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Spatial quantification of actual evapotranspiration (ET) is crucial for water
resource management and planning in arid regions. This research focuses
on the investigation and estimation of evapotranspiration using
Py_SEBAL and METRIC algorithms, as well as the WaPOR model and
MOD16 product, during the years 2021 and 2022 in the Moghan Plain
located in Ardabil Province. The results of each model are compared with
the FAO-56 method, which is a standard approach for estimating
evapotranspiration in different areas. The results indicate that the
Py_SEBAL algorithm shows the highest correlation with the FAO-56
method, with an R value of 0.97 and an RMSE (mm/month) of 1.88. Next,
the METRIC algorithm demonstrates the highest correlation with an R
value of 0.89 and an RMSE (mm/month) of 1.5. To further validate the
performance of the estimation models in different areas, the WaPOR
database is also utilized. The obtained outputs indicate that among the
irrigated lands covered by the water network, the Py _SEBAL algorithm
exhibits the highest correlation with the values derived from WaPOR, with
an R2 value of 0.77. After Py_SEBAL, METRIC demonstrates a relatively
suitable correlation with an R2 value of 0.55. Considering the land use
map of the region, more than 60% of the area is covered by the irrigation
network. Since Py_SEBAL yields the best results in the conducted
investigations for these lands, the estimation of evapotranspiration volume
is focused on the entire region. The results indicate that the volume of
evapotranspiration is approximately 4/5 times higher per hectare in
irrigated lands compared to drylands.
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Figure 1. The geographical location of the study area, the changes in elevation within the region, and the land use
map of the plain in 2022
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Table 1. A brief description of the sensors and products used in the WaPOR platform and the METRIC and
Py SEBAL algorithms

DATA SATELLITE TEMPORAL SPATIAL
ALGORITHM propUCT ~ MODEL IMAGERY  RESOLUTION  RESOLUTION
MODIS MOD16 A2 ET 8 Day 500 m
MODIS MOD13Q1 NDVI 16 Day 250 m
SRTM solar radiation - 30m
20
= MOD11A1 Daily 1km
=
D w
=
MODO09GA Daily 500 and 1000 m
wn o
o) g5
o = S
s 2 3
& 4
S
w
MOD09GQ o) Daily 250 m
o
(]
=
C';:_TIFF;SP;Z Precipitation Daily 5 km
Based on
Copernicus land
cover land cover map Yearly 500 m
map, 2015
MCD12Q1 LC
Weather data
temp, specific
MERRA/ ( He .
GEOS.5 humidity, v_vmd
speed, air
pressure)
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Figure 2. List of cloud-free and snow-free images examined for each product in the METRIC and Py_SEBAL algorithms
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Figure 3. Estimated values of evapotranspiration by different models



VP Y oguw o losd ot ylg2 0,90 s Lol 9 o o pruro €.

& Cand (639l i b Jlo slaole (coled ;3 v yo3Ul oyl &5 amd o lis METRIC ity 630) ol pusss oawy 0
Oglaio Sl yd a4y lgi o Jdo 93 (pl duslio g 5,05 yuoud &5 0 olds LYD ales sl ol o FAO-56  Jae
255 Jouily S & (LS o I s oS sl pl 45,8 METRIC 256801 53 3,8 0,1 Jse 93l (e
Oz B3 £ anled 5 (gadygs (B Gl I b & ol ok Jailly Cond 4 LS s ) s
Cuoglio dudyd g (oylol 4 aus,8 FAO-56 Jao ;5 oS Jboyd wmd o ¢y ol Bb Cao s g (omnd Cargh,
Cagby 5l paians jobdy Wilg 4lalS &S Liws Olegsse (pl Nl Cuipa K ya oS cuwl 7 ilae Sologinl
J6l U b o) Splogiol Cunglio sy (S lalS 5,55 5 455 28Uy (SuS (Sl iz 5 b i S
2503 3L s g g o Cargloy dod g yod b Cosd Sl g (B4l Bk 5l S ad, O

(¥ Joss) a5 odliul (gylol (glay yasls 5l FAO-56 Jao b laodls dunlio g gobge 5385 wyp yolaiods daldl ;o
o ot RMSE=Y/AM(mm/month) g R=+/3Y lie L Py_SEBAL 3, &5 aad oo lis (ko] (sloadls aw)p
5 R=+/A Juis L METRIC a5 Py_SEBAL wipyoSl 5l sy )5 FAO-56 e b 1y  Siwod jue
2lie L WaPOR o, s MOD16 Jguaso (o ol iy |y Sisod l5n0 (53 i RMSE=Y/A(mm/month)
a5 Jad o i RMSE jolde j> M Lol cituds 1365 1 (cauolio 83 51 o5y 93 50 &S a2 o i FAO-56 4o,
J4e 9 MODI16 Jpaxe 4 bgpye (5)lol (sloadls S5 (o 5 o0 dvogs yite |y (35~ o8 WaPOR s
oS LYs ales 508 o Joo yiag 5ymi— i 3yl B> )3 pSibie yobods WAPOR ybg, 45 amd oo jlis WaPOR
WaPOR Jao |y ccunl oo (g sllail bl atily (gyipe <85 MODI6 oo 4 Cuns WAPOR sl ois sy
ot WEPOR Jso o8 ixe oy &0 sl ly (oo (5 pin Sl B iy ol 2 (e sy S (ol
S9 155 0 oo g ppdpdllasl ol by S oo 29050 ) 3y s (ol (ghailate (gl Sy 4 g b g 55
slayiahl (s3lose bl 4 g0 WAPOR Jao (slaco o 105 5l 8 sl (50— poes dy9l p <83 )3 g bB
ol 2505 oital 55 55 (sl Jio 5 ol a1 45 38 ol (LS sy 5 S5 ln Sy a5le (i
A5l 42l WaPOR bawgs 305 e 359l 3 4295 b8 15U lgs o giwej coleMbl )
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METRIC 0.89 15 1.14 0.34 1.54 0.78
WaPOR 0.86 1.98 212 2.87 -1.41 091
MOD16 0.71 2.39 3.08 -0.8 2.58 1.48
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Figure 7. Daily average evapotranspiration in different land types of the Moghan plain. (a) Percentage of cultivated
area for each land type and the volume of evapotranspiration in each land type (b)
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