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ABSTRACT: 

Land cover and spatial variation of seasonal temperature may contribute to different 

evapotranspiration rates between the European regions. In order to assess the integral effect 

of land cover and climate on water resources, we implemented a procedure which allows 

defining favorability areas to high rate of evapotranspiration. Seasonal mean air temperature 

for the present (2011-2040) and future (2041-2070) combined with the seasonal crop 

coefficients of current future projections of land cover for the 2040s have been used to 

evaluate the various degrees of evapotranspiration at European scale. Extremely high and 

very high degree of evapotranspiration tendency were verified for Southern, Eastern, 

Western and Central of Europe during the mid-season period. The low and very low 

evapotranspiration favorability were found in the Scandinavian Peninsula and in the Alps, 

Dinarics, and Carpathian during the present period in all the seasons. In the cold season, the 

land cover favorability to evapotranspiration (LCFE) is low and very low in almost the 

whole Europe. These findings indicate that the southern and western regions of Europe are 

facing low water availability, decrease in surface water flow, and possible long periods of 

drought in the summers.  
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1. INTRODUCTION 

Europe is a dynamic continent from many points of view. Changes in land cover 

pattern after the 1980s and urban development were observed continuously in many 

locations, especially around the capitals and larger cities. Natural places, such as mountain 

areas and the wetlands indicate a low degree of urbanization, but at the same time, these 

regions are facing global natural changes. The climate is warming (Haeberli et al, 1999; 

IPCC, 2001) and most of the glaciers and ice lands have been retreating continuously in the 

last decades (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). The main variations at 
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global and continental scales come from changes in the mean air temperature which are 

expected to increase for the mid-century. Moreover, the natural systems are often 

influenced by climate change (Parmesan & Yohe, 2003; Aguilera & Murillo, 2009; Yustres 

et al, 2013; Jiménez Cisneros et al, 2014; Kløve et al, 2014). The most affected resources 

by climate change are the water resources, both freshwater and groundwater (Loàiciga et al, 

2000; Bachu & Adams, 2003; Brouyère et al, 2004; Campos et al, 2013; Nistor et al, 2014; 

Prăvălie et al, 2014). The ecosystems are also facing climate change in many places from 

the globe, with significant changes in the biodiversity composition as well (Nistor, 2013; 

Nistor & Petcu, 2014). 

In the last decades, climate change effects on water resources were claimed in details 

through numerous examples, regarding water quality and water quantity (Jiménez Cisneros 

et al, 2014). More than this, the climate change impact together with the land cover 

contributes to the hydrologic sensitivity of an area. Öztürk et al (2013) modelled the impact 

of land use on rural watershed from northern Turkey, mentioning that the hydrological 

processes influence watersheds with respect to meteorology, surfaces and underground 

characteristics. Thus, land cover represents a crucial factor in evapotranspiration, runoff, 

infiltration, and groundwater recharge (Öztürk et al, 2013). The runoff and 

evapotranspiration have been studied by Čenčur Curk et al (2014) in South-East Europe for 

groundwater vulnerability. Cheval et al (2017) used regional coupled models in the 

determination of aridity in South-Eastern Europe. In their survey, climate change and land 

cover have been carefully studied and several areas with high vulnerability were depicted, 

especially in locations with less water availability, aquifers characteristics, and pollution 

load index of each land cover type. Thus, an important role of surface and groundwater 

resources come from the evapotranspiration phenomena, which shows an essential concern 

for water balance and water surplus (Li et al, 2007; Rosenberry et al, 2007; Gowda et al, 

2008). At the temperate zone, climate and land cover are directly responsible for 

evapotranspiration, a fact for which many investigations on this topic have been carried out 

in recent years by Ambas & Baltas (2012), Nistor & Porumb-Ghiurco (2015), Nistor et al 

(2016a), Nistor et al (2016b), Nistor et al (2017a), Nistor et al (2017b). They applied an 

original method, which assesses crop evapotranspiration at regional scale based on seasonal 

potential evapotranspiration, and standard seasonal crop coefficients (Kc) presented in the 

FAO Paper no. 56 (Allen et al, 1998; Allen, 2000). Considering this methodology, changes 

of climate and land cover could be problematic for many natural systems of the regions, 

e.g. groundwater and surface hydrology, agriculture and orchards, desertification in the dry 

grassland areas. Nistor (2016) determined the seasonal Kc for the Paris metropolitan area. 

In the Kingdom of Saudi Arabia, Güçlü et al (2017) calculated evapotranspiration using a 

regional fuzzy chain model. Based on the REMO and ALADIN regional climate models, 

Ladányi et al (2015) analyzed the drought hazard in south-central Hungary, in the 

Kiskunság National Park. Gao et al (2007) estimated the actual evapotranspiration over 

China during 1961-2002. The spatial-temporal characteristics of the actual 

evapotranspiration have been completed by Gao et al (2012) in the Haihe River basin from 

East China. 

Regarding heterogeneity of the European continent and the current climate change, 

significant changes in the climate parameters such as temperature, rainfall, and 

evapotranspiration are expected for the mid-century. Considering the land cover projections 

for Europe, different visions over the economy, agriculture, industry, and natural 

ecosystems may be drawn. A method, which combines mean air temperature and land cover 
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to evaluate the synergy of climate and vegetation pattern on evapotranspiration parameter, 

could be a new issue for Europe, from many points of view.  

The scope of the present paper is to propose a methodology to assess the effect of 

seasonal temperature and seasonal Kc on evapotranspiration following the spatial-temporal 

scale of Europe during 2011-2070. The second scope is to identify the favorability areas 

with different degrees for the evapotranspiration. Our results contribute both to the 

specialty literature of Europe and may be useful to policymakers for decision making 

regarding agricultural management and environmental planning. 

2. STUDY AREA 

The analyzed territory in this paper includes the Western, Northern, Southern, and 

Central regions of Europe. To these lands are added the British Islands and some islands 

from the Mediterranean Sea, e.g. Sardinia, Corsica, Aegean Islands, Baleares Islands. The 

 
Fig. 1. (a). The physical map of European continent. (b). Land cover of the Europe. 
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eastern sides of the continent, such as Russian, Ukraine, and Belarus have not been 

investigated here due to lack of land cover data. For future projections, Switzerland, 

Norway, and countries from the West of Balkan Peninsula do not have already completed 

land cover patterns. For Iceland, climate data are absent. The morphology of Europe 

indicates numerous landforms in correspondence with the main reliefs that are found in the 

territory (Fig. 1a). The highlands of the continent consist mainly of mountain chains: Alps 

Range, Carpathian Range, Dinarics Mountains, Pyrenees Mountains, Scandinavian 

Mountains and Apennines Mountains. The lowlands overlap to the North European Plain, 

Pannonian basin, South of British Islands, Romanian Plain, Po Plain. Between mountains 

and plains, hilly and plateau reliefs could be found. The coastline of Europe shows very 

articulated promontories, sea bays, fjords, and islands.  

The geographical position, in the northern hemisphere between 34°35’ to 80°42’ 

latitude N and 8°59’ longitude W to 66°42’ longitude E and the presence of the Atlantic 

Ocean in the West are the main factors which influence the climate of Europe. Thus, in the 

North, there is more of a Baltic climate, while in the South, the Saharan and Mediterranean 

influences are felt. The western side of Europe together with the British Islands have more 

oceanic influences and in the eastern parts, the continentality is more presented. The relief 

arrangement and the regional wind movements induce local climate such as mountain 

climate, Pontic influence near the Black Sea and the transition climate between oceanic and 

continental could be identified in the East-central parts. The mean air temperature range 

from -12 °C to 21 °C and the maximum mean precipitation reaches 3500 mm year-1. 

According to the Köppen-Geiger climate classification, the Cfa climate characterized by 

hot summers and a fully humid period was depicted in the Central, North-central, Southern, 

and Southeastern sides (Kottek et al, 2006). In the Scandinavian Peninsula and in the 

northeastern extremities, the Dfc class (cool climate) has been observed. The eastern and 

southeastern areas of Europe have Dfa and Dfb climates, which implies a cool climate but 

with hot and warm summers. The Csb climate was identified in the North of the Iberian 

Peninsula while in the South of the Iberian Peninsula, the Csa climate was depicted (Kottek 

et al, 2006). The high mountains and in the Scandinavian territory, the tundra climate is 

presented due to low temperatures (Kottek et al, 2006).   

According to relief and climate, the vegetation of Europe is very diversified (Fig. 1b). 

The plains and hilly areas are favorable for agricultural lands, herbaceous vegetation, and 

grasslands. In the mountain areas up to 1800 m altitude, there extends the coniferous 

vegetation. Broad-leaved and mixed forests grow both in the mountains and hilly areas. The 

main species of trees that can be found in Europe include the oak (Quercus), elms (Ulmus), 

beech (Fagus), and hornbeam (Carpinus) (European Environment Agency, 2007). 

Transnational woodland, shrubs and pasture predominantly cover the elevated areas (over 

1800 m). The coastal areas are often covered by green vegetation of various types of trees 

and sclerophyllous vegetation. Deltas, lagoons, and marshes are specifically for the low 

coastal areas such as Rhone Delta, Po Delta, and Danube Delta. European coastlines do not 

miss artificial port areas, man-made infrastructure and dams.  

3. MATERIALS AND METHODS 

3.1. Climate data 

In order to determine the seasonal temperature of Europe at a spatial scale, we used the 

climate models of temperature for 30 years related to 2011 to 2040 (present) and 2041-2070 

(future). Andreas Hamann, from Alberta University, Canada, constructed these climate 
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models at a very high resolution using the ANUSplin interpolation method. The mean 

monthly air temperature served to complete the raster datasets for four seasons according to 

the seasonal periods in the temperate zone but also in relationship with the growth plant 

calendar in Europe. The climate models were carried out based on the historical data from 

1901 to 2013 followed the Mitchell & Jones (2005) method.  

The ClimateEU v4.63 software package has been used to complete the climate models. 

The CMIP5 multi-model dataset, related to the IPCC Assessment Report 5 (2013) have 

been considered for the future projections. Representative Concentration Pathway (RCP) 

4.5 by +1.4°C (±0.5) for the 2050s was used due to the global warming mean projections. 

The methodology of the models is exposed in a clear way by Hamann & Wang (2005), 

Daly et al. (2006), Mbogga et al (2009), and Hamann et al (2013).  For the present study, 

the climate models spatial resolution was set at 1 km2.   

   

 
Fig. 2. Land cover projections of Europe. (a) Scenario A1. (b) Scenario A2. (c) Scenario B1. (d) 

Scenario B2. Source: Sustainable futures for Europe’s HERitage in CULtural landscapES” 

project (http://www.hercules-landscapes.eu/). 

3.2. Land cover data 
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CORINE Land Cover raster data from 2012 at 250 m2 spatial resolution have been 

used to identify the main crops, shrubs and trees, and the land use in Europe. We agree with 

the CORINE Land Cover due to its georeferenced characteristics and the detailed classes up 

to 4th level.  

 

 

 

 

 

 

 

 

Table 1. Corine Land Cover classes and representative seasonal Kc coefficients in Europe during the present 

period.  

Corine Land Cover 
Kc ini 

season 

Kc mid 

season 

Kc end 

season 

Kc cold 

season 

CLC code 
2012 

CLC Description Kclc Kclc Kclc Kclc 

111 Continous urban fabric 0.2 0.4 0.25 - 

112 Discontinuous urban fabric 0.1 0.3 0.2 - 

121 Industrial or commercial units 0.2 0.4 0.3 - 

122 Road and rail networks and associated land 0.15 0.35 0.25 - 

123 Port areas 0.3 0.5 0.4 - 

124 Airports 0.2 0.4 0.3 - 

131 Mineral extraction sites 0.16 0.36 0.26 - 

132 Dump sites 0.16 0.36 0.26 - 

133 Construction sites 0.16 0.36 0.26 - 

141 Green urban areas 0.12 0.32 0.22 - 

142 Sport and leisure facilities 0.1 0.3 0.2 - 

211 Non-irrigated arable land 1.1 1.35 1.25 - 

212 Permanently irrigated land 1.2 1.45 1.35 - 

213 Rice fields 1.05 1.2 0.6 - 

221 Vineyards 0.3 0.7 0.45 - 

222 Fruit trees and berry plantations 0.3 1.05 0.5 - 

223 Olive groves 0.65 0.7 0.65 0.5 

231 Pastures 0.4 0.9 0.8 - 

241 Annual crops associated with permanent crops 0.5 0.8 0.7 - 

242 Complex cultivation patterns 1.1 1.35 1.25 - 

243 
Land principally occupied by agriculture, with 
significant areas of natural vegetation 

0.7 1.15 1 - 

244 Agro-forestry areas 0.9 1.1 1.05 0.3 

Source: From  Allen et al. (1998); Nistor and Porumb-Ghiurco (2015); Nistor (2017); Nistor et al. (2017) 
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This database is available on Copernicus Land Monitoring Services (2012) website. The 

projections of future land cover for the main European countries were carried out in the 

“Sustainable futures for Europe’s HERitage in CULtural landscapES” (Hercules) project, 

GA no. 603447 (Schulp et al, 2015). The Hercules models offer a spatial vision of the land 

cover dynamics based on the fourteen trajectories in the land cover trend. These trajectories 

incorporate the macro-economic and land use modes taking into account urbanization, 

agriculture, and forestry. The “Landscape Character Index”, extracted from various 

landscapes such as land use intensity, structures, and patterns (Schulp et al, 2015) was 

considered during mapping of the future land cover. In the present paper, we used the 

projections of A1, A2, B1, and B2 land cover scenarios for the 2040s, which illustrate 

sixteen classes of land types (Fig. 2). Access to these scenarios could be done through the 

Hercules website (http://www.hercules-landscapes.eu/). Entire procedure to obtain the land 

cover models is exposed in Report no. 1 of the Hercules project (Schulp et al, 2015). All 

Table 1. Corine Land Cover classes and representative seasonal Kc coefficients in Europe during the 

present period (continue).  

Corine Land Cover 
Kc ini 
season 

Kc mid 
season 

Kc end 
season 

Kc cold 
season 

CLC code 

2012 
CLC Description Kclc Kclc Kclc Kclc 

311 Broad-leaved forest 1.3 1.6 1.5 0.6 

312 Coniferous forest 1 1 1 1 

313 Mixed forest 1.2 1.5 1.3 0.8 

321 Natural grasslands 0.3 1.15 1.1 - 

322 Moors and heathland 0.8 1 0.95 - 

323 Sclerophyllous vegetation 0.25 0.9 0.8 - 

324 Transitional woodland-shrub 0.8 1 0.95 - 

331 Beaches, dunes, sands 0.2 0.3 0.25 - 

332 Bare rocks 0.15 0.2 0.05 - 

333 Sparsely vegetated areas 0.4 0.6 0.5 - 

334 Burnt area 0.1 0.15 0.05 - 

335 Glaciers and perpetual snow 0.48 0.52 0.52 0.48 

411 Inland marshes 0.15 0.45 0.8 - 

412 Peat bogs 0.1 0.4 0.75 - 

421 Salt marshes 0.1 0.3 0.7 - 

422 Salines 0.1 0.15 0.05 - 

423 Intertidal flats 0.3 0.7 1.3 - 

511 Water courses 0.25 0.65 1.25 - 

512 Water bodies 0.25 0.65 1.25 - 

521 Coastal lagoons 0.3 0.7 1.3 - 

522 Estuaries 0.25 0.65 1.25 - 

523 Sea and ocean  0.4 0.8 1.4 - 

Source: From  Allen et al. (1998); Nistor and Porumb-Ghiurco (2015); Nistor (2017); Nistor et al. (2017) 
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maps were set at 1 X 1 km to be in line with the climate models resolution. The ArcGIS 

environment was used for this investigation due to its reliability in spatial analysis of  

territory (Chaieb et al, 2017; Nistor & Petcu, 2015).  

 

3.3. Seasonal crop coefficients (Kc) 

Each vegetation type has an evapotranspiration capacity called Kc. In order to calculate 

the crop evapotranspiration, Allen et al (1998) used the methodology based on standard Kc. 

These coefficients have been calculated both for single and dual crops, at different latitudes 

and in different climate types. According to Allen et al (1998), we set the seasonal Kc for 

the four seasons specific in the temperate zone. In the urban areas and bare soils, 

Grimmond & Oke (1999) completed the Kc in several cities and locations from the United 

States. In the European regions, such as Pannonian basin and South East Europe, Nistor et 

al (2017a) and Nistor et al (2017b) analyzed crop evapotranspiration at spatial scale 

incorporating climate models and land cover data. They provided the Kc values for 

CORINE land cover classes and they explained the time shifts for the four seasons in their 

study area.  

Here, we adopted the above methodology to assess the Kc values both for the present 

land cover and for the future. We agree with four seasons like initial season (Kc ini) during 

March, April and May, the mid-season (Kc mid) during June, July and August, the end 

season (Kc end) during September and October, and the cold season (Kc cold) during January, 

February, November, and December. These periods were set first by Nistor & Porumb-

Ghiurco (2015) who proposed the regional methodology at regional scale for Emilia-

Romagna region. Further, Nistor et al (2016b) applied the same procedure for the 

Carpathian region. The stages, periods and the standard Kc values may slightly vary from 

place to place, with respect to latitude and local climate.   

Table 1 reports the seasonal values of Kc used in this paper for the present period 

while Table 2 illustrates the kc values for the projected land cover scenarios.  

 

  

0 - 2 0.21 - 0.6 0.61 - 0.8 0.81 - 1 1.01 - 1.3 > 1.3

Very low Low Medium High Very high Extremely high

Very cool  ˂ 0 Very low Very low Very low Very low Very low Very low Very low

Cool 0 - 4 Low Very low Low Low Medium Medium Medium

Temperate 5 - 10. Medium Low Low Medium Medium High High

Warm 11 - 15. High Low Medium Medium High Very high Very high

Hot 16 - 20. Very high Medium Medium High Very high Very high Extremely high

Very hot > 20 Extremely high High High Very high Very high Extremely high Extremely high

Very low Low  Medium High Very high Extremely high

Temperature [° C]

Crop coefficient

Susceptibility degree for evapotranspiration

Susceptibility 

degree 

 

Fig. 3. The inference matrix used to assess the LCFE in Europe. 
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3.4. NISTOR–LCFE method for assessing the land cover favorability for 

evapotranspiration  

The goal of the survey is to assess the seasonal temperature and seasonal Kc for 

Europe and to determine a method, which defines the areas with different degrees of 

evapotranspiration favorability. New Implemented Spatial-Temporal On Regions–Land 

Cover Favorability to Evapotranspiration (NISTOR-LCFE) method has been set to map 

favorability areas to evapotranspiration, and accounting for both the seasonal mean air 

temperature and seasonal Kc values. NISTOR–LCFE approach is a new tool based on 6 × 6 

Table 2. Corine Land Cover classes and representative seasonal Kc coefficients used for the future 

scenarios in Europe. 

Corine Land Cover 
Kc ini 
season 

Kc mid 
season 

Kc end 
season 

Kc cold 
season 

CLC 

projection 

code 

CLC Description Kclc Kclc Kclc Kclc 

0 Built-up area 0.16 0.36 0.26 - 

1 Arable land (non-irrigated) 1.1 1.35 1.25 - 

2 Pasture 0.4 0.9 0.8 - 

3 

Natural and semi-natural vegetation 

(including Natural grasslands, 

scrublands, regenerating forest 
below 2 m, and small forest patches 

within agricultural landscapes) 

0.45 1.1 1 - 

4 Inland wetlands 0.15 0.45 0.8 - 

5 Glaciers and snow 0.48 0.52 0.52 0.48 

6 Irrigated arable land 1.2 1.45 1.35 - 

7 

 

Recently abandoned arable land (i.e. 
“long fallow”; includes very 

extensive farmland not reported in 

agricultural statistics, herbaceous 
vegetation, grasses and shrubs below 

30 cm) 

0.3 1.15 1.1 - 

8 Permanent crops 0.5 0.8 0.7 - 

10 Forest 1.2 1.5 1.3 0.8 

11 Sparsely vegetated areas 0.4 0.6 0.5 - 

12 Beaches, dunes and sands 0.2 0.3 0.25 - 

13 Salines 0.1 0.15 0.05 - 

14 Water and coastal flats 0.3 0.7 1.3 - 

15 Heathland and moorlands 0.8 1 0.95 - 

16 

Recently abandoned pasture land 

(includes very extensive pasture land 
not reported in agricultural statistics, 

grasses and shrubs below 30cm) 

0.6 1 0.9 - 

Source: From  Allen et al. (1998); Nistor and Porumb-Ghiurco (2015); Nistor (2017); Nistor et al. (2017) 
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matrix that provides six degrees of favorability and it is easy to implement at  spatial-

temporal scale. Nistor et al (2016a), Nistor & Mîndrescu (2017) have used an appropriate 

survey by matrix application in the hydrology study. Firstly, we classify the 

evapotranspiration favorability based on temperature and Kc values in six-degree classes: 

very low, low, medium, high, very high, and extremely high. The classification was done 

according to previous studies and observed thresholds of seasonal temperature and Kc 

values that may influence the evapotranspiration phenomena. We agree with the matrix 

classification due to climate and hydrological processes that may occur at different 

temperatures, in various types of vegetation cover. Figure 3 shows the proposed matrix 

used in the present methodology. 

4. RESULTS   

The seasonal mean air temperature and seasonal Kc have been completed for Europe in 

two time shifts (present and future) on the basis of the presented methodology. Figure 4 

depicts the seasonal temperature in Europe for the 2011-2040 and 2041-2070 according to 

the four seasons of crop development. During the initial season, the mean air temperature 

reaches high values (over 12 °C) both in the present and in the future period, showing that 

the Iberian Peninsula, Pannonian basin, coastal areas of the Italian Peninsula, and in North 

of Balkan Peninsula are the regions more warm in this stage.  

The low values (below 0° C) of temperature during the initial season could be found in the 

Scandinavian Mountains, Alps Range, Carpathian Range, Dinaric Mountains, and in the 

North of Europe (Figs. 4a and 4b). In the mid-season period, the high values of mean air 

temperature exceed 26 °C in the areas of Po Plain, South of Iberian Peninsula, Aegean 

Islands, and in the southeastern sides of the Balkan Peninsula. For the 2041-2070 period, 

the areas with high temperature extend at spatial scale of West and East parts of Italy and in 

the North of Balkan Peninsula. The low values of temperature in the mid-season were 

registered in the Alps Range, Scandinavian Peninsula, and in the North of British Islands 

(Figs. 4c and 4d). The air temperature in the end season reaches values over 20 °C 

especially in the central and West Iberian Peninsula, West of Sardinia, South of Sicily, and 

in the Aegean Islands. In the future period, areas with high values of temperature extend in 

the coastline of the Italian Peninsula, Po Plain, South of France, and in the East of Balkan 

Peninsula. The low values of mean air temperature could be depicted in the mountain areas, 

North of Europe and North of British Islands (Figs. 4e and 4f). In the cold season, both 

models illustrate low values of air temperature (below 4 °C) in most part of central, eastern, 

and northern Europe, and the mountain belts. Low values are also presented in the North of 

British Islands and some areas from the Balkan Peninsula, where the elevated heights are. 

During the cold season, the West and South of Europe, mainly the Atlantic coast of the 

Iberian Peninsula and the Mediterranean Islands register values around 10-13 °C of air 

temperature.  Interestingly, the air temperature models indicate higher values for the future 

in all seasons (Figs. 4g and 4h). As we expected, the temperature changes are located in the 

South East, in the West and in the South of Europe and extend in the territory.  
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Fig. 4. Spatial distribution of seasonal air temperature in Europe. (a) Temperature for the initial (ini) 

season (2011 – 2040). (b) Temperature for the initial (ini) season (2041 – 2070). (c) Temperature for 

the mid-season (mid) (2011 – 2040). (d) Temperature for the mid-season (mid) (2041 – 2070). (e) 

Temperature for the end season (2011 – 2040). (f) Temperature for the end season (2041 – 2070). (f) 

Temperature for the cold season (2011 – 2040). (h) Temperature for the cold season (2041 – 2070). 
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Fig. 6. Spatial distribution of Kc in Europe related to the projection of scenario A1. (a) Kc ini for the 

initial season. (b) Kc mid for the mid-season season. (c) Kc end for the end season. (d) Kc cold for the 

cold season. 

 

 

 

Fig. 5. Spatial distribution of Kc in Europe related to the present land cover. (a) Kc ini for the 

initial season. (b) Kc mid for the mid-season season. (c) Kc end for the end season. (d) Kc cold 

for the cold season. 
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During the present period, the Kc values range from 0 to 1.6 and register the maximum 

values in the mid-season stage (Fig. 5). The high values (1.31-1.6) could be depicted in the 

central, West, South-East, and South parts of Europe. The lower values of the Kc are 

related to the cold season when major parts of the continent have Kc values that range from 

0 to 0.3. During the initial and end seasons, the Kc values reach 1.3 and 1.5 respectively 

and mean Kc indicates values around 0.81-1. The future land Kc illustrates values between 

0 and 1.5, the maximum values being assigned for the mid-season stage. The cold season 

shows values up to 0.8 and the larger sides of the Europe have values of Kc between 0 and 

0.48. Differences in the Kc pattern for the future are illustrated in Figures 6-9.     

The LCFE map shows high and very high degree of favorability for the initial season 

in the East, South, and West sides of Europe, especially in the lowlands and on the coastal 

areas. The medium degree spread mainly in the Scandinavian Peninsula, Carpathian 

Mountains, Eastern Alps, central sides of the Europe, and in South of Iberian Peninsula. 

The low and very low LCFE were depicted in the North of Europe, North and West of the 

British Islands and in the mountain areas, especially in the Alps Range, Pyrenees, Central 

Apennines, and Dinaric Mountains. In the future period, increase in high degree has been 

observed in the Scandinavian Peninsula and in eastern Europe. The medium class of LCFE 

increases also for all scenarios in the Iberian Peninsula and in South of Europe, e.g. Sicily 

Island, Aegean Islands, South of Balkan Peninsula. Figure 10 illustrates the favorability  

degree in Europe related to the initial season.  

 

 

 
Fig. 7. Spatial distribution of Kc in Europe related to the projection of scenario A2. (a) Kc ini for the 

initial season. (b) Kc mid for the mid-season season. (c) Kc end for the end season. (d) Kc cold for 

the cold season. 
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Fig. 8. Spatial distribution of Kc in Europe related to the projection of scenario B1. (a) Kc ini for the 

initial season. (b) Kc mid for the mid-season season. (c) Kc end for the end season. (d) Kc cold for 

the cold season. 

 
Fig. 9. Spatial distribution of Kc in Europe related to the projection of scenario B2. (a) Kc ini for the 

initial season. (b) Kc mid for the mid-season season. (c) Kc end for the end season. (d) Kc cold for the 

cold season. 
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In the mid-season, the extremely high degree of LCFE was depicted in the lowlands of 

southern Europe, but also in the West, North, and East of Europe. In the Alps Range, 

Pyrenees and Scandinavian Mountains, the degree is low and very low, whereas, in the 

Carpathians, Dinarics, Scottish, and Apennines Mountains the LCFE is medium.  

 

 
Fig. 10. Spatial distribution of LCFE in Europe during the initial season. (a) Present. (b) 

Scenario A1. (c) Scenario A2. (d) Scenario B1. (e) Scenario B2. 
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Fig. 11. Spatial distribution of LCFE in Europe during the mid-season. (a) Present. 

(b) Scenario A1. (c) Scenario A2. (d) Scenario B1. (e) Scenario B2. 
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The medium LCFE was found also in the large capitals and cities, e.g. London, Paris, 

Birmingham, and in the central and western sides of the Scandinavian Peninsula. The future 

scenarios indicate largest areas with an extremely high degree of the LCFE in the central, 

South, West, and some eastern sides of the Europe. Figure 11 depicts the favorability 

degree in Europe related to the mid-season.  

 
Fig. 12. Spatial distribution of LCFE in Europe during the end season. (a) Present. (b) 

Scenario A1. (c) Scenario A2. (d) Scenario B1. (e) Scenario B2. 
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During the end season, the present LCFE map illustrates large areas with high and very 

high degree for evapotranspiration favorability, while the extremely high LCFE was 

depicted mainly in the West of Iberian Peninsula, South of Balkan Peninsula, Italian 

Peninsula, in some places from central Europe, and in the Mediterranean Islands. Medium, 

low, and very low degree were identified in the Alps Range, Scandinavian Peninsula, North 

of British Islands, Pyrenees Mountains, East of Sicily and in the Etna Mount. The medium 

LCFE extends also in the large urban areas, and in the central Iberian Peninsula, South of 

France, sparsely in the central and East of Europe. The future scenarios show increase of 

areas with extremely high degree of evapotranspiration favorability, especially in the 

southern, western, and eastern sides of Europe. The favorability degree in the end season of 

Europe is presented in Figure 12.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Very low degree of LCFE is depicted in the cold season mainly in the northern, central, 

and eastern sides of Europe. The low degree of LCFE is predominantly in the West and 

South of the continent, while medium LCFE appears in the West of the Iberian Peninsula 

 
Fig. 13. Spatial distribution of LCFE in Europe during the cold season. 

(a) Present. (b) Scenario A1. (c) Scenario A2. (d) Scenario B1. (e) 

Scenario B2. 
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and sparsely in central and northern Europe, in Italian and Balkan Peninsula. This degree 

class extends also in the South of the Scandinavian Peninsula, but only for the present 

period. The future scenarios show an increase of low and very low degree in the East and 

North of Europe, whereas in the West and South of Europe, the medium class increases in 

the spatial distribution. A remarkable situation about high and very high degree of LCFE 

could be found only for the present in few locations from South of Italy, South of Balkan 

Peninsula, around the coastal areas of the Iberian Peninsula, and in the Aegean Islands. 

Figure 13 depicts the favorability degree in Europe related to the cold season.  

5. DISCUSSION 

The main goal of this paper is to evaluate the seasonal mean air temperature and the 

seasonal Kc in Europe during 2011-2040 and 2041-2070 and to implement a methodology 

to identify areas with different degrees of favorability to evapotranspiration.  The 

seasonality in Europe and, in general, in the temperate zone indicates four stages with 

various characteristics in the climate regime and growth of plants. As a parameter which 

indicates the exchange between vegetation and atmosphere (Chen et al, 2006), the 

evapotranspiration parameter is a useful indicator in hydrological and climate studies. First 

and the most important input for the evapotranspiration calculation is temperature because, 

without positive values of temperature, lack of energy as a result cannot produce 

evapotranspiration. Spatial distribution of seasonal mean air temperature is very diversified 

in Europe, with significant influences of Atlantic Ocean in the West and Mediterranean 

influences in the South sides, where temperatures are higher than in central, eastern and 

northern Europe. On the Eastern sides, North of the Black Sea, the high values of seasonal 

temperature are present also. These higher values of temperature were found in all seasons. 

A slight increase for the future period (2041-2070) could be observed. Continentality and 

large parts of land in eastern Europe contribute to the low and negative temperature in the 

cold season. The North of Europe is influenced by the Arctic cool zone, a fact for which the 

values of temperature are lower than in other parts of Europe, especially in the cold and 

initial season. As a consequence of the distribution of temperature in the European territory, 

evapotranspiration rate highly correlates to the quantity of heat and sunshine energy. For 

this reason, the southern and western regions of Europe are more susceptible to high 

evapotranspiration.  

Land cover composition is the second factor which affects evapotranspiration, due to 

different absorption and hydrological exchanges of various vegetation types, and because of 

the crop calendar. In this sense, the non-vegetative land cover features such as glaciers, 

urban areas, or bare soil, contribute to evapotranspiration rate much in the mid-season 

period. In the northern lands of Europe and in the North of British Islands, low values of Kc 

are observed due to peat bogs areas, heath and moorlands fields. In the mountain areas, 

glaciers and coniferous forests influence the Kc. The ice covers have values of 0.48 (initial 

and cold season) and 0.52 (mid-season and end season), especially in the Alps, and the 

evergreen areas and the coniferous forest have a value 1 in all seasons. This is important 

because the evapotranspiration expectation could be higher also during the winter.     

The future seasonal Kc does not reach the maximum value such as in the present due to 

simplified classes of the land cover. Thus, the forest class is not differentiated in the future 

by the broad-leaved and mixed forests, so one unique class for this type was used for the 

projections of land cover. The artificial areas are also represented only by one class, which 
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included all built-up areas. Due to these simplifications, the future spatial distribution of Kc 

that resulted from the scenarios indicate values lower than in the present up to 0.15 in the 

end season, but the Kc values are still within the range of previous literature studies. 

Analyzing the seasonal Kc patterns, it was observed that in the A1 scenario, lands with 

higher Kc are larger than in scenario B1 during all seasons. Comparing scenario A2 with 

scenario B2, areas with high Kc occupies more territory in scenario B2 than in scenario A2. 

From the analysis of scenario A1 and scenario B2, it was concluded that scenario A1 has 

more territory with high values of Kc in comparison with B2 scenario. The last, between 

scenarios A2 and B1, the analysis of patterns indicates larger areas with high Kc in scenario 

A2 than in scenario B1.      

Incorporating the seasonal temperature and seasonal Kc of Europe in the 6 × 6 matrix 

as the NISTOR-LCFE method proposes, the favorability degree to evapotranspiration is 

highly dependent on the spatial distribution of both variables. The extremely high and very 

high LSCE is predominantly in the mid-season because mean air temperature is high in this 

season and also vegetation functions are more active than in other seasons. LCFE with very 

high and extremely high favorability was identified in the initial and end season, while in 

the cold season, the low and very low LCFE are predominant in Europe. In response to 

climate change, the future LCFE maps illustrate major changes in the high and very high 

degree class of favorability.     

Even if we do not calculate crop evapotranspiration, the findings carried out through 

the NISTOR-LCFE method may be compared to the results obtained by Nistor & Porumb-

Ghiurco (2015), Nistor et al (2016b), Nistor et al (2017a), Nistor et al (2017b) which assess 

the crop evapotranspiration in different regions of Europe. The above mentioned studies 

indicate high values of evapotranspiration during the mid-season, with an increase of areas 

with high and very high crop evapotranspiration. However, the key work of Nistor (2016) 

related to seasonal Kc in the Paris metropolitan area represented the base for Kc values 

decision for this paper. 

Our work is not without limitations, considering that the complicated hydrological 

processes related to evapotranspiration are very complex. Here, we presented a reliable 

methodology to assess the LCFE at European scale. Based on climate models to extract 

seasonal temperature and using land cover database to determine the spatial distribution of 

Kc, the results could be slightly different at the local scale due to missing field 

measurements of Kc. The large territory of Europe and the multitude of land cover types do 

not permit us to complete an exhaustive survey using tensiometers and lysimeters. For this 

reason, we admit to using standard Kc knowing that evapotranspiration rate may fluctuate 

under the coefficients of evapotranspiration.  

6. CONCLUSIONS 

Spatial distribution of seasonal mean air temperature and seasonal Kc have been 

mapped for Europe in two time shifts with an aim to depict different degrees of 

evapotranspiration favorability using a new spatial-temporal approach. The application of 

the NISTOR-LCFE method combines climate models and land cover data in an efficient 

way that can be easily completed in ArcGIS environment. The power of our original 

method offers an overall view at spatial scale of favorability areas to evapotranspiration 

without the necessity to execute potential evapotranspiration which requires time and 

calculations. In addition, the NISTOR-LCFE approach has not been used in previous 

researches and this outcome may contribute to the specific literature.    
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The areas from West, South, and East Europe are susceptible to very high and 

extremely high degree of evapotranspiration during the mid-season and in the future, these 

areas would seem to extend. For the same season, the low and very low LCFE overlap to 

the mountain belts and on the northern territory. The medium LCFE is mainly presented in 

the initial season and spread over the northern sides of Europe, in the Iberian Peninsula, 

South of Europe, West-central parts of Europe (e.g. in France), and in the Carpathians 

Mountains. For an optimization of numerous environmental factors and for good practices 

in the society for decision making, our maps could be helpful to indicate drought areas 

during the summer periods, runoff and water surplus calculations, and to set up agricultural 

management planning.   

Our findings fit also with climatology and hydrological sciences, for which further 

calculations of potential and actual evapotranspiration concerning groundwater 

vulnerability could be drawn. In this sense, the utilization of climate models and land cover 

scenarios are an exciting issue for many expertise fields. Future works will focus on water 

resources quantitative statement under climate change linking also land cover implications. 

To support the planning for environmental management, we provide out gridded data layers 

of seasonal temperature and seasonal Kc through an open access database 

(https://zenodo.org: 10.5281/zenodo.1193226).   
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