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Abstract: The uncertainties of evapotranspiration (ET) products developed based on satellite remote sensing
and observations with different spatial and temporal resolutions still exist in the Tibetan Plateau (TP), limiting the
application in hydrometeorological and climate assessment. Six ET (PML, EB-ET V2, GLEAM, GLDAS, ERAS
and MOD16) products were evaluated based on eddy observations and the differences between the products were
compared, and the uncertainty of ET products in the TP region was analyzed. The results show that: (1) There is a
good correlation and consistency in the mean state and seasonal cycle between the observed value and the ET value
of the corresponding pixel. GLEAM has a high degree of agreement with the observed value and has applicability,
and MOD16 has poor performance in most sites. (2) In terms of seasonal changes, ERAS5 Land in spring is more
consistent with the observed changes, GLEAM products in summer and winter are closer to the observed changes,
and EB-ET_V2 is more dominant in autumn; (3) Spatially, GLEAM has higher correlation (the correlation

coefficient, R>0.88) and consistency (Index of agreement, [OA>0.89) with EB-ET V2 and GLDAS. There are big
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differences in the temporal and spatial distribution of various products in the seasons, especially in spring.
Compared with other products, MOD16 is underestimated in summer and overestimated in winter in most regions.
(4) The annual average ET of each product except MOD16 is quite different. The ranking of the average ET for
many years is ERAS (401.46mm/year)>PML (334.37mm/year)>GLEAM (298.46mm/year)>EB-ET V2
(271.39mm/year)>GLDAS (249.67mm/year). The total annual evaporation in the effective area is 330.59mm/year.
The assessment results table helps to have a deeper understanding of the quality and dynamics of ET products on
the TP, which can provide a reference for water resources assessment and regional water management on the TP.

Key words: The Tibetan Plateau; Land surface evapotranspiration products; Eddy correlation observation
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TSN S RO TIN R 7) J FE PRI FOAR AR FE LA T /K AVIE A mT i 225 50 ) B 10 2 871 (Meichel et all,
2016). ZABURETENKRCPH EZH MR, Beind K MHERRIE AR SRR, o) DL E e
DA A BRSO R #ERf. AR ET 5 R R U2 /KU RN QUK SRS EL, iRl EYr= b
SR A TR 55 1) e TR A6 (L et al., 2018). 2T, BN ET 2652 RIK MR, RSB0 7 ST R A8 5%
A 2 TS (A ELAE PR A, %o AT M 1) 2 B 2 T LG B v o BRI AU St 1R 19 723 1) SR I P
RIRHIREIAE, CAER 2 LRI 2@ w2 7F ET A 51EAFFEEE FIARH 2 M (Long et al., 2014).

75 78 J5(The Tibetan Plateau, TP)s2 tH 5t L Piifgdise . MR AR M . R T (ke 2 i
X EK s BRI = X (P2 E MRS, 2019)0 SEAE FUURR (0 BRARFHE AL A 25 RGURRIE, B8 v M BR 35 = H(Qiu,
2009) “MEIM/KIE OB FIBRIEAR, 2004; FRAEEESE, 2019), AR E BRI b IO RIUBES, X 4Bk 5%
RGUH B WL EERRENE, LENL IR R G A T i B B A (R [ REAE, 2016; Wu et al., 2015; Ma et
al. 2017; Liu et al., 2020). &4 TP Hi[X .48 2 L3 H SRR (FREE 5, 2015; Br 2 [G5%, 2016; Liuetal,,
2012), fE R IR KGR L T R ASHRIE, R e Al O @ I R S A SOt 28 B AT VA, ZI4R/D
AN R ET P2 BT 4 A TS I 78 (Yang et al., 2019), S Z KK ET W0t 2 33 AT 7 52 BH i) 32 B
FZ—

JUE BT W RATAE AL BT & 24 5 T APk R (Zhang et al., 2010), {HEREE 072 SR A AN AR FE
WK, BT 2RI JECH . FRBNAHIC(EC) S 1 AU LR AR, 38 H Bk SR BT (s
. JRER S ET fAE B 5 10 & 1R 72 f e 5 0 8(Xu et al,, 2017). ZZT05EN], XEAXER N AAZE KT
P AL FIAERS & s ORI S ET ARG 1) Rk 7 B B0 S . R, | TR0 s o AR s I
(A5 P HANZESE, BT A IR ET WL 4510 v] Redl = M P, 5 i) 5T (R IR 8] 7] B& ALK ) 2 18]
REE(Majozi et al., 2017). FUbrEE LW JLHFA, FET B Fordoph, B s 8 vH s R4 7%
R T HAAFR 2R 48k ET B4, 1% MOD16(Mu et al., 2011). GLDAS(Rodell et al., 2004).
GLEAM(Miralles et al., 2011). ERAS5 Land(Mufioz-Sabater et al., 2021). PML(Zhang et al, 2019) Al
EB-ET_V2(Chen et al., 2021), fH2, iXEFERYIE 5 SRS HIR0 . G5 R BBOR N\ S 40 S I R FE [ A
HEE, I HaXSepRii] 252 NI . SURFIKSCRAT R AL IR (Xu et al., 2015). R IXEEHHRGESR AL T
F AR R RUEE A (A] BT AHSCHT SR 2%, (H 8080 O SEAIAR B EL B A 2 Sl A ) BT i
TOAE 50T SR EEPEAL, P A RO i 22 A 35 7 AR 1R 22 S FR AR SR VAN B HE S AW 2 R) 1 22 57 o 3
RUB RIS C A RS IE SR BT 7= SR G K IL R S8 M0, TR A B0 2 1 AN s M Rk B S B
ET % 4 v LAt R R XA 20 K SO R
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Fig.1 (a) Spatial map and (b) frequency histograms of land cover types in the study (triangles indicate flux site locations).
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Table 1. The detail description of flux sites.

5 & 25504 AR £ A HR(m) MEHE@mM) HKEFH
¥ sk
T % (Arou) 38.05°N, 100.46°E E20) 2995 2.96 2015-2017
7 ¥ (Maqu) 33.92°N, 102.16°E 3, 3500 3.50 2012-2014
BJ(BJ) 31.37°N; 91.90°E B EFEa 4509 3.10 2016-2018
K% (NAMOR) 30.77°N, 90.99°E BEF 4730 3.06 2008-2010
# ¥ 3k (SETORS) 29.76°N, 94.73°E F 3326 3.04 2015-2017
R 5k
% (QOMS) 28.21°N, 86.56°E  #R G XM HsaE 4298 3.25 2008-2010
F LA (MAWORS)  38.41°N, 75.05°E LR AL 3668 2.30 2015-2017
T 2 (NADORS) 33.39°N, 79.70°E FARMGIEFE 4270 2.75 2013-2015
3 AHMHBEE
3.1 PML

AEHEREIET R BN PML 32/ ET #8(Zhang et al., 2019), 454 MODIS P2 ¥#E M GLDAS S 2155
IR B (0 A BRBE T BT Z64E. RJER PML 3K ET BRI <L S EISH S T 255 GPP,
13 MWL = J1(GPP) S B 28 W A0 L 47, MTIE& =5 GPP. - 28 BUR R 1 7K 3 ) FH 805 B ASEADURG o A

MSHuEIT 4Bk 95 AN EE W I AR £ 1E, JF a8k, HEE RN B PR N 8 R
0.05°x0.05°14= 3k ET 5 GPP #d5 4.
3.3 EB-ET V2

KR IET MODIS TR HHE | F 20T ZEORERI M 26 B B P B0 15 21 i 4 BRIk ThT R E O 28 R
B ERFEIT AL R P AU (EB)H (Chen et al., 2021), SN T B 122254k )7 Z(Yang et al., 2002,
2008) FIHE B 7t )= 1) #H KE S (sub-roughness layer)f& IEA25E FE(Chen et al., 2019), BHRMGE 1 SR IR & 1)
ffitH(Chen et al., 2013). EB 84 F A (1 R % 1o s 2 155 AAH R  Z1 S SBT3 T i I 28k T, 9F
1R H 2R H A5 TR 28R L, SR ERA-interim (75 80t R AR HAG B H A K & HRIG =551
(IR S IR R, %7 R T 28R EL R A5 A RN 7 VA B 2845 B & BRC4E 10 ET P28 EB-ET_V2 P22 A
SCRFH I 25 B i o MR IR =, S HRE AT 0.05°%0.05° 1 4Bk ET 4 56
3.3 GLEAM

GLEAM Z&idiyn e il id — B R SR A Bk ET 77 b, IREERESRE T 2 50 AR I SRS 8 2ok



R R %% Fh 4y Bt (Miralles et al., 2011), BRI KL HET Gash S WA AL 345 T B /K1 Ay e e 4 F g
TR, HARIIZR G (AR FHERZRBIE )R P-T VAT E, S EAEE P-M JEH A
SRS B I B 2 HAk o 4S5 78 o rons R DX RS Do, U AT DAASE T v AR DK R R 8 280 B P-T 718
DA TR . AEIX IR 7 TR A T B T AR B SR R 5 () GLEAM_v3.1b 7™ i o
3.4 GLDAS

GLDAS #fla Stk 1 TR M LI B 20, SR FH S HEN 52 % Ot 3R RN 5080 (R4 77 V2K A i T
F R PGl B A FOIRS AR B . IZBIR R T R MO R R R(ER MRS . &iE. TR,
RAN AR FEED), FTH T2 BB FU A0 LAV XA 4 2RV L 7K SCIR L . GLDAS 244 1 % Fl AN R
(R THIRAY, 940 Noah. Mosaic. CLM Al VIC. X SfiHHEALEE i 7 RS AN AR 4., - DAANIF i 23 )
Sy HEEE(0.25°F1 1o)RIE RI(3 /N AR ) 3320 42 A BR B B o 7E A 70 H R ) & GLDAS/Noah L4 v2.1
(93 /B 0.25°%0.25°7fh ET #di4E.
3.5 ERA5 Land

ERAS & ffi H] ECMWF 5 ik &4t CY41R2 1) 4D-Var F8 FI4br=A: 10, AHECZ B F= Sk 7 2%
FRmACE R ZAb, IR T 2 R S AN E A TSR TR . H AT, ERAS Al ERA-Interim
R FE S 40 FERSEEYE . 5 ERA-Interim A1 EL, ERAS [FAL T 5522 e A UL (51 40 TASI. ASCAT.
MWHS-2, TMI. AMSR-2. GMI &§), PLK Fildhk R Geib O T S48 S sl A A S AF O 2. AWt LAt
B I 25 43 3R 2R A /NIE A 0.1°%0. 1° BB T ET 7% i (ERA5-Land) .
3.6 MODI16

MOD16 ET ¥t —f 2 i) MODIS 4sBKEGT ET /™ fh, 5% 1 AR Fi i ) i A 28K
AN FEA T Z 2R & . R4t 0 ET 272 2 HRYE Mu 25201 1) k) PM 3% (Cleugh et al., 2007)it
. %P C N A BRI R A S AT T AL AR . NTSG B ET 7225 4% 142 M 2000 4E 3 E
AU AR 8 H AL, A 5 km Al 1 km FISEPRZR AR IEEZE K o ASCRAIH& NTSG ' MOD16_TP
[ 8 Ky 0.01°X0.01° 71 MOD16A2 ] 8 K. 500m I 73 LM ET /™. T Hd SR AR 3 B OREh Hdfa
PRABIAERR 3 HL.
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Table.2 The description of 6 terrestrial ET datasets

ET & B 1A o 9% 5 =R P R F
PML LIPN 0.05°x0.05° 2002 ~2019
EB-ET v2 #H 0.05°x0.05° 2000 ~ 2017
GLEAM #H 0.25°x0.25° 1980 ~ 2018
GLDAS 3N EF 0.25°x0.25° 2000 ~ 2020
ERAS Land 1 /et 0.1°x0.1° 1981 ~2020
MOD16 8 R 0.05°x0.05° 2000 ~ 2018

4 B ARG T

Rl BRGS0 R ET 7 il RO E#AT S 8 7 U GeiHebs, SiEFERZMB). 177
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FHOCHIFERE o Hod M A G 23 BRI T S RS L FIE o« n A2 FH T LU L AEAR R, | /o3 | MR,
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MB = %Z’l (M, -G,) (6)
RMSE = \/lZn:(Mi -G @)
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" (M, -M)G -G
R= ZLK_; ), )__,43R31 (8)
\/Zi:l (Mi _M)2 \/Zi:l (Gi N G)2
" (M, -G
104=1- 2. (M, -G) 0<104<1 )

" (M,~-G|+|G -G

5 ER A
5.1 ET F=&A7E EC uh s A& BRI

FEVEN AR FLRE IR ET 7= W ilE 200, Sk SFl BT 77 i s B RGBT L, DAVPAl %
HHER T2 DB . T bR HE SR —,  FRAHE Sl I i) /N ET {65 EB-ET _v2. GLEAM H
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I 6] 7 SRR 1 % ET P 7E 8 R AT 1] RBERLUBTIUL 2R AR FRRAE, B/ b R 1 %7 i S e
A —Blk. ERTTTIEIA, A ET 2= S REM I 2= 190530, ERuE G mEE. & 4 WGt REr T
ET 7 i B SEBRoK SCAT 9 ARSE R 1%, &7 Wt R 87 MB (B 87~ T AR IR R o fE R bbb, AHEE PML.
EB-ET V2. GLDAS. ERA5 Land fl MOD16, GLEAM il &5 Wl {E (R IOA. MB 1 RMSE 4374 0.88.
0.90- -0.92mm/8 KA1 5.37 mm/8 R)AHLUFIITERERIL; I HAFE-PHMERMSIRINS,  GLEAM K41 E){H
(12.50mm/8 K) 5 WME (13.34mm/8 K) w7 /MR 0.84 mm/8 K. fEARL IS A, GLEAM 85 38 & 55 0
{E(R T IOA 73524 0.74 F10.71) 5 —%, {H PML 5 38 8 35 00 8w 22 58 /N(MB F1 RMSE 4353) 79 0.71 mm/8
KA 7.34 mm/8 K), 1E MB H#E/R TAEIERAG IS . AT, 7ERKH 0 Ah GLEAM Sl &3 u il
{5 L, MOD16 #ABURIIPERERI . FEFT AR T, e T 56 s R A4y S5 %0 AR 1 ET
PR A, RS R AR L I, K3 RN T & AT AN R 2T PR AR AR L
R T &7 AR TE B ARG, A EOIEAR s IR KRR . % 5 [IGeihes nT B
FHEEHZ GLDAS 5 WAL —(R 1 10A 73515 0.47 1 0.72), {E£EZEFI4ZE GLEAM 7= i 5000
IR AL T N (R A TOA 235000 0.33 F1.0.62. 0.43 F1 0.54), {HASERKHIZE, M1 MODI16 fEfKZE£ I
AR A IOA 43514 0.41 1 0.68).
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Fig.2 Displays time series and scatter plot analysis of flux tower data from six products over grassland site (Arou, BJ, NAMOR, Maqu,

and SETORS) and bare soil sites (OMS, MAWORS, and NASDE)
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Table 3. Major forcing data of the four ET products used herein

ET /il (LN LEE) |t ¥ TR F

R TR W EEAE)

PML GLDAS-2.1 GLDAS-2.1 GLDAS 2.1 MODIS PML & B Y
EB-ET_V2 / ERA-Interim ERA-Interim MODIS Hh R A P E
GLEAM MSWEPv1.0  ERA-Interim ERA-Interim MODIS Gash 43#T#7Y | Priestley-Taylor 752

R, R TR AR A

GLDAS UMFD UMFD UMFD / i T A 2R R [ 4
ERA5 Land / ERAS i R IR R EAIEE ) / ECMWF £ il 24t CY41R2 (1)
4D-Var ¥i#fi [Fl Y
MOD16 / MERRA GMAO MODIS PM 3 A

® 4 MMAEESZGHEREIMNES 7S ET MRz B TS HHERE

Table 4. Average statistical indicator values between £C observations and six ET datasets in two different ecosystem types

wWimRA BT & @EuTy I~ FIAET MB RMSE 104 R
ET (mm/8K) (mm/8K) (mm/8 K) (mm/8 K)
PML 8.44 2.17 5.44 091  0.88**
EB-ET V2 11.15 -4.65 8.62 0.74  0.72%*
B GLEAM 13.34 12.50 -0.92 5.37 0.90  0.88%
GLDAS 10.85 -2.45 7.26 0.85  0.86%*
ERA5 Land 8.01 -5.34 7.81 0.79  0.85%*
MOD16 12.31 -1.20 7.56 0.73  0.72%*
PML 3.81 0.71 7.34 0.70  0.58%
EB-ET V2 9.24 -4.61 9.21 0.56  0.54*
S GLEAM 8.66 428 -4.41 7.47 0.71  0.74%*
GLDAS 6.63 2.12 7.58 070  0.57*
ERA5 Land 3.30 -5.43 8.77 0.66  0.72%*
MOD16 / / / / /
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RN EET SR EENN AR X MR AL AIp<0.0 7K F T B Z 1L

*FNEET S EEENN AR BT AR HIp<0.057K F R B E 441

=5 FEETHREETPHIE SR EEEELER

Table 5 Comparison of the performance of different ET datasets on the intra-seasonal variation of TP.

ET## 45 #Z (R/IOA) "7 (R/I0A) HZ (R/I0OA) X2 (R/I0A)
PML 0.38%/0.65 -0.22/0.27 -0.19/0.23 0.21/0.49
EB-ET V2 0.23/0.52 0.24/0.52 0.36/0.62 0.15/0.46
GLEAM -0.27/0.18 0.33/0.62 0.14/0.44 0.43%/0.54
GLDAS 0.47%%/0.72 0.32/0.58 0.15/0.49 0.03/0.41
ERA5 Land 0.18/0.52 0.09/0.31 0.28/0.54 -0.02/0.37
MOD16 -0.04/0.39 0.32/0.61 0.41%/0.68 0.14/0.51

RN EET m SR EEWN AR X R AL HIp<0.0 7K F T EZF 0L
*FNEET SR EEWN A X MEI A HIp<0.057KF T B E 4RI

MAFFRREET RSB EEINEAEX BT A Ep<0. 7K F TR EZ RN
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Fig.3 Average intra-seasonal variation time series of six ET products and flux tower observations of ET values at flux stations

52 BE&E ET @9 ftbis

RN TGV T 6 Fh ET 7= S7ES 5 FIPERER I, (HRAEA R RUE LRI R AR AT A o SREL
ET 2 4F-F- 0 AN [R1 B0s SR HEAT AL PRANAE SCHUHE,  SRVP Al 57 il 2 [ ) 22 e A — B Btz 4k, 3] Han
S5(2021) 2 Tif SEBS ZHUR A R — B 2 R A REER 0.1° X0.1° f s ET Sk
(Han-ET), @i T 7Eu sOWM ET BOS8IE. A9/ R 45 R IR BL BT /F N5 SO i &, SR TERIPRAY
LR ET 7= 5 Al SR RIS 25 R 22 5% o WAEP3 BT W28 100 AR B (B 4), T IR 78 R B UL 1)
PHALI R A, Rt F 78 2R A AR AR B R L AR R A B AT R AR R A R LA
K, R ZH X BRI S 7 2 . TEAREE TR RTE R R, & IR R, R R
HU X R TR KA AL, 28R 2K IR o fEAFE 02 MODI6 7EPEIL X A 7E KA 1, R RE
SV AN R ET AR AHEEZ R, Han-ET £ & B A1 b 3 X 8A B B Hl=iE, EB-ET_v2 Al
GLDAS 7 S E = R FE AL 3R 28R AT 100mm/4E. B 5 187 O R EUR /R T 8% 77 il 2 1A 52 35 A AR 9%
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(»>0.05), GLDAS 5 PML £7-7E H i FAH S A1 — 350 (R=0.93, I0A=0.93), 2. /X GLEAM A1 GLDAS.GLEAM
A1 EB-ET_v2 7 BT (A I A —SPE(R=0.88, TOA=0.92 fil R=0.88, I0A=0.91). MOD16. Han-ET 5L

B i SIS B A G ME AT — B (R<0.7, TOA<0.75).
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Fig.4 Multi-year average ET spatial distribution of seven products over the TP
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Fig.5 Correlation and consistency analysis of the spatial distribution of various ET products on the TP
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53 & ET =mETEEEE
RAEEZ A - PML. GLEAM. EB-ET V2 fl GLDAS X [BI#RAE 1R I A A — 8, (HR2 % ET 77
i Z THAE B AN AR I R . B 6 M 5 45 RERM, B4R T ET £ E 2R
B ) PG AL 7 M3k A4 %, %25 PML, EB-ET_v2 Fl Han-ET 725078 5 R 3 4B 5 100mm/Z 5, 5
BT AR AR R B 25%; & ET p= (e E A BIEME, 5 BT AR AR B 42%, H AR ILIK ET &%

B 7 300mm/Z=fE, ERAS Land Al Han-ET 7E & R AR AT 5], HEFP= A H B 752 ES”

dn A AR R B ) — L,

it A i GRE I

S AT 150mm/ZEFE ; BT fEAZRRAK, &7 i i R T 10%. Britt 2 41, MOD16
18 5 ZEAEAR KR o3 IX A AR X HoAth 7= i A BARIAG E, A FRIHE
Hrf PML. EB-ET v2 Al Han-ET 7= §h %2 ET tbAkZ, 0T DL ZRUR 0 RlORIREL 9 26 KR iRt X

Fo BARTE, JUFF ET P s EAEZE T8 5 B AN 23.27% 48.76% 19.26%F11 8.59%

* 6 BESEE ET @ AEZET ET B4 mm/EE)

Table 6. Statistics of mean ET of seven datasets on the TP in different season (mm/Z= &)

ET 7=/ HE HZ= K= %7
PML 85.78(25.65%)  167.12(49.98%)  59.53(17.8%) 22.94(6.86%)
EB-ET V2 92.96(34.24%)  114.28(42.11%)  46.29(17.05%)  17.90(6.59%)
GLEAM 58.46(19.58%)  167.43(59.09%) ~ 53.47(17.92%)  19.10(6.38%)
GLDAS 36.10(14.48%)  140.72(56.45%)  55.83(22.39%)  16.62(6.46%)
ERA5 Land 75.52(18.78%)  219.86(54.69%)  83.75(20.84%)  22.83(5.68%)
Han-ET 122.46(25.34%)  243.64(50.42%)  82.37(17.05%)  34.73(7.18%)
T3 80.25(23.27%)  168.12(48.76%)  66.78(19.26%)  29.62(8.59%)
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Fig.6 Spatial and temporal distribution characteristics of seasonal average ET on the Qinghai-Tibet Plateau
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S4EBERFRAE

ARNERN E FKBAEIR 2 O E I —i 5, Em R ET BRIEH AL BN RETER TR E&
ET 75 Z A AR — B R R, (HR S REAREZ INAEE R ZER . &= FE40
(2008 % 2018)[14: ET Z KWK 7 fizn. LA H, ERAS Land. MODI16 fil Han-ET (145 RAEEEA 5T
X [ 5 b5 = AL B . MODI16 & KA E PG ALRE X BRI T 8ME, 1 Han-ET £ 5 J5 ¥ = 3 Ak
AW B IR A T . HP Han-ET (O4EF1Y ET £ 2012 EiA B8 519.22mmy/4E, £45°7) ET thik
BT 483.36mm/4E. Mtz N5 HE LA AR ET MZERK, Hh 247 ET H1) ERAS Land 55
(401.46mm/4E), GLDAS 5 1ik(249.67mm/4F). ERAS Land ZBALIREEE /INFREZ 9.84mm/4FE), PML ARAb 1R
KArHEZE 34.48mm/4E). 7E¥E SIS RIB U GLEAM 24571 ET N 298.46 mm/4F, I AU
EB-ET_v2 4 271.39mm/4F. 24> ET 7= i 43408 339.78mm/4F, H A ERAS Land 1 Han-ET & T#31H,

GLDAS. EB-ET_V2 fl GLEAM fRfik, PML BN IME, (HARIRE K.
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xR 7 BEERE ET TRAREMHEZEEL 2245 mm/F)

Table 7. Statistics of total ET of seven datasets on the TP in different years(mm/year)

PML  EB-ET V2 GLEAM GLDAS  ERAS Land MODI6(H1{EHIX)  Han-ET

2001 / 307.08 267.98 213.61 404.77 386.48 490.51
2002 / 299.68 280.42 216.85 407.18 375.88 467.39
2003 319.16 272.67 289.65 231.60 393.17 381.92 494.98
2004 306.77 256.38 282.15 220.16 391.47 370.69 467.51
2005 313.76 278.01 294.07 238.85 387.65 392.48 510.35
2006 312.82 266.67 299.28 253.69 409.96 351.14 503.53
2007 312.51 259.89 296.96 256.58 414.62 337.98 498.11
2008 312.25 279.16 302.23 258.25 410.43 363.16 501.36
2009 290.68 261.98 283.71 24321 384.64 353.22 476.88
2010 332.02 267.65 309.74 270.83 403.15 374.28 500.82
2011 337.21 260.14 298.79 271.71 404.77 377.98 493.35
2012 321.60 280.32 295.89 261.49 407.18 393.76 519.22
2013 338.11 259.24 307.58 271.16 393.17 371.12 450.46
2014 310.83 261.71 294.36 246.15 391.48 372.39 440.94
2015 341.84 261.60 303.38 260.97 387.65 366.77 450.64
2016 410.99 270.14 321.84 265.77 409.96 397.76 491.84
2017 407.31 / 323.61 256.42 414.62 42531 485.74
2018 382.06 / 320.72 256.69 410.43 393.02 456.83
LT 33437 271.39 298.46 249.67 401.46 376.96 483.36
P 22 34.48 14.15 14.5 18.11 9.84 19.45 22.15
IS Y 330.59(A R X 1~F-35))

6 ML AT

AW FE I PE A AR R AL F AT B2 VG Y, — 75T EC BUARRER & 26 ANET 1. Bkoh i sl il & AN
B AR B AT AR HEEZADEEEA R R A, KRS s ok ik
B VRIS AT ) 2 )V AN [ 58 2 AN 52 K R (Majozi et al., 2017), &R /@B MNEIE ET 754F

EATEN. 74h, TEESRR TR ERMIZHEE S, LKL ET 755 EC WLINME 2 8] 4 18] R 72
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SEAUGHEL, 51 e L EE M 0k 38 B S AR LA VR by, T AR B BT 77 - 208 L e sl AR 0 () 2%
KN, TE R N R ARRER I, A B TP — e R X TS AR Y
VPARIE 75 22 NG 2 00 A BEEAT 007, B 0 R FH 7K S A R 7 v 38— B 2 1 28 R 0L 8 R A P
A R A J5 T ISR K 7 19 o

H—ITH, X TARBBA LR, BT FESHKER PML 154! (Zhang et al., 2019), )& 7 KFH
AT AR AR A XS AL 5 B B BUBE (Zhang et al., 2016), {HiZAAL/E il 5 ET 077 0E —LEpR 1,
91 S M 2 R B DR R - 3K A3 SR S AL S BE S AN LR FE Y o ST RO FT4R H GLEAM. TEHEHbYY
RO T HE P25, SHIEHIT—%(Yang et al., 2017), ATREVAME TiZ B PRI S 404k, #& T DA
Tt 137K A3 H BRI, 38525 FE T T el AR B K (B, AR TV A R s (R L B 3 v 1 o 4 AF
NIt (Miralles et al., 2011). /T Khan et al. (2018)# F 4™ Ji£ f] Triple Collocation (TC) J5i%:% GLEAM.
GLDAS 1 MOD16 7= fiFfli, 8 H7E & R GLEAM 7F= S TERER 3, SR EHIEE R —3. Wang 5
N QOIDMF LA AR GLDAS TEAR b X A7 AT B s KR 22, U1 PR T BX 3l 5040 4R 1O A a1 R
AR [ A #870 (Baik et al., 2018). ERAS Land 2RI 5 WLIIME R & e FIAL S5 R, A0 R e 221,
B C sk AR B S, AT LIRS S (K B B, (R A R AR K I AN € 1 (Mufioz-Sabater et al.,
2021). MOD16 %4 ff) 3 B PR 1] & 535 P 7K 4 75 3R B NDVI AT LAT 2504k, 1 387K o0 i A AR 1
T MODI6 IR E . LRl AT 7t thik T MOD16 fEAN[F T #f (1 AE R Bl (Jiang et al., 2013; Hu et
al., 2015; Baik et al., 2018; Yuan et al., 2021). A~ [ AY SR Hdim A T2 28 B 3R 15 R 22, DLJAN [AIAH /4095
HEER IS GO IR ) HE 2 A0 45 SRS s PR3 7 Sk J5(Kim et al., 2012; Liagat et al., 2017).
7 b5tk

Y SR FH 7 e B P At 2 ST AR 1 8 AT B WLt % 7S P ET 7% 5 (PMLGLEAM.EB-ET_V2,
GLDAS. ERA5_Land 1 MOD16)#EAT T ¥Ffli, 2 X HHR 7 & /=i, X788 7= e e i T PR RE VAl o
TEAIERG A3 T 77 T, AAF= AR G 508 B3 OLE R )P 21 LA, 259 R & BT = B Re il #2178
AP, GLEAM fEuh niW) & LA, (HA ISRl 3 (MB<0), MODI16 £ K& 73 it i ML -
FEZE IR, %28 ERAS_Land 5N RE A —5, HEFMAZE GLEAM 7= i 5N AR (L 5y
LTI EB-ET_V2 fEAKERIWEA NS . E2050 45 F, GLEAM. GLDAS Fl EB-ET_V2 %[/ i {776 5
A DG (R>0.8) I —H P (I0A>0.89), 7= M fEZ T S A0 A A BRI 2 5, JCHRET, A HAR = 4,
MODI16 7£ K#5 78 X4 B A AT &l . &7~ @ EF¥ ET RK/AMVHZER R, ZEFBIF A
ERAS Land(401.46mm/ % )>PML(334.37mm/ 4F )>GLEAM(298.46mm/ % )>EB-ET V2(271.39mm/

) >GLDAS(249.67mm/4F), H ERAS Land ffai€. T Lk ET P2 it 583 TP X ZE TP AL &
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9 330.59mmy/4E XN ET 7 dhfE TP 3 DOXFASE E PR Hr, T LA BIEATXZ /A ET 7 b & BLE £
ET 380 A RN M T i, AT REA T 8 a 5K SRS B 5 5%

BOS: B BB G E R E AT TS B AN Gt P B R PG G AR A B BRI T e AR it e o A

RO Tk o R 2B PG b AR AP BT U B (035 7K i e S M A= 2 R G 7T wili A o [ RS2 e 7
ABAEZSIA BT BHIRIIE TE R AR S R RN st A TE SR A1 22 S0 Bk
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