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T T 2% i b 28 BIUA 28 SR Al S AR A 1
SR P B AN TR 75 SR A AT T Ak 22 3R 25 UK 18 &
7o (Kalma %, 2008; Wang l Dickinson, 2012;
Zhang %5, 2016), 14 BR N JE Hb 36 2% B % 38 J&
72 f MOD16  (MODIS Global Evapotranspiration
Project) (Mu 4§ , 2011) . GLEAM (Global Land
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LSA-SAF (Satellite Application Facility on Land
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(Dual Temperature Difference) (Song 2 2018) ZE X
el AR ) M R AR R T O™ o {HL PR T AR
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AP B RO G B (/N8 AR
2008; ¥HL %, 2017) . H M 1999 4 i 43 FF 3 1
1%t 3% 4L MODIS (Moderate Resolution Imaging
Spectroradiometer) MK Z )5, & E EH KM=
fit X J& NASA
Administration) JFIf 7 KL (Big foot) o FF
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MODIS., H &5 53 #F R R OGS X MERIS (Medium
Resolution Imaging Spectrometer Instrument) . # &
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T SR 7 O AT A R R A B B (SR
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TSI 7= i LSRG 56 () A v B R S R Y
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A E LK (Lin %, 2002), {HAHH T EPR L
AURIFY . o R A B J ™ o L S PR A 36 ) B A 2R
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Fig.1  Spatial distribution of eight remotely sensed land surface

evapolranspiration products ( MOD16 and BESS have no data of

non—vegetative surfaces such as towns, water and bare land )
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2011b; Ershadi 5%, 2015; McCabe 55 , 2015;
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X AN T 25 [8] 73 B 250 4 2 28 IR 288 ™ ity LS AR
BRI S . REM UL (Jia %k, 2012).
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BEESD, IR E MM P Z A . HRZE
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3R (Jia%§, 2012): S GiHRIAL (Wang 55,
20105 Jung%F, 2011), HuERAE&E-PMRIA (45
FAE AR FSOR A AL ) (Norman 4%, 1995; Kustas
Hl Norman, 1996; Bastiaanssen %% , 1998; Su,
2002; Allen %%, 2007; AndersonZ:, 2010; Chen
45, 2014; Ma%F, 2018; SongZ, 2018). Hfk4%
T3 ¥R 45 5 T b 3R 25 B K 18 IR (A 45 5L T
Penman—Monteith 222 19 #3678 {32 ALY (Mu
4, 2007, 2011; Yuan§, 2010)., FET Priestley—
Taylor 7~ = [ M 3¢ 2% 5l & 38 R B A (Fisher 45 ,
2008; Miralles 2%, 2011; Yao%#, 2013) fi3TF
HAMRH DG 5t B Y b 2% UK TR IR AL (Liu 55
2006, 2010; Venturini 2, 2008; MaZ%%, 2019) .

i 17 Ao RR A A 5 805 R4k 75 vk (Tian 55, 2015;
Gao %%, 2016; XuZ§, 2016, 2019a) . B A5l
(YaoZ, 2014; ChenZE, 2015). HRhiRIHA %4
AWML EEARR, g, 3T AR &R
T TR R ZEHUL ™ i, RIS T4
T 32 2 1 1 3R 2R TR 18 S o L T PR 28 LA R AR
N RGBS PR B E . 25 A #F 1 K Kalma %
(2008) . Wang Fl Dickinson (2012) Z&#JF 5% A] %0 .
M2 75 B K 1 IR S S b T L (B AR LG, AR
B B A SRR AR E S b
W29 15%—30% . 14%—44% . 10%—36% .
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BURWHR AL S et , 6 Bl B PEAG 36 50 35 Hh e 78
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Table 1 Commonly—used remotely—sensed land surface evapotranspiration products and their validations
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Zhang s
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http: //www.geodoi.ac.cn/ M\ JRACHREEHLFR

A FRE:070—  HufilJia
0.87 (2015);
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#E : SEBS: Surface Energy Balance System, SEBAL: Surface Energy Balance Algorithm for Land, SVAT: Soil-Vegetation—Atmosphere Transfer,
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it i, M 2 2 HIC R WM {28 b RO e 4 7 81 DX Il
AR A Sy DX R B AR T A R 4G 30 b 3 7%
KRS i o

211 BTREKIE

P R ZE WO A F A . 28840
A BIAH SCAN | i SC L — R BT B AR g8 A AR
A0 (AL LA NRRAL . U BN KR ) 45, 4t
WAL (REF A FI/NIZE B AR
A3 LI AR A 25 T 125k (Allen 5§, 20115
Liu %%, 2013; Xu%¥, 2013; Liu f1 Xu, 2018),
TS ASL A 1) N D L R P T S A B R R
KON . 1HZER) WiER I HAA 2
WL 20 Hrbibs ZAH DA BB A S5 M 1 4220 e
Fe—RAUNE) A i 0 A e F, A I i) 32 52 L v
AE fie /)N R EE 98 /D A BE SRS RGN T, AR
S AR Z R (Lin 1 Xu, 2018). LI
Bl R AR Sy T2 UL I ASC A 114 4 3K A UL ) 2%
(FLUXNET) [ 20 t42 90 4R A oz LIk, ik
#2017-02, fEEBEKCAKA S KIML 304X |
21014 A uli ki (7479 B4R ) AESEAT R, JF
Jf A BR Bl DX R i 25 TR B S A A
M ESCPER E (Vinukollu 28, 2011b; Velpuri %5,
2013; FErshadi 2, 2014; McCabe % , 2016;
Michel %, 2016; Martens %, 2017; Zhang%,
2019) o INFRACATIN AR 5] 3% 1—5 km JGAR
& B K GE , RERA M 1R BR o R
FHVCHC ,  PRIHG A M 3 7% HICR 38 SR ™ i /A 8 ) 52
PR 56 P W43 2 )2 W (Hemakumara 55
2003; Jia %, 2003; Marx %¢, 2008; Jia 5%,

2012; Ward %%, 2013; Song%%, 2018). 7EHLEZR
B UL 6 v, 105 3 AH S AN B PR R A S5 A 1Y)
UL 175 AT 3 Sy B sty SO0 sl 6 A OO (Lia 5,
2016a) o H T Hb 3R 25 8] S5 o Ve 1 3 e A7 AR, AT
b T XU A XoF b, 3 22 I A 8 JR ™ ot S AR R AT B
FEAG I, b AT WL {5 2 SR A R = [E] 23 AR AE
AR JUEANVCRC R (Ge %, 2019). KL, 7E
PP Hb 3R 25 () S5 M 09 A1 £ 8 B 5 el 3 LS o
FRUBE 1 e ZE HIUR (AR O ELARL A EL SRR 30 A% L o
H i AT R 23 18] 3 AH 5G4 A 3543 8] 0 22 43 B 45
T3 ¥ R JA W b, 3R /K HACIR 190 19 25 ) S B M (Li 4%
2018; SongZ%F, 2018; GeZ:, 2019). MIEHEFEK
ORI 23 0] 7 Bk AN ], AR o0 ROBE AR X LA 1Y)
AREUAT 73 Ry 35 M R AR I 5] b R PR IE

(1) By, R ZARXT o) i3, AT
Bk ORI (AnZEB AL WA AL . INHRI )
b e ZE A AE A5 O RS Ml 3 2 iU A AH N ELAE,
JFH 6 56 08 T A S48 T 4 7 5 114 388 JR AR e {1 5 ] ]
ZAE AR ICH AR YIE . W Velpuri 5 (2013)
H A 3K 60 /1~ 38 £ 08 I D 4y 36 213 A S ASOUE I A A Ay
PRI R AR X U, S0k 25 T AE AL B MOD16
FSSEBop 7 i AR ITIE (141 kmx1 km [ MODIS
£I0) ., Sufs (2005) & UF % T Landsat £0 8 1)
SEBS (Surface Energy Balance System ) 1571 fil 5 4%
I, B T K R K 5 A 3 st A S ASOU I A A
G IT R BRI XS FLA, Bk DAk 55k T 3x3 A4
30 m 73 HEK Landsat {270 1 F-H{H

T I E 53 X 7 O o DA T R AR
2 AR T b T XU L XS T i JER A T 1) 25 TR AR
Ptk PR AR AR T 78 L B PR I AR T )y
BAAERIS) . I RIS

(2) AR¥A M o YL vk PR X (X
UL INAE A 32 8 ik ) b U DX, 2 A R B
FEARE DI B RR ) RN S 1 A b 36 28 3k i
JR 7= A5 A ) SR ST R, e T UL 17 b 2% 1
RABPIAE Qo0 ROBE AR B, T4 50 AH B 7
AR ICIE, A WA 4 5] b 3R SOR] i — 20 A 4
rhRE AR 3 5 M R R B AR A M R P R E I (Li
4, 2018),

1) RIS R, R R RS
(R, 56 T WL S J] Bl 22 M5 07 B F S 3iE
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WASLER T AR oT A — 2, S SRR
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[F1] 17 5 A8 gk WL 3 1 22 1] OC R Y eR L, Sk
0K L0 368 (A X R W) Y A TR A R S A ) AR
DCHE ST, A3 B Tk o st 1o UL 0 (65 2 2 i
S [a) 4 28 [ AR R R PERC[A) R (Chavez 45
2005; Brunsell &, 2011; Jia%, 2012). Chavez
A5 (2005) I R A6 A 43 55 05 BL A B SR AR Al
SR E AT MBCE S 5 REOREY, IR s R Y
183 2 RE DG ASC A UL 3 A LA, R TEAERRE
KRABGEFMT, T R E Ry A g R EZ LT
LA AR A5 R . Jia%F (2012) BT ShAH
SRASL S AR ASL A 30 F 328 B SRR T (D328 JOUR
0368 2 Y5 DX LA By s R T ), A —fry 2
A AT A2y, 45 21 5 00 I 58 A7 A R
23 (AR A T BAG AR, S WU R AT A,
I G 7 5 86 UE T 2002 4 —2009 4 i 07 3 5
ETWatch 2 Ze /530 m #1 1 km %5 [8] 53 BER 10 b 3%
R . Bai%F (2015) HEAT T Z MR T I
TPk RS, SRR BT R IR IR IR OT
(077 25 B A A T e AL — MR T s 2B
TC-EE 5 WL B HEA T S0 e B O 5 B

BET R 30 50 UE AR TT Y J7 ¥ T8 R 0L I e
R XY FE R A i — ROt O T
FH PR 5 25 e 5 WL I AL 2 14 25 ] 4R 3R i
I8 JEAR T Y 25 (] 73 B A2 AR T IE . i 3l AH 54X
142 A AR AL R BLA KA S, F2E
FH 46 96 5 T vh sy 40 R OBE (A Landsat
TM/ETM+ (Landsat Thematic Mapper/Enhanced Thematic
Mapper Plus) . ASTER (Advanced Spaceborne Thermal
Emission and Reflection Radiometer) ) . i 25 % J& 4L
P S ALY b R AR (SudE, 20055 Allen 55,
2007). BN, French 45 (2005) {1 SIHIGAL
(1 L P 56 30E G 388 5 Y5 DX P 4> ASTER AR 114 /2
WAL S Y {E K B T TSEB  (Two Source Energy
Balance) 5% F1 SEBS #52 A Al 5 1) v o 2 . N
SRASOULIN RS REAS 5 — A S 2 A PR3 B3R 10 18
AR TTAHDCIC , AT A6 56 1k v AR o 30 1 Uk
g (4nMODIS. AVHRR. GOES (Geostationary
Operational Environmental Satellite) ) 2548 i 28 H(
KA (Jia%5, 2003; Song%%, 2018). 40, Jia %%

(2003) # % % T ATSR  (Along Track Scanning

Radiometer) % BB ) SEBS A Al 340 JE B3 1
W, ISR ERA R . R E, B SERS R
() 3 2 R FLAR IR KR ASOULIN B A AR T BLAE, 38R
HFEXWEHNZA Gl 24 5AMet) &
BAZ T -1

Hy T 1% SRR G AR T HES i O I 3 7 YR
XK/ TR B E, ShEERE . K
B L KRR E R R LR S AR (Jia
5, 2012), LR EIAROCAL . TNBRACA IR X TC i
—HEeEE e, Ba S miEss
Wk — B A EME . LR 7k 52 e LA
15 0 RUBE ARG B A O 560 UF 3 8% ™ i, HL7E = R
Vo, WX S5EIEGouESE . WARITH
AR5 P 25 e LSRRG S0 A 45 2R

2) mEARS AR . fEm AR AR,
T A TH O DAY B RO, W R S BR Ot S
Ji] A % 3 LR G B (R A% o0 ROBE AR O L, RPJEF
o TEDULIAE , 25 GBI E S, AR AUk S AR AR
TGN A BRI A AT O, R Al i R E B 4
(TEREE) T vk 4R BUG ot R Hb 3% 28 0% M 6 B
B, FHF R0 AH R i BAS T(E

ROBERG 4 (FFROEE) R AR BUE o0 RO b R 78
R SR, 1T 22 RUBE XL 5030 2 FF i ik — Miff 9%
PRI . AR, A4S BT A R —oK S
ZEA TR BB AR (HIWATER) 7E N I — &
H) 2 RERE P (Lin%s, 2011, 2018), K
SO UE AR R R Sede (FHRUEE) D7 ik #2417 mir
KA BVEEIERE (2508 45, 2016) . HEH R
R T (FRE) WIs Pk, waitor
B BB AL 2 ) kA ORI 4%,
2018; Li %, 2018; Xu %, 2018a; Xu %,
2019¢) .

Ge % (2015) 2T HIWATER iR % v 2 i) v
e A - ORS00 R %) SO0 Sk, R D o ) [ v
AR R AT RE e (FHRUE) 5. SeikbiTiE
P, RPAES7 5T R R R . T —
TEAE BT 0. AR B o FE A P A B 5 i
o7 FH Hb 20 2 v 1 e AR A B S I R e 4
(FERUBE ), 2 b o JRRbA I et DA 18 2 AH S A Y 2
IR B 4 1) 5 rh G 0 B 23R 1 SRR o8 RS AH DR T
R ALAR DN ERASOR 30 RS, Ry Jim 2k UG o R
FXT BB A58 28 502 Sl . WS, A 2Lm 3 XS
ANTE) S T R B e, X T T 2 R R e e
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(FERUEE) it e, DA ik e B3 7 13K
BG oo ROEZEFIX BB . W, Liu%§ (2016a) 7E2R
WA P IR, A T 3R ik, AERR
3 Gl AR IC N £ B 15 s A AU {E Y 5
AR FBUAG IC R AR B o T A E S H
CRR 15 75 9 4 15 18 S A S (SO 1A 2 1) - b )
FH/7 35 28 R o T B BB R A5 AT 2445 2% o0
ROBEFGT FLAE) AR AL 343 (FE i R LGP
By iy Jemt 1, A5G R LAY, R i B R e
S A A EMG O R AR ), KB ZEART
Yo, SRAPES 5 RInT s mredE s,
7 5| BE B2 e b 2 7K ORI 1) 5 B A5 B DA/ R
JER e (FFRE) R dEm7E x5 1k,
KBBR8 e mE, WRHYA
Priestley—Taylor 20 2 1) RUE 544 (T REE) 7k
(SeHt 4 Priestley—Taylor ZE 5 AR ZE LR A,
PR Priestley—Taylor A3, 45 G i@ A 808
PEAT RO G ARAHROC R M L), 13 204
YERGBE 9 MODIS 2 5521 21 . H 945 o0 R b 3 2%
FROR AR ELAE, I HARIE K FLAR DA RRASL ) 081
25 T T R Ml R 2R R A X LA A o
BRI Y SEBS #5514 5 ) v P B4R TR
JCREMIX EAE (Ma%$, 2015b) . 7EULILAE
Li% (2018) 254 S e | T i i a0 B 00 0 5%
P, T A ARG I RN S8 SRS B L A 6 i R e 46
(FFRE) ik (EAUE . 3T Priestley—
Taylor A3 B 77k . AN A T 21 17 (915 5 BLAS 7
DL N T AR 2 2% AL 2R MRORITIR 2 £ 28 R 2%
o), AR b S PR R B I e 3 4 R e
Jride, B 7E3A5) R RE R B A0 1 3 43 ) 4
FEVTETRR LS8 30 AN 25 AR R T 381 18 ] 0 o AR 9
T 7 5 B R 2505 b 3R SR F B AL AR AR 2 (fifi
Sl ORI | SR AN B, B ALk R
ARFEERZA MIEREIRL, XF 24> [l R 35
S5 IMACTE- Y45 201 G by AR AL, i kAT RO
SR R T KRB AR XS BLAH ), Az ™ T RR A It 4k
MODIS T 58 H 2012 4F A 8 A 22 vl o B X
B 2014 5-—2015 AR B AE K 2R U I X IR
JGRBE A B, IF HOH T 50 0E As 6] 4 HE R N
1 km fJ3% H DTD il ETMonitor 1% 8= 5, #4-Hb it
TR T e J AT A O 2 () RUE AN G i g [

SR, A5 R It 3 L 48 b 3R 2% UK %6 4
NI ZR 58, Q3 UL AR R 1 X b, T RE

0 $5c I KIR 2 Ml AR 22 i b e 26 A0 | I ) i 2 HL %
QAR A GO R S Bt , A 2 ai &
Mo e 2 (8] S PR PPN A5 2R, AR B S B BT R
JE R AR RO R el (TN Tk o

2.1.2 XE/mERERIES

Xk Qi) RE HHERAR EZ o LT
PR — TR A A R G | AR A b A K
AR (R] g B i S U SE 5 TR GRACE
(Gravity Recovery and Climate Experiment) Xl 15
), WrRZAEFEAE), WK a7
AR 5 ) DXL b 3R 28 B A O L, T TR
6 A DAY b 3R 7 A 2 O™ b (Vinukollu 45,
2011b; Jia &, 2012; Xiong & 2015; Miralles
&, 2016; Li%E, 2019; Xu5¥, 2019b); J5—Fhg
SEENIINE R, RIHIR R o DI 24> o
S AT RO e HRUE) , RIRIX R
M2 ZE L A L AH (Jung 55, 2009, 2011;
Bodesheim %5, 2018; Xu%%, 2018a), JH THIGAH
O F) 3t 3 78 A T S i o Vinukollu % (2011a)
DAZK S ST A 4 DX e R b R 2 i A
AR B, A5 T 2003 4E—2006 4E 45K 26 /N I,
Hb 2% 25 WA 18 SRS PM-Mu  (Penman—Monteith )
(Mu % , 2007) . PT-JPL (Priestly-Taylor Jet Propulsion
Laboratory) (Fisher %, 2008). SEBS (Su, 2002)
fili B F 43 M1 ET 72 i VIC (Variable Infiltration
Capacity ) #1 ERA-Interim (European Centre for Medium
Range Weather Forecasts Reanalysis— Interim ) %) 4F
ZRMOR . b 3R AR UK B RO R Y B 4 R A
iR 5 K R 7 1k A R A O R B
0.72—0.80, HT7MRIERZEIE 118—194 mm/a, {25
Hh-132—53 mm/a, RILHLF T FI3H7 ET 7= .
T K SO . e . s i@ & DL R N e A 4%
FBOC L MEwn A A L K B Ry A2 AL, PRI E R
WA R b (AR AEF 1Y), — R 22 s - ek i
P A R 30 T 3 2 2 UK B B i o (X RE AR IR
BN I T H RS My 3 2 A 18 JO™ i 1 G 6
TEGRACE DEESIZ )R, X—MH0A Tk, %
HiPH% (2017) FIH GRACE & 75 TLE SR, A
T SEOK VA 7 R TR M R BRI T
MOD16 7™ il 7 H [ B HERR B2 . 452K MOD16
P TE ) RUEE 5 K T 545 R A A G &R
BAE0.74 2547, IR 20 27.46 mm/month 72
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Fio MAh, Li%E (2019) 454 GRACEE /1 AW
D . RAUKIR &S, TR —R K
S A7 ER B A ) S R 2 IR F R A D 3R B A X
FLH, K36 T 2003 4E—2012 4F Z R K2 WL 1B
J& 7= i AVHRR  (Zhang %5, 2010a) . GLEAM,
MOD16 1§ 43 #7 £ i GLDAS (Global Land Data
Assimilation System ) 7F 7 i i J5 VLIA] I XA 6
. BFSE4E R KM . CLEAM 38R BUL 72 dh 7E T
TV AR X R IR AL, GLDAS 45 JRAE KA
BRI R I o 56 T oK Py R TSR Y b
RAEWR A — DI EOK ST R —E, 7
i 2 S o AR R A KA DX sl DA B — 1 T R B IE
BB S A A B A B RN E R L R, S
F WP AN Sl LI B, R RO e 4y
AR LA 322 JEAZ IO R (A% 43 A 1) DX IR
ZEBL K AH X B AE N a2 AR . HE T AR MTE
(Model Tree Ensembles) , %56 4> TR = 000 9 A4
M e 0E LGOI B R R R I SRR T
SRIF BRI FH B X, AR T 1982 4F—2008 4F
23K 0.5°% 0.5°43FF48 . RUEE A 7K A0 s R i
77 i MPI-BGC  (The Max Planck Institute for
Biogeochemistry) (Jung 5%, 2011). fEULIERE I,
KA T 1980 4-—2016 42k F-/INiF /% H . 0.083°%
0.083°/0.5°% 0.5°%5 [1] 53 H¥ 25 1) 7K R 5 R Bl i 1t
720 (Bodesheim %, 2018; Jung %, 2019), i%
SR Gl 8 T e I P DX R 2 4 R R S SR A B
iR ZE WO B IE 2 . A Velpuri % (2013) Al
FH MPI-BGC 7= i 6 58 T MOD16 1 SSEBop 7= i Y
HER S, S5 . PIFNIE T MODIS B9 ET & &)™
it 247 ELAT AR A A R B . H I Ak B D 3 SR
15 TE/RE Y R A7 14 X b 5 25 0 A X LA 1)
2SSy HERAXT M, HfE— T8 P TR
B, TR = A AR G O Bl i R s )
NEREIRI R, BRI, EXEEIRE b, 25
W 23 A FEE | DU SR T/ 8 A% 43 A 11X
Sl b FEFE R A AT ELAE T BRI s o B
28 B 8 B . XuZs (2018a) T M0
TR 36 /138 VLI sl SR L S AR g N2
SAGHG HAET S R I T AL 25 2 0 R B 4 ik
(AR BEPLERAR . AT ML | S L
ARG ML), Rk BN, T
IR 2012 4F—2016 MM AR K 2 L A ] 4y R
M1 km (932 H M 3R 28 5K 19 AH 6 L B

(ETMap) . Zead Bk b, . g RFLARIN
R ASCOUR I E A% 35 0F - TA Ay LA A X6 AT 1Y) 7
B (B HRIRZE 8 0.92 mm/d) , BEFEAE A X Jk
JRUBE XS AR B 11 1 28 28 Bl 18 8% i

AR LA 0 B8 B AL 05 A UL Y B E AR Al
EASAEAE — NI R . AN, ELHER 3
L0080 4 %) 30 E 2% 52 B WL 1% 2% | &S AR
PR 25, BIR S ) BC i R 25 AF 52 e (Jia &%,
2012), 1M 5 TG T EE X B EE A ELAE A 56 UE -t
a2 BIALAS I 52 2% | BB ECE R 22 L RUE B
R ZE U M EIMG 2 B EC iR 22 55 g . BE T oK E P
i 7 2 W Bk K 22 Z W fili oK AR AR, X sy
RIS UEZE R R 2 A . BMER A GRACE
LI ) Bty s 7K B, H PSR S [R] 43 RO (&Y
50 km) , H R G AR T AEE 0L 58 25 5%, s
AT E e R

TP 36 GIE Ao A v A A B 8 1 — B LS R
o rXE s o BEE AN E RS I R T, T 2500
MR ERIA | SRR . Z2H0RME . [FEE.
Bl 27 )RR () 16 55 5 v B 38 i I H B 1
et (Li%E, 20105 2B A4 K3, 2013;
Chen #1 Zabaras, 2014; Qi &5 2015; Deman %%,
2016; Minh %5, 2018; XuZ%¥, 2018b) , XKAH
BT A 5 il B v AN 1

2.2 [EERIGE

() A 56 vk ST o0 R A2 SR Rk - TRy
P A SR 1) 22 RURE S A 36 vk I 28 22 A
Hor ke gk o

221 T XK E

A8 UK S0 2 4 Cl T A I Y . AR AT SR Y
MR ZE R i (A b 36 7% R 38 I ™ i
W n] DL /R SCRERY il o AR AR F A B AR
5 515 B R M R ZE HUR ) AR WX BAE, R
Al M 2 2% B A& 88 27 i (Jiménez 55, 2011;
Trambauer %5, 2014); 0] LUK 3 Fp S UL #e 7%
BRI B S AT A B HE 8 (Jiang M Ryu, 2016
Miralles %, 20165 Xu%§, 2019b). 38 A5
TP A [ 302 28 50K 7 il 1 A TR A S R
AR — B

H T b 3R 2 IR 18 80 i 8 A P AR AR AR A HE
R E PR, ARMEIE O B AT 7R X S i PR 855 DL A
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PITERA B2 o M AF 2 T 22 M R 78 0k 3 180 mh 7R
R LT Sy AT S A AR S A A, (R T
Uil S TG R TR 55 T A ) MR e R e A T e
i T HA  F A (Timmermans 55, 2007) .
PRI, A8 SR 36 ml 7F B S 0 b B E AR A

H1 T2 55 K 50 1) 2 28 I K 7™ it A IR 1) 770 2 ] R
JEE B DT B R AT 58 SRR e B RT3, PR AR AT 22
SUKRHG T, IR 20 it SR 28 BIUA 7 A AT PUAL B
APRUE 2 5 46 46 04 3 3 28 IR 7™ ot A a5
B WA R A — B

R2 MWRZFBE (LHERLEWEE) WEZNNEE
Table 2 Specific instruments for evapotranspiration measurements (including soil evaporation and vegetation transpiration )
JURIENE:S AL J B 23 R FEALH AR EZ BTN
Wi B 5T W BT D 2k
WHUR, 5 Z B I AllenZ5(2011)
s I T K - g 3 e Bk N o0
B I — AU (<10 m) T M , 247 RT3 Wang 1l Dickin-
" T S R AHEATIR (LR son (2012)
FHTE R
by Z BV TG 2
G A R R AR
111 6 B 4 ENG AT RS QR ST ST

R A CEREE R B4 i o R 25

FRAERLR AR AR PR 55

IR
R SY Wullschleger %

SR (<10 m q 2 AR BR , R e
RAER) A BEIE O™ KRR R e SRR g
v SE R bR R 7
" [t PN Ay
B PR
75 % BIHE WA K 1Y
3l 3 /N T 7 98 X 1A S 5 e
BB SR Lot sy O
NEIZEBAY ) o A RJE (<10 NERE Y () 1996) ;
ABIRBIL i gy TEUE(IOm) R SR Ry ;m%@mn
R 25 [ F AT R, (LA
FAAE B R
1L % H
WSCHRERCT A 07 B O 2 B I Ok RUE(10— e vl g ik, Allen%(o1)
BUNIES CECHELE I R LR 102 m A=y v N ’ Liu F1 Xu(2018
WL 2 45 fﬁfﬁ(}flm)]i i % ) T s Ry S I A B AR u F Xu( )
A JHTE T KR
WIS RS RERF A
ETWHAMAE o0 RS R KT m%%ﬂﬁ%%&ﬁ%){;&mp.
WHMEN B Wk )X SO 5/ N B M D FR B R 2 SR LPWQM6;
Wk BRGEMTH é@ﬁ%ﬁﬁmimmﬁL,%xumé
FAAET R R e
H5 2R RN, A5
W A 46 3 3R E 1 PO R RN, B
T A RS A Rty N R BEAL
T8 LA R ” e 9 S B LB 5 4 »
s . AT AEPEARXT T, P £ 1—5 km ) - . AllenZ(2011);
GIEUR ST S, o o o TTOOROK BERERDE
A SR LAY N HL AR AT F AR B LR |3 K A B ) S BRLA Liu%:(2013) ;
e REE0—10°m) S, GEFLAF L SRR R ; Xu(2013);

WA 75 2 5 g it

87 75 T A Wi 45 2

AHVEC 5 S DA ERASCAT LA 1230

UELLAMN R AL fE B

. ) . Liuf1Xu(2018)
W EHGE R T ER

IR IR

W BRI R A e A
IBATYES RN A

AN DT 5 R 5 SR 38 125 A 30 A [i) b 3 78
K 7 b ) I S A A R R A Y b e SR |
ByE M. . Mueller %5 (2011) #3617 5 T
T AN B i AR AR R BN P BT Bl A

AL T S BB AR R A2 B 23 IPCC
(Intergovernmental Panel on Climate Change) FY/f%
BB ) 8 B 3k 4 26 41 Fh Bk R IR L
P A BR A [ Ay A AR SR, DA T i i B AR
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A EAE BT AT . WESE S I . &2 b
1 ET 25 [ 4% Jay B A — 30 (7 {8 ET 5341 75 255 18 Fff
VT, ARAE ET 76 5 46 5 i X BT ) 5 4R 28 BA 1)
AHXT 22 S AEAR ) KB K T 20%,  JGHAE I 5y 3
W 22 B iy K. Trambauer % (2014) 4565
i 2 AUFN - 5248 B0 AR P KB 434 5 A28 51 21 4
DX, PLs K SCBER | 2 B 7= i (GLEAM
MIMOD16) F11 %70 Hr4dfs ECMWE  (European
Centre for Medium—Range Weather Forecasts) [ 3%
A AR LA, A3 2000 4E—2010 4F 1 75 ik
2 AE AN [ [X 38 B0 AR R A R, 5 a0 B e AR ¢ 2%
25 i) 2% 450 S AT 45 77 i A 3 M . 45 2R 3R]
K SO RS F) b 3R 28 HIUR 78 T 52 A T 52 X
TR, M= S LT 76 T A DX 3 e
G, MOD16 7™ i i R4, , JF B 5 Ho Al ™= 5
T iy R T 5 2 T R b DX Y R X 3 A — 2
PEEEAR s I GLEAM 7= iy JU) FE SR 7 70 35 10 B e A
ML

SR T 1 W — ™ R AR X AT RE R,
A Ao 7 TR A R b A A L
T B 3 il b 6 2% 1 K B SRR R 22 ST T TR
7 b A OGE AE B BE Y = EE K 55 vk TC (Triple
Collocation) B ik FE 1 Hb 38 2% B A& 12 J8% ™ fily AH XS
WE R E B 7% (Loew %8, 2017; Khan %5,
2018) o %7 3 PR 25 ik 3T () b 3 AR A 8 K
77 BN O BE I B LR 56 R, o B AT gk
LRk BRI AR AR 2 R T 25, RIS )
A7 AEX HERRBE . W, Khan 5% (2018) f# ]
TC KK T GLEAM, MOD16 il ET £ 4 £ i
GLDASTEW Y X Y75 # A i, AN : GLEAM &
GLDAS 7 ZR AR DX 35 11 A X 1 B2 456 , 1T MOD16
I 43 DX IR X W B 1K o X R A e 25
RIS T 3R, 4577 i Z MR ZEAH Bl ST
MR ] g2 8O 22 R A B, 3 B AT A
=fWETEE TCH (Three Cornered Hat) 118 3 Fp &
DA b e 2RI 1 8% i A S VR B o 0 Long
45 (2014) R TCH J7 43 B 1 4 Ff il 1o 2o AR A
%I (Noah Mosaic . VIC .SAC-SMA ) , 2 Ffh 25 Mk
1B (Zhang %5, 2010a; MuZ¥, 2011) FiF
FH GRACE 04 3 F 7K it Pl 5 B AG S i 28 UK o+
T 92 [ ARG R X R 3 4> 2 Bk A AR A B 4
SR [l T A R A AR 12 DX 1 A R A 0
T 3 A B R ZE O i AR ] GRACE £ 48 5&

TR T RN A R AR UK B

AN [ 77 it B 723 728 A1 328 B o 5 SR 56
AOE BN 2T o I ) 22 A A n] e B 2 b
(R Z5 B BE N TR] A2 AL ARRAE CANFR IR . A5 A
W5F) KArHT. Miralles 55 (2016) L4 GLEAM,
PT-JPL, MOD16, MTE, ERA-Interim jX 5 fili i %
ZEHOR T A AEAS ) 2 28 Y B4 i 8] 22 fE i %
. MODI6 % i fi {1k, 1fii ERA-Tnterim % i fii
s BR T AR R R T R R A A DX AT |
PRI LASN, 580 i AR RE A R IR AH (L Y
Z AR o 2 (A AR A DU Al fff ] BT A5
Tl S BRI 23 (8] 5345 25 {6 A Pearson A ¢
FECE AT, N Yang % (2015) XF L TSEB
(Two-Source Energy Balance) (Norman %£ , 1995;
Kustas #1 Norman, 1996) . HTEM (Hybrid dual-
source scheme and Trapezoid framework—based ET
Model) (Yang #1 Shang, 2013) F1MODI16 7 S {[
w0 b 3R 28 B A B KA - TSEB
HTEM il 5530 32 78 HOUR RO BT RIBCR 2L, T
MOD16 5 Hij 2 Fift 3ty 3 2 H K 1 4313 15 &1 Jr 46 3
WA ARE I A — B, UL BN M 3R 2 WU Y
23 [ AR LR PE R T K. Miralles 5 (2016) 43 #7
GLEAM. MOD16, PT-JPL. MTE. ERA-Interim
AV 28 Ml 3R A% IR ) 4 1] B2 RTINS e B . A% A 7Y
il 5728 A L FE A A B9 MOD 16 Lz i ) ERA~
Interim Z [A] , fKHfE Pearson #HOC R BT H . TERZh
JEE RN BT b DA77 i [B] ) — vk sy, i T 5
AHR REURT 0.5, A7 X 28T 0.2,

A SRS VA 38 FH T 22 b b 3R 2 HIU&R 18 SRS
RUTA) ) P, 30 B, 45 A5 1 OG5 8 1) A [] 2 B4k
E NG 1PN €/ PO R AR IR A T
(VinukolluZE, 2011a; ErshadiZF, 2014; McCabe
&, 2015; Michel % , 2016) . &0, Vinukollu %
(2011b) %£F SEBS. PM-MU #il PT-JPL 8 4 45 £
[ Pr TR = <M o 3 ) 1SCep
Satellite Cloud Climatology Project) 13 1fil & 5 Wit 2
715 SRB  (Surface Radiation Budget) H [ 55 5 %4
P, IRV T RSB B 4 Bk 2 B BN B 2
P, I\ SEBS Fl PM—Mu # bt F PT-JPL %5 %) 52
) e R Y 22 SR RS2, PR G A YR ORI v 3
X BT OAE X R B9 N B 2 1 . Ershadi 8%
(2014)  bb 52 B YE/BL TR P-M 2 A58 R 1 S—W A5 7Y

(International
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(Shuttleworth—Wallace ) (Shuttleworth 1 Wallace,
1985) HYAN[F] 2 <3l Jy 2 B AN 3R i BB 2 Kk
Ti ERAER AR AR , O A5 R A AR S
LR P-M B ORI, R AR FH 3l S B OB
P-M BB R BB -, 7R St i AR RN 7 i i
Ml b S-W AR T bk 2Bk

A SRS B A VAR 1 TR UL I 5048 %) 175 0 T L R
% 75 1 17 A0 6 1 2 28 1 3 SR ™ it 5 T SRR 1Y
FROGS W B2 . E ARG 0 ) 5 B 4% 77 o () I 25 4
PRI — 20, QRA B0 2% R R
PR a1 P 4 LA KR X L ) AN 0 2 B
R AE R (RN AR, 2015), T TC 5
TCH 1Y 77 ¥E TR AR R 5% 25 19 /N5 B 8 6100 7 i
A—ERR . WHMIHIZERA: 2T TC/TCH )ik
SR HHET HARK A B e AR L, AT
REAFTE S Al i AR DG R 8, AR 77 i g 22707 AR
BREMRE (WusE, 2019b).

222 ETESPRERHBENZRERAER
ik

FE T 5 o P B 1Y) 22 RS I R 9 v
JEAR A o PR 1 BT B D M R AR U 1 U
BERL AT N, R R R it 45 2R D WL 0 £ i
T — SRS, AR5 430 i — SPGB AL Ay
Hh 2 R B e fe 2 P AR B, B S B TP
3 AR M R 25 WU 18 S R g, S B —
T2 R 90 1 7 vk

Anderson ¢ (2004) #: F Landsat TM/ETM+
(30 m) FI GOES & /& (5 km), FIJ ALEXI
(Atmosphere Land Exchange Inverse model) ( Anderson
48, 1997) LAl DisALEXI
ALEXI) (Norman%§, 2003) FEA0, SCEL T Hh 7R
R B ROBE R4 o SR 5 456 T sl A S AU I {5 A
L0 36 5 L 0 36 IR T S (] 43 R p e S AR A AR A
Fh ST P ) — 2t . Hoh Landsat TM/ETMA+F
GOES {4 A 53 (1% b & 28 iU 5 b TRDUL I B 1) O 2
4390 R 10% 1 17% . Wang F1 Currit (2011) F&F
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Fig.2 Theoretical framework of validation for remotely sensed

land surface evapotranspiration over heterogeneous surfaces
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Abstract: Evapotranspiration (ET) is an important component in the soil-vegetation-atmosphere continuum. Remotely Sensed ET (RS-ET)
provides multi-scale and spatiotemporally continuous information over the land surface, and has become an effective approach to obtain ET.
Due to the heterogeneity of land surface and complexity of meteorological conditions at the near-surface layer, there exist various
uncertainties derived from the model mechanism, parameterization scheme, input data and time scale conversion, which hindered correct
estimations of ET, and further effect on its application. Therefore, it is essential to validate RS-ET to optimize the models and improve the
associated products. This paper evaluated a group of validation methods for RS-ET (including evaporation and transpiration), which usually
consists of direct validation and indirect validation. An overview of the principles, applicability, advantages, and disadvantages for all the
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validation methods were summarized. Direct validation is based on in situ measurements (including (micro-) lysimeter, stem sap flow,
bowen ratio energy balance system, eddy covariance, and scintillator) to get the ground truth value, which can be used as the primary and
reliable method to validate RS-ET and usually employed at the pixel and regional (or basin) scales. In the absence of ground truth ET,
indirect validation becomes feasible, which can be classified into (1) cross-validation, (2) Multi-scale validation based on high spatial
resolution remote sensing data, and (3) spatiotemporal variation analysis that combines multiple ET impact factors. Nevertheless, there are
still a series of theoretical and methodological challenges in the validation of RS-ET, such as the scale mismatch between in situ
measurement and remote sensing pixels due to the land surface heterogeneity. It is well-acknowledged that how to get the ground truth value
at pixel and regional scales is the core issue of validation.

This study demonstrated that validations of RS-ET products can be not only applied over homogeneous land surface but also
heterogeneous surface with further development, which may at least but not limited to quantification of the spatial heterogeneity of land
surface hydrothermal conditions, optimization of the experimental sites for validation over heterogeneous land surface, multi-scale
measurements of ET on heterogeneous surface, acquisition of ground truth ET at pixel and regional scales, validation demonstration and
uncertainty analyses of the validation process. Moreover, this study also proposed a generalized validation framework to validate RS_ET
products at different scales (pixel scale and regional scale), which included direct validation (as the priority method) and indirect validation
methods (as the auxiliary method), multiple validation data (i.e., ground truth ET at the pixel and regional scale, ET reanalysis data, various
ET products, estimated ET from models and ET impact factors). The current framework focused on evaluating the accuracy and the
spatiotemporal variations, identifying the error sources of the RS-ET products and analyzing the uncertainties during the validation process.
This work is expected to improve the land surface remote sensing products and promote the development of quantitative remote sensing
science.

Key words: remotely sensed evapotranspiration, heterogeneous surface, validation, direct validation, indirect validation
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