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Abstract: The crop evapotranspiration computing is a complex matter from many points of view, but also it
represents a useful parameter in hydrological and climate studies. Due to climate changes, the natural systems
are coming to be negatively affected. The seasonal and annual crop evapotranspiration under current climate
(1991-2020) and future climate (2021-2050) were analysed using the mean annual temperature, mean annual
precipitation, and mean monthly potential evapotranspiration for average of 30 years. The spatial distribution of
crop evapotranspiration was calculated considering the evapotranspiration coefficients taken from literature
using four stages of crops growth. Additionally, the absolute and relative changes of the annual crop
evapotranspiration were carried out. The annual crop evapotranspiration varies in the actual period from 56 mm
to 1297 mm, while in the future period the annual crop evapotranspiration varies from 59 mm to 1410 mm,
which implies the impact of future climate warming on the crop evapotranspiration in the South East Europe.
The heights values were identified in the South of Greece, in the southwestern sides of Romania, in the East
sides of Bulgaria, Croatia and European Turkey. The maximum seasonal crop evapotranspiration were found
in the mid-season, both for present and future. The minimum values of seasonal crop evapotranspiration were
obtained in the cold season, when the mean air temperature and crop coefficients are lower. The absolute and
relative changes indicate the high values in the South and southwestern sides of the South East Europe.

Keywords: climate change, crop evapotranspiration, land cover, crop coefficient, South East Europe.

1. INTRODUCTION

Global warming is an important issue in the
last decades, both from quotidian point of view, but
much more from scientifically interest as part of
researches for our planet. In both cases, the accent is
coming to debate the affected systems, but also the
resources which can be drastic in danger due to
climate change impact. The most sensitive systems at
climate change are the glaciers and its retreating is a

consequence of climate warming in many places of
the Globe (Haeberli et al., 1999; Kargel et al., 2005;
Oerlemans, 2005; Shahgedanova et al., 2005; Dong et
al., 2013; Xie et al., 2013; Elfarrak et al., 2014; Nistor
& Petcu, 2015; Pacurar, 2015). Changes in fresh
water resources have already been observed into
rivers flow reductions, melting of icecaps, reduced
recharge of aquifers in karst areas and decreasing of
groundwater levels (Collins, 2008; Aguilera &
Murillo, 2009; Hidalgo et al., 2009; Piao et al., 2010;
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Jiménez Cisneros et al., 2014). Parmesan & Yohe
(2003), Klgve et al., (2014) called the negative impact
of climate change on groundwater. Yustres et al.,
(2013) announced the decrease of water table and
reduced flow discharge of springs in many regions of
the Globe due to climate change.

South East Europe represents a large and
diversified region of Europe, where the agriculture and
water resources are close depended by climate
conditions. Any few climate variations may conducts
at undesirable consequences in many sides of the
region, regarding long periods with drought,
desertification, and increase in  groundwater
vulnerability and biodiversity modifications (Pravalie,
2014; Pravalie et al., 2014). Considered the third most
important ~ parameter  in  climatology, the
evapotranspiration plays an essential role also in the
hydrology and hydrogeology studies, but also the
evapotranspiration indicates the exchanges between
plants and atmospheric systems (Chen et al., 2006).
This is coming because of evapotranspiration data
required for calculations of effective precipitations,
water balance, and also for the new technology of
water modelling.
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Temperature, precipitation and local vegetation
pattern data implies the effects of climate change and
land cover on water resources. These parameters
contribute to find more appropriate the accuracy of the
equation ‘quantity of rainfall” and ‘quantity of water’
which may infiltrate or may flow on surface as runoff.
Reduction in groundwater recharge due to reduction of
effective precipitation is the main effect which occurs
from the increase of evapotranspiration in a designated
area. More studies which investigated the climate
change impact on water resources demonstrated
decreases in the groundwater level, decrease of spring
and rivers discharge. Reference evapotranspiration
calculations at regional scale using GIS and remote
sensing were computed by Zhan et al., (2015) for
China land and by Ramirez-Cuesta et al., (2017) for
South of Spain. Nistor et al., (2016) indicated increases
of crop evapotranspiration (ET.) in the Carpathian
region due to climate changes along the last 50 years.
In the Pannonian basin were also observed increases of
ET. between present and future (Nistor et al., 2017).
/Studies related to evapotranspiration and water
management in central Europe were carried out by
Anda et al., (2015), Blanka et al., (2017).
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Figure 1. Location of the study area on the Europe map (left) and land cover of South East Europe region (right)
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Based on the modelling of water table under
climate change in Geer Basin from Belgium, it was
observed that groundwater levels will decrease in the
future period (Brouyeére et al., 2004). In the Hungarian-
Serbian cross-border area the drought severity
influence on agricultural production have been
analysed by Fiala et al., (2014). Based on Soil Water
Balance European Water Accounting model, Kurnik et
al., (2014) carried out the evapotranspiration of main
agricultural regions from Europe. In Western
Macedonia the evapotranspiration sensitive parameter
was assessed by Ambas & Baltas (2012) using
specifically methods. Recently, Giglu et al., (2017)
performed the evapotranspiration in Kingdom of Saudi
Arabia using the regional fuzzy chain model. Ladanyi
et al., (2015) assessed the future drought hazard in the
Kiskunsdg National Park and its surrounding
landscapes from Hungary based on REMO and
ALADIN regional climate model simulations.

The goal of the present paper was to integrating the
climate models data of South East Europe and the
European Land Cover dataset of vegetation
representation into formula to calculate the climate
change effects on ET.. The applied methodology was
tested in the Emilia-Romagna region by Nistor &
Porumb-Ghiurco (2015) and further was successfully
applied to other regions of Europe (Nistor et al., 2016,
Nistor et al., 2017).

2.STUDY AREA

South East Europe region expands over West
Black Sea and North Mediterranean Sea lands but
includes also the countries from central and
southcentral Europe. Cenéur Curk et al., (2014) in
theirs report about climate change and groundwater in
South East Europe delineated the region including also
whole Austria.

The limits of the South East Europe region were
set at 49°4” latitude N in North, at 34°52” latitude N in
South, at 9°29’ longitude E in West, and at 29°39’
longitude E in East (Fig. 1). Over the study area there
are the riverine countries belonging to the
Mediterranean Sea basin (Slovenia, Croatia, Bosnia
and Herzegovina, Montenegro, Albania, Greece), in
central part of the region is located Serbia and
Macedonia, in the eastern part is located Bulgaria and
European part of Turkey and in the North of the region
there are Austria, Hungary and Romania. Extending
over 13 countries, the South East Europe region has a
complex orography which includes the Eastern Alps in
Austria and Slovenia, the Dinaric Mountains in
Albania, Bosnia and Herzegovina, Croatia, Italy,
Kosovo, Montenegro, Serbia and Slovenia, the
Southern and Eastern Carpathians in Romania. Eastern

Greece and mainly the Dalmatian and Aegean Islands
are characterized by rocky aspects. The main lowlands
in the study area extends in the central and South of
Hungary, North of Serbia, East of Croatia, northeastern
of Bosnia and Herzegovina, East and northeastern of
Greece, South, West, and East of Romania, North and
South of Bulgaria, and in European part of Turkey. In
some few places of Macedonia and Albania there
could be find limited plains. Hilly areas are also
present in the region, especially located between
mountains and plains.

South East Europe has a temperate climate with
oceanic influence in West, with Baltic influence in
North, and transnational influence in East, but the
Mediterranean influence is the largest feel in the
region. According to Kottek et al., (2006), the fully
humid climate class with hot summers (Cfa) and fully
humid climate class with warm summers (Cfb)
climates extend over the Austria, Hungary, Serbia,
Romania, Bulgaria, and Macedonia. In the South sides
of South East Europe the main climate is Csa.
Analysing the current period, the mean annual
temperature in the study area ranged from -1.7 °C in
northwest to 19°C in South. For the same period, the
mean annual precipitation register the maximum values
of 2324 mm year™ in the western sides of the region,
near the Adriatic Sea, in the land of Slovenia and
Croatia. The potential evapotranspiration (ETo) in
South East Europe ranged from 342 mm up to 1039
mm, showing the high values in the South of the region
and in the low lands where the temperature are
elevated during several months over the year. Figure 2
illustrates the annual averages of temperature, the
annual averages of precipitation, and the annual
averages of ET, registered in the South East Europe
during the two analysed the periods (1991-2020 and
2021-2050).

The relief and climate of the region induce the
typically vegetation growth in the respective area.
Thus, in the elevated and in the mountains areas may
be finding the coniferous and evergreen forests. The
hilly areas are mainly covered by mixed and broad-
leaved forests which included species as hornbeam
(Carpinus), beech (Fagus), oak (Quercus), and elms
(Ulmus) (European Environment Agency, 2007), but
also is covered by pasture, shrubs, and transnational
woodland. Typically for the lowlands and plains are
agricultural crops, hay, and herbaceous vegetation. In
the coastal areas there are located mainly the
Mediterranean vegetation in West and South as Stone
pine (Pinus pinea), green areas, and sclerophyllous
vegetation. The coastal zones include also the harbours
areas, the delta lagoons, marshes, beaches and dunes
areas.
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3. MATERIALS AND METHODS
3.1. Climate and land cover data

In the present study we used the mean annual
temperature, mean annual precipitation, and mean ET,
climate models related to two 30 years periods of 1991
to 2020 and 2021 to 2050. The spatial resolution of
climate data is about 25 X 25 km and it were carried
out by the National Meteorological Administration
from Bucharest in the framework of the CC-WARE
European project. The climate data models extend over
the southeastern part of Europe (Cencur Curk et al.,
2014) and were projected based on the RegCMS3,
ALADIN, and PROMES models according to the A1B
scenario proposed by IPCC, (2001). This scenario
follows the population increase, economic growth, and
adept technology up to mid of 21* century. The model
of 1991 — 2020 period was used for the present and the
model of 2021 — 2050 period for the future. The
regional coupled models (RCMs) outputs were bias
corrected using E-OBS data sets and the quintile
mapping technique (Déqué, 2007; Formayer & Haas,
2010) based on daily observations (CCWaterS, 2010)
and monthly temperature and precipitations derived
from three RegCM3 models completed for the 1991 to
2050 period. Also, the very good RMSE values
between observed and modelled data were verified.
Gridded at 25 km spatial resolution, the three RCMs
were computed by the National Center for
Atmospheric Research during the late 1980s and early
1990s. This type of model is based on the dynamical
downscaling, and it sustained by the Abdus Salam
International Centre for Theoretical Physics (ICTP)
from Trieste, Italy (Elguindi et al., 2007).

The ALADIN model was built at Centre
National de Recherche Meteorologique (CNRM), and
it served for the ARPEGE-Climate as a driver for the
IPCC (2001) climate scenarios over the European
domain (Spiridonov et al., 2005; Farda et al., 2010).
The PROMES model is an atmospheric model
processed by MOMAC (MOdelizacion para el Medio
Ambiente y el Clima) research group from the
Complutense University of Madrid (UCM) and the
University of Castilla-La Mancha (UCLM) (Castro et
al., 1993; Gaertner et al., 2010), and it is sustained by
the GCM HADCM3QO. The firsts combinations of the
RegCM3, ADALDIN-Climate and PROMES were
available from the ENSEMBLES project (Hewitt &
Griggs, 2004), and they were chosen due to (i) their
spatial extension of the South East Europe area, (ii) its
performance in the representation and modelling of the
historic climate conditions, and (iii) each one of these
models are based on the GCM. The powerful of the
RCMs models to reproduce the temperature and

precipitation in various areas was tested with good
results (Busuioc et al., 2010). The model-based values
and seven meteorological stations in the study area are
in line with the known uncertainties of the RCMs
(Soares et al., 2012; Wilcke et al., 2013). The RMSE
indicates values lower than 1°C for temperature, and
around 100-150 mm for precipitation. The mountains
areas represent the higher deviations of the RMSE.

In the identification of land type categories of
South East Europe was used the Corine Land Cover
2012 of 4™ level raster data with 250 m spatial resolution
elaborated by Copernicus Land Monitoring Services.
We agree with the Copernicus Land Monitoring
Services because is easy to integrate in ArcGIS
environment and it covers the large part of Europe.

The operations of ET, were completed based on
climate data models and Corine Land Cover witha 1 X
1 km spatial resolution. This set was adopted because
for uniformity and accuracy in ET. mapping, but also
because this resolution was used for similar studies of
ET, in others European regions by Nistor, (2016) and
Nistor et al., (2016).

3.2. Potential evapotranspiration data (ET)

In the calculation of seasonal and annual ET in
South East Europe the ET, data grids of climate
models were used. Based on Thornthwaite, (1948)
formula (Eq. (1)) the monthly ET, related to present
(1991-2020) and future (2021-2050) were find. This
method is very useful in hydrology and climate
(Cenéur Curk et al., 2014; Nistor et al., 2015). For the
present study the raster’s data of ET, were derived
from temperature data carried out from the RegCM3,
ALADIN, and PROMES models.

ETy = 16() (5 () (1)
where:
ET,  monthly potential evapotranspiration [mm]
L average day length of the month being
calculated [h]
N number of days in the month being calculated
T average monthly temperature [°C], ETo=0 if
Tm <0
I heat index (Eq.(2))
o complex function of heat index (Eq. (3))
12
1.514
G @
i=1
where:
T monthly air temperature
a =6.75 X 107713 — 7.71 x 10751% + 1.7912 X
10721+ 0.49239 ©)
where:

| annual heat index
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3.3. Crop coefficient (K)

The key of ET, calculation is coming from the
reference values of evapotranspiration rate. Thus, in
the specific literature (Allen et al., 1998) the vegetation
or crop evapotranspiration rate is called the
evapotranspiration or crop coefficient (K¢). In aim to
calculate the ET,, a value of K, for each categories of
land cover was assigned. Normally, the K is the result
of the division between ET. at ET, and may be
extracted by tools in test sites in various conditions of
dry and wet air. Because of this reason, the K. takes
more or less appropriate values, depending also about
the annual period, latitude, and crop growth (Allen et
al., 1998; Grimmond & Oke, 1999). To be in line with
the specific literature, here we chosen the standard
single K, suggested by Allen et al., (1998) in the report
of Food and Agriculture Organization. The reference
rate from the urban areas and bare soil was studied in
different places from the United States by Grimmond
& Oke (1999), which published for the first the K,
values for urban areas and bare soil. Considering the
appropriate latitude as a factor of relevance, the K.
values of the urban areas and bare soil were set
according with Grimmond & Oke (1999). According
with Nistor & Porumb-Ghiurco (2015) and Nistor et
al., (2016), the spatial distribution of K. and ET, was
mapping related to four seasons: initial, mid-season,
end season, and cold season. The seasons were set
following the crop growth during one year and
considering the initial season from March to May, the
mid-season from June to August, the end season from
September to October and the cold season from
November to February. In base of season’s divisions,
the values of initial season co-efficient (K i), mid-
season co-efficient (K. mig), end season co-efficient (K.
end) @nd cold season co-efficient (K. «iq) Were assigned
to land cover of the South East Europe. Figure 3
indicates the spatial distribution of K. in South East
Europe region. Table 1 shows the values of K. used in
present study.

3.4. Crop evapotranspiration (ET,)

ET, is the result of the product between K, and
ET,. The seasonal ET. and annual ET.were carried out
using the Spatial Analyst Tools from ArcGIS
environment. Because of the advantages in spatial data
analysis and mapping, but also for mathematical
operation, many papers call the powerful of this
software (Baltas, 2007; Deniz et al., 2011, Dezsi et al.,
2015; Nistor & Petcu, 2015). In order to find the
seasonal ET,, the initial ET. (ET. ) (EQ. (4), the mid-
season ET. (ET, mig) (EQ. (5), the end season ET, (ET,
end) (EQ. (6), and the cold ET, (ET. «i0) (EQ. (7) were

calculated. Further, summing the four ET, seasons for
present and future were carried out the annual ET, for

both periods. ET ini = ETyini X K¢ ini
(4)

ET¢ mia = ETo mia X K¢ mia ®)
ET¢ ena = ETo ena X K¢ ena (6)
ET¢ cota = ETo cota X K¢ cota )
Annual ETC = ETC ini + ETC mid + ETC late +

ETC cold (8)

In aim to depict the locations with major changes
between future and past annual ET,, the absolute and
relative changes were calculated. The absolute change
map was calculated making the difference between
future and present raster data of annual ET, (Eq. (9).
Successively, the relative changes was calculated
divided the absolute change raster map at annual ET,
raster map related to present (Eg. (10).

ET, absolute changes = future annual ET, —
present annual ET, 9)

ET, relative changes =
future annual ET, —present annual ET,

(10)

present annual ET,

4. RESULTS AND DISCUSSION

Seasonal and annual ET, results for present and
future periods show how ET, oscillate in response to
climate change. For the future period, climate models
indicate in several locations increases of mean annual
temperature up to 0.9 °C and decreasing of mean
annual precipitations by 50 mm. Due to increase of
mean annual temperature the ET, increase by almost
100 mm in South East Europe region, fact for which
the ET, changes will expected between present and
future.

Figure 4 depicts the spatial distribution of seasonal
ET. in South East Europe for both analysed periods.
Going through the findings, in the present period
(1991-2020), the ET, i, values ranges from 3 mm to
250 mm, while in the future period (2021-2050) the
ET,iniranges from 4 mm to 257 mm. In the mid-season
the ET. mjg ranges from 42 mm to 773 mm in the
present period and ET, g ranges from 45 mm to 857
mm in the future period.

The highest values of ET; g (over 600 mm) in
the present period are found in the southern sides of
South East Europe, mainly in North and East sides
of Greece, in South of Romania, eastern sides of
Bulgaria and European Turkey, and in northeastern
sides of Croatia. In the future period the high values
of ET. mig could be found in North, East, and central
parts of Greece, but also in the soutwestern parts of
Romania. The ET, ¢4 ranges from 0 mm to 272 mm
in the present period and ranges from 4 mm to 294
mm in the future period. As we expected, in the
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future period the ET, ¢,g has higher values than in the
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Table 1. Corine Land Cover coefficients used for seasonal ETc in South East Europe.

Corine Land Cover Kc ini season Kc mid season Kc end season [ Kc cold season
CLC
code CLC
2006 | Description Kc Ks Ku Kw Kclc Kc Ks Ku Kw Kclc Kc Ks Ku Kw Kclc Kc Ks | Ku Kw [ Kclc
111 Cominous_
urban fabric - - 0.2 - 0.2 - - 04 - 0.4 - - 0.25 - 0.25 - - - - -
112 Discontinupus
urban fabric - - 0.1 - 0.1 - - 0.3 - 0.3 - - 0.2 - 0.2 - - - - -
Industrial or
121 commercial
units - - 0.2 - 0.2 - - 04 - 0.4 - - 0.3 - 0.3 - - - - -
Road and rail
networks and
122 associated
land - - 0.15 - 0.15 - - 0.35 - 0.35 - - 0.25 - 0.25 - - - - -
123 Port areas - - 0.3 - 03 - - 0.5 - 0.5 - - 0.4 - 0.4 - - - - -
124 Airports - - 0.2 - 0.2 - - 04 - 0.4 - - 0.3 - 0.3 - - - - -
Mineral
131 extraction
sites - - 0.16 - 0.16 - - 0.36 - 0.36 - - 0.26 - 0.26 - - - - -
132 Dump sites - - 0.16 - 0.16 - - 0.36 - 0.36 - - 0.26 - 0.26 - - - - -
133 C_onstruc’rion
sites - - 0.16 - 0.16 - - 0.36 - 0.36 - - 0.26 - 0.26 - - - - -
141 Green urban
areas - - 0.12 - 0.12 - - 0.32 - 0.32 - - 0.22 - 0.22 - - - - -
Sport and
142 leisure
facilities - - 0.1 - 0.1 - - 0.3 - 0.3 - - 0.2 - 0.2 - - - - -
211 Non-irrigated
arable land 11 - - - 11 1.35 - - - 1.35 0 - - - 0 - - - - -
212 Permanently
irrigated land 1.2 1.2 1.45 1.45 1.35 1.35 - - - - -
213 Rice fields 1.05 - - - 1.05 1.2 - - - 1.2 0.6 - - - 0.6 - - - - -
221 Vineyards 0.3 - - - 0.3 0.7 - - - 0.7 0.45 - - - 0.45 - - - - -
Fruit trees and
222 berry
plantations 0.3 - - - 0.3 1.05 - - - 1.05 0.5 - - - 0.5 - - - - -
223 Olive groves 0.65 - - - 0.65 0.7 - - - 0.7 0.65 - - - 0.65 0.5 - - - 0.5
231 Pastures 04 - - - 04 0.9 - - - 0.9 0.8 - - - 0.8 - - - - -
Annual crops
associated
241 with
permanent
crops 0.5 - - - 0.5 0.8 - - - 0.8 0.7 - - - 0.7 - - - - -
Complex
242 cultivation
patterns 1.1 - - - 1.1 1.35 - - - 1.35 1.25 - - - 1.25 - - - - -
Land
principally
occupied by
agriculture,
243 with
significant
areas of
natural
Vegetation 0.7 - - - 0.7 1.15 - - - 1.15 1 - - - 1 - - - - -
244 Agro-forestry
areas 0.9 - - - 0.9 11 - - - 11 1.05 - - - 1.05 0.3 - - - 03
311 Broad-leaved
forest 13 - - - 13 1.6 - - - 1.6 15 - - - 15 0.6 - - - 0.6
Coniferous
312 | forest 1 - - - 1 1 - - - 1 1 - - - 1 I 1
313 Mixed forest 1.2 - - - 1.2 15 - - - 15 13 - - - 13 0.8 - - - 0.8
301 Natural
grasslands 0.3 - - - 0.3 1.15 - - - 1.15 1.1 - - - 1.1 - - - - -
322 Moors and
heathland 0.8 - - - 0.8 1 - - - 1 0.95 - - - 0.95 - - - - -
323 Sclerop_hyllous
vegetation 0.25 - - - 0.25 0.9 - - - 0.9 0.8 - - - 0.8 - - - - -
Transitional
324 woodland-
shrub 0.8 - - - 0.8 1 - - - 1 0.95 - - - 0.95 - - - - -
331 Beaches,
dunes, sands - 0.2 - - 0.2 - 0.3 - - 0.3 - 0.25 - - 0.25 - - - - -
332 Bare rocks - 0.15 - - 0.15 - 0.2 - - 0.2 - 0.05 - - 0.05 - - - - -
Sparsely
333 vegetated
areas 04 - - - 04 0.6 - - - 0.6 0.5 - - - 0.5 - - - - -
334 Burnt area - 0.1 - - 0.1 - 0.15 - - 0.15 - 0.05 - - 0.05 - - - - -
Glaciers and
335 perpetual
snow - - - 0.48 | 048 - - - 0.52 | 0.52 - - - 0.5 | 052 - - - 0.5 0.5
M1 Inland
marshes - - - 0.15 0.15 - - - 0.45 0.45 - - - 0.8 0.8 - - - - -
412 Peat bogs - - - 0.1 0.1 - - - 04 0.4 - - - 0.8 | 075 - - - - -
421 Salt marshes - - - 0.1 0.1 - - - 03 0.3 - - - 0.7 0.7 - - - - -
422 Salines - 0.1 - - 0.1 - 0.15 - - 0.15 - 0.05 - - 0.05 - - - - -
423 Intertidal flats 0.3 0.3 - - - 0.7 0.7 - - - 13 13 - - - - -
511 Water courses - - - 0.25 0.25 - - - 0.65 0.65 - - - 1.3 1.25 - - - - -
512 Water bodies - - - 0.25 | 0.25 - - - 0.65 | 0.65 - - - 13 1.25 - - - - -
501 Coastal
lagoons - - - 0.3 0.3 - - - 0.7 0.7 - - - 1.3 1.3 - - - - -
522 Estuaries - - - 0.25 | 0.25 - - - 0.65 | 0.65 - - - 13 1.25 - - - - -
523 Sea and ocean - - - 0.4 0.4 - - - 0.8 0.8 - - - 14 1.4 - - - - -
Kc - crop coefficient for plants, Ks - evaporation coefficient for bare soils, Ku - crop coefficient for urban areas, Kw - evaporation coefficient for open water, Kclc - crop coefficient for land cover

Source: From Allen et al., (1998); Nistor & Porumb-Ghiurco (2015); Nistor et al., (2017).
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Comparing the seasonal ET, and K. g patterns
which can make the difference, is clearly that in the fall
months (September and October) the ET, has
insignificant increase in the future period. The lower
values of ET, ¢ng fall below 30 mm in both periods. The
minimum values of ET, ¢ (0 mm) in the present period
are located in the main plains of the South East Europe,
including the South of Hungary, East of Austria,
northeast of Croatia, North of Serbia, central Bulgaria,
South and East sides of Romania and European part of
Turkey, where the non-irrigated arable lands are found
and where the main cereals (wheat, maize) and similar
crops such fodder crops, root crops and fallow land are
usually harvested after mid-season. High values of ET,
end (OVer 150 mm) have been depicted especially in
western part of the South East Europe (Slovenia,
Croatia, Montenegro, Albania, Greece, South of
Serbia, Central of Greece,), but also in the Carpathian
Region. The spatial distribution of the high values of
ET. eng In the future period are much closed to the
present, with few changes in the central and North of
Greece.

Due to the lower temperature in the cold season,
but also for the reduction of most types of vegetation
functioning, the ET. . in the present and the future
register lower values. Interestingly, the values from 0
mm to 111 mm were identified for the ET, 4 in the
present and in the future. The high values of ET; ¢
were registered in the central and east sides of Greece,
but also in the southeastern and eastern sides of
Bulgaria respective European Turkey.

The annual ET, values ranges from 56 mm to
1297 mm in the present period and ranges from 59 mm
to 1410 mm in future period. The highest values of
annual ET, (over 1000 mm) for the present could be
found in the central and northeastern of Greece,
southwestern of Romania, East of Croatia, North of
Bosnia and Herzegovina, West of Albania, southeast of
Bulgaria, northeast of European Turkey, and east of
Serbia. The spatial distribution of future annual ET.
shows more locations with high values. Thereby, in the
South, West and southwest of Romania, eastern and
northeastern sides of Greece, North and central sides of
Bulgaria, East of Croatia, North of Bosnia and
Herzegovina, East and West of European Turkey were
identified values of ET. higher than 1200 mm. The
lower values of annual ET, for the present and future
are located in northwest of the region especially in the
Alps Range, in North and central sides of the region
especially in the Carpathian Mountains, but also in
several mountain places from eastern part of the South
East Europe and in the southwestern sides of Bulgaria.
Figure 5 depicts the present and future annual ET.
distribution in South East Europe region.

The absolute and relative changes were carried

out to check the areas with more impact under climate
change between future and present periods. The areas
with significant changes of absolute changes are
located in South, southwestern and East sides of the
South East Europe. Few absolute changes are founded
in North and northeast sides of the South East Europe.
The relative changes indicates that the central of
Greece, but also the East of Albania registered changes
with values higher than 0.08% between both future and
present periods. Figure 6 shows the absolute and
relative changes of annual ET. between present and
future periods.

Calculation of the seasonal and annual ET, in
South East Europe related to present and future periods
was the main goal of the present study. Recent climate
change indicated a warm of climate in many locations
of the Globe, but also the future models shows rise in
mean annual temperature up to 3°C and decrease in
mean annual precipitation (IPCC, 2001; Stavig et al.,
2005; IPCC, 2007; IPCC, 2014; The Canadian Centre
for Climate Modelling and Analysis, 2014). The
models created for the South East Europe indicates the
maximum increase by 0.9°C of the mean annual
temperature and a decrease by almost 50 mm of mean
annual precipitation. These observations are in line
with recent issues about climate (IPCC, 2001; IPCC,
2007; IPCC, 2014).

The seasonal ET, mapping considering four
stages of crop growth followed the methodology
proposed by Nistor & Porumb-Ghiurco (2015), Nistor
et al., (2016), and Nistor et al., (2017). In reality, the
development stage of crops can be inserted between
initial and mid-season, but because of overlapping in
the growth crops calendar and because of heterogeneity
of the land cover in South East Europe, it was agreed to
include it in the initial season (Nistor & Porumb-
Ghiurco, 2015; Nistor et al., 2016). Thus, insignificant
variations between present and future in the ET, i,y may
be explained by climate changes in spring months
(March to May) especially in mean monthly
temperature which implies the changes in mean ET,.
Interestingly is that in the future period the values
higher than 700 mm of ET. iz 0ccupies more territories
in comparison with the present period. Thus, the
elevated ET. mig Vvalues are located in South,
southwestern, and southeastern sides of Romania,
North and East of Greece, West of European Turkey,
east of Bulgaria, central of Serbia. The places with
maximum values of ET. g correspond to land covered
by broad-leaved forest, complex cultivation patterns,
and agro-forestry areas. The places with lower ET, g
are found in the Eastern Alps, Southern Carpathians
and Dinaric Mountains, where are the elevated areas,
lower temperatures and where the ET, fall below 400
mm year™.
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Figure 4. Spatial distribution of seasonal ETc in South East Europe. a. ET.,; for the initial stage (1991-2020). b.
ET. mig for the mid-season stage (1991-2020). c. ET, ¢, for the end stage (1991-2020). d. ET. ¢ for the cold stage
(1991-2020). e. ET.;y; for the initial stage (2021-2050). f. ET. g for the mid-season stage (2021-2050). g. ET, g for the
end stage (2021-2050). h. ET, 4 for the cold stage (2021-2050).

Referring to the ET. (o4 Spatial distribution, the
highest values were located in the areas where the
mean annual temperature is higher in cold season than
in others areas, but also in that areas the K. values are
higher than in other areas due to presence of evergreen
and broad-leaved forests which contributed to an
increase of ET, g even if the temperature are lower.
The high values of annual ET,. (over 1200 mm) are
identified in the South and South-East sides of the
region, but also the values over 1200 mm of ET, are
found in central and West of South East Europe. The
highest values of ET, in respective areas are influenced
by the high temperatures and high K. of vegetation
(e.g. broad-leaved forest). The annual and seasonal ET,
values obtained in the mountains ranges and for the

lowlands in South East Europe are close to annual and
seasonal ET, values reported by Nistor et al., (2016),
Nistor et al., (2017) for the Carpathian region and
lowlands from Pannonian basin.

5. CONCLUSIONS

Based on the results, the recent and future
climate influences negatively the ET. in South East
Europe. This impact of climate change has a strong
imprint in the South and East sides of the region. In
both periods, the ET. g Season indicates the heights
values during the whole year, while in the ET. coq
season the values are minimal.
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The gaps of the study may be assimilated in some
aspects which regards the field research. Thus, due to
large extension of the region, the field measurements
with lysimeters of each land cover type were absent.
Also, the evapotranspiration rate of water coming by
irrigation was not considered by present research.
These limitations do not affects the investigations
because the standard K, taking from literature were
tested in many location of the world and together the
empirical equations the methodology applied here
gave good results at regional scale.

The main findings indicate values up to 1297 mm
and 1410 mm for the annual ET, in the present
respective in the future periods, fact for which the
agriculture lands, but also the areas with high intake
of water should be in good managing for the
following period. Considering the outcomes of this
paper, the future investigations may be focused on the
ET.assessment of same crops in different countries in
aim to mitigate and improve the new plans of strategy
for South East Europe regarding agriculture and water
resources. Moreover, the findings of the paper can be
helpful for the climatologists, hydrogeologists, but
also for the environmental scientists and
policymakers which built the planning studies in one
of the most important region of Europe.
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