Boroich dos 
Was!::erkraftwerkos Gabcikovo. XVI K.onf dor Donaulandor, 
Kelbeim pp 285-291 

Marko BREZNIK D Sc, D Civ Eng, D Geol Eng, Ret Prof, 
University of Ljubljana, Civ Eng Fae, Hydrotechnical Sec, 
61000 Ljubljana, Haidrihova 28, Slovenia 

:39S 



XVII. KONFERENZ DER DONAULANDER 

iiber hydrologische Yorhersagen und 
hydrologisch-wasserwirtschaftliche Grundlagen 

XVIIth CONFERENCE OF THE DANUBE COUNTRIES 

on Hydrological Forecasting and Hydrological Bases 
of Water Management 

Budapest, 5 - 9 September, 1994 

BEITRAG/PAPER No.: 3.11. 

THE CHANGE OF CONSTITUTIVE EQUATIONS OF 
WATER BALANCE SURFACE DRAIN IN THE 

CONDITION OF ARTIFICIAL IRRIGATION 

Professor Gopchenco E.D. 

Assistant professor Serbcv N.G. 

ODESSA HYDRDMETEOROLOGICAL INSTITUTE. 

Dde~.~--3-; 270016 

L\/D\/::.:. k2.',r"d. =-t r 
• c: 
...;,.._1. 

The report conserns a results of researches cf irrigation 

influence on surface flow caracteristics. 

DIE VERANDERUNG DER WASSERHAUSHALTGLEICHUNGSKOMPONENTEN 
DES OBERFLACHENABFLUSSES UNTER BEWASSERUNGSVERHALTNISSEN 

Im Bericht werden die Forschungsergebnisse von Bewasserungs­
einflussen auf die Kennwerte der Oberflachenabflusse dargestellt. 
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The eibjekt of 

south Ukraine and Moldova. It 
i<::: 

is an 
resieve a large crops here, onl y with a help of 

of the 

McisturE rise,c..fter i~-t-iga. tion bt-ing~. an increase of 1-'iatet­
flow from slops to channel network.The ways of esti~ation 

of irrigation influence on the flood flow as a rule, 
examines a separate territories~ or reserved basins. 
Conditions of flow forming on the small grounds and 
on the large basins are very different. This difference is 
caused bv different soil-botanic conditions and by 
cresipitation irregularity in time and in space. Irrigation 
increases moisture. essentially and~ that is why the 
influence of many other factors of flow becomes not so 
important. And the main - a type of flood flow may be 
changed on the ir~igating lands. Because of aeration zone 
saturation and small absorbtion into the impervious bed, 
surface flow formes under the influence of subsurface flow. 

All greate rains were researched in this region. 
Watergeneration layer was calculated for this rains both for 
natural condition of moistening,and for condition of 
irrigation.Mean values of watergeneration layer with 
probabilitv of exeeding 1% for different soil types are 
changing insignifically. That is why it can be means only 
for land's agricultural using. 

Irrigation influence on the affluent 
estimate on the base of balance equation 

from which 

y1~ 
op 

ly 

la·y'ET one can 

( 1) 

(2) 

where, ly - coefficient of irrigation influence on affluent 

leyer; v1~ - affluent layer for na.tur-21 condition of 

moistening: v;~ - affluent layer from 
op 

of 

basin: Y 1 ,~ 
op 

from ba.sin ~Ji th 

irrigation; f 0 p - square of irrigation. 

Equation (2) permits to estimate the 
influence on the maximum flood fiow for different 
f

0
p by the way of imitation models. 
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Results of calc u lations for different values of f 0 p and 

for different agricultural using of lands 

depends on square of irrigation. more then 
types. Moreover.coefficient ly almost aoes not 

the aqricultural using 8f the territory. 

tha.t / Y 

on soil 
depends on 

kyop - is a coefficient of reduction of affluent layer 

on the irrigating 
connected with a lack 
partial irrigation 

lands. This coefficient 
of observation. For the 

problem 
basin 

was 
with 

(3) 

where, ky - t-eduction coefficient of affluent l .::..yer on 

unirrigating lands; kE - reduction coefficient of waterge­
nera.tion. 

k = 1 y 

where,F - basin square. 
From (3) 

where, l' k 
y 

coefficient of 

k = 1 .o 
y 

(4) 

( ~. ) 

precipittation space 

irregularity influence on affluent layer in the condition of 
irrigation. 

The imitation model with lk was created for different 
..., y 

fop and F - up to 1 OOO km c.~ such as for- / "sf 

Analvsis of calculation showed, that in the result of 
reduction coefficient changes under the influence of 
irrigation. the values of 1k are not largest then 

y 

cot-t-espond ing values of / Yand even for F > 1 OOO km
2 ~values of 

1k are considerably largest~ then values of 1y· 
y 

why both ly and 1k must be 
y 

a.ccount ~ when 

influence on the flood flow researches. 

That lS 

i;-rigation 

Coefficient of summary influence onthe flood flow is 

(6) 
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The table ~1 was done for different comb1n2t1ons of F 
and f 0p ( soil - ordinary black eart h l on the base of (6l. 

VALUES OF COEFFI CIENT 1op· 

T c._ble Jfd 1 

Fkm 
2 

1~ 10 11000 20 50 100 200 500 
fop ~ 

25 1.10 1.14 1.17 1.20 1.23 1.28 1.32 

50 1.24 1.31 1.40 1.47 1.54 1.63 1.70 

75 1.40 1.52 1.68 1.80 

100 1.55 1.69 

The same table ma y be done for anothe r soi1 types. 
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Hydrological regime, morphology and ecology of the Da­
nube delta are formed as a result of interaction between ri­
verine and marine factors. In the Danube delta the main hyd­
rological processes associated with the influence of marine 
factors are the following: 1) backwater events, caused by 
eustatic rise of the Black Sea mean level; 2) storm surges; 
3) salt sea water intrusion into the delta branches; 4) del­
ta sea coast erosion under the wave action. In the paper the 
main peculiarities of marine factors impact on the hydrolo­
gical regime of the Danube deltc were considered and some 
their qu2nt .:==, .. tive charactaristics were evaluated. 

DER EINFLUJ3 DER MEERFAKTOREN AUF 
DEM HYDROLOGISCHEN REGIME DES DONAUDELTAS 

Das b.;ydrologische Regime, die Morphologie und die 
~ k ologie des Donaudel tas formieren sich als Ergebnis der 
Wechselwirkung der Flu~-und der Meerfaktoren. Die haupt­
sachlichen hydrologischen Prozessen in Verbindung gesetzte 
mit dem Einflu~ der Meerfaktoren sind folgende: 1) die Sta­
uerscheinungen hervorgerufene der eustatischen Erhohung des 
Wasserstandes des Swarzes Meeres; 2) die Windstauen; 3) die 
Intrusion der salzigen Meerwasser in die Deltaflu~armen; 4) 
die Unterspulung des Standes des Deltas unt~r der Einwirkung 
der Meerwellen. In dem Vortrag sind die hauptsachtlichen 
Gesetzma~igkeiten der Einwirkung der Meerfaktoren au:f das 
b~irologische Reglme des Donaudeltas betrachten und ihre ei­
y. 5.. gen zahlanma)3igen Charakteristik en festge s tell t. 
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1. Introduction 

_One of the largest European delta was formed at the2 ·mouth of the Danube River. Its area is more than 5600 lan. 
Principal features of its hJ'drographic network are presen­
ted b~ three main delta branches (the Chilia, Sulina, Ghe­
orghe), numerous distributaries, lakes, lagoons and 
swamps. 

:Fzydrological regime, morphology and ecology of the 
Danube delta were formed as a result of interaction bet­
ween riverine and marine factors. The impact of riverine 
factors (water flow and sediment load) on the regime and 
structure of the Danube delta has been alread.;y studied 
f 5-8J. 

The impact of the marine factors on the Danube del­
ta is also of great importance but has not been adequa­
tely studied yet. 

Tides in the Black Sea are absent. Therefore in the 
Danube delta the main processes associated with the inf­
luence of marine factors are the following: 1) backwater 
events, caused by eustatic rise of the Black Sea level; 
2) storm surges; 3) salt water intrusion into the delta 
branches; 4) delta coastline erosion under the wave ac­
tion. 

2. Impact of the Black Sea level rise 
The Black Sea level is subjected to a slow eustatic 

rise with the mean rate of 4-6 mm per year. In the 100-
-year period (1880-1980) mean annual water level near 
Odessa (NW part of the Black Sea) rose by 45 mm (average 
4, 5 mm/yr). 

The length of penetration of the backwater zone in­
to the delta because of sea level rise can be evaluated 
by analysis of the gauge data in the Chilia branch with­
in 1953-1992 (40 years) (Figure 1). In this period the 
mean annual water levels at Primorskoe (nearshore) rose 
by 23 cm (5,7 mm/yr). At Vilkovo (18 km from the sea) 
this rise was equal to 17 cm (4,2 mm/yr). At Chilia sta­
tion (47 km from the sea) water level rise was not more 
4 cm (less 1 cm/yr). Thus over the period of 40 years 
induced by sea level rise backwater zone penetrated in­
to the Chilia branch only by 45-50 km. 

3. Storm surges 
Induced by strong NE, E or SE winds the highest 

storm surges at the nearshore zone reached 1m. Extending 
of the storm surges upstream alon~ the delta branches 
(Ls) d~pends on the rate of the svorm surge at nearsho­
re (HsJ and water discharge of the Danube or delta bra­
nch ( Q). The calculations L 6 J based on h;ydraulic me­
thods f 3.l permitted to obtain the relation of the va­
lue of Ls on Hs and Q (see Table). 
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Figure 2. Water level variations: a - storm surge, 
26.01.1962; b - negative surge, 25.09-
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Table. Lengths of storm surge extending 

Q m3/s Hs m 
(the Danube) 0,2 0,5 1,0 

2000 320 540 700 
.3000 160 270 .350 
'+OOO 130 210 280 
5000 100 170 230 
6000 70 1.30 190 
7000 50 90 160 

Actual lengths of storm surge extending (Ls) can be 
examined by observation data. For example in Figure 2a wa­
ter level variations in the period of strong storm surge in 
1962 is showen. This storm surge reached 1,0 m at the near­
shore. Water discharges of the Danube in this period were 
,3000-3500 m.3/s. In this case the value of Ls was more than 
350 km. At mean water discharges storm surges of 0,5-0,6 m 
at the nearshore extend by 120-160 km. These examples showed 
that data in the table are realistic. 

The negative surges in the nearshore zone reach 0,5-
0 , 6 m. The extending of water level fall in the periods of 
strong negative surges reached 50-70 km (Figure 2b). 

4. Salt water intrusion 

Salt water penetrates usually into the Sulina and Prorva 
branches that were gredged for navigation in their bar parts 
to 8 and 4 , 5 m correspondingly. Intrusion of sea water into 
the se branches occures in the form of salt water wedge L1,2, 
1±] (Figure 3). The factors favourable for salt water intru­
sion are the following: low water discharges, difference in 
dens i ty of marine and riverine waters, large depths of the 
branches and mouth bars, landward winds and storm surges. 
Salt water wedges over the periods of low water flow conti­
neusly are present near bar parts of the Sulina and Prorva 
branches. Maximum observed lengths of salt water intrusion 
reached 16, 5 km in the Sulina branch on 22 November 1963 [2J 
and 16,8 k:m in the Prorva and Ocha.kov branches on 20 Sep­
tember 1990. 

The theory of salt water wedges at river mouths £4_] per­
m.its to evaluate a critical value of the water discharge for 
initiation of salt water intrusion ~r and formulas for 
length of this intrusion Ls• Value of ~r can be determined 
by formula 

Qcr=BhVS' , ( 1 ) 
where B and h are width and depth of the channel, V9 is so 
called densimetric veloci t;y equaled toj(c:.9/9,...,) ea +t.. ' , where 
A SJ"" 9s - 9r , .9rn = q 5"( 9s + 9r), ~s and Sr are densities of 
marine and riverine waters. Critical water discharges for

3 the Sulina and Prorva branches are eaual to 1320 and 567m /s 
correspondingly. -

Semi-empirical equations for calculation of lengths of 
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salt water wedge are the following (Figure 4): 
L.s/ h.,= 1J o ( Q/ Ocr)-1./ 63 , (2) 
L~Jh =-no Fr -:i, o'f , (3) 

where Fr8 is densimetfic Froude number, which is equal to 
V/V9 or V/~/(.t::..9/9m)g-h , Vis water velocity averaged 
over cross-section upstream the top of the salt water wed­
ge. 

Equation (2) for the Prorva branch at Qcr=567 m3/s 
and h=4,5m lead to simple fo~mul~ 

63 L5 =14,'1·10=1 Q- ' • ( 4) 
Results of the calculation by this equation are the fol­
lowing: 
Qplj/s 
Ls m 

500 
1120 

These results 

400 300 200 
2020 4300 12500 
are close to the observed data. 

5. Delta sea coast erosion 

Induced by the sea wave action scours occured in some 
sites of the delta coastline far from the outlets of the 
large delta branches. The main sites of erosion are loca­
ted on shores between outlets of the Sulina and Gheorghe 
branches and between the outlets of the Bystryi and Staro­
stambul branches. Local retreat of the delta coastline can 
reach 10-15 m/yr. Coastal erosion was accelerated because 
of the mean sea level rise and authropogenic decrease of 
the Danube sediment load in the last 20-30 years. 
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Abstract 
During the 80s and early 90s the conviction was growing within the international scientific community that 
the climate system is changing at such a rate that global ecosystems and human society are being threatened. 
The demand to estimate the regional impact of future global climate changes become very important. The 
tools of regional climate simulations and forecasts will be classified and discussed first in this study. Two 
main groups of regional climate simulations can be defined: 1./ coupled or nested modelling methods, where 
a limited area model (LAM) is nested into a general circulation model (GCM), in which the mezoscale 
atmospheric forcings are taking into consideration by higher model resolution over the region; 2./ 
semiempirical and empirical methods, where climate scenarios are defined using historical data records and 
statistical models; and the atmospheric forcings are not at all explicitly defined, or if they are taking account 
than only through the atmnspheric response to large-scale forcings by GCMs. The advantages, limitations and 
the validity of those methods will be discussed. AJso the results of a case study for doubled carbon-dioxide 
climate scenario will be presented on a precipitation network over the drainage basin of the Lake Balaton 
(which belongs to the above mentioned second method). A methodology is developed and applied to estimate 
the space-time distribution of daily precipitation under climate change for the western part of Hungary. The 
estimation technique is based on the analysis of the semi-Markov properties of atmospheric macrocirculation 
pattern (MCP) types, and a stochastic linkage between daily macrocirculation types and daily precipitation 
events. Historical data and GCM outputs of daily MCP corresponding lo lxC02 and 2xC02 are considered. 
Most of the local average precipitation reflect, under 2xC02, a somewhat dryer precipitation regime in 
western Hungary. 

1. Introduction 
In the Earth climate history we can find several natural vanatlons, but just recently get able 
mankind to influence the climate through his activities. Those changes are happening on the local, 
regional and global scale and the main cause of this is the increasing concentration of C02 (and 
other greenhouse) gases in the atmosphere due to the combustion of fossil fuels and the destrnction 
of forest and soils. A chain reaction were inducted, which effects the earth's radiative balance and 
leads to the global warming of the atmosphere. The real aim of climate investigations and modeling 
is to provide a reasonable good forecast for climate variables on spatial detailed scale for the future. 
In the absence of perfect models of the temporal evolution of the climate, several methods for 
projecting future climate states have been developed over the past few decades (Giorgi et al., 1991 
and 1992). These were: a./ deriving estimates of future climate change by extrapolating from the 
instrumental record of climate fluctuations over the past century; b./ drawing analogues from 
climate states during historical or paleoclimatic periods; c./ interpolating from simulations by 
General Circulation Models (GCMs) of the equilibrium change in the climate system that would be 
induced by a doubling of the C02 concentration to about 600 ppm; d./ using coupled or nested 
mesoscale models within a GCM to obtain a higher spatial resolution to the stimulations of the 
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GCM; e./ coupling the use of various statistical submodels to GCMs to generate estimates of 
regional-scale distributions of climate variables from coarse-grid GCM outputs. These methods can 
di~ide mainly into two groups: coupled or nested modelling methods (section 2.) and semiempirical, 
empirical methods (section 3 .) . In this study first we discuss some aspects of the m~thodology of 
climate change predictions, than their advantages and limitations. Finally we would like to present 
some of our results we get in a case srudy was carried out for the territory of western Hungary, in 
particularly the region of Lake Balaton and its drainage basin. In which we developed a stochastic 
space-time model to estimate the effects of climate change scenarios on regional/local precipitation. 
The proposed approach is an extension of the usual analysis of regional hydrological impacts of 
climate change. Often, the quite uncertain hydrological outputs of atmospheric global circulation 
models (GCMs) are desegregated to estimate regional hydrological events. This study proposes to 
examine the time series of daily GCM-produced atmospheric macrocirculation patterns (MCPs) to 
estimate regional and local precipitation. The approach is based on a classification of daily MCP's 
of the Atlantic European region, where each distinct pattern is mainly defined using the 700 Hpa 
geopotential pressure field. The classification is a reduced version of the Hess-Brezowsky 
macrosynoptic system (HBms). The classification analysis and the trend forecast were made for the 
drainage basin of the Lake Balaton, and the 2xC02 climate change scenario results are presented. 

2. Nested modelling approach 
In the recent years the need to gain a better understanding of regional impacts of possible global 
climate change has lead to research activities aimed at improving the simulation of regional 
climates. One of these efforts consists of using a limited area model (LAM) nested in a general 
circulation model (GCM) to carry out high-resolution regional climate simulation. In the one-way 
nesting procedure the output of GCM global climate simulation is used to drive a high resolution 
LAM over a selected areas of interest. The basic strategy for this approach is to use the GCM to 
simulate the response of general circulation to large scale forcing and nested LAM to modelling , 
in psychically based way , for local processes arising under the GCM grid-scale. The nested 
LAM-GCM modeling technique can be especially useful in areas where forcing due to complex 
topographic features or coastlines influence the regional distribution of climate variables (Marinucci 
et al., 1992). Such area are the western United States, middle-south Europe. 

2.1. General circulation models 
The aim of GCMs is the simulation of the full three-dimensional character of Earth's climate: in 
these models an attempt is made to represent most physical processes believed to be important. 
Since the accuracy of the model is partly depends on the spatial resolution of the grid points and 
the length of the time step, a compromise must be made between the resolution desired and the 
computational facilities available. At present the grid points are typically spaced between 300-500 
km. Vertical resolution is obuilned by dividing the atmosphere into between six and fifteen layers . 
Computational constraints lead to problems of a more theoretical nature. With a coarse of grid 
spacing small-scale atmospheric motions (such as thundercloud formation, boundary layer processes) 
can not be modelled, however they may be reality for atmospheric dynamics. Moreover, several 
hydrological and agroecological impact applications of GCM model simulations would also require 
a fine space resolution of 30-70 km, at least over some selected areas. 

2.2. Limited area models 
LAMs have been mostly used for short-term weather forecasting and for study of the behavior 
atmospheric phenomena such as fronts, severe storms, extratropical and tropical cyclones, 
topographically induced circulation over a selected area. The operation domain of the LAMs are 
usually 1-10 million km2 in size to achieve realistic simulations of the evolution of synoptic-scale 
weather systems over the region. The LAMs grid-point spacing is around 50 km, including 14-20 
vertical layers. Usually many LAMs do not include accurate representation of physical processes 
important climate processes; for example radiative transfer or soil hydrology. For this reason, the 
LAMs developed for nested application are provided with relatively sophisticated physical package 
including radiative transfer, cloud and precipitation processes and biosphere-atmosphere transport 
scheme, as well. It is important to identify the very different aims of these developing and using 
GCMs as compared to the designers of LAMs. The latter are prediction tools while GCMs can 
represent only probable conditions. 
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2.3. Preliminary results 
An important phase of the development of a nested GCM-LAM regional climate model is the 
validation of the LAM climatology over the selected region, so that model biases and uncertainties 
can be identified and, if possible, corrected. The preliminary experiments clearly illustrated how 
the use of a nested LAM leads to a much improved simulation of regional climatic detail compared 
to the GCMs alone. A typical construction is the Mesoscale Meteorological Model (MM4) 
developed by Pennsylvania State University nested into the Community Climate Model (CCMI) of 
National Center for Atmospheric Research. In this analysis it was shown that the CCMl simulated 
a realistic large scale climatology over the region, but did not capture the regional detail induced 
by local topography. Conversely, the nested MM4 simulated realistic storm systems and produced 
a much more accurate regional distribution of climatic variables which compared well with the high 
resolution observations. The experiments showed a realistic pictures and in particular illustrated the 
capability of nested MM4 to simulate cyclogenesis from the large scale fields provided by the 
driving CCMl and correct in this way the climatological underprediction of storm by CCMI. 

2.4. Regional climate simulation for the Central European region 
The nested modeling approach is presently being adapted by the climate modeling group of the 
Department of Geography at ETH-Zurich. Improvements in the National Center for Atmospheric 
Research (NCAR) version are essentially linked to higher spatial resolution of both the GCM and 
the MM4 models. By increasing the spatial definitions of both sets of models, it is expected that 
a significant improvement in the simulation of regional climate features, especially precipitation 
patterns will be observed. In Central Europe, global warming may be accompanied by changes in 
precipitation amount, intensity and annual distribution; this would in turn have considerable impacts 
on hydro-power and agriculture sectors . In order to achieve progress in the development of the 
coupled modeling approach for the region of Central Europe, a research project involved hungarian 
and polish scientists and organized by swiss partners bas been established. Experience gained in 
handling of coupled GCMs and regional-scale models will allow studies undertaken the better 
understanding of fundamental climate processes and, the interactions and feedbacks between 
different elements of climate systems, and how these may impact on different regions of Europe 
in the future. 

3. Empirical and semiempirical approaches 
The serniempirical and empirical models are commonly used, while their computer demand are 
much less. The approach, where we deriving estimates for the future by extrapolating from 
historical records of climate fluctuations over the past century, have strong limitations. On one hand 
this method is usually using the land-based surface-air temperature record, which is impacted in 
part, by the process of urbanization happened in the last few decades. On the other hand, the 
projections of regional climate change in average surface temperature is much smaller, than it would 
be associated with the doubled C02 level (GCM simulations). The semiempirical models are usually 
statistical submodels, which are coupled to GCMs (Wigley et al., 1990). Recently many notable 
experiment happened in the statistical coupling of GCM outputs to water-balance models and 
precipitation models. The limitations of this methods include the possibility that the statistical 
relationships established for the current climatic state may not hold in the 2C02 world. 

3.1. Precipitation model with space-time approach: 
For meteorological application, precipitation is usually modelled as a stochastic process. These 
point-process models describe precipitation occurrence, amount (Chang et al., 1984, Bogardi et al., 
1988) at selected locations . Spatial characteristics of precipitation are usually analyzed for selected 
events (Chua and Bras, 1982) . Space-time models for the spatial and time distribution of 
precipitation over a region are usually models for single events , based on some general physical 
considerations and several stochastic assumptions (Rodriguez-Iturbe and Eagleson, 1987). A model 
for simultaneous multisite generation of daily precipitation was developed in Binark et al. (1976). 
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In this work a modified version of the space-time precipitation model developed in Bardossy and 
Plate (1990) was used. The main difficulty of modeling the precipitation as an univariate 
autoregressive process is its space-time intermittence. The precipitation occurrence at a given 
location must be conditioned on precipitation at other locations; then the precipitation amount is 
conditioned on occurrence and amount at other locations. This approach requires the estimation of 
a lot of parameters. Another difficulty is that time series models have been developed principally 
for Gaussian processes but conditional probability distributions of precipitation are far from 
normality. Therefore, there is a need to develop a transformation that establishes a relationship 
between precipitation and the normal distribution (Bogardi et al. (1992) and Matyasovszk:y et al. 
(1993)). The difficulty in using the above mentioned stochastic model is that the process cannot be 
observed. As a consequence, the correlation matrices must be estimated indirectly from the 
observed precipitation time series. Specifically, indicator series defined by precipitation quantiles 
are used to estimate the correlations among the indicator series. Then the required correlations can 
be calculated from the indicator series correlations. 

3.2. Circulation pattern - precipitation - climate change scenarios 
Daily circulation patterns for the Atlantic-European region are characterized by the daily spatial 
distribution of sea level pressure (Hess-Brezowsk:y microcirculation system (1969)) and middle 
tropospheric pressure height. The regional/local hydrological variables at a given time and location 
are strongly influenced by atmospheric circulation patterns, hence climatic variability may be related 
to changes in atmospheric circulation (Lamb, 1977). The task here is to extend the mathematical 
model described in the previous section by conditioning on daily CP types. As proposed in 
Bardossy and Plate (1992) this can be done by considering each circulation type separately and 
define the multivariate normal process. Three types of daily CP data are used. The historical data 
are represented by the National Meteorological Center (NMC) grid point analyses of the height of 
700 hPa pressure fields available from NCAR. The analysis is based on daily values (12'°) at 51 
points on a diamond grid covering the Atlantic European region for the period January 1950 - June 

Figure 1. Characteristic MCP types for the Winter (W-1, W-2 maps) and 
for the Summer (S-1, S-2 maps) seasons 
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1989. Two 10-year long data series for the same pressure level has been obtained from the outputs 
of the Max Planck Institute corresponding to the lxC~ and 2xC02 scenario. There are several 
possibilities combined with considerable experience for classifying daily CPs. A brief review of 
classification techniques for precipitation modeling purpose can be found in Bartboly (1992). In the 
present work the three data sets are classified with the 3 MCP systems. The periods from April to 
September 30 (Summer half year) and from October to March 31 (Winter half year) have been 
examined separately. Defining 10 types for both periods seems to be a good compromise between 
the increasing number of types and decreasing distances of pressure fields within types. Two - two 
MC pattern e:u.mples are given for the winter and summer seasons, respectively (Figure 1), which 
demonstrate the generally weaker zonal airflow in summer and the much stronger winds in winter. 
Given the set of CP types, the next step is to develop a stochastic model in order to describe the 
sequence of these patterns, which is done here by using Markov chains. This Markov model is used 
to calculate the distribution of CP type duration as well as to develop simulated time series of space­
time local climatological quantities conditioned on CP types (Bogardi et al., 1992). In order to 
eliminate the difference between the frequencies of the lxC02 and 2xC02 cases, we included the 
spatially averaged 700 hPa pressure height into the analysis; and the annual cycle of the pressure 
height as an analogy of the difference between present and the 2xC02 climates. The relationship 
between the two quantities can then be used to estimate the effect of climate change on 
regional/local precipitation (Matyasovszk:y et al. 1992). 

3.3. The results of a case study for western Hungary 
The geographical region to be investigated locates in western Hungary (the drainage basin of the 
Lake Balaton) and is represented by 28 precipitation stations. Daily precipitation data at 28 stations 
in western Hungary between 1950 and 1989 are used. The precipitation model was checked using 
a split sampling approach, that is, parameters are estimated from the first 20 years of data (model 
calibration) and the simulated precipitation series is compared to the second 20 years of data (model 
validation). Regional precipitation climate reflecting 2xC02 'Scenario is estimated by the same 
simulation technique, but using parameters (Fourier coefficients) corresponding to the 2xC02 case. 
The winter and summer half years are analyzed separately. Probability distribution functions 
estimated from the historical data and simulated data corresponding to the :historical and 2xCCi 
cases are calculated. We get as a result, that in case of 2xC02 on the whole area the precipitation 
probability will be lower and the average daily precipitation amount will be definitely less, then in 
the last 50 years. In the winter season the area is divided into two parts: subregions with 
decreasing and increasing precipitation amounts. We can find on the Figure 2 the spatial 
distribution of the mean daily precipitation anoiilalies in case of C02 doubling for both seasons. The 
southern part will be slightly more wet, while the other area somewhat dryer then it was recently. 
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Figure 2. Spatial dis&ibution of meaan daily precipitation anomalies 
in case of C02 doubling: A./ Summer season; B./ Winter season 
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Summarized: A space-time precipitation model has been coupled with the stochastic 
simulation of daily CPs in order to generate time series of point or areal daily precipitation 
reflecting regional/local effect of a global climate change. To this end, in addition to historical data 
daily large-scale atmospheric pressure output of the GCM model for the lxC02 and 2xC02 cases 
has been used. The approach is based on the statistical relationship between daily CP types and 
daily precipitation. Classification methods of daily CPs cannot be used alone to measure changing 
spatial distribution of pressure heights obtained from GCMs and related to climate change. For this 
reason an additional variable, the average pressure height, is introduced into the analysis. 
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Langjabrige Trends im Niederschlagsgescheben und ibre Abbangigkeit 
von Orographie und Wetterlage 

J. Guttenberger 

Kurzfassung: In Mitteleuropa werden regional unterschiedliche sakulare 
Niederschlagstrends festgestellt. Im Bergland ist eine gr6Bere Zunahme der mittleren 
jahrlichen Niederschlagshohen festzustellen als im Flachland. Diese Unterschiede 
lassen sich auf Veranderungen in der Zirkulation zuriickfiihren. Das Niederschlags­
geschehen an einem festen Ort wird dann durch die jahreszeitliche unterschiedliche 
Reaktion der Grofiwetterlage mit der Orographie beeinflufit. 

Long Range Precipitation Trends and their Dependence on Orography and Atmo­
spheric Circulation. 

Summary: In Central Europe an increase in precipitation amounts has been observed 
since the last hundred years. The trend is more significant in hilly regions than in the 
lowlands. It is due to the response of circulation patterns to landscape conditions. The 
effect of orography is stronger in winter as it is in summer. 
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1. Einleitung 

Langfristige V ariationen des Niederschlagsdargebotes sind Gegenstand einer Reihe 
von Untersuchungen, die zu regional unterschiedlichen Ergebnissen fiihren (/ 1/, 121, 
/3/). Verschiedentlich hat man sich auch mit der Wasserbilanz unter dem Aspekt von 
Klimaanderungen auseinandergesetzt (/4/) . Dern Niederschlagsgeschehen als einem 
wichtigen Teil des Landschaftswasserhaushalts stehen zeitlich konstante und variable 
Einflufigro.Ben gegeni.iber. Zu den variablen Faktoren zahlen die groBraumigen atmo­
spharischen Vorgange, wahrend die Gelandebeschaffenheit als ein im menschlichen 
Zeitrahmen konstanter EinfluBfaktor gelten kann. Im folgenden werden deshalb fest­
gestellte langjahrige Trends im Niederschlagsgeschehen eines Ortes mit seiner orogra­
phischen Umgebung und den die lokalen Witterungsablaufe pragenden GroBwetter­
lagen in Beziehung gesetzt. 

2. Sakulare Niederschlagstrends in Bayern 

In Bayern wurden langjahrige Niederschlagsreihen von 43 Stationen auf ihre zeitli­
chen Veranderungen hin untersucht (/5/, /4/). Stellvertretend seien hier die Nieder­
schlagsverhfiltnisse an den Stationen Rosenheim und Pressig-Rothenkirchen vorge­
stellt. Nahere Angaben zu diesen und den iibrigen Stationen sind der angegebenen 
Literatur zu entnehmen. Einen Uberblick iiber die geographische Situation gibt Ab­
bildung 1. Rosenheim ist ein typischer Vertreter des siidbayerischen Sommerregentyps 
mit einem ausgepragten Niederschlagsmaximum im Sommer und dem Minimum im 
Winter. Pressig-Rothenkirchen ist dagegen ein typischer Vertreter der hoheren Lagen 
der nordbayerischen Mittelgebirge mit zwei Maxima, davon eines im Sommer und das 
andere im Winter. Letzteres kann gebietsweise zum Hauptmaximum werden. 

Die jahrlichen Niederschlagshohen an den beiden Vergleichsstationen schwanken von 
Jahr zu Jahr stark. Der Schwankungsbereich der Extreme betragt in Rosenheim 856 
mm und in Pressig-Rothenkirchen 832 mm. Die geringsten jahrlichen Nieder­
schlagshohen wurden in Rosenheim im Jahr 1947 mit 655 mm gemessen, in Pressig­
Rothenkirchen ebenfalls im Jahr 1947 mit 560 mm. Dies hebt die i.iberregionale Aus­
wirkung dieses Jahres als trockenstes der gesamten Zeitreihe hervor. Das demgegen­
iiber nasseste Jahr trat in Rosenheim 1912 mit 1511 mm und in Pressig-Rothenkir­
chen 1980 mit 1392 mm auf. Einen Vergleich der 30jahrig gleitenden Mittelwerte der 
jahrlichen Niederschlagshohen von Rosenheim und Pressig-Rothenkirchen zwischen 
1891 und 1990 ermoglicht die Abbildung 2. Die dem Anschein nach kontrare Ent­
wicklung beruht auf dem mit 0,26 mm/a geringeren Trend von Rosenheim, im Ver­
gleich zu 2,94 mm/a in Pressig-Rothenkirchen. 

Teilt man den Jahrestrend in den der beiden Halbjahre auf, so zeigen in der Gesamt­
schau die Trends der Sommemiederschlagshohen ein wenig regelmafiiges Bild. Es 
treten iiberwiegend positive, an 14 Stationen auch negative lineare Trends auf. Im 
Winterhalbjahr ist der Aufwartstrend verstarkt und an allen Stationen feststellbar. 
Raumliche Schwerpunkte der Stationen mit starkem positiven Trend sind Gebiete mit 
vorwiegend orographisch beeinflu13tem Niederschlagsverhalten. Dazu gehoren Statio­
nen am Alpennordrand und in den Mittelgebirgsregionen Bayerns, wo Stau- und Stei­
g ungsniederschlage dominieren. 
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Abb. 1 Ubersichtskarte der Stationen 
Fig. 1 Map of locations 
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3. Einflull von Orographie und Jahreszeit 

Abb. 2 

30jahrig gleitende 
Mittel der jahrlichen 
Niederschlagshohen 
in mm von Rosen­
heim und Pressig­
Rothenkirchen 
1891 - 1990. 

Fig. 2 

30year moving aver­
age of precipitation 
heights in mm of 
Rosenheim and Pres­
sig-Rothenkirchen 
1891 -1990. 

Dieses Erscheinungsbild Hi.fit einen jahreszeitlich veranderlichen Einflu/3 der Orogra­
phie auf die Niederschlagsbildung vermuten. Dies umso mehr, als an manchen Statio­
nen der Trend von Sommer- und Winterniederschlagsh6hen gegenlaufig ist. 

Dynamische Vorgange, die niederschlagsausl6send wirken, lassen sich vereinfacht in 
Advektion und Konvektion unterteilen. Konvektiver Niederschlag kann sich bei Ver­
tikalbewegungen in labil geschichteten Luftmassen bilden. Labilitat ist hier als Eigen­
schaft der gesamten zum Niederschlag beitragenden Atmospharensaule zu verstehen. 
Im Sommer werden die konvektiven Umlagerungen durch thermische Labilisierung 
iiber erwarmten Untergriinden vom Boden her verstarkt. Der Einflu6 des Reliefs wird 
abgeschwacht. Insbesondere bei intensiven konvektiven Niederschlagsereignissen ste­
hen die Niederschlagsh6hen, die dann i.iber den Ebenen abregnen konnen, denen 
der gebirgigen Regionen in nichts nach (/6/). 

Im Winter ist die inharente Labilitat von Kaltluftmassen in geringerem MaBe nieder­
schlagsfordemd. Gr66ere Niederschlagshohen liefern Aufgleitvorgange vor allem an 
der Frontalzone, wie beim Hochwasser in Si.idwestdeutschland an Weihnachten 1993, 
von dem auch der nordliche Teil des oberen Donaueinzugsgebietes betroffen war. 
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Abb. 3 

Minimale und maxi­
male Haufigkeiten 
der Mischun~sschicht­
hohen bei N1eder­
schlag im Winter und 
im Sommer (Daten 
nach /7/. 

Fig. 3 

Minimum and maxi­
mum frequencies of 
mixing heights in 
winter an summer 
season (Dates after 
171. 

Neben dem Temperaturniveau ist in den beiden Hauptjahreszeiten auch der Aufbau 
der bodennahen Atmosphiire unterschiedlich. Eine Auswertung von Radiosondenmes­
sungen macht diese Unterschiede am Beispiel der Mischungsschichthohe bei Nieder­
schlag im Winter (Dezember - Februar) und im Sommer (Juni - August) deutlich 
(/7 /). Der graphischen Darstellung (Abb. 3) ist jeweils die gr613te und die kleinste 
relative Haufigkeit der Mischungsschichthohe aller untersuchten Stationen zu entneh­
men. Die Haufigkeitsschwerpunkte der Hohen liegen im Sommer bei 600 m bis 1400 
m ii.Grund, im Winter unterhalb 400 m ii. Grund. Da die Hohe der Mischungsschicht 
mit dem Kondensationsniveau gleichgesetzt werden kann, ist der deutliche Zuwachs 
der Niederschlagshohen im Winterhalbjahr selbst bei geringen Hohenanstiegen ver­
standlich. Diese Tatsache gab auch Anla13 zur Einteilung von Niederschlagslandschaf­
ten nach dem Jahresgang. Deren gegensatzliche Auspragungen sind in Kapitel 2 be­
reits beschrieben (/8/, /9/). 

Analog dazu zeigen die Stationen in den Mittelgebirgen (Piech: 1, 11 mm/a) und am 
Alpenrand (Kreuth: 1,29 mm/a) einen iiberdurchschnittlichen positiven Trend der 
winterlichen Niederschlagshohen. Am wenigsten davon betroffen sind die Gebiete im 
Flachland siidlich der Donau (Ludmannsdorf: 0 ,00 mm/a) und im nordlichen Alpen­
vorland (Eggenfelden : 0,23 mm/a) (/5/). 
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4. Abbangigkeit von der Grofiwetterlage 

Eine weitere Ursache fiir das beobachtete raumliche Yerteilungsmuster der Trends ist 
in dem Zusarnrnenspiel von GroBwetterlagen und der Streichrichtung der Gebirge zu 
sehen. Je nach Anstromrichtung ergibt sich dabei eine Niederschlagsverstarkung 
oder -abschwachung. In kJeinerem MaBe als in den Alpen treten an den Mittelgebir­
gen Fohn- und Stauerscheinungen auf, die im Winter durch das niedrigere Kondensa­
tionsniveau verstarkt werden. Sind im Winter zykJonale Westlagen haufiger, produzie­
ren sie im Bergland Niederschlag im Uberflul3, wahrend das Flachland weniger davon 
profitiert. Im Gegenzug werden im Sommer bei haufigeren gewittertrachtigen Wetter­
lagen Bergland und Ebene gleichmiifiiger uberregnet. 

Die in Deutschland gebrauchliche Wetterlagenklassifikation geht auf Hess/Brezowsky 
zuriick. Yorn Deutschen Wetterdienst werden die Gof3wetterlagen routinemiifiig tag­
lich bestimmt und veroffentlicht. Es gibt 29 verschiedene GroBwetterlagen, die sich 
nach der Hauptstromungsrichtung und der Zirkulation unterscheiden. In den Abbil­
dungen 4 und 5 sind die mittleren taglichen Niederschlagsh6hen im hydrologischen 
Winterhalbjahr bei zwei unterschiedlichen Wetterlagen dargestellt. Die angegebenen 
Niederschlagsstationen des Deutschen Wetterdienstes liegen in den Kerngebieten der 
in Kapitel 2 beschriebenen Niederschlagslandschaften, namlich im Frankenwald in 
Nordostbayem und im siidostbayerischen Alpenvorland. Es sind dies Kronach (305 m 
ii.NN) im Luv, Helmbrechts (618 m ii. NN) auf der H6he und Hof (450 m ii.NN) im 
Lee, bzw. Maria Eck (882 m ii. NN) direkt am Alpenrand und Miihldorf (401 m 
ii.NN) weiter nordlich im Inntal gelegen. 

mm Mittlere tagliche NiederschlagshOhe 

8,0 Wetterlage: Ws 
Zeitraum: 1.1.1953 - 31. 12. 1980 

7,0 
6,4 

6,0 

5,0 

4,0 

3.0 

2,0 

1.0 

0,0 

Helmbrechts Hof Kronach Maria Eck Muhldorf 
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Abb. 4 

Mittlere tagliche 
Niederschlagshohe in 
Nordost- und Sild­
ostbayern bei 
Grofiwetterlage Ws 
im Winterhalbjahr. 

Fig. 4 

Mean daily precipita­
tion heights in 
northeast- and south­
east Bavaria at circu­
lation pattern Ws in 
the winter season. 



Die siidliche Westlage (v./s) (Abb. 4) fUhrt im Alpenvorland an der Warmfront und 
vor der Kaltfront zu fohnigen Aufheiterungen. Die Niederschlage setzen erst mit 
Durchgang der Kaltfront ein. Im Mittelgebirge wechselt sich Aufgleitniederschlag an 
der Warmfront mit Schauemiederschlag in der Kaltluft ab. 

mm Mitllere tflgliche NiederschlagshOhe 
Wet\erlage NEz 
Zeitraum: 1.1.1953- 31 .12.1980 
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Abb. 5 

Mittlere tagliche 
Niederschlagshohe in 
Nordost- und in Siid­
ostba yern bei 
Grofiwetterlage NEz 
im Winterhalbjahr. 

Fig. 5 

Mean daily precipita­
tion heights in 
northeast- and south­
east Bavaria at circu­
lation . pattern NEz in 
the wmter season. • 

Die mittleren taglichen Niederschlagshohen sind an den hochgelegenen Stationen 
(Helmbrechts: 6,4 mm; Maria Eck: 5 ,3 mm) deutlich h6her als an den Talstationen 
(Miihldorf: 3,4 mm). Im Luv des Frankenwaldes (Kronach: 4,3 mm) sind sie h6her als 
in seinem Lee (Hof: 3,8 mm) und im Norden insgesamt h6her als im Si.iden (/10/). 

Bei der zyklonalen Nordostlage (NEz) (Abb. 5), einer klassischen Stauwetterlage, 
fallen die meisten Niederschlage am Alpenrand (Maria Eck: 6,9 mm). Nach Norden 
hin nehmen die Niederschlagshohen deutlich ab. Die Unterschiede der jeweiligen 
Lage in Nordbayern sind unerheblich. Je nach Haufigkeit der beteiligten Wetterlagen 
ist deshalb die jahrliche Niederschlagshohe von Jahr zu Jahr verschieden. Aus dieser 
Abhangigkeit Hi.fit sich der Einflufi von Klimaanderungen auf das Niederschlagsge­
schehen an einem Ort beurteilen. Verschiedene Untersuchungen belegen die zeitliche 
Variabilitat der Grofiwetterlagenhaufigkeiten. Seit 1930 hat im Winter die Haufigkeit 
von ozeanischen Wetterlagen, wie die Westwetterlagen zusammenfassend bezeichnet 
werden zugenommen (Abb. 6) (/11/). Dies korrespondiert mit der in Bayern festge­
stellten, im Bergland besonders auffalligen Zunahme der mittleren jahrlichen Nieder­
schlagshohen. 
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Abb. 6 

Jahrliche relative 
Haufi~keiten der 
ozeamschen Lagen 
im Winter seit 1880 
(nach /11/). 

Fig. 6 

Mean yearly relative 
frequencies of Ocea­
nic circulation pat­
terns in Central Eu­
rope in winter since 
1880 (after /11/). 

Global errechnete Klimaprognosen lassen sich nicht ohne weiteres lokal verifizieren. 
Insbesondere der Niederschlag zeigt eine deutliche kleinraumige Variabiliilit. Beriick­
sichtigt man ortliche Gegebenheiten, die die Niederschlagsbereitschaft im Witterungs­
ablauf einer Grofiwetterlage verandem, gewinnt man ein besseres Versilindnis der 
Vorgange und kann exteme Einfliisse realistischer abschatzen . 
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VARIABILITY OF PRECIPITATION IN THE DANUBE BASIN 
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National Institute of Meteorology and Hydrology 
blvd.Tzarigradsko chaussee 66, Sofia 1784 Bulgaria 

The aim of the present study is to reveal long-term change 
in precipitation in Danube basin and to determine their 
tendency and rate. Variability in the annual, summer and 
winter precipitation time series during the last 100 years 
are analysed. The presence of some form of trend in data 
were examined by the Spearman and Mann-Kendal rank 
statistics. The power spectrum analysis has been applied, 
too. A generally decreasing, not statistically significant 
t r end i s p r e s en t o v e r t he en t i r e t i me i n t e r v a 1 i n s u mm e r 
and annual precipitation . 

NIEDERSCHLAGVARIABILITAT IM DONAUGEBIET 

Ek. Koleva 

Nationales Institut fur Meteorologie und Hydrologie 
blvd.Tzarigradsko chaussee 66, Sofia 1784, Bulgarien 

Das Ziel der iUntersuchung ist die Erorterung der Nieder­
schlagvariabi l i tat im Donaugebiet und deren Tendenz und 
Grad. Analysiert sind die Oaten der 
Niederschlagvariabilitat der Jahres-, Sommer- und 
Winterniederschlagen in den letzten 100 Jahren. Das 
Vorhandensein einer bestimmten Form der Tendenz in den 
Daten war aufgrund der Spearman- und Mann-Kendal Kriterien. 
Spectralanalyse wurde auch angewendet. Eine allgemein 
abne hmende, n i eh t s tat is t is eh ge 1 ten de Tendenz kommt zum 
Ausdruck in ganzen Zeitabschnitt in den Sommer- und 
Jahresniederschlagen. 
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Introduction 

Precipitation is one of the most significant of all 
climatic variables. It has the most immediate effect on 
human comfort. It plays an important part in determining 
the composition of ecosystems and is strongl y related to 
other atmospheric processes such as evaporation and runoff . 
Changes in monthly and annual precipitation are of interest 
also for their importance in different fields such as 
agriculture , hydrology , water resources, atmospheric 
pollution etc. 

Methods and Results 

Because precipitation can var y substantially from one year 
to another at a given location it is extremely difficult to 
distinguish an important emerging trend from a mere short­
term irregularity in the climatic pattern. In this study 
the emphasis will be on existence of trend and 
periodicities in precipitation amounts from 1901 to 1992 . 
The data base used for this purpose consists of summer, 
winter and annual precipitation for five stations located 
in lower course Danube. 

To examine the homogeneity of studied time series a non -
par am e t r i c run t e s t has been used . Th i s t e s t i s s en s i t iv e 
to slippage of the mean, trend or some form of oscillation. 
Some of the series are tested by Alexandersson's test , too. 
According to tests the used series may be concluded to be 
homogeneous. 

The precipitation series are smoothed by 10-years weighed 
moving average. In the new time series the short (rapid) 
variations are smoothed away so the longer (slower) ones 
are revealed more clearly. These series showed a generally 
oscillatory character with increases and decreases. Winter 
precipitation fluctuates around the mean showing general 
trend to increasing (15mm/100 years) . In summer 
precipitation shows an downward tendency (15 mm/100 years) 
characterized by many fluctuations. The outstanding feature 
of annual precipitation is below average amount in the late 
1940-s . Annual precipitation shows scarcely perceivable 
trend of decreasing . 

Because the visual examination of the smoothed curves is 
very subjective, an objective statistical method was used 
to investigate precipitation trends. The presence of some 
form of trend in data is examined by the Spearman rank 
s t a t i s t i c , r and Mann - Kenda 1 r an k s t a t i s t i c r 1 ( WM O , 1 9 6 6 , 
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1990). The rand rl are given in Table 1. For comparison in 
the table are given r and rl for Budapest, Vienna and 
Bratislava. The values with 95 per cent significance are 
marked by *· 

Table 1 Spearman r and Mann-Kendal rl rank statistics 
for winter (W), summer (S) and annual (A) 
precipitation 

Station Spearman r Mann-Kendal rl 
(W) ( s) (A) (W) ( s) (A) 

Vi din 1 , 0 1 -0,38 -0,48 0,067 -0,079 -0,013 
Lorn ·1, 23 -1,33 -0, 11 0,073 -0,085 -0,016 
Orahovo 1,58 -0, 13 -1,35 0, 113 -0,012 -0,090 
Nicopol 0,85 -0,29 0,04 0,064 -0,019 -0,001 
Svistov 2,05* -0,64 -0,99 0,139* -0.099 -0,077 
Budapest -0,78 -2,96* -0,018 -0,199* 
Vienna -0,26 -0,036 
Bratislava 0,50 0,067 

The t rend in summer and an nu a 1 pre c i p i t at i on i s neg at i v e 
while in winter it is positive. But these trends are not 
statistically significant for most of the stations. These 
results agree with previous author's results (Koleva, 
1993). Annual precipitation in Budapest and Vienna as well 
show a decreasing trend. Annual precipitation shows a 
different pattern in Bratislava. It is worth noting that 
the analysed period for Bratislava and Vienna is 1951-1990. 

To reveal some hidden periodicities the method of spectral 
analysis is used. It indicate that there are some 
oscillation of 2-3, 4 and 14 years. 

Conclusion 

The majority of the analysed stations presents a small 
decreasing trend in annual precipitation with a 
significance under the value corresponding to the 5 per 
cent 1eve1. 
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A g e n e r a l t r end i n s u mm e r i s n e g a t i v e , w h i 1 e t h i s on e i n 
winter is positive. 

In annual precipitation the quasibiennial, 4 and 14 year 
oscillations are found. 
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ABSTRACT Statistical investigations on the connections between 
hemisPherical and regional climate variations to establish regio­
nal climate scenarios are first Presented for Hungary. Then, a 
regional energy - and water-balance model is presented , which cal­
culates soil moisture content of the UPPer 0.5 m layer, water va­
oour Pressure and temperature of air at the surface. regulated by 
the external climatic forcings. Effects of changes in the atmos­
oheric carbon dioxide broadl y correspond to the pre v ious results. 

ZUSAMMENFASSUNG St at i st i sche Unt er-suchung Uber den Zusammenhang 
zwischen HemisPherische und Regionale Klimaschwankungen sind zu­
erst vorlegen, den Grund zu legen fllr Regionale Klimascenarien 
fUr Ungarn. Dann. ein Regionales Energie- und Wasser-Bi lanz Mo­
del l ist einfllhrt, das berechnet die Feuchtigkeit in der obener 
0.5 m von der Schicht den Boden, die Feuchtigkeit und die Tempe­
ratur der Luft bei der Oberflache. Wirkung der Anderungen in at­
mosoherisches co 2 ist im grossen angemessen zu vorige Resultate. 

1. INTRODUCTION 

Estimating regional features of the exoected global warming is 
one of the actual problems in the greenhouse-gas issue. In long­
term Perspective. aoolication of couPled atmosPhere-ocean General 
Circulation Models (GCM) is the most Promising wa Y. however, the 
spatial r-esolution of GCMs is constrained for practical reasons 
by the caPacitY of present comouters. Coarsel y resolved GCM-out­
outs. canno t be directl y used for this goal. The Problem is not 
onl y the lack of information with nec e ssar y soatia l resolution . 
but th e g r idooint-values themselves a r e c onseouentl y distorted. 
due t o the Ph v ::, ical o bje c ts. n o t r esolved b y the mode l . but sig ­
n ifi c an tlv cont r-ibuting to the spatial de ve loo me n t o f meteor o lo ­
gical . esce ci all Y c l o udines s a n d ore c ioitat i o n field s . 
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Thus. to construct a regional climate scenarios the Problem of 
"downscaling" should be solved. This means a trans.for·mation of 
useful (i.e. consis.tent l Y forecasted and differing from noise of 
internal variations) large-scale information. Produced by the 
GCMs into climate elements of the region in ouestion. Statistical 
methods of this transformation may involve global or continental­
scale averages (patterns) as independent variables. Smaller sca­
les are not feasible. as the characteristic dimension of predic­
tor Patterns should be larger than the minimum resolved wave­
length of the GCM. which is at least 4. times longer than the 
distance between the grid-Points (500 km for the couPled models). 

If relying on global (hemisPheric) independent variables, their 
future trends can be estimated with a higher confidence in the 
GCMs, but the connections to regional anomalies are Probably less 
direct. In case of continental Patterns. the connections with 
regional anomalies might be more definite. but these Patterns can 
only be used under the assumption that they are Predicted by the 
GCM correct l Y. This "perfect prognosis approach is at ore sent 
acceptable only at very large scales, which is a limitation to 
the use of more straightforward regional relations. 

Another Problem with continental-scale predictors is the assump­
tion that the resPonse of the regional climate to a changing 
flow, due either to the longer-time forcings or to inter-annual 
climate variability is the same. This assumption is not verY 
likely (e.g. [8]), therefore it is recommended to combine the 
statistical aooroach with a regional (i.e. energy- and water-bal­
ance type) climate model. Before presenting a Prototype of this 
idea. however. first we describe a set of statistical methods. 

2. STATISTICAL DOWNSCALING FROM HEMISPHERIC AVERAGES FOR HUNGARY 

This approach has been developed in the recent years ( [ 31- [ 7]) . 
Results for small ( <1 K) changes in the hemisPherical mean tem­
perature were based on time series of instrumental measurements. 
Method of "slices" was introduced to investigate the connections 
between regional climatic elements and two hemispherical temoera­
ture characteristics. ie. average temperature and air temperature 
difference between continents and oceans. Generality of these 
connections was then demonstrated by using historical Proxy data 
and Paleoclimatic information of the Holocene. Regional features 
of large r ( 1-4. K) global warming were estimated from the annual 
cycle, from oaleoclimatic reconstructions and GCM outputs. 

During the last 100 year. a 0.5 K hemispherical warming had been 
accompanied with a 0.5-0.8 K temperature increase, a 7-14. percent 
decrease o f PreciPitation. a 20 Percent increase in sunshine 
duration in the Summer half-year. In the Winter half-Year tempe­
rature in Hungary demonstrates a connection with the continent­
ocean temperature contrast. while the sign of changes in Preci­
Pitation and sunsh ine duration is not unambiguous. These changes 
corresoond to about 60 % increase in freouency of dry months. 
(with soil moisture content less than 30 % of available potential 
values) and 8-10 % increase in global radiation at the surface. 

430 



According tu the eouilibr· iurn estimations c once r ·ning 1-4 t< hemis­
oherical warminq. the orocortion of the temcerature increases in 
Hunqar v v.c: .. those in the Hemisphere is qoing to be les :=:. than one 
in Summer. while in Winter it remains about one and a half. 
Summer PreciPitation and also its annual surn is expected to be 
substantially less than toda y at a I< hemispherical warming, 
while at about 2 K the chanqe o f the annual sum would be zero or 
sliqhtlY Positive. Summer ~·recipitation. however is not excected 
to be substantially more than todaY. even at 4 I<. 

3. MODEL OF THE ENERGY- AND WATER BALANCE 

Eauation of enerqy-balance aoplied for half-Yearl Y average s is: 

dT 
a R(T,n) + A(n, T) + lf n, T) + ( 1 ) 

dt 

where o is heat cacacit y of the soil-atmosphere s y stem. T air 
temcerature at the surface. t - time. R - radiative balance, n -
relative sunshine duration. A - sensible heat balance. latent 
heat balance, ci the concentration of the i-th atmospheric 
component (or other external climate forcings) . .SR - the Primar y 
change 5n the radiat5on balance . following a change of ci. 

Ea. (1) is being solved for T. while n is a couPlinq Parameter , 
providing the connection of regional physical Processes to the 
global ones. Linear- connections are established in all terms. 
while Primary chanoes in the local radiative balance have been 
calculated in a radiative-convective model [10], adjusted for 
Budapest. Details of Parameterization of the energy-balance 
eauat ion clr'e cub l i shed in ( 5]. The energy-ba J Ance eauat ion has 
also been coupled to a model of the water-balance for a smaller 
region within the area of the energy-balance model (Fig. 1). 

Initial forms 
of the so:ll. 

dw
5 

of water balance eauations 
and the vertical air column, 

P - ET - f 
dt 

ET - P + 
dt L 

for the effective 
separate l Y ar·e 

(2) 

( 3) 

l aver· 

where w
5 

and wP are the moisture contents of the soil and air 
column. P - precipitation. ET - the evaootranssoiration. f - the 
outflow. 1 latent energy income from atmospheric humidity 
diveroence and L heat of evaporation for unit mass (2470 J/c). 

Eas r2). (3) and 11) form a closed model, if relations of ter--rns 
at the riqht sides are Parameterized in terms of Prognosti c vari­
able~'· on the left s ides and in relative sunshine duration (n) 
connectino local terms to the global ones throuoh the relation 
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n = n(<T >, {lT) ( 4) 

where <T> is the hemispherical mean temperature and [1 T the 
continent-ocean contrast over the Northern Hemisphere. Linear 
regression coefficients of (4) are determined from [3]. 

Left sides of (2)-(3) are expressed as linear formulae of soil 
moisture in the UPPer 0.5 m layer (ws=ks~SO) and of near surface 
water vapour Pressure (wP = kpe) from additional calculations. So 
the prognostic variables of the model are T, w~O and e. 

Monthly mean soil moisture content of the UPPer 0.5 m is reconst­
ructed for 8 stations of Hungary [2]. First. original connections 
are established between Potential evaooration and characteristics 
of the air. and also between ootential and actual evaporations as 
a function of the Previous soil moisture. Then soil moisture con­
tent is derived by water-balance method for 1951-1980. The third 
step is a multiregression fitting of the calculated soil moisture 
against retarded temperature and Precipitation values. These 
connections are aPPlied for the rest of the 1881-1990 Period. 

Parameterization of water balance terms is fulfilled from time 
series of observed meteorological elements and calculated soil 
moisture data for 59 Years (1931-89). Outflow data [12] (see tri­
angles in Fig. 1) are used for 26 years ( 1961-86). More details 
on the water-balance Parameterization can be found in [9]. 

For external forcings an exponential growth of equivalent co 2 -
concentration is assumed together with a logarithmic law between 
concentrations and changes in the radiation balance and a linear 
response of the global temperature to the linear-lY increasing 
radiative forcing ([11]). So the hernisPherical mean temperature 
and continent-ocean temperature contrast can be expressed as 
<T> (t) = 8kct and llT(t) = D<T> (t), resoectivelY. The local radi­
ative balance is oR(t) = kRkct, where kR is determined from [5]. 

After these Parameterizations. the system of three linear ordina­
ry differential equations is solved numerically by a fourth order 
Runge-Kutta method. The time step is one month. 

4. EXPERIMENTS WITH THE COUPLED MODEL 

The model was run assuming four alternative scenarios: 
I. Long (200 Years) equivalent CO~-doubling time. medium global 

sensitivity re = 2,078 K - [1J) and medium connection between 
<T> and ~T (D=0.12) according to a quasi-equil~brium response 
realized in Periods 1891-1920 and 1951-80 (no trends in <T>) 

II. Medium (100 Yrs) equiv. co~-doubling time, no other changes. 
III.Stronger- connection between <T> and ~T (D=0.32) according to 

the transient resPonse, Practicall y realized in the definite 
warming-up Period between 1917 and 1942. no other changes. 

IV. Large sensitivit y (8 =4,75 K - [11]), no other changes. 

The results 
demonstrated 

of experiments with these forcing scenarios are 
in Fig. 2. The main conclusions are the followings: 
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1. The decrease in the summer half-Year cloudiness Plays an 
eauivalent role in the local warming as compared to the direct 
radiational forcing due to the increase in co~-concentration 

according to our calculations in the regional climate model. 
2. Changes in regional temperature are larger than those in the 
hemispheric mean for both half-Years. Warming-up in the winter 
half-Year is especially strong in scenarios with higher D values. 
3. Soil moisture content of the summer half-year decreases consi­
derably following all scenarios. Increase in the winter half-year 
is not so high from scenarios I. and II. In annual mean. however. 
there is a comPensation. according to the other two versions. 
4. Behaviour of water vaoour oressure is similar to that of soil 
mois.ture content. but increases in the winter half-year do not 
fully compensate the summer half-year dry-out in anY scenario. 

5. DISCUSSION 

Present form of the regional energy- and water-balance model is a 
Prc:itotyoe, to a combined at:>Proach of the regional climate scena­
t~io Problem. A more soPhi st icated version can be coup led to GCM 
outPut fields in the future, with the intention to use them in 
Parameterization of the advective terms and cloudiness. Regional 
variables would than be calculated by the regional model. itself. 
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Resume 
Model of soil water balance (SWB) was assembled on the 
same physical principles as the model of irrigation water 
requirements, i.e. in relation to the meteorological 
factors. Based on this model the increase of deficits in 
SWB is estimated related to temperature increase in 
climate change. The results have shown that these deficits 
can be doubled. The change of streamflows was estimated on 
the basis of the correlation analysis of the logarithmic 
transformation of monthly flows in the vegetation period 
and SWB. In other months the correlation analysis of the 
temperature and SWB was used. 

Bodenwasserbilanz und Klimaanderung 
Kurzf assung 
Das Medell der Bodenwasserbilanz wurde auf dengleichen 
physikalischen Prinzipen als Medell den Bewasserungs­
anspruche zusammengestellt, d.h. in Beziehung zu den 
meteorologischen Faktoren. Aufgrund dieses Modelles 
schatzt man den Aufschwung von Def iziten der Boden­
wasserbilanz bei der Temperaturerhohung in der 
Rlimaanderung ab. Die Ergebnise haben gezeigh dass diese 
Def iziten bis verdoppelt werden kann. Veranderung des 
Durchf lusses schatzt man durch die Korrelationsanalyse der 
logarithmischen Transformation der monatlichen Durchflusse 
in der Vegetationsperiode und Bodenwasserbilanz. In 
anderen Monaten wurde die Korrelationsanalyse der 
Temperaturen und Bodenwasserbilanz verwandt . 

1.Introduction 
Soil water balance (SWB) is an important f actor of 

hydrological regime in many regions. Soi l water balance 
deficits (SWBD ) i ndicate the water stress o f p lants or the 
s upplementary i rrigation r equi rements on t he water 
r esources. However , SWB seems t o be a l so a n i mportant 
hydrological fact or i n rainfall - r unoff r e l at i ons, factor 
that is correlated to flows in the basin. This factor can 
be used as a robust index that can represent the impact of 
climate change on the hydrological regime. 
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2. Climate Change 
As a result of increased atmospheric concentrations of 

co and other trace gases a global change - greenhouse 
eftect, global warming might be anticipated. Atmospheric 
concentrations of co 2 have increased by more than 25% 
since the Industrial Revolution began i n the nineteenth 
century causing with high probability the global warming 
by about 0.5 °c (Cohen,1990). 

Accordi ng to the rising concentrations of co2 at the 
beginning of the next century doubling of co2 
concentrations is expected. The attempts to model the 
earth's atmospheric change used the general circulation 
models {GCM) . Based on these models most scenarios 
indicate that the global mean- annual temperature would 
increase by 1.5° to 4.5 °c at the beginning of the twenty 
first century ( WM0,1986) Some GCMs estimates 
( Mitchell,1989) indicate the increase 3.5°. to 5.0 °c. On 
regional and seasonal scales much greater warming may 
occur in high latitudes. However, there is much 
uncertainty in these predictions. 

The consensus regarding global warming which may occur 
has lead to scientific and political concern regarding the 
possible impacts of this change on natural and social 
systems, on global and regional scales ( WM0,1988 ) . 

3. Soil WAter Balance Determination 
Soil water balance can be expressed in a simplified 

form as 
S = EP - AE (1) 

where: S is the change of soil water storage in the 
effective root zone, EP is effective precipitation 
( surface runoff, subsurface runoff and seepage into lower 
soil layers have been expressed as unused part of 
precipitation ) , and AE is actual evapotranspiration. 

Effective precipitation is derived from the values of 
precipitation that is measured directly. Actual 
evapotranspiration is often calculated based on the 
different formulas as the measurement of 
evapotranspiration in field conditions is neither 
technically nor economically acceptable. The extrapolation 
of evapotranspiration from lysimeters to areal 
evapotranspiration results in great errors and does not 
r eflect the relation to temperature and other 
meteorological data. Therefore the computation was based 
on the Penman's formula (Penman,1954), modified by FAO, 
for potential evapotranspiration, corrected by the model 
of Mort on , (1983) and reduced to the actua l 
evapotranspiration. 

The Pe nman's formul a was derived for the semi-humid 
zone and it has been recornmended by international 
organizat ions like WM0 , 1966 a nd FAO . Thi s formu la i s 
discussed in detail s by Kos , 1982. In t his paragr aph only 
the ma in pa rts of it t hat a re important for the derivation 
of t he basic idea of the model of SWBD are presented. 

The formulas for actual evapotranspiration relate 
often the potential evapotranspiration a nd the soil 
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first the formula for potential 
is presented. Potential 

moisture. Therefore at 
evapotranspiration 
evapotranspiration PE 
potential evaporation 

can be expressed as a part of the 
EO and a conversion factor f: 

PE = f EO ( 2) 
Potential evaporation is defined as 

where 
EO = D R + G E (3) 

G is the function of the psychrometric constant, 
D is the function of the slope of the dependence 

of the saturated water vapor pressure 
on air temperature, 

R is energy budget (net radiation), 
R = f (temperature,sunshine,albedo,dewpoint), 

E is flow of water vapor, 
E = f (temperature, dewpoint, wind speed). 

4. Soil Water Balance Deficit 
A series of theoretical works ( e.g. Brutsaert, 

Sticker, 1979 ) aimed at the relationship between the 
actual and potential evapotranspiration. The resulting 
relations involve, however a lot of parameters that are 
hardly to be determined for the present state. A more 
difficult task is to estimate these parameters for the 
future and not in a point but for a large area. Therefore 
in this paper a different approach was used that is based 
on the concept of relation of SWBD to irrigation water 
requirements (IWR) and acceptable irrigation deficits. The 
model of IWR derived by Kos, 1982 was based on the soil 
water balance of the root zone and Penman's formula of the 
potential evapotranspiration and assumption that actual 
areal evapo- transpiration is a linear function of the 
potential evapotranspiration. This model used as the time 
interval one month. The model was calibrated on the basis 
of observed monthly values of IWR from the routine 
irrigation of the irrigation projects. Using the relation 
between IWR and SWBD the IWR model can be transformed into 
relation 

wj = k1 fj Dj Rj + k2 fj Gj Ej + k3 pj + k4 wj-1 +k5 (4) 

where Wj and Wj-l are monthly SWBD in periods j and j-1 
respectively, 

k 1 , ... ,k5 are regression coefficients. 
R · ,D ,G ,E, and f were described in eq. (2) and (3), 
Pj is precipitation 

4.1. SWBD Model and Climate Change 
A relatively simple model of climatic change was 

designed that assumed that the present relation of 
temperature to the other meteorological factors will be 
maintained and linear regression of all these factors to 
temperature was tested. The transformation of 
meteorological factors was estimated by the following 
relation. 

Z = Y + B . dT (5) 
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where Z - transformed value of the meteorological factor 
(e.g.sunshine in%), 

Y - measured value of this meteorological factor 
B - regression coefficient of the relation of Y to 

temperature (e.g. in sunshine % / 0 cb; 
dT - expected change in mean temperature c. 

Using this relation the monthly time series in the 
period 1931-1960 ( resp. 1930-1970) were analyzed in ten 
meteorological stations in Czech Republic. The value of 
the change of temperature dT= 1.5 °c resulted in an 
average increase of SWBD to 120-135 % ( i.e. increase by 
20 - 35 %) and the value dT=4.5 °c resulted in increase to 
approx. 200 % i.e. doubling the values derived under past 
and present conditions (Kosl992). 

4.2. Probability Distribution of SWBD 
The probability distribution of monthly SWBD is 

normal. As an example the c.d.f. ( cumulative distribution 
function) for the SWBD in June are presented in Fig. 1. 
Not only for this months but also for other months of 
vegetation period and increased transformed values due to 
the rise of temperature the test of the goodness-of-fit 
proved the normal distribution. The SWBD c.d.f. change 
with the increased temperature is represented in June in 
Fig. 1. 

In this paper the computation of SWBD increase was 
performed on the assumption of change of temperature and 
statistically significantly related meteorological 
variables, precipitation included. In some localities and 
months this regression was not statistically significant, 
and therefore precipitation remained unchanged. 

5. Estimation of the Hydrological Impact of Climate Change 
The impact of global and regional warming on 

hydrological regime can be studied on the relation of 
temperature increase to streamflow pattern change. In this 
paper the method of statistical analysis and cross 
- correlation between monthly SWBD and streamf lows was 
used in the vegetation period and temperature and 
streamflows in non - vegetation period. 

Determination of the marginal distribution of flows in 
each month was the first step of the analysis . As neither 
the normal nor the two- parameter log-normal distribution 
provided an adequate model of the flows in some months, 
the three-parameter log-normal distribution has been used. 
The normal transform of the observed and adjusted flows is 
then y = ln ( Q - Qo ) 

The second step of analysis was the transformation of 
flows according to the change of temperature. The aim of 
this study was not to develope a general purpose 
hydrological model simulating the impact of temperature 
change on the rainfall-runoff relations on the basis of 
a comprehensive structure of the hydrologic cycle and 
representing a broad variety of regimes. For this study 
a special-purpose black-box synthetic approach was used, 
considering the fact that the data for the detailed 
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retrospective analysis of the rainfall-runoff relations 
are not available. 

Kos,1992 has observed a 
relation of monthly SWBD and 
special-purpose hydrological 
coefficients calibrated by 
correlation techniques. 

statistically significant 
monthly flows. This simple 
black- box model uses the 

use of regression and 

In the non-vegetation period the hydrological model was 
even further simplified and a direct relation to the 
temperature was tested and in several months it was 
statically significant. It is based on the fact that in 
these months the temperature increase is related to the 
increase rate of melting of the accumulated snow. 

6. Numerical Example: The Jizera River Catchment 
The Jizera River is a tributary of the Labe River in 

the central Part of the Czech Republic. The area of the 
Jizera River catchment is 2193 km2. The results of the 
computation the impact of temperature increase on c.d.f. 
of SWBD in June are presented in Fig. 1. and the c.d.f. of 
flows in June in Fig.2. ( for further details see 
Kos, 1993). p (%) 

Fig.1. Cumulative 
distribution func­
tion of SWBD in June 
with temperature 
increase 
o to 4.s0 c; 
P-probability [%]; 
SWBD soil water 
balance deficit [mm] 
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Fig.2. Cumulative 
distribution func­
tion of transformed 
flows in June with 
temperature increase 
O to 4.s 0 c; 
P-probability [%]; 
Q - flows in site 
Turice on the River 
Jizera [ m3 s-1] 
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7. Conclusions 
The impact of climate change on hydrological regime 

and namely streamf lows in relation to global and regional 
warming is often discussed. However, few attempt has been 
made to quantify these relations. This is a very difficult 
task as many hydrological factors may be influenced. 

In this paper the simple mathematical statistical 
approach to this issue was used. The relations were 
statisticaly significant and the quantitative results can 
be used as the comparison of various models· The results 
seem to be relevant for climatic scenarios with small 
temperature increase ( e.g. 1.5 °c - 2°c). For higher 
temperate increase the results can be used as the 
indicators of possible hydrological risk that the water 
management planners should be aware of. 
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INVESTIGATION OF CLIMATIC VARIABILITY INFLUENCE ON SOIL 
MOISTURE IN HUNGARY 

Zoltan Dunkel 
HMS Institute for Atmospheric Physics, Budapest PO Box 39: Hungary 

Summa.ry: A simple statistical method developed for the upper one meter layer soil 
moisture calculation was used to generate long soil moisture data series. To test the 
method the calculated values based on monthly data were compared with in situ mea­
sured soil moisture data collected in Keszthely (western part of the country} and 
Szarvas (eastern part of the country). Long climatic data series of precipitation, tem­
perature and water vapor deficit for 16 Hungarian stations, can be found everywhere in 
the country, going back to 1881 have been used. From these data one can determine 
month by month the soil moisture deficit. The data were calculated for a hypothetical 
'average' plant stand which behaves like maize. The generated soil moisture indices 
have been investigated in order to find out about any signal of global warming on sub­
grid scale. The statistical analysis showed that presence of consecutive dry seasons is 
not an abnormal situation under Hungarian climate but up till now no systematic 
change has been found in the constructed data series. 

UNTERSUCHUNG DER WIRKUNG AUF DIE KLIMAVERANDERUNG DES 
BODENFEUCHTIGKEITS INHALTS IN UNGARN 

Zoltan Dunkel 
UWD Institut fur Atmosphare Physik, 1675 Budapest, Postfach 39, Ungarn 

Kurzfassung: Eine einfache statistik Methode entwickelte sicb <lurch die Ausrechnung 
der oberen 1 Meter dicken Bodenschichts Feucbtigkeitinbalts, um lange Bodenfeucbtig­
keitsinbalts Datenserie zustande zu bringen. Um die Met.bode auszuprobieren mu~te 
man, die durch die monatlich errechneten Daten mit den Daten, die man auf verschie­
denen Platzen gemessen hat, z.B.: in Keszthely (im westlicben Teil des Landes) und 
Szarvas (im ostlichem Teil des Landes) vergleichen. Die Datenserie des langem klimati­
schem Mangel an Niederschlag, Temperatur und Wasserdampf, die man in ganz 
Ungarn auf 16 Stationen misst, werden schon seit 1881 verwendet. Von diesem Daten 
kann einer, von Monat zu Monat den Bodenfeuchtigkeitsinbalt rechnen. Mit der Hilfe 
dieser Daten wurde eine "durchschnitliche" Pflanze die sich wie Mais verhalt entwickelt. 
Der zustande gebrachte Bodenfeuchtigkeits-Index wurde untersucht, ob man irgendein 
Anzeichen im zusammenhang mit der Globalen Aufwiirmung findet. Die Statistikanalyse 
deutete darauf hin, di$ die sich wintereinander kommende trockene J ahreszeiten. nicht 
eine ungewohnliche Erscheinungen im Klima von Ungarn sind, aber bischer fand man 
noch keine regemj:ij3igen Veranderungen in der zusammenstelung der Datenserie. 
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Introduction. 
Drought is one of the major climatic hazards of the Hungarian agriculture beside the 
hail and frost damages. It seems droughts have occurred much more frequently in the 
last decade then previously. In 1992 and 1993 the summer was warm and dry and the 
soil moisture content reached the wilting point ( WP). The recent higher frequency of 
droughts in Hungary has emphasized the need of more detailed information about the 
climate of the past. Without such knowledge it is not possible to make meaningful sta­
tistical statements about the future occurrence of extreme events. We would like to 
answer the question if the climate have begun to change towards drier one or the high 
frequency of droughts is a normal situation under Hungarian climate. Looking for local 
signal of climatic change mostly temperature and precipitation are examined. In our 
paper to answer the question a combined meteorological variable, the upper one meter 
available soil moisture content, was chosen for that purpose. No special drought index 
was used only the frequency of the low soil moisture content was examined. Using long 
data series evaporation of bare soil bas been discussed in Hungary ( Bussa.yet al., 1993, 
Lambert et al.,1993). Our paper tries to approach the problem from the vegetated sur­
face. The territorial distribution of used meteorological stations is shown in Fig.1. 

Fig. 1. 
The location of stations used 
for the soil moisture calculation 

For our calculation monthly mean and sum of temperature, water vapor pressure and 
precipitation were used respectively. If we would like to find any signal of climatic 
change in the case of temperature it is enough to take into consideration only few sta­
tions because there is close correlation between stations. There is drawn in Fig.2 Szar­
vas monthly temperature mean versus Keszthely for the period 1881-1990 where 1320 
data are shown. In the case of precipitation monthly sum we can found less good con­
nection (Fig.3) and in the case of calculated soil moisture content ( Fig.4) a total inde­
pendence. The last two figures indicate that the territorial change could be higher than 
temporal. 

Calculation method. 
The basis of the calculation is the water balance equation. The composite loss of water 
to the air from all surfaces is celled evapotranspiration ( ET). If there is no lack of water 
and the rate of evapotranspiration determined only by the atmospheric conditions we 
speak about potential evapotranspiration (PE). Under favorable conditions the cloud 
droplets fall to the Earth as precipitation ( P). Over land areas where P is greater than 
ET and the excess, called runoff ( R) is transported on the surface as streamflow to 
rivers, lakes and finally to the sees and ocean. Under certain circumstances one part of 
the excess water infiltrates into deeper soil layer. Infiltration ( F) is not easily deter-
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mined so for practical purposes it is better to consider a column which extends from 
the surface to a depth where significant vertical exchanges are absent. In general form 
of the water balance is given by: 

P=ET+R+F+.6.S 
where L. S the net change in soil moisture content. 
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Evaluation of available soil water content 
For the calculation of the available soil moisture content, expressed in precipitation 
unit, mm, the simplified form of the water balance equation was used. The greater part 
of the Hungary is flat and mostly during the vegetation period the percent of the 
runoff is very small so the runoff was taken equal zero and its value for the whole time 
series was neglected. We calculated only the upper one meter layer soil moisture con­
tent. According to the results of the field soil moisture measurements done on bare soil 
and under vegetated surface to is was found that the rate of infiltration could be con­
siderable in the end of the winter during the thawing. Ta.king into consideration that we 
make a mistake the infiltration was neglected too. After the simplification for the 
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Fig.4. 
Monthly value of calculated AWC for Keszthely versus Szarvas (1881-1990) 

calculation a reduced form of the equation was used. The upper one meter layer soil 
moisture content on the next time step will be expressed as 

wci = wci-1 + P - ET 
where i is the number of the next time step. For the most part of the examined period 
only monthly data available. It is necessary in order to obtain a homogeneous series to 
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use monthly data throughout. It is however, preferable to use daily precipitation and 
evaporation data. The use of monthly data alone can produce systematic errors in esti­
mating monthly-end soil moisrure water content. We have found that these errors can 
be reduced by dividing each month into three or six segments, distributing monthly 
precipitation and calculated evapotranspiration values even by these segments and then 
calculating soil moisture content accumulated over successive segments. The total 
amount of water can be stored in a soil column is field capacity ( FC). The certain part 
of the field ea.pa.city is not available by plants. The maximum value of available water 
content of the examined soil layer can be expressed as 

wcm = FC - WP. 
The value of the field ea.pa.city depends on the type of soil. The wilting point is not 
only the function of soil type and previously used agrotechnics but of the kind of veg­
etation too. In the case of clay the field capacity is taken equal with 320 mm and the 
'Wilting point with 100 mm, in case of sandy soil there are 210 and 40 respectively. The 
used soil type for every stations changes between the given values according to the soil 
type . For the calculation of evapotranspiration the Budyko-Posza method was used. 
The steps of calculation are very simple. If the calculated soil moisture content on the 
next time unit exceeds the field capacity its value is taken equal with field capacity, 
namely if 

wci+ 1 > FC, then we i+ 1 = FC. 
The evapotranspiration is expressed as a simple linear function of the potential evapo­
transpiration, ET = k. w.PE, where k is the so called plant constant,. w is an empirical 
variable depends on the soil moisture content. If the water content higher than 50 % 

the evapotranspiration is taken potential, namely 
WC-WP 
---- > 0.5 
FC-WP 

WC-WP 
----else. 
FC-WP 

The k plant constant is determined by lysimeter measurements. Plant constants used by 
Penman for the grass transpiration calculation. In our case the plant constants for the 
calculation of transpiration evaluated by several years' field experiments using Thorthh­
waite type compensation lysimeter. Using lysimeter measurements have done since late 
sixties at Agrometeorological Observatories in Hungary for 19 species a five-day-aver­
ages of plant constants were calculated ( Posza and Stollar 1983). In our case, for the 
climatological type examination, monthly average plant constants were used. For the 
calculation of potential evaporation a simple empirical regression form was used ( Antal 
1968). The measured A pl1I1 evaporation was taken equal the potential evaporation and 
some modification was introduced before the regression function calculation. The po­
tential evaporation expressed as 

PE= a.[es(l-r)]b.(1 + a.t).c 
where a, b and c are the empirical constants, e s saturation water vapor pressure, r rela­
tive humidity, t mean air temperature. Under Hungarian climatic conditions the equa­
tion works well (Antal and Kozm8.ne T6t.h 1980). 

Reliability of model results 
A doubled hypothesis was used in the calculation. We supposed that the upper one 
meter layer soil moisture content could be calculated acceptable neglecting runoff and 
infiltration simultaneously. The other assumption was the existence of an average plant .. 
If we would like to control our calculation there is real object to compare with. If the 
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calculated values behave as a measured values we can except that the produced values 
are suitable for further examination. The annual course of the soil moisture content can 
be described very simply. It has a maximum values at the end of the winter when the 
melting snow saturates the soil. The minimum water content occurs in July or August 
at the end of typical continental dry spell characterizing Hungarian climate. The actual 
soil moisture values changes between the possible maximum, the field capacity, and the 
possible minimum values. The minimum soil moisture content in some years reaches 
the wilting point but very rarely decreases below its value. The actual course of the soil 
moisture depends on temporal distribution of the precipitation and the grown species. 
The statistical behavior of the calculated hypothetical soil moisture data are similar to 
the expected. Comparison of calculated data with measured shows good temporal 
change. 
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Eleven-year moving averages of available soil moisture content and the linear regression 
for Zalaegerszeg station for Kecskemet station 

Using the outlined method, we have reconstructed a hypothetical monthly available wa­
ter content back to 1881 for 16 meteorological station. The tendency within the grow­
ing season correlated well but the absolute value was over the calculation used daily 
data. The trend towards drier summer soil moisture conditions which was detected in 
east part of Hungary was not found in the west part of country. If the assumption that 
climatic change would have caused generally increased atmospheric water demands is 
correct the trend would be enlarged however it must be emphasized that a trend de­
tected from soil moisture simulations using a single climatic record 'in itself' gives no 
information about climatic change. 
Drought conditions are not determined only by lack of precipitation. The precise eval­
uation of drought severity is difficult because different people perceive drought in dif­
ferent ways. We can distinguish between at least four different types of drought - me­
teorological, hydrological, physiological and agricultural drought We have to notice 
that agricultural, hydrological and physiological drought conditions are determined not 
only by precipitation but also by transpiration and by timing of precipitation events. 
For our examination from the calculated monthly available soil moisture content three 
types of 'indices' were chosen. In Hungary the maximal soil moisture content occurs in 
the end of the winter in February or in March. In our data series the minimal values 
occurred in end of summer in August or in September. Supposing that the February 
values is not far from the maximum available water content the difference of its and the 
August value was chosen as a drought index. The second chose was soil moisture con­
tent in August alone as the absolute minimum. If its values approaches the wilting 
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point that year can expect as year of drought. Last choose was the average available 
soil moisture content over the four-month period May to August. 

Results of simple regression analysis 
Firstly a simple linear regression was fitted on the data. The chosen annual minimum 
and the four-month (May-August) average showed the same tendency. In case of 4 
stations we found a non significant increasing and in the other 12 cases decreasing ten­
dency. The result is ambiguous. The variance is very high. Examining the data series we 
can choose both drying as wetting periods too. To separate the dry and wet periods a 
11-years moving average was fitted. A linear regression and the moving average for 
Kecskemet and Zalaegerszeg stations a.re shown in Fig.5 and 6. respectively. Examining 
the 4-month soil moisture average we could find as dry period as the last decade was. 
For example in case of Keszthely station the forties were more drier then recent ten 
years. But the linear regression shows mostly decreasing tendency we can not accept 
this results comparing with moving averages as a signal an unambiguously drying cli­
mate . 

Conclusions. 
The used method for soil moisture trend analysis has its own strength and weakness. 
Actually it says more then the simple temperature or precipitation time series. Its 
weakness that it does not give any definite results but we suppose we can conclude the 
follows: 
(1) There is important difference between A WC within a short distance. 
(2) Decreasing tendency similar to the last decade occurred during the last century but 
there was not global warming. 
(3) The presence of consecutive dry seasons is not an abnormal situation under Hun­
garian climate. Examining the soil moisture data as drought indices we have not found 
systematic change among them only drier and wetter periods. The present decade in 
the east part of the country is a drier one. 
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Kurzfassung 

Im nachfolgenden Beitrag wird die prognostische Simulation des Einflusses 
klimatischer Anderungen auf die Schneedeckenentwicklung und das 
Abflu1Sregime eines nordbayerischen Einzugsgebietes im Winter beschrieben. 
FUr die Simulationen ist ein DHM-gestutztes, physikalisch basiertes 
Schneemodell entwickelt und mit einem Niederschlag-Abflu15-Modell 
gekoppelt worden. Die Untersuchungen zeigen, da15 unter bestimmten 
klimatischen Bedingungen die Dauern einer geschlossenen Schneedecke zwar 
abnehmen, die Schneehohe und der Wassergeahlt aber durchaus hohere Maxima 
aufweisen konnen. Dies wiederum kann die Wahrscheinlichkeit ma1Sgebender 
Taufluten durch Uberlagerung von Schneeschmelze und Regen bei einer 
Anderung des regionalen Klimas stark erh6hen. 

Abstract 

The Impact of Climate Change on Snowcover and Snowmelt 
in Northern Bavaria 

The following paper deals with the prognostic simulation of the impacts 
of climate change on snowcover and winter runof f in a catchment area in 
northern Bavaria. For the simulations a DTM- and physically based 
snowcover-model has been developed and coupled with an rainfall-runoff­
model. The investigations show, that the duration of the snowcover will 
decrease and its maximum height and water contents will increase. Thi s 
may lead to higher snowmelt and rainfall depending flood events in winter 
caused b y r egional cl i matic change. 
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West fur Windverfrachtung, auf den mittleren Grauwert normierte 
Koeffizienten berechnet, die die aus der Gelandehohe berechneten 
Schneehohen aus dem ersten Bearbeitungsschritt noch modifizieren. Fur den 
Wassergehalt wird in ahnlicher Weise verfahren. 

Aus den gewonnenen raumbezogenen Wert en werden fur j edes, im 
Niederschlags-AbfluiS-Modell definiertes Teilgebiet sogenannte 
Schneedeckenparameter bestimmt, mit denen die im Teilgebietsschwerpunkt 
mit dem physikalischen Schneemodell ermittelten Schneehohen und 
Wassergehal te korrigiert werden. Diese Parameter erlauben somit die 
raumliche Extrapolation der Schneehohe und des Wassergehaltes Uber das 
gesamte Gebiet. Die raumliche Auflosung betragt entsprechend dem 
digitalen Hohenmodell ea. 28m x 28m, jeder Grauwert in Abbildung 1 
entspricht der Schneehohe fur dieses Rasterelement. 

Abb. 1: Anhand e i nes digitalen Hohenmodells raumlich 
Schneehohen (jeder Grauwert entspricht einer 
Schneehohe) 
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3. Szenarien und Modellrechnungen 

Fur die stochastischen Szenarien sind zunachst Niederschlage und 
Temperaturen generiert und als Grundlage fur die Berechnung der Abflusse 
mit einem Niederschlag-AbfluB-Modell verwendet worden. Auch wenn das 
zugrundeliegende Modell mi t Ausnahme des Schneeschmelzteiles und der 
Evapotranspiration noch immer konzeptionelle Ansatze verwendet und daher 
an den ProzeB angepaBt werden muB, so sind doch aus den statistischen Un­
tersuchungen Trends erkennbar, die Ruckschlusse auf die Sensibilitat des 
AbfluBregimes bezuglich klimatischer Veranderungen zulassen. Dabei sind 
unter anderem folgende stochastische Szenarien definiert worden: 

Szenario 3: 

Szenario 4: 

Szenario 5: 

Szenario 6: 

_ I 

::s;o<f 

Verminderung der Niederschlagssumme im Sommer um 70 mm, 
Erhohung der Niederschlagssumme im Winter um 70 mm, 
Erhohung der Niederschlaqsvariabilitat um 15%, 
Erhohung der Temperatur ~m durchschnittlich 2 K, 
Zunahme der Temperaturschwankungen um 10% 

Verminderung der Niederschlagssumme im Sommer um 70 mm, 
Erhohung der Niederschlagssumme im Winter um 120 mm, 
Erhohung der Niederschlagsvariablilitat um 15%, 
Erhohung der Temperatur um durchschnittlich 2 K, 
Zunahme der Temperaturschwankungen um 10% 

Verminderung der Niederschlagssumme im Sommer um 70 mm, 
Erhohung der Niederschlagssumme im Winter um 70 mm, 
Erhohung der Niederschlagsvariabilitat um 15%, 
Erhohung der Temperatur um durchschnittlich 2 K, 
Zunahme der Temperaturschwankungen um 15% 

Verminderung der Niederschlagssumme im Sommer um 70 mm, 
Erhohung der Niederschlagssumme im Winter um 120 mm, 
Erhohung der Niederschlagsvariabilitat um 15%, 
Erhohung der Temperatur um durchschnittlich 2 K, 
Zunahme der Temperaturschwankungen um 15% 
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Abb. 2: 

/} •.· 

Verteilungen der maximalen taglichen Schneehohen fur zwei 
Szenarien und den Istzustand (aus Simulationsrechnungen 
abgeleitet) 
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Mit den modifizierten Niederschlags- und Temperaturreihen ist das Schnee­
und das Niederschlag-AbfluS-Modell belastet worden. Statistisch 
ausgewertet wurden neben den Abflussen auch die Dauer der Schneebedeckung 
und die zugeh6rigen maximalen Schneehohen und Wassergehalte. 
Stellvertretend fur alle anderen Ergebnisse sind jeweils fur die 
Szenarien 4 und 6 sowie den Istzustand in Abbildung 2 die Verteilungen 
der maximal en Schneeh6hen aufgetragen. Die Szenarien 4 und 6 
unterscheiden sich ausschlieglich in der Zunahme der 
Temperaturschwankungen um 10 bzw. 15%. Die Schneedichte, das Verhaltnis 
von Schneeh6he und Wassergehal t, ist temperaturabhangig. Je haufiger 
tiefere Temperaturen herrschen, desto weniger verdichtet sich der Schnee. 
Dies fuhrt zusammen mit hoheren Niederschlagen zu grogeren Schneehohen 
bei gleichzeitiger Verkurzung der Dauern der Schneebedeckung. Damit 
konnen sich aber auch die Wasserabgaben aus Schneeschmelze und Regen und 
damit die maximalen tagliche Winterabflusse vergrogern (Abbildung 3) . 

Abb. 3: Verteilungen der maximalen tagliche Winterabflusse am Pegel 
Bayreuth fur zwei Szenarien und den Istzustand (aus 
Simulationsrechnungen abgeleitet) 

4. Zusammenfassung 

Es wird wohl nicht damit zu rechnen sein, dag der Boden eine Erhohung der 
Niederschlagsintensitaten auffangt. Die Abflugspitzen werden im Gegenteil 
prozentual starker zunehmen als die Maximalniederschlage , weil bei 
Wassersattigung nicht mehr in den Boden infiltriert werden kann. Dies 
gilt naturlich besonders fur den gefrorenen Boden. Im Winter kann durch 
haufigere Uberlagerungen von Schneeschmelze und Regen die Gefahr von 
Taufluten zunehmen . Somit konnen sich auch die Bemessungswerte (z.B . das 
HQ100 ) fur Einzugsgebiete in Mittelgebirgen, in denen die maggebenden 
Ereignisse durch Taufluten hervorgerufen werden, andern . Danach bemessene 
bauliche Hochwasserschutzmagnahmen mugten dann hinsichtlich ihrer 
Sicherheit im Hochwasserfall Uberpruft werden. 
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Die Arbeiten zeigen, da1S das betrachtete Einzugsgebiet, und dies ist 
sicherlich auf andere Gebiete in ahnlicher Weise ubertragbar, sensibel 
auf Anderungen im Niederschlagsdargebot und der Temperaturen reagiert, 
da beide Gr61Sen zusammen die Schneedeckenentwicklung und damit auch den 
im Tauwetterfall verfugbaren Wasservorrat in der Schneedecke ma1Sgebend 
bestimmen. Die ansonsten naheliegende Vermutung, da1S eine Erwarmung 
grundsatzlich zu einer Verminderung der Taufluten fuhren mu1S, kann somit 
nicht bestatigt werden. 
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di~ferent scenarios a~ climate changes 

Mukhin V.M. Hydrcmetcenter o~ Russia, 
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Summari: Variations in the mountain river flow under dif­
~erent meterclogical scenarios simulating probabla climate 
changes are computed. The method is based on a mathematical 
model c~ forming the mountain ~iver flow. As input data 
simulated variants of the annual cycle of meteorological 
elements are used. 

Die Modellierien des Hochwassers au~ den Bergfusses 

bei der verschi2dene Scenaria der Klima V2ra2nderungn 

Kurzfassung: Die Veraenderundgen des Ab~lusses einer I 

B<?t-g-Fusses bei vet-schi edene "meteot-olog i sche Scenar-ia" die 
wahrscheinliche Klirnaverae~derungen simulieren ist unter­
sucht. Der Methode liegt die Vereinigung des Medell der 
Schmelzab-Fluss bildiGg au-F der Berggebiete mit dem Bauen 

dei- obengenannte Seen-Ex i a ZLtg rur.de. 

Climatologists persistently study the problem of 
probable climate changes. The knolage o-F in-Fluence degree o-F 
these changes on disastrous situations on mountain rivers re­
gime is net less important. One of the most suit~ble approa­
ches to study such kind o~ impact may be a combination of r2-
liable model o-F ~low -Formation in mountains and imitation o-F 
meteorologital element time Fluctuations. Further on simula­
ted meteon::ilogical element -function~. :-: i ll be cc<.lled "meteot·o­
logical scenat-io". 

One oF the popular versions o~ climate changes is 
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its warming. The scale of warming is not definitely estimated 
yet. That is why we proceeded from a priori supposition: pre­
c ip i tat ion quantity and their characteristbCS· r-etnai n pet-mane­
nt, and air temperature changes within ~ 2 C range. Meteoro-

logical scenarios were modeled in different ways, but as the 
main scenarios, the following ones can be distinguished: 
- me~n perennial a{r temperatures of each ten days increase 
by 2-c during the whole year; 
- mean perennial ten days air temperatures only o~ the warm 
half of a year - vegetation period, increase.by 2JC (from Ap­
ril until September>; 
- on the same situation for the cold h~lf of a year from oc­
tober until march; 
- mean air temperatures decr5ase during the cold ~al~ of a 
year, and they increase by 2 C during the warm cne; 0 
- extreme air temperatures increase or decrease by 2-c <maxi­
m.al and minimal ones - during 25 years obse·rv.ation pet-iod of 
each ten days during the seasons mentioned above>. 

The study was conducted on the base c~ observation 
data in the Naryn rive; catchment. Water in-flew in the Kampa­
rata reservoir, 350 km~ catchment area, was taken as example. 

The main hydrological processes in the Naryn cat­
chment are alsc typical for many other mountain river catch­
ments, in th~ Middle Asia, where water run o~f is ~ormed mai­
nly as a result o~ seasonal snow and glacier melting with un­
essential in-Fluence o-F rain waters. The developed model was 
desc~ibed in details in literature E1,2J, that is why we 
shE~ll br-i2-fly enumer-ate the main intet-mediate pt-oblems, sol­
ved with t~e halp o-f the model: 1) pr~cipitation and air tem­
pei--at:..Te valt.1es calculation as a -fur.et ion o-F a catchment al-­
titude; 2> accumulation and sncw cover and glacier melting as 
a ~unction 9o~ a catchment and over its area; 3) calculation 
o~ water run c~f losses; 4) calculation o~ transformation c~ 
i11-flow .::;n ·?..catchment sut-Face in the down stream cross secti-
on ru~ off hydrgraph. 

Income data are the sums o~ the days precipitation 
\'alue·s and ;T;~·-3. i~ ten days a:;.r- ter.1p2t-atures at h).'damett:~or-ologi­

cal stations. Time interval of calculation is ten days 1 

height intet··;/al is -From 200 to 500 m. Tl-~e pr·ob-le:n o-F accur·~cy 

c~ calculated in~low hydrcgrphs into reservoirs during vege­
tation period and especi~lly th2 dates of flood maximum occu­
rr2nc2 and their values is i~portant one. This -Fact determi­
nes to conside~able degree the reliability o~ obtained con­
clusions while solving the given problem. The methods of= hy­
drgraphs .calculation and also the methods oF hydrcgraphs cal­
culat icn and also the methods of= short-term and long-term hy­
drological forecasts for several rivers in the middle Asia 
were develooed on the base of= the model.~The catchment areas 
of these ri~ers are from 1000 to 5000 km~. 

Comparison of= calculat2d and bb~erved water in~low 
hydrographs tc a number o~ reservoirs reveals close relation 
between them, s/0=0.2-0.5 <s - ~ean square· error, 0 - mean 
square deviation of a phenomenon). Coincidence o-F the dates, 
when maximal discharges were observed was 85-90%. Mean calcu-
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lation error a~ the maximal discharge ~alues during the vege­
tation period is 10-15/.; estimation c~ long -term ~orecast 
reliability Cs/0), depending on prediction period <from 1 to 
6 months>, changes within 0.40-0.75 range. Accuracy o~ mean 
perennial water inflow hydrograph into Kamparata reservoir 
calculation, based only on mean perennial values of precipi­
tation ~nd air temperature are characterized by the ~allowing 
parameters: calculation error of the maximal discharge o~ the 
mean perennial water in~lcw hydrograph from the observed va­
lue during vegetation period it was about 3%. The question a~ 
choosing the method o~ meteorological scenario construction 
is not less important for solving the given problem. It con­
sists of two main features: to de~ine the value of possible 
maximal precipitation and value of possible maximal precipi­
tation and to define air temperature time fluctuations. Seve­
ral methods were used for calculation of maximal possible 
precipitation. We shall adduce one oF them here: water stora­
ge in snow cover and precipitation value during vegetation 
period calculations are based on the model, using determined 
beFore For 2ach station, extreme sums oF precipitation For 
each ten days within warm and cold parts o~ a year during all 
observation period. 

Compariscns 1 made For water inflow into Toktogul 
reservoir have shown, that the maximal ten days discharge, 
depending o-F the way~ how "m.:<.~{imal possible" value of- pt-eci­
pitation was chosen~<wi~~ other equal condition>, changes 
From 3890 to 7050 m~sec •• The last value corresponds to de­
scribed above method. OF cause, the ·probability that precipi­
tation ~-~i 11 occu:-· du;-- i ng ~:w.ch t<:::-1 days all thr-ough the ~'ihole 

year at the same time over the whole catchment, with precipi­
tation sums equal to extreme ones is very low. But there is 
no evidence o~ the ~act, that it is absolutely i~possible. 

Th2 analysis o·F calculatic:n of :-;.ater- in·flow hydr--­
graphs into Toktogul reservoir [2] has shown, that time dis­
tributions o~ precipitation and air temperature have the most 
considerable in~luence on the flood maximal discharge forma­
tion at the same equal conditions. The largest values are in 
the situation when maximal possible duration o~ the cold pe­
riod is followed by extremely warm period. Successive mode-
1 ing o~ these period durations made it possible to reveal de­
~inite time intervals ~or several reservoirs. The cold period 
appeared to be 24 ten days (~rom the ~irst ten days o~ Octo­
ber until the third ten days of May - l=i-24), and the warm 
period - 12 ten days - ~rem the ~irst ten days o~ June until 
the 2nd of- SE·pten~oer- - i=25-36j ( i - a numbet- :j-f ten days pe­
riod, beginning from the First ten days of October>. the stu­
dy ofF value oF the mountain rive~s and maximal discharges 
formation included First of al~ calculation of hydrogrph 
based on meteorological scenario, when mean perennial air 
temperature during each ten days (~ram October of the previ­
o8s year until September of the following one> increased by 
2 C, and the value of precipitation was assumed to be equal 
to mean perennial one in each ten days. The results oF calcu­
lation have shown the following (~ig. 1,a,b): the values of 
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maximal (Q > and mean CQ ) water discharges during vege-max veg 
tation period decreased comparing ~ith thus mean perennial 
values, but to a differ3nt ~~tent: if ~he first one decreased 
by 18% (Q from 770 m sec to 650 m sec >,the second one 

max_ 3 -1 3 -1 
only by 6% (Q from 430 m sec to 410 m sec .Climate veg 
"warming" or "cooling of only winter by 2°c as on Qmax value, 

value had not essential inrluence. and also on Q veg 
Climate "warming II of snly spring-summer period 

(from April until September) by 2 leads also to reduction of 
the main run off characteristics, what is determined by de­
crease of snow cover storage in the mean altitude zones in 
April-May and run off redistribution in time. Including in 
meteorclo~ical scenarios of maximal air temperatures, incre­
ased by 2-c during the whole year led to more reduction of 
the values of maximal discharges and the volume of ryn cff 
during vegetation period: Q • became equal to 500 mJsec , _ 

1 
max 

· -..,.. - 300 m·.::'sec- (-fig. 1,c>. Thus climate "wat·ming" 
veg 

that can be charact~~i=ed by increase of mean and maximal ten 
days temperatures during the whole year <at other equal con­
ditions> must lead to reduction of maximal discharges and run 
o~f volume oF the mountain rivers during vegetation period. 

Uneven distribution of temperature within the sea­
sons (at mean values o-f perennial precipitation> abruptly 
changes the picture of run off formation. For example~ meteo­
rological Rcenario~ co~structed taking into consideration tbe 

hypotheses aboLt·t climate "cooling" -F~·om octobet- until May <t£ 
() 

-2- C, where i= 1-24 ten days) and "wanni :-1g 11 +r-om .. June unt i 1 
-0 () • . 

SepteLlber <ti +2-c, ~here t=25-36 ten days) led to noticeable 
....,.. i 

increase oF maximal discharge value from 770 to 1025 m~sec-~ 
(by 33%). The mean value of d~sch!ige during vegetation peri-
od incre.=..sed +:r-om 430 to480 m·-'se:-c (by 10/.) (fig. 1, d). The 
scenaxio thc<.t includes n~duction on obs2n1efi minim<:!.l c:.il:·- te;n-
per~.tL:r2s dui--ing the cold pe~-iod <t 0 . i -2_1C, when t=l-24 

m1 n. <. 

ten days>. and increase o~ observed ma~imal temperatures du-
. . . 0 i) • ~· • ' • 

r-1ng wa.rm pet-1od <t . t. +2 C, when t=25-. .:,o Ten aays1 nas 
m1n~ 

shown ~hat ~aximal discharge value 2quals in this case to 
1800 m0sec-L (it is 2.5 times as much as mean perennial dis­
charge~and at that time mean discharge ~uri~g vegetati9n pe­
rio~1 increased only by 30% - ~rom 430 m~sec ... to 550 mJ 
sec ... ) (-fig • 1 , e) • 

A~ter the values of maximum possible ten days pre­
c i~ !.tat ion had been included in metecn-ological scenario 
ex·:.:~:>' calculated on the b~se o-f desct-ibed above methods, 

111<...1.1 .. 

abrupt increase o~ run o~~ volume during vegetation period 
cccurred. For example a~ter increase o~ observed, maximAl air 
temperatur~ in each ten days during the whole year by 2~C 
( '-

0 ~ - r h t. · • ~6 · d ) ,_ '- d · ..... -Q ·- / +..::. ~ . ~·~:en =i.- . .::. i::en .avs • •_1 ;2 mean 1sc11at·ne max, <. • • • -:. veg 
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.,) -1 
became equal to 1170 ~ sec , 0 and its value at the most un~a-
vorable conditions <t . / -2 C,where i=l-24 ten days and min, 1. 

t o +?OC· h 
max,i - ! were 

~ = 2200m~ sec-1 
veg 

!=25-36 ten days reached 

(~ig.1,fl, 

r~mai~f ng in all other types o~ scenarios within 1900-2200 
m~sec range. The values o~ in~low water volumes into Kampa­
rata reservoir corresponding to those adduced above, are able 
to create disastrous situation, i~ the necessary measures 
have not been made be~ore. Forecasting methods, described in 
(3) allow to predict probability o~ such disastrous situation 
in a particular year. 

Changes o~ temperature characteristics have much 
more in~luence on the values o~ maximal dis~harges. 0Thus 
4sing the ~irst scenario discussed above <tu ~ i +2-c, when . maA, ~ _

1 i=1-36ten days), Q _" appeared to be about 2000 m ... 'sec , and 
ffid ....... 

using the ~cenario including the most un~avorablR conditions 
ct 0

• / -2-c, when i=1-24 ten days and t
0 

.. / +2-C,when 
m ... n, 1. ma,.., 1. 

i=25-~6 t~~ days> the maximal discharge reaches nearly 
7000m~sec • i~ the last situation will happen, it will cre­
ate conditions ~or inevitable catastroph~(~ig.1,g>. 
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ABSTRACT 

This paper focuses on the assessment of possible impacts of 
present and future climatic variability on riverflow 
characteristics and consequently on water supply from chosen 
reservoirs in the Czech Republic. Hydrological inputs are 
represented by hypothetical scenarios constructed on the 
basis of a statistical-hydrological analysis of 
instrumentally observed air temperature and riverflow time 
series. Results of the investigation indicate a risk of 
possible negative consequences of climatic change on future 
water reservoir management. Hence new approaches to water 
reservoir operation in real time are discussed. 

BEWERTUNG DER FOLGEN DER KLIMATISCHEN VERANDERUNGEN AUF DIE 
AUSNUTZUNG DER WASSERRESOURCEN 

ZUSAMMENFASSUNG 

In dem Beitrag werden die Folgen der heutigen und 
zukunftigen klimatischen Variabilitat auf die rnit der 
Wasserversorgung verbundenen Durchflusscharakteristiken 
einiger Reservoiren in der Tschechischen Republik 
diskutiert. Die hydrologischen Eingaben fur die Auswertung 
sind mittels hypothetischer Szenarien representiert. Diese 
wurden auf der Basis einer statistisch-hydrologischen 
Analyse der historischen Temperatur- und 
Durchflusszeitreihen zusammengesetzt . Die Ergebnisse machen 
die moglichen Riziken der negativen EinfluBe der 
klimatischen Veranderungen auf das Wirtschaften mit Wasser 
sichtbar. Aus diesem Grund werden in dem Bei trag auch die 
neuen Methoden fur die Regelung der Reservoiren in realer 
Zei t diskutiert. 
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1 . INTRODUCTION 

Stationariness of physical processes is often 
assumed concerning problems of water reservoir planning and 
operation. Studies are usually based on the assumption of 
stationariness of hydrological conditions represented 
by short-term instrumental riverflow series. This assumption 
makes solution easier, but is it justifiable? 

Following the problem from the geological period point of 
view there are certain clear long-term climatic and 
hydrological periodical fluctuations. However, taking into 
account water reservoir lifetime, these periodical 
fluctuations represent rising or falling parts of the 
long-term periods in which allowances should be made for 
water reservoir planning and operation (Fig.1). 
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Furthermore, stationariness of hydrological processes can 
also be discussed from the point of view of an increase in 
the concentration of greenhouse gases in the atmosphere 
correlated with an increase in global mean temperature. 
Changes in global and regional climatic conditions, whether 
linked to anthropogenic forcing or through natural 
variability, can lead to a wide range of hydrological 
impacts. 
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In the Czech Republic water reservoirs are the main sources 
of drinking water, and trustworthy hydrological information 
for their future planning and operation is required. For 
that reason sensitivity of water reservoirs to changes in 
hydrological conditions has been evaluated and possibilities 
for mitigation of negative impacts on water supply have been 
investigated. 

Hydrological inputs were simulated through hypothetical 
scenarios taking into account both long-term variability of 
hydrological processes and influence of global warming on 
riverflow regimes. Impacts of direct human activities in 
river basins (urbanization, changes in land use, etc.) have 
not been taken into account. 

2. SCENARIOS OF CHANGES IN RIVERFLOW REGIMES 

Hypothetical scenarios were constructed for target 
quasi-stationary hydrological conditions at the beginning of 
the 21st century due to the absence of a tight-fitting 
prediction of the development of hydrological conditions. 
Use was made of statistical-hydrological analysis of 
historical air temperature and riverflow series. Regarding 
the aforementioned long-term periodocity of mean annual 
flows, 70-year historical time series were analysed in 7 
Czech and Moravian catchments. Moreover the 140-year flow 
series in Decin, on the river Elbe, Czech Republic , was 
investigated and, in addition historical riverflow series in 
Orsova on the Danube, Smalininkai on the Neman and 
Locmanska Kamjanka on the Dnepr were also compared. On the 
basis of this analysis long-term, more than 100-year 
periodicity of mean annual flows was hypothesized. 
Consequently interval estimation of future statistical 
characteristics of mean annual flow series was carried out 
following the characteristics of the critical dry period in 
the middle of the last century. Changes in mean flows 
represent a decrease of 6 16 % in comparison with an 
instrumentally observed period reflecting so called 
"stationary" hydrological conditions. 

With respect to global warming, estimating the impact on 
mean annual riverflows is still difficult and is affected by 
regional conditions. More hopeful results were obtained for 
the streamflow distribution within a year. In this case 
correlation between air temperatures and discharges is 
significant, particularly in winter and spring months 
[e.g.1,2,3,4,5). Therefore the problem was investigated on 
the assumption that the changes in mean annual flows caused 
by global warming have the same character as long-term 
variability and only the changes in seasonal distribution of 
flows were taken into account. 

Seasonal timing scenarios have flowed from the analysis of 
the warm reference period 1943-1952. In this decade the mean 
air temperature went up sharply by nearly 1°C and the 
decrease in the mean flow was of 6 - 19 % in comparison with 
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the long-term discharge in the instrumentally observed 
period. Fig.2 shows 5 types of scenarios of monthly flow 
distribution and distribution reflecting stationary 
conditions in 1921-1988 . 

Fig . 2 Types of hypothetical 
scenarios of mean 
flow distribution 
within a year 

Abb.2 Typen der hypothe­
tischen Szenarien der 
Verteilung der Monats­
mi tteldurchflusse 

3. IMPACT OF HYDROLOGICAL CHANGES ON RESERVOIR STORAGE 
CAPACITY 

The sensitivity of the yield-storage relationship to a 
change in climate was tested. The solution to th i s problem 
involves both the influence of long-term variability of 
flows and the impact of changes in seasonal distribution on 
direct supply reservoirs. Synthetic 900-year series of mean 
monthly flows were generated for stationary and 
quasi - stationary (predicted) hydrological conditions making 
use of the statistical characteristics of observed 
historical flow series and historical scenarios . Some of the 
results are presented in Fig.3 and Tab.1. 
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Fig.3. shows a family of lines relating a target release 
from the direct supply reservoir and a storage capacity for 
the instrumentally observed period reflecting stationary 
conditions and for the predicted hydrological conditions at 
the beginning of the next century. Three reservoir sites are 
demonstrated. It is assumed that the reliability of water 
delivery is 100 % during the analysed period. 

In Table 1 percentage differences between reservoir storage 
capacities in predicted and stationary conditions are 
mentioned. Particular values of the target release Op 
correspond to the level of regulation of mean flow in 
stationary conditions (from 10 % to 90 %). 

Tab.1 Reservoir storage change !:Nz due to hydrological 
regime changes relating to target release 0 in % p 

Tab.1 Die durch die Veranderung des hydrologischen Regimes 
verursachte Veranderung des Reservoirspeicherraurnes 
t:Nz fur den garantierten Durchf luss Op - in % 

Dec in Bilovice Krornef'i z 

Op tiVz Op fiVz Op tiVz 
[m3s-1 J {%] [m 3s- 1J [%] [m3s-1 J [%] 

26.52 -59 +894 0.48 0 4.59 +2 +32 
53.03 +36 +259 0.96 -72 -53 9 .18 +2 +27 
79.55 -1 190 1.44 -38 -20 13.78 -23 +8 

106.06 +58 +190 1. 92 -26 0 18.37 -20 +26 
132.58 +13 +91 2.40 -27 +18 22.96 -2 +42 
159.09 +5 +53 2.88 +3 +60 27.55 -5 +30 
185.61 +1 +37 3.36 +42 +81 32.14 -4 +11 
212. 12 +24 +68 3.85 +20 +41 36.74 +10 +23 
238.64 +52 +87 4.33 +39 +49 41.33 +38 +75 

The results clearly vary over a wide range. Differences 
range, in average, from -40 to +80 % . However a certain 
pattern has appeared. Even though the results of the 
investigation of a small number of reservoirs are not 
representative, most of those reservoirs with an over-year 
working cycle, i.e. where the target release is more than 
50-60 % of long-term mean flow, signal increase in effective 
storages and negative consequences on water supply under 
changing hydrological conditions. The impact on reservoirs 
with a seasonal working cycle is not unambiguous . If the 
storage capacity of a reservoir benefits from the 
hydrological changes, then increased target release could 
cover a rise in water demand or improve the environment 
downstream from the reservoir. In other cases, there is a 
question how insufficient supply yields should be covered. 
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4. WATER RESOURCE SYSTEM OPERATION UNDER CHANGING CLIMATE 

To mitigate possible unfavourable consequences of climatic 
changes several courses of action might be taken, 
eg.building new water resources, using economic stimuli to 
reduce demand for water, developing modern technologies of 
water resource operation in real time. Taking into account 
existing uncertainties in hydrological predictions the two 
latter approaches seem to be adequate for Czech conditions. 

For this reason, in the framework of this research project, 
one of the methods of water reservoir operation in real time 
was tested to reveal its ability to reduce failures in 
reservoir function caused by changes in hydrological inputs. 
Although only a limited number of hydrological situation was 
investigated the results have proved that a method based on 
the principle of adaptability [6] could be successful in 
solving water supply problems in the near future. For this 
reason subsequent investigation should also be focused on 
other water resource system operation methods to test their 
capability in the wide range of possible hydrological 
impacts of climatic change . However a qualified prediction 
of hydrological inputs should have been made regarding 
interval estimation of future statistical characteristics of 
riverflows instead of a search for representative recurrent 
intervals, which is not reasonable in non-stationar,y 
conditions . 
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ABSTRACT: New methods of hydrological computations are 
proposed fort-he conditions of the present climate change 
and man's impact on watersheds and in river channels. 
These methods include: selection of dynamic characteristics, 
mathematical modelling of long-term time series, hydro­
logical computations of heterogeneous time series in case 
of different information available on hydrological data 
and hydrological factors, as well as evaluation of the 
possibility of a super-long-range forecasts. Some a case 
studies are given. 

METHODOLOGEN FUR DIE HYDROLOGISCHEN BERECHNUNGEN UND SUPER­
LANGE VORHERSAGEN FUR DIE VORAUSSETZUNGEN DER ANDERUNGEN 

DEN ZEITGEMASSIGEN KLIMA UND DER EINFLUSS DEN MENSCH 

AUFZEICHNUNG: Die neuen Hethoden sind flir die hydrologischen 
Berechnungen fur die Voraussetzungen der Anderungen den 
zeitgemassigen Klima und der Einfluss den Mensch auf 
Abflussgebiet und ins Strombett vorgelegten. Diese Methoden 
aufnehmen die Wahl der dynamischen Charakteristic, die 
mathematischen Modellierungen den Zeit-lange Serien, die 
hydrologischen Berechnungen den verschiedenartig Zeitserien 
bei Vorhandensein von verschiedanen Information auf hydro­
logischen Oaten und hydrologischen Faktoren, und auch die 
Bewertung der Moglichkeit der super-lange Vorhersagen. 
Einigen Beispielen sind angefuhrten. 
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MAIN FEATURES OF HYDROLOGICAL PROCESSES 
A main feature of hydrological computations in modern 

period is an increase of anthropogenic impact on all 
generalized parameters using in the computer process and as 
a result, they become non-stationary. Non-stationarity and 
non-homogeneity of historical fluctuations are proved in 
many investigations, even in those, which are based on 
statistical methods. For example, maximum index of nonhomo­
geneity for regions of European part of Russia is 50-70% and 
mean value of index is fluctuating from 15 to 35% for 
different regions, for Danube basin maximum index is 47%, 
mean value is 21%.Therefore there is a contradiction between 
existent methods of runoff description in the form of a 
distribution functions or generalized parameters, which are 
transfered from present to future, and changing external 
conditions (anthropogenic climate change and impact of man's 
activity factors) as well as demands of a practice for using 
the dynamic properties of river runoff such as: series and 
periods of water raising and water decreasing, an extra­
ordinary events, etc. 

Another contradiction takes place in modern hydro­
logical computations between conceptions of computations and 
super-long range forecasts. Methods for hydrological 
computations are based on the concept of a random auto­
correlation sample, while the methods of super-long-range 
forecasts are based on the deterministic and 
deterministic-stochastic laws of long-term runoff series 
dependent on time. At the same time, the hydrological 
computation is a probabilistic forecast of extreme events 
appearance in given time interval in the future ( return 
period ). Furthermore, hydrological computations and 
forecasts are based on the same information, therefore they 
have to use the same model of the time series. 

METHODOLOGY 
New methodology in hydrology allows to consider a 

runoff as a dynamic multi-components system. It's based on 
two main properties of natural processes: cyclicity and 
compositionality. 

1. The cyclicity is a sequence time series of phases of 
raising and decreasing of water with different periods: 

Yi < Yi+l < ... < Ym > Ym+l > ... >Y m+k < Ym+k+l < (1) 

where m - period of water raising, k -period of water 
decreasing, m+k - period of the cycle. 

The cyclic nature and repeatability of earthly 
processes are related with the rotational movement inherent 
to all objects in the Universe ( the Galaxy, the Solar 
system, the Earth, the atmosphere , etc.). Periodicity (the 
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constancy of cycle periods in time of the dynamics of 
space objects is refracted to the cyclicity and rhythmic 
(non-constancy of cycle periods in time) for hydrometeorolo­
gical processes on the Earth. Another reason of cyclicity is 
a property of inertia and entropy of the system, when after 
an influence of external factor, the system speeds in former 
state with minimum of internal energy. 

2. The second basic property of complex natural 
processes, and runoff too, is a composite nature of their 
structure, that is conditioned by influence of different 
scales factors, forming the runoff process as a whole. 

In modern conditions considered historical time series 
of runoff may consist of three components at least, such as: 
natural component, the component that connected with direct 
man's activity and the component connected with climate 
change. 

SCHEME OF RUNOFF COMPUTATIONS-FORECASTS AND METHODS 
Offering scheme of hydrological computations and 

forecasts for conditions of the climate change and human 
activity is shown on the figure: 

No 
Is it historical time­
series? 

Syntresis or reduction of 
st-ort time-series 

Yes 
Yes 

Is it the process 
t-omogeneous? 

Metrods of cD'Tlr;utations are based 
en the staticnarity conditions 

No 

Is it information abo..Jt Mett-ods of the decO'Tlposition 
factors of ncnh:rnoqeneity Yes are based on the models of 
(t-uman activity, climate 1------the runoff formation 
change, etc.) available? (deterministic models) 

No 

Statistical (indirect) mett-ods of the decD'Tlposition 

Formaticn of the models of time-series for every hcxrogeneous 
constituents (deterministic, statistical or deterministic­
statistical structure) 

Expert estimation or forecast of non­
staticnari ty constituents for lcng period 
in future (period of water construction) 

Forecast for 
period of water 
project 

Composition of probability distrib...Jtions (for stationarity 
ccnstituents) and addition of the forecasting values 
(for nonstationarity constituents) 

Comr;utaticns of quantiles for water projects 
(return period - is a period of water 
construction existence) 
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The particular cycle of the methods are used on every 
stage of the application . So there are very many methods, 
we'll give a short setting and main their ideas only. The 
following methods are applied in conformity with stages 
of the algorithm. 

1. For filling of data absence and for reduction of 
time series are applied methods, based on the methodology of 
space relationship for hydrological historical data as the 
meteorological processes, generalised for long period, are 
homogeneous over large area. Methods of data reconstruction 
are based on the regressional relationships with more longer 
historical time series at analogue-sites ( long-term synch­
ronous), based on the relationships with analogues for 
particular years (yearly synchronous) and based on methods 
of synthesis (models of runoff formation, methods of the 
regional analysis, etc) if data are absent at all. 

2. Complex of the statistical methods and methods of 
runoff genesis are applied depending on the informational 
availability. The methods of runoff genesis _have more 
priority, than statistical ones. Statistical methods include 
in themselfs a different mathematical criteria, corrected 
for the peculiarities of hydrological information and 
methods of complex process estimation are based on signal/ 
noise ratio, value of the trend-component in time series and 
on verification of the justifiability of generalized 
parameters.In fact all methods give a qualitative conclusion 
only, but we do not know how many different-scale quasi­
homogeneous components represent the time series. 

3. Decomposition of the complex process, if we have an 
information about factors of non-homogeneity (climate 
change, human activity, etc.) over the historical period, is 
based on . the building of the runoff formation models of 
balance structure and their coefficients are determined by 
LSM (least square method). 

4. There are many situations, as a rule, when 
information about factors of non-homogeneity is absent for 
historical period, but is known we have a compositional 
process and have to do a decompositon. The existing 
decomposition methods (spectral and correlation analysis, 
different methods of smothing, etc) have a great 
restrictions to the kind of the cycles function and their 
parameters. Hence, there have been developed a new 
decomposition methods such as: a truncation method and 
met hod of the poli-linear decomposition, which assume a 
priori only the assembly of the composition structure 
according to superposition principle. It means, that any 
interaction of two adjacent scales is reflected in the 
coefficients of the additive structure. The algorithm of the 
truncation method is given in [1] and of poli-linear decom­
position in other our paper in those proceedings. 
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5 . There are two ways to make a model of a process or an 
event. In the first case the model structure is specified a 
priori from theoretical assumptions and coefficients are 
determined from experimental data. Despite of the merits 
available, this approach may lead to great errors if the 
specified model structure does not correspond to a reality. 
The other approach, which we use, is based on the 
methodology of the theory of an experiment and it is based 
on the fact that both the model structure and model coeff i­
cients are determined only from the properties of the data 
observed. The model is made according to the principle of 
a successive sophistication at the transfer from simple 
one-factor dependences under homogeneous conditions to 
multi-factor and composite structures. Finally, the 
empirical analysis results in the determined laws of 
informative factors in time and, depending on the obtained 
results, a deterministic part of the model is formed ( if 
factors depend on time) or statistic one ( if no dependences 
on time are established). During the final stage, all the 
parts of the model with the account of informative indices 
interaction, are combined into one model. 

6. The prediction is possible if: there is a dependens 
of cycle characteristics upon time or the process is 
compositional ( with different scales). If even the first 
requirement is not met, mean trends may be applied to 
predict large-scale components of the compositional process, 
which also makes the general uncertainty lower. The main 
postulate of this approach is: a large-scale process (or 
processes) originating today, cannot be over tomorrow. The 
main criterion of possibility and efficiency of forecasting 
is the correct verification of forecasts results. 

7. Probability or return period (pt) in hydrological 
computations is interpreted as period of water project. For 
traditional way, hydrological computations in changing 
natural conditions are based on the following equation: 

k 
Ypt= f (E( Pi )) + Ycl I t=pt + Yhu /t=tp , 2 ) 

i=l 

where f(E( Pi)) a composition of distributions of k 
stoshastic components; 

Ycl - forecast of runoff component, connected with 
climate change on period pt-years in future; 

Yhu - forecast of runoff component, connected with 
human activaty on period pt-years in future; 

Ypt - computed hydrological value for pt-return period. 

CASE STUDIES 
Historical time series of annual runoff have been 

considered for 25 sites in Danube basin, including 21 sites 
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on Danube river and 4 sites on its main tributaries : Tisza, 
Sava and Morava for 1941-1991 and for one long time series 
from 1840 for site Orsova. The truncation method was used to 
separate a compositional processes of annual runoff into ho­
mogeneous components for every site with error of process is 
5% and two simple homogeneous components were determined for 
every case. Analysis of characteristics of the cycles, such 
as period of cycle (T), length of phase of raise ( Tup ) and 
fall (Td), mean speed of raise (Vup) and fall (Vd), volume 
of runoff of the cycle (W) and amplitude of cycle (A) was 
realized and results are shown in table for mean indexes of 
first (small) scale process: 

I 
Site 

! I Regensburg 
HoHirehen 
Linz 
Stein-Kreis 
~ien 

I Bratislava 
Hagy1aros 
Orsova 
Novo Selo 
LOI 

Svislov 

I
I ~! ~~:~~: 

Tuleea 
Si::harding 
Szeged 
Sreaska M. 
Orsova 

!Period 
(years) 

61 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
47 

149 

T (years) Tup (years) Td(years) Nu1ber of j 
tean aax tin tean aax tin 1ean tax tin eye l es I 

i 

9 2 
5 2 
B 2 
8 3 
8 3 
6 2 
b 2 
7 2 
7 2 
7 2 
7 2 
7 2 
i 2 
7 2 
b 2 
8 2 
B 2 
i 2 I

I ~ 
3 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

4 
4 
4 
4 
4 
4 
4 
4 
3 
4 
5 
4 

1 2 
1 2 
1 2 
1 2 
1 2 
1 2 
1 2 
1 1 
1 1 
1 I 1 
1 I 1 

~ I ~ 
1 1 
1 1 
1 2 
1 1 
1 1 

4 
4 
4 
5 
5 
5 
4 
3 
3 
3 

3 
3 
5 
4 
3 
4 

1 

~ I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 I 
1 I 
i I 

nl I 11 
10 
9 
9 

11 
12 
12 
12 
12 
12 
13 
12 
12 
11 
12 
12 
40 

The results of super-long forecasting of indexes of the 
last cycle when the last year before forecast ( Tbeg ): 1986 
and 1988 are following: 

Tbeg 
1986 
1906 
Real 

i 
4-6 
3-5 
4 

sign Tup sign Td sign A sign Vup sign Vd sign 
1-2 (I + 2-4 + (i 500-100(! + 500-1200 + 200-400 + 

2-4 + 700-100(! + 780 20CHO(l + 
BOO 780 287 

sign 
800-2000 + 

150(1-2000 + 
1740 

The forecast on 1987 when Tbeg=l986 is R=3050-2250 m3/s 
with errors: +8,2% and -20,2%. 

Lobanov V.A. Interpretation of stochastic concept in hydro­
logy and Hydraulics.Proceedings of the Sixth IAHP Symposium 
on Stochastic Hydraulics, Taipei, 1992, p.655-662. 
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Abstract A complex model with modular structure used in operational 
forecasting was utilized in the simulation of possible climat e change 
scenarios. The core of the model is the GAPI rainfall-runoff model extended 
with a snowmelt module . In the first attempt flow conditions of River Danube 
at Nagymaros station were analyzed in connection with the changing of daily 
temperatures in the drainage basin, with a special emphasis on snowmel t 
induced runoff. Three scenarios for the daily temperatures had been 
investigated : observed, + 1 °c and + 3 °c temperature rise . The second 
at tempt was carried out for R.aba river at Szentgot thard, where observed 
temperature and precipitation series were replaced by an analog representing 
warmer and drier climate. The analysis of results had shown that the rise of 
temperature is followed by increasing peak discharge for the first flood wave 
in the spring - summer period, while consecutive flood waves pass on the 
river with decreasing peak discharges. 

Kurzfassung Ein bei der operativen Vorhersage genutztes komplexes Modell mit 
Modul-Struktur wurde filr die Simulation mogl icher Kl imaanderungs-Szenarios 
verwendet. Den Kern des Modells bildet das mit einem Schneeschmelze-Modul 
erganzte Niederschlags-AbfluBmodell GAPI. Im ersten Schritt wurden die 
AbfluBverhaltnisse der Donau am Pegel Nagymaros im Zusammenhang mit den 
veranderten Tagestemperaturen des Einzugsgebietes, unter besonderer 
Berlicksichtigung des durch die Schneeschmelze aus&elOsten Abfusses, unter 
Annahme einer Temperaturerhohung um jeweils 0 °C, 1 C, 3 °C, analysiert . Der 
zweite Schritt wurde fur den Raab-Pegel Szentgotthard durchgeflihrt , wobei die 
beobachteten Temperatur- und Niederschlagsreihen mit analogen Reihen ersetzt 
wurden, die flir ein warmeres und trockneres Klima kennzeichnend waren. Eine 
Analyse der Ergebnisse ergab, daB wahrend bei der ersten Hochwasserwelle im 
Frlijahr oder Sommer eine Verscharfung des Spitzenabflusses eintritt, d i e 
spateren Hochwasserwellen mit abnehmenden Spitzenwerten abflieBen wlirden . 
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1 . INTRODUCTION 

Most of the attempts to investigate the impact of climate variation on flow 
regime are based on statistical relationships between meteorological and 
hydrological elements. A good example for the territory of Hungary was given 
by Novaky ( 1989). As the interest towards the analyzis of consequences of 
changing climat had grown, the usefulness of more complex catchment models 
soon became evident (Lettenmeier et al., 1989) . The present work follows that 
second track and utilizes a complex model with modular structure used in 
operational forecasting at the National Hydrological Forecasting Service 
( NHFS), Hydrological Institute , VITUKI. Beside the evident convenience of 
readi 1 y avai 1 able soft ware and easy access to operational data base the 
choice of the model was proved by a number of intercomparison studies (WHO, 
1991; Harkanyi & Balint, 1985). Two types of approaches were made to test the 
applicability of the given modelling system for the investigation of 
hydrological consequences of climate variation. The first attempt was carried 
out in the form of a sensitivity study, where the observed temperature 
series, input for the model, were replaced by series, where each value had 
been raised by 1 and 3 centigrade, consequently . Results of these artificial 
temperature "scenarios" with observed precipitation series as they modified 
model output, i . e. flow of River · Danube at Nagymaros station. The second 
attempt was carried out for the Upper- Raba/Raab river drainage basin upstream 
of Szentgotthard station. The observed temperature and precipitation series 
were replaced by an analog , observations at Baja meteorological station, 
representing warmer and drier conditions, close to the estimated 2C0

2 
climate 

(Mika, 1990). 

2. DESCRIPTION OF THE APPLIED MODEL 

A computer based operational runoff forecasting system at NHFS was first 
introduced i n the early eighties (Szollosi-Nagy et al. ,1986) . The complexity 
of the system was limited by the capacity of the available computers . 
Recently the the previous model has been extended by a snowmelt module 
(Gauzer, 1990) and the complexity of the system has been raised. 

- ·r 

The system has a modular structure to describe the different hydrological 
processes of the catchment . The general set-up of the system used for climate 
change impact study is shown in Fig. 1. The operational forecasting version 
includes a module, to utilize quantitative precipitation forecast issued by 
the Hungarian Meteorological Service and a final stochastic corrector module 
which are not reported here. 

Each module obviously is somehow physically based. Inherent uncertainties 
associated with any model are partly handled in the forecasting procedure. 
These uncertainties originate from: 

- limitations in selecting the numbers and types of modules; 
- imperfect model structure; 
- observational errors; 
- approximation of distributed variables by lumped variables; 
- inefficiency and bias in parameter estimations; 
- sampling variations, etc. 

In simulation mode there is no way to correct them, however part of the 
errors are compensated on the long run with averiging. 
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Modeling of Snow Accumulation 

and Ablation Processes 

I 
Runoff Simulation by 

GAP! Rainfall-Runoff Model 

I 
Downstream River Flow 

Routing 

Fig. 1. Modular set up of the mode 11 i ng system 

2.1. THE SNO'WMELT PART OF THE MODEL 

The first module of the system optionally consists a degree-day type and an 
extended, more complex swowmel t model. In the cold period of the year the 
values of effective precipitation - appearing on the ground surface in the 
form of liquid water - are calculated by the given module. (Gauzer, 1991) 

M = ( C -C ) ( T - T ) 
0 p 0 

where : 

- M - snowmelt [mm] 

- C - degree-day melt factor [mm/°C] 

- CP - correction factor for taking into account the effect of 

precipitation falling during the melt 

- T - air temperature [°C] 

0 
threshold value of the air temperature [°C] T 

(1) 

If additional data types are available (cloudiness, wind speed, dew-point, 
etc . ) the snowmelt process is calculated by computing of energy-budget of 
the snowcover. 

(2) 
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where: 

- Ae - changing of the energy of the snowcover 

- E - absorbed short wave radiation 
SW 

- E
1

w - net long wave radiation 

- E
1 

- latent energy flux (condensation or evaporation) 

- E - sensible heat flux 
s 

- E - contribution of energy from precipitation 
p 

- E - energy flux from the ground 
9 

- factor for correction of observed solid precipitation values; 

2.2. THE "GAPI" RAINFALL RUNOFF HODEL 

The second module of the developed forecasting system is a rainfall-runoff 
model "GAPI" (Bartha & Harkanyi, 1985). Its name indicates the type of 
moisture accounting procedure used in the model, which is an implicit one and 
based upon the Antecedent Precipitation Index (API) The runoff conditions are 
related in the GAP! model to the exceedance probability of the current API 
which distribution is assumed to be Gamma. The GAP! model itself consists of 
two modules: 

Module 1. estimates the rainfall losses and separates surface, 
subsurface and basic runoff 

Module 2. performs the routing of surface, subsurface and basic flow, 
while taking into account the effect of surface and 
underground storage capacity 

For a given period part of rainfall forming surface and subsurface runoff can 
be expressed through volumetric runoff coefficient 

l=T+t 

L QI- MQ 
0 

1=1+t 

a: 
l=T 

I pi 
1=1 

where : 

- a - volumetric runoff coefficient 

- Q - baseflow rate 
0 

- t - time lag of runoff to rainfall 

- T - period of rainfall and runoff integration 

- Q - discharge at the downstream river station 

- P - prec i pitation 

For the sake of simplicity in operational models baseflow rate ( Q ) is taken 
0 

as unchanged and estimated using data of lowflow season, whi l e in simulation 
mode a simple relationship between annual precipitation and annual low flo w 
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is applied. The rate of effective rainfall largely depends on seasonal 
changes of catchment humidity conditions, i . e . indirectly on characteristics 
of antecedent effective rainfall. The GAPI model applies an exponential form 
of antecedent precipitation index such as: 

t=N 

API = \ P e -ta 
1 l 1-t 

t=O 

where N is the length of API window i. e. the period within API reaches a 
value 0.05 or less. 

The API is calculated on the basis of effective rainfall value. Using the 
results of some earlier studies instead of seeking a direct relationship 
between the volume of surface runoff and API, the ratio of surface runoff is 
expressed through the probability of API. The distribution of API of 
different length was investigated on more than ten river basins and the 
results showed that the following form served with the most suitable 
expression for the density function 

f (API) 
k 

f(k) 

-AA.PI 
e 

Assuming that there is dependence of effective catchment area on the 
probability of API, the ratio of surface runoff can be estimated if the 
probability of API is known. 

A = f[ P(API )] 
f' 1 1 

and the interflow ratio 

A 1-A 
a, 1 f, 1 

That is Modul 1. separates the total volume of runoff into three parts 

Surface flow 

u u A a 
1,t tf,lt 

Interflow 
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Baseflow 

u = Q = canst. = Q 
3, t o min. 

After the determination of surface, subsurface and baseflow volumes for each 
time sequence ~t the routing of these volumes follows as it effected by the 
surface and subsurface storage capacities. This operation is performed by 
Modul 2. which consists of two parallel cascades. The first cascade with 
parameters (n

1
, KJ routes surf'ace flow and the second with parameters (n

2
, KJ 

routes subsurface (inter) flow. The baseflow is kept constant. The routing 
procedure is similar to the one is used in channel routing and in details 
described in the next chapter. Model GAPI produces the resulting flow 
(discharge rate for downstream station) for each discrete time step as the 
sum of the routed values of surface, subsurface and base flow. 

2.3. ROUTING MODULE (DLCM) 

The developed models for on-line (Real-time) operational hydrological 
forecasting models are usually based upon some simplifications of the 
Saint-Venant equations was given by Kalinyin and Milyukov (1958) who 
introduced the notion of "characteristics reach". The "characteristics reach" 
technique replaces the equation of moments by a linear relationship between 
channel storage and outflow from the "characteristics reach". The solution is 
formally identical with that of the Nash-cascade ( 1957) used for 
rainfall/runoff modeling. Both · continuous models are linear lumped 
time-invariant representations and can uniquely be described by the state 
and output equations. 

The continuous model cannot be directly applied in practice since measurement 
data are obtained at discrete time epochs and, data processing is done on 
digital computers, therefore, a discrete model is required indeed. However, 
the discretization of a continuous model is not straight forward. A 
discretization scheme should be adequate in the sense that it should -be 
discretely coincident (with the continuous model), -preserve the continuity 
and transitivity. This is solved in the Discrete Linear Cascade Model (DLCM) 
developed by Szollosi-Nagy ( 1982) utilizing an approach similar to the one 
reported by Szolgay (1984), Szolgay & Minarik (1990). 

3. SIMULATION THE IMPACT OF CHANGING INPUT 

The actual simulation tackled the system of river Danube and its nine 
tributaries all together including 28 cross-sections. Observations of 
discharge at 12-hour time steps have been used. To estimate snowrnel t and 
rainfal 1-runoff processes data from 32 meteorological stations have been 
used, namely observations of precipitation and air temperature at 12-hour 
time steps including daily minima and maxima of air temperatures. As a first 
step time series of active precipitation and soil frost are estimated for 
each meteorological observation site. Consequently areal means of active 
precipitation and soil frost are calculated for each of the drainage basins 
belonging to individual cross-sections, serving as input for the GAPI model. 
Runoff time series produced by GAPI are routed with the use of DLCM. The 
above procedure has been carried out with the set of optimized parameters 
used in the operational forecasting practice. 
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Three scenarios for the daily temperatures have been analyzed : 
(1) Temperatures are distributed according to the observed values; 
(2) Temperatures are 1 °C higher than the observed ones for the stated 

period; 
(3) Temperatures are 3 °C higher than the observed ones for the stated 

period 

The second at tempt was carried out for the 
basin upstream of Szentgotthard station. 
precipitation series were replaced by an 
meteorological station, representing warmer 
the estimated 2CO climate. 

2 

Upper-Raba/Raab river drainage 
The observed temperature and 
analog, observations at Baja 

and drier conditions, close to 

The simulation of runoff was carried out for the above scenarios, and 
the results received have been analyzed. The fol lowing quest ions have 
been tackled: 

- seasonal and monthly distribution of runoff; 
- changes in the winter low-flow period; 
- changes in the peak discharges of floods during the winter; 

changes in the peak discharges of the spring snowmelt induced floods . 

4. CONCLUSIONS 

Flow conditions of River Danube at Nagymaros, and Raba/Raab at Szentgotthard 
station were analyzed in connection with the changing distribution of 
temperatures in the drainage basin with a special emphasis on snowmel t 
induced runoff. 

The following experiences have been gained: Since maximum discharges 
generally appear during spring, the effect of rise of temperatures remained 
insignificant. The higher snowmelt induced winter flood wave occurs, the 
larger increase in the ratio of the volume of winter runoff to the annual 
volume can be expected. If no winter flood wave passes on the river, the 
changes remain unsignificant (i.e. under 1-2 X) . 

Changes of a winter flood wave depend on the role of snowmel t. If a winter 
flood wave induced by 1 iquid precipitation passes on the river increase of 
peak discharge remains unsignificant (see December flood wave in the wet 
period). In case of mostly snowmelt induced winter flood waves peak 
discharges rise significantly (15-30 X, see December flood wave in the 
average period). (Fig. 2) 

In case of several spring and early summer snowmelt induced flood waves the 
rise of temperature results increasing peak discharge for the first flood 
wave, while consecutive flood waves in such a period pass on the river with 
decreasing peak discharges (see flood waves in the dry and average period). 
Peak discharge of a single major snowmelt induced flood wave shows increasing 
tendency (see spring flood in the wet period). 

477 



REFERENCES 

Balint, G. (1993) 
Application of a rainfall-runoff model to analyze the hydrological 
impact of climate variation. Conference Advances in Hydrology, Stara 
Lesna, Slovakia 

Bartha,P & K.Harkanyi (1985) 
A lefolyas elOrejelzese csapadekb61 (Forecasting of runoff from 
precipitation) , Vizligyi Kozlemenyek Vol. 67 (LXVII) 1/1985 p 61-77 

Gauzer,B. (1990) 
A h6olvadas folyamatanak modellezese (Modeling of the processes of 
snowmelt), Vizligyi Kozlemenyek Vol. 72 (LXXII) 3/1990 p 273-286 

Georgakakos,K.P. (1990) 
On improved hydrologic forecasting results from WMO real-time 

forecasting experiment. J . of Hydrology, vol. 114, March, 1990 p 17-46 

Harkanyi, K. & G.Balint (1985) 
A korlatos linearis rendszermodell alkalmazasa csapadekb61 szarmaz6 
lefolyas szamitasa. (Application of the Constrained Linear System for 
rainfall- runoff prediction), Vizligyi Kozlemenyek Vol. 67 (LXVII) 1/1985 
p 

Mika, J. (1990) 
Az eghajlat global is es regional is valtozasanak vizsgalata 
(Investigation of global and regional climate change) In: Az eghajlat 
valtozekonysaga es valtozasa (Climate variance and climate change) vol. 
2 (II) Ed. T. Farag6, Ministry of the Environment and regional Policy -
Hungarian National Meteorological Service, Budapest 

Novciky, B. (1989) 
Az eghajlat valtozekonysaganak es feltetelezett valtozasanak hatasa a a 
v1zjarasra es a vizgazdalkodasra (Impact of climate variance and climate 
·hange on hydrological regime and water management), In: Az eghajlat 

val tozekonysaga es val tozasa (Climate variance and climate change) Ed. 
T. Farag6, Hungarian National Meteorological Service, Budapest 

Szolgay,J. (1984) 
~odellirung van FluBstrecken rnit seitlichen Zufllissen rnit der linearen 
Speicherkaskade, XII Konf. Donaul., Bratislava, p 381-390 

Szolgay,J. & B.Minarik (1990) 
Dberlegungen zur Abflussvorhersage rnittels einer mit Bayes'schen 
Fehlergliedmodell gekoppelten multilinearen Speicherkaskade auf 
FluBstrecken mit seitlichen Zufllissen, XV. Konf. Donaul., Varna, p 76-83 

Szollosi-Nagy,A. (1982) 
The discretizat ion of the cont inous 1 inear cascade by means of state 
space analysis. Journal of Hydrology , 58. 1-2/1982 

\/MO (1992) 
Simulated real-time intercomparison of hydrological models, Operational 
Hydrological Report No. 38, World Meteorological Organization, WMO No. 
779, Secretariat of WMO, Geneva, Switzerland 

478 



».o. 
1980 

Jan. F•h. 

119% 

J!l&r. 

1911 

ob••rv•d 

obs. +3 C 

Apr. 

BOOO- . l>isoh&rg• Ca3/s) 

~o. 

1987 

Jan. F•h. 

1888 

Jl&&r. 

obs.+3 C 

Apr. 

Fig. 2 SIMULATED RUNOFF FOR DANUBE - NAGYMAROS 
Observed and 3 °C higher air temperatures 

479 





·r. -~. 
XVIlth CONFERENCE OF THE DANUBE COUNTRIES -~ 
on Hydrological Forecasting and Hydrological Bases -;-~ 

XVI!. KONFERENZ DER DONAULANDER 

uber hydrologische Vorhersagen und 
hydrologisch-wasserwirtschaftliche Grundlagen 

of Water Management 

Budapest, 5 - 9 September, 1994 

BEITRAG/PAPER NO.: 3.24. 
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ABSTRACT:Two trends in research are suggested for estimating 
the influence of climate change and man's impact on runoff. 
These trends are: multi-purpose analysis of runoff and of 
runoff-producing factors in time and runoff formation 
modelling with a balance structure. New methods for selec­
tion of climate component for hydrometeorological series and 
fields have been developed. A number of case-studies on the 
analysis · of long-term series of hydrometeorological 
characteristics of annual and intra-annual discreteness are 
given for the Danube basin. 

DIE ANWENDUNG DER GLEICHUNGEN DER WASSERBILANZSTRUKTUR FUR 
BEWERTUNG DER KLIMATISCHE ANDERUNGEN UND DES EINFLUSSES DER 

WIRTSCHAFTLICHE AKTIVITAT 

AUFZEICHNUNG: Die zwei Richtungen sind fur Bewertung des 
Einflusses der klimatische Anderungen und der wirtschaftliche 
Akti~itat auf den Abfluss vorgelegt: die komplexmassig 
Analyse des Abf luss und der Faktoren die den Abf luss 
hervorrufen in Zeit und Modellierungen des Abfluss mit der 
Bilanzstruktur. Die neue Methoden sind fur Aussonderung der 
klimatische Komponente fur hydrometeorogischen Reihen und 
Feldes ergearbeiten. Es gibt eine Analyse den vieljahrigen 
Reihen der hydrometeorologischen Charakteriken der jahrliche 
und intra-jahrliche Diskretisierung fur des Donau-Abfluss­
gebiet. 

481 



BACKGROUND 
It has been accepted that climate is subject to changes, 

therefore, those climate characteristics which have been 
observed during the recent 100-200 years should be studied 
and explained. The review made on the state-of-art or this 
problem and on interrelations in the hydroclimatic system 
shows that long-range variations in the climate may be 
explained both by natural and anthropogenic reasons. Since 
climate models are far from being perfect, the results of 
estimating probable changes in runoff may be variable and 
may differ by an order. In majority of studies it is noted 
that the most realistic changes in runoff in future should 
not exceed 20-30%. The problem of assessment of man's impact 
is more difficult so the numerical information about factors 
is absent at all for long-term period. In those conditions 
the principal consideration should be given of empirical 
models with more simple structure and data analysis, 
particularly, joint analysis of runoff and its factors. 

THEORY 
Two main ways may be used for assessment of climatic 

changes and man's impact when the empirical information is 
widely adopted: 
- analysis of long-term series of runoff and its factors to 
find the regular properties during the time in every compo­
nent of every hydrometeorological characteristics; 
- formation of the models to connect as well hydrometeorolo­
gical characteristics each to other themselves, as separated 
quasi-homogeneous components of the same scale for different 
characteristics. 

Specif ical feature of hydrometeorological time series 
is that they are a composition of the processes (components) 
of different scales. The way of analysis of every component 
and time series modeling is based on the decomposition of 
complex process into simple and homogeneous constituents. 
The existed methods require many a priori information of the 
model structure, which is usually unknown. Therefore new de­
composition methods have been developed, such as: truncation 
method and method of poli-linear decomposition. The first of 
them is presented in [1}.Method of poli-linear decomposition 
allows to separate complex fields of hydrometeorological 
characteristics and its main idea is - a factoral decomposi­
tion. The basis realization in this method is obtained as a 
mean field over the historical period. The common model of 
hydr ometeorological characteristics Y will be: 

Y(X1,X2,X3,X4)=CO(X4)+Cl(X4)*Yp(X1,X2,X3)+E(X1,X2,X3,X4) (1) 
where X1,X2 - geographical co-ordinates, X3 - number of the 
month, X4 - number of the year, CO,Cl - coefficients are 
obtained by LSM. 
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Expression (1) for particular year could be rewritten 
in form of exceptions from means values to eliminate an 
influence of areal and annual gradients: 

Y-Yp = (Yc-Ypc) + By*(Yp-Ypc) + Ey, (2) 
where Y - field of the hydrometeorological characteristic 
over the area in j year, Yp -the middle field of hydrometeo­
rological characteristic for historical period, Ye -the mean 
value of hydrometeorological characteristic over the area in 
j year,Ypc -mean value of hydrometeorological characteristic 
over the area and for historical period, By=Cl-1, A=Yc-Ypc. 

Offered structure of the model includes three compo­
nents. The first component defines the variability of mean 
areal magnitude for long-term period, the second component 
is bound up with mean spatial nonhomogeneity of hydrometeo­
rological field and the third component reflects the 
fluctuations of individual peculiarities. 

Established regularities of informational indices over 
the time may be used for ·forecasting. At the same time, the 
determination of the intercommunication between hydrometeo­
rological characteristics is the second important problem to 
estimate of quantitative impact on runoff and to increase 
the reliability of established laws in time. The more simple 
relationship between runoff and runoff-producing factors is 
expressed by the water-balance equation.However , the balance 
equation is a particular case of regression equation when 
all its factors are took into account and they have the same 
units of measurements. In this case, the coefficients of 
equation are equal 1. There are many real situations, as has 
been obtained in [2,3], when regression equation is more 
efficient for determination of coefficients by least square 
me t hod ( LS M ) , f o r ·ex amp 1 e • I n c as e o f r e g r e s s i on e qua t i on we 
can use the factors with different units of measurement, 
eliminate the systematic errors and determine the minimum 
errors of balance equation. 

The application of proposed methodology and methods are 
given in following case-studies. 

ANALYSIS OF LONG-TERM VARIATIONS FOR ANNUAL DATA. 
Long-term series have been considered for annual runoff 

along Danube river and its main tributaries,for total annual 
precipitation in the centre of Danube b.asin and for mean 
annual temperature over the whole basin. The truncation 
method was used for decomposition and long-time analysis 
of water balance components. As it has been determined, alj 
hydrometeorological characteristics consist of two different 
scale constituents. Mean period of cycles of the least-scale 
component is 3 years with variations from 2 to 8 years O T 

runoff, 3 years with variations from 2 to 6 years for pre 
pitation and 3-4 years with variations from 2 to '1 
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for long-term series of temperature. Period of cycles for 
constituent of next scale varies from 8 to 30 years and mean 
value is equal 15 years. 

Interestingly to note that new truncation method can be 
used only for such separation when periods of two neighbou­
ring scales are crossed, while others statistical method of 
decomposition require a constant period of cycles. Third 
secular constituent has weak negative trend for temperature 
in last time, which is observed in south-east part of the 
basin, weak positive trend in precipitation from the begin­
ning of 60th and long-term runoff rise from the middle of 
19th century. Annual runoff has a sharp fall from the middle 
of 70th at the delta of the Danube and this result connects 
with man's activity. Some regular properties were determined 
for amplitudes of cycles of least-scale constituent for all 
hydrometeorological characteristics. The amplitudes have a 
cyclic laws with period of fluctuations 15-20 years. Number 
of cycles during observation period have trend of rise for 
runoff from hight sites to the Black sea. 

Analysis of differences of runoff at two neighbouring 
sites along Danube, as errors of channels balance equation, 
was executed and is shown a complexity of man's influence. 
Therefore, joint analysis shown the conjugate properties 
for all water balance component for long-term period. 

ANALYSIS OF LONG-TERM VARIATIONS FOR INTRA-ANNUAL DATA. 
Analysis of intra-annual properties of hydrometeorolo­

gical characteristics has a great importance for practice 
and for understanding of dynamics of climatic changes. Five 
runoff sites, seven temperature stations and -0ne precipita­
tion poit with monthly time series have been chosen for 
this analysis by truncation method.In the capacity of intra­
annual indexes were given such as: an annual range (Ra) for 
all characteristics, a number of floods or fluctuations in 
every year (Nf), type of the season when the highest flood 
takes plase (W -winter, S - spring, A - autumn, Sm -summer), 
the duration of flood season in months (Tr). The results of 
analysis for runoff sites are following: 

T(Ra) in year 
mean 

3 
var. 
2-5 

Tr 
mean var. 
5.1 2-8 

Nf 
mean var. 
2.1 1-4 

Season 
mean 

s 
var. 
W-A 

Two scale processes are found in the time-series of annual 
range of runoff. Mean period for least-scale component is 3 
years (2-5) and for second-scale -is 11 years (8-14). As for 
annual data, the cyclic laws were obtained for annual range 
with periods of fluctuations in 15-20 years.Number of floods 
per year have a cycles with periods 2-3 years and cycles of 
amplitudes for them have period from 12 to 18 years. Mean 
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number of fluctuations per year for precipitation is 3.2 
with small variations from 2 to 4 and they have a cyclic 
structure in time.The season of maximum is autumn, as usual­
ly. The amplitude of annual variations for temperature have 
a cyclic law in time too, but not homogeneous over Danube 
basin. The regular properties of cycles of annual ranges are 
more stable in northern part of the basin, then in southern 
one.Periods of Ra for first (small) scale process is 3 (2-7) 
years, for second-scale Ra=14 (10-15) if we look at northern 
part and Ra=4-5 (2-13) for lst scale and Ra=22 for 2nd scale 
process in another part. Such situation connects with 
different global synoptic processes, whose come into 
collision over Danube basin. 

ANALYSIS OF FIELDS OF HYDROMETEOROLOGICAL DATA 
Historical time series of monthly hydrometeorological 

characteristics have been used for decomposition by poli-
1 inear method. Parameters Ar, Br, Ap, Bp, At and Bt for 
runoff, precipitation and temperature, as have been establi­
shed, have some cyclic trends in amplitudes with periods 
about 15 years. Models of intercommunication between coeffi­
cients of separation for different characteristics have been 
built on the base of following common equation: 

F (Ar,Br,Sr,Ap,Bp,Sp,At,Bt,St) = 0 
and for particular case,for example Ar: 

Ar = g (Br,Sr,Ap,Bp,Sp,At,Bt,St) 

The results of regression modelling are following: 

3 

4 

Ar= 8.49Br-2.91Sr*Bt+2.76St-0.70Bp*At+0.22Br*Ap-4.06 5 
(73.0}--(--13.7) (5.0) (4.3) (2.4) R=0.93 

Ap= 14.37Ar-5.25Bp*St+0.26Sp*St-9.02St*Ar-8.60 6 
(43.6) (32.7) (15.0) (8.7) R=0.84 

At= -0.0039Ar*Sp-21.63Bt*Br+0.32Bt*Ap-0.074 7 
(34.1) (33.7) (32.2) R=0.61 

Br= 0.080Ar+0.72Bt*Sr+0.0076Bp*Ap-1.974Bt+0.036 ( 8 
(76.9) (12.1) (7.7) (3.3) R=0.90 

Bp= 0.046Sp+0.17Ap*Br-0.003Ap*Sp+0.046Ar*Sr-1.282 9 
(30.8) (27.4) (22.6) (19.2) R=0.78 

Bt= -0.39At*Br+0.005At*Ap-0.001Bp*Sp+0.13St-0.002Ap-0.2 (10) 
(35.5) (24.6) (15.1) (13.1) (11.7) 

R=0.67 
Sr= 0.008Ar*Sp+32.95Br*Bt+0.0014Ap*Sp+3.78 ( 11 

(56.9) (24.1) (19.0) R=0.64 
Sp= -2.72Ar*At-0.15Ap*Ar-24.77Ar*Bt-3.05At*St+24.0 ( 12 

(30.9) (24.3) (23.7) (21.1) R=0.64, 
where: R - correlation coefficient, ( .•. ) under equation 
explained part of variance, in %. 

Climatic component in those equations is expressed by 
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coefficients of 
which expressed 
place widely. 

separation Bj and Aj 
by multiplication of 

EQUATIONS OF WATER BALANCE STRUCTURE 

and joint effects, 
coefficients, take 

Application of regressioh equation of water balance 
structure is shown for modellin~ in [4,5] and for assesment 
of climatic changes in [6]. In this research the equation of 
runoff formation has been built for one watershed: Tisza -
Szeged. It was obtained the following equation for data of 
annual discreteness: 

R = 1.756P - 125.lT + 1664 + E with R=0.79, 13 ) 
where explained part of variance for P is equal 90.71., for T 
-9.3/. and E -errors of equation which characterize all other 
factors and man's impact too. The peculiarity of the model 
that annual runoff has nonhomogeneous conditions of forma­
tion during an year and consists of some seasonal components, 
which connect with spring, summer-autumn and winter floods. 
In this case common structure of model is following: 

R =°Z(Fj (Pj, Tj, Pj-1) + Ej), 14 ) 
where Pj - precipitation of jth flood, Pj-1 - index of soil 
moisture before jth flood, Tj - index of evaporation. 

Equations of such structure have R=0.84-0.88, more thqn 
for annual discreteness.Analysis of balance errors (E) shows 
that they have cyclic trend in amplitudes and it's explained 
one of the case of man ' s activity: long-term dam's regula­
tion. Equations ( 12), ( 13) have been used for assessment of 
climatic changes upon given scenarios for the future. 
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Abstract: The paper deals with the water balance component modifications 
induced by the climatic and anthropic impact. 
The considered components are: the input rainfall affected by a long term 
trend, the one accepted by the WMO, and the infiltration parameters under the 
assumption of a corn or wheat cover at the level of the entire river basin . 
For the rainfall sequence over a 18 year period, the second order variability 
is considered, by means of relationships between different stochastic 
variables describing an intermittent process. The most significant one is 
given for the relation between the event mean and its standard deviation, 
characterized by a correlation coefficient of 0.85. 
For the infiltration process, its parameter transformation is achieved in 
connection with the obtained results in the experimental field . Thus, the 
agricultural land use introduces a long period during the first half (corn), 
or of the second one (wheat) in a year, without vegetal cover , that is with 
lower infiltration rates. 
The hydrological effects are estimated by means of the HIDROZ rainfall-runoff 
model of the daily water balance. 
The resulting scenarios lead to the conclusion of a higher arid regime in 
both cases of the mentioned impacts. 

AUSWERTUNG DER UNTER KLIMATISCHEM UND ANTHROPISCHEM IMPAKT 
STETTFINDENDEN HYDROLOGISCHEN WIRKUNGEN 

Kurzfassung: Der Bei trag beschaftigt 
anthropischen Impakt eingeleiteten 
Wasserhaushalts . 

sich mi t den 
Anderungen 

durch 
von 

klimatischen und 
Komponenten des 

Die betrachteten Komponenten sind der durch eine langzei tige, von der DMM 
angenommene Tendenz beeintradhtigte Niederschlag und die 
Infiltrationsparameter, unter Voraussetzung einer Bedeckung mit Mais und 
Weizen im MaBstab des ganzen hydrographischen Einzuggebiets . Fur die 
Niederschlagsequenz auf eine Zei t von 18 Jahren wird die Veranderlichkei t 
zweiter Ordnung mittels der Beziehungen zwischen verschiedenen stochastischen 
variablen betrachtet, die einen intermi ttierenden Vorgang beschreiben. Die 
gr~Bte Bedeutung kommt der Beziehung zwischen Mi ttelwert und 
Standardabweichung per Ereignis zu, gekennzeichnet durch einen 
Korrelationskoeffizienten von 0,85. 
Fur den Infiltrationsvorgang erfolgt die Umwandlung seiner Parameter abhangig 
von den experimentell erhaltenen Ergebnissen. Dergestalt fugt die 
landwirtschaftliche Nutzung des Gelandes wahrend der ersten Jahresh*lfte 
(Mais ) oder wahrend der zweiten J a hreshalfte (Weizen ) eine lange Zei t spanne 
ohne Pflanzenbedeckung, das heiBt mi t einer niedregeren Infol trationsrate 
ein. 
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Die hydrologischen Wirkungen fur den taglichen Wasserhaushalt werden mittels 
des HIDROZ-Modells fur Regen-AbfluB abgeschatzt. Die sich ergebenden 
Drehbucher fuhren zur SchluBfolgerung eines verstarkt durren Haushalts, in 
beiden der erwahnten Impaktfalle . 

INTRODUCTION 

The human activity has induced a lot of changes in the 
hydrological cycle with direct effects on it as well as 
indirect ones determining climatic changes. 

These effects have been very important for the 
hydrological research for many years, being a main source 
of non-stationarity in the measured time series. The 
analysing methods may be of the stochastic type or imply 
mathematical modelling ·of the rainfall-runoff process. 
Which of them is to be used depends on the problem and on 
the available data. 

In the paper, those types of anthropic impact were 
chosen which act to the entire watershed scale, affecting 
the initial water balance. In this case, the hydrological 
approaches are of the second type and depend on the actual 
experimental results of a given problem, as well as on the 
time and space requirement for the available data. 

It is not an easy matter to choose data for the 
investigation of a certain problem. In the present case, 
the option was for a water basin in the mountain area for 
the simple reason of having more rainfall events during a 
year. But this option does not correspond very well to the 
specific precipitation of the agricultural areas. 

The available experimental results are limiting the 
analysis to a linearised one, that is the estimated effects 
are referring only to the induced modification of a certain 
component in the modelled water balance. Their additional 
effects derived from the internal relationships between the 
considered components are neglected in the model. This 
approach has a limited confidence level, but a more complex 
analysis under non-linear assumptions is not possible for 
the moment , due to the lack of specific data for it. A non­
linear approach needs more experimental results, which 
would be possible to be obtained during an existing 
phenomena under a certain impact, acting at a large scale. 

The paper deals only with some numerical experiments 
on the impact problems under reasonable assumptions for the 
climatic and anthropic impact. 

The meaning of the climatic impact is a reasonable 
change of a rainfall or temperature sequence derived from 
the WMO (Bach, 1989; Budyko, 1989) approaches on global 
changes, compatible with the hydrologic model. 

The anthropic impact is considered in the case of land 
use change, that is the whole water basin is turned into an 
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agricultural area with wheat or corn cover. The reason for 
choosing such study cases is to have different combinations 
between the natural variability of the input rainfall in 
the hydrologic system and the estimated modification of the 
infiltration parameters. 

CLIMA.TIC IMPACT EFFECTS 

The climatic impact considered in the mentioned linearised 
manner means the rainfall sequence modification of the 
second order variability in order to have adequate input 
into the hydrological model . 

This change is tailored on the assumed WMO trend and 
monthly distribution for the rainfall sequence, whereas for 
the temperature sequence any additional modification was 
made. 

In order to tailor the rainfall sequence to the model 
requirements one considers its time series as an 
intermittent process (Yevjevich, 1972). 

A simpler way for the estimation of the input rainfall 
for the model is the use of the WMO modifying rapport of 
the monthly mean values to the daily values. This does not 
take into account at all the second order variability of 
the process. 

In fact, it is not possible to consider a real second 
order variability due to the shortness of the historical 
period in the non-stationary case, but a reasonable 
approach can be made. This aspect means to transfer the 
long-term variability to the model time scale. 

A manner of achieving this is to search different 
relationships between the defining variables of the 
intermittent process. 

The process variables taken in account were: the event 
mean, the event standard deviation, the event duration, its 
maximum intensity, its mass rainfall, the length between 
events, the event skewness. 

One has investigated the searched relationship through 
their correlation coefficients. The analysing sample refers 
to one minute intensities over a historical period of 30 
years. 

Significant values of correlation coefficients were 
obtained only for the event mean event standard 
deviation, that is of 0. 85. The next significance is of 
0. 56 for the event duration - its mass rainfall and the 
poorest one is for the dry period - the next event mass 
rainfall - of 0.02. 

In such a case , the estimated second order variability 
corresponds to the most significant identified 
relationship. That means that the new rainfall sequence 
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supposes only modified event time distributions superposed 
on the long-term variability of the monthly mean rainfalls. 
These time distributions will be more spreaded for higher 
rainfalls and more smoothened for the lower ones. The 
separation between high and low rainfall is around the 18 
year general mean. 

Climatic impact 

: : ; . 
, , 00 ················-····:·······················r·-··············--,·-··············· ; 

• :• . 
I : ~:~:~1::::~~-·:--~~r~- r:- ·· 

500 ----~·-····-··· · '. -····o·Q---~-9i~ ......... .ci ..... +·-···· ···· ··········· ~ ---- ---· 
' 0 . ' . 

3X)+c--~~-.--~~-.-~~-T-~~_,...~~---i 

3X) 500 700 90'.l 1100 
SQ1 (cm/G) 

I • high flow o tow flow 

Legend: SQ1, SQ2 • aJms ol daily discharges in the 1st. 2nd ordw modified regime. 

Fig. 1. Estimated effects for the 
climatic impact, as sums of daily 

discharges higher (lower) than the 
general mean value. 

THE ANTHROPIC IMPACT EFFECTS 

The modification 
of the sequence is 
transposed into a hy­
drological effect by 
means of the HIDROZ 
model ($erban et al., 
1992). The simulated 
results for the sec­
ond order variability 
of rainfalls are 
compared with those 
corresponding to the 
scenarios obtained 
under the assumption 
of the first order 
modification, 
Fig .1. 

on 

The long-term hydrological effect in the case of an 
anthropic impact is investigated by the infiltration 
component in the same linearised manner. 

The analysis is limited only to the aspects covered by 
the experimental results. 

The basic experiment concerns synchronised rainfall­
runof f events observed on two homogeneous plots from all 
points of view, except for the vegetal cover, which, in one 
of the cases, is missing. The analysis is achieved by means 
of the runoff coefficients. 

The comparison of the corresponding runof f 
coefficients for the same event, on the mentioned plots, 
has led to the conclusion that systematic deviations from 
the normal status, that is with vegetal cover, occur for 
each month of the year (Zlate & Gramada, 1990). 

One can see the obtained conclusion on Fig. 2, 3 . 
As concerning the agricultural land use, a laboured 

area is in fact an area without vegetal cover for a few 
months of the year, that is the global infiltration must be 
corrected according to the mentioned graph regarding the 
assumed vegetation status. 

490 



1 01~·- ··-····' .. ············-··•'"·············-···· .. ··· ····················~+·-·· · ···· ···,-I 

a 0.03+·-· ·······--·····-····· ,···.~-········· · ···· ·····~---·· · ·······-···· .. ---····",_,_..,.. ___ ........... 1 
m 
~ o.os 

'l! 0.04 

0 .05 0.1 0.15 0.2 0.25 0.3 
c::d - uooo•erwd plol 

I c IV·Y·X ... V-Vl-IX • Vl -Vll -Vlll I 

Fig. 2. Experimental results 
regarding the a runof f 

coefficient change, relied 
to the vegetal cover. 

o.e+··•·········•·········•······ ··+ ········•···---·•·········•···· ······•·-······-;······ .. 1········ ·•·········•····1 

~ 0 7 +··•·-·-····· · ·······•········ ··-~···········-···' ···---;·-····-•-······""·····f ·······-~·-·····c····I 

~ 06 

~ 0 5+··········'"··········•········--·-·\ ···-·····•·····-·········-··········•·f·······················-,····i 

8 0 •+ · · •---· · ·•····-··-·············-···\····-•···-"""'·-····- i- ·-···y · ·· ··-+· · ··· · ·········-~····i 

B 0 3+···,····-········-···;. ...... ... C------'-··'\·······--·-;··········,--·/· -···-···-,·······-··········;-··i 

0.2 ~- ··"·-··········-·c ........ ~-·······--·\..···-'·- ·· · ··-V--··-,-·+·· ··· · ·• ···· · ···c··· · I 

Fig. 3. Mean distribution of 
the a deviations as a 

correction factor, Ca , for 
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The wheat and corn having different vegetation periods 
during the year, a useful result would be to realize what 
is the most unfavourable hydrological effect of the two 
cases. 

Such a conclusion was not possible as the numerical 
experiments were achieved in a mountain area, where, the 
rainy day distribution during a year is relatively even. 

The general effect obtained implies a high increase of 
the pick flow and the decrease of the low flow. The 
statistics made over a 5 year period is presented on Fig. 4 
corresponding to a whole water basin change for the land 
cover. 
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Fig. 4. Estimated effects for the land cover, as sums of 
daily discharges higher (lower) than the general mean value 

The scaling effect of transferring the results 
obtained on an experimental plot to a watershed of medium 
range was neglected. 
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More accurate estimations from the scaling viewpoint 
are possible by means of special experiments and of 
physically based modelling. 

CONCLUSION 

The long-term effect for both types of the considered 
impact is the increase of the arid character of the 
hydrologic regime. 

The simulated hydrological effects are obvious for the 
daily values, but a more general view on a longer period 
may be achieved with a global statistical approach. This 
statistics implies sums of daily values, higher or lower 
than the general mean of the considered period. Thus, the 
high flow corresponds to the values above the general mean 
and the low flow, to the lower ones. Also, in the case of 
the antropic impact, the sums imply only the months with 
modified infiltration rates, whereas in the case of 
climatic impact, the sums are achieved for the entire year. 

More obvious effects are those of the anthropic 
impact, due to the considered one-crop land cover of the 
whole watershed. Taking into account that the long-term 
effect refers to a large-space scale, the numerical 
experiment for reasonable assumptions seems to be a rapid 
estimation in a complex problem. The basic assumptions 
correspond to interpretations of the specific experimental 
data. These data used for impact problems may lead to a 
better understanding of these matters. Thus, the complexity 
of a problem can be reduced to a simple, very accessible 
aspect. 
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Sustainable development and use of groundwater resources start to be imperative in the future . 
Priorities of public water supply in groundwater extraction increase the conflict of interest with 
industry, agriculture, and other consumers. The concept of sustainable operation and 
management of ground\Nater budget will be shown on the area of Osijek ( 925 km2 ) through 
effective rainfall and percolation process analysis. Effective rainfall recharges aquitard and in 
the long term insure groundwater extraction from leaky aquifer in the amount of 27.000.000 m3 
per annum. Results of measurement and mathematical models are briefly given. 

ZUSAMMENFASSUNG: 

Erhaltbare Entwicklung und Ausnutzung der Grundwasserressourcen ist imperativ in der 
Zukunft . Die Prioritaten von Wasserversorgung in Grundwasserausnutzung geraten immer 
haufiger in Konflikt mit anderen Benutzern - z. b. lndustrie, Landwirtschaft usw, deren 
Bedurfnisse und Anspruche steigen. Die Konzeption von erhaltbaren Ausnutzung und 
Verwaltung der Grundwasserbilanz wird am Beispiel von Osijek-Gebiet ( 925 km2 ) dargestellt, 
mittels Analyse von effektiven Niederschlagen und lnfiltrationprozessen. Effektive 
Niederschlage bilanzieren langfristig die Ersetzung in halborosen Schichten und sichern das 
Schlopfen aus porosem Aquifer in Mengen von etwa 27.000.000 m3 Wasser pro Jahr. Die 
Resultate von Messungen und Analysen werden in mathematischen Modellen kurz dargestellt. 
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INTRODUCTION 

Groundwater exploration has great progress in lower Drava river basin in Croatia. Due to 
topographic conditions main source of groundwater recharge is precipitation. Several dry years 
and highly developed infrastructure ( canals, drainage, regulated rivers, .. . ) insure quick runoff 
from the area reducing potential for use. 

Area discussed in this paper is flat agricultural 
alluvial plain close to river Drava, 20 km 
upstream of its mouth to river Danube. 
Average altitude is 85 - 95 m.as.I. with 
average rainfall of 640 mm/annum. This 
rainfall characteristic represents last 30 years 
while measurements from 1882. show slight 
decrease in amount of precipitation (trend of 
-.65 mm/year from 1882 to 1989.) Ground 
water exploration raised significantly by 
developing of new water supply system based 
on wellfield Vinogradi in 1984. with average 
extraction quantities of 12*106 m3/annum with 
additional industrial groundwater use. 

Diagnostic groundwater management is being 
supported more recently with the help of 
physical based computer models simulating 
effective rainfall as the basis for groundwater 
budget. The power of simulation models is to 
provide the possibility to study the effect of 
groundwater recharge and limits for 
sustainable groundwater exploration. Main 
basis for a model should be measurements of 
both subsurface and deep groundwater. 
Some results of such studies are given. 

INFILTRATION - PERCOLATION 
Fig 1. Situation of the area 

Situation der Region 

Theory of infiltration is well known and mutual role appears from water balance. The water 
balance in the unsaturated/saturated soil profile accounts for the incoming and outgoing water 
fluxes and includ following terms: 

!:i. V = R + IR - ( I + Q + ET + DP ) 

where: 
!:i. v 
R 
IR 
Q 

I 
ET 
DP 

- the change of soil water storage ( mm ) 
- rainfall ( mm ) 
- irrigation amount ( mm ) 
- runoff ( mm ) 
- the interception losses ( mm ) 
- evapotranspiration ( mm ) 
- deep percolation ( mm ) 

R IRH I 

+-&. t t 

+ 
DP 

+- Q 

Fig 2. Soil water balance 
Bodenwasserbilanz 

Deep percolation is defined after neglecting irrigation ( poor or no irrigation ) and including 
effect ive rainfall ER ( portion of total rainfall which infiltrate and do not effect deep percolation ) : 

DP = R - ( I + Q + ER ) ( 1 ) 
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GROUNDWATER MODEL FOR WELLFIELD VINOGRADI 

For the purpose of developing new wellfield Vinogradi and for later operating and maintenance, 
groundwater model ( Urumovic 1984, ) was developed and calibrated during period 1984 - 87. 
Model covers area of 925 km2. Pumping wells drains semiprevious aquifer from 40 to 170 m 
depth. The aquifer is constituted from fine to medium graded sand with hydraulic conductivity 
from 10 to 20 m/day. Aquifer recharge is leakage from cover layers which the model substitute 
as aquitard. By activity of wellfield Vinogradi starts process of desaturation of first waterbearing 
layers. In subsurface region it stays perched water. Movement of ground water table are 
transferred to deeper level to develop long therm regional balance of recharge of pumped 
aquifer. During the period when aquifer recharge doesn~ cover pumping quantities there is use 
of ground water reserves from cover layers. 
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0 RUNOFf C rrm l 

THE INTERCEl'TlON LOSSES ( rrm) 
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Fig. 3. Schematic cross section of the aquifer 

From the model calibration it 
appears that in period 1984 - 87. 

1 1 approximately 10 - 17 % of tota1IDROWDOWN OF GWT VINOGRADll 
rainfall recharge groundwater on oo 
modeled area Average pumping 
amount during that period was 480 
Vs or 27 % of recharge of covering ~ 80 

layer. Maximum infiltration was.§. ==~J[~=:==-:t_~=:==:~~~~ 
under the area of the wells. ~ 10.,._..,,-:-----t-\· 

j:? 
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Fig 4. Results from period of exploration 
Resultate von Untersuchungsperiode 
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EXPERIMENTAL FIELD BIZOVAC 

Measurements at experimental field Bizovac are part of wide agricultural investigations 
governed by Mr. V. PuvaCa, Belje. This field is close to location Vinogradi. 

On the basis of the measurement 
10 - 20 % of rainfall R feed 
groundwater budget with various 
quantities during a year. It 
appears that most significant 
period for groundwater recharge 
is last three months when occurs 
app. 65 % of total yearly 
recharge. Speaking in quantities, 
these% are: 

first quarter 
• second quarter 
• third quarter 
• forth quarter 

2-5 % 
2 - 2.5 % 
0 - 1 % 
5-15 % 

Fig 5. Water balance measured at Bizovac 
Wasserbilanz gemessen in Bizovac 

EFFECTIVE RAINFALL MODELS 

Some well known procedures for effective rainfall calculations are given by USBR ( Stam), 
Budget procedure, USDA ( SGS method} , FAO&AGLW, Chow, Stahn, and other empirical 
methods. Some of them are calculated ( period 1987 - 90 ) to obtain results for ER ( Effective 
rainfall ) for different soil types and cover to calculate equation 1 for deep percolation on the 
bottom of the first layer. 

Method R I 
(mm) (%) 

SGS 640 2-3 
FAO&AGLW 640 2-3 

Q 

(%) 
11 - 22 
15 - 18 

ER 
(%) 

50- 72 
60 - 65 

DP 
% 

15 - 25 
16 - 23 

According to CROPWAT model ( FAO 1992.), computer model for simulation of crop water 
requirement for agricultural land which cover 85 % of the area, and dry conditions as are one in 
last few years, available water which remain after crop use recharging groundwater are for main 
crops at the area during growing season: 

Crop R Period for water use Deep Percolation - max 
(mm) (days) %of R 

Maize 188 135 - 150 9 
Wheat 126 85 - 95 11 
Sugar beet 205 155 - 165 6 
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SUSTAINABLE WATER USE 

Sustainable water use is necessity due to limits in 
amount of groundwater extraction for region of 
Osijek. Region of Osijek is the greatest consumer 
of groundwater at the lower Drava basin. Available 
recharge quantities are approximately -46.1 *106 
m3/annum what can vary due to long therm 
drought or rainy periods. AnaJyzing available 
recharge quantities versus groundwater 
exploration, it can be shown that there are 
approximately 27 *106 m3/annum ( 59 °.k of total 
available quantities ) of extracted _9roundwater 
from the region. Additional 19 *106 .W/annum can 
be extracted to keep groundwater balance under 
control. With plan of extracting additional 20 *106 
m3/annum for public water supply limits are 
reached. Monitoring and anaJyzing with real time 
forecasts should be basis for further groundwater 
exploration. As an increase in groundwater 
exploration in the region is expected, water 
authorities should keep the level of extraction 
under control. 

C!'. 50 47.3 
< 45 w 
>- 40 

..., 35 
E 30 

9 25 26.8 

z 20 
:::> 15 0 
~ 10 
< 5 

0 

LEGEND: 

~ GW REOiARGE 

mJ GW EXPLORATION - PRESENT 

~ GW EXPLORATION - PLAN 

Fig 5. Water budget of Osijek region 
Wasserbilanz vom Osijek-Gebiet 
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The groundwater exploration within the drainage basin of Drava river in Croatia is considerably 
increased. The main source for public water supply is the aquifer formatted in heterogeneous 
quaternary deposits up to 300 m thick. This is spread over the whole area of wide Drava valley 
with gently sloping toward east. The western parts consist of gravel and send with high 
permeability in contrast to eastern parts made up predominantly of uniform sands alternated 
with clay and silt layers. The infiltration from precipitation is the main source of natural 
recharge. However, in condition of intensive groundwater extraction the inducing recharge from 
Drava river flow could be realizable. Because of great groundwater reservoir potential the 
aquifer has overall regional significance. Nevertheless, there are some locations within the 
region where consumer demands exceed local groundwater resources. 

The paper presents groundwater analysis experience in Croatian part of Drava valley with 
main characteristics of aqufer. 

ZUSAMMENFASSUNG: 

Die Grundwasserausnutzung im Drava-Flussgebiet in Kroatien ist wesentlich angestiegen. Die 
Grundquelle fur Wasserversorgung ist das Quartar-Aquif er, f ormiert in heterogenen 
Sedimenten, die bis 300 m stark sind. Es streckt sich in ganzen Gebiet des breiten Drava-Tals, 
mit saufter Neigung vom West zu Ost. In der Westregion handelt essich um Kies und Sand von 
grosser Durchlossigkeit, und in der Ostregion um einformigen Sande, abwechselnd mit Ton und 
Schluffschichten. Da der Fluss Drava global betrachtet der Hauptwassertauf ist, gilt die 
Niederschlageinfiltration als Hauptquelle der naturtichen Ersetzung in der Grundwasser­
Regionalbilanz. Wegen der grossen Wasserreserven ist das Aquifer von Bedeutung fur die 
ganze Region. Trotzdem gibt es auch in dieser Region Gebiet, wo der Bedarf die naturtichen 
Quellen ubertrifft. In dieser Arbeit werden die Erfahrungen in Grundwasseranalyse von Drava­
Tal in Kroatien dargestellt, mit Haupteigenschaften. 
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1. INTRODUCTION 

River Drava in Republic of Croatia runs into the territory of Panonian basin. During the history, 
there were good conditions for the fonning of wide, long river valley. The alluvial deposits of 
Drava valley are represented by fluvial and swamp sediments which came at the end of 
sedimentation cycle in the boundary of Panonian basin, called depressions of rivers Mura and 
Drava. The lower boundary of the aquifer was found on Q' horizon ( Urumovic et al, 1976, 
1978) which represents the regional discontinuity of sedimentation. 

Below that level, in this part of Panonian basin, fine elastic deposits ( silt, clay, mart ) with 
intrusions of sand and clay are dominant. Deposits are more homogeneous and thin ( Fig. 1 
and Fig. 2 ) in the depression of Mura river, situated more upstream of the mouth of Mura into 
the river Drava. On the connection of the depressions of these two rivers is structural shelf, 
where is the thickness of quaternary deposits reduced. The boundary of Legrad shelf and the 
depression of Drava river is marked by geological fault (Fig. 1 ) in which lowered down block 
the quaternary deposits suddenly become thicker. 

In the depression of river Drava the deposits are more heterogeneous due to thicker layers of 
clay and silt in downstream regions (Babic et al, 1978 ). A fonnation of fine and heavy coarse 
deposits is connected with neotectonic activities after the sedimentation of marked Q' horizon 
(Prelogovic et al, 1992) 

In the surf ace parts, the deposits are covered by loess, and swamp fonnations very good for 
agricultural exploitation. Groundwater in alluvial aquifer is interesting for the public water supply 
and for the irrigation purposes during the period of vegetation when the droughts occur very 
often. 
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2. HYDROGEOLOGICAL CONDITIONS 

In lithological development of the deposits there are some general conclusions. There is 
increasing of average diameter of the grains going from the west to the east. In the western 
part, there is domination of gravel mixed with sand and in eastern parts, there are the layers of 
homogeneous fine and medium coarse sand with the intrusions of silt and clay of different 
thicY.ness. 

The large thickness of permeable layers, the natural recharge of groundwater due to infiltration 
of precipitation and the possibilities of induced recharge from surface flows make this complex 
aquifer basis of public water supply ( regional and local ) not only in the basin of Drava and 
partially in the basin of Danube, but also in the adjacent basin of Sava river. 

In the western part of the valley there are deposits of gravel wtth various percentage of sand. In 
the extremely western parts they are leaned to the Miocene sandstone and many soil and there 
thickness is the smallest, only about 1 O m. Going to the west, the thickness of the gravel layer 
increases up to about 150 m. In its basis, the Pliocene clay, mar1 sandstone and sand were 
found. Approaching to the structure of Legrad shelf , the thickness of the gravel layer gradually 
decreases and the intrusions of clay and sand show up in the lower parts of the deposits. 

The aquifer is covered wtth thin silty, sandy and clay layer along the whole western part of the 
valley. Its thickness is regularly less than 1 m. It is often just covering of organic materials 
(humus), though in boundary parts it can reach the thickness of few meters. The existing wells 
cough hold of deposits up to 40 m. The aquifer is unconfined. The values of hydraulic 
conductivity'.; are from 100 to 250 m/day. Rivers Drava and Mura are r.ut into the aquifer, so 
the water power station have very strong influence to the regime of groundwater ( Urumovic et 
al, 1990 ). The groundwater has calcium hydrocarbonate facies. The hardness of the water is 
from 15 to 20 dh. The processes of rP.duction are dominant, so the content of iron dissolved 
in groundwater is almost always less than 0.3 mgFe/I. The aquifer is brought into the danger of 
pollution very much. The content of nitrites in the groundwater increased from the initial 2-3 
mgN/J to the more than 15 mgN/I. 

In the middle parts of the area ( Fig. 1 and 2 ) the gravel layers are spread. There thickness is 
more than 300 m. Sporadically, there are conglomerations, alternating vertically and laterally 
with sand. There are some significant appearances of silt and clay in the form of admixture to 
the heavy coarse deposits or as a locally and vertically spread layers. The aquifer is mostly 
covered by silt and clay of different thickness. It can be even 30 m. The existing wells caught 
hold of deposits up to 80 m. The aquifer is heterogeneous with well marked anisotropy. The 
shallowest waterbearing layers are unconfined and semi-confined. The average hydraulic 
conductivity is 50-150 m/day. The groundwater has calcium hydrocarbonate facies with 
sporadically higher presence of ions of manganP.se. The hardness is from 11 to 20 dh, 
although in some boundary parts it can overcome 35 dh. There is exchanging of conditions of 
oxidation and reduction, so we have appearance of low iron content (below 0.3 mgfe/f in the 
western parts ) and high iron content ( over 3 mgFe/I ). The danger of pollution is medium to 
high depending on adjustment of the hold to the structure of deposit or, in other words, on 
usage of autopurificational properties of depc.sits. 

In the eastern parts of the area the layers of medium and fine coarse sand are dominant 
exchanging with layers of clay and silt. The appearance of gravel is significant only in some 
boundary parts. The thickness of the aquifer is a little bit smaller than in the middle parts of the 
area, but it is still more than 150 m. The aquifer is covered with the layer of silt and clay. Its 
thickness is regularly bigger than 1 O m, in some places it is over 50 m. 
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The aquifer is extremely heterogeneous with expressive anisotropy, especially in some layers 
of sand with tiny intrusions of silt. The shallowest waterbeard layers are regularly semi-confined 
with exemption of some parts of Baranja and the inundations. The average values of hydraulic 
conductivity is 10-20 m/day. 

The groundwater has mostly calcium-hydrocarbonatum and manganese-hydrocarbonatum 
facies with sporadically higher content of sulphate ions. The hardness of water, in the layers of 
exploitation (in the natural conditions) is from 14 to 35 dh. Very high hardness (over 50 dh) 
has been recorded in some locations of poor penneability in covering deposits. There are 
conditions of reduction and high content of iron dissolved in groundwater, regularly between 1 
and 2 mgFe/I. There are also some limited locations with very low content of iron, less than 
0.3 mgFe/I and some inside depressions with the iron content higher than 1 O mgFe/I. The 
danger of pollution of the groundwater is medium, very much dependable on adjustment of the 
hilt to the structure of deposits or usage it autopurificational properties of deposits. 

3. GROUNDWATER RESOURCES AND CONSUMPTION 

The natural recharge of groundwater occurs due to infiltration of precipitation. Quantity of 
infiltrated waters has very wide range, depending on the regime of precipitation, type of crops 
and quality of covering deposits. The estimated average values of infiltration in some area 
are 5-25 % of annual precipitation. Higher values can be met in the western parts, and lower 
values in the eastern parts. The total budget of groundwater is very large thanks to the thick 
aquifer, so the natural recharge of groundwater gives only 0.1 % of totally stored water. The 
induced recharge of groundwater is significant only in Varazdin region where is the natural 
regime of groundwater disturbed by building of water power station. 

The groundwater is mostly used for the public water supply and rarely for irrigation. In the last 
period, available resources did not limited the consumption of water in the water supply 
system. The biggest consumers of the groundwater are in the extremely western parts 
(Koprivnica, Varazdin ), and extremely eastern parts ( Osijek and Vukovar with large industrial 
capacities). The estimation of long-tenn needs in water supply has the similar distribution in 
the space as nowadays. The needs overcomes restorable quantity of the groundwater in the 
region of Osijek and Vukovar, in the east. The main factories o1 these towns are situated near 
the rivers Drava and Danube respectively, what is the good circumstance. 

In the middle parts of Drava valley the long-tenn needs represent only the small percent of the 
natural recharge of the groundwater. So, Drava valley can be a significant resource of 
groundwater for adjacent regions of Sava basin which have a deficit of water. 

4. CONCLUSIONS 

Alluvial aquifer of lower Drava river basin is basic resource for public water supply. Natural 
recharge from precipitation in the whole region is higher than exploration quantities and in the 
most of the parts higher than estimated future needs. This aquifer is potential resource for 
adjacent area with deficit in groundwater resources, like western parts with significant hydraulic 
conductivity, so it is significant induced groundwater recharge from river Drava. Surplus of 
groundwater resources can be useful for some other needs so it represents multifunctional 
basis of water management. 

The specific situation is in the lower eastern parts where the rechargeable resources are still 
sufficient for present exploration, but in the future, consumption higher than natural recharge is 
expected. Therefore, sustainable development and management of groundwater resources will 
require dynamic comprehension of other water resources and redistribution in groundwater use. 
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ABSTRACT 

The 400 km long Hungarian reach of the River Danube is characterized by valleys of 
5-30 km width. Along the right- and left river banks there are bank-filtered drinking 
water resources available in the total of 211 km length. Additional bank-filtration 
capacities are offered by the three large islands in the vicinity of Budapest over a total 
length of 93 km. The total drinking water production capacity from these resources is 
4.2 million m3/day. Presently waterworks utilize bank-wells along appr. 100 km long 
bankline with the total drinking water production capacity of 1.6 million m3/day. 

Over the western upstream reaches of Danube, in the Szigetkoz, the river feeds the 
groundwater with 163,000 m3/day recharge rate in multi-annual average. Along the 
rest of 360 km bankline groundwaters of the area feed the river with a multiannual 
average inflow rate of 944,000 m3/day. Natural groundwater recharge/discharge 
conditions have been substantially modified by hydraulic structures and by the water 
withdrawal of the waterworks. 

Operation of bank-wells along the bank-line zone is at pollution risk due to accidental 
pollution events of the parent river and to toxic pollutants leached out from hazardous 
wastes into the groundwater of the background (off-river) zone. Accidentally introduced 
contaminants of the parent river will reach the production wells during less than a day, 
for most of the 1000 water abstraction units of the Danube reach in concern. Protection 
of bank-filtered drinking water resources needs the urgent establishment of respective 
international cooperative agreements. 
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ZUSAMMENHANG ZWISCHEN DER UNGARISCHEN STROMS1RECKE DER DONAU UND DEN 
UFER-FILTRIERTEN WASSERN 

J6zsef Deri 
VITUKI AG, Budapest, H-1095 , Kvassay u.1 

ZUSAMMENFASSUNG 

Die 410 km lange Ungarische Stromstrecke der Donau ist durch eine kette der 5 - 30 
m breiten Tfiler charakteriziert. Zur uferfiltrierten Wassergewinnung sind die entleng 
des linken und rechten Ufers befindliche 211 km lange Landzone und ein 93 km langes 
Klistengebiet der drei in der Nahe von Budapest liegenden Donau-Inseln geeignet. Die 
schopfbare uferfiltrierte Wasservorrate machen 4,2 Millionen m3/Tag aus. 

An einer 100 m langen beniitzten Uferstrecke is ein Drinkwasserschopfungsystem in 
Betrieb, dessen Kapazitiit 1,6 Millionen m3/Tag ist. 

Entlang der 50 km langen Stromstrecke in Szigetkoz speist die Donau das umliegenden 
Grundwasser mit einer Durchflussmenge von 163 OOO m3/Tag. Aber die 360 Reststrecke 
der Dunau in Ungarn ist durch die Grundwasser gespeist wessen Wassermenge 944 OOO 
m3/Tag ist. Das natiirliche Grundwasser-Regime wird durch die hydreulischen Bauten 
und Entnahme-bauwerken entleng der Donau wesentlich geandert. 

Die am kiistengebiet der Dunau inbetriebhaltende unerfiltrierte Brunnen werden <lurch 
wegen der Havarie entstehende Flussbettverschmutzungen und die vom Hintergrund 
stammende gefarliche Abfii.lle gefahrdelt. Beim bedautenden Anteil der mehr als 1000 
Entnahmebauwerken werden die Burnnen <lurch die Flussbettverschmutzung in kiirzer 
Zeit als ein Tag verschmutzt. Dei Notwendigkeit des Schutzes der uferfiltrierten Wasser 
drangt auf die Entwicklung der internationalen Zusammenarbeit. 

1. Hydrogeological environment of the Hungarian Danube reach 

The River Danube, forming the northern border of the western part of the country and 
flowing across it from the north towards the south, had cut its channel into a chain of 
various geological formations, that differ from each other significantly. 

It is worthwhile to note that: 

The particle size of the bed material of the channel of Danube decreases 
towards the south (from rough gravelly particles to fine sand); 

Along two river reaches of particular importance (in the vicinities of 
Esztergom and Budapest) the river channel was cut into the foot of the 
Dunantuli Kozephegyseg (the Transdanubian Middle Mountain Ranges) 

The 410 km long Hungarian river reach is characterized by a chain of valleys of 5-30 
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km width. The larger part of these valleys consists of alluvial gravel terraces of 
excellent hydraulic conductivity. 

Water bearing formations along the river consist of the following strata: 

The water-bearing gravel complex is the deepest at the North-western part of the river, 
near to the country border, consisting of Pleistocene formations of 50 - 400 m depth. 
The seepage coefficient of the aquifer varies in the range of 50 - 200 m/day. Along the 
eastern and southern parts of the Hungarian Danube the thickness of the water bearing 
layers is considerable smaller. In the case of the three large islands (Szentendre, Margit 
and Csepel islands), which play a decisive role in the water supply of Budapest and its 
agglomeration, the thickness of the gravel aquifer is about 10 - 18 m. 

The upper cover layer consist mostly of clayey-sandy meadow soils of 0.5-5 .0 m depth, 
reaching down to 20 m at certain locations. This means that bank-filtered drinking 
water resources are rather vulnerable, open (not protected against diffuse pollution). 

2. Natural water budget of the groundwater zone along the river bank 

Regional groundwater budget studies aimed, among others, at the determination of the 
hydrogeological protection zones of the waterworks, are focussed on the assessment of 
multiannual water budget elements. The rate of exchange of water between the 
groundwater resources and the parent river is characterized, accordingly, with the 
multi-annual slope of the groundwater table (Szekely and Major, 1980). 

On the basis of the water budget analysis of the near-bank zones it was found that in 
the NW-ern part of the River Danube, in the vicinity of the country border, Danube 
feeds the adjacent groundwater resources at a rate, of 163,000 m3/d, in multi-annual 
average. from Gonyii down to the southern country border there is an inflow of 944,000 
m3/d from the groundwater resources to the river, in terms of multiannual average 
values. The net budget is thus 781,000 m3/d supply from the river towards the aquifers. 

3. Utilization of bank-filtered drinking water resources 

48 % of the piped drinking water supply of Hungary relies on bank-filtered drinking 
water resources. 905 of the drinking water production of the Budapest Waterworks is 
based on the bank-filtered resources of the Szentendre- and Csepel islands. As it was 
mentioned before these water resources are hydrogeologically unprotected and thus they 
are prone to local pollution hazards. Groundwater resources of the islands become more 
and more polluted and the contaminants also appear in the water abstracted by the 
bank-wells. The protection of bank-filtered drinking water resources requires an urgent 
action. In certain areas these drinking water resources represent a strategically 
important reserve. 

Figure 1. gives an overview of the utilizable and free bank-filtered drinking water 
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resources along the Hungarian section of the River Danube (Den, 1992). 

4. Contamination of bank-filtered drinking water resources by accidental 
pollution events and counter measures to be taken. 

Waterworks, utilizing bank-filtered drinking water resources, are facing pollution 
problems from two basic sources: from the direction of the off-river shallow 
groundwaters, on one hand, where high nitrate content and toxic contaminants 
originating from solid waste disposal sites represent pollution hazards. On the other 
hand pollutants enter the bank-filtered resources via the Danube water withdrawn by 
the wells. Increasing problems are associated with the contaminants accumulating in the 
bottom sediment of the river, among which oil derivatives and heavy metals are of the 
main concern. Contaminants buried in the infiltration (recharge) zone of the background 
aquifers and in the sediments of the channel bed can be remobilized and reaches the 
water which is being abstracted by the bank-wells. For example; in the water abstracted 
by the wells of the southern part of Budapest heavy metals and ammonia, originating 
from the untreated waste waters of Budapest via the bottom deposits of the channel bed, 
reached such levels which require the treatment of the water before discharging it into 
the distribution network. 

!:_L Effects of accidental pollution of the off-river background aguifers on the bank­
filtered drinking water resources. 

An example of the cases of catastrophic groundwater pollution in the off-river zone is 
the case of the Southern Waterworks of Vac, where toxic water pollutants were detected 
in February 1981 in the water abstracted by the bank-wells. This pollution event had 
a regional impact and was thus of paramount significance. 

On the 14-th of February, 1981 citizens of Vac were complaining about nuisance odor 
and taste of the drinking water supplied. This was the first case in the history of 
drinking water supply of Hungary when waterworks faced such difficulties which 
resulted in serious disturbances to the water supply of a larger city. In this case a part 
of the production wells had to be closed down for a longer period of time. Efforts made 
for minimizing the harmful effects of the thus created water shortage required 
substantial expenditures. 

Due to the effects of toxic contaminants leached out from solid waste disposal sites in 
the area of the hydrogeological protection zone of the Southern Waterworks of Vac the 
waterworks had to be closed down on the 29th of March 1981 entirely, thus loosing a 
production capacity of 20,000 m3/d. Lessons reaching far beyond the boundaries of the 
Vac Waterworks could be drawn on the basis of the two months history of this pollution 
event (Deri, 1991, 1992). 
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4.2 Effects of accidental river pollution on the bank-filtered drinking water resources 

The impacts of accidental river pollution events on the bank-filtered drinking water 
resources can be assessed by the numerical groundwater model of pollutant transport 
and transformation . The model has been developed at the Institute of Hydrology of the 
Water Resources Research Centre VITUKJ. The model can be used for assessing the 
expectable effects of contemplated well-operation changes on the groundwater flow 
regime (on the depression surfaces) as well as for the estimation of the changes of the 
concentration distributions and profiles. The model is also being used for the design of 
hydrogeological protection zones. 

Figure 2. shows the results of the impact analysis of an accidental river pollution event 
on the conditions of the aquifer utilized by a series of radial wells along the Szentendre 
Danube-arm of the River Danube. Effects of pollutant loads lasting for selected periods 
of time (12 and 8 hours) were analyzed. Concentration fronts of a conservative 
contaminant, moving with the water towards the wells, are shown in the figure in 
function of the time of seepage. It is worthwhile to note that the pollution 11 cloud 11 

reaches some of the wells already during the pollution event. Dilution effects and the 
movement of the front are well demonstrated by the figure. An important conclusion 
was that a relatively short (8h and 12h) river pollution event could contaminate all wells 
in 14.4 days. 

Considering the findings of Sujbert (1991), Varga (1991) and Hegedus (1991) that the 
genotoxic baseline conditions of the raw river water feeding the production wells in 
concern are already objectionable more, attention should be paid to the related impact 
assessment of accidental pollution events. In order to decrease the health risk of the 
population concerned genotoxicity screening studies would be highly required for this 
area on a regular basis (Varga, 1991) 
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Fig.1. Utilizable and free bank filtered water resources along the 
hungarian reach of river Danube 
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Kurzfassung 

Unter der Kleinen Schuttinsel (ung.:Szigetkoz), entlang 

einer 50 km langen Donaustrecke, welche einen - aus 

Donausedimenten bestehenden, - machtigen Schuttkegel 

f liesst, werden die Grundwasser vom Donauwasser gespeist. 

Die unterirdisch stromende Wassermenge wird mit etwa 7-10 

m3/s angegeben. Die Wasserqualitat ist - abgesehen von 

den lokalen Verschmutzungen der Seichten Schichten - filr 

Tr inkwasserversorgung geeignet. Der Grundwasservorrat ist 

derzeitig nur in geringem Mass genutzt, aber soll fur die 

Zukunft vor schadlichen Eingreifen verschont werden. Die 

Umleitung der Donau nach Gabcikovo hat - ausser den fur 

die Pf lanzen schadlichen Grundwasserspiegelsenkungen -

auch in dieser Hinsicht schwer losbare Probleme verur­

sacht, die auch die Qualitat des Grundwassers gefahrden. 

SUBSURFACE WATER RESOURCES, FED BY THE RIVER 

DANUBE, IN THE SZIGETKOZ AREA 

Abstract 

In the szigetkoz, along a 50 km long section of the River 

Danube, the river flows over her own very deep alluvial 

cone ·and recharges the subsurface water resources, 

continuosly refreshing them. The rate of subsurface 

"recharge" flow is estimated in the range of 7-10 m3/s. 

Apart from the effects of local pollution sources of the 



shallow groundwater zone this vast groundwater resources is 

of drinking water quality. This resource is being utilized 

partially only, but it should be definitely preserved for 

future generations, and thus must be protected against 

harmful interventions. The di version of Danube to the 

Gabcikov6 hydropower station resulted in substantial 

subsidence of the groundwater table which is detrimental to 

the vegetation and it causes very difficult problems in 

respect to both the quality and quantity of this important 

subsurface water resource. 

1. Die wasserfilhrende Formation 

Die bedeutendste wasserfilhrende Formation - die unmi ttelbar 

hydraulisch mit der Donau im Kontakt steht der ungarische 

Donaustrecke entlang - ist die von der Donau abgelagerte 

mehrere Hundert m machtige Kiessandschicht in der Kleinen 

Schlitt. (Bild 1) 

Die Durchlassigkeitsbeiwerte dieser Formation bewegen sich 

zwischen 5 und 300 m/Tag, im Mittel um 150 m/Tag. 

Das alluviale Kiessandgeschiebe ist anisotropisch 

abgelagert, der regionale Anisotropiegrad (Ujfaludi 

Maginecz, 1991) ist etwa A=lO zu schatzen. 

Die vertikale Durchlassigkei t der 0-5 m starken, 

feinkornigen, oberen Deckschicht lasst sich mit 0.025-1.0 

m/Tag angeben (Maginecz, 1993.). 

Der Eintrittswiderstand im Hauptarm der Donau ist 

vernachlassigbar gering. In den Nebenarmen ist 

das Flussbet normalerweise in einer 0.2 m machtigen 

Schicht kolmatiert. Filr diese Schicht ist O. 2-1 m/Tag 

wertikale Durchlassigkeit charakteristisch. 
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2. Der Grundwasserspiegel 

Im mittleren und ostlichen Teil der Kleinen Schlitt steigt 

der Grundwasserspiegel 

Deckschicht. 

normalerweise bis in die 

Der Grundwasserspiegel f olgt rasch den Schwankungen der 

Donauwasserstande mit einem durchschnittlichen Gefalle von 

0,3-0,5 m/km nach SSO. (Bild 2.) 

Der Grundwasserspiegel liegt im Westen 4-6, in der Mitte 

und im Osten 1-3 m unter Gelandeoberkante. Die Lage des 

Grundwasserspiegels im Verhal tnis zur unteren Ebene der 

feinkornigen Deckschicht ist fur die Landwirtschaft, bzw. 

ftir die Feuchtezufuhr der Pf lanzen von ausschlaggebender 

Bedeutung. Die Deckschicht ist im westlichen Teil allgemein 

nicht, in der Mitte teilwese, im ostlichen Teil tiberall von 

unten durchfeuchtet. (Bild 3.) 

Der Grundwasserspiegel fallt seit den ftinziger Jahren 

trendartig unter einigen Teilen des Schtittgebietes (Bilder 

4a-c). Die Senkung von 0,5-1,0 um Rajka ist der ahnlichen 

Vertiefung des Mittel - und Niedrigwasserbettes der Donau, 

der gesunkene Spiegel um Gy6r der Entnahme der stadtischen 

Wasserwerke zuzuschreiben. In der Hohe von Dunaremete 

lassen sich trendartige Senkungen weder in den Donau­

wasserstanden, noch im Grundwasserspiegel feststellen. 

(Bild 4.) 

Die Spiegelschwankungen weisen eine enge (60-80 %) 

Korrelation mit den Donauwasserstanden auf. (Bild 5.) Ftir 

die Korrelation mit dem Niederschlag, der Lufttemperatur, 

Verdunstung ergaben sich niedrige (20-50 %) Werte. Die 

Schwankungen der Donauwasserstande machen sich in den 

Beobachtungsbrunnen entf ernungsabhangend in 1 bis 8 Tagen 

bemerkbar (VIZITERV, 1987.), aber eine volle Entwicklung 

der Auswirkungen erf olgt erst nach mehreren Monaten 

(Maginecz, 1993.). 
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3. Grundwasserstromungen 

Neueren Untersuchungen nach speiste die Donau den 

Kieskorper vor der Umleitung mit einer Wassermenge von 7-10 

m3/s. Das vor Klirze entwickelte mathematische Modell ergab 

den Wert von 8,6 m3/s (Maginecz, 1993.). 

Es ist mit grosser Wahrscheinlichkeit anzunehmen, - das der 

bedeutendere Teil dieses Wassers tiber die "gesptilte" 

Bettoberflache des Hauptarmes in den Kies eintritt. 

Die Werte der 60 18 Isotopenkonzentration - die in der Donau 

eindeutig von jenen in den nicht aus der Donau stammenden 

Grundwassern abweichen - beweisen das die Kiesschicht unter 

der Kleinen Schlitt vollstandig (bis zu 70-100 %) mit 

Donauwasser geftillt ist. Stidlich des Moson-Donauarmes 

jedoch sinkt der Anteil des Donauwassers auf unter 20 %. 

Nach den C14 Al tersbestimmungen stammt ein geringer Teil 

dieses Wassers aus den Oberpliozan-Sandscichten (Dese6, 

1993.). 

Die Fliessgeschwindigkeit der Grundwasserstromung konnte 

durch Verfolgen der in der Donau in 1963 entstammendenen 

Tritiumspitze ermittelt werden Die hochsten 

Geschwindigkeiten (400 m/Jahr) ergaben sich in der 

Tiefenspanne 70-90 m, als Beweis ftir die Bedeutung der 

Speisung aus der Donau in den tieferen Schichten (Dese6, 

1993.). 

Die Einsickerung aus dem Niederschlag wurde im Mittel auf 

60 mm/Jahr geschatzt (Major, 1985.) und ist somit im 

Vergleich zum Zuf luss aus der Donau vernachlassigbar in der 

Kleinen Schlitt. 

Die Meson Donau speisst das Grundwasser entlang einer 

kurzen Strecke, der langere Unterlauf wirkt jedoch als ein 

Entwasserungskanal. 
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In den Monaten September und Oktober, 1992 wurden bis zum 

Wehr unterhalb des Lei thauptzuflusses 2, 0-2, 2 m3 /s 

Versickerungsverluste in das Grundwasser gemessen. Der 

Entzug aus dem Grundwasser war jedoch 6,8-9,3 m3/s tiber der 

darunterliegenden Strecke (Rakoczi, L. -szekeres, J., 1993.). 

4. Grundwasserqualitiit 

Abgesehen von lokalen Verschmutzungen in der oberen, 12-15 

m tief en Wasserschicht deuten die Gtitewerte im Allgemeinen 

auf ein ftir Zwecke der Trinkwasserversorgung geignetes 

Wasser hin. 

Die lokalen Nitratverschmutzungen in der Bodennahen 

Grundwasserschicht sind zum grossten Teil dem Mangel an 

Kanalisation in den Ortschaften und den Chemikalien der 

Landwirtschaft zuzuschreiben. Die Ergebnisse der 

Untersuchungen an stabilen N15 Isotopen wiesen ebenfalls auf 

Schmutzstoffe tierischer, bzw. kommunaler herkunft (Dese6, 

E., 1993.). 

5. Grundwasservorrate und ihre Nutzung 

Das reine und lauf end angereicherte Grundwasser in der 

Kiesf ormation unter der Kleinen Schlitt ist auch im 

Nationalen Rahmenplan der Wasserwirtschaft (1984) als eine 

mogliche Quelle der Versorgung mit einer Kapazitat von 750 

Tausend m3/Tag angeftihrt. 

Die tatsachliche Entmahme ist weniger als 100 Tausend 

m3/Tag. Bedeutendere Wasserwerke sind bei Gy6r (Raab) und 

Mosonmagyar6var im Betrieb. 

Die - auf 5,5 km3 geschatzte quaternaren Kiesablagerungen 

(Erdelyi, 1979.) konnen nur in der ferneren Zukunft, als 

Reserve zur Deckung eventuell auch nicht ungarischer 
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Wasserbedarf e in Betracht gezogen werden, sof ern es gelingt 

den Zufluss erwtinschter Menge und Glite zu bewahren. 

Die Summe der gegenwartigen und zukilnftigen Entnahme­

kapazi taten ist ungefahr gleich der natilrlichen Zuflusses, 

dessen ilberwiegender Teil als Uferf iltrat tiber die 

Kiesschichten im Hauptarrn der Donau in die wasserftihrende 

Formation eintritt. Der Zustand dieser Flachen, die Dauer 

der Bettftillung und die Glite des eintretenden Wassers 

dlirften daher keine wesentlichen Anderungen erleiden. 

6. Veranderungen seit der Umleitung der Donau 

Seit der Umleitung der Donau zum Kraftwerk Gabcikovo bei 

cunovo (Dunacsuny) in 1992 oktober f liessen im bisherigen 

Hauptarm der 40 km lange Donaustrecke ausserhalb den 

Hochwasserperioden die nur ein bis zwei Tage lang 

anhalten - nur 200 bis 350 rn3/s, statt des Mittelwertes um 

2 OOO m3 / s. Der Wasserstand - der in den Niederwasser­

per ioden urn 2 m weniger betrug als der rnittlere Wasserstand 

ist im Vergleich dazu noch um weitere 1.5-2 m 

zurlickgegangen. Die Nebenarrne sind vollig ausgetrocknet. 

Der Grundwasserspiegel neben der Donau ist nach der 

Umleitung irn Vergleich zu den frliheren Mittelwerten um etwa 

2-3 m abgesunken, (Bild 6.) in einer Entfernung von 5 bis 

10 km von der Donau aber nur urn 0-1 m. In der Nahe des 

Stausees ist ein Ansteigen des Grundwasserspiegels zu 

beobachten. Die stromungsrichtungen haben sich stark 

verandert. Die Grundwasserspiegelabsenkung im mi ttleren 

Teil und entlang der Donau wirkt sich dort schadlich aus, 

wo der f einkornige Boden frtiher von unten durchf euchtet 

wurde. Die ktinstliche Infiltration durch die Wasser­

einlei tung in den Nebenarmen und die geplanten Unterwasser­

Staustuf en in Hauptarrn kann man nicht als endgtil tige, 

Sanierungsrnassnahme betrachten. 
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Bild 2. Grundwasser-Hohenlinien, Originalzustand (nach Maginecz) 
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Bild 3. Tiefe des Grundwasserspiegels unter Unterkante der 
Deckschicht [rn], Originalzustand (nach Maginecz) 
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Bild 4. Unterschied der mittleren Grundwasserstand in den Perioden 
1956-60 und 1986-90 (nach Szalai) 
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Kurzf assung 

Um extreme Envicklungen im AbfluEverhalten des oberen Donau-Einzugsgebietes 
zu erkennen, hat die Landesanstalt fur Umveltschutz Baden-Vurttemberg eine 
erste Zustandsaufnahme gemacht. Untersucht vurden die hochsten mi ttleren 
und niedrigsten monatlichen und j ahrlichen Abflusse an Pegeln der .oberen 
Donau bis Ulm und an milndungsnahen Pegeln der Nebenflusse, deren Zeitreihen 
i.d.R. eine Lange von 60 bis 70 Jahren aufweisen. Zusatzlich einbezogen 
'lo1Urden lOOj ahrige Zei treihen mi t monatlichen Niederschlagshohen von Sta­
tion en des Deutschen Vetterdienstes im oberen Donau-Einzugsgebiet. Die Er­
gebnisse der Regime-, Homogenitats- und Trendanalyse belegen in den letzten 
20 bis 30 Jahren einen Anstieg der Hoch- und mittleren Abflusse sovie ein 
nur geringfiigiges Fallen der Niedrigvasserabflusse vahrend der Trockenvet­
ter-Zei ten von September bis November. In dieser Zeitspanne sind die jahr­
lichen Niederschlage angestiegen und haben sich im Jahresgang verandert. 
Die Niedrigvasser-AbfluEverhal tnisse sind als noch vei tgehend naturlich 
anzusehen. Die Veranderungen im Hoch- und mittleren AbfluEverhalten konnen 
durch ein sich in den letzten 3 Jahrzehnten veranderndes Niederschlags-Ver­
halten erklart verden. 

Summary 

The characteristics of peak, mean and lov-flov discharges in the upper Da­
nube cathment area 

To recognize extreme changes in the run-off regime of the upper Danube a 
first inventory vas carried out by the Landesamt fur Umveltschutz Baden­
Vurttemberg. The time series of peak, mean an lov-flov discharges at the 
gauging stations of upper Danube as for as Ulm and of the tributary rivers 
vere investigated on a monthly and yearly scale; the time series had to be 
as long a 60 to 70 years . In addition, 100 years - time series of monthly 
precipitaion data, delivered by Deutscher Vetterdienst, vere analyzed. The 
results of the analysis of regime, of homogeneity tests and trend analysis 
shov a rise of the peak and mean discharges as vell as slight drop of lov­
flov during dry periods (August to November) vithin the last 2-3 decades. 
During this time period the annual precipitation depths are increased and 
altered in its yearly regime. The lov-flov characteristics are considered 
to be almost naturally. The changes in the peak and mean run-off regime may 
be largely explained by a precipitation regime vhich is changing since the 
last 3 decades. 
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Einfiihrung und Untersuchungsgang 

Vorausvertungen im oberen Donau-Einzugsgebiet zeigen in den letzten 25 Jah­
ren eine deutliche Zunahme der HochvasserabfluF..scheitel und an einigen Do­
nau-Pegeln auch steigen<le ·mittlere Abflilsse. In den letzten 10 Jahren tre­
ten ofter extreme Niedrigvasser-Zeiten auf. Um extreme Entvicklungen zu er­
kennen, hat die Landesanstalt fur Umveltschutz Baden-Vilrttemberg an 60- bis 
70j ahrigen AbfluB-Zei treihen im oberen Donau-Einzugsgebiet (Abb. 1) sovie 
in benachbarten Einzugsgebieten des Rheins und des Neckars umfangreiche 
Konsistenzprufungen und Zeitreihenuntersuchungen durchgefiihrt und eine Zu­
standsaufnahme zum AbfluBverhalten gemacht. Bisher vurden die Ursachen fur 
Veranderungen im AbfluF..verhalten vorviegend nur auf menschliche Tatigkeiten 
vie Landnutzungsanderung, Urbanisierung, vasservirtschaftliche Regelungen 
(FluF..bau, Hochvasserschutz, Vasser-Fernversorgung etc.) und als Folge der 
iuuner intensiver verdenden geverblich-industriellen Nutzung von Regionen 
zuruckgefiihrt. Hit Ausnahme von einigen Schverpunkten im Untersuchungsge­
biet, vie die Raume um Donaueschingen, Tuttlingen, Ulm, Kempten, Hemmingen 
verden die o.a. Einflusse auf das AbfluBverhalten als gering eingeschatzt, 
veil im ubrigen oberen Donau-Einzugsgebiet die Siedlungsdichte relativ ge­
ring ist. 

Veranderungen im AbfluBverhalten konnen auch bedingt sein durch ein sich 
veranderndes Niederschlagsverhalten. Daher 'IJUrden auch lOOjahrige Zeitrei­
hen (1892-1992) mit monatlichen und jahrlichen Niederschlagshohen von 10 
Stationen des Deutschen Vetterdienstes (Offenbach a.H.) einbezogen (Abb. 1 
u. Tab. 1). Auf die Ableitung von Gebietsniederschlagen vurde bevul?.t ver­
zichtet, veil das zur Verfugung stehende Stationsnetz zu veitraumig ist. 
Daher verden Zeitreihen an Einzelstationen beurteilt. Das Problem der Sta­
tionsreprasentanz und S.chluF.. auf raumliche Verteilung bleibt off en, veil 
Inseleffekte, lokale Ereignisse und Gro&e des Niederschlagsgebietes i.d.R. 
nicht erkannt verden konnen. 

An 13 Pegeln des oberen Donaueinzugsgebietes einschlie&lich der bayerischen 
Pegel Neu-Ulm-Bad Held/Donau und Viblingen/Iller vurden zunachst 60- bis 
70jahrige Zeitreihen rnit monatlichen und jahrlichen hochsten Scheitelab­
flussen HQ, mi ttleren Abflussen HQ und niedrigsten Abfliissen NH Q unter­
sucht (Abb. 1 u. Tab. 2). Fur die Stationsausvahl maJ?,gebende Gesichtspunkte 
varen veitgehend gesicherte Erfassung der Hoch- und Niedrigvasserabflilsse 
und keine intensiven Einflusse von vasservirtschaftlichen Regelungen, vie 
z.B. in den Einzugsgebieten der Donau-Nebenfliisse Brenz und Eger im Nord­
vesten sovie der Rot im Sildosten des Untersuchungsgebietes vorhanden. Hit 
Ausnahme des Pegels Beuron/Donau zeigen die Zuflilsse zu den Pegeln keine 
direkten karsthydrologischen Beeinflussungen. Die Ausvertungen erfolgen 
jeveils ab Beginn der Pegel-Beobachtungen bis zum Stichjahr 1992. 

Die Zeitreihen fiir Niederschlag, Hoch- und mittleren AbfluF.. verden gema& 
dem hydrologischen Jahr (jeveils von November bis Oktober) und der Niedrig­
vasserabfluF.. gema.B. dem Niedrigvasser-Jahr (jeveils von April bis Marz) un­
tersucht. Die Zeitreihen verden bevul?.t nicht auf eine einheitliche Zeit­
spanne bezogen, veil dadurch ein Yesentlicher Verlust von Informationen 
verloren gegangen Yare, insbesondere zu Zeitabschnitten, in denen innerhalb 
der Zeitreihen Inkonsistenzen und Inhomogenitaten nachveisbar sind. 

Um Inhomogenitaten in den AbfluF..- und in den Niederschlags-Zeitreihen zu 
erkennen, vurden statistische Verfahren zum Erkennen von signifikanten Ver­
anderungen (Bruchpunkttest, Summen- und Doppelsummenlinienverfahren), die 
eigentliche Trendanalyse (Beurteilung der Trend-Signifikanz gema.B. dem Mann­
Kendall-Test [7], [2]; parameterfreier Test, unabhangig von Haufigkeitsver-
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Abb. 1: Abflu&pegel und Niederschlagsstationen im oberen Donau-Einzugsgebiet 
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Tab. 1: Trenduntersuchung von lOOjahrigen Niederschlagszeitreihen im oberen Donau-Einzugsgebiet. 
Jahrliche und vintersaisonale Niederschlagshohen. 

Region bH(J) Hydrolog. Jahr (Nov.-Okt.) bH(Vi) Vintersaison (Dez., Jan., Febr.) 2 

Niederschlagsmesser (Einzugsgebiet) Bobe Kittel Trend Signif. i.nderung Hi ttel Trend Sfgn).f. Anderung 

(Zeitspanne 1892-1992) 1) 
(• iiNN) l-1 [mm/Jahr] [I) ab (am] (mm/Jahr] [I] ab 

Schvarzvald-Eiozugsgebiet 
1. Villingen-Schvenningen (Bri§fch) 720 861 + 1,54 99,5 1955 207 + o, 77 99 1955 
2. Bonndorf/Schvarzv. (Yutach) 876 971 + 0,79 80 (1935) 240 + o, 72 90 1935 

Schvabische ilb 
3. Tuttlingen (Donau) 4 648 856 + 1,08 98 1964 165 + 0,61 99 1956 
4. Harthausen (Lauchert) ) 737 773 + 0,27 - 1952 145 + 0,46 99 (1935) 

5. Hunsingen-Apfelstetten (Gro&e Lauter) 750 890 + 1,56 99,5 1960 181 + 0,60 99,9 (1944) 
6. Heidenheim (Brenz) 500 821 + 1,70 99,9 1924 189 + 0,80 99,9 1949 

Alpenvorland 
7. Biberach (RiB) 581 807 + 0,29 - 1964 125 + 0,22 90 1954 
9. Kempt en (Iller) 705 1.204 + 1, 13 90 1952 235 + 0,23 - 1963 

9. Ottobeuren (Gunz) 665 1.045 + 1,86 99,5 1962 170 + 0, 45 98 1948 
10. Ulm (Donau) 522 733 + 0, 72 90 1952 130 + 0,35 99 1954 

1) Hydrologisches Jahr, jeveils von November bis Oktober 
2) Sunune iiber 3 Honate 
3) Stationsverlegling 1985 
4) Station endet 1984 



Tab. 2: Trend- und Homogenitatsuntersuchung von Hoch-, Kittel- u. Niedrigvasserabfliissen 
an Pegeln im oberen Donau-Einzugsgebiet 

Region Bochster jihrlicher Abflu.& BQ(J) 
i.nderung Pegel/Gevasser ~2] Un~ersuchti) lliJt:el Tr~d Signifik. 

z.e1tspanne I• lsJ I• Is Jahr] [I] ab 

Ostlicher Schvarzvald 
1927-1992 2) 1. Hannereisenbach-Krh. /Breg 158 49,5 + 0,67 99,9 1976 

Schvabische A.lb 
1923-1992;l 2 . :Ki rchen-Hausen/Donau 767 129 + 1,04 98 1977 

3. Beuroo unter llert/Donau 1.320 1927-1992 133 + 1,42 99 1976 
4. Hundersingen/Donau 2. 629 1930-1992 173 + 1, 75 98 1976 

5. Berg/Donau 4 .037 1930-19922) 202 + 1, 19 80 1976 
6. Neu-Ulm-Bad Held/Donau 7 .578 t:~~=t::;2 ) 575 - 0, 18 - 1963 
7. Fridingen-Hammerverk/Bara 133 18,5 + 0, 15 70 1975 

8. UnterschlDeien-Ort/Schmiecha 150 1932-19922 ) 9,08 + 0,016 - 1976 
9 . Laucherthal/Lauchert 452 1933-19922 ) 13,0 + 0,075 80 1976 
10. Lauterach/Gro&e Lauter 299 1930-1992 4, 43 + 0,015 90 1972 

Alpenvorland 
1932-1992 2) 

I 
ll. Niederkirch/Ri& 405 26, 7 + O,ll 95 1956 
12. Achstetten/llesternach 250 1933-1992 20, 6 + 0,16 98 1979 
13. \liblingen/Iller 2.115 1921-1992 I 462 - l,44 90 1940-1950 

1) HQ- und HQ-7.eitreihen je11eils von November bis Oktober, NH 7Q-7.eitreihen je11eils von April bis Harz 
2) Folgepegel mi t Vorgangerpegel 

Region llittlerer jihrlicher Abflu.E llQ(J) Niedrigster jihrlicher Abflu.& NH79CJ) 
Pegel/Gevasser Hiltel Trend Signifik. An de rung lli!tel Trend Signifik.. Anderung 

(11 /s] [l/s Jahr] (I] ab I• /s] fl/s Jahr] ('X] ab 

Ostlicher Schvarzvald 
1. Hamnereisenbach-:Krh. Breg 4, 68 + 12 80 1964 0, 92 - 2 1946-1952 

Schvabiscbe ALb 
2. Kirchen-Hausen/Donau 12, 7 + ll 1964, 1976 2, 79 - 7 1946-!952, 19~ ! 
3. Beuron unt.er llert/Donau 10, 9 + 78 98 1964 0' 95 - 7 90 1944-1953 
4. Hundersingen/Donau 24' 6 + 83 80 1965 6, 45 - 18 1942-1953 

5. Berg/Donau 38,0 + llO 80 1964 14, l + 9 1942-1953 
6. Neu-Ulm-Bad Held/Donau 119 + 188 1964 48, 6 + 18 1946-1953 
7. Fridingen-Hanunerverk/Bara l, 75 + 3 1964 0,30 • 2 80 1947-1953 

8. Unterschmeien-Ort/Schmiecha 1, 57 + l 1964 0, 34 + 3 99,5 1949-1953 
9. Lauchert.hal/Lauchert 4' 28 + 3 1965 1, 69 • 2 1947-1953 
10 . Lauterach·Gro&e Laut.er 1, 43 + 5 1973 0, 48 + 5 99,9 1942-1952, 1976 

Alpenvorland 
11 . Niederkirch/Ri& 4, 44 • 6 1942,1964 2, 38 + 7 80 1945-1952 
12. Achst.etten/llesternach 2 ,24 + 6 95 1964 1, 02 + 2 1944-1953 
13. \liblingen/Iller 69 ' 4 + 59 1964 23' 4 + l 1944-1952 
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teilungen) sowie die Analyse von zyklischen Veranderungen auf die Zeitrei­
hen angewendet; methodische Grundlagen siehe [4], [5]. Veiterhin vurden Re­
gimeanderungen im jahrlichen Gang von Niederschlag und AbfluE vermutet und 
untersucht . 

Ergebnisse uncC Folgerungen 

1. Niederschlag 

Die lOOjahrige Zeitreihen der an den DVD-Stationen erfal?,ten monatli­
chen und jahrlichen Niederschlagshohen zeigen ilberall steigende 
Trends; mi t Ausnahme an den Stationen Bonndorf , Harthausen und Bi­
berach sind die Trends signifikant (Tab. 1). 

Uberall im Untersuchungsgebiet sind stark signifikant steigende Trends 
bei den Niederschlagssummen ilber die Vintermonate Dezember bis Febru­
ar, auEer bei der Station Kempten (Iller-Gebiet) erkennbar (Tab. 1). 

Inhomogenitaten, insbesondere Zunahme der jahrlichen Niederschlagsho­
hen sind bei fast allen Zeitreihen ab den SOer und 60er Jahren zu er­
kennen, auEer an den Stationen Bonndorf am vestlichen Rand und Heiden­
heim im Nordosten des Untersuchungsgebietes. 

Vergleichende Auswertungen zu den Jahresgangen der monatlichen Hittel-· 
verte zeigen bei allen Stationen in den letzten 30 Jahren (Teilzeit­
spanne 1962 bis 1992) gegenilber der davorliegenden Teilzeitspanne 1892 
bis 1962 generell hoherliegende Honatsmittel in den Honaten November 
bis Juni; in den Honaten November bis April liegen die Honatsmittel 
der Stationen im vestlichen Untersuchungsgebiet vesen:tlich hoher als 
im ostlichen Beeich. Hit Ausnahme der Stationen KJmpten und Ottobeuren 
am Ostr and des Untersuchungsgebietes zeigen die Honatsmittel der letz­
ten 30 Jahre in den Monaten Juli bis Oktober i.d.R. geringfilgig nie­
drigere Verte gegenilber der davorliegenden Vergleichszeitspanne. 

Damit ergeben sich Veranderungen und Verschi,e'bungen im Jahresgang der Nie­
derschlage, die sich auf das AbfluEverhalten ausvirken konnen. Hier besteht 
veiterer Untersuchungsbedarf, insbesondere auch, veil Zusammenhange mit 
- evtl. anthropogen beeinfluEten klimatischen - Veranderungen vermutet ver­
den [ 7] , [ 8] . 

2. Bochvasserabflu& 

Im oberen Donau-Einzugsgebiet bis Ulm steigen die jahrlichen Scheitel­
abflilsse signifikant an 10 untersuchten Pegeln (Tab. 2). An fast allen 
Pegel-Zeitreihen la.F..t sich ein deutlicher Anstieg, etwa ab Hitte der 
70er Jahre erkennen. 

Vergleichsuntersuchungen der Jahresgange der mittleren monatlichen 
Hochstabfliisse zeigen, ahnlich vie bei den u.a. mittleren Abflilssen 
fur die 30jahrige Teilzeitspanne 1962 bis 1992 gegenilber der davorlie­
genden Teilzeitspanne in fast allen Monaten generell hohere und in den 
Honaten November bis Juni/Juli vesentlich hohere mittlere Hochvasser­
abflilsse. 
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Hit Ausnahme des alpin beeinflu1?.ten Iller-Einzugsgebietes und am unterhalb 
der Iller-Hii.ndung liegenden Donaupegel Neu-Ulm treten die jahrlich hochsten 
Scheitelabflilsse vornehmlich in den Vinterhalbjahren auf (vornehmlich von 
Dezember bis April). Es besteht die Vermutung, daF.. die vinterlichen Hochst­
abfliisse zunehmend beeinflu&t verden durch ein sich in den letzten Jahr­
zehnten veranderndes Niederschlagsverhal ten ( s. o.); ein hauf igeres Zusam­
mentref fen von Schneeschmelze und Niederschlagstatigkeit vird vermutet. 
Hier besteht noch veiterer Untersuchungsbedarf. 

3. Hittlerer Abflu& 

Hit Ausnahme des Ri&-Einzugsgebietes (Pegel Niederkirch) zeigen alle 
untersuchten Pegel-Einzugsgebiete mehr oder minder steigende Trends in 
den mittleren jahrlichen Abflu1?.reihen (Tab. 2). In den Einzugsgebieten 
der Donaupegel 6berhalb von Ulm bis zu den Quellflilssen im Schvarzvald 
und an der Vesternach (Pegel Achstetten) ergeben sich signifikant 
steigende Trends. 

Die Erhohung der mittleren Abflusse ist etva ab Hitte der 60er Jahre 
nachveisbar und kann mit den Erhohungen der Niederschlage ab den SOer 
und 60er Jahren in Zusammenhang gebracht verden. 

Vergleichsuntersuchungen der Jahresgange der mittleren monatlichen Ab­
flusse zeigen generell gleiches Verhalten vie oben bei den Hochvasser­
abflussen beschrieben. 

Der in den letzten Jahrzehnten beobachtete erhohte mi ttlere Abflu1?. und 
dessen Abhangigkeit von steigenden Niederschlagen im oberen Donau-Einzugs ­
gebiet sollte <lurch veitere Untersuchungen zur Vasserbilanz und zu mogli­
chen Veranderungen der Verdunstung erganzt verden; vgl. [9). 

4. Niedrigvasserabflu& NH7Q 

Von den im oberen Donau-Einzugsgebiet untersuchten 13 Pegel-Zeitreihen 
(Tab. 2) haben nur 2 stark signifikant positive Trends (Unterschmei­
en/Schmiecha und Lauterach/Gro&e Lauter) und 2 schvach signifikant 
steigende Trends (Pegel Friedingen/Bara und Niederkirch/Ri&). Die 
steigenden Trends konnten bedingt sein durch Einleitungen der Trink­
vasserversorgung oder aber auch durch mangelnde Prazision in der Nie­
drigvasser-Me&technik. Der schvach signifikant fallende Trend am Do­
naupegel Beuron ist vahrscheinlich bedingt durch karsthydrologische 
Einflilsse im Bereich der oberhalb liegenden Versinkungsstellen. 

Deutlich erkennbar verden bei allen Pegelzeitreihen die starken 
Trockenvetter-Abflu1?.perioden zvischen 1942 und 1953 (Tab. 2) . Die 
sprunghafte Erniedrigung der NH Q-Abflusse nach 1971 am Pegel Kir­
chen-Hausen/Donau ist vahrschein~ich bedingt durch den zum gleichen 
Zei tpunkt erfolgten Pegel-Neubau und einer genaueren Erfassung der 
Niedrigvasser-Verhaltnisse ab diesem Zeitpunkt. 

Die Jahresgange der mi ttleren rnonatlichen NM Q-Abfliisse ergeben beim 
Vergleich der neuerlichen Teilzeitspanne 196t bis 1993 gegenilber der 
jeveils davorliegenden Teilzeitspanne niedrigere NM 7Q-Abflusse fur das 
vestliche Untersuchungsgebiet in den Monaten Juli bis November und fur 
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das ostliche Untersuchungsgebiet in den Honaten September bis Novem­
ber; dies ist als Hinveis auf extremere Trockenperioden in den Spat­
sommer- und Herbstmonaten zu deuten. 

Vie die Trenduntersuchungen ergeben, muB das derzeitige Niedrig1o7asser-Ver­
halten aufgrund der HeBungenauigkeiten des Niedrig1o7assers, der nur gering­
filgigen Trinkwasserilberleitungen aus Fremdeinzugsgebieten und der Karster­
scheinungen oberhalb von Beuron noch als 'Wei tgehend natiirlich angesehen 
yerden. Dennoch ergeben sich Tendenzen zu erniedrigten Niedrigwasserabflils­
sen gerade in den Spatsommer- und Herbstmonaten. Veitergehende Untersuchun­
gen zum Auftreten von Niedrig1o7asser im Zusammenhang mit Trocken'Wetterperio­
den und (zusammenhangenden) Niedrigvasserdauern stehen noch aus. 
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Abstract: Regional peculiar features of the mean annual 
anc seasonal runoff of the Danube basin rivers were stated, 
using the results of comple~ statistic analysis of 35-year 
and 60-year series of hydrological observations. In the 
upper part of the basin the directed runoff va~iations 
are slight, negative during the warm period of the year 
and positive during the v1inter period. In the lower pa.rt 
of the basin (rivers in the East Carpathians) the vari-
ations of the. annual, spring, surmner and autumn runoff 
are characterized by positive trends. The most significant 
climatic river runoff variations have been observed in 
70-s and also in 30-s, 60-s and 80-s in the middle and 
lower parts of t~e Danube river basin 
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I. Introduction 

The current changes of the Global climate, characterized 
by 0.5°C increase of the mean global air t emperature for 
100 years /1/, cause interest among hydrologists as these 
changes can affect the variations in the character of water 
resources formation. Studies, made by the authors /2,J/ on 
the rivers of Russia and former USSR territory, suggest, 
that the current regional differences are observed in the 
direction of the mean annual and mainly seasonal and monthly 
river runoff variations both for 100-year period and for 
the years of the second half of the XXth century. 

A considerable extent of the Danube river basin, a 
variety of runoff formation conditions and the availability 
of the reliable long-term observations for hydrological 
regime at its inflows, allow to estimate the regional 
peculiar features of river runoff variations in the basin. 

2. Methods of studies and used materials 

In accordance with the Recommendations of the World 
Meteorological Organization /4,5/ it is wise to apply 
complex statistic analysis of hydrological observation 
series for the similar calculated periods to study time 
and space regularities in water resources changes. Analysis 
of the long-term properties of the averages in time series 
allows to estimate climatic variations of annual, seasonal 
and monthly river runoff. 

Considering the addit}ons, proposed by the authors 
/2,J/, the following comple~ of statistic criteria has 
been used: ranked criteria of special test for trend, 
Mann's criterion, Kruskel-Wallice criteria to perform 
samplings (basing on two periods with three subperiods) 
within one statistic po~ula tion and Buishand-Worsly test 
for the outlier (change) in the series /5/. 

Calculations by the complex methods have been performed 
by 5 observation sites, located in different parts of the 
basin, and b;y the Danube river stations - Bratislava. The 
calculations were made fur two calculated periods - 1926-1985 
and 1951-1935. 

To es-cima"Ce space regularii:;ies in the direction and 
intensity of runoff variations, the calculation results 
were used only for 35-year (1951-1985) period of observations, 
us ing a slightly simplified methods of the WMO and authors 
/2-4/, which is based on a special test for trend. The se­
lection of a trend and its analysis have been performed via 
the method of least squares. Statistic parameters, necessary 
for analysis, were obtaine a after preliminary functional 
smoothing of time series. With a final decision about the 
existence of a trend or a tendency within time series an 
expert estimation is made with reference to the derived 
statistic p arameters: statistic significance or probability 
of detected trends and -cendencies - ~ , e. C,9efficient of 
the firs t oder polynom or trend parameter - ~~ ,errors 
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of the parameter calculation-6{ , the considered variance -1f. 
/). The mandatory condition for trend exj stence is 0 J.gs-t G'utst:, 

and o <:2_~g , anp the condition for tendency existence is 
15%~ 0 <9.!J'/~ andt'>s'i .When the signs (specifying an 
3scending and descending trend) of the criterion 1 and 
t:rend parameter 8 do not coincide, it is considered that 
a trend or tendency is absent as in the case when r <: :; S% 
and e <. 6't . 

Such calculations are made for 15 observation sites at 
the Danube basin rivers (Table 1) over the territory of 
Germany, Czechia, Slovakia, Rournania, Ukraine. While analyzing 
space distribution of runoff variations at the Danube river 
basin the calculation results were also used for the obser­
vations at the rivers in the adjacent basins over the territo­
ry of the above mentioned s~ates and Poland. 

3. Probability and direction of the mean annual seasonal 
and monthly river runoff variations. 

The trend probability estimation by the methods of the 
WMO and authors /2-4/ for 35-year period (1951-1985) testi­
fies to tha probability growth of the directsd water runoff 
variations from the upper west to the east regions of the 
basin (Table 1). 

In the upper Alpine area of the Danube river basin 
the variations of the mean annual river runoff (Inn, Zaltzakh 
rivers) are characterized by the absence of a trend or 
slight negative tendencies c~rend probability is about 75%). 
The probability 0f the negative variations is increased 
during spring-summer mon+.hs and the positive tendencies 
(~alt2akh river) and even trends (Inn river) are observed 
during low water winter period. 

The mean annual basin runoff, formed in the west Car­
pathians (Vag, Gron, Morava rivers), is characterized by 
the absence of significant variations. The variations of the 
mean annual runoff are characteri~ed by a positive tenden­
cy only at individual small rivers (Kisuka river). 

No substantial annual runoff variations are observed 
for 35-year and 60-year periods at the observation line at 
the Danube river neru~ Bratislava. But positive tendencies 
in runoff of the Danube river and its inflows are observe.d 
at this part of the basin durinc spring (March-April) 
and autumn (October-November) months. At individual months 
of the summer period the negative tendencies (Table 1) 
are observed along with the predominance of significant 
variation absence. 

In the lower left-bank part of the basin, where the 
river runoff is formed mainly in the east Carpathians, the 
character of the mean annual, seasonal and monthly runoff 
variations substantially differs from the variations in 
the upper part. The tests for trend of data on the mean annual 
runoff on 8 rivers over the territory of Slovakia, Rournania 
and Ukraine test:!..fy to the fact, that positive variations 

539 



for 1951-1985 are observed on all rivers, and on 6 rivers 
the probability of varia t ions is more than 95%. Only run­
off variations on Toplev and Uzh rivers are charac~erized 
by the trend probability of 86-90%. 

In seasonal runoff the positive variations are clear­
ly defined during su.Inmer months (July) as well as du.ring 
spring and autumn seasons. Runoff on the rivers of the 
lower part of the Danube river basin changes slightly 
during winter months. 

The detected regularities of the mean annual, season­
al and monthly runoff variations on the rivers of the lower 
part of the Danube river basin are confirmed by the pre­
dominant positive trends in the variations of the mean 
annual and seasonal runoff on the rivers of the adjacent 
territories of Poland, Ukraine and Moldova, which runoff 
is also fermed at the east Carpathians. 

4. Analysis of hydrological series stationarity 
Calculation analysis via the WMO complex methods 

for 35-year and 60-year periods, made by the mean month­
ly and annual data, allov1ed to state, that runoff on 
Vag river to Liptovsky, hlorava river to Moravtzani 
and Danube river to Bratislava is substantially regu.la~ed. 
It does not allow to find out the direction and periods 
of runoff climatic variations for the selected calculat­
ed periods. Thus, observations for Zaltzag-Burgkhauzen 
i~i ver for the upper pa.rt of the basin, Inzera-Tu.ri tza 
river for the middle part and hluresh-Arad river for the 
lower part of the Danube river basin are used to analy3e 
hydrological series stationarity and to specify the pe­
riods of the directed variations. 

Analysis of the mean annual runoff for Zaltzakh­
Burgkhauzen river basin, using Mann's criterion, indi­
cates the absence of a monotonic trend in the series 
for 1926-1985 and the existence of the negative ten­
dency for 1951-1985 that confirms the results of a spe­
cial test for trend via the methods 0£ !\uthors (Table 1). 
The absence of a trend for 60-year period is explained by 
the fact that variations of water content at the begin­
ning and end of this period are of an unequally directed 
character and cause a compensation of the positive and 
negative deviations. 

Kruskel-Wallice criteria, calculated for different 
subperiods of a specified series according to the accept­
ed alternative hypothesis indicate a violation of uni­
formity in the mean annual runoff values for 1951-1985 
and Buishand-Worsley criteria specify the periods of 
sharp variations in the mean annual values of the se­
ries - 1979 and 1980. The calculations for the monthly 
mean runoff values showed a more distributed character 
of outliers in river water content in 35-year se~ies: 
by Buishand - in 1970 - .April and August, in 1975 -
July, in 1976 - January, in 1977 - February, in 1979 -
:March, May, June and December, in 1930 - September 
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and Decembe r ; by Worsley - in 1979 - Febru2r y, May, 
June, December, iL 19 30 - January, March, April, July­
October. 

Thus, the most significant outlier in runoff values 
for the upper part of the Danube river basin has occured 
at interface of 70s and 80s and was mos~ pronounced in 
swnmer and winter runoff. 

No monotonic trend of the mean annual runoff vari ­
ations is observed in the middle part of the Danube 
basin for observation data at Inzer-Turitza river for 
the period from 1926 to 1985 and a slight tendency (78% 
probability) is observed for 1951-1985. The calculations 
by Kruskel-Wallice criteria confirm the violation of 
series uniformity for 60-year period. Buishand-Worsley 
criteria define more exactly that a sharp water content 
change also occured at the end of 70s but some changes 
were observed at the beginning of a calculated 60-year 
period. 

The results of comple~ statistic analysis of obser­
vation data on Muresh river in the lower left-bank part 
of the Danube basin confirm the substantial positive 
variations for 35-year period and the existence of a 
monotonic positive trend for 60-year period. Analysis 
via Kruskel-Wallic.e 'Ori teria verifies the existence of 
substantial outliers in the series for 35-year and 60-
year periods and analysis via Buishand-Worsley criteria 
indicates the existence of significant outliers at t h e 
beginning of the series (1936, 1939) during 60s and 8 0s. 
The great changes in 30s occured due to the variations 
of the monthly mean values of winter and Si.lmmer runoff 
and in 60s and 80s - during spring-summer months. 

Thus, the most significant climatic variations of 
river runoff in the Danube basin in the X.Xth century 
occured in 70s, but in the middle and especially in 
the lower part of the basin these variations were 
observed in 30s, 60s and 30s. 
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'l'abJe 1 

Varin tions of !;he monthly mean ru.noff on tbe rivers of the Darn.ibc 

for 195 1-19<35 

Proba bili t y and trend sign by months and for the year, % 

I : II : III : IV : v : VI : VII : VIII: IX : x : XI : XII :yea r 

Germany 
Zalt~akh-Burgkhau~en 79,4 94, 1 abs. - 89,4 abs. abs.-84,6 abs. abs. abs. abs. abs. a bs. 
I11n-Vasserburg 99, 9 99,9 U 1 , 1 abs. -92,6 -9J,4 -'::) U ,O a bs. abs. abs. abs. 95, 1 a bs. 

Czechia 
Morava-Moravit zani ubs. abs. 94,7 abs. abs. abs. -75,2 abs. abs. 08,9 abs. abs. abs. 

Slovakia 
Gron-Bre ~~ na abs. abs. abs. abs. abs. abs. a bs. abs. - l\ 3,4 abs. 90,0 74,2 abs. 
Vag-Liptovsky ~.lilculnsh abs. abs. abs. a bs. abs. abs. abs. abs. abs. abs. 98 ,2 a bs. abs. 

VI Kisulca -Chad t~.a abs. abs. 81, 9 abs. 86,0 - 80,2 abs. abs. abs. 95, 8 94, 1 abs. 76' 1 ~ 
IV 

Toplev-Ganusovt~e abs. a bs. abs. abs. 93,8 abs. 97,0 abs. 88,9 abs. 98,6 89,4 86 ,7 

Danube-Bratislava abs. abs. 81'9 97,2 abs. abs. abs. abs. - 84, 1 abs. 86,7 abs. abs. 

Roumani a 
Muresh-.Arad abs. abs. 92,6 92,2 95,6 87,9 98,8 96,6 99,7 99,3 95,1 a bs. 99,9 
Same sh-Sa tu-Mare abs. abs. a bs. abs. 90,0 78,8 98, 2 94,4 98 ,2 93, 8 98 ,7 a bs. 91' 0 

Ukraine 
Prut-Jarechma abs. a bs. 86,0 abs. 93,8 96,G 99,9 abs. abs. abs. abs. a bs. 99,9 

Tereblya-Kolochava B7,7 abs. 97,5 abs. 95,6 99' 1 99,6 96,9 98,9 95,5 95,5 94,5 99, 8 

Rika -Me:;,hgorje abs. abs. 87,9 abs. 99,4 81 '1 99,4 abs. a bs. abs. 97,7 

Bon ;hava-Dolgoe abs. abs. 94' 1 abs. 93,6 96, 1 99,6 99,8 99,9 99,2 99,0 a bs. 99, 6 

Uzh-Zarechevo abs. abs. abs. abs. abs. 7U,2 98 ,5 abs. 97 ,Z a bs. 94, '7 a bs. 90 , 0 
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KURZFASSUNG 

Im AnschluB an friihere Arbeiten der Donauliinder, publiziert in der "Hydrologischen 
Monographie der Donau", wurde im Rahmen der "Regionalen IHP-Zusammenarbeit der 
Donaulander" eine Aktualisierung der seinerzeitigen Auswertungen beschlossen und in An­
griff genommen. Dabei wird die Wasserbilanz der gesamten, nunmehr verfiigba.ren Periode 
von 1931-1990 neu bearbeitet sowie der aktuelle Stand der wichtigsten wasserwirtschaftli­
chen Nutzungen erfaBt. An diesem Projekt sind alle - nunmehr 13 - Donaulander beteiligt. 

UPDATING THE WATER BALANCE OF THE DANUBE BASIN 
AND MONITORING OF ANTHROPOGENIC INFLUENCES 

PROJECTS AND DRAFTS OF THE REGIONAL IHP - WORKING GROUP 
ON HYDROLOGY OF THE DANUBE COUNTRIES 

ABSTRACT 

In continuation of former works of the Danube countries, published in the 'Hydrology of 
the River Danube', the 'Regional Working Group on Hydrology of the Danube Countries 
within IHP' decided to develop an up-to-date version of the water balance of the Danube 
basin. The water balance this time will cover the now available period of 1931-1990. 
Additionally, the present state of the main water management structures is assessed. This 
project is supported by all - now 13 - Danube countries. 
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1. Einleitung 

Die "Regionale Zusammenarbeit der Donaulander im Rahrnen des lnternationalen Hy­
drologischen Programmes der UNESCO" hat sich in der Vergangenheit a.ls niitzliches 
Instrument erwiesen, um trans- und iibernationale Aspekte der Hydologie und Wasser­
wirtscha.ft im Donauraum gemeinsam zu behandeln. Na.eh nunmehr kleiner gewordenen 
Landereinheiten erscheint eine solche Zusammenarbeit umso notwendiger . 

Die gesamten, in verschiedenen Projekten laufenden Aktivitaten der "Regiona.len IHP -
Zusa.mmenarbeit der Donaulander" konnen in dem vorliegenden Ra.hmen nicht umfassend 
dargestellt werden. Desha.lb erfolgt bier eine Beschrankung auf das Projekt "Aktualisie­
rung der Hydrologischen Monogra.phie der Dona.u" . 

Im AnschluB an friihere .A.rbeiten irn Rahmen der genannten Zusammenarbeit, publiziert 
in der "Hydrologischen Monographie der Donau", wurde eine Aktualisierung der seiner­
zeitigen Auswertungen beschlossen und in Angriff genommen. An diesem Projekt sind alle 
- nunmehr 13 - Donaulander beteiligt . Im AnschluB a.n friihere Arbeiten wird der Zeitab­
schnitt 1971-1990 zusatzlich beriicksichtigt. Auch diese Initiative kann in dem vorliegenden 
Beitrag kaum umfassend dargestellt werden. Es erfolgt deshalb eine weitere Beschrankung 
a.uf den Thernenkreis "Aktualisierung der Wasserbilanz des Donaubeckens" . Weitere Ak­
tivitaten im Zusammenhang mit der "Aktualisierung der Hydrologischen Monographie der 
Donau" werden in einem abschlieBenden Kapitel dargestellt. Dazu sell betont werden, da6 
sich dies im Sinne der Schwerpunktsetzung dieses Beitrags ergibt und damit keine Wer­
tigkeit dieser Arbeiten im Zusammenhang mit dem Gesamtprojekt zum Ausdruck gebracht 
werden soll. 

Im Ra.hmen der "Aktualisierung der Wa.sserbila.nz des Donaubeckens" werden die Daten 
der gesamten, nunmehr verfiigbaren Periode 1931-1990 neu bearbeitet. Erganzend dazu 
wird der ak~uelle Stand der wasserwirtschaftlichen Nutzungen erfa.Bt. Die Notwendig­
keit und der aktuelle Bezug dieser Arbeiten ergibt sich nicht our a.us der gegebenen und 
moglichen ki.inftigen Klimavariabilitat, vielmehr erfordert auch die stetig zunehmende an­
thropogene Beanspruchung der Wasserresourcen ein hoheres Ma6 an gemeinsamer, iiber­
regiona.ler Zusammenschau der Entwicklung. 

Die Arbeiten zur Wasserbilanz wurden mit einem osterreichischen Teilprojekt, betreffend 
die Ermittlung von Niederschlagsverteilungen und Gebietsniederschlagen, begonnen. Das 
Ziel sind ge"Tasterte Verteilungen, die a.ls Eingabegro6en fiir die weiteren Auswertungen 
dienen. Diese werden zur Ganze mit GIS-Methoden durchgefiihrt werden. Parallel dazu 
wird - im 'Global Runoff Data Center' in Koblenz/Deutschland - eine Abfiu6datenbank 
aufgebaut . Damit wird die Grundlage fiir umfassende AbfluBauswertungen geschaffen, 
gleichzeitig aber auch eine weitere wichtige EingangsgroBe zur Wasserbilanz erfaBt. Die 
friiher durchgefiihrten Abfiu6auswertungen bediirfen wesentlicher methodischer Erganzun­
gen und Erweiterungen, die derzeit erarbeitet werden. Als vertiefende Arbeit hiezu ist das 
Teilprojekt "Raumzeitliche Analyse von maxima.Jen Projekthochwassern im Donauraum", 
durchgefohrt von Rumanien, anzusehen . 

2. Methodik der Wasserhaushaltserfassung 

2.1 Bearbeitungsansatze 

Die vielfach in der Vergangenheit vorhandenen und auch heute noch nieht vollig abge­
bauten Zweifel an der Notwendigkeit und praktischen Verwertbarkeit eines 'Monitoring' 
des Wasserkreislaufes halten einer kritischen Betrachtung nicht stand. Vor allem ist hier 
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a.nzufiihren, daB mit zunehmender Lange der Beobachtungsreihen die Erkenntnis wachst, 
daB die Variabilitat der Prozesse viel groBer ist, als man urspriinglich annehmen konnte. 
Auch iiber la.ngere Zeitabschnitte und groBere Regionen konnen Auspendelungen auftre­
ten, die betrachtliche sozio-okonomische Folgen nach sich ziehen. Als besonders verletzbar 
erweisen sich Gebiete, in denen der Niederschlag nicht wesentlich groBer a.ls die Verdun­
stung ist. Die Veranderungen des Wasserdargebots als relativ kleines "Restglied" konnen 
dort existenzbedrohende AusmaBe a.nnehmen. 

Ziel einer sa.chgerechten dyna.mischen Erfassung des Wasserkreislaufes muB es sein, eine 
zeitliche und ortliche Aufiosung zu verwenden, die den praktischen Erfordernissen in Hy­
drologie und Wasserwirtschaft gerecht wird. Damit werden solche Auswertungen iiber eine 
eher "geographisch" orientierte Da.rstellung hina.us zu einem bra.uchbaren, ja unverzichtba­
ren Werkzeug wasserwirtschaftlicher Planung. Erst in jiingster Zeit jedoch sind die techno­
logischen Voraussetzungen gegeben, eine solche Aufgabenstellung auch fiir GroBregionen, 
wie etwa. das Donaubecken, mit einiger Aussicht auf Erfolg in Angriff nehmen zu konnen. 

Bei der raurnlichen Aufgliederung in Bilanzgebiete, ebenso wie bei der Erarbeitung de­
taillierter ortlicher Verteilungen ( Wasserbilanzkarten) konnte friiher der Zeitschritt des 
"vieljahrigen Mittelwertes" kaum reduziert werden. Nicht nur, daB heute der Begriff des 
"vieljahrigen Mittelwertes" an sich nicht mehr aufrechterhalten werden ka.nn (sofern er a.ls 
"Grenzwert" einer moglichst langen Beobachtungsreihe angesehen wird), der Zeitschritt 
ist fiir praktische Erfordernisse iiber hydrologische J ahre - vermutlich bis zu Monatsab­
schnitten - schrittweise zu reduzieren. Der Weg von la.ngeren zu kiirzeren Zeitabschnitten 
bei .gleichzeitiger Erhohung der ortlichen Auflosung ist dabei durchaus zweckmii.Big. 

Eine wesentliche Verbesserung der Behandlung der Aufgabenstellung stellen die groBen 
Forschritte in der rechnerischen Handhabung gerasterter Verteilungen dar . Da.mit wird 
auch ein enger Zusammenhang zwischen ortlicher Verteilung und Bilanzierungs - Gebiets­
mittelwerten hergestellt, die direkt rechnerisch ineinander iibergefiihrt werden konnen. 

Bei der Neubearbeitung des Wasserhaushalts des Donaubeckens kann mit groBem Vorteil 
auf friihere Ausarbeitungen, die Wasserbilanz im Rahmen der "Hydrologischen Monogra­
phie der Donau" zuriickgegriffen werden. Sie sind - auf breiter Basis entstanden - als 
hochrangige "Expertenmeinung" zu beriicksichtigen. Um sie einbringen zu konnen, sind 
sie allerdings zunachst in eine digital verarbeitbare Form zu bringen. Diese Arbeiten und 
die dabei erzielten Ergebnisse werden nachfolgend beschrieben. 

Im Falle der Niederschla.gsverteilung wird na.ch der Rasterung zunachst eine Adaptierung 
an die Beobachtungsdaten vorgenommen. Sodann erfolgt eine Ausdehnung auf andere 
Zeitabschnitte sowie schlieBlich eine schrittweise Reduzierung des Zeitschrittes. Diese Ar­
beiten werden in einern eigenen Teilprojekt von O_~terreich behandelt und befinden sich 
bereits in fortgeschrittenem Stadium. 

Fiir die - in einem weiteren Teilprojekt zu behandelnde - rechnerische Analyse des Was­
serhausha.lts wurde als Pilotversuch die a.us der Monographie vorhandene AbfiuB- und 
Verdunstungsverteilung gerastert und die Bila.nzrechnung a.uf dieser Grundla.ge nochma.ls 
durchgefiihrt. Die sich da.raus ergebenden Schliisse fiir die weitere Bearbeitung werden 
a.nschlieBend dargestellt. 

2.2 Gebietseinteilung 

Da in der rechnerischen Analyse zunachst Gebietsniederschla.ge fiir FluBeinzugsgebiete zu 
ermitteln sind, miissen a.uch Einzugsgebietsgrenzen digital erfaBt werden. 

Um a.ls Pilotversuch zunachst die Wasserbilanz entsprechend der "Hydrologischen Mono­
gra.phie der Dona.u" nachvollziehen zu konnen (siehe Abschnitt 5.1), wurden die gemaB 
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dem damaligen Entwurf gewahlten 47 Teilgebiete digital erfaBt . Die Einteilung ist nach 
heutigen Gesichtspunkten nicht besonders zweckm8.Big, da teilweise sehr groBe Gebietsteile 
(etwa das gesa.mte TheiB - bzw. auch das gesamte Save - Einzugsgebiet) als ein einziges 
Gebiet erfaBt wurden. Auch ist die Generalisierung der Grenzen - selbst fiir den verwen­
deten MaBstab 1 : 2 OOO OOO - etwas zu groBziigig ausgefallen. Die Grenzen werden jedoch 
benotigt, um einen direkten Vergleich mit den friiher ermittelten Gebietsniederschlagen 
zu ermoglichen. Ein verbesserter Entwurf mit groBerer Genauigkeit und weiterer Gebiets­
unterteilung ist irn Rahrnen des Gesamtprojekts vorgesehen. Es wird eine Einteilung in 
etwa 100 bis 150 Teilgebiete erfolgen. 

Die Staatsgrenzen fiir nationale Bilanzierungen wurden aus der Karte 1 : 2 OOO OOO des 
71 Osterreichischen Ost- und Siidosteuropainstituts", die auch a.ls topographische Karte fiir 
die 71 Hydrologische Monographie der Don au" diente, digital erfaBt. 

2.3 GebietskenngroBen und weitere Beobachtungselemente 

Als wichtige Elemente zur Analyse des Wasserhaushalts sind Ge!a.ndehohe und Vegeta­
tionsbedeckung a.nzusehen. Beide Elernente sind rnit den heutigen Mitteln giinstig aus 
Satellitenbildern zu erarbeiten. Die Geliindehohe konnte technisch etwa gleichwertig auch 
aus Isolinienkarten entnomrnen werden. Nationale - allerdings in Koordinatensystem und 
Rasterung nicht kompa.tible - Gelandemodelle sind fur den Ober- und Mittellauf der Do­
nau vorhanden. Arbeiten zu den genannten GebietsgroBen konnten bisher noch nicht in 
Angriff genommen werden. 

3. Erfassung von Referenz - Niederschlagsverteilung und 

Gebietsniederschlag 

Die Niederschlagsverteilung der Hydrologischen Monographie der Donau fiir den Zeitab­
schnitt 1931-1970 entstand <lurch Zusammenfassung der einzelnen nationalen Auswertun­
gen ftir die jeweiligen Staa.tsgebiete. Dabei wurden die Auswertungen an den Staats­
grenzen wechselseitig abgestimrnt. Es ist dies die einzige existierende Niederschlagskarte 
des Donaugebiets, die a.uf Landerauswertungen beruht und muB daher wohl auch als die 
zutreffendste erachtet werden. Der Ma.Bstab betragt 1 : 2 OOO OOO, wobei aber die Lander­
entwiirfe teilweise wesentlich groBermaBstablich waren. Sie deckt das Donaugebiet liicken­
los, umfaBt also auch die in manchen Karten fehlenden Gebiete am Oberlauf des Inn in 
!ta.lien und der Schweiz sowie den vollstandigen Oberla.uf der Donau in Bayern . 

Diese Isolinien wurden irn Rahmen des Gra.phik-Systems AutoCAD digitalisiert und in das 
Arbeitskoordinatensystem (Lambert'sche konforme Kegelkoordinaten) transformiert . Es 
ergeben sich insgesa.mt etwa 57 OOO Stiitzstellen (Isolinienpunkte). Diese miissen nun in 
eine Orga.nisa.tionsform gebracht werden, die einen raschen Zugriff a.uf die Stiitzstellen fiir 
die Umgebungsbereiche der planquadratsweise durchzufiihrenden Interpolation gestattet. 
Die Da.ten werden in einem zweistufigen Verfahren zunachst in Spa.Jtenbereicbe, soda.on 
in quadratische Recheneinheiten sortiert. Das Endprodukt sind die in etwa 400 Planqua­
dratseinheiten abgelegten Massenpunkte. Im Durchschnitt sind je Recheneinheit etwa 120 
Stiitzpunkte gespeichert. Die Belegung ist jedoch sehr unterschiedlich und kann von Null 
bis in die GroBenordnung von 1000 reichen. 

Um aus den unregelmaBig in der Flache verteilten digita.lisierten Isolinienpunkten zu einer 
gerasterten Da.rstellung zu gelangen, muB fiir jeden Rasterpunkt ein Wert der Nieder­
schla.gshohe a.us den Umgebungspunkten interpoliert werden. 

546 



Die Ergebnisse miissen fiir die weitere Auswertung zwischengespeichert werden . Fiir die 
Verwaltung der gerasterten Daten werden Speichereinheiten von 50x50 Elementen ("Plan­
quadrate") verwendet. Es ergaben sich insgesamt 405 Planquadrate (Rasterung mit 1 km 
Maschenweite) . Das Planquadratsmodell umfaBt etwa 1.01 Mio Einzelpunkte (ea. 5 MB 
Daten) . Ublicherweise wird die Ra.sterweite so gewahlt, daB die Anzahl der Rasterpunkte 
ungefahr jener der Stiitzpunkte entspricht . Dies wiirde im vorliegenden Fall eine Ra.ster­
weite von 4-5 km ergeben. Es ist aber zu bedenken, daB die Punktdichte regional sehr 
unterschiedlich ist. In den Alpen und Karpaten ist das genannte Kriterium durchaus 
erfiillt. Ein groberes Raster ist - auch im Hinblick auf spatere Arbeiten - daher nicht 
zweckrnaBig. 

Fiir die Interpolation des Rasters stehen verschiedene Verfahrensvarianten zur Verfiigung: 

• Interpolation mit dem reziproken Abstandsquadrat als Gewichtung 

• Interpolation mittels "gleitender Schragebene" 

• Interpolation mittels "gleitender Polynome" 

Alle Verfahren sind strikt interpolierend, d.h. die Stiitzpunkte werden eingehalten. 

Fiir die vorliegende Aufgabenstellung wird die Interpolation mittels "gleitender Polynome" 
herangezogen. Dies hauptsachlich deshalb, weil groBere Gebiete (vereinzelt sogar ganze 
Planquadrate) ohne Stiitzpunkte ( d.h. Isolinienpunkte) gegeben sind und dieses Verfahren 
am besten solche Gebiete beriicksichtigt. Da das Verfahren den EinftuB der Stiitzwerte auf 
das Ergebnis mit dem Qua.drat der Entfernung ausdampft, kann auf eine - in der Regel re­
chenaufwendige - Auswahl zunachst gelegener Stiitzpunkte verzichtet werden. Es werden 
jeweils alle Stiitzpunkte einer 150x150 km Umgebung herangezogen. Fiir jeden Netzpunkt 
des Rasters ist im AnschluB an die Koeffi.zientenermittlung ein lineares Gleichungssystem 
mit 6 Unbekannten zu losen. Als Losungsalgorithmus wird die GauB -Elimination heran­
gezogen. 

Etwas nachteilig fiir die Rasterung ist die Tatsache, daB die verwendete lsolinienkarte 
strikt nur bis zur Berandung des Donaueinzugsgebiets ausgefiihrt wurde. Da das Rechen­
raster aus technischen Grunden einen Ubergriff iiber die Beranciung haben muB, sind in 
den Randbereichen Extrapolationen notwendig, die nicht immer sinnvolle Werte ergeben. 
Diese storenden Erscheinungen konnen durch Adaptierung an die Beobachtungsdaten be­
seitigt werden. In diesem Schritt kann eine ausreichende Anzahl von Beobachtungsdaten 
auBerhalb der Einzugsgebietsgrenze des Donaubeckens vorgegP.ben werden. 

Der Gebietsniederschlag jedes Teilgebiets ergibt sich durch Verschnitt des Rasters mit der 
polygonalen Gebietsgrenze. Auf technische Details dieser klar definierten Aufgabenstel­
lung braucht in diesem Zusammenhang nicht eingegangen werden. 

4. Erfassung der Referenzverteilungen von Abfl.u£ und Verdunstung 

Um als Pilotversuch die Auswertungen der "Hydrologischen Monographie der Don au" 
auf digitalem Wege nachvollziehen zu konnen, erfolgte auch eine Rasterung der damals 
erarbeiteten Isolinienkarten der AbftuB- und Verdunstungshohe. 

Die Erfassung der Referenzverteilungen von AbfluB und Verdunstung erfolgte nach durch­
wegs den gleichen Methoden, die auch bei der Rasterung der Niederschlagsverteilung ver­
wendet wurden. Eine weitere Beschreibung ist daher in diesem Zusammenhang nicht 
erforderlich. 
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5. Auswertung des Wasserhaushalts 

5.1 Digitaler Nachvollzug der Monographieauswertungen 

Mit den gera.sterten Verteilungen von Niederschlag, AbftuB und Verdunstt,mg wurden die 
seinerzeitigen Auswertungen der "Hydrologischen Monographie der Donau" nachvollzogen. 
Dabei wurden die auch dort verwendeten Teileinzugsgebiete herangezogen. Die Ergebnisse 
sind kurz zusammeogefaBt die folgenden: 

• Die Flache des Donaueinzugsgebiets muB auf etwa 800 OOO km2 reduziert werden. 
Dies ergibt sich aus einer geodatisch-a.nalytischen Auswertung der Ka.rtenunterla­
gen. 

• Die Gebietsniederschla.ge zeigen a.uBerordentlich gute Ubereinstimmung mit den 
friiheren Ergebnissen. Die Unterschiede sind zurn iiberwiegenden Teil kleiner 1 % 
und betragen im fiachengewichteten Gesa.mtmittel nur 0.25%. Es sind keine syste­
rnatischen Unterschiede erkennbar . 

• Die AbfiuBhohen der Wa.sserbilanzgebiete sind durchwegs etwas {a.ber nur sehr ge­
ringfiigig) kleiner als die friiheren Werte. Das fiachengewichtete Gesamtmittel ist 
urn 0.76% kleiner als der darnalige Wert. 

• Die Verdunstungshohen der Gebiete sind praktisch identisch mit den friiheren Wer­
ten . Die Unterschiede liegen im Rundungsbereich und verschwinden im Gesamt­
mittel vollig. 

• Die Zusammenstellung der Wasserbilanz fiir jene 47 Bilanzgebiete, die friiher ver­
wendet wurden, ergibt ebenfalls durchwegs sehr ahnliche Resultate. Die Tendenz zu 
negativen Bilanzabweichungen im Oberlauf, positiven hingegen im Unterlauf bleibt 
erhalten. Der fiachengewichtete Gesamtbilanzfehler ist rnit +l.10 % geringfiigig 
groBer als das damalige Ergebnis ( +0.60%). 

• Die Einhaltung der AbftuBbilanz an den MeBquerschnitten der Donau verbessert 
sich. Der summ.ierte Gesarntfehler betragt 1.10% gegeniiber 4.66 % seinerzeit. Die 
AbfluBhohe ist jedoch im Donauoberlauf systematisch zu klein, im Unterlauf hin­
gegen zu groB. 

Insgesa.mt zeigt sich die vorgenommene Ra.sterung als ausgesprochen tauglich fiir die Be­
ha.ndlung der Fra.gestellung. Vor der weiteren Verwendung dieser "Referenzverteilungen" 
sollte bei Niederschlag und AbfiuB eine Adaptierung an die MeBergebnisse erfolgen. Bei 
der AbfiuBhohe sollten dabei unbedingt zusatzliche MeBquerschnitte herangezogen werden . 

5.2 Weiterfiihrende Ansatze 

Nachdem sich die friihreren Auswertungen der "Hydrologischen Monographie" sowohl a.ls 
weitgehend konsistent zu den Beobachtungswerten, als auch in sich sehr koharent erwiesen 
haben, konnen sie a.ls Ausgangspunkt weiterer Bea.rbeitungen hera.ngezogen werden. 

Aus den gerasterten Darstellungen von Niederschlag und AbBuB laBt sich eine gerastere 
Reprasentation des Abfluftbeiwerts erzeugen. Dadurch konnten sich nochrnals Verbesse­
rungen in der AbfiuBverteilung ergeben, die aus Grunden der Stetigkeit und Plausibilitat 
vorzunehmen waren. 

Eine Ubertragung der Niederschlagsverteilung auf beliebige vieljahrige Zeitabschnitte so­
wie eine zeitliche Disaggregation bis zu Monatswerten erscheint auf Grund des relativ 
dichten Beobachtungsnetzes moglich. Es ist anzunehmen, daB dies wahrend des derzeit 
laufenden Teilprojekts gelOst wird. 
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Beziiglich der AbfluBverteilung kann derzeit nur das Erreichen von hydrologischen Jahren 
in der zeitlichen Disaggregation a.ls einigermaBen gesichert a.ngenommen werden. Eine 
weitere Unterteilung setzt u.a. die Kenntnis des aktuellen Verla.ufs von anthropogenen 
Speicherungen im Einzugsgebiet voraus. Dies ist derzeit kaum auf nationa.ler Ebene be­
friedigend gelOst . Erschwerend kommen weiters die iibrigen Glieder des Wasserriickhalts, 
vor a.llem der Speicherung im Schnee, hinzu. 

Um nicht eine ka.um kurzfristig bewaltigbare Fiille zusr,tzlicher ba.ten zu benotigen, scheint 
<la.her in der analytischen Behandlung des Wasserha.usha.lts derzeit eine Beschrankung auf 
hydrologische Jahre erforderlich. Auch dies wiirde bereits einen groBen Fortschritt ge­
geniiber friiheren Bearbeitungen bedeuten. Besonderer Wert sollte dabei auf die Behand­
lung der Zusarnmenhange Niederschlag - AbfluB - Verdunstung - Lufttempera.tur - Gela.nde 
- Vegetation gelegt werden. 

Dennoch ist es derzeit schon moglich, unter gewissen Einschrankungen einige Zukunfts­
szenarien fiir die Entwicklung des Wa.sserha.usha.lts des Dona.ubeckens zu entwerfen. Dies 
ha.uptsachlich desha.lb, weil sich a.uf Grund bisheriger Untersuchungen ein dominierender 
Zusa.mmenhang zwischen Niederschlags- und AbfluBentwicklung zeigen la.Bt. 

6. Aktualisierung der Hydrologischen Monographie der Donau 

Das eingangs erwahnte Gesamtprojekt "Aktualisierung der Hydrologischen Monographie 
der Dona.u" umfa.Bt neben der hier beschriebenen "Aktualisierung der Wasserbilanz" noch 
weitere Aktivitaten: 

• Es erfolgt eine N euerfassung der wichtigsten wasserbaulichen A nlagen im Donauein­
zugsgebiet. In diesem von Rumanien koordinierten Teilprojekt werden Kraftwerke, 
Dammbauten, Regulierungsa.rbeiten und sonstige groBere Eingriffe einheitlich erfaBt 
und dokumentiert. Auch groBere Ma.Bnahmen an Nebenfiiissen und im gesamten 
Einzugsgebiet, insbesonders auch Speicherungen, werden einbezogen. Die Ergeb­
nisse werden eine qualitative Beurteilung der BeeinfiuBung des AbftuBregimes ge­
sta.tten und a.uch eine erste groBenordnungsmaBige Abschatzung in quantitativer 
Hinsicht ermoglichen. Eine gena.uere quantitative Analyse sollte zu einem spateren 
Zeitpunkt a.uf dieser Arbeit a.ufbauen. 

• Das AbfiuBregime der Donau wird an Hand der bis 1990 erganzten Datenreihen fi.ir 
nunmehr die Gesamtperiode 1931-1990 neu bearbeitet. Neben der Ergiinzung des 
Zeitabschnitts erfolgt da.bei eine Erweiterung und Vertiefung der Auswertemetho­
den. Grundlage hiefiir sind die Reihen taglicher AbfluBwerte. Die Datensammlung 
und die Zusamrnenstellung der Da.tensatze erfolgt im "Global Runoff Data Cen­
ter" bei der Bundesa.nsta.lt fiir Gewasserkunde in Koblenz/Deutschland. An die 
Da.tensa.mmlung wird zuna.chst eine sta.tistische Grunda.uswertung der Datenreihen 
angeschlossen. Vertiefende Analysen sind fiir die Hoch- und Niederwasserbereiche 
vorgesehen. 

549 





XVII. KONFERENZ DER DONAULANDER 

• 
e Uber hydrologische Vorhersagen und 

hydrologisch-wasserwirtschaftliche Grundlagen 

XVIIth CONFERENCE OF THE DANUBE COUNTIUES 
on Hydrological Forecasting and Hydrological Bases 

of Water Management 
---,,~ 

Budapest, 5 - 9 September, 1994 

BEITRAG/PAPER No.: 3.33. 

Mathematische Modellierung des Ablaufes von 
Schneewassergehalten in den Gebirgseinzugsgebieten 
der Karpaten unter Berucksichtigung der Orographie 
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Pr.Nauky 37, 252650, Kyjiw-28 Ukraine 

Kurzf assung 

Die Untersuchungen der Schneedeckenzustande an Hand der 
Aufnahmedaten und Absf lusse von kleinen Einzugsgebieten 
des dichten Beobachtungsnetzes in der Karpaten haben ermog­
licht, ein Verfahren zur Berechnung der Schneeschmelzinten ­
si tat zu erarbeiten. Dieses Verfahren zieht auf indirekte 
Weise eine Differenz der Warmeeintrage an Einzelf lachen 
eines Einzugsgebietes in Betracht, die sich durch Hangrich­
tungen unterscheiden . Dabei wird die Schneeschmelzintensi­
tat durch zwei Parameter ausgerechnet - ein Schmelzfaktor 
und ein Temperaturberichtigungsglied. 

Mathematical modelling the course of snow pack 
water equivalent over mountain catchments in the 

Karpathians takes into account of orography 

Abstract 

The researches of snow cover dynamics on grounds of 
survey data and runoff from small catchments by dense net­
work in the Carpathians give a possibility to devise of 
method for snowmelt intensity estimating. This method 
takes indirectly, into account the difference of heat in­
ut at particular areas with different valley slopes orien­
tation . By that a snowmelt intensity is calculated through 
two parameters - snow melting index and corrective for 
temperature. 
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1.Einleitung 

Verhaltnisse der Schneeschmelzwasserbildung in den Ge­
birgseinzugsgebieten in den Karpaten sind sehr kompliziert, 
dass es sich durch unbestandige Wetterereignisse im Winter, 
die zur h~ufige Tauwetter bringen, erklart: Dabei andern 
sich die Schneeansammlungs- und Schmelzprozesse nicht nur 
zeitlich, sondern auch rlumlich, weil sie von den W~rmeein­
tragen zu einer oder anderer Flache abhangig sind, die sich 
durch vertikale Veranderlichkeit der meteorologischen Gros­
sen, Flachenrichtungen und Hangneigungen unterscheiden. Da­
rurn verteilt sich die Scheedecke als ein Hauptfaktor, dass 
fur Schmelzwasser im Fruhling und wahrend Tauwetter im Win­
ter bestimrnend ist, in einem Einzugsgebiet ungleichmassig. 
Aber meteorologische Standardbeobachtungen, und sogar Li­
nienmessungen, sind nicht fahig, die Eingangsdaten vom Was­
sergehal t der Schneedecke und Schneeschmelzintensitat in 
einem Einzugsgebiete mit moglich fur die Praxiszwecke not­
wendige landesweite Detaillierung vorzustellen. 

Um die Moglichkeit fUr die Schatzung raumlicher Vertei­
lung des Schneewassergehalts und Verlauf des Abschmelzens 
zu haben, wurde ein Verfahren der Schmelzintensitat erarbei­
tet, das auf indirekte Weise Differenzen in Warmeeintragen 
an Einzelf lachen eines Einzugsgebietes durch Flachenrichtun­
gen in Betracht ziehen kann. 

2.Ausgenutzte Oaten 

Fur die Erarbeitung des Schatzungsverfahrens der Schnee­
schrnelzintensit~t sind die langjahrige meteorologische Be­
messungsergebnisse auf dem Gebiet von Wasserbilanzstation 
i n den Transkarpaten ausgenutzt. Hier auf der Flache von 
550 km2 befinden sich 3 meteorologische Stationen und 28 Nie­
derschlagsmessstellen, die auf der Seehohen 440-1330 m lie­
gen. An 19 Stellen werden regular Abflussmessungen erfUllt. 

Die Linienschneemessungen werden jede 5 Tage an 22 Stel­
len durchgefuhrt. Die bedeutende Zahl von Schneemessungen 
und ihre Regelmassigkeit wahrend 40-45 Jahre haben erlaubt, 
die Schneedeckenzustande bei verschiedenen Bedingungen und 
an der Flachen mit verschiedenen Richtungen zu untersuchen. 

FUr die Anpassungsprufung des ausarbeitenden Verfahrens 
wurden die Oaten aus Flusseinzugsgebiete Ush, Latoryzja, 
Borshawa und Opir herangezogen. Diese Einzugsgebiete mit 
den Flachen von 800-1300 km 2 sind bei der Abf lussmodellie­
rung auf 2-3 Einzelflachen und S Hohenzonen geteilt. 

3. Die Verfahrensbegrundung 

Die Schneeschmelzprozesse sind von Gebietsgrossen und 
meteorologischen Werten beeinflusst, die Warmehaushalt der 
Schneedecke bestimmen. Dazu gehoren, ausser Wetterbedingun­
gen, auch Hohenlage, Exposition, Hangneigung, Bewaldung und 
Horizonteinengung durch Bergen. Diese Einflussgrossen wur­
den in mehreren Veroffentlichungen besprochen (z.B. [1,2]). 

Filr e inzelne geringe Teilflachen kann man die vorgeschla-
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genen Methoden der WKrmebilanzberechnungen der Schneedecke 
bei Vorhandensein der notigen meteorologischen Grossen ver­
wenden. Wenn man noch Flussgebiete mit ihrer Veranderlich­
keit van landschaftlichen und thermischen Bedingungen be­
schreiben muss, entstehen dann manche Schwierigkeiten aus 
Mangel an entsprechenden Kenngrossen. 

Darum muss man, wie in vielen ahnlichen Fallen, solche 
Schematisierung gewehrleisten, um die EinflUsse der mehre­
ren Grossen zu einf acher fur die Praxis Losung zusammenzu­
fassen. 

In dem vorschlagenden Verfahren wird der Unterschied der 
Warmeeintragen an einzelne Flachen eines Einzugsgebietes 
durch Temperaturberichtungen geschatzt. Entsprechende Kor­
rekturgrossen haben Bezug auf Lufttemperaturen, die an me­
teorologischen Stationen gemessen. Dabei beachtet man, dass 
Stationen befinden sich gewohnlich an Talsohlen und regist­
rieren darum mittlere Temperaturregime der nahegelegene Ge­
gend. Folglich gehen wir von der Voraussetzung aus, dass 
der Einfluss der Hangneigung sich fur die Flachen mit ahn­
lichen Reliefformen und Schneeverteilungsbedingungen aus­
geglichen wird. 

Also wird die Schneelschrnelzintensitat durch Verwendung 
zweier Parameter berechnet - Schneeschmelzfaktoren und Kor­
rekturgrossen zur Temperaturen, die an einer Station gernes­
sen oder fur eine Hohenzone geschatzt sind. 

4. Die Bewertung der Verfahrensparameter 

Die Schatzwerte der Verfahrensparameter wurden mittels 
Vergleichung der Wassergehalts messwerte der Schneedecke 
und Modellberechnungen fur die entsprechenden Perioden auf 
den Flachen verschiedener Richtungen. 

Dafur wurde das mathematische Hodell der Schneedecken 
bildung SOB verwendet, das eine Komponente des Mehrniveau­
systemes der Schmelzwasser-und Regenabflussbildung ist [3, 
4]. Die Struktur des Modells SDB erlaubt raumliche Ungleich­
artigkeit der Schneedecke und der Schmelzintensitat wegen 
Hohenlage abzuschatzen. Hit diesem Zweck wird dieses Hodell 
zu jedem getrennten Hohenstreifen mit seinem meteorologi­
schen Bedingungen angewendet. Die Schneeschmelzintensitat 
wird mittels Schneeschmelzfaktor nach Lufttemperaturen aus­
gerechnet . 

Solcherweise kann man ein Wassergehatswert S zu jeder 
Zeit t durch Lbsung der Wasserbilanzgleichung bekommen 
(in mm) : 

PL - Ei. - Hi. ) 

H ~ t rbei bedeuten 

t - Tageanzahl seit dem Winteranfang; 
?,E,H - Niedeschlag-, Verdunstung- und Schneewas­

serabgabe-Tagesmengen (einsch.Tauwetter). 
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Schneewasserabgaben H werden zur Berucksichtigung des 
Schmelz - und Regenwassers sowie anhand von Grossen der 
schneebedeckten Flachen berechnet: 

WO FH - Anteil der Flache, der mit Schnee bedeckt; 
T - Lufttemperatur; 
K..s - Schneeschmelzfaktor; 
A= 0 . 25 - Retentionsfaktor; 
s - Wassergehalt in der Schnee; 
P' u . P" - feste und flussige Niederschlage. 

Fur die Schatzung der Schmelzflachendynamik ( d . i . FH ) 
wird die Gammaverteilungsfunktion des Wassergehaltes be­
nutzt [4] . 

Die Werte des Schmelzfaktors verandern sich wahrend des 
Winters, dadurch ziehen die Verlangerung der Sonnenstrah­
lung und die Vergrosserung der Sonnenintensitat bis zum 
FrGhling in Betracht (Tab. 1) . 

(1) 
( 2) 

( 3) 

Tabelle 1 

Die Werte des Schneeschmelzfaktors Ks 

The valeus of snow melting index K5 

Die Perioden 

Dezember - Januar 
erste u . zweite 
Februardekaden 
ab dr it te Februar-
dekade 

Wald lose 
Flachen 

2 . 5 
3 . 5 

4.4 

mm (Tag. °C) 

Waldige 
Flachen 

1.5 
2.0 

2.5 

Simulationsberechnungen mit Hilfe des Modells SDB wurden 
gewohnlich bei Lufttemperaturkorrekturen zwischen -3.0 und 
+3 . 0 ~ anhand der Daten von Schneemessstellen durchgefuhrt. 
Diese Stellen bef inden sich in der Nahe der meteorologi­
schen Stationen und hab~n verschiedene Expositionen. 

Auf vergleichbarer Grundlage der Modellrechnungen und 
der Ergebn i sse der Schneeaufnahmen wurden die Lufttempera­
turunterschiede fur die Flachen mit verschiedenen Richtun­
gen bezuglich der Stations messwerte erhalten, die gewohn­
lich an Talsohlen liegen (Tab.2). Der Unterschied der Ta­
gesmittellufttemperaturen betragt zwischen Flachen, die 
nbrdli~he und sudliche Richtungen haben , durchschnittlich 
etwa 2 C. 
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Tabelle 2 

Die Schatzwerte der Lufttemeraturunterschiede auf 
den Flachen mit verschiedenen Richtungen 

The estimates of air temperature difference over 
different orientation areas 

Die Flachenrichtungen 

Heteorologische Station 
nordliche (N) 
nordwestlichte (NW) 
nordostlichte (NO) 
ostliche(O) 
sudostliche (SO) 
sGdliche (S) 
sudwestliche (SW) 
westliche (W) 

Die Schatzwerte der 
Unterschiede der 
Tagesmitteltemperaturen, C 

0.0 
-1. 0 
-1. 0 
-1. 0 
-0.5 

0 . 0 
+l. 0 
+0.5 

0.0 

Um ein Wassergehalt in der Schnee oder eine Wasserabgabe 
in allgemeinen in einem Einzugsgebiete abschatzen zu kon­
nen, muss man Einzelflachen bestimmen, fur die sich entspre­
chende Temperaturkorrekturen anpassen. Es ist sich erwiesen, 
class solche Angaben fur drei Gruppen von Einzugsgebieten 
bezuglich der Flusstalrichtung vorzustellen ermoglicht sind 
(Tab.3). Diese relative Flachenwerte werden nach orographi­
schen Angaben mit nachstlichen Optimisierung ermittelt. 

Tabelle 3 

Verteilung der Flachen mit Verschiedenen Richtungen 

Areas distribution about different orientation 

I 
I 

Die Flachen-: 
richtungen 

Korrektur­
grossen, °C 

Relative Fl~chengrbssen im 
Falle der Flusstalrichtung 

N ~ S : S ""'N : 0 _. W, W -o 

N,NW,NO -1. 0 0.15 0.35 0.40 
0 -0.5 0.20 0 . 20 0 . 10 
SO,W 0.0 0.35 0.30 0.20 
s +1. 0 0 . 15 0.05 0.15 
SW +0.5 0.15 0 . 10 0.15 

5. Anpassung des Verfahrens 

Vorgeschlagenes Verfahren wird als eine Prozedur des 
mathematischen Schneeschmelz- und Regenwasserbildung - Ho­
dells verwendet. Da die Korrekturwerte nur mittlere Bedin-
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dungen der Warmeeintrage bestimmen, kann man dieses Verfah­
ren nur fur die Einzugsgebiete (ihre Anteile oder Hohen­
streifen) mit den Flachen nicht kleiner als 100-150 km 2 ge­
nutzt werden. 

Aus durchgefuhrten Hodellrechnungen der Abf lussgange in 
den Einzugsgebieten von Tyss~ und Dnister wird abgeleitet, 
dass die Anwendung des Verfahrens genauere Ergebnisse lie­
fert, insbesondere wahrend der Anfangsperiode der Schnee­
schmelze. 
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ABSTRACT 

The determination of the probable time necessary for 
the accumulation of a water volume within a section of a 
basin, under the condition of a certain accumulation star­
ting date, is of a high interest for the proper management 
of the water resources. 

Th~ paper presents the calculatfon of this parameter 
in case no hydrometric data are available for the involved 
basin. The method is based on the use of the climatic and 
phisyographic characteristics of the basin in order to de­
termine the value and evolution of the mean accumulation 
time, as well as on the zonal determination of a set of 
non-dimensioned frequency curves corresponding to each 
starting month of the accumulation of a water volume at a 
point of a river. 

KURZFASSUNG 

Die Bestimmung der Vorhersage, bedarf einer Wasserspei­
cherung in einer Wasserbecken bedingt von einem gewissen 
Anfangs speicherungs datum gewissen Anfangs speicherungs 
datum , ist von groBem Interesse flir die Bewirtschaftung der 
Wasserressourcen. 

Die Arbeit zeigt die Rechnung der Parameters, im Falle 
man nicht Uber die hydrornetrische Daten im gewtinschten 
Wasserbecken, verfligt. Diese Hethode begrtindet sich auf die 
Benlitzung der klirnatischen und hydrogologischen Charakteren 
des Beckens fur die Bestimmung der Groae und Erstwicklung 
der Durchschnittszeit der Ansarnmlung, sowie die Zonen­
bestimmung eines undimensionierte Kurven-frequenz. Setes, 
entsprechend jeden Monates, am Anfang der Wasseransammlung, 
welches durch die gewlinschten Sektionen flieAt. 
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!.INTRODUCTION 

The time required to accumulate a volume of water at a 
point on a river is of interest in water resources planning 
problems. The operating rule for water resources systems 
e.g. the conjuctive use of surface and groundwater supplies 
are based principally upon the probabilities of specified 
volumes of water being available at different time of year. 

It was found convenient to express runoff volume in 
terms of the annual average runoff volume (VHH) . For exam­
ple the expected time to accumulate the annual runoff vo­
lume (100% VMH) is one year but in a dry year it will take 
longer than 365 days wilst in wet years this volume will be 
accumulated in a shorter time. The prediction of frequency 
of exceeding or not exceeding some threshold accumulation 
time in various zones of Romania is, in essence,the object 
of this paper. 

2.DESCRIPTION OF THE METHOD 

First of all, the method implies the calculation of the 
annual average runoff volume (VMH), the seasonal pattern of 
behaviour of the mean accumulation time and the frequency 
distribution of accumulation times about its mean. The 
first computation step is to evaluate the runoff accumula­
tion time for each month of record to obtain the seasonal 
variation in average filling times. This standardisation 
permits intercatchments comparison for obtaining the ave­
rage behaviour for catchments in the same climatic and hy­
drological zone. The second computation step is to derive 
the runoff accumulation time frequency diagram to enable 
rather accumulation times for a given start month to be es­
timated. The diagrams are used to establish a set of dimen­
sionless frequency curves determined by runoff volume and 
start month. The final stage is to construct the runoff ac­
cumulation time frequency diagram by combining the results 
from all start months for all regions of Romania. 

Figure !.Location of the gauge 
stations used and regi­
ons with characteristic 
curves of the mean accu­
mulation time 
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3.THE SEASONAL VARIATION OF THE MEAN ACCUMULATION TIME 

The 60 representative gauged basins (Figure 1) were 
used to derive the annual variation of the runoff accumula­
tion time versus start month wich appears sinusoidal (e.g. 
Figure 2). The resultant seasonal curves from analized 
catchments were compared by first aligning them so that the 
months of maximum and minimum accumulation times were mat­
ched and then by simple graphical overlaying. The details 
of the curve i.e. the position of its maximum (Figure 3), 
its amplitude (Figure 4), asymmetry and variation from 

Figure 3.Regions with the 
same month of maximum 
accumulation time 

F1gure 4.Regions with the 
same amplitude 

catchement to catchement permits to regionalize this para­
meter in Romania (Figure 1). There were obtained five ca­
tegories wich describe the seasonal variation of runoff 
accumulation time. It was used catchement climate and 
hydrogeology to determine the range and pattern of median 
accumulation time. It was found that catchment permeability 
and rainfall were the only two useful predictive variables . 
Regression analysis of the futures of the individual cat­
chment curves for different volumes on catchment characte­
ristics had shown that the detailed features followed from 
the amplitude (maximum -minimum accumulation time). The am­
plitude was determined by two characteristics: the ten days 
average flow exceeded by 95% for ten day average discharges 
- representing catchement geology and standard period 
(1950-1990) annual average rainfall (SAAR), (Low Flow 
Studies, Wallingford, 1989). In figure 5 is a graphical 
solution of the amplitude regression equation and a set of 
graphics of those types of curves of time accumulation 
(Figure 2) for each runoff volume needed to be accumulated . 

The month of maximum runoff accumulation time was re­
gionalized for Romania (Figure 3). In general the greater 
the base flow support in the catchment, the later is the 
month of longest runoff accumulation time. Conversely the 
wetter the climate of the catchment is the earlier the 
month. However both effects are relatively small in 
comparison with the runoff volume itself. This vari es from 
august to february. The month of longest runoff accumula­
tion time is given by the equation: 
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Figure 5.Graphical solution of the amplitude 
regression equation for each specific 
region of the mean accumulation time 

where MAX=l means January, HAX=12-December (Figure 3).It is 
sufficient to round the value of HAX to the nearest month. 

The type of the monthly accumulation times given for 
p%VHH, can now be plotted using the knowledge of where the 
peak average accumulation time is to be positioned to lo 
cate the 12 monthly average accumulation times with their 
correct calendar months. 

4.RUNOFF ACCUMULATION TIME FREQUENCY RELATIONSHIP 

The events of prime interest for practical purpose are 
not those involved by average accumulation time but those 
occasions where the runoff is avalable either much earlier or 
later than average. For such information it is necessary to 
derive the frequency distribution of accumulation times. Studing 
the 60 stations with more than 20 years of records, it 
appeared that the frequency distributions were approximately 
normally distributed. There is also a marked seasonal effect; 
the variability of spring starts is greater than for summer 
starts at least for smaller volumes. These trends and features 
are reflected in the selected prediction procedure which is 
based upon a standard set of dimensionless frequency curves 
(Figure 7).This frequency curves express the frequency of 
occasions when filling time is less than some multiple of the 
mean runoff accumulation time ( as obtained in the third para­
graph). The frequency curve which applies in a particular 
instance depends on the start month and on the runoff volume. 
An example is presented in Table 1. 

RUN OFF 

Table l.Freguency curve numbers for different 
runoff volumes and start month 

MONTH 
VOLUME I II III IV 
%VMM 

V VI VII VIII IX X XI XII 

25 5 9 13 7 10 15 14 13 14 10 3 5 
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basin, under the condition of a certain accumulation star­
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The paper presents the calculatfon of this parameter 
in case no hydrometric data are available for the involved 
basin. The method is based on the use of the climatic and 
phisyographic characteristics of the basin in order to de­
termine the value and evolution of the mean accumulation 
time, as well as on the zonal determination of a set of 
non-dimensioned frequency curves corresponding to each 
starting month of the accumulation of a water volume at a 
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1. INTRODUCTION 

The time required to accumulate a volume of water at a 
point on a river is of interest in water resources planning 
problems. The operating rule for water resources systems 
e.g. the conjuctive use of surface and groundwater supplies 
are based principally upon the probabilities of specified 
volumes of water being available at different time of year. 

It was found convenient to express runoff volume in 
terms of the annual average runoff volume (VMM). For exam­
ple the expected time to accumulate the annual runoff vo­
lume (100% VMH) is one year but in a dry year it will take 
longer than 365 days wilst in wet years this volume will be 
accumulated in a shorter time. The prediction of frequency 
of exceeding or not exceeding some threshold accumulation 
time in various zones of Romania is, in essence,the object 
of this paper. 

2.DESCRIPTION OF THE METHOD 

First of all, the method implies the calculation of the 
annual average runoff volume (VMM), the seasonal pattern of 
behaviour of the mean accumulation time and the frequency 
distribution of accumulation times about its mean. The 
first computation step is to evaluate the runoff accumula­
tion time for each month of record to obtain the seasonal 
variation in average filling times . This standardisation 
permits intercatchments comparison for obtaining the ave­
rage behaviour for catchments in the same climatic and hy­
drological zone. The second computation step is to derive 
the runoff accumulation time frequency diagram to enable 
rather accumulation times for a given start month to be es­
timated. The diagrams are used to establish a set of dimen­
sionless frequency curves determined by runoff volume and 
start month. The final stage is to construct the runoff ac­
cumulation time frequency diagram by combining the results 
from all start months for all regions of Romania. 

Figure 1.Location of the gauge Figure 2.Annual variation 
stations used and regi- of the run off 
ons with characteris_tic accumulation ti-
curves of the mean accu- me versus start 
mulation time month 
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3.THE SEASONAL VARIATION OF THE MEAN ACCUMULATION TIME 

The 60 representative gauged basins (Figure 1) were 
used to derive the annual variation of the runoff accumula­
tion time versus start month wich appears sinusoidal (e.g. 
Figure 2). The resultant seasonal curves from analized 
catchments were compared by first aligning them so that the 
months of maximum and minimum accumulation times were mat­
ched and then by simple graphical overlaying. The details 
of the curve i.e. the position of its maximum (Figure 3), 
its amplitude (Figure 4), asymmetry and variation from 

Figure 3.Regions with the 
same month of maximum 
accumulation time 

Figure 4.Regions with the 
same amplitude 

catchement to catchement permits to regionalize this para­
meter in Romania (Figure 1). There were obtained five ca­
tegories wich describe the seasonal variation of runoff 
accumulation time. It was used catchement climate and 
hydrogeology to determine the range and pattern of median 
accumulation time. It was found that catchment permeability 
and rainfall were the only two useful predictive variables. 
Regression analysis of the futures of the individual cat­
chment curves for different volumes on catchment characte­
ristics had shown that the detailed features followed from 
the amplitude (maximum -minimum accumulation time). The am­
plitude was determined by two characteristics: the ten days 
average flow exceeded by 95% for ten day average discharges 
- representing catchement geology and standard period 
(1950-1990) annual average rainfall (SAAR), (Low Flow 
Studies, Wallingford, 1989). In figure 5 is a graphical 
solution of the amplitude regression equation and a set of 
graphics of those types of curves of time accumulation 
(Figure 2) for each runoff volume needed to be accumulated. 

The month of maximum runoff accumulation time was re­
gionalized for Romania (Figure 3). In general the greater 
the base flow support in the catchment, the later is the 
month of longest runoff accumulation time. Conversely the 
wetter the climate of the catchment is the earlier the 
month. However both effects are relatively small in 
comparison with the runoff volume itself. This varie s from 
august to february. The month of longest runoff accumula­
tion time is given by the equation: 
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Figure 5.Graphical solution of the amplitude 
regression equation for each specific 
region of the mean accumulation time 

where MAX=l means January , MAX=12-December (Figure 3).It is 
sufficient to round the value of MAX to the nearest month. 

The type of the monthly accumulation times given for 
p%VMM, can now be plotted using the knowledge of where the 
peak average accumulation time is to be positioned to lo 
cate the 12 monthly average accumulation times with their 
correct calendar months. 

4.RUNOFF ACCUMULATION TIME FREQUENCY RELATIONSHIP 

The events of prime interest for practical purpose are 
not those involved by average accumulation time but those 
occasions where the runoff is avalable either much earlier or 
later than average. For such information it is necessary to 
derive the frequency distribution of accumulation times . Studing 
the 60 stations with more than 20 years of records, it 
appeared that the frequency distributions were approximately 
normally distributed. There is also a marked seasonal effect; 
the variability of spring starts is greater than for summer 
starts at least for smaller volumes. These trends and features 
are reflected in the selected prediction procedure which is 
based upon a standard set of dimensionless frequency curves 
(Figure 7).This frequency curves express the frequency of 
occasions when filling time is less than some multiple of the 
mean runoff accumulation time ( as obtained in the third para­
graph). The frequency curve which applies in a particular 
instance depends on the start month and on the runoff volume . 
An example is presented in Table 1. 

RUN OFF 

Table l.Frequency curve numbers for different 
runoff volumes and start month 

MONTH 
VOLUME I II III IV 
%VHH 

V VI VII VIII IX X XI XII 

25 5 9 13 7 10 15 14 13 14 10 3 5 
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From table 1 it is seen that the frequency curve nuber 
for a combination of July start with 25%VMM runoff volume can 
be interpolated as 14. The factors from Figure 6 
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Figure 6.Dimensionless frequency curves for 
runoff accumulation time 

are then used to scale the average accumulation time pre­
viously obtained and to interpolate or extend to other fre­
quencies. The same analysis is necessary to carry out for 
each month in turn.Resultant values are shown in figure 7. 

The frequency of July lst starts accumulating the re 
quisite volume by december lst is found to be about 90%. 
Thus the frequency of non-accumulation - i. e. the risk of 
having to maintain the alternative supplies is only 10%. 
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Figure 7.Runoff accumulation time frequency 
diagram for Bicaz Reservoire 

5.CONCLUSION 

The frequency curves of the time taken to accumulate a 
runoff volume permits the prediction of the finish dates 
associated with given levels of probability. 

In case when it is proposed to use an aquifer conjunc­
tively with a surface supply (when the aquifer is normally 
depleted), or in case of an accumulation, the diagram 
constructed offers the possibility of the prediction of the time 
need to accumulate the needed volume with the risk of non­
availability; this value is the basis of management decisions on 
the suitability of the surface supply. 
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