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Tab. 2 Scale accuracy assessment of watershed stations
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Fig. 1 The spatial distribution of Pearson correlation coefficients (CC)of multi-source remote sensing data
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Fig. 3 The spatial distribution of root mean square error(RMSE) of multi-source remote sensing data
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Tab. 3 The average accuracy evaluation of basin surface
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Fig. 4 The spatial distribution of the multi-source remote sensing data error and weight

BT TC WA MR 5 R R H A (7).
(8) FEATHHE Al &, fil & 45 2% PETy " MOD16A2,
GLDAS _linebreak/>Noah 1 ERAS Ff (% AL EE 435l by

31.12%. 30.64% #1 38.24%, A& =5 7] 4345 WK 4(b)

(d), (f) o HiRZEAEX AT LA, 3 Fhis sk
i 7E Bl B BB 3 A AR R 25 40 A IR
RIER 22 /N (RO T, 3 A AL (R (V) o 3
o, R VAL BB R 3 P R R R 25 BN X, T
ERAS FHXT T HAh 2 AR iR 22 8K . tk, ERAS
PEIZ X IR S A 8/ o

X} A BE PET e (R4 T 3 1 RBE RN 4L A
2 VA, 301 7R e 6 A VL B R . A
ARG T TR, PET o FEURIRUE AR R CC
9 0.88, 3 5 R | CC 2l 0.76, % GLDAS Noah
FTERAS 15 2 2 T+ (£ 3. & 5), vl & R
PET;. }iC R %5 MODI16A2 M LA [, {H CC
ASAR T FEl A B /N, 35 PET, 5 KEE /0 G0 1 2%

*496 KX KFR

R A 1 AH SRR AT o AR X i 22 A1 350 7 AR 1R
FZEKE, PETc FE IR I 4 AH X i 25 112 7 AR
PR 1 i K (Bias=5.90%, RMSE=16.80 mm/}] ),
i OB AR 22 Bias A B B8/, 4 13.42%,
Xof S5 0 B8 HRE AT A7 TE WS A s A R LA B AR R
RMSE [% (% % 33.40 mm/H , 55 MOD16A2 fil ERAS
HH LB G BN, AT TS GLDAS Noah SE 340K R
B k5 T RREY A5 RH TC 1% B o k1 7
GRS FAR L, R T TC & 8dE
K RBOEA BT, (EAH X 25 F 38 5 iR IR 22 1
B0 T KR A A5 (B 5 S 2 (Rl iR 22 TE /N | 1A
JEE 1, 0k X AR g A T S e R AR 2R R
EMAEAEERE XL,
33 MEEGHEAITABRBEARARINESH

i 3 X E 2001—2018 4 £ 9 A T3 Bl il &
TETEZE TR PET . 18 BB TEZEHUL ™ i MOD16A2,
GLDAS Noah, ERAS5 5 52 ¥ 78 7% 1l & £l nd 242



BiEMH, %

SRBEEABRRT BEREGEAILRRGER BIFFEL RS

fea (& 6) W, 3 Rl LR 78 HUKR ™ b 7EHE & P8 T
VLB N A 28 BOR e A W i 22 5, Hrf: ERAS
SRR ZE UK i I, AR ZEEUR TETE 884~999 mmy
MODI16A2 . ERAS /K255 100 mm, 4EZ& Uk &
1E 977~1 203 mm ZE {k ; GLDAS Noah A3 4F 7%
Bk B s, 6 1550~1 825 mm. BS54
AT S S A A, 15 B S0 AR 2R UL T A, B AR

1 104~1 371 mm &4k, X 4 FRELHE7E 2007—2011 4
i) 78 1 & A b R 3458 4 — 3K, HLAF B e (E AT AE
2009 FFHEE, A AR EI ) PET e Z8HUL HAE 1219~
1375 mm 33 78 2001—2018 4 fifi B} [7] 25 4k 1)
.5 GLDAS_Noah 8 S5 I i =, (B 5 ARk
FH RS 25 7F 2005—2012 4F PET, (W75 MK = 5
S B f R ARAR

1.0 100 — 110 -
- L 100 -  LSIQR ML
09 oF sifir
08} 60 - ‘ 0 - B
' . 80 | : - ST
0.7} 40 : 2 A f£3% MOD16A2
1 . 20F ‘ = 70 B ft3 GLDAS_Noah
o %or S ol : o+ E oof . | cfk#EERAS
©osk . -% 1 | ‘ S sot D %% PET,
-0} 2
04+ N - a0l . 5 40 |-
03 . ‘ : 30
. ‘ " _60 r _. 20 L
0.2 —80 10 -
01 1 1 1 1 _100 1 1 1 1 O 1 1 1 1
A B C D A B C D A B C D
(a) THIE R B A (b) FHXFm2EAH L & (c) ¥ RIR ZEMI 2 A

5 BIEBTEARN A BRI S CC.Bias\ RMSE 718064 E

Fig. 5 The box-plot of CC, Bias and RMSE of multi-source potential evapotranspiration data sites

2000 - —— MODI6A2 —— ERA5 —— GLDAS_ Noah
—— TC —— 52
1800 |-

£ 1600
g

12 1400 -
hu-loooW

800 |-

00 1 1 1 1 1 1 1 1 J
2002 2004 2006 2008 2010 2012 2014 2016 2018
KR

6 ZIRBERMESRERBLFT

Fig. 6 The annual evapotranspiration sequence of multi-source potential

evapotranspiration products

Pl 7 JRR T S RIS A £ AT VL i gk 224
Y ZE HUR B 0 23 6] 43 A5 FRAE: MOD16A2 1Y Z4EF-
PIZE U 23 )43 A SN ] b | TR T2 e
) A, 2% I B R 37 3 35 P 5 5 ERAS A
PET . 1Y 2245V 14 2 80 1 A VL el 52 3
NG R T S /37 8L R WA NN <K (R8T ST 8 s N
{EL7E TR A 1 1 35 GLDAS Noah ) ZAFEF- 4478
HO& 25 0] 5 A 55 BRAS 2L, R 28 10 f R (e H B
T A VTR

PET/mm

I I I
0 200 600 1000 1200 1400 1600 2000 3700

{
PET/mm

I I I I
0 200 600 1000 1200 1400 1600 2000 3700

(a) MOD16A2

(b) GLDAS_Noah

A

< P
h a
b .
=
PET/mm ) B I I S
0200 600 1000 1200 1400 1600 2000 3700

S S S N S S

PET/mm

0 200 600 1000 1200 1400 1600 2000 3700

(c) ERAS

(d) TC

E7 ZREEARESEMIRBASEBEZRNLZESH

Fig. 7 The spatial distribution of multi-year average potential evapotranspiration in the Yarlung Zangbo River basin with multi-source data

KX KRR 497 ¢



2% F3H BAAESARBEFE) 2024 5 6 A

25 LTIk, PET fEWE A1 3 iz B 1) 78
A& fa (R R A (8] 40 A RRAE, JH AN T MOD16A2
RER 3 ffe R AL, ofF il 501 B Ut 0 WL BT, 2241
¥ PET KX /M EJF 5 ERA5(936 mm) < MOD16A2
(1 064 mm) <PET;.( 1 297 mm) <GLDAS Noah
(1712 mm) . FHEE AR VTR 07 s A7 s 45 b
FRAY PET 52/0N, AT BE S R ok b b AU 7 55 X P, b
FEW R BH 4 554 BE 71 08055, PET 32 240 il 107 7 35k
AR A S A TR VA A b X R 7 R Y, B KR
=Y CREPET B, (RIS 2R, iR K
. BRI d2sxd PET 772k 520, PRk 7
— P RGE, G T TE 2R U B A AT Ay A AR
HLfl
4 itit

T SRR AR T DABR L 5 2 [B] A R A S 25 1Y
B, FE AR IO AR 28 O By T A TR K 3.
SR, P 38 S A A7 78 LI 5% 25 A4k BEAS ff 52 P
S, T AP 5 3 R A IR A G I ) SE2 i
DA AT I PR T G ol O e e A
FRA B UE B, AR SCHFH T 25 ARG a5 A 2% & 1L
SR 50 32 A5 3l g IR 1 S AIE, (FL R SR 51X AR
BT, AEHEAT I ROBERG BE SRR, © A B4R (E )7 v
A 32 3 A Skl a5 2 ) A AR S 1) S i, 3
T RO B0 E A AN B 2 1, B, R E— 2B Y
B BE VARG 80 7 12, 1] s 1 T 35 15 85 A 48 ke
S 1o R SRS DA A R 114 G

BEAR, AR A RS Bt ] BE S i 7 E 2%
PR G5, A2 AT 25 (0] 43 A FRAL 43 BT I, B2 X
SR R 5 . A AR fh T AR T B0 B B R
Koy SR R kA AR, DTS 0 v 7E 28 Bk 1 25
] oA o NS0 sh Aok e sl A5 | ARl HE B AN 3k Tl
A 55 A AT R 2R W AR ZE UK 2o AR K SCIE A, 3
T ATV A ZR UK 7 A s i o AR F 5 ) v 2 5 i
DX, T SR 00 3 o (B = | VR S IR M DA AR A 3 1Y
[ R, 6 73 BT 22 U5 T AE 28 TR 7™ b R 5 A VL
BGE PR R |, JET TC ik T — &R s
i g %) 5 VB A 2 SR B 7 i, X R K S
A A ARG B B L N, ROR AR 2
FEZEHOR 77 SO BEPEAS 1 3600 1, F— 2B 85 6 ik
TARTEF S, X B T A TR AR ZE BIOR B A — 20 Y
FlG 53 BT AR e DU B

<498« K x KK B

5 &g

LT Al A S sty A5 2 TR A B Yo 1 R R A
KR 7= 5 GLEAM, MOD16A2, GLDAS_Noah il
ERAS P47 3k o5 R N30 30 R BE 1803 1oy P A ,
HR A N A 3 B A, R TC kit
AT ANH 5 PR 53 A RV R, I 43 B L 25 722 Ak Ry
fiE. FEIFFERAT:

Pk SR U I, ERAS W R 78 5K
77 i S AT YL PN N A, VARG B A
T GLEAM, MOD16A2, GLDAS_ Noah ¥ 7 2% il
R o FENE SRS BEZS B34 L, B GLEAM W 7E
ZEWUR T LAAE, HoAth 3 iz B e A1 7 T 3k i
ELA 5 1 AH 56 1, MOD16A2 1 ERAS Fi4 41 XF i
FERIN, AR O ARAR 25 14 23 (8] 43 A 5 AU e 22
FHI

% MOD16A2. GLDAS_ Noah il ERAS %
JEEIRTE PET . RS EdE i SR S350 31.12% .,
30.64% F1 38.24%., 3 Fofv g &7 b 0 AN 22 Pk 43 B
2T, 7 S A A SR 9 T ) 158 2 45 [A) 40 A
A1 55 3N AL 2 R s N A AR, E AR AR 4 7
WA A A 45 AR . MOD16A2 78 it 5 Ik
225/, GLDAS_Noah 78 i3 FIE AR LA 7 152 2
BN, ERAS WAE G 38 P 3 R0 Wb A B/ iy i
25 o B ZS (0] 43 A 5152 2523 (8] 73 A R A A I

4 TSI 70 S A 3 3 R AR A AR R
ZAEV-34 PET, X HITE T i Bl B A = S AE7E SR
WP TE 25 B K, 2453 PET K/NIF R ERAS<
MOD16A2<PET;<GLDAS Noah. Fil & 44 PET
TEAH G F B0 TR FE B THEL /N, T AH R 22 #1257
MR 22 IORG BE4R T 3%, FLR G 8 oA T 3 Fhig
JEEE ) 2R UK o RS ] A0 AT RE i, AN T 38
TR A 43 B R A

S 3

[1] SUQC,DAICL, ZHANG Q S, et al. Analysis of po-
tential evapotranspiration in Heilongjiang Province
[J]. Sustainability, 2023, 15: 15374. DOI: 10.3390/
sul52115374.

(2] B, DITEG, 25 A, A5, 5B VLI TR 2E HIUR
s S AR AR S A PR 3R (0] K B  K TR
2, 2023, 34(5): 43-51. DOIL: 10.11705/j.issn.1672-
643X.2023.0505.

(3] XUSCOHE, TR, BRAE, 55, ARSI RS


https://doi.org/10.3390/su152115374
https://doi.org/10.3390/su152115374
https://doi.org/10.3390/su152115374
https://doi.org/10.11705/j.issn.1672-643X.2023.0505
https://doi.org/10.11705/j.issn.1672-643X.2023.0505
https://doi.org/10.11705/j.issn.1672-643X.2023.0505
https://doi.org/10.11705/j.issn.1672-643X.2023.0505

B, % FZRBEARBAFTLERERTIRLGER M ITELRE

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

P SR M (1] Al U5, 2023, 44(7):
545-559. DOI: 10.3969/j.issn.1000-6362.2023.07.001.
WA, IR, BRFE, S TR RS B R ARk
7 B IEAG (0] AR, 2023, 47(3): 893-906.
DOI: 10.3878/j.issn.1006-9895.2204.21208.
MK, D, R, 55, o i i et i A
HIEVER I AR R ], B, 2023, 27(3):
544-562. DOI: 10.11834/jrs.20232531.
ARIGER, WRIRERN, F5582%, 45, HhFm i Mk x e
il TET 28 PO A B3 03 FHAAEPEAN (0] R kAL 5 KR
BHE (b 32 30), 2022, 20(6): 1084-1096. DOI: 10.
13476/j.cnki.nsbdgk.2022.0107.

BEE, EOC R, SF o Bt XU UR TR ZE U™
JR R PEAL (I, AR TL, 2019, 50(12): 73-79. DOL:
10.16232/j.cnki.1001-4179.2019.12.014.

GAO F, MASEK J, SCHWALLER M, et al. On the
blending of the Landsat and MODIS surface re-
flectance: Predicting daily Landsat surface reflectance
[J]. IEEE Transactions on Geoscience and Remote
Sensing, 2006, 44: 2207-2218. DOI: 10.1109/TGRS.
2006.872081.
A, SEURAE. TRIBEUIR N A Rl B UE T e e 2
(). E B PHIE R, 2018, 30(2): 1-11. DOIL: 10.6046/
gtzyyg.2018.02.01.

YAO Y Y, LIANG S L, LI X L, et al. Improving
global terrestrial evapotranspiration estimation using
support vector machine by integrating three process-
based algorithms[J]. Agricultural and Forest Meteo-
rology, 2017, 242: 55-74. DOI: 10.1016/j.agrformet.
2017.04.011.

klE, Z5lh ) AR 25 2R IR Rl A Kk
SO TERERELT]. A AR 9 A4, 2022, 31(1):
15-28. DOI: 10.13577/j.jnd.2022.0102.

LI X Y, ZHANG W X, VERMEULEN A, et al.
Triple collocation-based merging of multi-source
gridded evapotranspiration data in the Nordic
region [J]. Agricultural and Forest Meteorology, 2023,
335:109451. DOL: 10.1016/j.agrformet.2023.109451.
PAN S L, XU Y P, XUAN W D, et al. Appropriate-
ness of potential evapotranspiration models for cli-
mate change impact analysis in Yarlung Zangbo Riv-
er basin, China[J]. Atmosphere, 2019, 10: 453. DOI:
10.3390/atmos10080453.

SRASORE, X1 E B, BERE, A5 HE 68 JBAf VL S K I

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

2 AR R AR LT HE 27 4, 2022, 77(3): 603-618.
DOI: 10.11821/d1xb202203008.

LICY, HAO J S, ZHANG G T, et al. Runoff varia-
tions affected by climate change and human activi-
ties in Yarlung Zangbo River, southeastern Tibetan
Plateau[J]. Catena, 2023, 230: 107184. DOI: 10.1016/
j.catena.2023.107184.

BT WIVL, T SCH8, 45 R Tt 5O A
AT VLI K 5 5 MG 355 Mk s 22 S 23 [0 ] AV
B R 5 8%, 2019, 28(5): 1092-1101. DOI: 10.
11870/cjlyzyyhj201905009.

Beluiing, 2R, 24 8, A5, A UM VL s e AR
IR B A AU S H A A ) 5 X 7o e 0.
K A AR 5 B 58, 2020, 27(2): 261-268. DOL: 10.
13869/j.cnki.rswe.2020.02.037.

TR, 2R e IR, BRRER, 45, KT 28 R AT R 8
W 5T I, Hb 3 A} 2%, 1986(4): 305-313. DOL: 10.
13249/j.cnki.sgs.1986.04.005.

ASPBTIE, AR, X1 8 B 8 AT L T 2
IR D] KFKHEEAR, 2006(8): 5-8.
FARR T G, ROSEN P A, CARO E, et al. The shuttle
radar topography mission[J]. Reviews of Geo-
physics, 2007, 45(2). DOL: 10.1029/2005RG000183.
MARTENS B, MIRALLES D G, LIEVENS H, et al.
GLEAM v3: Satellite-based land evaporation and
root-zone soil moisture[J]. Geoscientific Model De-
velopment, 2017, 10: 1903-1925. DOI: 10.5194/gmd-
10-1903-2017.

MIRALLES D G, HOLMES TR H, JEU R AM D,
et al. Global land-surface evaporation estimated from
satellite-based observations [J]. Hydrology and Earth
System Sciences, 2011, 15: 453-469. DOI: 10.5194/
hess-15-453-2011.

PARK J, BAIK J, CHOI M. Triple collocation-based
multi-source evaporation and transpiration merging
[J]. Agricultural and Forest Meteorology, 2023, 331:
109353. DOI: 10.1016/j.agrformet.2023.109353.

e DRIRE, XUHE T, #9257, 45 BT Z I EUR R LR &
GOVEAE ST e R R SR (AR 2P/ | 4 RSP
FHE (95 30), 2020, 18(3): 110-118. DOL: 10.
13476/j.cnki.nsbdqk.2020.0055.

STOFFELEN A. Toward the true near - surface wind
speed: Error modeling and calibration using triple

collocation[J]. Journal of Geophysical Research:

KX KRE R 499


https://doi.org/10.3969/j.issn.1000-6362.2023.07.001
https://doi.org/10.3969/j.issn.1000-6362.2023.07.001
https://doi.org/10.3878/j.issn.1006-9895.2204.21208
https://doi.org/10.3878/j.issn.1006-9895.2204.21208
https://doi.org/10.11834/jrs.20232531
https://doi.org/10.11834/jrs.20232531
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0107
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0107
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0107
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0107
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0107
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0107
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0107
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0107
https://doi.org/10.16232/j.cnki.1001-4179.2019.12.014
https://doi.org/10.16232/j.cnki.1001-4179.2019.12.014
https://doi.org/10.1109/TGRS.2006.872081
https://doi.org/10.1109/TGRS.2006.872081
https://doi.org/10.1109/TGRS.2006.872081
https://doi.org/10.1109/TGRS.2006.872081
https://doi.org/10.6046/gtzyyg.2018.02.01
https://doi.org/10.6046/gtzyyg.2018.02.01
https://doi.org/10.6046/gtzyyg.2018.02.01
https://doi.org/10.1016/j.agrformet.2017.04.011
https://doi.org/10.1016/j.agrformet.2017.04.011
https://doi.org/10.1016/j.agrformet.2017.04.011
https://doi.org/10.1016/j.agrformet.2017.04.011
https://doi.org/10.1016/j.agrformet.2017.04.011
https://doi.org/10.13577/j.jnd.2022.0102
https://doi.org/10.13577/j.jnd.2022.0102
https://doi.org/10.1016/j.agrformet.2023.109451
https://doi.org/10.1016/j.agrformet.2023.109451
https://doi.org/10.3390/atmos10080453
https://doi.org/10.3390/atmos10080453
https://doi.org/10.11821/dlxb202203008
https://doi.org/10.11821/dlxb202203008
https://doi.org/10.1016/j.catena.2023.107184
https://doi.org/10.1016/j.catena.2023.107184
https://doi.org/10.1016/j.catena.2023.107184
https://doi.org/10.11870/cjlyzyyhj201905009
https://doi.org/10.11870/cjlyzyyhj201905009
https://doi.org/10.11870/cjlyzyyhj201905009
https://doi.org/10.11870/cjlyzyyhj201905009
https://doi.org/10.13869/j.cnki.rswc.2020.02.037
https://doi.org/10.13869/j.cnki.rswc.2020.02.037
https://doi.org/10.13869/j.cnki.rswc.2020.02.037
https://doi.org/10.13249/j.cnki.sgs.1986.04.005
https://doi.org/10.13249/j.cnki.sgs.1986.04.005
https://doi.org/10.13249/j.cnki.sgs.1986.04.005
https://doi.org/10.1029/2005RG000183
https://doi.org/10.1029/2005RG000183
https://doi.org/10.1029/2005RG000183
https://doi.org/10.1029/2005RG000183
https://doi.org/10.5194/gmd-10-1903-2017
https://doi.org/10.5194/gmd-10-1903-2017
https://doi.org/10.5194/gmd-10-1903-2017
https://doi.org/10.5194/gmd-10-1903-2017
https://doi.org/10.5194/gmd-10-1903-2017
https://doi.org/10.5194/hess-15-453-2011
https://doi.org/10.5194/hess-15-453-2011
https://doi.org/10.5194/hess-15-453-2011
https://doi.org/10.5194/hess-15-453-2011
https://doi.org/10.1016/j.agrformet.2023.109353
https://doi.org/10.1016/j.agrformet.2023.109353
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0055
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0055
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0055
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0055
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0055
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0055
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0055
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0055
https://doi.org/10.1029/97JC03180

2% F3H BAAESARBEFE) 2024 5 6 A

Oceans, 1998, 103: 7755-7766. DOI. 10.1029/ 10.1016/j.jag.2015.09.002.

97JC03180. [30] MR, XIF5, 5%, I T Triple-Collocation 5 ¥ F
[26] ZHOUJH,CROW W T, WU Z Y, et al. A triple col- Tl B B A K 43 7 AT S i R B RS

location-based 2D soil moisture merging methodolo- (J]. 3% & 45 R 55, 2019, 34(6): 1227-1234.

gy considering spatial and temporal non-stationary DOL: 10.11873/j.issn.1004-0323.2019.6.1227.

errors[J]. Remote Sensing of Environment, 2021, [31] KU/, BEASE, S 6L 5L A 2 s i i [X R

263:112509. DOI: 10.1016/j.rse.2021.112509. 4 BEI S AR ARG (7). Ak KR K e

[27] QIAO D J, LI Z, ZENG ] Y, et al. Uncertainty char- S (1 58 BF 2 7). 2024, 45(2): 48-58. DOI: 10.

19760/j.ncwu.zk.2024017.

[32] RSl ZeAEMG, 2RO, 45 6 A VLU delA 1

T A SR A AR A e i LI oK AR R

B ok B, 2021, 41(1): 16-23. DOI: 10.3880/j.issn.
1006-7647.2021.01.003.

[33] K[, B0i0T, XA R, 55, AL A R ZE Bk B

acterization of ground - based, satellite, and reanaly-
sis snow depth products using extended triple collo-
cation[J]. Water Resources Research, 2022, 58(4):
€2021WR030895. DOI: 10.1029/2021WR030895.
[28] CHEN C, HE M N, CHEN Q W, et al. Triple collo-
cation-based error estimation and data fusion of glob-

al gridded precipitation products over the Yangtze

River basin[J]. Journal of Hydrology, 2022, 605: SRR DR FUIERE (V] B, 2020, 24(8): 975-
127307. DOL: 10.1016/j.jhydrol.2021.127307. 999. DOL: 10.11834/j1s.20209099.

[29] GRUBER A, SU C H, ZWIEBACK S, et al. Recent ~ [34] TEWELE, SR, 4F, 5. =R RINIE S K™ il
advances in (soil moisture) triple collocation analy- AE T T g Al 5 A0 e p v g (00 Al TR 2R,
sis[J]. International Journal of Applied Earth Obser- 2021, 37(11): 93-103. DOL: 10.11975/j.issn.1002-
vation and Geoinformation, 2016, 45: 200-211. DOI: 6819.2021.11.011.

Applicability evaluation and fusion on multi-source potential evapotranspiration
products in the Yarlung Zangbo River basin
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Hydrology-Water Resources and Hydraulic Engineering, Nanjing Hydraulic Research Institute, Nanjing 210098, China; 3. Yangtze Institute for
Conservation and Development, Nanjing 210098, China; 4. Research Center for Climate Change, Ministry of Water Resources, Nanjing 210029, China;

5. Cooperative Innovation Center for Water Safety and Hydro Science, Hohai University, Nanjing 210024, China )

Abstract: Potential evapotranspiration is an effective tool for monitoring energy balance and humidity transfer, and
can serve as an important indicator of whether extreme meteorological events occur. The Yarlung Zangbo River
basin is extremely sensitive and vulnerable to climate change, with complex terrain conditions, large geographical
span, sparse observation stations in the basin, great difficulty in ground observation, and shortage of data, making it
difficult to obtain high-precision and large-scale potential evapotranspiration data. At present, Penman Monteith
formula is mainly used to estimate the potential evapotranspiration in the the Yarlung Zangbo River basin, and there
are relatively few studies on the evaluation and fusion of potential evapotranspiration remote sensing products.
Therefore, with the Yarlung Zangbo River basin as the research area, the multi-source remote sensing datas are used
to fuse a set of potential evapotranspiration fusion data with better adaptability, in order to reveal the potential
evapotranspiration changes in the Yarlung Zangbo River basin, and provide a scientific basis for the study of water
and heat cycle and ecological hydrological processes of the basin under global climate change.

Based on the evaporation pan datas observed by the the Yarlung Zangbo River basin meteorological station from
2001 to 2018, Pearson correlation coefficient, bias and root mean square error were selected to analyze and evaluate

four commonly used remote sensing potential evapotranspiration products GLEAM, MOD16A2, GLDAS Noah and
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ERAS. Then, a better adaptive potential evapotranspiration fusion data was generated by Triple Collocation (TC)
method and least square method, and the spatiotemporal distribution of potential evapotranspiration in the study area
was discussed.

At site scale and basin scale, ERAS potential evapotranspiration products had good adaptability in the Yarlung
Zangbo River, and its assessment accuracy was significantly better than GLEAM, MOD16A2 and GLDAS Noah
potential evapotranspiration products. In terms of spatial distribution of station accuracy, except GLEAM, the
correlation of the other three remote sensing data was most significant in the middle reaches of the basin. The
relative deviation of MOD16A2 and ERAS was small, and the spatial distribution of their root mean square error of
the two was opposite to the relative deviation. The weights of MOD16A2, GLDAS Noah and ERAS remote sensing
datas in the fused data were 31.12%, 30.64% and 38.24%, respectively. The uncertainty analysis of the three remote
sensing products showed that the spatial distribution of errors in the upper reaches of the Yarlung Zangbo River
basin was gradually decreasing from north to south, but the spatial distribution of errors in other parts was different.
The spatial distribution of weights was basically opposite to the spatial distribution of errors. The four types of data
had large multi-year mean potential evapotranspiration in the middle of the Yarlung Zangbo River basin, and the
difference was whether there was a greater potential evapotranspiration in the southeast corner of the basin. The
multi-year average potential evapotranspiration was in the order: ERAS<MODI16A2<PET;.<GLDAS Noah.
The accuracy improvement of fusion data in terms of correlation coefficient was relatively small, while the bias and
root mean square error improved more significantly. Moreover, the fusion data neutralized the evapotranspiration
and spatial distribution characteristics of the three types of remote sensing data, effectively filling in some missing
values of the remote sensing data.

At the site scale, ERAS remote sensing products had a significant correlation and the highest accuracy, which
was more suitable for the Yarlung Zangbo River basin, followed by MOD16A2 and GLDAS Noah. Compared with
MOD16A2, GLDAS Noah and ERAS, the accuracy of the fused data was improved in the basin. The peak value of
potential evapotranspiration in the fusion data appeared in 2009, and the annual average potential evapotranspiration
in the Yarlung Zangbo River basin gradually decreased from the middle to the upper and lower reaches, with the

maximum potential evapotranspiration appeared in the southeast corner of the basin.

Key words: remote sensing product; potential evapotranspiration; data fusion; spatiotemporal variation; Yarlung

Zangbo River basin
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