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In the current conditions of a changing climate, which directly affects the variability of river runoff, it is very important 

to have the knowledge about the trends of its extreme flow. Extreme low flows, just like floods are causing a significant 

material damage. The Tysa River has the two periods with the low flow during year. In addition, some years are dry and 

such years can be observed for several years in a row. This research used the Indicators of Hydrologic Alteration method 

(IHA) for investigation of extreme low flow characteristics and their changes along the Tysa River within Ukraine. 

The research was carried out based on the observations of 4 gauging stations that are located along the Tysa River within 

Ukraine. The mean daily discharges were used from the beginning of observations until 2018 inclusive. It turned out that 

at the Tysa River – Vylok Village gauging station the low flow trends differ from the trends at other gauging stations that 

are located in the upper part of the Tysa River.  
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Introduction 

 

Knowledge of low flow trends is important for practice, 

especially for design, construction and operation of 

hydraulic structures on rivers, as well as for shipping, 

agriculture, etc. Extreme low flows, just like floods are 

causing a significant material damage. It should also be 

borne in mind that many scientists predict that in 

the warmer climate the droughts will become more 

common in the future. Longer periods of low flow and 

a decrease of discharge values, and for some rivers their 

complete disappearance are expected (Wimmer et al., 

2015; Loboda and Bozhok, 2016; Chang et al., 2017; 

Ionita and Nagavciuc, 2020). 

Usually, the assessment of trends and changes in river 

runoff is carried out on the basis of statistical approaches 

that allow to determine some quantitative indicators. So, 

to estimate the spatial and temporal homogeneity, 

stationarity of hydrological observation series, statistical 

tests are most often used (Kundzewicz and Robson, 

2004; Blöschl et al., 2019). Also, the method of 

frequency analysis of time series is in great demand 

(Caruso, 2000; Onoz et al., 2019; Pekárová and 

Miklánek, 2019; Bačová Mitková and Halmová, 2020). 

Such approaches allow to operate with a certain set of 

information (statistical criteria, discharges of different 

probability, average value, variation and asymmetry 

coefficients). In the late 20th century, the method of 

Indicators of Hydrologic Alteration (IHA), which was 

developed in the United States, became widely used in 

the world (Richter et al., 1997; Gao et al., 2009; Halmová 

et al., 2011; Yu et al., 2017; Zhou et al., 2020). This 

approach allows to calculate quantitative statistical 

characteristics for runoff estimating of rivers, lakes and 

reservoirs and the degree of changes in their hydrological 

regime.   

The research of low flow is an actual task for the Tysa 

River, which is characterized by low flow twice a year, 

namely in winter and summer-autumn. In the dry years 

that have been observed in the last few years, there are 

some problems with water supply to consumers in 

the region (Pochaievets and Obodovskiy, 2018). It 

should be noted that the study of the low flow of the Tysa 

river, as well as the Ukrainian Carpathians region, does 

not receive due attention due to the fact that, first of all, 

this area is the dangerous floods zone. For the upper part 

of the Tysa River the recent research of the low flow has 

been carried out in the papers by Gorbachova (2017) and 

Pochaievets (2020). However, this research focused on 

the study of long-term fluctuations and the definition of 

design characteristics.  

The purpose of this research is to use the Indicators of 

Hydrologic Alteration approach to investigate extreme 

low flow characteristics and their changes along the Tysa 

River within Ukraine. 

 

Material and methods  

 

The study area 

 

The Tysa River Basin is the largest sub-basin in 

the Danube River Basin with an area of 157 186 km2. 
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The Tysa River also is the longest tributary of the Danube 

and the second largest by flow after the Sava River, its 

length is 966 km (Halmová et al., 2011). Five countries 

are sharing the Tysa Basin, namely Ukraine, Romania, 

Hungary, Slovakia and Serbia. In north-western Ukraine 

in the Carpathian Mountains the Tysa River rises. It is 

formed from the confluence of the Bila Tysa and Chorna 

Tysa Rivers (Fig. 1). At the same time, the source of 

the Tysa is taken to be the source of its longer tributary – 

the Chorna Tysa River. In Ukraine the Tysa River Basin 

area is 12 732 km2, that is 2.1% of its territory. Moreover, 

share of the Tysa River Basin area in Ukraine is 8.1% 

(Makovinska, 2018). In the territory of Ukraine, there is 

the mountainous Upper part of the Tysa River Basin, 

namely mostly the right bank. The left tributaries of 

Upper part are located in Romania. The river at the upper 

part is a typical mountain river with a narrow valley, and 

it sometimes looks like a gorge with relatively steep 

slopes. The right bank tributaries of the Tysa River are 

located the southern slope of the Ukrainian Carpathians. 

The average altitudes of mountainous catchments are 

800–1 200 m, and the average slopes are 200–400 m/km 

(Borsos and Sendzimir, 2018; Zabolotnia et al., 2019). 

In the Upper part river shows a high flow rate and low 

turbidity. Near Vylok village the multi-annual mean 

discharge is 202 m3 s-1 (1954–2018). The climate of 

the Upper Tysa in the Ukrainian Carpathians is 

reasonably continental. There are mild winters with 

thaws, a long, though unstable spring, a mild summer and 

warm autumn. The annual precipitation is between 

1 750 mm in the mountains and 700 mm in the lowlands. 

The variability of the mean annual temperature is in 

the range of 3.0–8.5°C (Makovinska, 2018; Pochaievets, 

2020). 

The Tysa River Basin belongs to two hydrological 

regions, namely the Uzh-Borzhava and Carpathian 

regions according to hydrological regionalisation by 

the intra-annual distribution of the flow within Ukraine 

(Gorbachova, 2015).  

Carpathian region covers the upper reaches of the Tysa 

River to the Rika River. There the snow-rain flood period 

lasts from March to July, the autumn period is 

characterised by floods, and winter is characterised by 

the smallest discharges in the year.  

For the rivers of the Uzh-Borzhava region the lowest 

discharges are observed from August to October. Winters 

are characterised by intense floods in the cold period of 

the year.  

 

 

 
 

Fig. 1.  Scheme of the Tysa River Basin within Ukraine and location of the main 

gauging stations on its channel (numbering of posts corresponds to Table 1).  

 

 

Table 1.  List of the gauging stations on the Tysa River within Ukraine 

№ Name of gauging 

station 

Distance from 

the mouth  

[km] 

Catchment 

area 

[km2] 

Latitude Longitude Altitude 

 

[m.a.s.l.] 

Daily data 

 

[years] 

Qa 

 

[m3 s-1] 

1 Bila Tysa River –  

Luhy village 

15* 189 48º 04′ N 24º 56′ E 652 1955–2018 5.13 

2 Chorna Tysa River – 

Yasynay village 

28* 194 48º 16′ N 24º 21′ E 650 1956–2018 4.78 

3 Tysa River –  

Rakhiv town 

962 1070 48º 03′ N 24º 12′ E 430 1947–2018 25.4 

4 Tysa River –  

Vylok village 

808 9140 48º 06′ N 22º 50′ E 117 1954–2018 202 

Note: * ‒ to the confluence of the rivers Chorna Tysa and Bila Tysa; Qa ‒ multi-annual mean discharge. 
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Input data 

 

The research was carried out based on observations of 

4 gauging stations that are located along the Tysa River 

within Ukraine (Table 1). In the upper Tysa River the low 

flow analysis was carried out by the observation series at 

the rivers Chorna Tysa and Bila Tysa. The mean daily 

discharges from the beginning of observations until 2018 

inclusive were used. Observations series have almost 

the same duration, which makes a comparative analysis 

of the calculated statistical indicators more reliable.  

 

Methodology 

 

Indicators of Hydrologic Alteration was used to study 

the low flow of the Tysa River. In the IHA the daily 

levels and discharges of rivers, lakes and groundwater are 

used that allows to determine the statistic parameters of 

natural and disturbed hydrological regime of water 

bodies. According to this methodology, the river runoff 

is conditionally divided into five components: 

– "Extreme low flows" – low flow, which is observed 

on rivers during droughts;  

– "Low flows" – flow on river in the periods after spring 

floods, snow and rain floods, when the river is fed 

only by groundwater; 

– "High-flow pulses" – flow on river during rainfalls in 

summer or thaw in winter, as well as for other reasons 

(reservoir releases, etc.); at the same time, the river 

does not overflow; 

– "Small floods" – same as "High-flow pulses", but 

with the outflow of the river to the floodplain without 

catastrophic consequences; 

– "Large floods" – extremely high floods, which are 

rare and cause catastrophic consequences. 

 

To divide the arrays of daily discharges on 5 components, 

the values of the parameters recommended by the IHA 

were used, which were developed by The Nature 

Conservancy (2009). To calculate the river flow 

parameters of the Tysa River we used the IHA software, 

version 7.1.0.10.  

This made it possible to separate from the total flow 

the extreme low flows, for which the IHA statistics were  

calculated. 

The study calculated the following statistics:  

– discharge thresholds for 5 flow components, [m3 s-1];  

– mean values of the extreme low discharges (peaks) 

for each year, [m3 s-1];  

– mean duration of the extreme low flows, [days];  

– mean frequency of the extreme low flows, [number of 

cases/year];  

– mean Julian dates of the extreme low discharges 

(peaks) for each year, [days]. 

 

Changes of extreme low flow characteristics along 

the river and over time were also analysed. 

 

Results and discussion 

 

At each gauging station the river flow was divided into 

five components: "Extreme low flows", "Low flows", 

"High-flow pulses", "Small floods", "Large floods" 

according to the discharge thresholds and the results are 

presented in Table 2. An example of such a distribution 

for the hydrological post of the Tysa River – Vylok 

village is shown in Fig. 2. 

In the Upper part of the Tysa River all 5 flow components 

of the multi-annual mean and discharge thresholds are 

increasing in the direction from the headwaters to the 

Tysa River - Vylok village gauging station (Table 1, 2, 3; 

Fig. 3 a, b, c), that fully corresponds to the physical and 

geographical conditions of its formation. Further, the 

analysis of the calculated statistical parameters by IHA 

for the "Extreme low flows" component was carried out 

(Table 3). 

 

 

Table 2.  Discharge thresholds at the gauging stations in the upper part of the Tysa 

River, [m3 s-1] 

№ Name of gauging station Large floods Small floods High-flow 

pulses 

Low flows Extreme 

low flows 

1 Bila Tysa River – Luhy village 39.5 24.2 6.43 3.68 1.54 

2 Chorna Tysa River – Yasynay village 58.2 32.8 5.96 3.19 1.15 

3 Tysa River – Rakhiv town 351 174 31.3 17.4 7.0 

4 Tysa River – Vylok village 2480 1370 244 133 56 

 

 

Table 3.  Statistical parameters of IHA for the "Extreme low flows" at the gauging 

stations in the upper part of the Tysa River 

№ Name of gauging station Mean values of 

peak discharge 

[m3 s-1] 

Mean 

duration 

[days] 

Mean frequency 

[number of 

cases/year] 

Mean Julian 

dates peaks 

[days] 

1 Bila Tysa River – Luhy village 1.18 14 3.70 19 

2 Chorna Tysa River – Yasynay village 0.89 12 3.57 29 

3 Tysa River – Rakhiv town 5.66 9 4.82 30 

4 Tysa River – Vylok village 46.4 11 3.65 302 
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Fig. 2.  Separation of hydrographs into different flow types for gauging station of 

the Tysa River – Vylok village. 

 

 

 
 

 
 

 
 

Fig. 3.  Discharge thresholds (a) and mean values of the peak discharges during for 

each year, mean duration (b) and mean frequency, mean Julian dates of peaks (c) of 

the extreme low flows at gauging stations in the upper part of the Tysa River. 
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Mean duration of extreme low flows is in the range of 9 

to 14 days. Gauging stations that are located on 

the headwaters have the greatest mean duration of 

the extreme low flows. Extreme low flows are observed 

in the mean 4 times a year. According to the mean Julian 

dates, the extreme low flow peaks are observed in 

January in the upper part of the Tysa River and in October 

for the Tysa River – Vylok village gauging station. 

During the observations period, the mean values of 

the extreme low discharges (peaks) for each year have 

the tendency to increase in the upper part of the Tysa 

River and to decrease in the Tysa River – Vylok village 

gauging station (Fig. 4). However, only the Chorna Tysa 

River – Yasynay village gauging station has 

the significant trend. Mean duration and mean Julian 

dates of the extreme low discharges (peaks) for each year 

did not undergo significant changes for all gauging 

stations studied. At the same time, such a characteristic 

as the mean frequency of the extreme low flows has 

undergone significant changes over time. Wherein, on 

the Tysa River – Vylok village gauging station the mean 

frequency of the extreme low flows has the trends to 

increase. In all other gauging stations, this characteristic 

has the opposite tendency, i.e. it decreases. 

 

 

 

           

mean values of the extreme low discharges (peaks) for each year 

 

           

mean duration of the extreme low flows 

 

          

mean Julian dates of the extreme low discharges (peaks) for each year 

 

         

mean frequency of the extreme low flows 

 

Fig. 4.  Identification of trends in the characteristics of the extreme low flows in 

the upper part of the Tysa River. 
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The Tysa River - Vylok village gauging station has 

the trends of extreme low flows which differ from 

the trends at other gauging stations that are located in 

the upper part of the Tysa River. This gauging station is 

the closing post in the upper part of the Tysa River. Its 

flow is formed under the influence of left and right 

tributaries, which are located both on the territory of 

Ukraine and on the territory of Romania. These are 

the mountain basins with the features of the surface 

watershed and climatic factors that are manifested in 

the uneven distribution of rainfall, temperature and 

evaporation. This is reflected in different runoff trends at 

such catchments (Gorbachova, 2017; Pochaievets, 2020). 

It is clear that the explanation of trends in extreme low 

flows on the Tysa River - Vylok village gauging station 

requires further research with additional observation data 

as along the river channel and its main tributaries. 

 
Conclusion 

 

The application of the IHA method for the study of 

extreme low flows allows to obtain a new knowledge and 

expand the understanding about its statistical indicators. 

Dividing of hydrographs according to the calculated 

discharge thresholds into five components allowed to 

obtain the characteristics and periods of the extreme low 

flows in the upper part of the Tysa River. Аnalysis of 

extreme low flow characteristics showed that its mean 

duration is in the range of 9 to 14 days. Extreme low flow 

is observed in mean 4 times a year. Extreme low flow 

peaks are observed in January in the upper part of 

the Tysa River and in October for the Tysa River – Vylok 

village gauging station.  

Analysis of the fluctuations of the extreme low flow 

characteristics showed that its mean peak values have 

the tend to increase over time in the upper part of 

the Tysa River except the Tysa River – Vylok village 

gauging station. At the same time, on this gauging station 

the mean frequency of the extreme low flows has 

the trends to increase. It is clear that in the future 

the continuation of such trends will cause the negative 

consequences for the population and the economy in 

the river basin. It should be noted that deeper 

understanding of the features of extreme low flows 

requires further research with using observation data 

along the river channel and its tributaries. 
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