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Figure 1. Geographical scattering of synoptic stations with their climate types based on the UNESCO method.
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Table 1. Geographical characteristics of the meteorological stations with their climate types based on the
UNESCO method and annual mean reference evapotranspiration of Penman-Montieth FAO (2001 and 2018).
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1:Arid, Medium winter, and Very Warm Ahvaz 31.25 48.55 225 1979
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Figure 2. The proportion of missing values in MODIS images at the studied stations at the different clime types

between 2001 and 2018.
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Figure 3. Box plots of eight daily sum of MODIS (PET-MT), Penman-Montieth FAO 56 (ET_PM), and
Priestley-Taylor evapotranspiration from different climate types (1-6) between 2001 and 2018.
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Figure 4. Comparing the 8 daily plot of MODIS (PET_M), Priestley-Taylor (ET_PT) and Penman-Montieth
FAOS56 evapotranspiration at some selected stations from different climate types during 2001-2018.

veq



VY€eo (\)b)w c(VA).\beguiUbu} Ls‘&:vmhg).’ A gl

sl gl SV L (S ) S
Ui')) o9t (i ge okeiw LSLAJ)JT).’)JA };‘5‘
S Slad s s O b Sl e
U'i\ (Y+\9q) Q\)&a_h B j,\;b (0 J.(.Zv) JA)L;G C)
éj.x.?—fmj DJJTJ'E B Ls_éts CJLOW‘ QJJS J)\}
s Socuby) Ol et a glayane lels
i slaesls s g1 slallex 5 ((SWL
S s Sp g el sy AS
(MJJA j-iJL"-.’. )‘ eJ\JJJ_}IJ{ LSJ;.\.\NP JL&% J';.;U
Sl ST Ll spes (M) sy L e
MOD16A d),..a:w BL GMAO L;L\.Lx')l.: 6[.%0.5\.5
S I 53 osd e S sk 5 SOL Kl
Jsa gl lde 53 Ads5L slaesls
DL Lk;- 9 (1°X 1250) J{L_f. ;5"&'“ md‘ﬂ
Vo) Sl G elie 4 LT el (elde
) s Coalad pe Shls (e 000 L (g
Ol (V) 4) OLer 5 Olsdpm wres (VO
4 S douisl glaesls oalad ple S Lsls

phe 2 Tt ﬁ.,l_? LS s sleesls
(YA) 5,s MOD16A2 & akis

100 1

751

501 i3

PET_M (mm / 8d)

751

50

25 1

251

100 1

O O P T e X
55 Sl Sk edasilis £ S s Lol
& o PET M sl s ajss A pii
walllans; o slaneli) olu s ET_PM , ET PT
W) sy A Ll peiohe b St Bl s
258 Gl SR Skl (S
ez = (Y Sl b e s 3
U5 354 UPET M (slaweS sl iy
sl <=Ld 5 balds 4 cwls e.x.i:)ﬂﬁ
wosb e Jo s sk e Sl on s (oSl
3 ombr 2B L s ol ol JeS
L PET M (slaesls aslin 55 (Y014) O,
L bz 0 Goias bl s 55 Sols & ai s
Slrols & Sl SIL laels 53 unse g Gl
OY) Gl YOIT 5 YT ol b Ko
0530 A g aame Oy Sy lasls sel
mh 5 00 S Sl ety b g0 edini
sk slaesls S :,ﬂﬁ e Sl ks
claas plad 03 s By 53 4 Camd s
L (NL s bl S oAl Jsar il
PGV I B4 R | SO

oS o lww 45&)‘).\94.:

03 o= e 2l 03 1 sl 2 e e S e

7" Line 1:1 ---
¥ Linear Regression

6

25 50 75 1000
ET_PM (mm / 8d)

50 75 1000

0 25

25 50 75 100

0y , ;
0 25 50 75 1000 25 50 75 1000

25 50 75 100
ET_PT (mm/ 8d)

(ET_PM) 07 U ol — oty 3 ,05— i b (PET_M) MODIS ekows a0 3,05 pond 0555 A 5515 5l gad =0 IS5

R TR TRV g}“") 093 53 O.Z“Jf) .]a.">‘9 )Lw-ézd b a‘,a.& “ (\-1) Q‘gu.’w ‘;«)5‘ ‘5‘.&;’15 BL) (ET_PT) )‘QL_J_‘;:M«J_J?: K)
Figure 5. The eight 8daily scatterplots of MODIS (PET_M) with Penman-Monteith FAO56 (ET_PM) and
Priestley-Taylor (ET_PT) evapotranspiration along with 1:1 and regression lines at the different climate types

(1-6) during 2001-2018.

AR



SPEW 9 5923150008 il 00

ol o) sk e e (Bl e (VY
AL s el glals anlie ol (i
51 0Lz RMSE  PBIAS BIAS : Lols s, 5
— RS 3 e sdiams S8 S sl slalex
S dass 6Lhml§\ 02 01 U ol ey 888
5 Six gblil Sl s )b
e B b aes bl e 4 S ead
bl glagaxrle 5 Ol s e sb e
=516 b ET_PT , ET_PM L PET_M
(Y dsdr) b e fals
TS O 5P S Sl sl
e iy G e b g i G
ol cilsee glacs s kim0 5B
Gt Shead B (2 Sk 5 0L
b Ko ans @Bl ) shim o n 5 midse o
DS s (/88) Jlies Ol 5 5w Ol
3 radse ek B A (Seed S
S8 sl (VY) S Bl s e e
koris 385 e (Somat il 2 S5 5bes (1
bls 01 5l Eotile asy G- i 5 e
(A= /AY o3 gdome) (6 5SS Sl i 03 gdms
o G (e il S 4 o
(V=2 /AL e gdome)  Heki= Jus 0 5 e
d_<;~.._w_a el s S S gl 5 el
5 0N Sl Stl ey b edse ekl G
el e el glac plad o okim e
0> Bl S R s e edalie (S
b g oo G5 i 53 (Komnt il 12
Srat g 2) 0SB il ey 5
53 OV (St g 8) = iy o 5 (/A
St e, Sl S A g Six
o 3 e ki O A S G GG
odomis G, S 4 Ceed 01 B il

Ll kS M 5 s

AR

G s iz Slaesls  SS1, anslin
L Jpm 00 56 ol ey 5 sk e
Slaesls St (SAS|y ka0l O S,
—oe) o e 4 Ced e el
Sldtans b Sax o il s (01 56 Esile
O S5 bt I (b e A B b ean)
s ks (WRz)vJ)'; e S e e
2SS olie 015U Etle ey b s
(/00— /) Sistaey b S slanll
32 Ol b Sistans o3l o i o SV
Sl 4 cod sy ) Jame Ol
syls (/88=2/0Y) b bt B b jeaes
— S S Sbesls (SUS1y nlple (Y Jsd)
AV G 0 sgas) 00 Sb Elle ey G
b S bl s et Ly (Lol
(Y Jsd) 35 on e e Sistandd
ol sl 53 bl sl atls il
» PET M glalles 0 50mly 5 00 530 il
L Sixaes ol 3 5 BT PT L i sl
ET PM U (55 o) Jtine Ol 5 3,00 Ol
sl 3 PET M imea (Y o) ool
Sisaes b Six gbdsl s ET PM
BIAS 5.8 glallax ghls (e b SO slacs)
PBIAS (V¢/¢ mm/8d —Y4/Y mm/8d o3 5is)
o39d=s) RMSE 5 (/8V/0-78+/) o3 3d5a)
Sy o s OV mm/8d -YY/Y mm/8d
L Sistaay 3 ohisa «(+/60—+/1)) md 5L
ool (55 ) Jame Okl 5 5w Ol
b S U sk eaad slansl s s I
L oawlie 53 PET M (i3 b Ll o)
03500) BIAS ;.S clalas (gls ET PT
63 9d=s) PBIAS (VY mm/8d -YY/A mm/8d
-Y¢/6 mm/8d o2 54~) RMSE 4 (/VY/0-7/4V/0

-0y md VL Gilg o s (OA/N mm/8d



VEo o (1) o5lan (YA) s STs g Of clin gla yidgiy & i

9 (ET_PM) o1 jL’» Euibe — ‘5,'3—}?'.3 ‘J (PET_M) MODIS okovw 639, A & ‘jju’—}?u’ ‘gb_j) -y JJJ?'

XONSY A o) 0y s slite el slacas 3 byl soasls lal y (ET_PT) | shs- s »

Table 2. Evaluation of 8daily sum of MODIS evapotranspiration (PET_M) with Penman-Monteith FAO 56
(ET_PM) and Priestley-Taylor (ET_PT) evapotranspiration at the different climate types during 2001 — 2018.
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Figure 6. Pearson correlation coefficients among MODIS (PET), Penman-Montieth FAO 56 (PM), and

Priestelely-Taylor (PT) evapotranspiration at the 5% significant level at the different climate type during
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Abstract

Background and Objectives: Evapotranspiration is one of the most critical components
in the land branch of the hydrological cycle, which, as the link between water and energy
cycles, plays an essential role in the interaction of the atmosphere and surface. Getting access to
remote sensing images has made it possible to study evapotranspiration spatially and
temporally, including actual evapotranspiration (AET) and potential evapotranspiration (PET).
Evapotranspiration of the MOD16A2 MODIS sensor can be very useful among remote sensing
images due to its very appropriate spatial (500 m) and temporal (8 daily) resolutions in regional
studies in areas without data.

Materials and Methods: This study evaluated the MODIS global terrestrial potential
evapotranspiration product (MOD16A2) using two reference evapotranspiration methods of
Penman-Monteith FAO 56 and Priestley-Taylor in meteorological stations from 2001 to 2018.
The study area is located in the southwestern provinces of Iran (Khuzestan and Bushehr), west
of Iran (Hamedan and Kermanshah provinces), and north of Iran (Guilan and Mazandaran
provinces), which is classified from arid to hyper humid according to the UNESCO method.
Then, Penman-Monteith FAO 56 and Priestley-Taylor reference evapotranspiration was
prepared using meteorological data with the Evapotranspiration package R software, and the
potential evapotranspiration data of the MOD16A2 product was provided using the Google
Earth Engine system. Then, these data were compared based on evaluation metrics in different
climates.

Results: Compared to both the Penman-Monteith FAO 56 and Priestley-Taylor methods, the
MOD16A2 product overestimates evapotranspiration in all climate types and has a greater
variance in data. The statistical properties of the MOD16A2 include: the first and third quarters
in arid and semi-arid climates with Penman-Monteith FAO 56 evapotranspiration is less
different than the Priestley-Taylor method. In contrast, the first and third quarters of the
MOD16A2 are more similar to the Priestley-Taylor evapotranspiration in semi-humid, humid,
and perhumid climates. MOD16A2 also estimates the seasonal evapotranspiration cycles well,
but the date of the MODI16A2 peaks in all climate types occur mostly with one-week
precedence. The evapotranspiration of the MOD16A2 is successful in estimating the Penman-
Monteith (Priestley-Taylor) evapotranspiration in arid and semi-arid climates (semi-humid to
perhumid climates), particularly semi-arid with cold winters and hot summers climate (per
humid climate), due to the small errors of the model, including PBIAS and RMSE respectively
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in the range of 40.3-46.5% and 14.19-6.6 % (the range of 72.5-97% and 6-24.5 %), the high

coefficient of the modified agreement index in the range of 0.5-0.61 (0.37-0.5), weighted
determination in the range of 0.55-0.63 (0.44-0.51). Moreover, there is a strong positive linear
relationship among MOD16A2, Priestley-Taylor, and Penman-Monteith in most climate types,
because of their high correlation coefficients (more than 0.85).

Conclusion: The results of this study indicate less uncertainty in evapotranspiration of the
MODI16A2 product with the Penman-Monteith FAO 56 method in the semi-arid and arid
climates, especially semi-arid climates. In contrast, in the semi-humid to perhumid climates,
MOD16A2 product has less uncertainty with the Priestley-Taylor method. Also, the MOD16A2
product has the least uncertainty in the semi-arid climates due to the least errors. Therefore,
considering the recent climate change in terms of increasing temperature and consequently
increasing evapotranspiration, particularly in arid and semi-arid regions around the world,
and proposing the Penman-Monteith FAO 56 as the standard method of estimating
evapotranspiration by FAO, the MODI6A2 evapotranspiration can play a crucial role in
irrigation planning, water resources management, and monitoring drought in the arid and semi-
arid climates without any observed dataset, especially semi-arid climates.

Keywords: Modis Sensor, MOD16A2, Penman-Monteith FAO 56 Evapotranspiration, Potential
Evapotranspiration, Priestley-Taylor Evapotranspiration
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