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MONITORING AND INVESTIGATION OF INTERMITTENT RIVERS IN 

BULGARIA  
 

Plamen Ninov, Tzviatka Karagiozova 
National Institute of Meteorology and Hydrology (NIMH) 

Corresponding author: Plamen Ninov, NIMH, Sofia 1784 Tzarigradsko shosse 66, 

plamen.ninov@meteo.bg 

 
ABSTRACT 

River flows could be defined according to their surface hydrologic stream duration as either perennial or 

temporary. Normally perennial streams flow throughout the year, while temporary streams lack surface flow for some 

periods of the year. Temporary streams are classified as intermittent or ephemeral. Intermittent streams flow in some 

periods as result of snowmelt and eventually elevated groundwater tables during the periods of increased precipitations. 

Intermittent streams are poorly represented in existing river monitoring programs in Bulgaria and seldom are objects of 

regular monitoring. Only in several gauging stations exist hydrological time series. Furthermore, intermittent and 

ephemeral streams are not adequately protected by current legislation and management strategies in Bulgaria and 

generally are neglected. 

The authors discuss the climatic, hydrological and soil conditions in different part of the country as the major 

factors determining their origin and distribution. Covering the whole territory of Bulgaria the authors identify four main 

types of intermittent streams as: 1) intermittent flows as result of Mediterranean climatic impact located in the southern 

part of the country; 2) sinking intermittent flows as result of specific geological and soil characteristics, 3) intermittent 

flows in large karst and loess areas and finally 4) the sinking flows in alluvium depositions mainly along the large 

mainstreams. Nevertheless, the limited number of gauging stations built up at these rivers some hydrological information 

is collected and statistical results are presented as duration curves of temporal rivers, hydrographs with seasonal 

characteristics etc.  

Intermittent streams have a hydrologic flow regime with very specific characteristics that place them as interact 

between land and water. Unfortunately, in Bulgaria there are poorly mapped, recognized, and protected but they have a 

critical influence on the ecological health of networks. There exists a strong need for new approaches to scientifically 

study, the structure and function of temporal streams. The construction of monitoring network for the regular registration 

of their hydrological regime is surely the first required step for their future detailed ingestions, use and protection. 

Keywords: intermittent rivers, mapping, regime, hydrology 

 

INTRODUCTION  

The interest in the drying rivers due to climate change and ecological importance, as well as 

the lack of water, increases worldwide (Bond et al., 2008, Skoulikidis et al., 2017, Snelder et al., 

2013). The intermittent rivers have always been underestimated, including in Bulgaria. Currently the 

increased European interest is expressed in a special European project called COST Action Ca 15113 

Science and Management of Intermittent Rivers & Ephemeral Streams (SMIRES) with the 

participation of National Institute of Meteorology and Hydrology seeking to summarize our 

knowledge of these rivers including from hydrological point of view. (Sauquet et al., 2019, Datry et 

al., 2019). The present material summarizes the first results in Bulgaria combining the statistical 

processing of historic time series and field surveys along drying streams in the frame of different 

projects in the past. 

Understanding the drying river is a basis for further understanding of the ecohydrological 

processes of the river basins and is a strong indicator of climate changes in the regions. We should 

not underestimate the value of these rivers in conditions of water deficit. Understanding the flow 

intermittence in the regions is a necessary step for effective water resources management. 

Temporary streams represent a significant and particularly vulnerable portion of river 

networks. While the vast majority of stream and river research to date has focused on flowing waters, 

recent work reveals that temporary streams are not only abundant and widely distributed, but also 

play a significant role in the hydrological and ecological integrity of networks (Thibault at al., 2019). 

Defining temporary streams and their hydrology and highlighting their abundance and extent, we can 

consider and assess the ecological significance of temporary streams, including their role as faunal 

mailto:plamen.ninov@meteo.bg
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and floral habitat providers, biogeochemical processors, and connectivity corridors within river 

networks.  

Intermittent streams are poorly represented in existing river monitoring programs because 

most sites located on higher-order perennial streams (Thibault at al., 2019). 

 

METHODS AND DATA  (STUDY AREA) 

 

The river runoff on the territory of Bulgaria is formed under the influence of three climatic 

zones - temperate continental; transitional-continental; continental-Mediterranean; as well 

orohydrographic, geological and hydrogeological characteristics of the catchments. Cases of drying 

up of individual rivers or river segments have been registered or observed in all three climatic zones 

of the country. Unfortunately, until now there is no comprehensive survey and systematization of 

information on the drying up of rivers in Bulgaria. The present investigation is the first one in the 

country based on available information from gauging stations and field surveys along rivers within 

different projects in the past. In this sense, the study has no claim to cover all rivers in Bulgaria which 

dry up due to the relatively low density of the regular monitoring network and sporadic additional 

field trips.  Nevertheless, the most significant river catchments and dry river regions are covered. The 

study area is a whole territory of Bulgaria. 

The investigation has three objectives: 1) characterizing the spatial distribution of the drying 

rivers on the territory of Bulgaria; 2) study of the genesis of drying of the main types of drying rivers; 

3) frequency of occurrence and duration of the phenomenon over the years. 

The survey is based on historical time series of the daily flows from the State hydrometric 

network on the territory of the country - 216 gauging stations (200 among them active at present and 

16 temporally closed the last years). The referent period of investigation covers 37 years from 1981 

to 2017. The accepted period includes a low-water phase registered on the territory of the country - 

1981-2000 and a phase with a trend of increasing flows 2001-2017. In addition, field survey research 

information was used to clarify rivers without regular measurements. The criteria for the selection of 

drying rivers were adopted by the Working Group 1 of project Science and Management of 

Intermittent Rivers & Ephemeral Streams (SMIRES) in 2017 (Sauquet et al., 2019, Datry et al., 2019). 

According to them, intermittent rivers should meet the following criteria: a) at least one event with 

discharge lower or equal to one liter per second for daily data; b) for weekly data seven consecutive 

days (i.e. one record) with this discharge value; c) for monthly ï one month; the minimum time series 

length is 10 years, with less than 5% of missing days.  
The 37 years period of investigation (1981-2017) meets the above criteria for all active 

stations. Among the sixteen closed gauging stations with interrupted regular measurements, seven 

are situated on drying rivers. Only for those seven stations in the statistical processing, the number of 

years is reduced to the year of closure. Statistical processing of hydrological series for all the rest 

gauging stations with registered drying flow has been carried out for the whole period. The total 

number of gauging stations with registered zero-flow days is 42 (among them: 38 stations with 

numerous registered zero-flow days in the studied period and 4 with accidently registered zero-flow 

days) ï Table 1 below. 

Among the characteristics of zero-flow periods revealed and presented in Table 1 are: n0 is 

the total number of days with zero-flow, ä is the fraction of zero-flow years which is the number of 

years with zero-flow divided by the total number of years, ma is the mean annual number of zero-

flow days which is the total number of zero-flow days divided by the number of years, max days - 

maximum number days zero-flows in the one year for the period, min days - minimum  number days 

zero-flows in the one year for the period, mean days - mean number days zero-flows in the one year 

for the period, Cv -coefficient of variation of the days with zero-flow. These characteristics reflect the 

frequency and the amplitude of change of zero-flows in the studied period. 
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RESULTS AND DISCUSSION 

As a result of both field surveys and statistical processing of the hydrological historical series 

at the monitoring stations, four major regions were identified with drying rivers meeting the 

aforementioned criteria. The specific type of drying rivers has been identified in the next regions - 

the Eastern Rhodopi and Sakar Mountain; the southern parts of the catchment area of the Struma 

River; the Southern Black Sea area and Dobrudja region. These regions are presented and displayed 

on the map with their geographical location on the territory of Bulgaria - Fig. 1.  

The runoff in these rivers is characterized by periods of complete drying up with varying 

frequency of occurrence over the years. With the exception of Dobrudja region, the runoff of these 

rivers is shaped under the influence of the Mediterranean climate. 

 
Fig. 1 Geographical distribution of drying rivers: 

[1]- Dobrudja sinking rivers region; [2]- Southern Black sea region; 

[3]- Eastern Rodopi region and Sakar; [4]- Struma watershed region 

 

1. Dobrudja sinking rivers region [1] 

The Dobrudja rivers flow into the Dobrudja Plateau and parts of the Ludogorie area in wide 

or canyon-shaped river valleys. Humidity, cloudiness and rainfall in the region are less due to the 

very specific ñrainfall shadowò which characterizes and distinguishes the region. This area is 

characterized by a small outflow coefficient of rainfall, one of the lowest determined on the territory 

of Bulgaria ï only 2%. 

In the region of Dobrudja and Ludogorie are distributed mainly carbonate rocks (limestones 

with lower Cretaceous and Neogene age). These rocks form three main ground aquifers - the Malm-

Valange, Barrem-Apt and Neogene (Sarmatian). Surface runoff is submerged in the all three horizons. 

Dobrudja area is characterized by negligible surface runoff and very large karst groundwater 

resources. The low rainfall and karst character of the area limits the surface runoff after prolonged 

heavy rainfall. Characteristic of the Dobrodzha rivers is the absence of a true estuary, submersion and 

groundwater feeding; truncated or unformed shallow river beds. The rivers are dry, with mainly 

ground feeding and most often large catchments with an altitude of less than 300 m.  
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Kanakiol river 

 
Senkobetz river 

 

2. Southern Black Sea region [2] 

The rivers in the Southern Black Sea region form their runoff under the influence of the 

Mediterranean climate but with specific features of the Black Sea area. 

The region is characterized by diverse geology. The northern part of the area is dominated by 

sedimentary rocks of Cretaceous, Paleogene and Neogene age. To the south, the terrains in the 

catchment areas of the small and medium-sized Black Sea rivers are made up mainly of silicate rocks 

(upper Cretaceous volcanics): andesite, tuff, tuffite; as well clays, sands, poorly soldered sandstones, 

marls, conglomerates and limestones. 

Most of the region is characterized by the lack of significant aquifers. The specific Black Sea 

climatic influence and the lack of significant ground feeding are the main factors for the seasonal 

drying up of rivers in the region. The Southern Black Sea region is characterized by low water content 

with low runoff (11%). Typical for the region is the great diversity in the annual runoff distribution, 

which is strongly influenced by the nature of rainfall and their distribution over the years. There are 

years of prolonged drought due to low rainfall, as well as years of prolonged rainfall and significant 

river runoff that means the interannual flow distribution varies very much. This is illustrated in Figure 

2 for the Fakia River. 

 

 

Otmanli river 

 

Aheloj river 

 

Sredetzka river 

 

3. Eastern Rodopi and Sakar Mountains region [3] 

The region covers the catchments of the rivers originating in the southeastern and northeastern 

part of the Rhodopi, Sakar and part of the southernmost tributaries of the Tundja River with springs 

in the Strandja Mountain. 

A specific river type for this region are the sub-Mediterranean small and medium-sized rivers, 

characteristic of all tributaries of the Arda River flowing into the section from the Kardzhali Reservoir 

to the border. The right tributaries of the Arda - Varbitsa and Krumovitsa Rivers are the special and 

very typical case of the sub-Mediterranean mountain rivers, characterized by rapid outflow 

concentration, formation of extreme high waves and severe shallow water afterward - Fig. 3. During 

periods of low water these rivers are in process of drying up or are in a state of entirely dry river beds. 

The specificity of the river types in the valley of the Arda River (main streamflow in the region) is 

determined by the morphostructure of the relief of the Arda valley (strongly indented by valley 

extensions) and the climatic characteristics with strong Mediterranean impacts. 
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Fig. 2 Hydrograph of Fakijska river - 

Mediterranean impact in the Black Sea 

area - Region 2 

 

 

Fig. 3 Hydrograph of Varbitza river - 

Mediterranean impact in the mountain area, 

Eastern Rodopi region and Sakar - Region 3 

 

The catchment areas are composed mainly of silicate (magma and metamorphic) rocks: 

southern Bulgarian granites, gneisses, shales, rhyolites, etc. The specified rock formations lack the 

conditions for the formation of significant resources from groundwater type cracks. In general, areas 

with the distribution of these rock formations are estimated to be poorly waterlogged. The 

Mediterranean climate, the lack of significant aquifers and the natural drainage of the terrain are the 

main factors for the observed seasonal dryness of these rivers and their torrential character. 

The small left tributaries of the Maritza River, originating from the Sakar Mountains, are also 

attached to this region. 

 

 

Uvadjik river 

 

Tcham dere river 

 

Elbasan dere river 

 

Biala reka river 

 

Luda reka river 

 

Hambar dere river 

4. Struma watershed region [4] 

Mediterranean influence on runoff formation (Continental-Mediterranean climatic region) 

covers the middle reaches of the Struma River, where drying, mostly small left and right tributaries 

have been observed, for example as the Lisiyska River, the Kamenitza River, the Zlina River, the 

Sedelska River, Rybnik, Sklavska River and more. 

The catchment areas are composed mainly of silicate (magma and metamorphic) rocks: 

southern Bulgarian granites, gneisses, shales, rhyolites, etc. In the mentioned rock formations, there 

are no conditions for the formation of significant resources from groundwater type in the cracks. 

Generally, areas with the distribution of these rock formations are estimated to be poorly waterlogged. 

The Mediterranean climate, the lack of significant aquifers and the natural drainage of the terrain are 

the main factors for the observed seasonal drying up of these rivers and the torrential nature of some 

of them, such as the Potoka River and others (look at photos below).  
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Suha reka river 

 

Ribnik river 

 

Voitcha river 

 

The reasons for the drying up of the rivers in the four identified regions have different genesis. 

The regions located in the eastern part of the Rhodopi Mountains and the catchment area of the Struma 

river are exposed to the Mediterranean climate, which is reflected in hot and dry summers with little 

rainfall and prolonged drought. In the southern Black Sea region and the Strandja Mountains, there 

is a mixed influence of the Mediterranean climate and the specific influence of the Black Sea, 

characterized by wet winters and autumns and drier spring and summer. The genesis of the drying up 

of the rivers in Dobrogea is quite different. The main reason is the geological structure of the area 

and the sinking of the rivers in quaternary alluvial and diluvial deposits in the karst region. An acute 

continental climate with prolonged summer droughts is another important factor.  
The following statistical characteristics are presented in the annexed Table 1 ï n 0 is the total 

number of days with zero-flow, ä is the fraction of zero-flow years which is the number of years with 

zero-flow divided by the total number of years, ma is the mean annual number of zero-flow days 

which is the total number of zero-flow days divided by the number of years, max days ï maximum 

number days zero-flows in the one year for the period, min days ï minimum number days zero-flows 

in the one year for the period, mean days ï mean number days zero-flows in the one year for the 

period, Cv ï coefficient of variation of the days with zero-flow. The statistical characteristics in 

question cannot be considered as being fully representative for the regions since they only cover 

information from observed rivers. There are drying rivers that are not covered by regular hydrological 

monitoring or field observations. Nevertheless, the information presented below is indicative for the 

nature of the drying process in Bulgarian rivers.  

On average per year, during the investigated period, the number of days with zero-flow days 

varies widely from 1 day to 200 days, with the smallest amplitude in Region 4 ï from 4 to 23 days 

(Table 1). The annual registration (each year) of zero-flow days is observed only in the Eastern 

Rhodopi region, which as noted above, is characterized by sudden high waves followed by long 

periods of drought and the impact of Mediterranean climate is s.  
In all other regions, there are no annual (or almost every year) entirely dry beds. They vary 

for different rivers, with the less frequent occurrences being recorded in the rivers in the catchment 

area of the Struma River. Also, in this region, dry rivers are only medium and small tributaries of the 

mainstream but never Struma River itself. They do not form distinct sub-regions but are scattered 

along the main river, mainly in its middle reaches. Usually they come from a lower altitude.  

The Table 1 also shows the maximum, average and minimum number of days of drying for 

the considered period. No regularity is found in the recurrence of zero-flow days when they do not 

occur every year obviously it is a direct consequence of the meteorological situation in the respective 

year but depends on the geological condition at any catchment as well.  

 

 

 

 

 

 

 



Electronic book with full papers from XXVIIɯ Conference of the Danubian Countries on Hydrological Forecasting 

and Hydrological Bases of Water Management. Kyiv, Ukraine, November 6-8, 2019 

12 

Table 1. Statistical characteristics at gauging stations with zero-flow daily data 

 
 

5. Flow regime in the four regions with drying rivers 

There are presented hydrographs and flow duration curves at three selected characteristic 

rivers for the studied 1981-2017 and for a year with highest proportion of zero flows (in violet); and 

median in interquartile ranges between Q25 and Q75 (in blue shaded areas) and median (in red). The 

selected characteristic rivers are Fakijska at the Black see region, Senkovec at Dobrudja and Bistriza 

River at Struma watershed. The selected rivers have a different year with highest proportion of zero 

flows as follow ï 2001 for Fakijska and Bistritza and 1987 for Sencovec. The hydrographs and flow 

duration curves demonstrate the very different flow regime and interannual distribution in the 

different geographical region.  

Comparison of the hydrographs on the Black Sea rivers shows a strong decrease of runoff 

after the peak of the spring high flows and a visible increase of runoff in the autumn-winter period 

(only in this region). This is in fact the specific Black Sea influence on the Mediterranean climate of 

the area and the mixing of the two marine impacts. In the Dobrudja region, the river hydrographs 

have low amplitude of Q25-Q75 outflow variation, as well as the median, due to the geological and 

hydrogeological conditions mentioned above. They lead to the formation of low runoff feeding 

mainly the underground horizons but not surface water. In these rivers there is no pronounced high 

water and floods are very rare. In the catchment area of the Struma River, the internal distribution of 

the runoff has a pronounced peak of high water in spring and a sharp decline and a prolonged period 

Region River Location n0 ma ä max d min d mean d Cv

Kanagiol Osenovez 488 70 71 244 30 98 0.87

Senkovez Golyamata voda 439 12 11 141 63 110 0.30

Zarzar Golyam porovez 2004 200 70 365 148 286 0.34

Fakiiska Fakia 294 8 22 81 6 37 0.76

Fakiiska Zidarevo 349 9 24 76 11 39 0.43

Ropotamo Veselie 114 3 12 48 9 28 0.73

Aitoska Kameno 634 18 31 146 10 58 0.72

Sredezka Prohod 561 20 25 143 9 80 0.59

Hadjiiska Rujiza 42 5 44 17 8 11 0.40

Provadiiska D.Voinikovo 1868 144 62 365 20 186 0.80

Golyama Kamchia Ticha 74 2 3 48 26 37 0.42

Kriva Novi Pazar 33 1 12 20 5 11 0.72

Vurbiza Vurli dol 31 1 8 18 5 10 0.66

Vurbiza Djebel 62 2 8 45 2 21 1.07

Gilemiza Tatul 256 51 80 140 24 64 0.81

Byala Dolno Lukovo 815 22 41 119 22 63 0.44

Skut Nivnyani 273 7 8 138 23 91 0.66

Desna bara Burzia 45 2 7 31 14 23 0.53

Veshtichka Veshtiza 232 6 16 85 6 39 0.87

Ochushniza Ochusha 67 2 14 31 8 13 0.74

Luda Yana Sbor 125 7 26 58 11 25 0.82

Strelchenska Strelcha 167 5 8 112 23 56 0.88

Devinska Beglika 1698 154 100 274 82 154 0.36

Tenesdere Giovren 4470 179 93 290 48 179 0.35

Fanos Poibrene 1371 152 100 188 91 152 0.19

Venkovska Venkovez 185 19 60 77 1 31 0.98

Byala Kurtovo 96 3 8 28 8 16 0.54

Omurovska Partizan 825 83 60 272 45 138 0.61

Chinardere Dulbok Izvor 47 5 5 40 7 24 0.99

Sutliika Rakitniza 173 5 8 101 16 58 0.74

Golyama Svilengrad 976 98 70 239 94 139 0.35

Turiiska Turia 1347 36 70 112 8 52 0.61

Marash Lozenez 295 30 40 144 7 74 0.96

Rechiza Vaksevo 365 10 8 130 110 121 0.12

Bl. Bistriza Slavovo 157 4 14 38 15 31 0.51

Bl. Bistriza Blagoevgrad 868 23 46 197 7 51 1.08

Byala Razlog 566 22 15 164 99 142 0.21

Accidentally zero-flow  

Region 2 Gospodarevska Svetlina 39 2 6 - - - -

Gradevska Gradevo 16 0 3 - - - -

Konska Batanovzi 23 1 3 - - - -

Sov. Bistriza Gurlyano 25 1 3 - - - -

Region 1

ʈʝʛʠʦʥ 2

Region 3

Region 4

Region 4
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of drought. For the year with the most days dry, the hydrograph retains the specifics of the area, but 

the outflow this year is below quantile Q25. On the Figures 4, 6 and 8 are shown the hydrographs for 

selected typical rivers in the Southern Black Sea region, Dobrudja and Struma watershed 

demonstrating different flow regimes.  

 

 

Fig. 4 Hydrographs of the Fakiiska River at Fakia ï

(1981-2017) Southern Black sea region 

 

Fig. 5 Flow duration curves of the Fakiiska River at 

Fakia 

 

 

Fig. 6 Hydrographs of the Sencovez Riverï (1981-2017) 

Dobrudja sinking rivers region 

 

Fig. 7 Flow duration curves of the Sencovez 

River 

 

 

Fig. 8 Hydrographs of the Bl. Bistriza River-(1981-2017) 

Struma watershed region 

 

Fig. 9 Flow duration curves of the Bl. Bistriza River 

 

The presented flow duration curves (Figures 5, 7 and 9) confirm also the significant difference 

in the regime of the drying rivers in the different regions. The genesis of the drying of rivers is very 

different, which affects the durability of dry periods, as well as the dynamics of runoff change, 

especially when passing from wet to dry periods. The duration curves are important not only from an 

environmental point of view, but also from the point of view of water management, the use of water 

resources and the water consumption (Karagiozova et al., 2017, Ninov et al., 2017).  
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CONCLUSIONS 

The present study reflects some of the results of the investigation on the spatial distribution, 

the genesis of drying up and the regime of the rivers with zero-flow days in Bulgaria. It combines 

statistical processing of available hydrological information for 42 gauging stations. Information from 

these hydrometric stations with registered zero-flow days and field survey in the frame of the various 

projects in the past is the base for the present study. For the first time, regions with dried beds are 

identified and mapped on the territory of the Bulgaria. 

The current pioneering investigation for the country may be a good basis for future exploration 

of drying rivers. Areas with information on the existence of single drying rivers outside the 

monitoring network should be included in the survey in the future. The publication reflects the 

concerns of hydrologists in Bulgaria about deepening climate changeʩ in the world and their impact 

on water resources.  
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ABSTRACT 

The planned construction of Oder-Danube canal was one of the largest activities, which led to the realization of research 

projects, which also included construction of boreholes for monitoring groundwater levels. Hydropedological profiles 

(HP) consist of boreholes, which are situated usually across the route of the canal and across longitudinal axis of valleys 

or flat Moravian hollows. They belong to basins of Oder, Beļva, Dyje (Thaya) and Morava rivers. First observations 

started back in 1933, subsequent followed after 1940. Nowadays these objects serve for obtaining general idea about the 

groundwater regime in valley profiles of these rivers. From geological perspective, these HP profiles are in an area of 

Quaternary sediments. Groundwater level monitoring at HP is important especially because of relating the profile to a 

particular watercourse and duration of the continuous monitoring. It can be used for determination of hydraulic link 

between surface water and groundwater. These values can be very useful especially in the determination of spread of 

potential groundwater pollutants via surface waters. Aim of the work is to assess course of groundwater levels at the 

Ladn§ profile of interest and to evaluate the effect of river engineering of the Dyje River on the groundwater regime, 

taking into account the drought period. Next aim of the work was to show the relationship with surface waters and evaluate 

the relationship between individual boreholes and the watercourse in the entire profile. In addition, long-term data series 

of groundwater level monitoring were used to perform evaluation of course of groundwater levels during various time 

periods, in particular during the individual reference periods, as specified by the CHMI, i.e. 1931-1960, 1931-1980 and 

the current reference period 1981-2010. Subsequently, the period 1991-2018 was also analyzed as a period associated 

with the current situation and finally also the entire period of monitoring, i.e. 1948-2018, a total of 70 years. 
 

Keywords: groundwater, surface water, groundwater regime, quaternary sediments, hydraulic continuity 
 

INTRODUCTION  

 Decreasing landscape retention ability in basins, river modifications, increasing demands for 

drinking water abstraction from surface and groundwater and more frequent occurrence of torrential 

rains lead to fluctuation of water regime in riparian forests of south Moravia and subsequent change 

in ecological conditions and reduced water availability for forest vegetation. Due to decreasing 

landscape retention ability there is a long-term increased run-off and associated disruption of water 

balance in landscape. Result of this is a decrease in groundwater reserves and also water sources in 

general. Strategic role of water lies especially in the field of food production, because 50-80% of 

water use is irrigation. Water availability is therefore becoming a global problem of the planet. It is 

likely that the Czech Republic will also face water availability problems in the future. Up to half of 

Czechs could be faced with potential water insufficiency, groundwater reserves are getting smaller. 

The entire problem of decreasing water reserves is caused by the overall effect of several major factors 

such as global climate change, irregular precipitation distribution throughout the year, undesired 

anthropogenic actions in landscape by farmers and water managers, which lead to decreased 

landscape retention ability, strategy for surface and groundwater abstraction, more frequent torrential 

rains, which due to fast run-off from the area via straightened river bed do not fill dams, lead to floods 

and landslides and associated damages and potential life losses. Expert prognosis is not very 

optimistic and groundwater reserves will be threatened, especially in spring. Recent significant 

drought periods in the Czech Republic occurred in 1982-1984, 1990-1995, 2003-2004 and the latest 

drought episode lasts up until now since 2014. The issue of drought is also very relevant for the region 

of South Moravia, in particular in water meadows of riparian forests. 

 Planned construction of Oder-Danube canal was one of the most significant actions, which 

led to realization of exploratory works, one of which was the construction of boreholes for monitoring 

groundwater levels. Since 1996 the area is protected for the prospective canalization of the Morava 

and Oder rivers and the route of the proposed Danube-Oder-Morava canal. This would also fulfil the 

original aim of monitoring long-term time series of groundwater levels. Hydropedological profiles 

mailto:hana.hornova@chmi.cz
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(HP) consist of boreholes, which are situated usually across the route of the canal and across 

longitudinal axis of valleys or flat Moravian hollows. They are located on Oder, Beļva, Dyje (Thaya) 

and Morava rivers. First observations were between 1933 and 1934, additional were being added until 

1940. Nowadays these objects are used for general understanding of groundwater regimes in valley 

profiles of these rivers. From geological perspective, these HP profiles are in an area of quaternary 

sediments. At the particular location of these profiles the soil types are predominantly light soils, 

sandy soils and slightly loamy and loose sands.   

The studied Ladn§ profile is located above BŚeclav and passes through the cadastral area of 

Charvatsk§ Nov§ Ves and ends on the outskirts of the city of Lednice. Its total length is 4.98 km and 

crosses the rivers Dyje, Trkmanka and Vļel²nka. It was built in 1948, which means there is an almost 

70-years long continuous monitoring series. Over the years the location underwent several changes, 

most important of which was the construction of the Nov® MlĨny dam and modification of the Dyje 

river bed. Assessment of the hydropedological profile uses basic statistical methods used for large 

data set analysis. This includes analysis of dynamics of groundwater level in relation to surface run-

off, precipitation and geological profile in various reference periods. The obtained findings from the 

individual reference periods are analyzed and thoroughly assessed. One of the assessed factors is the 

impact of drought in the period between 2014 and 2018 on the profile in relation to the distance from 

the watercourse and climatological conditions, including the effect on the overall historical series of 

groundwater level monitoring.  

Aim of the work is to assess course of groundwater levels at the Ladn§ profile of interest and 

to evaluate the effect of river engineering of the Dyje River on the groundwater regime, taking into 

account dry periods. Next aim of the work was to demonstrate the relationship with surface waters 

and evaluate the relationship between individual boreholes and the watercourse in the entire profile. 

Two periods were selected for the evaluation of the effects of river engineering of the Dyje River on 

groundwater regime. First period, from 1948 to 1972, only deals with Dyje River engineering, i.e. 

does not take into account the effect of the Nov® MlĨny dam and the period from 1974 to 2018, i.e. 

after the construction of the Nov® MlĨny dam and river engineering of Dyje in the stretch between 

BŚeclav ï Nov® MlĨny. In addition, long-term data series of groundwater level monitoring were used 

to perform evaluation of the course of groundwater levels during various time periods, in particular 

during the individual reference periods, as specified by the CHMI, i.e. 1931-1960, 1931-1980, 1961-

1990 and the current reference period 1981-2010. Subsequently, the period 1991-2018 was also 

analyzed as a period associated with the current situation and finally also the entire period of 

monitoring, i.e. 1948-2018, a total of 70 years. 
 

METHODS AND DATA  

 The area of interest underwent significant changes in land use in the second half of the 20th 

century as a result of the construction of the Nov® MlĨny reservoir. This meant that the total water 

area saw a largest increase from the original 2.01 % to 24.90 % of the total surface area (12618.37 ha). 

In 1960, largest water bodies were the restored ponds Strachot²nskĨ and ĠakvickĨ. ĠakvickĨ pond at 

Ġt²nkovka became completely part of the lower Nov® MlĨny reservoir. The Strachot²nskĨ pond 

remained partially delimited, but is in fact also mostly part of the central section of the reservoir. 

Main watercourses were Dyje, Svratka and Jihlava. The confluence of Svratka and Jihlava and river 

beds were artificially modified already in 1960. Also the Dyje river channel is regulated down to 

Doln² VŊstonice. Significant ratio of these water bodies is represented by a large number of small 

pools ï abandoned river beds and oxbow lakes along Dyje and Jihlava rivers, existence of which 

allowed hydraulic connection with the main channel of Dyje and Jihlava, as well as frequent outflow 

of these rivers. There were 133 water bodies in total in 1960. Practically all these pools became part 

of the current reservoirs. Water area in 2019 mostly consists of flooded areas of the Nov® MlĨny 

reservoir and associated constructions. Following the change in water management conditions, only 

few watercourses in the area of interest remained that have their channel in its original position. They 

are 4 streams that had their channel modified already in 1960 ï DunajovickĨ stream, KlentnickĨ 
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stream, PopickĨ stream and Ġt²nkovka. End sections of these streams are now shorter and became 

part of the current Nov® MlĨny reservoir. At the end of the KlentnickĨ stream water passes through 

a drainage canal along the lower part of the reservoir down to the dam, where it flows into the Dyje 

river. PopickĨ stream and Ġt²nkovka end in small water management objects, where the water is 

pumped to the lower part of the reservoir. Position of the Jihlava and Svratka confluence remained 

intact. Only the lower part of Svratka and the channels of both rivers were modified (extended 

embankment). All newly created small streams are related to the overall water management 

modifications of South Moravia. The entire Nov® MlĨny reservoir is surrounded by drainage canals, 

which collect water soaked from the reservoir. One entirely new irrigation channel is the Brod-

Bulhary-Valtice channel. From the central part of the reservoir, water is pumped approximately 700m 

over the ridge of Dunajovick® hills from where it flows southeast by gravity via Doln² Dunajovice 

and further in the direction of Mikulov and Valtice. 

 Back in 1960, a significant ratio of the total area of interest consisted of permanently wet 

water meadows (3.14%). Usually this meant a number of small water bodies often surrounding the 

above mentioned abandoned river channels (163 individual wetland areas). Two wetlands are larger 

ï one lies between Strachot²n and Ġakvice, the other one is situated northwest of Nov® MlĨny on the 

right bank of the Dyje River. However, in 2018 permanently wet meadows only represent the least 

frequent category (0.24 %) and are only found close to the banks of the Nov® MlĨny reservoir. Also 

the total area of the forest category decreased in the area of interest, from 13.65% down to 7.46% of 

the total area. Most of this decrease is caused by logging of the alluvial forests and subsequent 

flooding of these areas. Part of the former forested area is now arable land and also the forest islands 

west of Pasohl§vky transformed into agricultural land. Decrease of forested area is partially 

compensated by an extension of forests in the area of Pavlovsk® and Dunajovick® hills. Small forested 

areas were also created southeast of Brod nad Dyj². 

 Change in hydraulic relationships in rock environment also affected groundwater. 

Embankment prevented floods in the alluvial areas and thus also prevented soaking into groundwater 

and increasing groundwater levels. Most scientific studies prove decrease of maximum groundwater 

levels and shorter duration of these maxima. A floodplain is affected by water regime of the particular 

watercourse as well as rock type, terrain, soil type and climate in the entire basin. Floodplain is 

therefore not just a product of a particular watercourse, but reflects state of the entire basin. This 

broader concept of floodplain is well described by the following characteristic: ñFloodplains are very 

specific environments, completely different, or even in contrast with other landscapes. They form an 

axis, an aorta of landscape. They reflect development, life and history of the entire basin. Plains are 

never autonomous parts of the Earth, their evolution is affected by all parts of landscape, even by 

mountain forests in distant water divide. Anything that is taken away from the basin, what is washed 

away, enriches the floodplainsé. Floodplains always form the highways for matter transport in 

landscape, highways for the spread of fauna and flora. Axis of a floodplain is always a watercourse, 

a river. It is the character of this river that is always crucial for the appearance of a floodplain, its 

childéò (Culek, 1992). Based on Prach (2003), the uniqueness of floodplains lies especially in the 

following properties. Energy, matter and information flows in floodplains are very fast and are of an 

open nature. For a specific ecosystem in floodplain, inputs and outputs (energy, nutrients, 

information) can many times exceed their transport within the ecosystem. Floodplains are 

characterized by high temporal-spatial heterogeneity. Floodplain ecosystems show a high 

productivity. 

 The Dyje basin is a very large area of over 13 419 km2 and watercourse length of 306 km. 

Czech Hydrometeorological Institute has 6 stations measuring surface water levels of Dyje ï 

Podhrad², Vranov-Hamry, Znojmo, Tr§vn² DvŢr, Nov® MlĨny and Ladn§. It operates 25 boreholes 

for monitoring groundwater levels and also small-diameter hydropedological boreholes, the so-called 

HP profiles ï a unique feature only found in South and North Moravia. 

 They were created as a result of the Oder-Danube channel construction project. Preparation 

of this project brought about realization of many exploratory works, including construction of probes 
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for monitoring groundwater levels. These were positioned in lines ï profiles, which were labeled as 

hydropedological. They were usually situated across the route of the channel and also across the 

longitudinal axis of the valley or plain Moravian valleys. They can be found in the basins of Oder, 

Beļva, Dyje and Morava. First observations were made between 1933 and 1934, additional were 

being added until 1940. Nowadays these objects are used for obtaining general understanding of 

groundwater regimes in valley profiles of these rivers. In South Moravia they are currently aggregated 

into 4 units ï HP0262 Podov²n-Lednice, HP0263 Ladn§-Charvatsk§ Nov§ Ves, HP0266 Nov® MlĨny 

and HP0267 Ġakvice. Currently, groundwater levels are being monitored using automated devices at 

a total of 29 boreholes and one staff gauge on the Ladn§-Charvatsk§ Nov§ Ves profile. Originally 

there were 53 boreholes and 8 staff gauges on these profiles. The HP0266 Nov® MlĨny profile was 

mostly flooded as a result of the construction of the Nov® MlĨny reservoir and only 2 boreholes 

remained. Other profiles were reduced as a result of the need to reduce costs associated with operation 

of the monitoring network. Given the extent of the Dyje basin and the number of boreholes available 

in this area, it is not possible to concentrate on the entire area. Detailed analysis was therefore 

performed for the area near BŚeclav, in particular the HP0263 Ladn§-Charvatsk§ Nov§ Ves profile, 

which is typical for the Dyje floodplains and has most boreholes directly linked to the surface station 

on the Dyje River. 

 BŚeclav lies on the Dyje River and is surrounded by forests from three sides. Riparian forests 

lining the Dyje and Morava river represent an area of over 3500 ha, making it the largest complex of 

its kind in central Europe. Forests full of channel networks, oxbow lakes and pools were added to the 

list of Ramsar Convention in 1993 as ñMokŚady doln²ho toku Dyjeò (Wetlands of lower Dyje). 

Northwest of BŚeclav lies Kanļ² obora (Kanļ² game preserve), a riparian forest with predominance 

of common oak and narrow-leafed ash. South of BŚeclav is the most extensive complex of riparian 

forests, extending to the confluence of Dyje and Morava, with partially preserved riparian meadows 

and alluvial pools. This area is one of the most valuable areas of the primary forest reserve Ranġpurk 

and Cahnov ï Soutok. On the west is the southeastern edge of the national natural reserve Lednick® 

rybn²ky (Lednice ponds).  

 Two periods were selected for the evaluation of the effects of water management and 

engineering on groundwater regime. First the period between 1948 and 1972, only in terms of Dyje, 

i.e. without the effects of reservoirs close to Nov® MlĨny. Second, the period from 1974 to 2018, i.e. 

after the construction of the Nov® MlĨny dam and modification of Dyje in the section between 

BŚeclav and Nov® MlĨny. In the meantime, based on long-term time series of groundwater levels, an 

assessment of the course of groundwater levels for several time periods was made ï in particular for 

the individual reference periods as they were proposed by the CHMI (1931-1960, 1931-1980 and the 

current reference period 1981-2010). In addition, the period between 1991 and 2018 was also 

analyzed as a representation of the current situation. The entire period of 70 years cannot be assessed 

because of the Nov® MlĨny dam construction. 

 Evaluation of the relationship between groundwater and surface water was performed using 

knowledge of average monthly flow rates for Dyje during the period of interest. Data was used from 

surface stations Doln² VŊstonice (Nov 1948 to Oct 1988), the next downstream station Nov® MlĨny 

below the dam (Nov 1988 to Dec 1994) and data from the Ladn§ station, which lies directly in the 

HP profile and has been monitored since Nov 1987 until now. Last station used for the assessment 

was the station BŚeclav-ģelezniļn² most (BŚeclav ï train bridge), where flow rates were analyzed in 

the period between Nov 1965 and Oct 1987. The Ladn§ station replaced the BŚeclav-ģelezniļn² most 

station, which stopped operating on Nov 1, 1987 and was used to derive flow rates also for the station 

Nov® MlĨny in the period 11/1988 to 10/1994. Not all water was present in the station BŚeclav ï ģel. 

most during flow rates exceeding 350 m3.s-1, because the channel does not have a sufficient capacity. 

Such higher flow rates were distributed by a weir on the outskirts of BŚeclav away from the main 

watercourse channel to a discharge branch, which flows back to the main channel below the station. 

 Based on a hydrological map one can see that LadenskĨ profile is a fluvial sand-clay sediment 

with occasional boulders (flood gravel) and sediments of artificial water bodies, deluvio-fluvial sandy 
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sediments (between Ladn§ and Charvatsk§ Nov§ Ves) and fluvial sandy gravel (directly in Ladn§ and 

Charvatsk§ Nov§ Ves). LadenskĨ profile boreholes belong to the hydrogeological region 1652, which 

includes quaternary fluvial sediments of the Dyje River. Groundwater level is free. Sediments of the 

floodplain belong to a structure of fissure groundwater with a characteristic hydrogeological link with 

surface flow. From the geological perspective the profile has the following structure (Fig. 1): 

dominant are sandy clays in the highest layers, followed by predominantly clay sand with a depth up 

to 0.9 m. Deepest layers are mostly sand gravel. Layer of clay soils is not present in the 

hydropedological profile at all, occasionally one can find clay sand soil or clay sand. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1. Geological profile 
 

The original profile had 28 probes, after several changes it now has 25 probes, out of which a total of 

16 probes now has automated systems with daily measurements and one staff gauge, surface station 

Ladn§ nad Dyj², which lies on the profile axis (Fig. 2). Groundwater levels are being monitored since 

1948. There are three watercourses crossing the profile ï Dyje, Ladensk§ strouha and the left tributary 

Vļel²nek. 

 

Fig. 2. Monitored probes as of 2019 

1 KB0689 0,0-0,4 loamy sand soil 4,6-6,7 incoherent sand-gravel0,4-1,3 clay sand 1,3-2,3 medium-grained sand2,3-4,6 sandy-dusty clay

2 KB0690 0,0-0,5 sandy clay 3,9-5,9 dusty clay 0,5-2,7 clay sand 2,7-3,2 dusty clay 3,2-3,9 dusty clay with sand

3 KB0691 0,0-0,5 sandy clay 0,5-2,1 clay-sand soil 2,1-2,9 clay with gravel 2,9-4,6 sand gravel

4 KB0692 0,0-0,5 sandy clay 0,5-2,7 clay sand 2,7-5,6 sand gravel

5 KB0693 0,0-0,7 sandy clay 0,7-2,2 clay sand 2,2-4,6 sand gravel

6 KB0694 0,0-1,0 sandy clay 3,8-5,7 sand-gravel 1,0-2,5 loamy sand soil 2,5-3,1 clay sand 3,1-3,8 non-clay gravel sand

7 KB0695 0,0-0,8 sandy clay 0,8-2,2 clay sand 2,2-6,1 sand gravel

8 KB0696 0,0-0,7 sandy clay 0,7-1,5 dusty clay 1,5-2,3 clay sand 2,3-5,4 sand gravel

9 KB0697 0,0-1,7 loamy sand soil 1,7-2,3 clay sand 2,3-5,9 sand gravel

10 KB0698 0,0-1,6 clayey soil 1,6-2,5 clay sand 2,5-4,6 sand gravel 4,6-5,2 loamy sand soil

11 KB0699 0,0-2,1 clayey soil 2,1-3,1 loamy sand soil 3,1-5,1 gravel sand

12 KB0700 0,0-0,7 mica clay 3,5-5,6 sand 0,7-1,6 loamy sand soil 1,6-2,5 clay-sandy soil 2,5-3,5 clayey-dusty soil

13 KB0701 0,0-0,6 mica clay 0,6-1,5 loamy sand soil 1,5-4,2 sand gravel

14 KB0703 0,0-0,8 clay sand 0,8-2,5 loamy sand soil 2,5-3,1 sand 3,1-5,9 sand gravel

15 KB0704 0,0-2,3 mica clay 2,3-3,1 sand 3,1-5,8 sand gravel

16 KB0705 0,0-0,8 heavily clay sand3,6-6,4 clayey sand-gravel 0,8-1,5 mica clay 1,5-2,6 sandy-dusty clay 2,6-3,6 coarse grained sand

17 KB0706 0,0-1,4 sandy-dust soil 4,1-5,7 medium-grained sand 1,4-2,3 dust soil 2,3-3,4 sandy soil 3,4-4,1 clay sand

18 KB0707 0,0-1,0 sandy-dust soil 1,0-2,1 loamy sand soil 2,1 - 5,1medium-grained sand

19 KB0708 0,0-1,4 clay-sandy soil 1,4-2,5 clayey soil 2,5-3,6 clay sand 3,6-5,8 sand gravel

20 KB0710 0,0-0,8 clay-sandy soil 2,5-5,2 sand gravel 0,8-1,7 sandy clay 1,7-2,1 clay sand 2,1-2,5 clay sand

21 KB0711 0,0-1,0 sandy clay 1,0-2,3 clay sand 2,3-5,3 sand gravel

22 KB0712 0,0-0,6 clay with gravel 0,6-1,7 clay sand 1,7-5,4 sand gravel

23 KB0714 0,0-1,9 clay sand 1,9-6,1 sand gravel

24 KB0715 0,0-0,5 sand-dust vlay 0,5-1,3 dusty clay 1,3-2,4 sand gravel 2,4-5,2 sand

25 KB0716 0,0-2,4 loamy sand soil 2,4-2,7 sand 2,7-5,8 clay sand 5,8-6,5 dusty clay

26 KB0717 0,0-0,8 loamy sand soil 0,8-2,4 loamy-dust-sandy soil 2,4-6,5 sand gravel

27 KB0718 0,0-1,8 clay sand 1,8-5,3 gravel sand

28 KB0719 0,0-2,4 clay-dust soil 2,4-5,4 sand gravel

DEPTH OF GEOLOGICAL LAYER FROM THE TERRAIN [m]
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In 1949, the hydropedological profile had a total length of 4986.4 m, with an average elevation 

of 160.46 m above sea level (Fig. 3). 

 

 

Fig. 3. Horizontal profile HP0263 Ladn§ ï Charvatsk§ Nov§ Ves 

 

In 1962 three new probes were added, in particular the probes KB0717 and KB0718 between 

the probes KB0714-KB0716, because these two were quite far apart from each other (approximately 

300 m). The probe KB0719 was added between the probes KB0710 and KB0711. In 1963 the entire 

profile was redrilled, in 1980s and 1990s the probes were deslimed and cleaned. In 1969 monitoring 

ended at the KB0703 probe, because it was destroyed. In 1970 the same happened to the probe 

KB0701. In 1975 also the KB0697 was destroyed and in 2005 two other boreholes ï KB0692 and 

KB0714. In 2010 the monitoring network was reduced, 16 currently operating probes were chosen, 

which were equipped with automated devices in 2012, with hourly groundwater level data. The 

remaining probes are not currently being monitored, but in the future, it is planned to include them in 

the network again. The last probe that stopped operating was the KB0691 probe, because it had to be 

removed in 2018 as it stood where houses were to be built.  

 The KB0702 probe indicated the staff gauge on Dyje, which was in operation from 1948 to 

1982. However, water at the gauge often froze, data was not available due to deposits carried by the 

river and the data is therefore incomplete (Fig. 4). In 1982 it was replaced by a staff gauge at the 

surface station, originally at the station BŚeclav ï ģel. most, then directly in Ladn§, where the profile 

is located. 
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Fig. 4. Measurements from the KB0702 staff gauge between 1948 and 1982 

 

In order to assess groundwater regime in relation to surface waters it is also important to know 

the occurrence of critical years in terms of hydrology and climatology (Fig. 5). First dry year in the 

period 1900-2018 was the year 1912. The year 1914 was characterized by highest daily maximum 

precipitation. Average maximum across all stations in South Moravia was 64 mm. First half of the 

20th century was variable, without significant extremes. Driest period were the years 1931-1935 then 

followed by floods in 1938. Also 1942 was a very dry year, especially in Bohemia, followed by 

another relatively dry year 1943. Year 1947 saw a catastrophic drought (between April and 

September, monthly precipitation amount only ranged between a few mm and approximately 20 mm). 

Beginning of the 1950s was also variable, in 1954 there were floods on Vltava (Bohemia), which 

almost destroyed the Slapy dam, which was in construction at that time. Water in the reservoir 

overflew and the dam was not yet completely finished. The year 1959 had the longest dry period, i.e. 

most consecutive days without rain. There was no rain in the entire Czechoslovakia in August, 

September, October and first week of November. Years 1961-1964 were also dry, in 1964 tree leaves 

in Vysoļina turned yellow already in August. Next year, in 1965, the Great Rye Island (SW Slovakia) 

was flooded, southeast part of the republic was also affected, especially the Morava basin, where the 

Vranov reservoir overflew. Another dry period occurred between 1971 and 1974, with the exception 

of Vysoļina, where June and beginning of July were wet. The year 1975 was rather wet, however it 

was followed by another dry year in 1976 ï in South Moravia, corn and beet grew ñlike telegraph 

posts ï 25 m apartò. It then rained in July and the dormant seeds germinated leading to problems with 

harvest. Dry years were also 1982-1984, with a significant windstorm in the summer of 1984, which 

caused significant damages in the forests around Velk® MeziŚ²ļ². At some places not a single tree 

remained standing. As can be seen, drought episodes are encountered approximately every 10 years, 

which is also proved by dry years 1990-1995, after which catastrophic floods occurred in 1997. 

Another flood occurred in 2002, followed by a dry year 2003 and 2007. Floods were also encountered 

in 2006. In 2010 there were heavy rain episodes in Moravia, making it the second wettest year since 

1900, 1941 being the wettest. Year 2012 was again rather dry, in 2013 there were floods in Bohemia 

as a result of strong thunderstorms. Since 2014 until now there is another episode of drought. 
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Fig. 5. Critical years from the perspective of drought and floods 

 

RESULTS AND DISCUSSION  

  

Four probes were selected to assess the effect of water management modifications at Dyje 

River and interactions with surface waters, in particular the KB0689, KB0706 probes in operation 

since 1948 and probes KB0718 and KB0719, which operate since 1962. Their location in the profile 

and distance from one another is given in Fig. 6. The probe KB0689 lies 2.3 km away from Dyje on 

the edge of a field, the probe KB0706 is closer to the watercourse (0.2 km), in a dense riparian forest. 

KB0719 probe is 1.1 km far from the river in a forest and KB0718 is 2 km from Dyje, on a field in a 

close vicinity to a newly constructed pond. 

 
 

Fig. 6. Location of assessed probes in profile 

 

For each of the probes, the following data was evaluated: long-term averages, minima and 

maxima for the periods 1931-1960, 1931-1980, 1981-2010 (current reference period) and 1991-2018. 

Then, for each probe a drought threshold was determined, which represents 85 % of long-term 

monthly cumulative frequency curve (hereafter DMKP). Graphs then show monthly course of 
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groundwater level elevation in the probe, together with flowrates of Dyje as measured by surface 

gauges, in particular at the stations Doln² VŊstonice, Nov® MlĨny below dam, Ladn§ and BŚeclav ï 

ģelezniļn² most.  

The KB0689 probe is 6.7 m deep with 0.0-0.4 m loamy sand soil, 0.4-1.3 m clay sand, 1.3-

2.3 m medium-grained sand, 2.3-4.6 m sandy-dusty clay and 4.6-6.7 m incoherent sand-gravel. 

Elevation of the profile is 164.13 m a. s. l. Over the entire period of monitoring, i.e. since 1948, there 

was a continuous measurement. In 1959 the borehole dried up for the entire year, as well as in 1975-

1976 (Fig. 7). 

Based on the assessment there is a significant decrease in groundwater level during the period 

of construction of the Nov® MlĨny reservoir and monitoring was interrupted by drought in 1975-

1976. Another reason for the decrease of groundwater could be soil amelioration at the beginning of 

1980s. The probe is situated on a field and it is possible that the course of groundwater level is affected 

by the amelioration work. Prior to the construction of the Nov® MlĨny reservoir there are obvious 

10-year periods, which were disrupted by the Nov® MlĨny dam construction and have not stabilized 

until today. From the perspective of the individual reference periods, all the periods are comparable 

in terms of average groundwater level. When looking at the variability, i.e. the minima and maxima 

in the individual periods, the least variable is the period 1931-1960 (more precisely 1948-1960 ï 

beginning of measurement), when the difference was only 1.36 m. In contrast, the most variable levels 

were seen in the period 1981-2010, 2.73 m. In the period 1931-1980 it was 2.26 m and in 1991-2018 

2.05 m. Most significant change in terms of minimum groundwater level can be seen between the 

period 1931-1960 and the period 1931-1980, where the long-term minimum level decreased by 

1.16 m. In contrast, in 1991-2018 the long-term minimum increased compared to 1981-2010 by 

0.52 m. Significant change between long-term maximum is between 1931-1980 and 1981-2010, 

when the maximum increased by 0.6 m. From the perspective of long-term drought threshold, i.e. 

85% of long-term cumulative frequency curve, one can see a decrease in groundwater level between 

the period 1931-1960 and 1931-1981 by 0.82 m, since 1931-1980 the drought threshold constantly 

increases, first by 0.28 m (1981-2010), subsequently by 0.34 m (1991-2018). 

Periodicity of annual course of levels has in recent years been very disrupted, mostly by the 

effect of the very dry years 2014-2018. 

 

Fig. 7. KB0689 probe assessment 
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The KB0706 probe is 5.7 m deep. 0.0-1.4 m is sandy-dust soil, 1.4-2.3 m is dust soil, 2.3-

3.4 m is sandy soil, 3.4-4.1 m is clay sand, 4.1-5.7 is medium-grained sand. The probe is located at 

an elevation of 159.74 m a. s. l. There is a continuous data series available since 1948, in November 

1988 a continuously operated water pump has been installed for waterworks in BŚeclav. 

Data analysis (Fig. 8) shows a significant decrease in groundwater level at the time when the 

pump was installed close to the probe. This pumping affected the borehole significantly until 1997, 

when the values stabilized at the original values observed prior to the pumping again, however, are 

still lower than the levels observed before the construction of the Nov® MlĨny dam. It can be seen 

that this construction affected the groundwater levels, however, in a lesser extent than the KB0689 

probe, because the KB0706 probe is in a close vicinity to the Dyje River and corresponds to the flow 

rate of surface water. From the perspective of the individual reference periods, all the periods are 

comparable with regards to the average groundwater level, with the exception of the period 1981-

2010, when long-term average decreased by 0.2 m. Regarding the maximum and minimum levels, 

i.e. the overall borehole groundwater level variability, the most variable was the period 1931-1960 

(more precisely 1948-1960 ï beginning of measurement), where the groundwater level variability 

was 2.72 m. Least variability of groundwater levels was observed in the period 1931-1980 and 1991-

2018, 2.33 m. In the reference period 1981-2010 the groundwater level variability was 2.47 m. Most 

significant change with respect to minimum groundwater levels was between the period 1931-1960 

and 1931-1980, when the long-term minimum level decreased by 0.43 m, other periods are 

comparable. Significant change in long-term maxima can be seen between the periods 1931-1960 and 

1931 and 1980, when there was a decrease by 0.43 m and in the subsequent period 1981-2010 by a 

further 0.3 m. From the perspective of long-term drought threshold, i.e. 85 % of long-term cumulative 

frequency curve, one can see a decrease between the periods 1931-1960 and 1931-1980 by 0.2 m, 

with a decreasing trend in the subsequent period ï in 1981-2010 a decrease by 0.32 m. Increase in the 

drought threshold was observed in the period 1991-2018, when the threshold increased by 0.37 m. 

Also, in this case there is an obvious disruption of annual groundwater level regime, especially due 

to the very dry years 2014-2018. 

 
 

Fig. 8. KB0706 probe assessment 
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The KB0719 probe is 5.8 m deep, with 0.0-2.4 m clay-dust soil and 2.4-5.8 m sand gravel. It 

is situated at an elevation of 159.23 m a. s. l. There is a continuous monitoring since 1962, in 1997 

the borehole was redrilled after a flood and deslimed in 1985 and 2006. After the construction of the 

Nov® MlĨny dam, a riparian forest drainage canal has been constructed close to the borehole, which 

is constantly full of surface water. 

Data analysis (Fig. 9) shows an obvious decrease in groundwater level after the construction 

of the Nov® MlĨny dam and before the water management modifications. As a result of a drainage 

canal, however, there is a permanent increase in groundwater levels. From the perspective of the 

reference periods there is an obvious increase in groundwater levels. Between the period 1931-1980 

(more precisely 1962-1980 ï beginning of measurement) and the period 1981-2010 there is an 

increase in long-term average groundwater level by 0.38 m, in the subsequent period by a further 

0.19 m. Following the construction of the Nov® MlĨny dam there is a larger variability in the 

groundwater levels, in the period 1981-2010 it was 2.38 m, in the current period (1991-2018) it is 

1.98 m. Most significant change in terms of minimum groundwater levels is between the period 1931-

1980 and 1981-2010, when there is a decrease by 0.39 m, but in the subsequent period (1991-2018) 

the long-term minimum increased by 0.45 m, i.e. by 0.06 m compared to the period 1931-1980. There 

is no significant difference between the individual periods in terms of long-term maximum levels. 

Regarding the long-term drought threshold, i.e. 85 % of cumulative frequency curve, one can see 

increasing trend, where the threshold increased by 0.2 m between 1931-1980 and 1981-2010 and by 

a further 0.33 m in 1991-2018. Periodicity of the annual groundwater regime is also quite disrupted 

in recent years, especially by the effect of the dry years 2014-2018 and the associated decreasing 

trend. 

 

 
 

Fig. 9. KB0719 probe assessment 

 

The KB0718 probe is 5.3 m deep with 0.0-1.8 m clay sand and 1.8-5.3 m gravel sand. It is 

located at an elevation of 160.15 m a. s. l. There is a continuous monitoring since 1962 and the 

borehole was redrilled in 1997 after it was flooded.  

Data analysis (Fig. 10) very well illustrates the dry periods, which repeat approximately every 

ten years. As a result of the Nov® MlĨny dam construction there was a significant decrease in 
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groundwater levels, which is also obvious from the long-term characteristics of the individual periods. 

There is no other significant watercourse nearby apart from Dyje, it is therefore fully dependent on 

surface water inflow and precipitation. Groundwater levels correspond to the Dyje River levels, 

during the period of Nov® MlĨny dam construction this relationship between surface and groundwater 

levels was disrupted. From the perspective of the individual reference periods they are all comparable 

in terms of average groundwater levels, with a slight increase in the 1981-2010 period by 0.09 m. 

Regarding minimum and maximum levels, i.e. the overall variability, the most variable periods are 

the periods 1981-2010 and 1991-2018, when the variability in minimum and maximum level was 

1.53 m. In contrast, least variability in groundwater levels was observed in the period 1931-1980, 

1.42 m. Differences between long-term minima are also very small, in the period 1981-2010 the 

minimum increased by 0.09 m, in the subsequent period it was constant. With regards to the long-

term drought threshold, i.e. 85 % of long-term cumulative frequency curve, there were no significant 

changes over the entire period of monitoring, in the period 1981-2010 the long-term threshold of 

DMKP increased by 0.08 m, in 1991-2018 by a further 0.05 m. More significant are the changes in 

long-term maximum, where there is an increase by 0.21 m in the period 1981-2010. Periodicity of 

annual groundwater level course has not recently been as disrupted as in the case of other probes, 

however the dry period 2014-2018 also significantly affects the probe and there is a decrease in 

groundwater levels. 

 

 
 

Fig. 10. KB0718 probe assessment 

 

Water management modifications brought about many changes, which had a significant 

impact on natural and anthropogenic systems in the area of interest. Extensive forest areas, meadows, 

pools were flooded, watercourse channels were altered, as well as land use. Water management 

modifications associated with the constructions of the Nov® MlĨny dam significantly disrupted 

ñnaturalò conditions for the development of floodplain geobiocenosis. It leads to a disruption of 

fluvial processes, as well as the overall hydric regime of the area. Modifications which changed the 

moisture and fluvial relationships in the area include construction of new river channels, dams, 

channel shortening etc. Dams are sort of an unnatural barrier. Channel shortening leads to formation 

of many abandoned meanders. These abandoned river stretches are usually not in hydric contact with 

the main river flow and therefore cannot be restored, i.e. they gradually degrade. Construction of the 

Nov® MlĨny reservoir changed the overall hydric regime of the area. Hydrological conditions were 
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disrupted at all types of floodplain biocenoses. Drought also affected floodplain meadows, where 

there is an obvious decrease in grass-herb associations with dominance of hygrophilous or wetland 

species. The above mentioned proves countless studies (Buļek et al., 2004).  

Data from the probe at HP Ladn§ leads to the following conclusions. Each probe in the profile 

is unique and its assessment therefore requires taking into account several factors, such as landscape 

and vegetation conditions near the probe, geological profile, potential effect of other watercourses, 

not just the main one, which in all these cases is the Dyje River. All probes interact with surface 

waters, however, what is important is the distance from the watercourse, which affects the dynamics 

of groundwater levels.  

Construction of the Nov® MlĨny reservoir led to a decrease in groundwater levels at the 

KB0706 probe because it is directly dependent on regulations of the Dyje River. In case of other 

probes there is an obvious decrease in groundwater levels after the construction of the Nov® MlĨny 

dam. During 1990s there is an increase in groundwater levels, which manifested itself in long-term 

characteristics of the two recent periods. This increase is caused especially by regular floods in the 

area, because it is an area of riparian forests. These changes directly affected the probes KB0719 and 

KB0718. The KB0689 probe lies outside the flooded area, however increase can also be observed 

here and it has less significant fluctuations compared to the other probes. 1990s were quite rich in 

terms of groundwater thanks to floods groundwater levels could increase and reach their normal 

values. Since 2010, however, one can see a decreasing trend in groundwater levels, with only seasonal 

increases. 

 

CONCLUSION 

 Groundwater level observations at hydropedological profiles are significant especially 

because of relating it to a profile and a particular watercourse and because of the duration of 

continuous monitoring. Apart from other uses it can be used for determination of hydraulic 

relationships between surface water and groundwater. This data can be useful especially for the 

determination of potential spread of groundwater pollution from surface waters. Knowledge of 

groundwater regime at a profile (during standard climatological and hydraulic year) allows one to 

conclude that in long-term, the annual course of groundwater level at all boreholes is roughly the 

same, with a minimum in October and maximum in April, between which there is a gradual change 

of the groundwater levels. Groundwater level at a specific borehole is affected by river flow rates, 

very little by precipitation. Groundwater level does not lie deep below the ground. Deepest it gets is 

5 m below the terrain, maximum levels close to a river can reach above the ground. Fluctuation of 

groundwater level is quite large given the overall thickness. Difference between maximum and 

minimum level is on average approximately 1 m. Highest values are observed at boreholes close to 

rivers, where this difference can be up to 2.5 m. Based on long-term time series it is possible to also 

assess specific periods. The most important period at most boreholes is the 12-month period, which 

corresponds to seasonal replenishment of groundwater. In case of 70-year long series one can also 

see statistically significant 30-year periods. Occurrence of these periods is also related to the 

occurrence of minimum groundwater levels, which occur with approximately 10-year period. In the 

Dyje basin, groundwater level decreased by approximately 0.5 m after 1972 and fluctuations are less 

prominent, which is due to the modifications of the Dyje River. 

 Up to three zones (narrower, water and outer) can be distinguished in terms of the effect of a 

watercourse (river) on a groundwater in its floodplain. In the narrow belt along the watercourse 

channel, every significant deviation of water level in the river channel results in a significant change 

in groundwater level. As the distance from the watercourse increases, this deviation decreases and 

there is a certain time delay. A groundwater level regime in a floodplain is characterized by alternation 

between a period when water is received by infiltration of surface water and a period when it is the 

other way around, i.e. groundwater flows to the watercourse, which occurs when surface water levels 

are low. In the wider zone the immediate effect of surface water deviations is reduced, only long-term 

exceptional increases in water levels or their long-term high levels manifest themselves by increase 
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of groundwater levels. In the outer zone the groundwater level is only affected by the river if increased 

river water levels lead to increase in shallow groundwater levels in the narrower and wide zone, which 

increases the potential for flow off of groundwater into the outer zone. Result of such increase is an 

increase in groundwater levels in the outer zone. 

 Shallow groundwater in floodplain sediments can therefore be donated not just by water 

coming from precipitation or by water from e.g. valley hillsides, but also by infiltration of surface 

water from watercourse channels. Its extent depends on the mutual position of surface and 

groundwater levels, its slope and hydraulic link. This depends on the depth and width of the channel 

and river bed and river bank permeability, which can be affected by secondary barrier in the form of 

fine-grain sediments, forming a colmatation barrier. Changes in surface water levels in a watercourse 

result in slope variability of groundwater levels, as well as the direction of its movement. In general, 

during high water levels groundwater in a floodplain flows away from the watercourse towards the 

surrounding area and likewise during low water levels (low flow rates) vice versa. However, apart 

from that groundwater in permeable sediments of floodplains also moves downwards, i.e. most 

commonly in the direction of river flow. Shallow groundwater levels therefore fluctuate in accordance 

with deviations in surface water levels, but always with a certain temporal delay. Amplitude of this 

fluctuation decreases with increasing distance from the watercourse channel. Predominant effect of a 

river on shallow groundwater in quaternary fluvial sediments of a floodplain is therefore apparent 

under the conditions of hydraulic linkage. Contrarily it can be said that a characteristic feature of 

shallow groundwater of a floodplain is its temporal and spatial dependence on river flow rate regime. 

River water levels affect fluctuation of groundwater levels and direction of flow of shallow 

groundwater in a floodplain.  
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ABSTRACT 

For most Hungarian rivers, especially the Danube, floods and other damages caused by ice have produced and 

are producing serious problems. Meanwhile, the number of national research on ice that improve the effectiveness of ice 

protection is low, and technical development is not significant at this point. The main focus of the research presented in 

this article emphasizes the advancement of this research and to the further develop of the river ice monitoring 

methodology.  

The key objectives are listed in the following points: 

Develop a fast, automated, cost effective, and continuous ice-collection method based on web camera images 

with a precision far beyond their manual or estimation procedures. Verification of the developed solution through error 

analysis. Solutions that do not require specialized software were preferential. 

Analyze the time pulsation and daily travel curve of the ice jam coverage ratio of the Danube with the developed 

high frequency measurement process. 

The aim of this paper is to promote modernization of the Hungarian ice-observations and to provide a numerical basis for 

scientific research related to this topic. 

I have demonstrated that the web-based, automated river ice-monitoring system can be used as a detailed 

hydrographic tool and can provide more accurate results than the currently used estimation or manual image processing 

methods.  

I have proved that from the images of webcams to determine the rate of ice coverage, it is enough to imagine the 

views of the cameras in advance, with a single spatial perspective transformation, it is not necessary to use georeferencing, 

orthorectification, or complicated form recognition procedures for each frame. From the perspective mapping, the aspect 

ratio of the pixels (pixels) to the water surface in the image being examined can be calculated, and it is sufficient for the 

computation of ice coverage in all images with the same viewpoint. By doing this, I've narrowed the task to the grading 

of the water-ice pixels. A simple numerical method was developed and verified to determine the area ratio of pixels to 

the surface of the water. I have developed an automatic, adaptable threshold value, which distinguishes between ice and 

water with appropriate precision as picture points (pixels). 

With my method of ice coverage determination, I observed significant temporal pulsation and daily periodicity 

in the ice movement of the observed Danube reach. I have found that the small number of daily estimates are not 

representative to determine daily average ice coverage. I recommend continuous webcams monitoring. 

The new findings contribute to a more accurate understanding of the spatial and temporal structures of ice floes 

in rivers, as well as the methodological development of their measurability and reproducibility. 

My work creates the basis for the modernization of the Hungarian ice-monitoring network. The operation of such 

a network provides the condition that in the future on the larger rivers ice floe forecasting and alarm systems may be 

established. The time series collected over the past decades provide data for national research on river ice phenomenonôs 

too. 

Keywords: fluvial ice, webcamera, ice coverage, ice observation, hyrdomethry 

 

INTRODUCTION  

Despite the processes of global warming, that can be observed from the hydrological data 

during the past decades, the unfavourable mix of hydrometeorological factors can cause severe ice-

drift on the Danube in winter, resulting ice-floods. In 2002 I placed a web camera on top of a tall 

building on the Danube bank of Baja, based on the results of traditional ice photography experiment 

in the 70's. The success of my initial ice observation in 2008 resulted the construction of 5 additional 

cameras. The saved images recorded one of the special 30 to 40 km sections of the Danube (130 km) 

reach managed by the ADUVIZIG (Lower Danube Valley Water Directorate, Hungary). In 2009, 

2010 and later during the winter of 2012, ice floes were produced in the examined sections. The 

recordings helped to improve ice forecasting, reduce the burden of the ice-breaker patrol service, and 

further research work. Unfortunately, the January 2017 event was only partially recorded due to the 

lack of maintenance of the camera system. 
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The revised and possible rethinking of the Technical Guidelines and Water Technical 

Assistance about the topic of ice detection, is a timely issue for the water resources service agencies. 

The revitalization is not justified primarily by the age of these documents, but by the fact that the 

water resources service agencies has been heavily restructured. There has been a lot of change in the 

number, qualifications, tools and financial background of the water resources industry, which suggest 

a re-examination of the above listed regulations. 

The more important, and obvious reason to study river ice is that the most devastating floods 

were caused by ice floes in the lower part of the Danube in Hungary. During the last 180 years, 

extreme ice floods on the Danube occurred on the following occasions: 1838, 1839, 1850, 1876, 1878, 

1883, 1891, 1920, 1923, 1926, 1929, 1940, 1941 (L§szl·ffy, 1934) and finally the highest level was 

recorded in 1956. 

We do not need to go too far back to look at past events; we only need to look at the damage 

caused by the recent river ice incidents in 2017 (recent). The ice floe in January 7, 2017 (without any 

warning) extended for almost the whole Hungarian Danube reach damaged the river signs and caused 

serious damage. In mid-February, the mass of ice in the river Tisza caused a lot of damage to the 

water equipment at most riverside towns. Perhaps the most celebrated event in the media, was the 

incident of the Tiszacsege ferry, where only with a little luck was a fatal accident avoided. 

Protection against less frequent natural disasters, even if they cause serious damage, are only 

briefly given appropriate attention. Therefore, there is not enough interest to reveal the true cause and 

effect relationship. At these events, typically event-follow-up actions dominate, which often lacks a 

careful and detailed consideration for decision making. My work cannot solve all river-ice problems, 

but it tries to show as many aspects of it as possible. The main goal of the work is to modernize ice 

observation, which can provide a good basis learning the phenomenon more thoroughly and to 

analyze it scientifically. 

This paper is a short outline of my PhD dissertation and that is the reason of using first person 

singular in the text, I sincerely hope it doesn't hurt anyone. 

 

OBJECTIVES 

For most Hungarian rivers, especially the Danube, floods and other damages caused by ice 

have produced and are producing serious problems. Meanwhile, the number of national research on 

ice that improve the effectiveness of ice protection is low, and technical development is not significant 

at this point. The main focus of the research presented in my dissertation emphasizes the advancement 

of this research and to the further develop of the river ice monitoring methodology. 

The key objectives are listed in the following points: 

Å Historical overview of the current practice of river ice-detection in Hungary, a critical 

overview of the solutions available in international literature, and the demonstration of 

domestic development opportunities, highlighting the use of webcams for objective 

determination of river ice coverage and its operational experience. Confirmation that these 

tools can be used to produce efficient and accurate hydrographical data that, can direct ice 

defense, and can serve scientific research.  

Å Develop a fast, automated, cost effective, and continuous ice-collection method based on 

web camera images with a precision far beyond their manual or estimation procedures. 

Verification of the developed solution through error analysis. Solutions that do not require 

specialized software were preferential 

Å Analyze the time pulsation and daily travel curve of the ice jam coverage ratio of the 

Danube with the developed high frequency measurement process. 

Å In addition to web-based ice-detection detection, development of a measuring instrument 

for direct measurement of the spatial shape of the running ice tables and verification of the 

device operation on the Danube. 

The aim of this research was to promote modernization of the Hungarian ice-observations and 

to provide a numerical basis for scientific research related to this topic. 
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PRACTICAL APPLICABILITY OF WEB CAMERA S 

In 2002, I installed my first webcam for ice-observation in Hungary, followed by several 

others. By presenting the operating experience and the wide use opportunities of cameras (modeling, 

flow estimation, ice forecasting, etc.) I explained and demonstrated the justification of the monitoring 

system.  

The practical applicability of the web camera system is broader than just the ice coverage ratio 

detection determination. Some example of usage as follows: 

¶ Fluvial accidents  

¶ Characteristics of drifting floe 

¶ Study of the hydrodynamic conditions 

¶ Hydrodinamic modelling 

¶ Discharge estimation 

In 2018 I have developed an automatic, cost-effective image processing method that has a 

significant outcome that the system can be used as a hydrographic tool. I have verified by error 

analysis (Table 1) that the Self-Developed Auto Solution provides more accurate results than the 

official Hierographic data, any of the Estimating Methods, and even better than Manually Image 

Processing. Using the individually calibrated, transformed and evaluated camera images as reference, 

the square medium error (RMSE) was the lowest for the Automatic process: 

 

Table 1. Error of ice coverage determination methods 

Method: Hydrographic  Estimation1. Estimation2. Manual Automatic 

RMSE: 13,15 % 9,03 % 9,59 % 10,18% 5,94 % 

 

I have demonstrated that the web-based, automated river ice-monitoring system I have 

developed in the domestic water management practice can be used as a detailed hydrographic tool 

and can provide more accurate results than the currently used estimation or manual image processing 

methods. 

I have shown that the practical applicability of the web camera system is broader than just the 

ice coverage ratio detection determination. 

 

SIMPLE AND EFFECTIVE IMAGE TRANSFORMATION  

After a thorough reading of the literature (Duguay et al., 2015; Chu et al., 2016; Kraatz et al., 

2016; Ansari et al. 2017; T·th, 2017) a kind of a general solution outlined, but it was not suitable for 

my problem. Solving the task of image evaluation the necessary steps were these: 

¶ Convert the original photoes to grey shadow image 

¶ Ortorectifi cation by georeffered points 

¶ Adjust the contrast of the image (Gamma filter) 

¶ Make a binary image (Black and White) 

¶ Select and investigated area on the image 

¶ Calculate the coverage 

Instead of this process I used the image transformation process of G§lai (2008) for the first 

time in practice with three independent cameras (Paks, Baja, Moh§cs). The principle of this process 

is that I photographed a well-coordinated square grid plate in front of the camera in several positions. 

From the pictures I read the coordinates of the plane grid square in pixels (Fig. 1.). The more pictures 

I have been able to process, the more accurate I got the internal parameters describing camera 

distortion. The water surface of the river, where I observed ice floes (in the test section), was 

approximately horizontal.  
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Fig. 1. Well-coordinated square grid plate 

 

The average slope of the Danube here is negligible. I put my calibration plane horizontally 

with the help of two water levels perpendicular to each, and the observed area was opened in front of 

the camera, and in parallel plane I interpreted a parallel coordinate system. By this the necessary 

transformation (Fig. 2.) has become simpler. 

 

 

Fig. 2. Sketch of coordinate trasformation task 

 

This coordinate system calculated the transformation function (equation 1) between image 

and reality (x, y, z) in the pixel of the camera (u, v). The ratio between water and ice can be interpreted 

in planes parallel to the water surface, so a single determination of the transformation between the 

horizontal plane plate and the camera image can be used to analyze the ice coverage at any water 

level. I also used the simplification that, due to the horizontal plane, the height of the spatial 

coordinates ñzò is zero 
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Using this function, I calculated the spatial coordinates of each pixel of the camera's images. 

The procedure was verified by the area computation of any square grids of the plane used for the 

calibration, where the biggest error was within 3%. 

I have proved that from the images of webcams to determine the rate of ice coverage, it is 

enough to imagine the views of the cameras in advance, with a single spatial perspective 

transformation, it is not necessary to use georeferencing, orthorectification, or complicated form 

recognition procedures for each frame. From the perspective mapping, the aspect ratio of the pixels 

(pixels) to the water surface in the image being examined can be calculated, and it is sufficient for 

the computation of ice coverage in all images with the same viewpoint. 

Instead of expanding the Jakobi determinant proposed by G§lai (2008), I used a more 

practical, numerical solution of area calculation determined from real-coordinate squares of the pixel 

corner points. The pixel treated so far as a point can be treated as a square, which is apparent after an 

appropriate magnification. The square, however, has a planar extension, a surface area, and the area 

can be calculated based on its corner points. The idea was no matter how elementary I never found 

to be used for calculating ice coverage. I used the approximated that sides of the rectangles stay 

straight from transformation from (u, v) to (x, y). This is also true for small pixels. 

The corner points of each pixel selected for observation were calculated using the four angular 

coordinates shown in Figure 3 Starting from the upper left corner, I numbered the corner points 

clockwise to 1-4. Using this sequence, which I use as the index (i) of the calculated real x, y 

coordinates, I calculated the actual area of each pixel I want to observe with the following (2) relation. 

 

ὃ В ὼώ ὼ ώȟ   ύὬὩὶὩ ὼȠώ  ὼȠώ   (2) 

 

 

 

Fig. 3. Corner coordinates used for pixel area calculation 

 

The calculated areas are placed in a matrix indexed with the u, v coordinates of the pixels, 

which provide the actual area of the pixel in question while moving in the area being investigated. 

By the described process, I have narrowed the task to the grading of the water-ice pixels. 
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ICE AND WATER SEPARATION  

I converted colour images provided by cameras to grey shades. Subsequently, I determined 

an area variable threshold value for distinguishing between ice and water. The use of a single 

threshold value in the picture has yielded insufficient results. 

I have noticed that on the camera images, regardless of the day, the reflection on the water is 

always in the same direction. Along the direction of reflection, a lower and an upper threshold was 

linearly distributed, and this way the ice can be separated from the water with enough precision. My 

further development was to use the interpolation to determine the lower and upper threshold values 

using the sky from the earlier cameras images and the clearly identifiable, permanently identifiable 

surface features. After the ice-water separation and area ratio determination functions were 

successfully resolved, the examined areas of the cameras were divided into 40 downstream lanes and 

the coverage ratios in these lanes were defined. The results were saved in the form of pictures (Fig. 

4.) and data series. 

 

 

Fig. 4. Graphic result of the determination of ice coverage in the band under the Bay of Baja 

 

I have developed an automatic, adaptable threshold value, which distinguishes between ice 

and water with appropriate precision as picture points. Finally, the reliability of the automatic method 

was verified by error analysis (Table 1.). 

 

RESULTS AND DISCUSSION 

In all examined Danube profiles, the variable amplitudes pulsation of the ice coverage with 

time was observed. This pulsation is considerably higher than for example at water velocity 

measurements. Observations that vary this way are characterized by time-averaged values in the water 

resources industry. That is why I think it is justified to introduce this method at ice jams, along the 

use of cameras. In the domestic practice, the ice coverage of a river section is currently characterized 

by one to five estimates per day, although the intra-day period is not negligible. The arithmetic means 

of the small number of samples, therefore, is significantly different from the mean values derived 
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from accurate steady, high-frequency observations. My results help to determine the optimal 

observational period of ice jams, whose information density can thus be traced to other hydrological 

and meteorological data, creating the basis for temporal and spatial analysis of the ice evolution and 

melting process based on observation. 

 

 

Fig. 5. Ice Coverage Curve during the January 3, 3-week ice-jam of the Danube Baja section. 

Legend: calculated by the ice observation camera (red), 1 hour average (blue), 6 hour average 

(orange) and finally average daily (black) time series. 

 

Figure 5. shows the rapid fluctuation of the instantaneous ice cover and the sensitivity of the 

mean values to time ranges. Note that webcam measurements only give the daylight hours, and during 

the nights I approached the curve with linear interpolation. 

With my method of ice coverage determination, I observed significant temporal pulsation and 

daily periodicity in the ice movement of the observed Danube reach. I have found that the small 

number of daily estimates are not representative to determine daily average ice coverage. I 

recommend continuous webcams monitoring. 

 

APPLICATION OF THE RESULTS  

The new findings contribute to a more accurate understanding of the spatial and temporal 

structures of ice floes in rivers, as well as the methodological development of their measurability and 

reproducibility. 

Istv§n Zsuffa's 1978 pioneering black-and-white industrial camera's continuous ice 

observation system has been revitalized and upgraded to create an ice-detect service based on ice 

coverage in real time, which is rarely can be found in the world. This system contributes greatly to 

the success of the ice floods and ice floe damage prevention work for the water resources agencies. 

In addition, it creates the possibility of scientific research on ice floes, data supply for in situ 

numerical modelling. 

The research establishes and validates an automated process that can be used to measure the 

rate of ice coverage and the transverse distribution of the ice surface yield per unit width in 

consecutive flow cross section. Collection of the in-situ datasets requires serious effort, especially 

when the measurements are taking place on an icy river. Video recording is safe, but the thickness 

measurements needed to determine the ice volume flow must be carried out manually on the river. 

For the manual ice thickness measurements, I created and validated a device that allows simple and 

quick measurements on icebreaker ships. This result is extremely useful because from the dense 

timeseries of the transverse ice area ratio further analyses can be conducted. 

My work creates the basis for the modernization of the Hungarian ice-monitoring network. 

The operation of such a network provides the condition that in the future on the larger rivers ice floe 
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forecasting and alarm systems may be established. The time series collected over the past decades 

provide data for national research on river ice phenomenonôs 
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ABSTRACT 

Hydro-meteorological investigation of the small catchments of the East region of the Mecsek hills has been carried out 

since the 1960s. In frame of the research, daily water levels of the main creek of the region (Vºlgys®gi-creek) have been 

recorded at two gauging stations: for the upper reach in Magyaregregy settlement and for the lower reach in Bonyh§d 

city. On the upper reach the water levels of one of the most important tributaries of the Vºlgys®gi-creek: Hod§csi-creek 

are also recorded. There are three rain gauges as well that record daily rainfall since the 1960s. 

In our study we carried out statistical analyses of the 50 years long data series of the above-mentioned hydro-

meteorological measurement stations, and we provide information about the changes that can be observed in the runoff 

characteristics of the creeks, we as well established correlations between the rainfall and the runoff characteristics and 

determined the extremities and the changes in their frequencies of occurrence. 

The above studies can help us understand the climatic changes i.e. in the temporal distribution of the rainfall and 

runoff and may help us develop better strategies in order to prepare for the probably more frequently occurring flash 

floods. 
 

INTRODUCTION  
 

Flash floods are frequently associated with violent convection storms or thunderstorms of a 

short duration falling over a small area. Flash flooding can occur in almost any area where there are 

steep slopes; it is common in mountainous regions subject to frequent severe thunderstorms. Flash 

floods are often caused by heavy rain of short duration.  Flooding caused by flash floods frequently 

washes away houses, roads and bridges over small streams and has a critical impact on communities 

living in these often-remote areas (Andjelic & SzºllŖsi-Nagy, 2019). 

Rainfall events with high intensity in small catchments with a steep land surface slope like 

mountainous catchments can create so-called flash floods. They are characterized by a short time to 

peak as well as a relatively short flood event time, critical or supercritical flow (Bornschein, 2019). 

Because of the steep surface the time of concentration is rather short: it takes a few ten minutes 

or a few hours in a few 10 km2 catchment areas exposed to the rainburst. The fast concentration results 

in very intensive flooding. The intensity of water level rising can fall in the magnitude of meters in 

an hour. The intensive rising of water level is expected to cause fast change of water surface slope so 

the instant discharge of water can be surprisingly great. As extreme rainfall intensities cause the 

extreme discharge, the possibilities of forecast of flash flooding are similar to the cloudbursts. The 

earliest signal can be earned from the rainfall detection. The most direct solution is the water level 

detection. The rainfall based nowcast can be gained from real time measurement and sampling of 

rainfall, rainfall distribution of storm clouds by radar. The rainfall radar can give spatially continuous 

estimation of rainfall intensity distribution. The technical solutions of the radar estimation and the 

connecting technical and theoretical problems are discussed in several studies (Testic, Y. Firat, 2013). 

The flood control against flash floods is very difficult. The fast moving character of the flash 

flood, the rapid runoff and accidental water level rising cause that operative flood control ï building 

of defense lines for riverside territories ï after a forecast (nowcast) or during the flood can be 

successful only in rare cases (R§cz, 2019). 
 

METHODS AND DATA  (STUDY AREA) 
 

Vºlgys®gi creek can be found in the southwestern part of Hungary (Fig. 1) in the northern part 

of Mecsek hills, where it collects waters from the eastern part of the so-called Vºlgys®g region. The 
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creek is not regulated on its upper reach, until the settlement Sz§szv§r (Fig. 2). Along the creek there 

were artificial ditches for watermills in the past, which have by now been filled up in most locations. 

The creek first flows from the south to the north, and upstream the settlement Magyaregregy it turns 

eastwards. Downstream of Bonyh§d town it once more turns to the north - northeast and finally 

discharges into the Si· channel, next to the settlement Si·ag§rd. The size of the catchment is around 

560 km2 while the length of the creek is 53 km. 

 

Fig. 1. Overview map of the study area 

 

 

Fig 2. Overview of the Vºlgys®gi catchment 
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The main valley can be categorized into three parts: the upper reach stretches from the sources 

until K§r§sz settlement, the middle reach from K§r§sz to Nagym§nyok, while the lower reach from 

Nagym§nyok to Si·ag§rd. 

On the upper reach from the Takany·-valley to the M§r®-valley there is a characteristic 

erosion area, the small creeks flow in rocky beds (Marosi, 1990). We can observe that the creek reacts 

very quickly to rainfall and can produce high floodwaves. Recession time is relatively long (Koch et 

al., 2019). On the relatively long reach from K§r§sz to Nagym§nyok the bedrock already cannot be 

found on the surface as there are thick alluvial layers on top of it. Along this reach the catchment can 

be divided into two parts, a hilly, high slope part which is to the south of the creek and a lower 

elevation, smaller slope part in the north. 

Until Nagym§nyok there are 10 bigger tributaries of the Vºlgys®gi creek, transporting a large 

amount of sediments into the main valley. In the Vºlgys®g region there have been oak, ash and elm 

gallery forests while on the hilltops oaks and turkey oaks were dominant with steppe grasslands, but 

to date the agricultural utilization of the land has become predominant (Ćd§m et. al. 1981; Marosi, 

1990). 

The climate of the Vºlgys®g region forms an intermediary type between the continental and 

the subatlantic type of the surrounding regions. From the viewpoint of flash flood development the 

Mecsek hills are the most important, as the topographical system of the hills has a high impact on the 

climate of the region. In the Mecsek hills the sub-mediterranean effects can be observed well. There 

can be climatic differences between the northern and the southern hillslopes as the ridges act as 

climatic confines. The annual precipitation of the northern and higher areas is 800 mm while the other 

parts it is 700 mm. There are rain gauges installed in the catchment area which can record 24 h 

precipitation averages. Main wind direction is northeast - north. 34% of the annual precipitation falls 

between March and June, while 53-57% in the summer months. The number of sunny hours of the 

area is between 1950-2000 annually. On the contrary, the number of snowy days is only 30-50 per 

annum. Snow usually can be observed for a longer time on the northern slopes. The number of stormy 

days is above 44 days in the Mecsek hills, while in the northeastern part it is 32-36 days (Bezd§n, 

1995; Sziebert, 1998). 

Gauging stations 

For the analyses we had the data of all 3 installed gauging stations, 2 on the main river and 1 

on one of the upstream right-bank tributaries, the Hod§csi-creek (Fig. 3; Fig. 4). The most upstream 

station out of the two on the main creek is at rkm 44,75 in Magyaregregy which is operated by the 

Southern Transdanubian Water Authority (hq in P®cs), where observation is continuous since 1969. 

The other station is at rkm 20,00 in Bonyh§d town, which is operated by the Middle Transdanubian 

Water Authority (hq in Sz®kesfeh®rv§r). Here observations are recorded since 1953 daily. This latter 

station is a part of the master network of hydrological observations of Hungary. About the tributary 

there are data since 1968, operated by the Southern Transdanubian Water Authority. In the obervation 

sections we can find built-in measurement structures (Fig. 3) (Kov§cs, 2017; Tºttºsi, 2016). 
 

 

Fig. 3. Gauging stations of the Vºlgys®gi creek (photo: T. Kov§cs; B. Tºttºsi) 
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Hydro-meteorological stations 

For the analyses we used the data from 3 hydro-meteorological stations - rain gauges (Fig. 4). 

The station in V§ralja is the oldest station of the eastern Mecsek which is still in operation, it was 

installed in the beginning of the 20th century. It is operated by the Meteorological Information 

Services of Hungary. The exact placement of the station has changed several times within the village, 

but it was always located within 1 km from the center. It has been relocated 3 times since the 2nd 

World War.  

The hydro-meteorological station of M§za is the newest station of the eastern Mecsek which 

is still in operation. It is operated by the Meteorological Information Services of Hungary since 1990. 

At the moment this station is the only one in the region where several rain measurements are made 

daily. In the first years the station was situated in a place surrounded by buildings, thus in the years 

before 2000 inhomogeneity can be detected within the precipitation data series. But the data measured 

after March 2000 are of sufficient quality and continuous.  

In Magyaregregy there is a raing gauging station that is operated by the Southern 

Transdanubian Water Authority since 1972. The station was, for a long time, located in the southern 

part of the village but in 2012 it has been relocated with a few hundred meters to the north, so it is 

now in the middle of the village. In our analyses we used the data from 1973 because the full year 

data series was available from that date (Szentes, 2015). 

 

 

Fig. 4. Discharge and rain gauges in the study area 

 

RESULTS AND DISCUSSION 

 

Flash flood events are important to analyze because these events may reveal aspects of 

unexpected eventually before unobserved hydrological behavior. Thus, we have carried out a general 

evaluation based on the available discharge and precipitation datasets in order to conclude statements 

about the tendencies governing the processes in the studied catchment. We have determined the runoff 

maxima, minima and averages for all three gauging stations. We determined trends as well.  

There are several rain gauges in and around the catchment but some of them are not 

representative for the study area or is located very close to the confluence where there is no runoff 
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data available as the most downstream gauge is at km 20,00. This way we use the data of the 3 stations 

presented before. We determined the maxima of precipitation, the number of rainy days as well as 

the trends, in order to detect eventual effects of climate change. 

During our study we had to face with the problem of the lack of systematic observational data, 

mainly in the case of water level gauges. We have to mention that data gaps were also present in all 

three data series, 1529 days at Bonyh§d, 1019 days at Magyaregregy and 507 days on the Hod§csi 

creek. 

However, our aim was to provide a contribution for the understanding of flash flood processes 

and to underline the need for developing a monitoring system for flash floods by showing that climate 

change really has an effect on the frequency of the occurrence of flash floods. Thus, before the 

investigations, the data set had to be prepared for statistical analysis. First of all, water levels were 

not uniformly recorded, which means that though there were at least one data every day, but the time 

of the records were not the same for every day. The other main problem we faced was that though 

during an event, as a flash flood, measurements were usually more frequently made, however these 

were not uniformly executed during the process, say every hour. 

Since our aim was to investigate floods, we extracted the highest water level from each day 

from the data set to obtain a uniform time series showing the highest water level of each day. We 

used this transformed table to detect "interesting" days, were flood events were present, presuming 

that days when the peak water level was higher than 100 cm can be considered as days with flood 

events (Fig. 5). 

 

Fig. 5. Linear trend of water levels exceeding 100 cm at the Magyaregregy gauge 

 

The diagram shows the linear trend of growth of the intensity of flood, i.e., the highest water 

level observed during the flood, over the investigated period. We can observe a slightly increasing 

trend, and we can state that the floods in the last few decades are more extreme. More precisely, there 

are 8 floods after 1999 with a peak level of at least 150 cm, while before in the period 1970-1999 

there are only 4, which means the frequency of flood events have doubled. We could also observe 

that in the last ten years there were 6 floods, more than in any of the ten years periods before. 

After detecting the time of the floods this way, we investigated each flood independently in 

order to characterize the runoff and to develop a model for a typical flash flood, eventually to 

determine the changes that could be observed. Unfortunately, here again we faced the lack of data. 

Since there were no uniform measures we do not have reliable information about the runoff and hence 

we could not make any comprehensive statistical analysis. However, we interpolated the missing data 

linearly in order to obtain some picture about the events. But we emphasize that especially in the case 

of flash floods these results can involve significant errors. 
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As a next step we considered the events such that the water level exceeds 100 cm. Since our 

aim was to investigate flash floods we defined F_1 floods as events where the water level increases 

at least 250 % in one day. The distribution of F_1 floods in the time period 1970-2018 regarding in 

10 years periods is: 

17%-12%-23%-13%-35%. 

Here we see a significant growth in the last decade. 

However, looking at the parameters and the runoff properties of the floods, we find it 

necessary to define the parameters of floods that should be considered in an analysis regarding flash 

floods requiring more conditions. For instance, one of the characteristic of a flash flood is the short 

time period of its runoff. This means that the slope of the celerity of the increase and decrease of the 

water level is great in magnitude. In order to give a measure for this we investigated the water levels 

a day before the peak, the peak and the day after the peak and determined the proportion of the water 

levels before and after the peak to the peak level itself. According to these parameters we defined F_2 

floods as the floods where neither of these two numbers is greater than 50%. We found that the 

distribution of F_2 floods are different comparing to F_1 floods, namely: 

0%-8%-30%-16%-46%. 

We see that more than the 50% of F_2 floods occurred in the last 20 years. 

We insert a diagram of the runoff of the flood in 2018 (Fig. 6) which shows up the typical 

characteristic of a flash flood.   

 

Fig. 6. Hydrograph of a typical flash flood at the Magyaregregy gauge (March 2018) 

 

Runoff data analysis 

From the diagram of the yearly maxima we can conclude that the number of high discharges 

has considerably increased during the past 20 years, increasing the ever-observed peak discharge of 

the creek several times. Calculating the linear trend of the longest (Bonyh§d, 1952-2018) data series 

a significant increase is visible, which represents a 7.2 m3/s increase (Fig. 7). 
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Fig. 7. Maximum yearly discharges of the 3 gauging stations, and their linear trend at 

Bonyh§d 

 

If we look at the mean discharges (Fig. 8) we can observe a slightly decreasing trend at 

Bonyh§d station, while at the Magyaregregy station a slight increase can be seen, and at the Hod§csi 

tributary as well. This difference can be attributed to the different length of the data series. Here the 

data gaps are significant so we can suppose that the decreasing tendency would be present if the data 

series was long enough. 

 

Fig. 8. Average yearly discharges of the 3 gauging stations, and their linear trend at Bonyh§d 

 

For the annual minima, we can see a slight decrease at all the three gauging stations, which is 

particularly true in case we look at the most recent 20 years (Fig. 9). 
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Fig. 9. Minimum yearly discharges of the 3 gauging stations, and their linear trend at 

Bonyh§d 

 

Precipitation data analysis 

The processing and analysis of the precipitation data was made in order to control as well as 

verify the runoff tendencies. We analyzed the daily precipitation sums of the three rain gauges 

(Magyaregregy, V§ralja, M§za). The longest of the data series is available for V§ralja, since 1962. 

Data gaps in this data series comprise 366 days. At the Magyaregregy station data are available from 

1972, with data gaps on 513 days. The last station M§za has unfortunately a very short data series 

which can only be used from the year 2005, with 61 days of missing data.  

In case of annual maxima (Fig. 10), the Magyaregregy station which is closest to the sources 

shows consequently higher values, which can be explained with the effects of the variability of the 

terrain. If we compare the values to the runoff data, a correlation can be seen as expected, and the 

periodicity in the precipitation also results in a similar periodicity in the runoff.  

 

Fig. 10. Maximum yearly precipitation of the 3 gauging stations, and their linear trend at 

V§ralja 
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Fig. 11. The number of rainy days at the 3 gauging stations, and their linear trend at V§ralja 

 

If we analyze the number of rainy days (Fig.11) and the sum of precipitation (Fig. 12) at the 

three stations, the effects of climate change can be undoubtedly seen in the study area. The trends of 

both data series are significantly increasing, meaning a higher number of rainy days within a year and 

bigger precipitations as well. When we look at the connections with the runoff data, it is difficult to 

interpret the changes in the average and small discharge data series, but we think a more detailed 

analysis could show the characteristics causing these changes.   

 
 

Fig. 12. The amount of yearly precipitation at the 3 gauging stations, and their linear 

trend at V§ralja 

 

Thus, the effect of climate change can already been observed in the study area, not only in the 

form of more precipitation but also in its extremities. In the past few years we have also witnessed 

the most numerous dry periods in Hungary, and a serious drought can also develop right after a very 

wet year. This is well illustrated by the precipitation sum observed in Magyaregregy in two 

consecutive years: 1260.6 mm in 2010 and only 445.6 mm in 2011.        
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CONCLUSIONS 

 

From the analysis of the highest, average and lowest discharges and the precipitation data 

yearly we can conclude that the precipitation and runoff data series are well related in the case of high 

and medium discharges, but in case of small discharges this connection is not very evident. The reason 

for this can be that the smaller tributaries in the mountain range of the catchment dry out totally in 

longer dry periods.  

Looking at the data series in details, we can distinguish between dry and wet periods which 

can change during a year or a few years. Therefore, trends can be much different depending on the 

period in which measurements started.  

Our simple analyses clearly show that high precipitations and together with them high 

discharges, peaking at higher and higher levels and causing flash floods more often, have increased 

in the recent past, approximately during 20 years. We attribute this phenomenon to the effects of the 

heavy rainfalls which have increased in occurrence and intensity as an early result of climate change.  

The small and medium discharges are greater in wet years, and a slight decreasing tendency 

can be observed in them. There can also be a climate-related answer to this effect which would need 

further analyses with a finer resolution time and space.  
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ABSTRACT 
 

Data on historic floods along the Danube River exist since the year 1012. In the Middle Ages, floods were 

estimated based on historical documents, including original handwritten notes, newspaper articles, chronicles, formal 

letters, books, maps and photographs. From 1500 until the beginning of organized water regime observations, floods were 

hydraulically reconstructed based on water marks on old buildings in cities along the Danube (Passau, Melk, Emmersdorf 

an der Donau, Spilz, Schonbuhen and Bratislava). 

The paper presents a procedure for assessing the statistical significance of registered historic floods using a 

comprehensive method for defining theoretical flood hydrographs at hydrological stations. The approach is based on 

correlation analysis of two basic flood hydrograph parameters ï maximum hydrograph ordinate (peak) and flood wave 

volume. The PROIL model is used to define the probability of simultaneous occurrence of these parameters. It defines 

the exceedance probability of two random variables, in the specific case two hydrograph parameters of the form: 

 

P { Qmax Ó qmax,p) ž (Wmax Ó wmax,p)} = P (1) 

 

where: 

Qmax ï maximum hydrograph ordinate (peak); 

qmax,p ï maximum discharge of the probability of occurrence p; 

Wmax ï maximum hydrograph volume; 

wmax,p ï maximum flood wave volume of the probability of occurrence p; 

P ï exceedance probability.  

Spatial positions of the lines of exceedance of two flood hydrograph parameters and the empirical points of the 

corresponding parameters of the considered historic flood in the correlation field Qmax - Wmax, allow direct assessment of 

the exceedance probability of a historic flood, or its statistical significance. The proposed procedure was applied in 

practice to assess the statistical significance of the biggest floods registered along the Danube in the sector from its mouth 

to the Djerdap 1 Dam. 

The linear trend in the time-series of maximum annual flows at a representative hydrological station and the 

frequency of historic floods in the considered sector of the Danube are discussed at the end of the paper. 

Keywords: statistical significance, flood, correlation, exceedance probability, maximum hydrograph ordinate, flood 

wave volume, linear trend, flood frequency  

 

INTRODUCTION  

 

In general, a flood is a state of the water regime where the river stage (or discharge) increases 

and, as a rule, the river overtops its banks and floods the surrounding terrain. The increase in water 

level/discharge is relatively rapid and after a certain peak is reached, there is gradual decline. When 

a river overtops its banks, the discharges (flow rates) represent flood waves and are commonly 

depicted in flood hydrographs. The main parameters of a flood hydrograph are the maximum 

hydrograph ordinate (peak), flood wave volume, and flood wave duration. 

Knowledge of flood discharges is essential for sizing hydraulic structures and of overriding 

importance from the viewpoints of safety and economical construction. Hydraulic structures sized on 

the basis of underestimated flood discharges lead toelevated risks of flooding, structural breaches and 

all the associated adverse effects. Overestimated river discharges reduce the risk but result in 

oversized structures, inconsistent with actual safety requirements and spending needs. 

In addition to theoretical flood discharges, numerous structures need to be sized, or their 

conveyance capacity defined, on the basis of flood wave volumes and hydrograph shapes. Given that 

hydraulic structures are built to provide the required level of protection, design floods are determined 

by defining the theoretical values of flood hydrograph parameters: maximum hydrograph ordinate 
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and flood wave volume of a certain probably of occurrence (or return period). When determining 

flood discharges and flood wave volumes, the initial assumption is that they are random quantitiesὢ, 

which conform to a certain probability distribution of the form:  

 

P (XmaxÓ x) = 1-F(x)      (2) 

 

where: 

P (XmaxÓ x) ï probability that random variable Xmax will exceed x; 

Xmax ï maximum value of the considered random variable (river discharge or flood wave 

volume); 

x ïvalue of random variable X of the required probability of occurrence; and 

F(x)  ï theoretical distribution of random variableX. 

Problems that involve extreme natural events are multi-dimensional, such that procedures 

which maximize the use of data and, at the same time, allow the estimation of parameters of a complex 

event and their correlations and probability of occurrence, have not been developed to a level that 

makes them easy to implement. For that reason, the World Meteorological Organization proposed in 

1988 the transformation of marginal probabilities, which are generally not normally distributed, to 

form a normal probability distribution of multiple events. This approach is followed in many studies 

seeking a common probability of runoff hydrograph parameters, particularly peak and volume 

(Adamson, Metcalfe, Parmentier 1999). 

Singh and Strupczewsky (2007) point out the importance of gaining insight into common 

exceedance probabilities of different runoff hydrograph parameters. They describe the role of 

examining the correlation between the flood wave peak and flood wave volume when modeling urban 

flood protection systems. There have been many attempts to adequately represent the correlation 

between the main parameters of a flood hydrograph and construct probability distributions in 

multivariate space.  

Under natural conditions, river flood waves occur periodically and in different combinations 

of the main parameters: maximum ordinate and volume. Almost as a rule, the probabilities of these 

parameters do not coincide even though they are random variables. As such, when their probabilities 

are defined, they need to be considered jointly, as a bivariate random variable (X, Y), where X is the 

maximum hydrograph ordinate and Y is the flood wave volume. In such cases, the probability of the 

bivariate random variable (X, Y) is defined as: 

 

P {(X Ó x) ž (Y Ó y)} = p     (3) 

 

The PROIL model (Iliĺ et al., 2017) was used in the present study to define the probability of 

a theoretical bivariate random variable (X, Y). 

The proposed approach is discussed below, as applied to estimate theoretical flood 

hydrographs along the Danube River and its main tributaries, as well as to predict the simultaneous 

occurrence (coincidence) of the main parameters of theoretical hydrographs (maximum ordinate and 

flood wave volume) at the same river gauging stations. 

 

METHOD ï THE PROIL MODEL  

 

The so-called ñlimiting runoff intensityò method (as described in detail in Prohaska and 

Petkoviĺ, 1989) was used to define the main parameters of the theoretical flood hydrographs and their 

shapes. A predefined bivariate probability distribution of the two main parameters (peak ordinate and 

flood wave volume) was the basis for the selection of the constellations (combinations) of typical 

parameters for which theoretical hydrographs were defined. The hydrograph shape parameters were 

determined from actually observed flood hydrographs at a given gauging station. 
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The PROIL model (Prohaska and Iliĺ, 2017) is founded upon the practical application of the 

bivariate normal distribution function of two random variables, X and Y, or the bivariate normal 

distribution whose probability density is defined as follows (Prohaska, Marjanoviĺ, Ļabriĺ, 1978): 
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where: 

xandyï simultaneous occurrence of random variables X and Y, respectively;  

xm and ymï mathematical expectations of X and Y; 

xs and ys  ï standard deviations of X and Y; 

r ï correlation coefficient of X and Y. 

The first step was to determine the marginal distribution density probabilities,( )yxf , , ),( ¶xf

and ),( yf ¶ , as: 
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In this case, the cumulative probability distribution, F(x, y), was defined as: 
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The second step was to determine the exceedance probabilities),( yxF in bivariate space of 

probabilities (Prohaska, Marjanoviĺ, Ļabriĺ, 1978): 

 

[ ] [ ]

),(),(),(1

1),(),(

yxFyFxF

yYxXPyYxXPdtdzztfyx
t

xt

z

yz

+--=

=ñ <<-=>>=ñ=F

¶¶

+¤=

=

+¤=

=

81
  (10) 

 

For the proposed approach to be applicable in statistical analyses of different flood hydrograph 

parameters, it was necessary to introduce additional simplifications. In essence, the simplifications 

are related to the assumption that each ofthe considered flood hydrograph parameters conforms to the 

normal (log-normal) distribution, which need not be the case. The detailed theoretical background for 

defining a bivariate distribution function applying the grapho-analytical approach (Abramowitz and 

Stegun, 1972) can be found in the literature (Prohaska et al., 1999). 
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STATISTICAL SIGNIFICANCE OF HISTORIC FLOODS ALONG THE DANUBE 
 

The statistical significance was analyzed using the PROIL model and official data from 

hydrometeorological services of the Danube countries, collected from endorsed gauging stations. 

Time-series of the highest annual river discharges and mean daily orinstantaneous peak (daily) flows 

were used, from the time a given station was installed until 2013.  

The following main parameters of flood hydrographs were considered: maximum annual river 

discharge (peak hydrograph ordinate ï Qmax(m
3/s), maximum flood wave volume during the year ï 

Wmax (106m3), and duration of flood wave time base ï Tb(hour), as shown in Fig. 1.  
 

 

Fig.1. Shape of flood wave hydrograph 
 

In the specific case, time-series of the highest annual discharges were uploaded directly from 

official hydrological databases. Time-series of maximum annual hydrograph volumes were generated 

on the basis of time-series of mean daily or daily discharges.  

The largest annual flood wave volume Wmax,j in the j-th year was determined from the 

equation: 
 

ä Ö=
+=

=

bToTki

oTi
jij QW 86400,max,      (11) 

 

where: 

Qi,j  ï mean daily discharge on the Ὥ-th day in theὮ-th year; 

To ïfirst day of the hydrograph registered in theὮ-th year; 

Tb ïtime base of the maximum hydrograph in thej-th year. 
 

This resulted in a time-series of the largest annual flood wave volumes, Wmax,j. 

The maximum hydrograph ordinate(Qmax)and the maximum flood wave volume were the main 

flood parameters whose statistical significance was assessed. Apart from the time-series of maximum 

annual river discharges, such an analysis also required time-series of mean daily discharges to arrive 

at time-series of maximum annual flood wave volumes per Eq. (11). The following gauging stations 

along the Upper and Middle Danube were selected for the study: Berg, Ingolstadt, Regensburg, 

Hofkirchen, Achleiten, Vienna, Bratislava, Bezdan, Bogojevo, Panļevo and Orsova. 

Two bivariate time-series (Qmax,j: Wmax,j), where j= 1,2,3, é.N, N ï total number of data points 

(years), were generated from multiyear time-series of observed (empirical) maximum annual 

discharges and maximum annual flood waves, based on synchronous data (same years). 
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All the empirical points of the bivariate random variables (Qmax,i; Wmax,i) were entered into the 

correlation field (Qmaxï Wmax) and using the PROIL model the following were defined: 

¶ Density functions (lines of equal bivariate probabilities of occurrence): 

F(Qmax;Wmax) = p, for probabilities p = 0.1, 1.0, 5.0 and 50%. 

¶ Distribution functions (lines of bivariate exceedance probabilities): 

P {( QmaxÓ qmax,P)ž(WmaxÓwmax, P) } = P, for exceedance probabilitiesP = 0.1, 1.0, 2.0 and 

5.0 %.  

The empirical points (Qmax,j; Wmax,j) above the exceedance probability lineP{( Qmax Ó 

qmax,P)ž(WmaxÓwmax, P)}= 1.0% in the correlation field were declared historicpoints and the related 

flood a historic flood. 

 

RESULTS 

 

Coincident occurrence of Qmax and Wmax was defined for the selected gauging stations along 

the Danube. Figures 2/1 and 2/2 are examples of graphically represented results for the stations at 

Achleiten (Germany) and Bezdan (Serbia). The figures also identify the most significant floods in the 

study period, whose return periods were also determined. 

 

 
 

Fig. 2/1.Coincidence of main flood hydrograph parameters of the Danube at GS Achleiten and 

return period of the biggest (2013) flood  

1
0
0
0

1
0
0
0
0

2
0
0
0

3
0
0
0

4
0
0
0

5
0
0
0

6
0
0
0

7
0
0
0

8
0
0
0

9
0
0
0

2
0
0
0
0

3
0
0
0
0

1000

10000

2000

3000

4000

5000

6000

7000

8000

9000

20000

30000

 Q (m3/s)

50%

0.1%

5%

1%

p
=

5
%

p
=

2
%

p
=

1
%

p
=

0
.1

%

 W
 (

m
3
x
1
0

6
)

Prilog

KOINCIDENCIJA OSNOVNIH PARAMETARA HIDROGRAMA VELIKIH VODA

2013
T(Q,W)=1000 years

(9604, 11453)



Electronic book with full papers from XXVIIɯ Conference of the Danubian Countries on Hydrological Forecasting 

and Hydrological Bases of Water Management. Kyiv, Ukraine, November 6-8, 2019 

52 

 

Fig. 2/2. Coincidence of main flood hydrograph parameters of the Danube at GS Bezdan and 

return period of the biggest (1965) flood  

 

As shown in Figs.2/1-2, the return periods of the biggest floods recorded from the time the 

gauging stations were put into operation to the year 2013 are as follows: 

¶ Gauging station at Achleiten: the return period of the 2013 flood (coordinates Qmax=9604m3/s 

and W =11453 106/m3) is T(Qmax;W) = 1000 years, 

¶ Gauging station at Bezdan: the return period of the 1965 flood (coordinates Qmax=8340m3/s 

and W=292453 106/m3) is T(Qmax;W) = 750 years. 

 

The return periods of floods that exceeded the probability: 

P{(Qmax Ó qmax,P)ž(WmaxÓwmax, P)}Ó 1.0%, 
 

or historic floods in the study period, were determined for all the considered gauging 

stations, including Achleiten and Bezdan. The results are shown in Table 1. 

 

Table 1. Return periods of historic floods along the Danube from GS Berg to GS Orsova 

 ̄ Gauging station 

Number of 

flood waves 

at GS 

P{(QmaxÓ 

qmax,P)ž(WmaxÓwmax, P) } 

= P <p=1% 

T 

(years) 

Analyzed 

period 
Historic flood 

Year p 

1. Berg 1 1988 0.33 300 1930-2007 

2. Ingolstadt 
1 1965 0.20 500 

1924-2013 
2 1999 0.20 500 
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 ̄ Gauging station 

Number of 

flood waves 

at GS 

P{(QmaxÓ 

qmax,P)ž(WmaxÓwmax, P) } 

= P <p=1% 

T 

(years) 

Analyzed 

period 
Historic flood 

Year p 

3. Regensburg 
1 1988 0.25 400 

1924-2013 
2 2013 1.00 100 

4. Hofkirchen 1 2013 0.65 150 1901-2013 

5. Achleiten 

1 2013 0.10 1000 

1901-2013 2 1965 0.20 500 

3 1954 0.20 500 

6. Vienna 

1 1965 0.20 500 

1828-2006 2 1975 0.25 400 

3 1954 0.33 300 

7. Bratislava 

1 1965 0.20 500 

1876-2015 
2 1899 0.33 300 

3 2013 0.40 250 

4 1876 0.90 110 

8. Bezdan 1 1965 0.25 750 1931-2016 

9. Bogojevo 1 1965 0.80 125 1931-2016 

10. Panļevo 1 2006 1.00 100 1931-2016 

11. Orsova 1 2006 1.00 100 1840-2016 

 

CONCLUSION 

 

Based on this study, the historic flood on the Danube in 1965 was recorded at the largest 

number of gauging stations (six) from Berg to Orsova, followed by the floods in 2013 (four) and 1954 

1954, 1988 and 2006 (two each).The frequency of historic floods was the highest at GS Bratislava 

(four), followed by GS Achleiten and GS Vienna (three each), and GS Inglolstadt and GS Regensburg 

(two each). The other studied gauging stations (at Berg, Hofkirchen, Bezdan, Bogojevo, Panļevo and 

Orsova), registered only one historic flood each in the multiyear study period.  

The most statistically significant historic flood was registered at GS Achleitenin 2013, with a 

return period of 1000 years, followed by the flood registered by GS Bezdan in 1965, whose return 

period is 750, and those registered by four gauging stations (Ingolstadt, Achleiten, Vienna and 

Bratrislava) whose return period is 500 years. The third in order of statistical significance were 

historic floods in 1954 (Achleiten) and 1999 (Ingolstadt), whose return period is 500 years. Fourth 

place in terms of statistical significance is held by historic floods in 1975 (Vienna) and 1988 

(Regensburg), with a return period of 400 years, and fifth place by historic floods in 1899 (Bratislava) 

and 1988 (Berg), whose return period is 300 years. The smallest historic floods along the Danube 

occurred downstream from the mouth of the Drava River, only once and with much shorter return 

periods: at GS Bogojevo in 1965 (return period 125 years) and at GS Panļevo and GS Orsova in 2006 

(return period 100 years). 
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ABSTRACT 

 
There is a characteristic phenomenon of mountain landscape in Avalanche. Mountain development entails the need to 

take into account the avalanche hazard. The important task of the Hydrometeorological Service of Ukraine is to increase 

the effectiveness of forecasting avalanche danger in mountainous areas of Ukraine. One of the elements on the way to its 

solution is the digital display of mountain areas in the form of thematic maps. The intensive development of modern GIS 

technologies and the availability of digital terrain models make it possible to create various thematic maps. The avalanche 

activity is affected by meteorological and geomorphological factors. Using DEM based on SRTM 1, an avalanche hazard 

map of Ukrainian Carpathians was compiled. The map is based on the average maximum snow height and the steepness 

of the slopes. The proposed map will improve the quality of avalanche forecasts and will allow you to determine the need 

for avalanche exploration if the intended area of construction falls into the avalanche zone and protect users from 

unnecessary danger. An algorithm for constructing thematic (avalanche) digital maps using satellite data SRTM 1 has 

been elaborated. 

Keywords: avalanche, avalanche hazard, map slope steepness, snow depth 

 

INTRODUCTION  

 

The modern intensive development of information technologies aimed at streamlining and 

qualitative processing of huge data sets has given impetus for creation of multifunctional 

geoinformation systems (GIS). Instead of traditional paper, time-consuming, routine assembly and 

processing, digital maps and electronic databases have come. These innovations have enabled 

scientists to significantly deepen their knowledge of avalanche science. 

The avalanche is a natural component of the environment. They are very widespread and 

regular. Avalanches occur on mountain slopes and occupy a special place among the geophysical 

processes occurring in the hydrosphere. Like other natural phenomena, such as hail, people usually 

perceive avalanches as a danger - a natural disaster. Because of that, the term "avalanche danger" 

is widely used in the literature. 

Due to the regularity of avalanches the following formulation of this concept was proposed: 

avalanche danger is a naturally occurring influence of avalanches on the natural environment and a 

fundamental possibility of their impact on the population and engineering structures (Bozhinsky A.N, 

Losev K.S, 1987). 

There are different ways to classify the extent of an avalanche or avalanche hazard. The 

avalanches have great destructive power, especially when they reach large sizes. However, large and 

giant avalanches do not occur frequently. Usually there are also the most common landslides, small 

avalanches and avalanches of medium size in the mountains. 

The climate of the region determines its avalanche regime. Avalanches can occur wherever 

there is snow cover and steep slopes, but they reach a truly devastating force in high mountain areas, 

where they are favored by climatic and orographic conditions. 

Avalanche and avalanche hazards are of considerable interest for the development of 

mountain areas and the exploitation of economic facilities, engineering structures, communications 

and natural resources at risk of avalanche. 

The occurrence of avalanches depends on a complex set of factors: climatic, 

hydrometeorological, geomorphological, geobotanical, physic-mechanical, etc. 

Avalanches belong to especially dangerous hydrometeorological natural phenomena, because 

of the threat to human life. Under the natural conditions, the main physical cause of avalanches is the 
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loss of snow resistance on a mountain slope. Violation of stability can occur due to displacement or 

subsidence, static deformation under the force of snow, precipitation, redistribution of snow by wind 

and other changes in the tangent and normal stresses in the snow. Even the local loss of stability can 

cause a dynamic process of avalanche formation under boundary equilibrium conditions. 

The maps that are presented here are built using geoinformation systems (GIS) using 

geoinformation technologies and are geographic (Samoilenko V.M., 2010). In content, these maps 

belong to thematic maps of natural phenomena. 

 

METHODS AND DATA  

 

The digital elevation model (DEM) data were used for their development (Fig. 1). The digital 

terrain model is a file of elevation values. These marks are confined to the nodes of the small regular 

grid. The grid nodes are organized in the form of a rectangular matrix. It is a digital expression of the 

elevation characteristics of the relief on a topographic map (Fig. 2, 3). The DEM has a distance of 

30 m in pixel and a vertical accuracy of about 15 m. 

 

 
 

Fig. 1. Workspace of 12 files (N47E02-05, N48E02-05, N49E02-05) of digital elevation model 

(DEM) with SRTM 1sec space altitude data 

 

SRTM 1 sec space altitude data were used to construct the topographic base. The Shuttle 

Radar Topographic Mission (SRTM) datasets are a joint effort of the both National Aeronautics and 

Space Administration (NASA) and the National Geospatial Intelligence Agency (NGA - formerly 

known as the National Assembly and Mapping Agency), and with the participation of the German 

and Italian Space Agencies, to generate an almost global digital terrain model (DEM) of the Earth, 

from about 60 Á north to 56 Á south, using radar interferometry. The SRTM tool consisted of an 

Imaging radar-C (SIR-C) spacecraft modified on an additional mast of a 60-meter antenna removed 

from the space station to form a baseline interferometer (Tom G. Farr, Mike Kabrick, 2000). 
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Fig. 2. Stages of construction of topographic basis of the map 

 

 
 

Fig. 3. Map of areas of avalanche formation of Ukrainian Carpathians based on the DEM  
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The maps presented in this work are built using GIS and are geographic. In content, these 

maps belong to the thematic maps of natural phenomena (Aksiuk O.M., Lanshin V.P. and 

Honcharenko H.A., 2018). 

The creation of an avalanche hazard map was preceded by the processing of long-term 

observations of snow cover on the state hydrometeorological network. Information was processed 

from 247 observation points (Grishchenko V.F., Aksiuk O.M. and Honcharenko H.A., 2013). A 

graphic-analytical analysis of the change in the thickness of the snow cover with the height of the area 

was carried out. The dependences of this variability on the southern and northern macro slopes are 

obtained (Fig.4). 

 

 
Fig. 4. Map of the average maximum depth of snow in the avalanche regions 

(Ukrainian Carpathians) 
 

In the Ukrainian Carpathians there are about 1000 avalanche centers. More than 600 of them 

are located in the belt of mountain-glacial relief, that is, above the forest border. The slope of the 

surface of avalanches is small (20-400) in comparison with the Alps and the Caucasus. Cases of 

avalanches from surfaces of 180 are noted (Grishchenko V.F., Aksiuk O.M. and Honcharenko H.A., 

2014).   

Based on the calculations made, a map of the average maximum snow height is constructed. 

Taking into account the DEM, a map of the steepness of the slopes was built. The 8 ranges were 

selected taking into account the degree of manifestation of avalanche activity: 0-120, 12-250, 25-300, 

30-350, 35-400, 40-450, 45-500,50-600 (Fig. 5-7). 

To build an avalanche hazard map, a relief was identified within the areas of avalanche 

formation. The following gradations of the average maximum depth of snow cover were also 
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identified - less than 30 cm, 30-50, 50-70, more than 70 cm. For the entire selected territory, the 4 

levels of avalanche hazard were determined. It is generally accepted that for the formation of 

avalanches the lower limit of snow depth is 30 cm and the slope with a criticality of more than 12 

degrees. The depth of snow is directly related to the height of the terrain and topography. Having 

identified 4 gradations (zones) of the depth of snow and setting a lower limit for the occurrence of 

avalanches, based on the obtained dependences, we constructed an avalanche hazard map. The 

selected zones respond: with a significant, moderate, weak and potential danger and with a zone with 

its absence (Fig.8). 

 
Fig. 5. Most avalanches occur on slopes 350 to 450  

(http://mountainacademy.salomon.com/en/demo/50/conditions-for-a-slab-avalanche) 

 

Fig. 6. Map of steepness of slopes (Polonyna Borzhava, Ukrainian Carpathians) 

Mountainous territory is divided into four avalanche danger zones with corresponding 

background values of the average maximum height of snow cover. The area with no avalanche danger 

http://mountainacademy.salomon.com/en/demo/50/conditions-for-a-slab-avalanche
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is located on relatively flat terrain with an average maximum snow height of less than 30 cm. The 

average maximum height of snow cover in the zone of weak and potential avalanche danger is within 

30-50 cm. The zone of moderate avalanche danger corresponds to the range of values of this 

characteristic 50-70 cm. The zone of significant avalanche danger covers the area where the average 

maximum height of snow cover exceeds 70 cm. 

 

 
 

Fig. 7. Map of avalanche sites (Polonyna Borzhava, Ukrainian Carpathians) 

 

CONCLUSIONS 

 

The metadata conversion algorithm is developed and the technology of compilation of 

thematic maps using SRTM high-altitude data, aerospace images, raster and vector maps is worked 

out. The map is intended for scientific, geographic, recreational study of the territory. 

The maps and developments offered in this work are capable of improving the quality of 

avalanche forecasts and enabling users to determine the need for avalanche exploration if the intended 

area of construction falls into an avalanche zone and protects users from unnecessary danger. 

It should be remembered that an avalanche threat may increase if the "avalanche forests" are 

destroyed by pollution or unintentionally cut down. 

 


