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1.  INTRODUCTION

Due to climate change, increased aridity is a grow-
ing problem in many parts of the world (Paltineanu et
al. 2007, Zhang et al. 2009, Tabari & Aghajanloo
2013). These tendencies are the most critical for resi-
dents of the subtropical climate zone (Huo et al. 2013,
Tabari & Aghajanloo 2013), although this issue will
also become more important in mid-latitudes. Until
now, changes in aridity in the latter region have been
poorly investigated. According to IPCC (2013), the
air temperature will increase with varying magni-

tudes during the 21st century over land territories,
while changes in the amount of precipitation will be
uneven across the planet. In some places (e.g. the
Nemunas River basin) an air temperature rise will be
followed by a negligible increase in precipitation, so
it is very important to understand how climate
change will impact the aridity in these areas.

There are many methods for determining the state
of aridity/humidity in particular catchments (Maliva
& Missimer 2012). The ratio between precipitation
and air temperature that was used for the very first
indices was proposed by De Martonne (1926) and
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Selianinov (1928). For evaluation of river catchment
conditions, evapotranspiration is used instead of tem-
perature (Thornthwaite 1948, Palmer 1965, UNESCO
1979). It is possible to calculate evapotranspiration
using different methods (Penman 1948, Budyko
1958, Hargreaves 1994). Drought indices based on
precipitation (McKee et al. 1993) and fluctuations in
river runoff (Nalbantis & Tsakiris 2009) could also be
indicators of change in aridity in the catchment area
(Rimkus et al. 2013). The Köppen-Geiger climate
classification (Rubel & Kottek 2010) and Worldwide
Bioclimatic Classification System (Rivas-Martinez et
al. 2011) also illustrate catchment water availability
patterns in an indirect way.

The UNEP aridity index (AI; abbreviations in
Table 1) is based on the ratio be tween precipitation
(P) and potential evapotranspiration (PET) (UNESCO
1979). Alteration of the AI index due to the impacts of
climate change has been reported worldwide (Sailer
2013, Girvetz & Zganjar 2014) and for different catch-
ments (Arora 2002, Paulo et al. 2012, Ficklin et al.
2013, Fniguire et al. 2014, Li & Chen 2015). In particu-
lar, aridity trends have a regional basis, e.g. an in-
crease in aridity was demonstrated in most of
southern Europe (Paltineanu et al. 2007, Colantoni et
al. 2015), while no annual trends were observed in
Serbia (Hrnjak et al. 2014). In the northern part of the
US Great Plains aridity decreased, while in the south-
ern part it increased (Kukal & Irmak 2016).

Climate change is already having a great impact
on river water regimes. In rivers supplied by
snowmelt, atmospheric temperature increases not
only affect freshwater ecosystems via the warming of
the water, but also by causing water-flow alterations
(Kundzewicz et al. 2007). The projected impacts on a
basin depend on the sensitivity of the catchment to
changes in climatic characteristics and on the pro-
jected changes in the magnitude and seasonal distri-
bution of precipitation, temperature and evaporation
(Jiménez Cisneros et al. 2014). The detected trends
in river runoff have generally been consistent with
observed regional changes in precipitation and tem-
perature since the 1950s. In Europe, river runoff
(1962−2004) has decreased in the south and east and
generally increased in the north (Wilson et al. 2010,
Stahl et al. 2012).

Out of all the ecosystems, freshwater ecosystems
have the highest proportion of species threatened
with extinction due to climate change (Millennium
Ecosystem Assessment 2005). The streamflow-
mediated ecological impacts of climate change are
ex pected to be stronger than the historical impacts
due to anthropogenic alterations of flow regimes by

water withdrawal and the construction of reservoirs
(Jiménez Cisneros et al. 2014). Changes in climate
and land use will put additional pressures on already
stressed riparian ecosystems along many rivers in the
world (Naiman et al. 2005).

This article analyses the territory (52.0−56.5° N,
21.0−28.5° E) which covers the Nemunas River basin
(hereafter Nemunas basin) (Fig. 1). The Nemunas
River is in the eastern part of the Baltic Sea catch-
ment (Fig. 1). It is the 14th longest European river
(937 km) and flows through Belarusian, Lithuanian
and Russian Federation (Kaliningrad district) territo-
ries. These 3 countries cover 97.3% of the total basin
area (98 200 km2). Only the upper reaches of the
some tributaries are located in Poland and Latvia.

The average annual temperature (1981−2010) in
the Nemunas basin is 6.8°C. The average air temper-
ature during winter is −2 to −6°C, while in the sum-
mer it goes up to 16−18°C. Permanent snow cover
usually forms by mid-December and disappears by
the middle of March. The average amount of annual
precipitation in the basin’s territory is 672 mm. In
general, most of the precipitation falls in summer.

On average, annual river discharge is 21 km3. From
this amount, 41−46% of the water flows in spring,
15−18% in summer, 19−22% in autumn and 17−21%
in winter. The maximum discharge in spring is due to
flooding caused by snowmelt.

In the Baltic Sea catchment aquatic ecosystem,
most ecologically important factors are af fected by
climate change (BACC Author Team 2008). No sig-
nificant long-term change in river runoff over the
last 500 yr has been detected in the Baltic catchment
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Fig. 1. Nemunas River basin and database grids used for the
historical analysis of aridity (CRU TS3.24.01) and future 

projections (CMIP 5)
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(BACC II Author Team 2015); however, alterations
of river runoff regimes, especially seasonal patterns
of flow, are evident in the eastern part of the basin
(Klavins et al. 2002, Kriauciuniene et al. 2012,
Saraus kiene et al. 2015). The Nemunas basin has
also experienced a shift (since the 1960s) from a nat-
ural hydrological cycle (Jab lonskis 1992, Volchak
2004, Meilutytė-Barauskienė et al. 2008) to anthro-
pogenically in duced regime changes (Kriau<iūnienė

et al. 2008, Rimkus et al. 2013, Stonevi<ius et al.
2014). In the future, changes to climatic conditions
will be important for Nemunas basin hydrology
(Kilkus et al. 2006, Kriau <iū nienė et al. 2008,
Stonevi<ius et al. 2017).

The main objective of this research was to analyse
aridity changes in the Nemunas basin, assessing the
influence of reference evapotranspiration (ET0) and P
on aridity. The P :ET0 ratio perfectly illustrates river
basin inter- and intra-annual water availability fluc-
tuations, especially during the vegetation period
(April− August). For this purpose, we evaluated arid-
ity dynamics (1901−2010) and future projections of
climate aridity (2081−2100). The results will help to
evaluate the Nemunas basin’s water balance, river

runoff change and possible climate
change impacts on the ecological and
socio-economic state of the basin with
regard to the EU Water Framework
Directive (ter Heerdt et al. 2007).
Moreover, it is a solid background for
the development of international col-
laboration projects tackling climate
change challenges in transboundary
rivers, which have already started
(Korneev et al. 2015).

2.  MATERIALS AND METHODS

The CRU TS3.24 monthly high-res-
olution (0.5 × 0.5°) grid time series,
which were developed by the Univer-
sity of East Anglia Climatic Research
Unit, were used for analysing the AI
change in the re search area from
1901− 2010 (Harris & Jones 2017). Cli-
mate projections for the 21st century
were based on General Circulation
Model (GCM) outputs, which are part
of the Coupled Model Intercompari-
son Project Phase 5 (CMIP5) (Taylor et
al. 2012). However, GCMs only pro-
vide general conditions; for medium-

sized areas such as the Nemunas basin, the outputs of
Regional Climate Models (RCM) should be used. We
chose the EURO-CORDEX (www.euro-cordex. net)
initiative data sets. EURO-CORDEX is the European
branch of the CORDEX initiative, and produces en-
semble climate simulations based on multiple dy na -
mic and empirical−statistical downscaling models
forced by multiple global climate models from
CMIP5.

The CORDEX RCM simulations for the European
domain (EURO-CORDEX) are conducted at 2 differ-
ent spatial resolutions: a general CORDEX resolution
of 0.44° (EUR-44; ~50 km), and a finer resolution of
0.11° (EUR-11; ~12.5 km). The ensemble consists of 17
simulations carried out by 7 different models at grid
resolutions of 12 km (9 experiments) and 50 km (8 ex-
periments) (Kotlarski et al. 2014). The first EUR-11
simulations were published and distributed via the
Earth System Grid Federation (ESGF) and were avail-
able from 2013. The DKRZ ESGF-CoG Node (https://
esgf-data. dkrz. de/ search/ cordex-dkrz/) was used for
downloading the data.

For our research purposes, the RCM data had to
meet the following requirements — experiments:  his-
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Abbreviation                    Explanation

P                                        Precipitation

PET                                   Potential evapotranspiration: the amount of
evaporation that would occur if a sufficient water
source were available.

ET0                                    Reference evapotranspiration: evapotranspira-
tion from the reference surface, which is a
hypothetical grass reference crop with an
assumed crop height of 0.12 m, a fixed surface
resistance of 70 s m−1 and an albedo of 0.23

AI                                       UNEP aridity index

GCM                                 General circulation models

CMIP5                               Coupled Model Intercomparison Project Phase 5

RCP                                   Representative concentration pathways

RCM                                  Regional climate model

CORDEX                          Coordinated Regional Climate Downscaling
Experiment

EURO-CORDEX              European branch of the CORDEX initiative

RCA4                                Rossby Centre regional climate model

MOHC-HadGEM2-ES    UK Met Office Hadley Global Environment
Model 2 - Earth System

MPI-M-MPI-ESM-LR      Earth system model of the Max-Planck- Institut
für Meteorologie - low resolution

ICHEC-EC-EARTH         The Irish Centre for High-End Computing EC-
EARTH earth system models

Table 1. Abbreviations used in the study
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torical, RCP2.6, RCP4.5, RCP8.5; research area:
Nemunas River basin; time frequency: monthly val-
ues; variable: precipitation, maximum, mean and
minimum air temperatures near the surface. Only the
RCA4 simulations met all the requirements.

The coupled atmosphere−ice−ocean model RCA4-
NEMO (Dieterich et al. 2013, Wang et al. 2015) was
developed by the Rossby Centre at the Swedish Mete-
orological and Hydrological Institute (SMHI) for
regional climate simulations and the regionalization of
climate change scenarios. RCA4 has been used for dif-
ferent domains in the CORDEX project, including
Europe (Wang et al. 2015). The model’s domain of
applicability isnorthernEurope.Thespatial resolution
of the model for the atmosphere is 0.22° and 40 vertical
levels. It consists of the RCA4 atmosphere model in a
model domain covering the eastern Atlantic and
Europe (Kupiainen et al. 2014) and the ocean model
NEMO setup for the North Sea and Baltic Sea (Hordoir
et al. 2013). The Rossby Centre has produced and
made available a huge number of CORDEX simula-
tions. The data set is unique be cause RCA4 takes lat-
eral boundary conditions from a very large number of
different GCMs (Strandberg et al. 2014). In this
research, we used the historical, RCP2.6, RCP4.5 and
RCP8.5 simulations for the CMIP5 scenarios using the
GCMs MOHC-HadGEM2-ES (Collins et al. 2011),
MPI-M-MPI-ESM-LR (Giorgetta et al. 2013) and
ICHEC-EC-EARTH (Hazeleger et al. 2010) boundary
conditions.

The aridity of the investigated territory was deter-
mined by calculating the AI (Middleton & Thomas
1997):

(1)

In this study, AI was calculated using ET0 instead of
potential evapotranspiration used in MAB technical
notes 7 (UNESCO 1979). Potential evaporation
defines the amount of evaporation that would occur if
a sufficient water source were available, while ET0 is
defined more specifically: ET0 is evapotranspiration
from a reference surface, which is a hypothetical
grass reference crop with an assumed crop height of
0.12 m, a fixed surface resistance of 70 m s−1 and an
albedo of 0.23 (Allen et al. 1998).

The original Hargreaves equation (Hargreaves
1994) was used to calculate the monthly averaged
ET0:

(2)

where C is a coefficient whose value is 0.0023 (Har -
greaves & Samani 1985), Ra is the water equivalent of
the monthly averaged daily extraterrestrial radiation

(mm d−1), and Tmax, Tmin and T are the monthly aver-
agedmaximum,minimumandmeanair temperatures.
Ra is calculated fromthe latitudeandmonthof theyear.

In this study the average annual and monthly val-
ues of the analysed parameters were calculated for
the period from 1981−2010 (Fig. 2). P and ET0 had a
similar annual pattern in the Nemunas basin; both
parameters had higher values during the warm sea-
son than during the cold season. The rate of change
of ET0 in spring and autumn was higher than P, thus
from April to August ET0 exceeded P. Changes in
the P and ET0 during these months might lead to the
most significant effect on the hydrology and ecology
of the Nemunas basin. According to Middleton &
Thomas (1997), an AI value <0.65 can be considered
an indicator of dry conditions. This study only ana-
lysed the dry period (the AI during this time of year
was <0.65) lasting from April to August (Fig. 2).

The linear trend values of P, ET0 and AI for each
grid cell were calculated using the non-parametric
Sen’s slope method (Helsel & Hirsch 1992). Statistical
significance (α < 0.05) of the trends was evaluated
using a non-parametric Mann-Kendall test.

Air temperature (maximum, mean and minimum)
and precipitation amount projections for 21st cen-
tury were used to create AI forecasts. The pro-
jected changes were calculated as the air tempera-
ture difference (°C) or precipitation amount ratio
(%) be tween different periods of the 21st century
and the reference period (1986−2005) in every grid
cell. The long-term changes were evaluated by
comparing the averages of the meteorological vari-
ables between two 20 yr periods (1986−2005 and
2081−2100).
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3.  RESULTS

3.1  Aridity dynamics during 1901−2010

During the dry period (April−August), the highest
ET0 and P values were recorded in the southeastern
part of the region in July (Fig. 3). Due to the cooling
effect of the Baltic Sea, the lowest ET0 values were
recorded in the coastal zone in every month of the
dry period. Meanwhile, the precipitation patterns
gradually changed. At the beginning of the season

more precipitation fell in the eastern part of this
region, while in August the rainfall peak moved to
the northwest. The highest AI values were observed
in this area in August. During the remaining months
the AI values were below 0.8 for the whole territory,
and in a large part of the region the climatic condi-
tions could be considered dry subhumid (<0.65). Due
to the low amount of precipitation, the lowest AI val-
ues were recorded between April−June.

The mean annual ET0 was higher than the mean
annual P by an average of 62 mm during 1901−2010
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Fig. 3. Mean values of reference evapotranspiration (ET0), precipitation amount (P) and aridity index (AI) in April−August 
1981−2010. Black lines: Nemunas River Basin; grey lines: political boundaries
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(Fig. 4) and the annual ET0 exceeded P in 71% of the
years. The standard deviation of the annual precipi-
tation (SD = 67 mm) was more than twice as large as
the variation in the ET0 (SD = 32 mm). Annual ET0

gradually increased during the whole period, with
the steepest trend in recent decades. The amount of
annual precipitation had no noticeable trend until
the end of the 20th century; since the 1980s an
increase in annual precipitation has been observed
(Fig. 4).

Since the 1980s, a strong positive trend of ET0 and
a strong negative trend of P have been observed in
April (Fig. 4). Such changes could be associated
with weakening of westerlies in the second part of
spring, because precipitation amounts in April are
positively correlated with intensity of zonal circula-
tion (Jaagus et al. 2010). During the whole period
(1901−2010), the trend of ET0 was statistically sig-
nificant (p ≤ 0.05) in all the grid cells, while the P
trend was significant only in the western and south-
eastern parts of the Nemunas basin (Fig. 5). The
resulting change in climate aridity was very sharp.
The trend of the AI in April was significant in
almost all the grid cells. In most of the domain the
AI decreased by 0.20−0.40 throughout the analysed
period. Even larger changes in aridity occurred in
August. From the beginning of the 20th century up
to the mid-1980s, August precipitation steadily de -
creased (Fig. 4). After the mid-1980s the decrease in

precipitation slowed down and a small increase has
been observed since the beginning of the 21st cen-
tury (Fig. 4). The ET0 in August had a stable and
statistically significant positive trend during the
entire 1901−2010 period. According to Sen’s slope
trend values, the ET0 in August increased by 6−
14 mm during 1901−2010, while P decreased by 20−
35 mm. The climate aridity during August in the
Nemunas basin has changed significantly due to
changes in both ET0 and P. The AI has decreased by
0.20−0.49. The largest changes occurred in the
western part of the Nemunas basin (Fig. 5).

The changes in the ET0 and P in May, June and
July were smaller (Fig. 5). ET0 had a small positive
trend during 1901−2010 in May and July, while in
June ET0 increased in half the grid cells and de -
creased in the other half. The amount of precipita-
tion during May and June increased in the majority
of domain cells, but the trend was statistically sig-
nificant only in the western and southeastern parts
of the Nemunas basin in June (Fig. 5). The amount
of precipitation decreased in July. The May−June
patterns of the AI and P trends were similar and
suggest that the changes in climate aridity during
those months were related to the changes in pre-
cipitation. In July, the climate became drier, while
May and June it became more humid in many
parts of the Nemunas basin due to the increased
precipitation.
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3.2  Projections of climate aridity

During the observation period the largest climate
aridity changes were detected in April and August.
There are large variations in the projected aridity
changes up to the end of the 21st century (2080−
2099) based on different simulations (Figs. 6 & 7).
The projected precipitation changes according to a
majority of the simulations and the RCP scenarios
are larger than the changes in evapotranspiration
(Fig. 6). In April, the variance in the projected P and
ET0 changes are smaller than in later months. It is
likely that climate aridity will decrease slightly in
April due to the increase in precipitation by up to
20 mm, and this increase will overcome the increase
in ET0 (Fig. 6). According to a majority of the projec-
tions, the climate in April is likely to become more
humid in most of the domain (Fig. 7). The projections
based on the MOHC-HadGEM2-ES model and RCP
2.6 scenario stand out. According to this scenario, the

positive changes in ET0 will be larger than those in P,
and climate aridity will increase throughout the en -
tire domain.

Precipitation is also likely to increase in May.
According to most scenarios, ET0 will also be higher,
but the magnitude of the change will be less than the
increase in precipitation, and the climate is likely to
be more humid in most of the domain (Figs. 6 & 7). 

Precipitation projections for June are more uncer-
tain. June precipitation might increase according to
some scenarios and simulations, but it might de -
crease according to others (Fig. 6). Possible changes
in ET0 are also uncertain. For example, according
to the RCP8.5 scenario based on the MOHC-
HadGEM2-ES simulation output, ET0 might in -
crease by 10−20 mm, while the projections based
on the same scenario but on the MPI-M-MPI-ESM-
LR simulation outputs suggest an increase in ET0 of
up to 7 mm in some cells and a decrease in others
(Fig. 6).
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The P and ET0 projections for July based on the
MOHC-HadGEM2-ES and ICHEC-EC-EARTH sim-
ulations are similar. According to both models, ET0

is likely to decrease if climate change follows the
RCP2.6 pathway, but it might increase if the climate
changes according to the RCP4.5 and RCP8.5 sce-
narios.

The July precipitation projections based on the
MOHC-HadGEM2-ES simulation indicate an in -
crease in precipitation in most of the domain, while
according to ICHEC-EC-EARTH, precipitation is
likely to decrease. The uncertainty of the ET0 projec-
tions inherited from the global circulation models
used is the main reason why projections of changes
in climate aridity are so different (Fig. 7). The July
ET0 and P projections based on the MPI-M-MPI-
ESM-LR simulation output are very similar regard-
less of the RCP scenario. ET0 is likely to increase by
0−10 mm in most of the domain, while P in some parts
of the domain will increase by up to 20 mm and in
others it will decrease by up to 20 mm.

According to the projections based on the M-MPI-
ESM-LR model, changes in precipitation of the same
magnitude as in July are likely in August. The ET0 is
likely to increase by 0−10 mm according to the
RCP2.6 and RCP8.5 scenarios. The magnitude of this
increase might be greater if climate change follows
the RCP4.5 pathway. There is a close relationship be -
tween changes in the August P and the ET0 projected
using the M-MPI-ESM-LR model (Fig. 6). The great-
est decrease in precipitation is projected for the cells
with the greatest increase in ET0. The spatial pat-
terns of the projected changes in climate aridity
based on the M-MPI-ESM-LR model are not very
clear, but it is more likely that in the southern part of
the domain the climate aridity may increase, while in
the northern part it may decrease slightly. As in July,
the biggest disparity is between the August P and
ET0 projections based on the MOHC-HadGEM2-ES
and ICHEC-EC-EARTH models. According to
ICHEC-EC-EARTH, the large increase in climate
aridity in the domain is likely due to the increase in
ET0 and the decrease in P. The projections based on
MOHC-HadGEM2-ES show that in most of the
domain a precipitation increase is likely, the pro-
jected increase in ET0 is smaller and climate aridity in
most of the domain may decrease (Figs. 6 & 7).

Despite the large uncertainties in the climate pro-
jections, it is more likely that the Nemunas basin cli-
mate will become more humid in April−May and
drier in June−August. An increase in climate aridity
during these months is more likely in the southern
and central parts of the basin.

4.  DISCUSSION AND CONCLUSIONS

In a European context, EURO-CORDEX (Jacob et
al. 2014) recently produced large ensembles of RCM
simulations with approximately 12.5 and 50 km grid
spacing, to which the RCA4 simulations contribute
significantly. The RCM ensembles produced by
EURO-CORDEX provide more detailed information
(compared to GCM data) about future climate change
scenarios (Kjellström et al. 2016). The regional scale
projections give a more precise view of the climatic
variables for medium-sized areas, although how the
results are spread out is very much related to the
choice of boundary conditions and model formulation
(Figs. 6 & 7).

The previous version of RCA — the RCA3 model —
tended to overestimate precipitation and surface
evaporation over northern Europe during the sum-
mer season, whereas for most other regions and sea-
sons the precipitation and surface turbulent fluxes
were well simulated (Samuelsson et al. 2011). The
analysis by Dieterich et al. (2013) covering the period
1970−1999 and by Wang et al. (2015) covering the
period 1979−2010 showed that the RCA4-NEMO
coupled model system is stable and suitable for dif-
ferent climate change studies.

Climate models show intensity-dependent biases
which can alter the climate change signal (Boberg &
Christensen 2012, Dosio 2016). The RCA4 projections
for the Nemunas basin showed a huge variety of AI
values (Figs. 6 & 7) depending on the GCM (MOHC-
HadGEM2-ES, MPI-M-MPI-ESM-LR or ICHEC-EC-
EARTH) simulations. The analysis of temperature
and precipitation biases for the high-resolution
EURO-CORDEX RCM by Dosio (2016) revealed that
during the June−August (JJA) period all the RCMs
driven by ICHEC-EC-EARTH showed a strong nega-
tive bias in every subregion, which implies a strong
influence of the lateral boundary conditions on the
RCM results. In our case, ICHEC-EC-EARTH gave
the most dramatic changes in precipitation and AI
values during JJA (Fig. 7). The large scatter in pre-
cipitation values for eastern Europe indicates a very
small value of the original median climate signal
(close to 0) and great intermodel variability (Dosio
2016).

The AI increased during the observation period
(1901− 2010) in the Nemunas basin during some
months (April and August) of the dry period, whereas
in other months the changes were insignificant. It
can be concluded that the aridity of the investigated
area increased slightly, especially in the last few
decades. In the Nemunas basin the increase in arid-
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ity was mostly related to the observed air tempera-
ture rise and consequently to the increase in ET0,
while decreased precipitation played a smaller role.
Tabari & Aghajanloo (2013) also concluded that the
increase in aridity was caused by the concurrent
occurrences of positive ET0 trends and negative P
trends. Other studies show that AI values are most
sensitive to changes in precipitation, and in regions
with increasing precipitation this factor is more
important than an air temperature rise (Huo et al.
2013).

Changes in P and ET0 are likely to lead to more
intense and possibly more frequent meteorological
droughts in the Nemunas basin, and the meteorolog-
ical conditions will have a significant effect on runoff
there. The largest changes are more likely in the
southern and eastern parts of the analysed area
(Fig. 7). Drier conditions are also expected in south-
ern parts of Europe (Nastos et al. 2013, Cheval et al.
2017). Meteorological and hydrological droughts fre-
quently coincide at the end of the warm season
(Rimkus et al. 2013). The projected decrease in the AI
might lead to a reduction in runoff during the warm
season low-flow period. The effect of increased arid-
ity might be amplified by a reduction in the spring
flood runoff volume, and the timing of spring flood
may shift towards the beginning of the year. Changes
in the spring flood runoff have been observed in the
past (Stonevi<ius et al. 2014), and are very likely to
occur in the future (Stonevi<ius et al. 2017). Shifts in
the spring flood regime are likely to lead to a reduced
base flow at the end of the 21st century. The pro-
jected increase in reference evapotranspiration and a
smaller amount of precipitation at the end of summer
are likely to reduce the amount of runoff formed dur-
ing this period; consequently, the runoff from the
Nemunas basin’s rivers will be lower. Most sensitive
to the projected changes might be river basins with
large areas of open water. Evapotranspiration is lim-
ited by the amount of water on or near the surface,
and is driven by atmospheric forcing. More intense
forcing expressed as potential or reference evapo-
transpiration might not transform into evapotranspi-
ration if the water is not available (Stonevi<ius et al.
2017). These tendencies are ex pected for most of the
southern part of Europe, where actual evapotranspi-
ration may decrease due to a significantly smaller
amount of precipitation being available for evapora-
tion (Cheval et al. 2017). The projected change in ET0

and P might lead to lower water levels in lakes at the
end of summer and the beginning of autumn. Most
sensitive might be lakes with smaller catchment
areas, because in these lakes precipitation and evap-

oration are more important in terms of total water
balance.

A shift in the climate zone is probably a better
measure of ‘reality’ for living systems, more so than
changing temperature or precipitation (Gonzalez et
al. 2010). Future changes in aridity patterns will lead
to a change in the whole ecosystem mode, including
aquatic (rivers, lakes, bogs and the Curonian lagoon)
ones. The ecosystems are already shifting north-
wards, and this process will continue in the future
(Rubel & Kottek 2010). The shifting of the winter and
early spring runoff is very much influenced by snow
climatology (Stonevi<ius et al. 2017), while in April−
August it will be determined more by the ET0 and P
ratio.
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