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Abstract. Evapotranspiration is a key process and a necessary parameter for hydrologi-
cal, meteorological, and agricultural studies. However, the calculation of actual evapo-
transpiration is very challenging and costly. Therefore, reference evapotranspiration
(ET,) calculated using meteorological data is generally preferred over actual evapotran-
spiration. However, it is challenging to get complete and accurate data from meteorol-
ogy stations in rural and mountainous regions. This study examined the suitability of
the Climate Forecast System Reanalysis (CFSR) reanalysis data set as an alternative to
meteorological observation stations to compute seasonal reference evapotranspiration
for seven different climatic regions of Turkey. The ET, calculations using the CFSR rea-
nalysis dataset for 1987-2017 were compared to data at 259 weather stations observed
in Turkey. As a result of statistical evaluations, it has been determined that the most
successful predicted season is winter (C’ = 0.64-0.89, SPAEF= 0.63-0.81). The most
successful estimations for this season were obtained from coastal areas with low eleva-
tions. The weakest estimations were obtained for the summer season (C’ = 0.52-0.85,
SPAEF= 0.59-0.77). These results show that the ET estimation ability of the CFSR rea-
nalysis dataset is satisfactory for the study area. In addition, it has been observed that
CFSR tends to overestimate the observation data, especially in the southern and west-
ern regions. These findings indicate that the results of the ET, calculation using the
CFSR reanalysis data set are relatively successful for the study area. However, the data
should be evaluated with observation data before being used, especially in the summer
models.

Keywords: CFSR reanalysis, Reference evapotranspiration, FAO56-PM, Turkey.

1. INTRODUCTION

Evapotranspiration (ET) is the total amount of water transferred to the
atmosphere by evaporation from soil surfaces and transpiration from plant
leaves (Tabari et al. 2013; Anderson et al. 2019). ET is the parameter that
plays a crucial role in hydrological, meteorological, and agricultural stud-
ies, especially in planning water resources, programming irrigation time,
and creating models. This parameter is measured in the field with different
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methods such as lysimeter (Gebler et al. 2015), Eddy-
covariance method (Sun et al. 2008), Bowen ratio energy
balance (Shi et al. 2008), scintillometer (Moorhead et al.
2017) and evaporation pans (Conceicao 2002). Howev-
er, these procedures are quite costly and challenging to
apply in wide basin conditions (Latrech et al. 2019).

Reference evapotranspiration (ET) is defined as
the amount of water that can evaporate when the water
in the soil is sufficient to meet the atmospheric mois-
ture demand (Allen et al. 1998). The ET, is extremely
useful for determining the atmospheric water demand
of the area. Therefore, it is widely used in various appli-
cations such as irrigation planning, drought monitor-
ing, and understanding the effects of climate change
(Lang et al. 2017). Recently, numerous methodologies
have been developed to determine ET, and actual evap-
otranspiration using meteorological data (Bandyopad-
hyay et al. 2012). These methods are mostly based on
solar radiation (Priestley Taylor), temperature (Thorn-
thwaite, Hargreaves, and Samani), and a combination
of solar radiation and temperature (Penman-Monteith)
(Seong et al. 2017; Purnadurga et al. 2019). Compared
to other methods, the FAO56-PM method is considered
a good way to estimate evapotranspiration globally
(Sentelhas et al. 2010; Srivastava et al. 2013; Tabari et
al. 2013; Tanguy et al. 2018).

Kite and Drooger (2000) assessed eight differ-
ent ETo calculation methods and explained that the
FAO56-PM method is most compatible with field obser-
vations. The FAO56-PM is a combination of physiologi-
cal and aerodynamic methods that require climate fac-
tors like maximum and minimum temperature, wind
speed, relative humidity, and solar radiation. However,
there are no sufficient meteorological stations provid-
ing these data, particularly in developing countries, also
these are not distributed uniformly (Alfaro et al. 2020).
In addition, setting up and maintaining the meteoro-
logical station at these locations is quite costly (Tabari
et al. 2013; Lang et al. 2017). Therefore, alternative data
sources such as the reanalysis data set can be used to
estimate ET, in case of a lack of required data. These
datasets were generated using data from meteorology
observation stations based on data assimilation meth-
ods, data from observation satellites, and weather esti-
mate models (Purnadurga et al. 2019).

Reanalysis datasets with high precision and high
spatiotemporal resolution have been widely used in
recent years. (Alfaro et al. 2020). These are CFSR (Saha
et al. 2010), NCEP/DOE (Kanamitsu et al. 2002), and
NCEP/NCAR (Kalnay et al. 1996) datasets produced by
NCEP, ERA-15 (Bromwich et al. 2005), ERA40 (Uppala
et al. 2005) and ERA-Interim (Dee et al. 2011) datasets
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produced by ECMWE, JRA-55 (Ebita et al. 2011) data-
sets from the Japanese meteorology agency, and MERRA
(Rienecker et al. 2011) datasets by NASA. The NCEP-
CFSR uses numerical weather prediction techniques
to identify atmospheric conditions with a resolution of
0.3125° x 0.3125° (~ 38 km). (Fuka et al. 2013). The most
crucial advantage of CFSR is that it provides complete
and continuous recording of climate data such as precip-
itation, temperature, solar radiation, relative humidity,
and wind speed since 1979 (Auerbach et al. 2016).

Laurie et al. (2014) used reanalysis data as input in a
hydrological model for the Mekong basin. They evaluat-
ed CFSR temperature data and model results. They indi-
cated that CFSR temperature data gave satisfactory mod-
el results and it could be used for hydrological modeling
studies if data is lacking. Tian et al. (2014) examined the
usability of CFSv2 for seasonal estimation of evapotran-
spiration in different states of the USA. They explained
that CFSv2-based ET estimations are more success-
ful in cold seasons than warm seasons. Dile and Srini-
vasan (2014) assessed whether or not the CFSR dataset
is appropriate for hydrologic modeling in their research
in the Blue Nile River Basin. As a result of their study;,
the modeling with CFSR temperature and precipitation
data gave similar results to the modeling using the data
obtained from the observation stations and reported that
the CFSR data set could be used in basins in the absence
of observation stations. In another study, Alemayehu et
al. (2015) evaluated the ability to calculate evapotranspi-
ration with sufficient accuracy using different reanalysis
datasets. They compared the ET, estimates calculated
using the CFSR dataset with the results of the obser-
vation stations and reported that the CFSR dataset is a
good alternative. Anderson et al. (2019) evaluated the
usability of the CFSR reanalysis dataset in the context of
a satellite-based remote sensing framework to map ET at
high spatiotemporal resolution. They explained that the
CFSR data has sufficient accuracy for use in ET mod-
eling studies. Alfaro et al. (2020) calculated the evapo-
transpiration required for hydrological modeling with
their study’s CFSR reanalysis data set. They explained
that the predictive performance of the CFSR dataset was
good by evaluating the results obtained.

These studies show that reanalysis datasets such as
CFSR are of sufficient quality and resolution to be used
as inputs in basin modeling studies. In addition, this
dataset can be an important alternative for overcom-
ing problems encountered in obtaining meteorologi-
cal observation data. This study aims to investigate the
accuracy and usability of the CFSR reanalysis dataset
to calculate ET, using the FAO56-Penman method in
Turkey.
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2. MATERIAL AND METHODS
2.1. Study area and meteorological data

Turkey is located between 36°-42° N and 26°-45° E.
The total area is 779.452 square kilometers and the aver-
age altitude is 1141 meters. Turkey’s climate is located
between the temperate and sub-tropical zones. In the
country, temperature and precipitation vary according
to region due to factors such as the rugged terrain, the
direction of the mountains, the fact that seas surround
it on three sides, and the elevation increases from west
to east. These factors cause different climate types to be
seen. Depending on this situation, it has been tradition-
ally accepted by Turkish climatologists since the begin-
ning of the 20th century that there are seven climate
regions in Turkey (Ering, 1984). The locations of these
regions are given in Figure 1.

Climate is generally harsh and cold in winter,
especially in the Eastern Anatolia region, because of
the high-pressure system from Siberia and the low-
pressure system from Iceland. In summer, tropical air
masses are generally more dominant by the effect of
polar air masses moving towards northern latitudes.
The Azores high-pressure system from the west of
Europe and the Basra low-pressure system from the

Persian Gulf are pretty effective in the summer season
(Turkes 2020).

The western and southern parts of the country have
a Mediterranean climate, where precipitation peaks at
the end of both winter and spring. Other parts generally
have a continental climate with the highest precipitation
in late spring or early summer. Annual precipitation var-
ies from 295 to 2220 mm having an annual average of
648 mm (Deniz et al. 2011). The Black Sea and Mediter-
ranean regions have more precipitation with the effect of
air masses coming over the seas than the inner regions
because the amount of precipitation decreases with the
effect of the North and South Anatolian mountain rang-
es. The lowest temperatures are seen in the Eastern Ana-
tolia Region due to the altitude, and the maximum tem-
peratures are seen in the southern parts and the Medi-
terranean coasts (Katipoglu et al. 2021).

In this study, the calculated ET, using the FAO56-
PM method, for each station was obtained from the
“Vegetable Water Consumption Guide” published by the
General Directorate of State Hydraulic Works and Agri-
cultural Research and Policies (TAGEM). TAGEM used
30-year (1987-2017) daily minimum temperature, daily
average temperature, daily maximum temperature, daily
relative humidity, daily precipitation, daily wind speed,

[ 1000-1500 |
I 1500-2500

Figure 1. Location of meteorological stations and climate regions (The Mediterranean region (A), The Eastern Anatolia region (B), The Aege-
an region (C), The South-Eastern Anatolia region (D), The Central Anatolia region (E), The Black Sea region (F), The Marmara region (G)).



52

daily sunshine duration, and daily intensity of insola-
tion data to calculate the ET,. All data was obtained
from 259 stations belonging to the General Directorate
of Meteorology. The location of these stations is given in
Figure 1. TAGEM declared that the daily data obtained
from the observation stations were subjected to quality
control and completed the missing data (TAGEM 2017).

2.2. CFSR reanalysis dataset

The CFSR reanalysis dataset contains the maximum
and minimum temperatures (°C), precipitation (mm),
wind speed (m s-1), relative humidity (%), and solar
radiation (MJ m-2) from any location in the world (Dile
and Srinivasan 2014; Irvem and Ozbuldu 2019). The spa-
tial and temporal resolution of the CFSR is 0.35° (nearly
38 km) and 6 hours, respectively. CFSR datasets for Tur-
key (1987-2017) were obtained via the internet (https:/
rda.ucar.edu/).

2.3. FAO56-PM method

Penman (1948) developed an evaporation formula
for open water surfaces based on climatic data. Mon-
teith (1976) adjusted this formula by adding aerodynam-
ics and surface strength factors and called the Penman-
Monteith equation (PM). PM calculated using the given
equation.

900y
0.408 A (Rn—G)+ 757> Uz (s~ €q)

ET, = A+y (140.34uy) @

where; ET, is daily referenced ET (mm day!), A is the
slope of the relationship between saturation vapor pres-
sure and mean daily air temperature (kPa °C), R, is the
net radiation at the crop surface (MJ m* day?!), G is the
soil heat flux density (M] m day™), y is the psychromet-
ric constant which depends on the altitude of each loca-
tion (kPa °C), T is the mean daily air temperature (°C),
u, is the wind speed at 2 m height (m s); e, is the satu-
ration vapor pressure (kPa); e, is the actual vapor pres-
sure (kPa).

2.4. Evaluation criteria

The five statistical measures were used to evaluate
the accuracy of the ET, estimation by comparing the
calculated ET using CFSR dataset against the calculat-
ed ET, using meteorological station data. These are the
coeflicient of determination (R?), root-mean-square error
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(RMSE), PBias (percent bias), and the performance index
(C’) and SPAtial Efficiency (SPAEF).

R? shows to what extent the ET, estimates calculated
with the CFSR dataset are similar to the ET,, values calcu-
lated with the observation data. R? varies between 0 and
1, higher values indicate less error variation. Generally,
values above 0.50 are considered acceptable (Santhi et al.
2001; Moriasi et al. 2007) and calculated based on Eq 2.

2

R2 = nXx0iM)-E 0)E M;)
Jnzop-op)n(mp)-Emp?)

@

The value of RMSE should always be positive and it
is desired to be close to zero. This indicates that the lower
the value, the better the model will perform. RMSE pro-
vides performance information for correlations by com-
paring the difference between model results and observed
values (Pifieiro et al. 2008). RMSE is calculated by Eq. 3.

RMSE = \/% S(Predict, — Obs,)? 3)

PBias is used to determine how far the model pre-
dicted values are in the negative or positive direction
from the observed values. Whereas positive values indi-
cate that the observed values are higher than the simu-
lated values, negative values indicate the opposite situa-
tion (Gupta et al. 1999). PBias is determined by Eq. 4.

PBias = 100 (3, Obs; — Predict; / Y, 0bs;) @)

The performance index (C’) was calculated by com-
bining accuracy and precision criteria into the relation-
ship between the model and the predictive data. The
Pearson linear correlation coeflicient, which measures
the degree and direction of distribution among vari-
ables, was used as a precision criterion. The Willmott’s
index of agreement was chosen as an accuracy criterion
because it measures the degree of fit between the pre-
dicted and observed data. The performance index of the
model was computed by Eq. 5 and evaluated using Table
1 (Santos et al. 2020).

C’ = Correlation Coefficient (CC) * Willmott’s index
of agreement(d) (5)

The Willmott index of agreement (d) shows the
degree of fit between observed and predicted measure-
ments between 0 and 1. The closer the result is to 1, the
better the model performance is determined (Willmott
1981; Tran et al. 2020). It is calculated by Eq. 6.
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Table 1. Model performance evaluation table (Moriasi et al. 2007;
Santos et al. 2020).

Classification C PBias

Very Good 0.75 - 1.00 < 10

Good 0.65 - 0.75 10 - 15

Satisfactory 0.55 - 0.65 15-25

Unsatisfactory <0.55 > 25

d= : Y.(Obs;— Pre‘dicti)2 (6)
Y([Predict;— Obsmean]+ [0bs;— Obsmean])?

SPAEF was developed by Demirel et al. (2018) as
a holistic and balanced assessment method that uses
various aspects for a comprehensive assessment. SPAEF
value is between —c and 1. The closer the result is to 1,
the higher the prediction success. The SPAEF values are
computed by Eq. 7.

SPAEF =1— J(a—=1D?+ (B—1)2+ (y — 1)2

a = p(obs,sim), B = (“_m) /(cfobs)’y _ S min (K, Ly )

Hsim Hobs ;'l=1 K]

where, o represents the Pearson correlation coeflicient,
B is the fraction of the coeflicient of variation represent-
ing spatial variability, y is the histogram intersection for
the given histogram K of the observed pattern and the
histogram L of the simulated pattern, each containing n
bins (Swain and Ballard, 1991). Correlation is a statistical
measure that allows two variables to be compared. The
CV ratio indicates whether the spatial variability is ade-
quately represented. Histo match value is an indicator of
spatial variability that is not present in high and low are-
as despite satisfactory correlation and spatial variability
(Koch et al. 2018).

Table 2. Performance evaluation results for the winter season.

3. RESULTS AND DISCUSSION

The mean seasonal and mean annual ET, were
estimated for each observation station using CFSR rea-
nalysis data set which consists of the daily meteorologi-
cal data from 1987 to 2017. These estimates were com-
pared with the ET, values calculated by TAGEM using
data from meteorological ground observation stations.
The accuracy and usability of the CFSR reanalysis data-
set were evaluated using different statistical evaluation
criteria. In addition, maps were created using the IDW
interpolation technique to show the areal distributions
of long-term annual averages of ET results for different
seasons.

3.1. Results of ET, estimates for the winter season

The ETo estimation results obtained using the CFSR
data set for the winter season (December, January, and
February) were compared with the observed data sepa-
rately for each climate region. The performance evalua-
tion results are given in Table 2.

Results show that the estimation performance is
higher in regions close to the sea and lower in regions
with high elevation. The Performance Index (C’) was
calculated as 0.89 in the Mediterranean region at the
highest, and 0.64 in the Eastern Anatolia region at the
lowest. In general, the performance of ET, estimations
using CFSR data for the winter season was determined
to be high (C’ > 0.65).

Similar to the Performance Index results, the high-
est SPAEF values were calculated at 0.81, 0.75, and 0.73
for the Mediterranean, the Black Sea, and the Aegean
regions, respectively. Thus, the best estimations of ET,
for the winter season have been seen in the coastal
regions in terms of spatial variability and distribution.

Spatial distribution of estimated and observed ET|
values for the winter season were classified into 6 catego-
ries between 20 and 250 mm as shown in the map (Fig. 2).

Regions R? (o Ifgﬁ:in,l) P (lf/f)‘s d C SPAEF
The Mediterranean region 0.87 14.87 -5.46 0.96 0.89 0.81
The Eastern Anatolia region 0.72 16.09 23.03 0.76 0.64 0.63
The Aegean region 0.82 20.01 -13.92 0.88 0.80 0.73
The South-Eastern Anatolia region 0.72 8.25 -2.35 0.91 0.78 0.63
The Central Anatolia region 0.76 10.18 3.39 0.90 0.79 0.64
The Black Sea region 0.84 9.27 -0.15 0.96 0.88 0.75
The Marmara region 0.77 5.50 -7.68 0.92 0.81 0.65
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Figure 2. Average long-term ET, map for the winter season a) observation b) CFSR.

The CFSR reanalysis dataset has relatively high
temperature and solar radiation data in the south and
west regions, unlike the eastern region. Consequently,
the results of CFSR estimations are better in regions
having higher temperatures and solar radiation. PBias
values for most stations are negative. ET, estimation
using CFSR in five regions was overestimated for the
winter season. On the other hand, it was underesti-
mated in the Eastern Anatolia (23.03) and Central Ana-
tolia (3.39) regions. Bhattacharya et al. (2020) evalu-
ated reanalysis and global meteorological products in
the Beas River Basin of Northwestern Himalaya. They
compared CFSR and observed temperature data and
explained that the temperature differences between
CFSR and observed temperature data are less in the
western region where the temperature is higher than in
the eastern region.

The R? value calculated between 0.72-0.87 as seen
in Table 2. This shows that the CFSR reanalysis dataset
has a good correlation with the observation data. R? val-

ues between 0.50-0.99 are considered good estimates for
hydrological studies (Alfaro et al. 2020).

3.2. Results of ET, estimates for the spring season

The ET, estimation results obtained using the CFSR
data set for the spring season (March, April, and May)
were compared with the observed data separately for
each climate region. The performance evaluation results
for the spring are given in Table 3.

Performance Index (C’) was calculated as 0.81 in
the Black Sea region at the highest, and 0.72 in the The
South-Eastern Anatolia region at the lowest. In gen-
eral, the performance of ET, estimations using CFSR
data for the spring season was determined to be high
(C > 0.70).

Similar to the Performance Index results, the
highest SPAEF values were calculated at 0.84, 0.79, and
0.72 for the Black Sea, the Marmara and the Central
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Figure 3. Average long-term ET, map for the spring season a) observation b) CFSR.

Table 3. Performance evaluation results for the spring season.

Regions R2 (mmRsl\faSSin_l) P(};‘)")‘S c SPAEF
The Mediterranean region 0.75 15.40 -3.69 0.77 0.67
The Eastern Anatolia region 0.72 22.23 -5.15 0.73 0.63
The Aegean region 0.75 20.34 -4.61 0.79 0.63
The South-Eastern Anatolia region 0.70 15.27 -5.47 0.72 0.55
The Central Anatolia region 0.77 14.75 -0.78 0.79 0.72
The Black Sea region 0.82 19.30 -2.01 0.81 0.84
The Marmara region 0.79 21.28 -2.64 0.75 0.79

Anatolia regions, respectively. Thus, the best estima-
tions of ET, for the spring season have been seen in
the northern regions in terms of spatial variability and

distribution.

Spatial distribution of estimated and observed ET,
values for the spring season were classified into 6 cat-
egories between 175 and 475 mm as shown in the map
(Figure 3). Same as winter season, the results of CFSR
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Table 4. Performance evaluation results for the summer season.

RMSE

Regions R? B PBias c SPAEF
(mm season!)
The Mediterranean region 0.69 7227 -12.10 0.53 0.61
The Eastern Anatolia region 0.63 76.47 -11.07 0.61 0.59
The Aegean region 0.74 41.06 -7.34 0.71 0.70
The South-Eastern Anatolia region 0.67 69.98 -13.04 0.52 0.61
The Central Anatolia region 0.75 38.96 -6.17 0.74 0.74
The Black Sea region 0.82 22.38 -2.50 0.85 0.77
The Marmara region 0.71 32.90 -2.17 0.75 0.66

estimations for spring are better in regions having
higher temperatures and solar radiation. PBias values
for most stations are negative. ET, estimation using
CFSR in all regions was overestimated for the spring
season. The R? values calculated between 0.70-0.82
as seen in Table 3. This shows that the CFSR reanaly-
sis dataset has a good correlation with the observation
data for spring season.

3.3. Results of ET, estimates for the summer season

The ET, estimation results obtained using the CFSR
data set for the winter season (June, July, and August)
were compared with the observed data separately for
each climate region. The performance evaluation results
are given in Table 4.

The Performance Index (C’) was calculated as 0.85
in the Black sea region at the highest, and 0.52 in the
The South-Eastern Anatolia region at the lowest. In
general, the performance of ET, estimations using
CFSR data for the summer season was determined to be
acceptable (C’ > 0.55) in five regions but two region have
poor estimation performance. These two regions Medi-
terranean and The South-Eastern Anatolia regions have
relatively higher temperature.

Similar to the Performance Index results, the high-
est SPAEF values were calculated at 0.77, 0.74, and 0.70
for the Black Sea, The Central Anatolia and the Aegean
regions, respectively. Thus, the best estimations of ET,
for the summer season have been seen in the Northern
regions in terms of spatial variability and distribution.
Spatial distribution of estimated and observed ET, val-
ues for the winter season were classified into 6 categories
between 300 and 900 mm as shown in the map (Figure 4).

When the predictions made by the CFSR for the
summer season are compared with the observation
data, the differences between the results are higher than
in other seasons as seen in Figure 4. The reason for this
thought is that temperature and solar radiation increase

considerably in the summer months and the CFSR rea-
nalysis data set cannot accurately predict these changes.
Tian et al. (2014) reported that the estimates obtained for
the winter season were more successful than the summer
seasons. They explained that this is due to the fact that
more convective heating occurs in summer than in win-
ter. Because this type of convection can produce different
weather conditions on a small scale, it may not be detect-
ed by reanalysis due to coarse solubility. PBias value was
calculated from -2.17 to 12.10 for the summer season. It
shows that the CFSR reanalysis made higher estimates in
summer than winter and spring, but estimated ET, for
the summer is still in acceptable (<t 25) ranges.

The R? values calculated between 0.63-0.82 as seen
in Table 4. This shows that the CFSR reanalysis data-
set has a good correlation with the observation data for
summer season. Although ET, estimates are acceptable
in terms of R? (>0.50), the ET, estimation of the CFSR
reanalysis dataset underperforms in the summer due to
the decrease in solar radiation and temperature predic-
tion capabilities (Bhattacharya et al. 2020). The reason
can be explained that more convective warming occurs
in summer compared to other seasons. This type of con-
vection may cause the formation of different weather
conditions on a small scale that CFSR cannot predict
due to its coarse resolution (Tian et al., 2014). Using
the CFSR data set directly on models for the summer
months will result in unsuccessful simulation results.
For this reason, preliminary procedures that will reduce
this dataset to a regional scale should be applied and re-
evaluated before using it.

3.4. Results of ET, estimates for the autumn

The ET|, estimation results obtained using the CFSR
data set for the autumn season (September, October, and
November) were compared with the observed data sepa-
rately for each climate region. The performance evalua-
tion results are given in Table 5.
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Figure 4. Average long-term ET, map for the summer season a) observation b) CFSR.

Performance Index results (C’) was calculated as
0.86 in the Black Sea region at the highest, and 0.69 in
The South-Eastern Anatolia region at the lowest. In gen-
eral, the performance of ET, estimations using CFSR
data for the autumn season was determined to be high
(C’ > 0.65). Similar to the Performance Index results, the
highest SPAEF values were calculated at 0.80, 0.77, and
0.73 for the Mediterranean, the Black Sea, and the Mar-

Table 5. Performance evaluation results for the autumn season.

mara regions, respectively. Thus, the best estimations of
ET, for the autumn season have been seen in the coastal
regions in terms of spatial variability and distribution.
Spatial distribution of estimated and observed ET|
values for the winter season were classified into 6 cat-
egories between 300 and 900 mm as shown in the map
(Figure 5). PBias value was calculated from -0.31 to -8.83
for the autumn season. The R? values calculated between

RMSE

Pbias

Regions R? (mm season) (%) C SPAEF
The Mediterranean region 0.85 11.16 -4.54 0.84 0.80
The Eastern Anatolia region 0.68 22.52 -8.83 0.72 0.58
The Aegean region 0.80 15.73 -5.83 0.77 0.70
The South-Eastern Anatolia region 0.75 28.73 -4.60 0.69 0.60
The Central Anatolia region 0.84 21.09 -6.50 0.84 0.72
The Black Sea region 0.89 15.45 -0.31 0.86 0.77
The Marmara region 0.77 12.09 -2.82 0.82 0.73
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Figure 5. Average long-term ET, map for the autumn season a) observation b) CFSR.

0.68-0.89 as seen in Table 5. This shows that the CFSR
reanalysis dataset has a good correlation with the obser-
vation data for autumn season.

When evaluated in general, it was determined that
the ETo estimations for the winter and autumn seasons
were more successful than the spring and summer sea-
sons. Tian et al. (2014) explained that the ETo estima-
tions are performed more accurately in the winter season
using the CFSR data set for regions with missing ET,.

While the ET, estimations calculated for the coastal
regions during the cold seasons performed better, the
estimation performance was found to be low in the
inner regions with high altitudes. In the spring and
summer seasons, the estimate performance was gen-
erally lower due to the higher temperature and solar
radiation. Especially in summer, estimate performance

was underestimated in the southern regions. The CFSR
reanalysis dataset tends to overestimate ET, than the
observation data due to increased temperature and solar
radiation (Srivastava et al., 2013; Paredes et al., 2017;
Tian et al., 2018).

The best estimation performance results are
obtained for the coastal regions because the temperature
differences in these regions are less than in inner regions
due to the effect of the sea in winter. On the other hand,
it was understood that the worst estimation results were
obtained, especially in the Eastern Anatolia region, due
to the difference in temperature values depending on
the altitude Bhattacharya et al. (2020) were found sim-
ilar results in their study carried out in the Beas River
Basin of Northwestern Himalaya. It was determined that
CFSR was more successful in estimating ETo for north-
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ern regions in the spring season. It has been understood
that the temperature difference in these regions is less
in March, April, and May than in the southern regions,
which affects the accuracy of the estimations

4. CONCLUSION

ETo is a very important parameter for hydrological,
meteorological, and agricultural studies. However, it is
very difficult to obtain the meteorological data for the
calculation or estimation of this parameter in developing
countries for the required regions. In this study, ETo was
estimated by the FAO56-PM method using observed and
CFSR data set for Turkey. The accuracy of the seasonal
estimations was evaluated statistically by comparing it
with the ETo calculated with the meteorological ground
observation station data by TAGEM.

As a result of regional evaluations, it has been deter-
mined that the most successful predicted season is win-
ter. The most successful estimations for this season
were obtained from coastal areas with low elevation.
The weakest estimations were obtained for the summer
season. Especially with the higher temperature and the
solar radiation, very poor estimates were obtained in
the southern regions. The ETo estimation ability of the
CFSR reanalysis dataset is generally satisfactory for the
study area. PBias value was calculated as negative for
almost all seasons.

It has been observed that CFSR tends to overesti-
mate the observation data, especially in the southern
and western regions. According to all results, the CFSR
reanalysis data set is a good potential data source. How-
ever, it is recommended to evaluate the data with obser-
vation data before being used especially in summer sea-
sons and to be used after regionalization with downscal-
ing methods before being used in models.
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