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objective: Evapotranspiration (ET) is a key component of the hydrological cycle,
governed by both climatic and biotic factors. This study aimed to investigate the
response of ET to different vegetation growth forms along a precipitation gradient
across steppe and semi-steppe rangelands in Chaharmahal and Bakhtiari and
Isfahan provinces, Iran.

Method: Data were extracted from five rangeland sites with varying precipitation
regimes and analyzed using a Generalized Linear Model (GLM).

Results: Results indicated that the precipitation gradient had a dominant and
statistically significant effect on ET (p < 0.001), whereas the independent effect
of vegetation growth forms was mostly nonsignificant. However, the interaction
between growth forms and precipitation was significant in certain plant groups,
particularly perennial grasses and shrubs (p < 0.05). Pearson correlation analysis
also revealed a strong and positive relationship between vegetation cover and
ET—especially for perennial grasses (r = 0.788, p < 0.001) and total vegetation
cover (r=0.957, p <0.001).

Conclusion: These findings suggest that wetter regions supported denser
vegetation and maintained higher ET without vegetation decline, indicating
strong water recycling and vegetation persistence. In contrast, drier regions
exhibited reduced vegetation cover and ET due to water limitations. Overall, the
rainfall gradient plays a critical role in shaping vegetation structure and ET
regime in dryland ecosystems.
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Abstract

Introduction

Actual Evapotranspiration (ETa) is a crucial component of the hydrological cycle, influenced
by both climatic and biotic factors. ET is influenced by several factors, including climatic
conditions (such as temperature, humidity, and solar radiation), soil characteristics (such as
texture and moisture), and vegetation type and structure. The findings highlight the key role
of vegetation forms in regulating ETa and the response of rangeland ecosystems to rainfall
changes, and indicate that species composition and rainfall intensity are the main drivers of
hydrological patterns and water productivity. Given the importance of ETa as a major water
loss pathway and an indicator of ecosystem function, the results of this study provide a
practical and generalizable basis for improving the resilience of rangelands to drought,
optimizing plant species selection, and developing sustainable water resource management
strategies. While numerous studies have examined these factors separately, understanding
how vegetation growth forms and precipitation gradients interact to affect ETa patterns in arid
and semi-arid rangelands has received less attention.

Objectives

This study provides a quantitative and scientific framework for analyzing ET variability at the
regional level by examining the variability of actual evapotranspiration (ETa) under the
influence of vegetation forms in steppe and semi-steppe rangelands of Chaharmahal-Bakhtiari
and Isfahan provinces and along the annual precipitation gradient

Materials and Methods

The research was conducted across five rangeland sites with varying precipitation levels (130
to 800 mm) in Chaharmahal Va Bakhtiari and Isfahan provinces. To integrate field data with
remote sensing information, seven representative sites of 250 x 250 m—matching the pixel
resolution of WaPOR products—were selected in each region. Vegetation sampling was
conducted during the peak growing season in 2020, using a combination of transects,
macroplots, and microplots to measure canopy cover, including perennial grasses, shrubs,
perennial forbs, and annual plants, during the peak growing season. Data analysis was
performed using General Linear Model (GLM) and Pearson correlation tests in SPSS
software.

Findings

The GLM results showed that the precipitation gradient had a dominant and significant effect
on ETa (p < 0.001, F = 78.371, Adjusted R? = 0.953), while the individual effects of
vegetation growth forms were not significant. However, significant interactions were found
between precipitation gradient and growth forms, particularly for perennial grasses (p =
0.015, F = 3.813) and shrubs (p = 0.009, F = 4.372). Pearson correlation analysis confirmed
strong positive relationships between vegetation cover and ETa, with the highest correlations
for total vegetation cover (r = 0.957, p < 0.001) and perennial grasses (r = 0.788, p < 0.001).

Conclusion

The results of this study showed that an accurate explanation of the evapotranspiration (ET)
pattern in rangeland ecosystems is only possible by simultaneously considering climatic
conditions and vegetation composition. Although vegetation forms alone do not play a
decisive role at the regional level, their interactions with rainfall and climatic conditions
become key elements in regulating the water balance of the ecosystem. These interactions are



Journal of Ecohydrology, Volume 12, Issue 4, 2026 947

especially important for perennial grasses and shrubs in areas with higher rainfall. The
findings revealed that in high-rainfall regions, increased ETa alongside denser vegetation
reflects the formation of a sustainable hydrological cycle. In contrast, in low-rainfall areas,
water constraints act as the key determinant factor, simultaneously limiting both vegetation
cover and ETa. This research demonstrates that the precipitation gradient plays a determining
role in shaping both vegetation structure and ET patterns, and that understanding the
interactions between these factors provides a valuable basis for sustainable management of
water resources and vegetation cover in dryland ecosystems.

Authors Contributions

Pejman Tahmasebi: Guidance in selecting the topic, selecting the study area, collecting the
required information, editing and reviewing the article, controlling the results

Elham Ghehsareh: Guidance in reviewing and editing the article

Khodayar Abdollahi: Guidance in reviewing and editing the article

Elham Banihashemi: conducting and writing the research, analyzing the data, writing and
making corrections and applying comments to the abstracted article.

Data Availability Statement
The datasets are available upon reasonable request to the corresponding author.

Acknowledgments
To my esteemed professors who guided me in writing and completing this article.

Ethical considerations
All text used in this research has been written in accordance with scientific and ethical
principles.

Funding
The author declare that no funds, grants, or other support were received during the preparation
of this manuscript.

Conflict of interest
The authors declare no conflict of interest.



Yosl

O okl it Job 30 BUS gy E 99 il S (Mg § 35 g (5 39N g

ELS

Dt s T s, o g oled! T nstonds o i i ol

Bl 5 ol pl 0,8 e 0,8 o oKl (e pole g mds @lio 5SS (g )bpusul g Wye c@iye pole wdine (635D (658 (el )

banihashemi.elham.m71@gmail.com :asLbl, < Jsl

MLU) ‘("9') S.Luuuy ‘U‘f‘ 4.)){).9(\5 ‘.))f){,w aliu.ul.) ‘U"’c) F}L& 9 ‘_;u...‘o c.:lm 3.\&»)‘.) 5‘5)‘.))4901 9 é’)" ‘é—’)‘ 6)9J9§] ‘)Luml.) Al
pejman.tahmasebi@sku.ac.ir

Iduobl..ﬁ.‘) ‘P g BM}» 40‘)4] ‘5)5).9(\5 &.))g).é(«f: ali;(ﬁb (‘:)A-o} F}Lﬁ 9 u!.M.Jo é)l.uo EJ\S‘\AA}L) &d)‘)}@i 9 é))o &Ca.tﬂ.‘a w.\:\.é(c 6)45.) ‘)L.“:d‘:'b .\ﬂ
elham.ghehsareh@nres.sku.ac.ir

:MUL{‘) &F)LQ@ BM}» ‘UI)',‘ ;))f).é(«:} ‘.);).e(\f: olKiisly (‘:)A-o} P}L& 9 ‘-;!Mjo c.:t.n 5uSisly 5‘5)‘.3)’@1 9 é})o ‘;.JT w.\:\.é(c 6);5.) &)wlb ¥

kabdolla@sku.ac.ir

LXVLES

Ao SleWb!

ol G g ol Jelge ) e ((So3lgyen Bz 3 oS (Slelze sic 4 (ETA) aBly 505 - s 2d0no
= S0l ool S g (dugy sl JSs blate il il Syo cslaidly yy olge ol BB oy 4 (3850 Slalllas ax S
ol 48,5 )18 4o g5 3 )50 yiaS Siiddess 9 SuiS gl wETA 455

2 S8l s cud S Jgb 0 ETa 5 ol Jide dilise oS 5t Jdow un b adllas ) sl
A el tldas g (ol bl

Jbco ez sl )3 (ol Ave 5 IY) Sglite (Sl Ll b (o050 llate iy 55 ol Adllas 1l g, 9 Slgo
slagile daglaiy @lota leaS by GJSS Jols (alS Gidg oy b pbdl pledel 5 s)lise 4
Sl 2oy L WAPOR &bolu jl ETa (slaosly .08 (6pSolasl gy A5, zsl 590 55 allucSy obolS o alluss
5 (General Linear Model, GLM) _sogee (Jos Jao 3l ooliel b laodly Julodgas jo5 b gl yseil o YO-xVA-
A3 plrdl SPSS Jl58le 5 5 (ygm (Stre (9051

P<elen) (gyoline o) 3)5 ETA lsue 0 (s jblins 5 & L3l (S5)b lpuis e 2l o)Lis GLM gl baaidly
el ) (ingy g S Jis Sl oS s 5 ((+/20Y L il (Adjusted R2) oad s s co s 9 FEYA/TYY
FF/PYY) Laglasa 5 (P= +/+30 FVIAWY) dlosia obedsS ly (ojboline Jlite 3l el il b 395 jolias 5)l0
e 2 Y) 05 1B ETa g (alS (b o) 6ibline 5 o dlal 55 (ygmoymy (Siasod 05 saliio (p=2/- 4
(Pl N = VAN losis GlediS 5 P<+/++) o = A0V alS IS [ider (Siusen

sl STy (ALS b b olyen ETa ildl ol Sk b sblie 3 ol lis boasdly 2 o5 (5 pS domsld
ol 84S J S Jals lgis 4 T codgizme o )leS Bblie )3 ¢ blie > cusl Jul Sl B S 6,8 S
OB (S5 Syl candd A o0 G iy iy (il S 00 295 (loja sk 4 1) ETa on g (aLS idsy oo
Sl ol line 2l o Jologs cpl e Joliie 51 Syd 9 0500 ETa (slagSl g (2LS idgy jlidlo ;o (glodiiS s

gl walyp Siiddas g Sutd laptuswss] ) (LS Gids 5 o @le lub cople

1l £o5
g3 dlie

VXLV iedl s )b
VEF - ANE 26 505b d,b
DR RS YRy T

N AR AR P I

1203 lgdls
W e
sy SIS

(N5 Oyt

MWAPOR

swldon g  oriuw!

G b 53 (S iy 5 B ot (ly 555 - e el o S i tpladl S o)l foloy e smmlogh ) odla i s3Ukus!
AFOASY ()Y o iy beossT Al . SH)b s
http/doi.org/10.22059/ije.2026.397981.1877

©NoIE

BY NC

sl U sl o lud plo)] smologds lo (oila s s © ol oKty ol Ll 25k



mailto:banihashemi.elham.m71@gmail.com
mailto:pejman.tahmasebi@sku.ac.ir
file:///C:/Users/Lenovo/Downloads/http/doi.org/10.22059/IJE.2025.405571.1894
file:///C:/Users/Lenovo/Downloads/http/doi.org/10.22059/IJE.2025.405571.1894
https://orcid.org/0009-0005-0429-7811
https://orcid.org/0000-0003-4315-6251
https://orcid.org/0000-0002-4740-7698
https://orcid.org/0000-0001-7274-0823

JFeF ol oF o loiis I 099 o559/ a5 ddzxo 4¥4

dovio

B kel Wl (S olis @ alS Ghdg Gob 3l 55 s SB g o s Jels gm0 - s a3
A‘Su" ] youwil 5 (00 b oo Sl ol Jols g (65,1 Js! “.-’T b5 ) ore 8 SSULIRY '(Y'YY‘
£5 35 5 Aoy 5 3 L) S (038 sla Sy dasbigs G5 5 Cogb) dod ) sl Ll ales | 3000
OB o 2LS Saigl g (aljae) Sl (S g gL (S15 el aen (ala Sy ) )5 (alS S jlsle
3 e & e ] S5 bl 3 5 5 ol 32 4|y e Gk 2oy B+ 393 ET il g8 (YF i
5 Sl VY hlSan 5 gSomule) wmd e 0Lt (e) 8,5 5l g 2l Sl 2 ) o] el & ayoe 0 sop A
g ol Sl 5 1S Byp L ET a5l 002 ol b (5505 pekions b)) Lo 45 opsizmod (YoV+ o) San
9 sy b Shy > gl ) BT sld )5 (6550 A (LS (ldgy o 9 )8 Lo g Slosls (Lt bs gy
2 OS] 4y Grsddad 5 0l5 A b Sy i 5 Syt ol bl wilize cbdisS Jhe LSjslorsd
5 Sy o) o Kan 5 S DA (o Kan 5 SBL D295 (Kan g 55,5) 350 smie bl p5 e
Slgee LS oady Jolye o ingy sl JSs ;5 g5 a8 1) AST zuls cpl (Yo7 () Kan 5 S ¥+ WY (), Ko
o 5055 da JSix wole LS Lide glyl amd 3 b coo Lol e wilise gl ulis 5 1) ET lagS)
AR (bl 5 (STL ((Soipm) Cunl SB Cughy (slweydd cd )l g 0b) gabglej ol wla Ulg (LAI)
cullsd loj g by w515 Sy Loy Bos) 395 (Kjdejdsiise S Shy 4 g L ity g by,
(83 Sdas g (gylidle lacgles pl (YoVF o) Kan g 5ls V4V « XI5 o (J VY o)) Kon g S ST OAYY (1S,
5 o)) B Ol plie obg 5 e SlapiumwsS] ET sl 3 oge (3B «Siddos g S bl ) ohga
&b c}») HEAR ‘OI)K@ 9 uLm RN ‘Ql)lSA.m 9 )u.u.‘? Neooo cw‘ 9 0)9‘ c‘;bb RSV ‘UW' 949A co‘)&alb
(Y'\V ‘Ol)&h 9 «5;‘) AR cdbm 9 dld YeeA ‘L;?f 9

Oldsd iged (las 4 Wlashy Sb ol 4 @it gy b SS Ful awoyp 4 daxe Oldlas
Wile (alag) slodSis 48y ploj g ada) ) Le ((Siolgd )0 ol Wlosls Ui 95 S sapbly 3 oS g ludnd
slogyl b ady Slojen Jdd 4 olasiS )0 BT (clagSll 2 (295 JB b Grwdian slasliy: 9 C4 plariS
5 e lsy) dimd o Lt ET 1 g8 il sy alS a5 o 15 biyls ln gl &) s (g by (305 diliansls
813,815 =l 5 wolidle ((ix lagide el BT ) (aasi JB lacglis 1 Sl Sl (Ve 50
(V) gl 5 sale Ko cdn) sl bape baisS T o g S e (a3l (LS b s 4 bias &S
oy ol pods a4y LS (e gloil Sy g o515l L (YoYD) ¢ 5 (VoVY) oh)Ken 5 oy Oledllas ol o picron
s dlaiel )3 ohgdr Sl Slyus ] Kid g Sidaes gblie ;0 ET (clagSl 308 puns Lol Jole col wlio 4
g ydl 9 (Voo ) Gyt g 5logS ¢ fllonw (sla yimg dlen ;I Calisee cilalllas ,38,56 ET Oliee 0 i jobo &

1 Evapotranspiration, ET



90+ Oyl cadld (o /. 2L Giubgy €99yl i (gadly &y yutd (62004 e Sk

Alawals o)Ll BT (slagSl (6,5 JS5 53 (LS (odgy g (oouldl baalpd o Jilie Sl (Szmg 0 (Vo)) Syl 5 J5
il ool slaadye 5 LS ider g9 b cou ET Sloj g 5l @lpuss sl Lis (o> LOBSS &M 5> (glaulllas
2 6ieS b leo o o )3 el (Sl g G sk, don Lis (NDVI) (oS ibgy jasls ol copw alox
(YN o Kan g L) o) ET

8 Jbo > o (i 0y 5 6lS 1) Jolie ol Baes ET (Jloj lpusis sindon ol i 33 51 ot slaodls
G esud gt Gl ke b juiie ol (Ve Ve ¢S 9 SUI5) ol dtnly (LS by g9 4 b (S Dy
990 Vo ler 5 S5 W) BT Ko lagll (30 53 (sote (i85 J8 (2LS g 5l le 5 (S)k Slyess ol
g s gble ) ohed i,k Sl i gilwde Sldllas (YooV (oliwsS o oy cibaia ¥eof (), Ken
ET (Sloj - e (slagSl wilals ) (goen i (BLS (b &5 Jlo p3 Cunl BT s Jolo o fiogen St s
Mgy &S W0y o)l55 (VoVY) oh)lKer o Kb Sla (wlido 0 (Y+V0 ()Kar g Kilg V-V ) 5 J) 351
5 S5 oS Jo > s 0397 (AL idgr S5 g w515 93 Slymsis 86 Bdee g b VA dms 5 ET sl
A 5 (ooel8l Sl g ()1 4 s a0 (pl @ (VAVY) ()0 9 STl 5 (VoY) ohSen g 5 V2V2) oS
2 rleie 8hee basaly plye & gy ladSd Sl gwyp (Jlaonl b ) BT (opdpmss 3 (slodiS (s
9 (2L g Sl S 5 am oo (LS el ol sl 4B )5 )18 a5 3)50 a8 (Sl slaced dazel 0 ET (60 s
S3darkee by, 5l s peele paal Ny (agy SSS Jlot g Cunl BT @l (ol 8458 (ed ol Ll
Bl Jidey gy Clusi 85 3980 Suasuie Sloj geoge (nl Coenl ad Gl Siidaas 5 Sis gl
ol sloed 2 )3 odee (a8 55 L ile 5 (lesiS Sladisf oS5 0 i U gy sla)liuip b aliile 3S0k
N (e g Ssks ¥ oY Sy Fere oS5l 0y VS (g 5 ©)laSis) cel shan ()8 5 (555
(Jlio el 2 Ol wlio g cadlil bl 4 Sglite (Ssly ong) Sl Ss 51 S o (Voo ¥ (5o 5 s
Fres soady, b baig o Jo o S o SaS Ol S50 1825k 4 Vb Gy b gk ye bl o sy (oS
(e 5 guSe N (o] Kan 5 Si5Li) wimd e S5 1 ET 5 glise clagSll 5 gl 0 plg> St byl o
b ol (LS gy 53,8as 5 )L Slacigles (ol (L5 sl 20T 99,80 cstagy SISl o (Y -Y
a3 QUL Ol @lio g conddl Ll & oy 5l e gt

il 5 il @l > odagy oSS b oo (ET) (Bly 3)5 - oed Spplems gy b adles (o
ET Gpdopms Jdov lp (ole g (o5 gle Wl )k o sl 13 9 ledesl 9 (6ylig Jle oz (slaglin!
4 (50 SlaptugusS] ol o BT lals )3 (o) slopd alS (8 Cuponl & loaidly amd g0 &) (gladlaio o 5>
$2900% 9 (Seiggries el (ol ((acS oo ()l Cad g SIS S 5 e L g 2jb e (SHHL Oy
allas cpl @ls (etugwsS] 3)Slos (adls 5 Ol (8 Cuws ) (ol e plgie @ BT Coonl ) a2 b it O
drng g LS glaws OBl iluat (JWSiS w0 Blhe oglol B Gy mes B 5 e ol
S o bl Ol wlio Sl o e (clad pal,

Bigy g 9lge

axdlian 0,90 Gblo

(sihio ) gladel 5 (dihio as) (gl liz Soliol 3 @Bly (o550 wiowwss] gy Jold allns 350 Gblio
& ol el o5 g, 135 ool ot ) (ol Giiypnds 515 )5 (SNl Syt s Sitel 53 o
so o Ve il blie pl 3 aWle o)L (YooY csnle o g yamudind < ) cuwl su plxl KOppen—Geiger o,
YAVS B AP o ol glis) 5 03g: puite (055 5ums) (slail o e )3 oo Av e b (g Sis) (Sl izl 0



JFeF ol oF o loiis I 099 o559/ a5 ddzxo

o

byt Su35) e Y Blo K5 Y fog8 5 —\ 5l Sloyle gblie ol () JS5) w3y 8 Ly daw 5l e
ool 2 obe ol Sl () JSK8) Lo Sudcblis dilaia —0 Hohived (sliwg) So33) dhe Ko —F Ko
Bblie ol 5 oLl Slasuin Sy ool 485 g0 (LS Wy Slacubl £55 5 ()b cued Job > 158

B ol )3 (wy 350 Bblie Slaseio N Joi>

- Eilw - Silw
ok Lwgio o Sl Jslas
GVl clod bla gl N oo Job
Bl ; Sk &) ) . . . aibate pb
&) i Sl psiged . i L] bl LIS
e L ee) ; () ()
(258 (%)
Anabasis
aphylla L.
Artemisia - NN
sieberi Bess Wb 12 VAFY YVsY VPAY : : S St
Scariolla "AQ°YY "8%h.
Hertia Sl el
angustifolia
(DC.) O Kuntze
isi (550 2 200 1 SR A D
Artemisia W Yoy VASY Y. WA Sye
sieberi Bess s AVOYY RIS
Stipa
hohenaekeriana
Astragalus verus GOy [RAYAIN
Bromus Vo/A Yo- YYAY YeVY YYEA o " Ry
tomentellus s Yy AR
Acanthophyllum
spinosum
Gyory b av%-
Astragalus verus /o Y. YY)y YAFY AARE e . S K5
Ciwldoass \WOYY <470
Daphne
mucronata ) . " B 'yYYeYy Gf.%0. P
Royle /Y Aer GFeo YYYY YAY- YyY. sl R R 095 juww
Astragalus 'DFY 2%y

adsendens Boiss




oY Od 5 ool (o [ BUS gy &9yl Crd oaBly § pim i (6 p2 0y Sl

51930'0"E §9°0'0"E
z .13(I)0h .-().()l-, z
e s
= s, B
- -
- -
300
z z
2 s
=& o
- -
% o
e L]
00
z /s, _Z
5 - g
=1 Sog LM' ) S
o -
Lag] o
400
Oblipaboslad s
N
300

—— W E
£ 0 190 380 760 1,140 1,520 g

- - Km

N\ e < s
%

\ T ’

% D Y NI e i

32°30'0"N
T
32°30'0"N

z z
£ S
27 2 (& T =
& |90 S, Y0 3 S ) glined &
J 09 4 Ll P
= . &
o () el Sy % ¥,
v
vav- v, R c/&\

Z 400 ra %
£ g %
2 2 N

=3 B
. i A VFY ot l S
0 15 30 60 9 120 —— W E
m,f% Km <00 0 60 120 240 360 480 4/» 2

. v . v Km S
50°300"E 51°0'0"E 51°30'0"E 52°0'0"E

2955 53 dalllas 3550 (blio ol 55 9 pLdlan CoaBge N S

AU gt 3 51 i

YO-xY0+ (slo_luSyy) WAPOR Jgasms jl orisgl sl oadly ET (clooslsy e zoudg b skl jolaie 4y cailaio 1o 5
5 Slsenl (LS (idgy (B9 Hlai 1 e sy ol b QL] (320 YOXYD«) slal (e b Byme Colus V dlas o e
dw Sl e dlel (g b (e Sl SO ol pd ad Gl g aeyp Sl Gogo & o pied
FuSa 2 9 Dby liied B 98 B Lad plely 1R0uS0 5l e B (o) Aol b e TexVe alal 4 Sy S
DAY oy Kan g (oob i) Bas Gl Bolal g 4 yie YXY S dw «Mg)Sle ya 0 Y JSU5) 34 ol
OLLS (dlosiz 5 dlocsy) plesss Jols cilizee log) Gl Ss & byape (LS (idgy dopd oMy ol 51 S y2
0rSle 2 (5ol ines iy e 2500 L ez by, Sl 02litl b glaigy (slaaisS 5 (loniz 5 lucsy) ile
sodly olde L U sl duwlbre gy YO-XYO Colo o pdow )0 Gupw 9 SWyg)Sle pdaw jo lanl dacy polds
byl a5 58,5 a5 0 b (N V) Gymo ol i o Slllas dilaio gy | S b 5l 9 Sinlon WaPOR
P AE 20y 79l 8)9 b plejon cailaio ya 3 (LS by I gl paiges S5 (u)p 3)90 5 L] SUsS]
a3l e LB alS sy Sl b us plool (Y-« olosls b 131l b cutipus)l Laslsl 1) ol slawsss



JFeF ol oF o loiis I 099 o559/ a5 ddzxo L\

sy S5 b Sy S LS by 2 g Sla a5 5Sie ) adllan 3,90 bl 13 (63 ,ebged e IS (sl ¥ S
(A gl ] ol pdaws )

"(ETa) § 85 = i 3,97 »

Water Productivity ) WaPOR? &lolw (glo,lgnle (claosls 5| casllas 5y90 3blio p3 ' ETa polis 59y jobaie
95l il lawg 4" wlebw () .5 eslazwl (through Open access of Remotely sensed derived data
b cusdly 4 oo GlSe (slmoals Bl 5 (65y9liS p> Ol g il Bam b bl dnwg Tasie Jlo (g slisS
J5s5 pyads 1> 39550 FAO/WAPOR/2/L3_ETa 630> degazme 5l idgss cpl jl0 5y50 (sloodls V-V (58) ol ons
Ol bl drwgs Yusle - yes Jdo Lb 4 ETLOOK i,y 455 L WaPOR &leles . 2 sl T opsol &)
SHETLOOK oSl 55k o pal 8 awliblon (sl yiol )l g 550 31 iominw (slaosly Sy 5l oalawl L 1) ET 585 (pess
3 omes daw glaShy slue p g lime ©yg0 4 ]) SB aw | s 5 (LS 35 polie (aniegd Jo S 1)k
sy loj b (Salen (gl .84 zlyscl (Mm/10days) ojg,00 Sloj (slaol g o YOXYD+ So zaudg b baodly
SAlol b cuips)) bolgl 5) dadlate o )3 alS LIE sladisS 0D, gzl 5)90 b Gdaie WAPOR (slaosly ( alS s
i) balpd 8l Banles bl polie § 358 cd (LS 35 At Sl (2BL B ad QB (M ol
Al glals

1. Actual Evapotranspiration

2. https://data.apps.fao.org/catalog/dataset/wapor-v-3
3. FAO

4. Google Earth Engine

5. Penman-Monteith


https://data.apps.fao.org/catalog/dataset/wapor-v-3

0¥ OlSan g cabld (o [ BLS iy 93y i 2By 55— sl (5 7y Judd

i 5 AL ey clocsglis 4 sl 10 ET SlKe (clagSl ulos G b callas 5l 5> WAPOR Gilels 31 o3lil
Ghle oy 380 duglie ol (omaie Lals H3le 5 pine coodly 1 gpSore b albols ol 28,5 &ygo Sk
clrodly JlKe 5 Sloj Sliged cpicren Sjlw o pald |y alS ide I ETa slaan]d (opdy )il e o il
ETa ol § alS Libe g9 o byl obj)l o 1) Jdog cds ¢ Slase gy pdises (s be; 9 wlide LWAPOR
Jab 43 S35 Slaglie 13 (K595 slb o (sl WAPOR (salS (sbljo alas 5| oalSun b (g3l se slogts,

.(Y'Y' ¢9§l5) Jui‘_gp

0315 Julkxigds jui

b laodly g Jloys bl ETA glime 2 (S05,k Slyes sl g QLS oty ciliseo slo b 186 b)) pslate 4
ol 305 51 Gy A8 oy (V450 cg)) Tg) sl b ally (Kan 5 (V450 (Sl 5 ,l8) Kby - 5l (5051
Ohbgy 20> (el ol )3 s 03latul SPSS I8l L )3 Wesly Jlowigan i sl Tidad eges Juo s
9 Jite lajyiio Clyis 4 (S99 dlosiz lossS dlory e dlocsy pbls Jols) (i) Gl slo JS3
Jlite Jlgpzmen 5 Sk Oladl cud a3l Glyie 4 dilaie S 0a8 aB)S )l )5 atuly e plgie 4 ETa
oblS g (alS by (oS5 A B b Bl Jae )3 gy ladSid 5 ((iwlaas 5 (il il (3bls) addaie
copd P) §ibline o F (slaolol 5 3 T2l 6l Jao G pingy S5 po (sl 298 pasuito BT (S5
S5 3 ludgs Aoy O peeditene BLSI () 2 pglaie 4y ad ()15 (Adjusted R?) oad fass (s <35 9 (R?) (o
SUSE & g 9 Gblie don (sl 5 sk 4 bl LS cpl Al odlital gy (Siod oo 5l ETAL (oo,
ETa iy oStasad el 1 09l 398 asedio il cilises Lyl 5 Lalgy (5 loline o s b 05 plosl dilaie o el
Ay Sk cwd Sl ilag) JSB o 48 duglie Gl oo cpl (085 515 (o) )90 55 (2SS idey o
lige @28 1y (ETA) (oiBly (5,5 - e Clyasts o ool Blise

dlosiz laile losz GlodiS Wl Glals Jold (olag) S JSS 51 S ylp SS85 4 GLM L b
L g )blize Gygo 4 (adlaie Sl) (S0l Olpss o 3l da oo olod 13 iad awyp aillas gla oo LB ) ((glags o
ol sl b e gl 3 1) o wreo (YL /2O Ll (Adjusted R?) oads his o <o ps g FEVANYY
OB = A Lod g (S5,b 50 ©oldy B 5l el s e 5 UL 33 a5 e Lasl s oS el o] Sl =l
F=2NV8Y) dloss lesS (p=-/590 F=N0Y) dlocSs gy sl Ko g jblixe (gl L nJue
ETa » aos JB 5 okoa (p= +/FFA F=+/08F) laslaig 5 (p=+/A2Y F=+/-¥)) dlosis sla ale (p=-/52-
2 S lne U Jae Al (58,8 5 53 (ks g Jite Syg0 4 (LS by 95 Amd e (i bl ) izl

2l ETa
bl Il (p=e/e -2 FEYIXVY) (g oingy Kb g (D= /N0 FEY/AWY) dlonis ledS aingy S5 )90

1. Shapiro-Wilk test
2. Levene’s test for homogeneity of variance
3. General Linear Model = GLM



JFeF ol oF o loiis I 099 o559/ a5 ddzxo 400

@ ol Golate (SIS balyas 4y i ETaA  (dygy SS90 oyl ,..,L &S cl OT Sl s cpl o sdalie (g)lolixe
Sleblio .0l bl wled )3 6 565 g 009 slanl ol slacsgles )JL.O ETa sl o byl 5,Shes ¢ Slo
L i) 290 bolixe solel sl (SHb Ol Cud) ddlaio b dlusis e 5 oS gy b K6 blie

Egoome 3D Cuwl dgdme 3)lge cpl )3 (SWHb Glpsd a9 (LS e g9 (S5 Pl g o3 (SKL Ol cud
5 31 ETa lyis )3 (61oaiiS (s 9 Qe (i85 (LS5l Olyandd ) alaie Jole o8 S o 25T addllas (ol (sloaidly

Y Jps) 338 3551 51 o)1 33050 S bl b ol 3 a5 gy Sl IS5

ET 5 lag] Jolss 5 ailato ooy slo S 5l oy sl (GLM) (sagas (s Juo oo gl Y Jpao

Adjusted R Squared a. R Squared Sig F df &0

ofoes VEYY i adlaio
/MY N -5 Ny \ 1|V )

¥y R ¥ WSy #ailaio

ofovs AO/YAD ¥ ashio
-[avs < [AAY NaS NAYay \ dlovs Hlonss

-[-10 YIAY ¥ Jlwsia hos§ aikie

ous YV/YVA ¥ adibio
<JAAA /Ay <IN +/+¥ ) Alwss Ao

R JIYFR ¥ Aoy ile wailaio

ofees VATV ¥ adlio
<[y Jass <JFEA < [BA¥ \ WALeTY

RN FIYVY ¥ &4 g wadkaio

gy oS (olos 5 ETA oy jlaline g o (Stuads 3525 BAUBILE (ygu0 ey (Shasad (9031 5] 220l sty gl
I = [A0Y) a5 eaalie LS I Gidg g ETA ple (Suaen olie cpide ool jbo 4 (P<e/4)) Wdg:
2 e Ui 1) e gblie 3 ETa Glie (l38l 0 (2lS (b (JS 65155 maitans g odas (i &5 (P</-+)
(P<eleeN @ =V ol Gl 1) ETa b (Sisod oo (3L dlosin (ledlS (o) JSG olog) JS oo
I =2 VF) dlosiy Lile LS (o 5l pu ConlnpiunsSt cpl 1 ETA (668 s 13 09)5 (pl 029 Canonl S0l oS
ol blgy cpl og ETa L (gybolize 9 YU slo Swod gl 35 (p<+/++) & = +/520) dlwSy 4 (P<+/++)

Dedee e ETa pl5e ol 4 Yl (ol la S ol (idgy doyd (il 1 a0
(St (ol 5o dp STD Ze/o o) o = [0OY) 290 ETA L ()boline g Cote (Stmad )b 55 g (odagy S5
ol 0Pl Sujedsnsd 9 Suiglediee s Shg jl AU Sl gaose cnl g Poml gy GUSS ple & Cons
Jalos ) @l ggeme ) all Sis bylyd b () 5lo g ogime Sy maw (ieS (21 (b ile LS by £y
o 2 g S8 b o (ol alS SISl g 3 ob g S g0 4 oa - (BLS g e ol o] Sl



0% OlSan g cabld (o [ BLS iy 93y i 2By 55— sl (5 7y Judd

5 0% Seislayi lasnld ) (alS Jids lle (i b bl (ol o)l dddllae 3)50 (sapianwsST 3 ETA (i
(Y Jgs) sl asly 3,8 Siddass 9 Sl bl alS jidgr 5 O plio e ;5 Klg o

oddadlas 3ble &S )5 gy ciliseo sl IS5 by 9 ET (ym (ygmy (Siaond (90l ol ¥ Jga

Sig. (2-tailed) Pearson Correlation w29 L;ls’op,.é

/ -[5a0%* | WL

/ oIv.se s Al
ofees < INAAF® C\ WERVERPP RV

[+ - Joov* Slaig

/ < [aav* J5 RLS v

ETa  (alS by lie sla S5 i dady 5 fline 5 o0 s 125 el 1 SUSE & (g (S 3505
BY¥Le (S35l xSl ) adlan (ol 2o i S ol & 45 ol Sglita sblia (S0l 5 (g8l byl ¢
oty Azl ETa b g oline (Stumad olS hde b SS j| Sogd ogde aBlis (oo Ve 350
P e (Suod (ppuiny 9 (P =0PAF 0= [2AF) 05 dllosiy glagile 4 bgyje blinsjnd Wiz pp e (Sisan
bl g aeolieS Wby A3y 4 Wilg o (Siwamod (pl (090 e (P =YYV = = /FF) WS sdalie dlucSS S
G phby (il 5 Cusl 29100 5y )3 o] (Bly whes 4 gyl & 0Bl bgye SUiS fuad (b lndllucSy 1S5
oogSxe pbo 4 ETa (JS (cofl dadllucSy jpdn (o Gl 3l bt 53 098 00 S gl Sl paditis s ol 8]
& ol - i S Sl (oolll Ll 3 53 (IS 5k 090 B oline b Nz pa e dlally § S (oo s
O (S e 55 ez (e Jelge b oo it BTA 1S o bl (o5l (185 o plie Codgione
b auglio 5 45 wigo dilalo )5 oo S qwguimo jobo 4y ol S8 0 (alS by 8 5 2 )15 Lo g b
b Yl o (Stanad i oS ngy S5 ol Jorghy (isen TV oe) il (Sl 5l i S
chwgio SNHL L bl o s o lis 4Bl pl (P<e/+ V) 39y Jboline o/+ ) pdaw > &S (r=/24Y) ob lis ETa
5 i,y Hlo WlgLe o s Vel sl ausls ET (lag®)l  ang B b 1y o dlosis od8 o lals
23l (LS 095 o) (el SnShs

Yl s jpolie Ll 351 Lt ETA L (glolins  Staad LS g slo IS5 J) Sogd 4251 oy e dilato >
o Loy do Comige )3 caslil a5 ) dilaie oyl sl drgi b5 (D Z-/VYE o = +[5AF) WlacSy alS (el Stusen
) o e 5 st w3 S 55 4 23 3 (055 35Le) feghoye 5 (g S 35Le) S5 oy
S SISy 5 e (g B Gy (b i (S Sl dod (5 0 Jol e Jole
gy S SS G eits b)) £odg (il 4 Cul (Ses gdse ol g Mt JIS,86 ETa  plejon ¢ alS
sanliio ETa 5 LalS gy o Ss o coyblins (Stucad 50 dho K55 dibato )3 39 o ETa 5 LalS Lidsy
Sles S b dilaie ol (D = /Y & = =+ /SF5) 355 YU band ko | Staad 2yl sty oS ¢ b oyl b 0
S5 by dsn 5 3 o balyd el £33 5 St a5 1 iniden YO ) Yl B S,
LETa » (odag) cladSid it (55135 51 adlate (ol 13 (LS Jidgy (y95enl @95 9 (oalild 3 (slo sSanl codomy
ol 02> yials

OledS o St g )bl (Stusan )y adllae 3)50 3blie ol 3 1) (SW5b Glise (e o5 05 fuw ddate )
ol kit ETa by o oline Stumsad 3 JS 0lS Lidgs essizmads (P =/++Y & = +JAQY) sl 3909 ETa 4 dluiia
(p=r/e00 d=—+/VOF) Lsb ETa L jboline 5 Lbie ( Siuwed ddlaio (pl )3 gy ¢ blao jd (D =/ VY & = +/AFY)

5 5pSlpe Lidey a5 ol wul Solehd ol mlio b sblie ;> ETa nudats g Jyus o (alS Gidey ssd 1 Sl ol



JFeF ol oF o loiis I 099 o559/ a5 ddzxo YV

g a0 A5ke) SYL SH)b b sble ,0 ol lis guls (S Hob 4 bl 58 51 O BW 1 auditane Lilg3 0 (2L 5 Jleb
2o Jb o G ETaly jlolias b o JS (2l [idsy g Aoty (lodlS ofiges (LS (ibyy el 5l Sy fogS o
S Canl o ) Sl gdge cnl w5 oLt BT pr (o )lel Jlas 51 s jbolins b o) slaJSi clél e300 blio
else o 5 Suis 3blia > a8 o 5 s ETa il 5 (6 yib i abS Libay lslo cjgbye Lulyd 1

{f Jgiz) a8 o ) ) e i85 e

Sig. (2-tailed) Pearson Correlation gy SBJSLS Gble
Nisas —[¥¥- ISy
JoA¥ -[5A¥ Jlois Ao
<Ivvs vy Wlosis ok S i
-Jov¥ IYAS Slig
-1oYY - /¥4 IS RS gy
IYAY —e/¥ay ISy
QINE AR s Sle
e - [aaye* Jlois ox5 Gge
s N2 Slaig
[e¥a [A-0* JS (LS iy
<I\YF i\ Ay
<[AYA - [+¥ Jlois Ao
-Javy —./va¥ Jlokis o5 o0
[av¥ o[-0 Slaig
VS —J\SY IS (2l g
e —/\we ISy
-Jovy NAEN) Jlois Ale
A —. 55 Wlosis oaE s S5
Iy- J/$3a Sleig
- IABY —[-AF JS RS gy
NIk ¥y ISy
Nisa) -fY5 Jlokis Als
Y <IAAY* Alois ok 85 ju
e —+/Yo¥ sy
R AN 52l iy

S5 o g Sy
Oljen wainns 53l o6 b &5 35 = e (59 (Sl Slyaeds cand olizel )3 0l plis (g pr g onl @l
Joe jl Jols ol a0 5108 o Wl 0aiiS o (25 2al)3 cnl 3 58 (LS Gldey o515 9 g8 Al ) )8 Sk
G IS oled (gl P> /00 polie) 255 Hbolime ETA y (uiug)y sl IS Jatws 1ol lis (GLM) oges los
oS (dilate Jole) (S,b s cwd 1 Ll (laslasgy ¢ dlosia o dle @losia 5bodS dadlocSy Jolis g,
2 Jbe sly) 29 olpen Vb (s )18 L g Jloline Yl baJae plod 53 sl (S)k oagds (ool Ll 1 (loizlos
5 (V2A) ohen g T omen Sl cldllas b 4l ol (Adjusted R2 =+/a0Y F = YAIYYY :(clg iug, S5



40A OlSan g cabld (o [ BLS iy 93y i 2By 55— sl (5 7y Judd

(F-¥F) ol 5 SIS 5 (Yo7T) oylen 5 J 2le pd) ol (izas 5 (Y1) pmalid 5 oonle o ey
o3, 10l Siibaes g SuiS claptusmgS] ) ET oaiS 8 oS Jole lsic @ |y S5k (i a8 Canl lslyon
9 ] o balgy (S (Vo)) Sily 9 Jol (gmiydl 5 (Vo0)) (uasp g jlogS clblpm slasinghs (omioman
Shdey 43 )5] amd e (L b Saomy onl b L ol mbs wlanil 48T ET ol ¢pS5 S0 0 S i
D5 gly S50 (So3gleshn (56N p Wlg o cunlie (oilBl s (39 2l )6

YL Lolen ETA (e it )15 518 (S5l Olynss oo CawdW )3 &8 055 fuw (oo (s Siosboye (S5 5
Sble plo 4 caus g Lo S 1) Qe by daalaie (pl )0 b glaig g dllwiin ledd ub cod (alS i o)
S aute il p 9 sS Sl Ady b alS ibe (il ccwlie ()b bulpd ) dmd e LS X9, opl g SYL
el 5 ool Wlgie sble ol 3 Vb ETa & (clisS 4 9980 ETA ol)) cao 5 ol Liolyon o gobio
P (VeF) ohlKen 5 gouSla 5 (Yoo )) Sl 5 gy Sl &5 ogrio sl Ly (ol 8 5 2ad (59065
OH&en g pind o (Vo)) ohlKen 5 ola idgh gols b adl cpl led,S 7 )les diline (sbdpiunmwsST ) 255 Oldlllas
5 ol (eomen Byl Jlaren )ly .»SL Moo slapimssST 0 ET 5 alS ids oo Cute 3)555L &S (V1Y)
238 ojn 5355 o SIS ol 181 o5 355 (LS el bl oS WledS ey (VIAY) 3)lg3g5 5 (Y+-Y) (K
Sl 6Vl ol b 4 e 5 Mg clebwcSin Lile Liblie ) ( SH,L b 503 (sow 0 35 e SET
Ui 4 oy clails o dlucSy lS (ablio oyl 55 cdly Lol caday ol ids 5 ETa ol wilaslse
oiels il i (ogae 3, Sles (SB Fames caY I Ol Gls oy s g xdaw cogby 4 b Sy
P 5 K2 o Sl ol b ey () 15 ETA IS alS a5 > 5 35 bt 8l LS ol iy
3 omen 990 cnl Bedie xS Jaulpd (i )3 (AL (b (R g 03 IS S ET (i 5 phdg jlSLe
» e lbcodgime wons ol i bl med e ol &S A8 e Slaidy (YoVY) S5 g b slaasil
o Jre &8 wlos ) ST 35 (glawyn 3 (Voo F) G 5 Cupe (S8 rizman S o ade (Sfelon S
25yl 1y sl slas )l ) rmsg il > LS a5 g BT 383 550 Ul (Sojslyynss]

> g oo RSy uL“*’ 9 AJ)‘J @199:&.!:: IXWIX Y FN ulf L59§” b @pcb a0 Lgld.ﬁ]a.;o M Lg‘.:aJ:lﬁ @.,L.,
L..M dabio ) (Jlo gy )b ddhio o o8l )yl @ (ool Siwly ETa 5 alS (ide sl Kb o dal,
A5 oanlie BTA i g dlodiz (0diS (olog) JSB Gidg o )blae 5 598 Sl b3l ige jlub 5 sk ye
Poldo Ad)y 5 Geas slaadn, b udugy S pl gblie e ) amd o olis adly cpl (p<+/++) o = +/22Y)
095 9 oS gy slaail b sllae S o Wl ETa (il 8l )5 (6555 (i g 5,0 5y lp sVl cud)bs
o Col (San Sl el iz yn taim o LS Ly (BT) 55 - e Sl 650l ol 09 oo lejon s (slah)l
Caghy 4yt Sialy 9 ady) dwgd 5 Cudgame I &y dlocSy LS ¢ blie 13 5,5 )15 Sty gy 55U
i oty cladisd 508 s LB 5 Sl walsd ol cpgamme 5 5y ET Liulsdl 53 LSl mas ¢ ocbau
shsb) b scudgie (oB)beS Bblie iz 3 3 LS ETa 5 (LS by (e Jloline (Siuen 395 (250
o) e glod 5 SB cugb) Wile tajpd belss g Ngd e ETA (LS sy (6)5558b sl Laslil cllug
oliosS 5 Soy b ¥+ 0¥ (o Kan g g0 ¥eod (olSen 5 SIS (glnaily b gsllas) S oo May (g yider Cosan
capd b S5yl b8 b ETa o JS (alS Lhder om o oStsed oo (YoY0 fKan o Silg -V



JFeF ol oF o loiis I 099 o559/ a5 ddzxo 404

Dby sialS @ los &y 4Vl ,b b bl , ETa Liuljél 48 w8 e ol (p<e/e vV o = +/20Y) YU Lo
oz Vb ETa &ly 53 sl Vb (Sfglon b 9 pgope jl (adld Slge &l gl pxie (LS
ostde ool ETa 5 (a8 oy (Sl (ot e 309551 45 2 5 pllo (a3l 3,518 S5 ol piaoss]
e g Sk lawgs Tpsl g 43,5 )15 ST 590 3 (Vo) +) ohlKen 5 SSl5 5 (V) oy ¢ T Slalllas s oS
ol 005 Al She oolde j3 (Y+YY)

SleETa b (p<+/e+N = +/YM) I Stusor o opyiiio b dlodis ledS  alS idsy b Kb le )
gy JSB ol W3S Wl ETa oSl puand 3 (6alS i o p =+/+30) ((S9)b Ol s casd) ddlaio b jbolize Jilaze
OB ggite (ooulll Ll yd )3 il oo ( (SN Juad b Slojen 5 Cotasily 05 8593 Job (Baee i) g davly &
35le Seoshoye 3blio 5 Ll s (o i 3 sy Canglio IS 5 & 4,81 o 5 g B 3Skee (S
polio sloaiss > a5 WS o ST podge cpl il ol Lyl b (g)loline blize 5l e o (Slolyd Jd> 4 098 s
Lilo (Al By pd sddedalive llwy il 4y 5V (63, Sles cudyls Mily o delue (slapd8l o 55 Sis a
(VY oS

585 a8 3 b el (Sye lapiewsST )3 (ET) 55 - yes 605U 385 (e 3l (L5 gy ol @l (S 55k &
s > oS s 15 1o (singy o IS5 4251 el iy ISl (S iy S 5 ol Ll lojon
B piamwgS] ol Jols paais )3 S polic @ oulsl bulps g (SL L gyl blie il gl Lol oyl gladhaie
ol gy Caenl s SN L bl (0 b glaig g dlusis LediS dy90 43 0heds Joliie c)l),;'"ls ol N oo
pol8 osiyl Slalllas (gl 1y dipo) o 392 olan i3 albCadgaze b glanl wlie ) diadi)) ot Bl s92g b i,
s (M sl Llos g (g0 mewg slrds e (ol (ikde slp ST (e YO+) WAPOR (glaosly SlSe ywlids 5l oo
Sy lp ealy Sloj b3S S > Slys Gl (nlple 998 (o) patiie Sloj dale Ko (SH)k cud S
Slodalio & asg b oy oo 4ol 4 (65900 (tiaw (slo JLuSid dilo) L oulBl Gllwg & ET 5 2lS jidg by
o)oile s 4 G Oldlle 29500 Sty ( SHL (LIS 5 gy SBISS G St g sf e
B3l Sloj g S oLl Job )3 (gudS slaassS s (Hydrological Niche) «5g)s paum olSole» sty S5
Gub Jl 855 (ulas o dlosia JledlS ohigh) (i) JSb 0 45 39wl 5090 (] ilueS (Lol Sua
slacusbye )3 1) 384 pade Sjglyyin ol S aldly) dbml g SB Cugb) b (Slgdady, Oglite slagSl
2 2 Gide bl lacalu S8 G ygps LAl (e Hlale 518 e a9 dbu] (SWHL Ll,S calises
L Siis @ polie ogr (disS Cuoadi p Ll 8000 (S bl )0 068 o dws p |y dilaie ja ouldl byl olal
o W5 ET 6Vl sl b olnatiss 51 ol 8olitl fooye 3blio )3 o8 Jlo 13 sl 550 (Sejlayien 555
Dby g9 Sl 0 Blgie Glojer sedlil 5 S Jlod cizman S S plugusST 5y 0 9 ol B2 dae
1l (B ye glaptunmssS] ) (D pde g3 pal) ol by L5l LS (555 (EE ¢ by bl b 25k 9 ot gl LS
ol i 2 jigaly (s b ol U sl (3585 e slmasls 5 ol by csla IS5 gl (lajon Loy it



LY N OKe 5 (ol (o [ DS idigs &9yl Coni (2Blg &y S (g iy e Sl

10

11

12

13

14

15

16

17

&b
Albertson, J. D., Katul, G. G., & Wiberg, P. (2001). Relative importance of local and regional
controls on coupled water, carbon, and energy fluxes. Advances in Water Resources, 24(9-10),
1103-1118.
Allen, R. G., Pereira, L. S., Raes, D., & Smith, M. (1998). Crop evapotranspiration-Guidelines for
computing crop water requirements-FAO Irrigation and drainage paper 56. FAO, Rome, 300(9),
D05109.
Bai, P., Liu, X., Zhang, Y., Liu, C., & Liang, K. (2020). Assessing the impacts of vegetation
greenness change on evapotranspiration and water yield in China. Water Resources Research,
56(10), e2020WR027285. https://doi.org/10.1029/2020WR027285
Bastiaanssen, W. G. M., Cheema, M. J. M., Immerzeel, W. W., Miltenburg, 1. J., & Pelgrum, H.
(2012). Surface energy balance and actual evapotranspiration of the transboundary Indus Basin
estimated from satellite measurements and the ETLook model. Water Resources Research, 48,
W11512. https://doi.org/10.1029/2011WR010482
Berretta, C., Poé, S., & Stovin, V. (2014). Moisture content behaviour in extensive green roofs
during dry periods: The influence of vegetation and substrate characteristics. Journal of
Hydrology, 511, 374-386.
Brandao, C., do Rosario Cameira, M., Valente, F., de Carvalho, R. C., & Paco, T. A. (2017). Wet
season hydrological performance of green roofs using native species under Mediterranean climate.
Ecological Engineering, 102, 596-611.
Burkhardt, J., & Tisdale, E. (1976). Causes of juniper invasion in southwestern lIdaho. Ecology,
57(3), 472-484.
Chapin, F. S. lll, Matson, P. A., & Mooney, H. A. (2002). Principles of terrestrial ecosystem
ecology. Springer.
Chen, Y., Xia, J., Liang, S., Feng, J., Fisher, J. B., Li, X.,... & Yuan, W. (2014). Comparison of
satellite-based evapotranspiration models over terrestrial ecosystems in China. Remote Sensing of
Environment, 140, 279-293.
Croke, B. F. W., Merritt, W. S., & Jakeman, A. J. (2004). A dynamic model for predicting
hydrologic response to land cover changes in gauged and ungauged catchments. Journal of
Hydrology, 291(1-2), 115-131.
Cui, J., Lian, X., Huntingford, C., Gimeno, L., Wang, T., Ding, J., & Stott, P. A. (2022). Global
water availability boosted by vegetation-driven changes in atmospheric moisture transport. Nature
Geoscience, 15, 982—988. https://doi.org/10.1038/s41561-022-01061-7
Feizabadi, M. F., Tahmasebi, P., Broujeni, E. A., Ebrahimi, A., & Omidipour, R. (2021).
Functional diversity, functional composition and functional  diversity drive aboveground biomass
across different bioclimatic rangelands. Basic and Applied Ecology, 52, 68-81.
Feng, S., Liu, J., Zhang, Q., Zhang, Y., Singh, V. P., Gu, X., & Sun, P. (2020). A global
quantitation of factors affecting evapotranspiration variability. Journal of Hydrology, 584, 124688.
https://doi.org/10.1016/j.jhydrol.2020.124688
Fisher, J. B., Melton, F., Middleton, E., Hain, C., Anderson, M., Allen, R., McCabe, M. F., Hook,
S., Baldocchi, D., Hu, T., Jung, M., Reichstein, M., Shi, X., & Wood, E. F. (2017). The future of
evapotranspiration: Global requirements for ecosystem functioning, carbon and climate feedbacks,
agricultural management, and water resources. Water Resources Research, 53(4), 2618-2626.
https://doi.org/10.1002/2016WR020175
Food and Agriculture Organization of the United Nations (FAQO). (2020a). WaPOR database
methodology, V2 release (unpublished). Rome, Italy.
Food and Agriculture Organization of the United Nations (FAO). (2020b). WaPOR—The FAO
portal to monitor water productivity through open access or remotely sensed derived data. FAO,
Rome, Italy. https://wapor.apps.fao.org/home/1
Gong, Y., Zhang, X., Li, H., Zhang, X., He, S., & Miao, Y. (2021). A comparison of the growth
status, rainfall retention and purification effects of four green roof plant species. Journal of
Environmental Management, 278, 111451. https://doi.org/10.1016/j.jenvman.2020.111451



https://doi.org/10.1029/2020WR027285
https://doi.org/10.1029/2011WR010482
https://doi.org/10.1038/s41561-022-01061-7
https://doi.org/10.1016/j.jhydrol.2020.124688
https://doi.org/10.1002/2016WR020175
https://wapor.apps.fao.org/home/1
https://doi.org/10.1016/j.jenvman.2020.111451

JFeF ol oF o loiis I 099 o559/ a5 ddzxo LA

18

19

20

21

22

23

24
25

26

27

28

29

30

31

32

33

34

35

Granier, A., Biron, P., Breda, N., Pontailler, J. Y., & Saugier, B. (1996). Transpiration of trees and
forest stands: Short and long-term monitoring using sapflow methods. Global Change Biology,
2(3), 265-274.

Han, J., Chen, J., Shi, W., Song, J., Hui, D., Ru, J., & Wan, S. (2021). Asymmetric responses of
resource use efficiency to previous-year precipitation in a semi-arid grassland. Functional
Ecology, 35(3), 807—-814. https://doi.org/10.1111/1365-2435.13756

Hatfield, J. L., Prueger, J. H., & Kustas, W. P. (2007). Spatial and temporal variation of energy
and carbon fluxes in Central lowa. Agronomy Journal, 99, 285-296.

Huxman, T. E., Smith, M. D., Fay, P. A., Knapp, A. K., Shaw, M. R., Loik, M. E., Smith, S. D.,
Tissue, D. T., Zak, J. C., Weltzin, J. F., Pockman, W. T., Sala, O. E., Haddad, B. M., Harte, J.,
Koch, G. W., Schwinning, S., Small, E. E., & Williams, D. G. (2004). Convergence across biomes
to a common rain-use efficiency. Nature, 429(6992), 651-654.
https://doi.org/10.1038/nature02561

Jackson, R. B., Banner, J. L., Jobbagy, E. G., Pockman, W. T., & Wall, D. H. (2002). Ecosystem
carbon loss with woody plant invasion of grasslands. Nature, 418(6898), 623-626.
https://doi.org/10.1038/nature00910

Jasechko, S., Sharp, Z. D., Gibson, J. J., Birks, S. J., Yi, Y., & Fawecett, P. J. (2013). Terrestrial
water fluxes dominated by transpiration. Nature, 496(7445), 347-350.
https://doi.org/10.1038/nature11983

Jones, H. (1992). Plants and microclimate. Cambridge University Press.

Jung, M., Reichstein, M., Ciais, P., Seneviratne, S. I., Sheffield, J., Goulden, M. L., ... & Zhang,
K. (2010). Recent decline in the global land evapotranspiration trend due to limited moisture
supply. Nature, 467(7318), 951-954.

Kang, L., Cao, S., Cao, G, Liu, X., Zhang, Z., & Li, X. (2023). Temporal and spatial changes of
evapotranspiration in the Shaliu River Basin of Qinghai Lake. Arid Zone Research, 40(3), 358—
372. (in Chinese)

Kelliher, F. M., Lloyd, J., Rebmann, C., Wirth, C., Schulze, E. D., & Baldocchi, D. D. (2001).
Evaporation in the boreal zone during summer—physics and vegetation. In Global
Biogeochemical Cycles in the Climate System (pp. 151-165). Academic Press.

Kurc, S. A., & Small, E. E. (2004). Dynamics of evapotranspiration in semiarid grassland and
shrubland ecosystems during the summer monsoon season, central New Mexico. Water Resources
Research, 40(9).

Lekberg, Y., Gibbons, S. M., Rosendahl, S., & Ramsey, P. W. (2013). Severe plant invasions can
increase mycorrhizal fungal abundance and diversity. ISME Journal, 7, 1424-1433.

Levene, H. (1960). Robust tests for equality of variances. In I. Olkin (Ed.), Contributions to
probability and statistics: Essays in honor of Harold Hotelling (pp. 278-292). Stanford University
Press.

Li, C., Li, Z,, Gao, Z., & Sun, B. (2021). Estimation of evapotranspiration in sparse vegetation
areas by applying an optimized two-source model. Remote Sensing, 13(7), 1344.
https://doi.org/10.3390/rs13071344

Li, X., Xu, X., Tian, W., Wang, Y., Zhao, L., & Li, X. (2023b). Contribution of climate change
and vegetation restoration to interannual variability of evapotranspiration in the agro-pastoral
ecotone in northern China. Ecological Indicators, 154, 110485.
https://doi.org/10.1016/j.ecolind.2023.110485

Li, Y., & Zhang, K. (2021b). Effects of NDVI/Land-Use on Evapotranspiration in the Loess
Plateau. Yellow River, 43(12), 43-49. (in Chinese)

Liu, J,, You, Y., Li, J., Sitch, S., Gu, X., Nabel, J. E. M. S., Lombardozzi, D., Luo, Y., & Kong, D.
(2021). Response of global land evapotranspiration to climate change, elevated CO2, and land use
change. Agricultural and Forest Meteorology, 311, 108663.
https://doi.org/10.1016/j.agrformet.2021.108663

Liu, M., Wu, X., & Yang, H. (2022). Evapotranspiration characteristics and soil water balance of
alfalfa grasslands under regulated deficit irrigation in the inland arid area of Midwestern China.
Agricultural Water Management, 260, 107316. https://doi.org/10.1016/j.agwat.2021.107316



https://doi.org/10.1111/1365-2435.13756
https://doi.org/10.1038/nature02561
https://doi.org/10.1038/nature00910
https://doi.org/10.1038/nature11983
https://doi.org/10.3390/rs13071344
https://doi.org/10.1016/j.agrformet.2021.108663
https://doi.org/10.1016/j.agwat.2021.107316

a5y OKe 5 (ol (o [ DS idigs &9yl Coni (2Blg &y S (g iy e Sl

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53
54

55

Liu, Q., Yang, Z., & Cui, B. (2008). Spatial and temporal variability of annual precipitation during
1961-2006 in Yellow River Basin, China. Journal of Hydrology, 361(3-4), 330-338.

Lundholm, J. T., & Williams, N. S. G. (2015). Effects of vegetation on green roof ecosystem
services. In R. Sutton (Ed.), Green roof ecosystems (pp. 211-232). Springer International
Publishing. https://doi.org/10.1007/978-3-319-14983-7_9

Lv, X,, Tong, S., Mei, L., Ren, J., Bao, G., Huang, X., Bao, Y., & Dorjsuren, A. (2025). Spatio-
temporal variations of evapotranspiration and its driving factors on the Mongolian Plateau.
Ecological Indicators, 173, 113415. https://doi.org/10.1016/j.ecolind.2025.113415

Ma, N., & Zhang, Y. (2022). Increasing Tibetan Plateau terrestrial evapotranspiration primarily
driven by precipitation.  Agricultural and Forest Meteorology, 317, 108887.
https://doi.org/10.1016/j.agrformet.2022.108887

Ma, N., Szilagyi, J., & Jozsa, J. (2024). Water-balance-based evapotranspiration for 56 large river
basins: A benchmarking dataset for global terrestrial evapotranspiration modeling. Journal of
Hydrology, 630, 130607. https://doi.org/10.1016/j.jhydrol.2024.130607

Ma, Z., Yan, N., Wu, B., Stein, A., Zhu, W., & Zeng, H. (2019). Variation in actual
evapotranspiration following changes in climate and vegetation cover during an ecological
restoration period (2000-2015) in the Loess Plateau, China. Science of the Total Environment,
689, 534-545. https://doi.org/10.1016/j.scitotenv.2019.06.155

Maestre, F. T., Quero, J. L., Gotelli, N. J., Escudero, A., Ochoa, V., Delgado-Baquerizo, M., ... &
Wang, D. (2012). Plant species richness and ecosystem multifunctionality in global drylands.
Science, 335(6065), 214-218. https://doi.org/10.1126/science.1215442

Mo, X., Liu, S., Lin, Z., & Zhao, W. (2004). Simulating temporal and spatial variation of
evapotranspiration over the Lushi basin. Journal of Hydrology, 285(1-4), 125-142.

Pataki, D. E., Oren, R., & Smith, W. K. (2000). Sap flux of co-occurring species in a western
subalpine forest during seasonal soil drought. Ecology, 81(9), 2557-2566.

Pataki, D. E., Oren, R., Katul, G., & Sigmon, J. (1998). Canopy conductance of Pinus taeda,
Liquidambar styraciflua and Quercus phellos under varying atmospheric and soil water conditions.
Tree Physiology, 18(5), 307-315.

Peel, M. C., Finlayson, B. L., & McMahon, T. A. (2007). Updated world map of the Koppen-
Geiger climate classification. Hydrology and Earth System Sciences, 11(5), 1633-1644.
https://doi.org/10.5194/hess-11-1633-2007

Peel, M. C., McMahon, T. A., & Finlayson, B. L. (2010). Vegetation impact on mean annual
evapotranspiration at a global catchment scale. Water Resources Research, 46(9).

Raunkizar, C. (1934). Life forms of plants and statistical plant geography. Claredon, Oxford.
Reichstein, M., Bahn, M., Mahecha, M. D., Kattge, J., & Baldocchi, D. D. (2014). Linking plant
and ecosystem functional biogeography. Proceedings of the National Academy of Sciences,
111(38), 13697-13702.

Reynolds, J. F., Kemp, P. R., & Tenhunen, J. D. (2000). Effects of long-term rainfall variability on
evapotranspiration and soil water distribution in the Chihuahuan Desert: A modeling analysis.
Plant Ecology, 150(1), 145-159.

Schlesinger, W. H., Reynolds, J. F., Cunningham, G. L., Huenneke, L. F., Jarrell, W. M., Virginia,
R. A., & Whitford, W. G. (1990). Biological feedbacks in global desertification. Science,
247(4946), 1043-1048. https://doi.org/10.1126/science.247.4946.1043

Schulze, E. D. (1982). Plant life forms and their carbon, water and nutrient relations. In O. L.
Lange, P. S. Nobel, C. B. Osmond, & H. Ziegler (Eds.), Physiological plant ecology. II.
Encyclopedia of plant physiology (pp. 615-676). Springer, Berlin.

Schulze, E.-D., Beck, E., & Miller-Hohenstein, K. (2005). Plant ecology. Berlin: Springer.

Shao, X., Zhang, Y., Ma, N., Liu, C., & Zhang, J. (2024). Drought-induced ecosystem resistance
and recovery observed at 118 flux tower stations across the globe. Agricultural and Forest
Meteorology, 356, 110170. https://doi.org/10.1016/j.agrformet.2024.110170

Shapiro, S. S., & Wilk, M. B. (1965). An analysis of variance test for normality (complete
samples). Biometrika, 52(3-4), 591-611. https://doi.org/10.2307/2333709



https://doi.org/10.1007/978-3-319-14983-7_9
https://doi.org/10.1016/j.ecolind.2025.113415
https://doi.org/10.1016/j.agrformet.2022.108887
https://doi.org/10.1016/j.jhydrol.2024.130607
https://doi.org/10.1016/j.scitotenv.2019.06.155
https://doi.org/10.1126/science.1215442
https://doi.org/10.5194/hess-11-1633-2007
https://doi.org/10.1126/science.247.4946.1043
https://doi.org/10.1016/j.agrformet.2024.110170
https://doi.org/10.2307/2333709

PP liua oF o5lacis Y 135 53l okds ] dlono apy

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

Shen, X. J., Liu, Y. W., Wu, L. Y., Ma, R., & Li, Z. L. (2022). Grassland greening impacts on
global land surface temperature. Science of the Total Environment, 838(Pt 3), 155851.
https://doi.org/10.1016/j.scitotenv.2022.155851

Sivapalan, M., Kumar, P., & Harris, D. (2001). Nonlinear propagation of multi-scale dynamics
through hydrologic subsystems. Advances in Water Resources, 24(9-10).

Stephenson, N. (1998). Actual evapotranspiration and deficit: Biologically meaningful correlates
of vegetation distribution across spatial scales. Journal of Biogeography, 25(5), 855-870.

Suzuki, R., Yatagai, A., & Yasunari, T. (1998). Satellite-derived vegetation index and
evapotranspiration estimated by using assimilated atmospheric data over Asia. Journal of the
Meteorological Society of Japan. Ser. I, 76(4), 663-671.

Teuling, A. J., Hirschi, M., Ohmura, A., Wild, M., Reichstein, M., Ciais, P., Buchmann, N.,
Ammann, C., Montagnani, L., Richardson, A. D., Wohlfahrt, G., & Seneviratne, S. I. (2009). A
regional perspective on trends in continental evaporation. Geophysical Research Letters, 36(2),
L02404. https://doi.org/10.1029/2008GL 036584

Van Auken, O. W. (2000). Shrub invasions of North American semiarid grasslands. Annual
Review of Ecology and Systematics, 31, 197-215.
https://doi.org/10.1146/annurev.ecolsys.31.1.197

Violle, C., Navas, M. L., Vile, D., Kazakou, E., Fortunel, C., Hummel, I., & Garnier, E. (2007).
Let the concept of trait be functional! Oikos, 116(5), 882-892.

Wang, D., Gao, G., An, J,, Shao, Y., Lue, Y., & Fu, B. (2022). Comparisons of three scaling up
methods to estimate stand transpiration of a xerophytic shrub (Salix psammophila) in northern
China. Journal of Hydrology, 608, 127593. https://doi.org/10.1016/j.jhydrol.2021.127593

Wang, S., Zhu, C., Huang, Z., Li, Y., Cui, C., & Zhang, C. (2025). Primary roles of soil
evaporation and vegetation in driving terrestrial evapotranspiration across global drylands. Science
of the Total Environment, 958, 178073. https://doi.org/10.1016/].scitotenv.2024.178073

Wilcox, B. P. (2002). Shrub control and streamflow on rangelands: A process based viewpoint.
Journal of Range Management, 55(4), 318-326. https://doi.org/10.2307/4003464

Woodward, F. I. (1987). Climate and plant distribution. Cambridge University Press.

Wu, D., Xie, X., Tong, J., & Li, Y. (2020). Sensitivity of vegetation growth to precipitation in a
typical afforestation area in the Loess Plateau: Plant-Water Coupled Modelling. Ecological
Modelling, 430, 109128. https://doi.org/10.1016/].ecolmodel.2020.109128

Yang, W., Wang, Y., Liu, X., Zhao, H., Wang, G., & Shao, R. (2020). Estimating the evaporation
in the Fenghuo Mountains permafrost region of the Tibetan Plateau. Catena, 194, 104754.
https://doi.org/10.1016/j.catena.2020.104754

Yang, Y., Roderick, M. L., Guo, H., Miralles, D. G., Zhang, L., & McVicar, T. R. (2023a).
Evapotranspiration on a greening Earth. Nature Reviews Earth & Environment, 4(9), 626-641.
https://doi.org/10.1038/s43017-023-00464-3

Zhang, L., Dawes, W. R., & Walker, G. R. (2001). Response of mean annual evapotranspiration to
vegetation changes at catchment scale. Water Resources Research, 37, 701-708.
https://doi.org/10.1029/2000WR900325

Zhang, S., Lei, Y. Li, H, & Wang, Z (2010). Temporal-spatial variation in crop
evapotranspiration in Hebei Plain, China. Journal of Food, Agriculture & Environment, 8(2 part
2), 672-677.

Zhang, X., Ren, Y., Yin, Z. Y., Lin, Z., & Zheng, D. (2009). Spatial and temporal variation
patterns of reference evapotranspiration across the Qinghai-Tibetan Plateau during 1971-2004.
Journal of Geophysical Research: Atmospheres, 114(D15).

Zhang, Y., Chiew, F. H. S., Pena-Arancibia, J., Sun, F., Li, H., & Leuning, R. (2017). Global
variation of transpiration and soil evaporation and the role of their major climate drivers. Journal
of Geophysical Research: Atmospheres, 122(13), 6868-6881.
https://doi.org/10.1002/2016JD026310



https://doi.org/10.1016/j.scitotenv.2022.155851
https://doi.org/10.1029/2008GL036584
https://doi.org/10.1146/annurev.ecolsys.31.1.197
https://doi.org/10.1016/j.jhydrol.2021.127593
https://doi.org/10.1016/j.scitotenv.2024.178073
https://doi.org/10.2307/4003464
https://doi.org/10.1016/j.ecolmodel.2020.109128
https://doi.org/10.1016/j.catena.2020.104754
https://doi.org/10.1038/s43017-023-00464-3
https://doi.org/10.1029/2000WR900325
https://doi.org/10.1002/2016JD026310

