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ABSTRACT: The Earth is rapidly changing in both its climate and its land
distribution. The numerous methods from the literature show various
possibilities to assess the crop evapotranspiration and evaporation rate,
both with direct measurements and empirical formulas. The present
paper brings forward a methodology that demonstrates how to
compute the potential land cover evapotranspiration (ET.) at regional
scale using climate data from 13 meteorological stations, empirical
equations, Corine Land Cover data, and the Geographical Information
System (GIS). Based on Thornthwaite method and evapotranspiration
coefficients, the study assesses the ET. of Emilia-Romagna region in four
stages. Moreover, the Budyko approach was applied to calculate the
actual evapotraspiration (AETo) and actual land cover evapotranspiration
(AET,) to identify the critical areas of water deficit. Po Plain represents
an area with high evapotranspiration rate, due to temperatures and
cultivation patterns. A value of 778.87 mm/year at Ferrara station was
calculated for the potential evapotranspiration (ET,), while the ET.
ranging to 800-1000 mm/year in the central and northeastern part of
the region. The AET. reached the maximum values of 724 mm in the
southcentral part of the Emilia-Romagna.

KEY WORDS: land cover evapotranspiration, climate change, spatial distribution, water balance, Emilia-

Romagna

1. Introduction

Water has become a precious resource in the 21st century due to global climate changes. The
observed changes in freshwater resources occur due to runoff reductions in rivers, earlier annual
peak discharges, melting glaciers, decreased recharge of karst aquifers, and decreased
groundwater recharge (Collins, 2008; Aguilera and Murillo, 2009; Hidalgo et al., 2009; Piao et al.,
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2010; Jiménez Cisneros et al., 2014). Climate change influence can be seen on surface waters and
groundwaters (Loaiciga et al., 2000; Bachu and Adams, 2003; Brouyeére et al., 2004).

In the last century registered essentials data was recorded showing a rising in temperature (IPCC,
2001) and a decrease in precipitation. The climate is warming (Shaver et al., 2000; Oerlemans,
2005; Dong et al., 2013; Xie et al., 2013) and, due to this, regional climate conditions are changing
from place to place, precipitation quantity is decreasing and the future projections show a
downtrend for precipitation and an increase in mean temperature up to 3°C (Stocks et al., 1998;
Stavig et al., 2005; The Canadian Centre for Climate Modelling, 2014). The report IPCC (2007) also
shows that melting of permafrost may contribute to climate warming. Furthermore, global
population growth has led to a need for higher quantity of food products, which require a greater
amount of water resources. Evapotranspiration plays an important role in the water balance of a
region. Due its importance, evapotranspiration has become a useful parameter for a wide area of
interest: hydrology, agriculture, climate change, and botany.

Until now, studies on ETg variation and AETo and its impact on agriculture and water balance have
been conducted by Allen (2000), Gowda et al. (2008), Geritts et al. (2009). Pravalie et al. (2014)
assessed the evapotranspiration based on satellite data in aim to detect the aridization in Oltenia
region. The water balance for China over 1960-2002 through calculation of actual
evapotranspiration was made by Gao et al. (2007), Gao et al. (2012). They argued in their studies
about Haihe River basin from China that actual evapotranspiration is a useful indicator for
changes of water cycle and climate. In the speciality literature there are a number of papers that
claim that the negative impact of climate change can be seen on ecosystems and on groundwater
recharge (Parmesan and Yohe, 2003; Campos et al., 2013; Pravalie et al., 2014).

Recently, Mojid et al. (2015) argued that climate change impacts contribute to crop-water
demand. Pravalie (2014), IPPC (2007) recall that evapotranspiration at global scale is related to
the trend in temperature and anthropogenic complex factors. As mentioned by Chen et al. (2006),
Kousari et al. (2013) reported that the evapotranspiration is the third important climatic factor
that controls the terrestrial ecosystems and the atmosphere mass exchange. Thus, the
assessment of ET. becomes a significant indicator that is used commonly in regional water balace
and irrigation surveys. Kurnik et al. (2014), in their study about water deficit in agricultural regions
of Europe, created a soil water balance model that included simulations of soil water deficit and
actual evapotranspiration.

The Emilia-Romagna constitutes the most important agricultural and industrial region in Italy and
the land cover of this region has experienced a major change in the last decade. Water demand is
vital not only for the region's progress, but also for the entire country. For this reason, our study
proposes an integrated methodology which predicts the spatial ET. of Emilia-Romagna region
based on average climate data over the fifteen years and Corine Land Cover 2006 (CLC2006). The
spatial distribution of temperature, precipitation, ETo, land cover coefficient (Kqc), AETo, and the
AET. on Emilia-Romagna regional map were performed using the ArcGIS 10.2.2 software from
ESRI.

2. Study area

Emilia-Romagna region is located in the northern part of Italy (Figure 1) and extends on the Po
Plain and Northern Apennines. Confirmed by ISTAT (2014), in 2012 Emilia-Romagna was the first
region in Italy with food products of PDO (Protected Designation of Origin), PGl (Protected
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Geographical Indication), and plant protection products used for the protection of agricultural
crops.
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Figure 1 Land cover of Emilia-Romagna region and location of study area on Italy map.
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The geomorphology of the Emilia-Romagna region, divided in three relief units and disposed in
parallel lines to northwest to southeast, is highly reflected in the climate of the region. The high
altitudes of Northern Apennines (2165 m Cimone Mount) have an important role in spatial
variation of the precipitation of Emilia-Romagna region, precipitation which exceeds 1600 mm in
mountain chain, while in the Po Plain the values of precipitation fall below 800 mm. The Képpen-
Geiger climate classification indicates a temperate fully humid climate with hot summers (Cfa) in
the northeast part of the region and fully humid climate with warm summers (Cfb) in the
southwest part of the region (Kottek et al., 2006).

The land cover of Emilia-Romagna is largery composed of artificial, agricultural and grassland
areas in Po Plain, while the coniferous and broad-leaved forests are predominantly in the
mountains and hilly area. In the eastern part of the region, on the coastal zone of Adriatic Sea,
there are a consistent number of lagoons, inlands, and marshland. The physical aspects of the
orography and the actual climate distribution together with arrangement of land cover contribute
in different ways to spatial variation of ET at regional scale of Emilia-Romagna.

3. Materials and methods

3.1. Climate data

From 1991 to 2005 monthly mean air temperature and precipitation (Arpa Emilia-Romagna, 2015)
levels from thirteen meteorological stations (Table 1), situated in Emilia-Romagna and its
surroundings, were used to compute the spatial distribution of ETo and AET, and further ET. and
AET. in the study area. The seasonal raster map of monthly and annual ETo were derived from the
monthly mean temperatures and the seasonal maps of ET. were derived from the land cover
data. Integrating the ET. parameter in the ratio of the aridity index, the Budyko approach was
used in the calculation of the AET. of Emilia-Romagna region.

Table 1 The meteorological stations and their corresponding geographical coordinates (latitude and
longitude) and elevations

station Longitude (decimal Latitude (decimal Elevation above mean
degrees) degrees) sea level (m)
Codigoro 12.1 44.83 2
Classe 12.23 44.37 2
San Marino 12.44 43.94 652
Verghereto 12 43.79 812
Firenzuola 11.37 44.11 422
Faenza 11.88 44.28 35
Acquerino 11.01 44 890
Ferrara 11.61 44.84 15
Reggio nell'Emilia 10.63 44.7 51
Bedonia 9.63 44.5 544
Bobbio 9.38 44.76 270
Piacenza San
Damiano 9.73 44.92 134
Ligonchio centrale 10.35 44.31 928
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3.2. Corine Land Cover 2006 (CLC2006)

CLC2006 is a spatial database that includes the land cover characteristics of the Globe. These
characeristics are divided in five main classes: artificial areas, agricultural areas, forests, wet
lands, and water bodies. Vector data of CLC2006 for Europe at 4th level dating from 2006 was
used to represent the cover layer for entire Emilia-Romagna region. In present study, the
elements of CLC2006 are the ratio of ET. that contains spatial extension of the land cover and
crops, but also the land use, water bodies and bare soils of the Emilia-Romagna region. The vector
data of CLC2006 was analysed and a K¢ coefficient related to FAO Drainage Paper56 (Allen et al.,
1998) for the each class of CLC2006 founded in Emilia-Romagna was assigned. Furthermore, the
conversion from vector to raster data was done.

3.3. Methods

3.3.1. Thornthwaite method for ET, calculation

The method proposed by Thornthwaite (1948) is simple and efficient to use at regional scale due
to climatic long period data sets. Thonthwaite equation (Eg. 1) requires average monthly
temperatures (Ti) and it provides the monthly ETo. Input data are based on annual heat index (1)
(Eq. (2)) and alfa parameter (a) (Eg. (3)). The method was used in many hydrological studies by
McCabe and Wolock (1991), Rosenberry et al. (2007), Rahardjo et al. (2012).

RN

ET, = 1.6 (%T‘) [cm/month] (Eq.1)
where:
ETo = potential evapotranspiration
Ti = monthly air temperature
o = complex function of heat index
| = annual heat index

T\ L514
=32(3) (Eq.2)

where:
Ti = monthly air temperature
x=6.75 X 107713 = 7.71 x 107°1?> + 1.7912 x 10721 + 0.49239 (Eq.3)

where:
| = annual heat index

3.3.2. Land cover evapotranspiration (ET)

The evapotranspiration rate due by the plants is called crop evapotranspiration (ET.) (Allen et al.,
1998). The most used methodology for ET. is depicted in FAO Drainage Paper56 and contains the
methods to compute the daily ETo based on Penman-Montheith equation. The crop coefficient
(Kc) for different category of plants are detailed in the same source. The apropriate Kqc was
assigned for land cover classes using standards values presented by FAO and in specific literature.
Land cover of Emilia-Romagna region is composed by a variety of land use and non-cultivated
patterns that don't have a standard K.. The annual variation of the ET. was analysed, using the K¢
for four stages of functionality of crops: initial (from March to May), mid-season (from June to
August), end-season or late season (September and October), and cold season (January, February,
November, and December).
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Table 2 Corine Land Cover coefficients used for ETc in Emilia-Romagna region

Corine Land Cover Kini season Kmid S€ason Kend S€QSON Keold season

CLC2006
code CLC Description Ke Ks Ky Kw Keie Ke Ks Ky Kw  Keic Ke Ks Ky Kw Keic Ko K Ku Kw  Kaec
11 Continous urban

fabric - - 0.2 - 0.2 - - 0.4 - 0.4 - - 0.25 - 0.25 - - - - -

Discontinuous
112 _

urban fabric - - 0.1 - 0.1 - - 0.3 - 0.3 - - 0.2 - 0.2 - - - - -
121 Industrial or

commercial units - - 0.2 - 0.2 - - 0.4 - 0.4 - - 0.3 - 0.3 - - - - -

Road and rail
122 networks and

associated land - - 0.15 - 0.15 - - 0.35 - 0.35 - - 0.25 - 0.25 - - - - -
123 Port areas - - 0.3 - 0.3 - - 05 - 05 - - 0.4 - 04 - - - - -
124 Airports - - 02 - 02 - - 04 - 04 - - 03 - 03 - - - - -
131 Mineral extraction

sites - - 0.16 - 0.16 - - 0.36 - 0.36 - - 0.26 - 0.26 - - - - -
132 Dump sites - - 016 - 016 - - 036 - 036 - - 026 - 026 - - - - -
133 Construction sites - - 016 - 016 - - 036 - 036 - - 026 - 026 - - - - -
141 Green urban areas - - 012 - 012 - - 032 - 032 - - 02 - 02 - - - - -

Sport and leisure
142 I

facilities - - 0.1 - 0.1 - - 0.3 - 0.3 - - 0.2 - 0.2 - - - - -
211 Non-irrigated

arable land 1.1 - - - 1.1 1.35 - - - 135 1.25 - - - 1.25 - - - - -
213 Rice fields 1.05 - - - 105 1.2 - - - 1.2 0.6 - - - 0.6 - - - - -
21 Vineyards 03 - - - 03 07 - - - 07 045 - - - 045 - - - - -
222 Fruit trees and

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 0.7 - - - 0.7 - - - - -
231 Pastures 0.4 - - - 0.4 0.9 - - - 0.9 0.8 - - - 0.8 - - - - -

Annual crops
241 associated with

permanent crops 0.5 - - - 0.5 0.8 - - - 0.8 0.7 - - - 0.7 - - - - -
w2 Complex cultivation

patterns 11 - - - 1.1 135 - - - 135 1.25 - - - 1.25 - - - - -

Land principally

occupied by
243 agriculture. with 0.7 - - - 0.7 1.15 - - - 1.15 1 - - - 1 - - - - -

significant areas of

natural vegetation
311 Broad-leaved forest 1.3 - - - 13 16 - - - 16 15 - - - 15 06 - - - 06
312 Coniferous forest 1 - - - 1 1 - - - 1 1 - - - 1 1 - - - 1
313 Mixed forest 1.2 - - - 12 15 - - - 15 13 - - - 13 08 - - - 08
321 Natural grasslands 03 - - - 03 115 - - - 115 11 - - - 1.1 - - - - -

Transitional
324

woodland-shrub 0.8 - - - 0.8 1 - - - 1 0.95 - - - 095 - - - - -
331 Beaches. dunes.

sands - 0.2 - - 0.2 - 0.3 - - 0.3 - 0.25 - - 0.25 - - - - -
332 Bare rocks - 015 - - 015 - 02 - - 02 - 005 - - 005 - - - - -
333 Sparsely vegetated

areas 0.4 - - - 0.4 0.6 - - - 0.6 0.5 - - - 0.5 - - - - -
411 Inland marshes - - - 015 015 - - - 05 045 - - - 08 08 - - - - -
421 Salt marshes - - - 01 01 - - - 05 045 - - - 08 08 - - - - -
422 Salines - - - 005 005 - - - 03 03 - - - 05 05 - - - - -
511 Water courses - - - 025 025 - - - 07 065 - - - 125 125 - - - - -
512 Water bodies - - - 025 025 - - - 07 065 - - - 125 125 - - - - -
521 Cooastal Lagoons - - - 03 03 - - - 07 07 - - - 13 13 - - - - -
523 Sea and ocean - - - 03 03 - - - 07 07 - - - 3 13 - - - - -

Kc — coefficient used for the crops, plants, and tree; K — coefficient used for the rocks and bare soils; K. — coefficient used for
urban area; Kw — coefficient used for free water and marshes; Kqc — coefficient used for land cover in Emilia-Romagna.

For the particular locations, the daily ET. investigation could have one more stage called the
development season, that varies from crop to crop and place to place. For the regional
assessment, due to the heterogeneity of the land cover and its growing characteristics, we
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assume only four stages of seasonality of ET.. Thus, for initial season, mid-season, and late season
the Kqc were asigned for each category of CLC2006 and for the cold season the K. were
considered only for forest pattern of the land cover. This procedure is based on the premise that
the hay and herbaceous vegetation suspend life functions due to heat energy lack (Allen et al.
1998) and the K coefficient diminished with 1 in the cold season for beaved forest, while the
constant K¢ remains active only for coniferous trees. The seasonal K¢ values taken into account
for the Emilia-Romagna region are reported in the Table 2.

In the past, not all scientists agreed that areas without crops could be integrated into ET.. The
artificial surfaces and rocks were not considered like related areas for evapotranspiration (Celico,
1988), but studies subsequently made showed that urban areas, rocks, and bare soils could be
recognized like a evaporation rate. Further, we integrate each category of land cover into
calculation of ET.. Depending of the type of plant, the climate region, and the latitude, we
estimate for the K by distinguishing three cases: (i) crop coefficient (K¢) for single crop in line
with Allen et al. (1998), (ii) water evaporation coefficient (Ky) for free surface water using the
coefficients suggested by Allen et al. (1998), (iii) rock and soil coefficient (Ks) for bare soils and
rocks, and (iv) K, for artificial areas. The Ks and K, were chosen in conformity with Grimmond and
Oke (1999) and Chicago was the reference city because has the appropriate latitude with Emilia-
Romagna region.

The ET. equation (Eq. 4) integrates the defined ratio of the K. to the reference ETo. In the present
work the seasonal K¢ was used to carry out the ET, for different seasons based on seasonal ETo
and the annual ET. was obtained with the Equation (5).

ET. = ETyK.[mm/month] (Eq.4)
where:
ET. = crop evapotranspiration
ETo = potential evapotranspiration
Kee = land cover coefficient
Annual ET, = ET.ipi + ETe mia + ETcend + ETc colg [mm] (Eq.5)

where:

ETcini = crop evapotranspiration related to initial stage
ET. mida = crop evapotranspiration related to mid stage

ETcend = crop evapotranspiration related to late stage

ETccold = crop evapotranspiration related to cold stage

3.3.3. Actual crop evapotranspiration integrating Budyko equation

Budyko approach is important for water balance study, because it indicates if the energy is
enough to evaporate the precipitation (Gerrits et al., 2009). Budyko equation (Eq. (6)) was used to
find annual AET. from the annual ET.. This method is based on mean of annual input data of
evapotranspiration, aridity index (Eq. 7) and precipitation and in present study the formula was
applied on the raster maps.

ATe _ [(pran) (1 - expr) (5)
where:
AET.= actual land cover evapotranspiration
P.= total annual precipitation

@ = aridity index

(Eq.7)
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3.3.3. Spatial distribution of the ET,

The spatial variation of climate data and ET. calculation were mapped using ArcGIS 10.2.2
environment from ESRI. The wide functionality of ArcGIS software in the spatial data analysis and
environment studies was confirmed by McCoy and Johnston (2002), Brown et al. (2005), Hadeel
et al. (2010), Nistor and Petcu (2015). Holdaway (1996), Nusreta and Dugb (2012), Aalto et al.
(2013) have used the Kriging interpolation for their climatological studies. Ordinary Kriging
function is founded in Spatial Analyst Tools and was applied in the interpolation between
calculated values and unknown values of temperature, precipitation, and ETo situated between
meteorological stations. In this way, the unknown locations of the Emilia-Romagna territory were
estimated through Kriging ordinary function. The Kriging ordinary is the simplest form of the
Kriging interpolation and is based on a constant mean pu (Goovaerts, 1998). In this interpolation,
the weights of the Kriging method take into account both the distance between the measured
points and the overall spatial arrangement of the measured points. The spherical type was used
for semivariogram model, variable types was chosen for the search radius settings in the Kriging
ordinary procedure and the output cell size was set at 1000 m.

Based on vector data of CLC2006, the raster data of K for four seasons was extracted using
'Conversion Tools' from ArcToolbox. Thus, the K initial (Keic ini), Keie mid-season (Keic mid), Keic late
season (Kcic end), and Kee cold season (Keic cold) raster maps with a 1000 m spatial resolution were
carried out to estimate the seasonal ET.. Using the 'Raster Calculator’ function from Spatial
Analyst Tools, we conduct the mathematical operations of seasonal ET., annual ET,, and AET. with
raster maps.

4, Results and discussion

Using the methods presented above, the ET. and AET. maps of Emilia-Romagna region were
drawn. The largest part of the study area indicates values of AET. ranging from 500 to 600 mm
which is spreading in the Po Plain and hilly area of the Emilia-Romagna region. This result
corresponds to a mean annual AET. of 557 mm and mean annual precipitation of 991 mm,
especially in the lands occupied by the agricultural area and grasslands crops.

Figure 2 depicts the spatial distribution of mean annual temperature, mean annual precipitation,
ETo, and AETo in the Emilia-Romagna region. Based on Thornthwaite method, the mean monthy
ETo was calculated for the period of 1991-2005. The annual ETo ranges from 535 mm at Bedonia
station to 778 mm at Ferrara station. The mean values of annual ETo at the thirteen
meteorological stations during 1991-2005 is 651 mm and exceed 300 mm in the mid-season
(Figure 3).

The spatial distribution of seasonal K¢ are depicted in the Figure 4, which shows the maximum
extension of highest values in the mid-season. The large area of highest values of K (1.6) is
found in the Northern Apennines, in the lands covered by the broad-leaved forest. In the Po Plain
is found a significant area with a high value of K (1.35) in the mid—season, mainly covered by
non-irrigated arable land and complex cultivation pattern. Interestingly it was observed that in
the cold season the Kqc has maximum values of 1 in the mountain area and some coastal zones
due to continuous functionality of coniferous and broad-leaved forests and functionality
reduction of agricultural crops and minimum values of evaporation in the artificial areas and free
surface water.
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Figure 2 The mean annual areal precipitation, mean annual air temperature, annual ETo, and annual
AETo of the study area during 1991-2005.
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Figure 3 Spatial distribution of seasonal EToon the Emilia-Romagna map during 1991-2005.

Figure 5 shows the seasonal ET. maps of Emilia-Romagna region. The values of initial stage of ET.
ranging from 7 to 223 and are maximum in few areas of central and west part of the region. In the
ET. mid-season map is showed that the values exceed 600 mm due to high values of temperature,
high values of ETg (over 300 mm), and high values of K (1.351-1.6). The areas with highest ET¢ mid
are in north of the region around Ferrara city and along the hilly area that extends at south of
Reggio-Emilia, Parma, Modena, Bologna until to San Marino.

Interestingly, the spatial distribution of ET. for the end-season, when the highest values reach 234
mm in the north part of Emilia-Romagna region and exceed in many places 190 mm in the hilly
area cover by forest and near the Adriatic coast, in the areas of coastal lagoons.

GEOREVIEW 25 (2015)



How to compute the land cover evapotranspiration at regional scale? A spatial approach of Emilia-Romagna 47

Kcle ini
B o0s-025 Kele cold
B 02505
oo P o-0s
I os1-075
076-1 |06-08
o 08-1
[ 101-128 o
N e 126-13
s0 - |
Kclc mid
I 02025 Kelc end
Bl o2s-05 I o.05-0.25
P os1-0.75 B o26-05
076-1 I o51-075
I 101-125 0,76-1
B 515 I 101-1.25
Bl is5i-16 Bl 2615

ETc ini [mm] ETc cold [mm]
[ 7-40 0-10
470 I 11-20
B 71 - 100 I 21 - 30
B 01-130 B 31 -4
B 31- 160 Bl 41 -50
2° Il 161 - 190 I 51 -0
I 101223 Bl s -67
ETc mid [mm] ETc end [mm]
[ 65 - 100 7-40
[ 101-200 I 41-70
[ 201-300 B 7 - 100
I 301 - 400 I 01-130
401 - 500 131-160
- o
¢ I 501 - 600 I 51 - 190
I 01 -629 ' B o1 -234

Figure 5 Spatial distribution of ETc on the Emilia-Romagna map for the four stages.

In the cold season, more than half of Emilia-Romagna region had 0 value for the ET. co1g from 1991
to 2005. The highest values reach 67 mm in the southeastern part of the region, in the Northern
Apennines area. The spatial distribution of ET. in the cold season is contrastly to ET. from mid-
season and shows the highest values of ET. colq in mountains area, even if the temperature and ETy
cold are lower in this part of the region. These consequences are due to the presence of coniferous
and mixed forest that have the high values of K¢ coid and thus the ETc coiq is higher in mountainous
area during this period of the year than in Po Plain.

Using the Budyko approach, we extract the aridity index map from the annual ETo (Figure 6a) and
annual ET. (Figure 6b) integrating the precipitation raster map. This parameter is important for
the determination of AETo and AET.. The high values of aridity index extracted from ETo exceeds
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1.1 in the northeast part of the region. The low values of aridity index were identified in south of
the region around Acquerino and Ligonchio centrale stations where the annual ETp has low values
and precipitations has high values. The aridity index calculated with annual ET. reaches the
maximum values of 1.69 in the northeast part of the region, near the Codigoro and Ferrara
stations. The minimum values were founded in the urban area and in some places from Northern
Apennines. The Pearson correlation was pointed out between aridity index calculated with annual
ETo for each meteorological station and mean annual air temperature. The correlation value is
0.92 and indicates a high correlation between both parameters on whole Emilia-Romagna region.
Figure 6¢ highlights the annual ET. map of Emilia-Romagna region and reflects the ability to
evapotranspiration of land cover in this region. The values over 1000 mm were depicted in the
north and northeastern part of Emilia-Romagna, while in the south and southwestern part the ET.
ranges between 400 to 800 mm. The urban areas registered the lower values of ET, typically
below 200 mm.
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Figure 6 a. Aridity index map of Emilia-Romagna computed with ETo. b. Aridity index map of Emilia-
Romagna computed with ETc. c. Spatial distribution of annual ET on the Emilia-Romagna map. d.
Spatial distribution of annual AET. on the Emilia-Romagna map.

Integrating the annual ET. in the Budyko equation, the raster map of AET. was derived for Emilia-
Romagna region that accounts the land cover evapotranspiration. Figure 6d shows the spatial
variation of AET. based on aridity index extracted from annual ET. and annual precipitation raster
data. A high deficit of water was estimated in the southcentral area of Emilia-Romagna region,
where the values of AET. rise up to 700 mm. In the Po Plain are identified values that range from
500 mm to 700 mm, while in the Northern Apennines the AET. ranges from 300 mm to 500. The
low values of AET. were depicted in the urban areas and northeastern extremity of the region
near the Codigoro station where the precipitation are lower.

One of the main goal of this study was to assess the evapotranspiration of land cover from Emilia-
Romagna region. Looking at representation of the spatial distribution of annual ET. and annual
AET,, we expected to see the highest values in the central and north part of the region. The mid-
season and end season show the highest ratio of Kqc. As a concequence, the ET. mig values are
rising in this annual period. We did not expect that in end season the ET enq Values of mountain
area to be so high compared with initial season. Analysing the high values of ET. during the mid-
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season and end season with lower values of precipitation in the same period of year we
concludes that climate and land cover have a negative impact for groundwater recharge,
ecosystems, and agricultural activities. From the both aridity index maps resulted that in the plain
area the water irrigation is required because of water deficit. The high values of annual ET. have
significant importance for recharge area of aquifers, springs flow discharge and for the water
surplus of the region.

The main limitation of our research was that we used the empirical formulas for ET. and we didn’t
have field data measurements from 1991-2005 period. The measurement made by pan or
lysimeter was not included in our research. Actually, we cannot check the crop coefficient ratio in
a different location and different types of crop over the Emilia-Romagna region. Moreover, if we
check the ratio values of one type of land cover in a certain field location could be not well to
apply the same ratio for other location for the same region, because the properties of
measurement crop with pan reflect the ratio in particular locations, but not the overall tendency.
For this reason we adapt the standard values from FAO-56 Paper. Clearly, even if the K¢ assigned
for each category of land cover is correct from a standard point of view, the ET. of each crop could
be slightly filled with small errors. These things do not affect the overall results at regional scale
because the final map of AET. is based not only on Kq, but also on annual precipitation and
annual ET. as well. However, from the findings of those limited trends, a clear data set of recent
climate change and CLC2006 can be useful for future scenarios. Therefore, by using our method
we did not interpolated the measurements of ET. points but interpolated only the basic climatic
data that were introduced further in the analysis.

A full treatment of K¢ and climate variation is a complicated operation, due to the large number
of variables. For example, the presence of soils, temperature, precipitation, and humidity affect in
different ways the ET. related to the same land cover that exists in different locations. The
possibility to offer an integrated methodology at regional scale for Emilia-Romana using GIS,
climate data, and CLC2006 is an exciting proposition.

5. Conclusions

The climate and environmental study carried out by the spatial distribution of the land cover
evapotranspiration provided useful information for agricultural, hydrology, and climatology
interest. Based on the proposed methodology and obtained results the follows conclusions may
be drawn:

O Applying the Ordinary Kriging function, the temperature, precipitation, and ETy calculated for
13 wethear stations were interpolated and the unknown values from Emilia-Romagna region
were located.

O Integrating the seasonal appropriate K ratio into the ET. calculation of Emilia-Romagna
region and using the seasonal raster data of ETo ini, ETo mid, ETo end, ETo cold, the land cover
evapotranspiration at regional scale for four seasons were carried out.

O Using the GIS applications, the spatial distribution of annual ET. and annual AET. maps were
drawn. The ET. register the highest values during the mid-season in the Po Plain area, near
Ferrara station due to high values of temperature and also for the K values too.

O To the interpretation of the Budyko approach and aridity index the water deficit areas were
calculated and identified for the Emilia-Romagna region related to climatic mean annual
values from 1991 to 2005 and CLC2006.
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O The accuracy of the annual ET. is affected by the local conditions where the humidity and
wind speed were not considered in present paper. This was due to the extremely complicated
procedure of interpolation that is very sensitive from place to place.

In conclusion, the combination of empirical equations and spatial calculations of available data
and the adapted FAO-56 standard approach, together with GIS tools, represent a valuable
method to compute the ETc at regional scale of Emilia-Romagna and may be easily applicable to
other regions around the world.
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