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Introduction 

River runoff and its long term variations are a result of climate processes. Consequently, a 

long river runoff data series is an excellent indicator of climate change intensity. There has been 

much evidence of climate change impact on river flow regime in the world (IPCC 2007) and in the 

Baltic Sea region (BACC... 2008). Investigations of long-term trends of river runoff are a very 

important challenge for both the scientific and applied aspects of planning of water resources in the 

future (Kundzewicz 2004).  

The runoff is related to climate and climate changes usually cause the changes in runoff 

regime, but the relation between climate and runoff is very complicated. The different catchment 

properties may influence the direction and the magnitude of changes, so the calculation of runoff 

from the climate variables is a tricky task. The mathematical models are very useful tolls in such 

tasks. There are a lot of mathematical runoff models developed at various time scales (e.g. hourly, 

daily, monthly and yearly) and to varying degrees of complexity. The complex and short time step 

models can account for more detailed processes of runoff formation, but they also need more 

precise parameterization and more frequent climatological data. The studies of climate change 

impacts on runoff are based on the output of climate models, but these outputs are not very precise 

in short time steps. The parameterization of complex models is very hard task, because many of 

model parameters cannot be measured or estimated on available data. The monthly water balance 

models are usually used in climate change impact on runoff studies. There are two main practical 

reasons for this: for the purposes of planning water resources and predicting the effects of climatic 

change, the monthly variation of discharges may be sufficient; monthly data are available for long 

periods and many catchments (Xu & Singh, 1998).  

In the study of runoff prediction of Nemunas basin rivers the monthly water balance model 

WatBal was used. The regional climate model CCLM output data was used as the inputs to WatBal 

model. The projections of runoff for 2021-2050 were made. The projected runoff was compared 

with the runoff in the reference period 1961-2009. The spatial distribution of runoff changes in 

Nemunas basin and the changes of runoff seasonal distribution are presented in this report. 

DATA AND METHODS 

Regional climate model CCLM output data were used in this research for the purpose to 

investigate hydrological regime change in the 21st century. CCLM (COSMO Climate Limited-area 

Model) is the regional nonhydrostatic operational weather prediction model developed from the 

Local Model (LM) of the German Weather Service (Domms & Schättler 2002, Steppeler et al. 



2003). Regional CCLM model covers almost the whole European territory with high spatial 

resolution (20 km  20 km). Model is driven by initial and boundary condition of ECHAM5/MPI-

OM global model. Dynamical downscaling was used to get finer spatial resolution. 

Two emission scenarios (A1B and B1) were used in model simulations where B1 is a low 

emissions scenario and A1B is a relatively high emissions scenario. CCLM model data outputs 

were taken from CERA data base which is driven by WDCC (World Data Center for Climate). 

The runoff change calculations were made for 24 river catchments in Nemunas basin (Table 

1). 

Table 1 Rivers, hydrological stations and catchment area 

River Station Area, km2 

Ašmena,Ašmianka Bolshiye Yatsiny 1480 

Dubysa Lyduvėnai 1134 

Gauja Lubiniata 920 

Isloch River Borovikovshina 624 

Jūra Tauragė 1664 

Merkys Puvočiai 4300 

Minija Kartena 1230 

Narutis  Naročius 1480 

Nemunas Stolbtsy 3070 

Nemunas Mastai (Mosty) 25600 

Nemunas Gardinas (Grodno) 33600 

Nemunas Druskininkai 37100 

Nemunas Nemajunai 42800 

Nemunas Smalininkai 81200 

Neris (Vilija) Steshytsy 1200 

Neris (Vilija) Mikališkiai 10300 

Neris (Vilija) Vilnius 15200 

Neris (Vilija) Jonava 24600 

Svisloch Sukhaya Dolina 1720 

Ščiara Užuslėnis (Slonim) 4860 

Šešupė Kudirkos Naumiestis 3179 

Šventoji Anykščiai 3600 

Šventoji Ukmergė 5440 

Žeimena Pabradė 2580 
 

  



WATBAL MODEL 

WatBal is an integrated water balance model developed for assessing the impact of climate 

change on river basin runoff. The conception of the model was originally developed by 

Z. Kaczmarek (1993). D. N. Yates implemented the model through Microsoft Excel 5.0 worksheet 

(1996). This version of the WatBal was used in preparation of current study.  

WatBal is lumped conceptual model which consist of two major components. The first one 

calculates the potential evapotranspiration using Priestley-Taylor method. The other component 

calculates the water balance of the basin. The water balance estimation is based on the calculation 

of soil moisture. WatBal calculates soil moisture according to changes in precipitation, runoff and 

evapotranspiration (Fig. 1).  

 

Fig 1 Conceptualization of the water balance model WatBal (Yates, 1996) 

 

The evapotranspiration is calculated according potential evaporation and the state of 

catchment storage (Yates, 1996). Effective precipitation represents the input of water from liquid 

precipitation or from snow melt. Total runoff in WatBal model consists of four components: direct 

runoff, surface runoff, sub-surface runoff and baseflow (Fig. 1). In this study the baseflow is equate 

to 95 percentile of minimum runoff. The other three runoff components are calculated according to 

soil moisture changes in the catchment storage. 

WatBal model can be used in very different time steps. The length of time step is related to 

the size of basin and the level of knowledge of basin properties. The monthly (30.4 day) time step 



was used in WatBal model because the basins analyzed in this study are relatively large. Monthly 

time step allow using monthly series of meteorological and hydrological data. Such data series 

usually are more obtainable then time series with daily time step. In this study the monthly averages 

of air temperature (°C), relative air humidity (%), sunshine duration (hours), wind speed (m/s), 

precipitation (mm) and runoff (m
3
/s) were used. Runoff is used to calibrate and validate WatBal 

model. The meteorological data and sunshine duration is used to estimate evapotranspiration. 

Temperature is also used in snow melt model.  

The WatBal model was calibrated separately for all 24 catchments (Table 2, Appendix 1). 

1981-2000 meteorological data was used for model calibration. The monthly values climatic 

variables in meteorological stations were interpolated for the Nemunas basin. The IDW (inverse 

distance weighted) method was used for interpolation of climatic variables. Later the zonal statistics 

tool was used to calculate the mean values of meteorological parameters for every catchment.  

Six parameters were used to fit the WatBal model to specific catchment: 

  Smax – maximum water storage capacity of catchment;  

 Zi – initial water capacity in the catchment; 

 eps – subsurface runoff coefficient; 

 alpha – subsurface runoff coefficient; 

 Ts –  mean monthly air temperature then the snow cover forms;  

 Tl – mean monthly air temperature then the snow cover disappears completely; 

 drc – direct runoff coefficient. 

 

Direct runoff coefficient represents the percentage of impervious areas and water bodies in 

the catchment. It was calculated according to land use in the catchments. The values of other five 

parameters were obtained during optimization procedure which is incorporated in WatBal model. 

The goodness of model fit was evaluated with the correlation coefficient (r) and mean daily error 

(error) (Table 2).  

The correlation coefficient describes the goodness of seasonal distribution fit, while the 

mean daily error estimates the accuracy of the magnitude of runoff. It is considered that mean daily 

error should be less than 0.025 mm/d. This criterion was met in all modeled catchments. The 

correlation coefficient between modeled end measured discharges was very close to 1 in all 

catchments. The weakest correlation was in Oshmyanka River r = 0.95 (Table 2). 

 

 



Table 2 Values of WatBal parameters used to model runoff in analyzed catchments and 

indicators of goodness of fit 

River Station 
Smax, 

mm 
Zi eps alpha 

Ts, 

°C 
Tl, 

°C 
drc r 

error, 

mm/d 

Isloch River Borovikovshina 177 0.77 2.96 0.28 -6.5 1.4 0.010 0.98 0.0011 

Gavya River Lubiniata 195 0.74 4.15 0.61 -8.9 1.3 0.028 0.96 0.0008 

Neman Grodno 178 0.57 5.75 0.47 -5.2 3.8 0.018 0.98 0.0008 

Neman Mosty 207 0.68 5.26 0.56 -5.9 2.5 0.011 0.99 0.0006 

Neman Stolbtsy 221 0.83 3.77 0.57 -5.6 3.5 0.011 0.97 0.0017 

Schara River Slonim 275 0.72 6.05 1.00 -5.7 2.3 0.014 0.96 0.0003 

Svisloch Sukhaya Dolina 191 0.73 7.54 0.66 -5.5 1.7 0.010 0.98 0.0005 

Vilija River Steshytsy 198 0.68 3.20 0.66 -6.2 2.4 0.012 0.98 0.0010 

Vilija River Mikhalishki 198 0.85 15.26 0.73 -6.2 5.1 0.016 0.98 0.0007 

Naroch River Naroch 201 0.71 3.70 0.89 -6.5 2.1 0.012 0.98 0.0008 

Oshmyanka 

River 
Bolshiye 
Yatsiny 

252 0.67 3.90 0.40 -7.9 0.6 0.010 0.95 0.0006 

Nemunas Nemajunai 226 0.7 9.85 0.51 -7.1 1.2 0.033 0.98 0.0000 

Nemunas Smalininkai 222 0.77 3.40 0.68 -6.9 4.0 0.008 0.97 0.0007 

Nemunas Druskininkai 267 0.82 3.82 0.55 -6.1 4.2 0.005 0.98 0.0005 

Merkys Puvočiai 297 0.74 4.41 0.94 -6.8 1.7 0.005 0.97 0.0005 

Neris Vilnius 267 0.69 4.41 1.01 -6.9 2.9 0.004 0.99 0.0005 

Neris Jonava 215 0.72 3.61 0.99 -6.1 1.8 0.012 0.99 0.0008 

Žeimena Pabradė 275 0.71 7.42 2.76 -6.1 1.8 0.01 0.99 0.0008 

Šventoji Anykščiai 147 0.84 2.79 1.65 -5.1 1.6 0.018 0.99 0.0019 

Šventoji Ukmergė 169 0.87 2.69 1.65 -5.5 1.7 0.008 0.99 0.0028 

Dubysa Lyduvėnai 157 0.79 2.44 0.82 -6.2 1.9 0.012 0.98 0.0040 

Šešupė K. Naumiestis 149 0.82 4.52 0.84 -5.8 2.0 0.012 0.99 0.0012 

Jūra Tauragė 185 0.73 1.61 2.65 -6.8 1.5 0.008 0.98 0.0122 

Minija Kartena 157 0.71 1.61 3.07 -6.9 1.3 0.006 0.96 0.0097 

 

 

  



RESULTS 

Acceding to A1B emission scenario the annual runoff is likely to increase in the north 

western part of Nemunas basin in 2021–2050 to compare with 1961–2009 (Fig. 2 left, Table 3). In 

the south eastern part of the basin the runoff will decrease in majority of catchments (Fig. 2, Table 

3). In some small catchments in Belarusian part of Nemunas basin the annual runoff change is 

positive, but the changes merely reach 5 %. Acceding to B1 emission scenario the annual runoff is 

likely to slightly increase in major part of Nemunas basin (Fig. 2 right, Table 3). 

 

Fig. 2 Projected annual runoff changes (%) in 2021–2050 to compare with 1961–2009 according to 

A1B (left) and B1 (right) scenarios 

 

Fig. 3 Projected maximum monthly runoff changes (%) in 2021–2050 to compare with 1961–2009 

according to A1B (left) and B1 (right) scenarios 



Table 3 Projected runoff changes (%) in 2021–2050 relative to 1961–2009 runoff in Nemunas 

river basin according to A1B and B1 scenarios. Negative numbers shows the decrease of runoff and 

positive numbers shows the increase. 
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Isloch River Borovikovshina 0,0 -12,5 -2,5 35,3 -3,1 0,4 -12,1 -4,5 34,9 0,8 

Gavya River Lubiniata -1,9 -0,2 -4,1 16,5 -6,3 0,1 0,9 -2,6 23,6 7,4 

Neman Grodno 3,5 -19,6 5,5 25,3 -0,1 3,1 -21,4 1,6 18,9 8,0 

Neman Mosty -0,1 -25,5 3,8 25,2 -7,8 0,0 -24,2 1,1 25,2 -0,4 

Neman Stolbtsy -3,7 -17,2 -4,7 28,1 -14,0 -3,0 -19,6 -14,1 35,6 -14,1 

Schara River Slonim -8,6 -14,3 -18,6 24,8 -17,0 -7,8 -15,4 -18,3 24,2 -15,3 

Svisloch Sukhaya Dolina 3,4 3,7 -2,9 29,2 -0,2 4,3 0,7 -4,7 26,1 -4,0 

Vilija River Steshytsy 5,1 -12,8 5,2 43,8 -5,5 4,4 -11,7 -0,9 42,0 -12,7 

Vilija River Mikhalishki -7,0 -20,4 -18,5 29,9 -14,5 -5,8 -14,0 -16,7 28,2 3,9 

Naroch River Naroch -1,8 -20,6 -4,9 38,4 -8,1 -1,3 -16,3 -12,0 34,5 -8,3 

Oshmyanka 
River 

Bolshiye 
Yatsiny 

4,4 2,6 1,4 32,5 -1,8 4,5 4,4 -3,1 32,0 -2,0 

Nemunas Nemajunai 0,8 -20,6 -1,2 34,7 -9,2 0,5 -20,0 -3,4 33,1 4,1 

Nemunas Smalininkai 1,8 -13,6 -7,2 27,2 3,0 2,4 -13,8 -7,4 30,7 -7,8 

Nemunas Druskininkai -3,1 -25,9 -4,1 34,4 -15,7 -4,6 -24,5 -12,3 34,3 -11,4 

Merkys Puvočiai -5,0 -16,4 -5,6 13,6 -10,5 -3,6 -14,2 -7,2 14,0 -12,6 

Neris Vilnius -2,1 -18,5 4,4 13,1 -13,2 -3,9 -18,3 -2,1 14,5 -4,8 

Neris Jonava 2,0 -6,9 7,3 21,3 -17,1 2,1 -11,0 0,9 31,5 2,1 

Žeimena Pabradė 7,6 -5,2 10,3 29,6 -13,3 6,9 -5,6 8,6 30,2 -22,3 

Šventoji Anykščiai -0,7 -16,1 -13,3 38,9 -11,1 -1,8 -10,9 -18,7 27,5 -0,9 

Šventoji Ukmergė 7,3 -13,2 -2,2 54,7 -5,7 7,1 -17,4 -0,4 54,2 -1,9 

Dubysa Lyduvėnai 14,1 11,3 -2,2 74,3 -10,1 12,7 6,7 -9,9 73,1 -3,7 

Šešupė 
Kudirkos 

Naumiestis 
7,6 14,7 12,3 38,1 -25,7 7,2 17,7 3,1 38,1 -1,6 

Jūra Tauragė 5,8 14,8 -1,9 23,5 8,1 4,9 7,5 4,9 30,5 1,1 

Minija Kartena 9,2 15,4 16,3 28,8 0,7 8,2 10,0 11,3 30,2 -11,1 

 

In many studies on runoff regime in Northern hemisphere (Smith et al., 2007, Wrzesinski, 

2008, Stahl et al., 2010) the significant changes of seasonal runoff distribution during the past 

decades are described. These changes are mostly related to climate change. In Nemunas basin the 



seasonal distribution changes are also observed and according to projections made with WatBal 

model are likely in future.  

The projected maximum monthly runoff, which can be related to the magnitude off spring 

flood, will decrease in the majority of Nemunas basin (Fig. 3, Table 3). In most sub-catchments the 

projected maximum monthly runoff in 2021–2050 is likely to be from 10 % to 20 % lower than in 

reference period 1961-2009. The largest decrease of maximum monthly runoff is expected in the 

Belarusian part of Nemunas basin. The decrease of maximum monthly runoff is likely to be related 

to warmer winters with more frequent thaws and consequently less water accumulated in snow 

cover before flood. 

In some western catchments of Nemunas basin and in Oshmyanka and Gavya Rivers the 

2021–2050 maximum monthly runoff is likely to be higher than in 1961-2009 (Fig. 3, Table 3), but 

the increase may not be very significant. Only in Jūra, Minija, Dubysa and Šešupė catchments the 

increase of maximum monthly runoff is likely to be higher than 10 % according to A1B scenario. 

According to B1 scenario the changes in all catchments except Šešupė and Minija is likely to be 

less than 10 % (Table 3). The increase of maximum monthly runoff in the western part of Nemunas 

basin can be related to increase of precipitation in the end of winter and beginning of spring.  

The changes of magnitude of maximum monthly runoff are concomitant with the shift of 

maximum monthly runoff towards the beginning of the year in many of analyzed catchments 

(Appendix 2). In 1961-2009 the maximum monthly runoff in almost all catchments was in April. In 

2021-2050 the maximum is likely to occur more frequently in March (Fig. 4, Appendix 2).  

  

Fig. 4 The example of maximum monthly runoff calculated according A1B and B1emision 

scenarios shift from April in 1961-2009 to March in 2021-2050 
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The shift of maximum monthly runoff is more common in smaller catchments and in the 

upper reaches of large rivers. The shift of monthly maximum runoff can be related to the earlier 

start of spring flood due to the shorter duration of snow cover, as well as to the increased 

reoccurrence of winter floods because of a significant growth in liquid precipitation. 

 

Fig. 5 Projected January-February runoff changes (%) in 2021–2050 to compare with 1961–2009 

according to A1B (left) and B1 (right) scenarios 

 

Fig. 6 Projected May-September runoff changes (%) in 2021–2050 to compare with 1961–2009 

according to A1B (left) and B1 (right) scenarios  

 

The largest projected runoff change will be in the January- February (Fig. 5, Table 3). The 

increase of January-February runoff in 2021-2050 (Fig. 5, Table 3) can be related to the earlier start 

of spring, increased winter precipitation and increased frequency of thaws. According to B1 



scenario the largest increase is likely to be in the Lithuanian part of basin and in the eastern 

catchments of Belarusian part (Fig. 5 right). The smallest changes are projected for catchments on 

Lithuanian-Belarusian border. The spatial distribution of January-February runoff changes based on 

A1B emission scenario is more scattered (Fig. 5 left). According to A1B scenario the changes of 

January-February runoff in Lithuanian part of Nemunas basin are likely to be smaller than 

according to B1 scenario. 

The climate change will also affect the warm season (May-September) runoff. The forecasts 

of May-September runoff changes calculated according to B1 scenario shows slightly drier 

conditions in most parts of Nemunas basin than the ones calculated according A1B (Fig. 6, Table 

3). The decrease of May-September runoff suggests that in some parts of Nemunas basin the 

hydrological droughts may be more frequent or with higher magnitude then they were in the 1961-

2009. In other catchments the risk of droughts in 2021-2050 during May–September period can be 

lower than it was in 1961-2009 (Fig. 6, Table 3). On the other hand the length of droughts could 

also increase because of the decrease of October-December runoff in major part of Nemunas basin 

(Fig. 7, Table 3). Only in few parts of Nemunas basin the October-December runoff is likely to 

increase, but the projected increase is less than 10.0 %. The decrease of runoff in the second half of 

the year can be related to the increase of evapotranspiration due to higher temperature. 

 

 

Fig. 7 Projected October-December runoff changes (%) in 2021–2050 to compare with 1961–2009 

according to A1B (left) and B1 (right) scenarios 

 

The Watbal model results show that significant changes of runoff regime in Nemunas basin 

are likely to happen. The annual runoff is likely to be lower in 2021-2035 than in 1961-2009 in 



Belarusian part of the Nemunas basin, but the annual runoff in Lithuanian part of the Nemunas 

basin is likely to increase. The largest changes are likely to be in January and February. The runoff 

in these months is likely to increase more than 30 % in most analyzed catchments. The maximum 

monthly runoff will decrease in many catchments, so the spring flood risks may be lower in many 

catchments. According to maximum monthly runoff predictions the higher flood risk may be only 

in the western part of Lithuania. The decrease of runoff in the second half of the year may increase 

the risk of droughts in many parts of Nemunas basin.  
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