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3T 24 i R TR R K R M ] P A5 R
s (2) $2 X IR BT IR ER A BT U A R AN
TCHR ST A AT , A LR A A T AN M 3R
K GENARKEESE) FIEZSIK (WKINEE) BYADG
JE Pk RO 2= AR A, AR RS K BB L K
(DANIYS T NI &' SN 071 S PR WA B R N
JEFfig i As AL, TS TR S &, RLIEH
(3) T PO SR, MU AR
FORME L 77 R R IR 550K 2 DU A5 T2 18
— ALK BE R0 4 2 e 1AL

2T B M K U )
WF5E BLR

2.1 REHFEIK

2.1.1 KKSEHE

b 2 7K Y8 L M0 Y R R T B R AR T
RSB TAE, TR FEIE R 80 Woksl
LA B AR IR A I T AL, % T B ml & ) b 3R
AFNE SR GEIR AT R LW, 3 B
BERMTE . SaFRITAE, KINALTK R Sentinel
FHI DA, EESPOT DA, MIZEME Terra/Aqua &£ |
Landsat &%) L2 | WorldView /=0 #ER TR,
TR R 4 . BEUR . BREE ARG TR K AU

e X ok e K R B A5 22 1 HE A 3
KR (BRET 4%, 2019; S TE 4%, 2014; ERE4E
4520205 AEE A, 2011), WHGH GF-1 1 JHF)
L DX A0/ N R AR BORS FE IR 81 90% LA I (ZeHade 4%,
2015), 751k GF-3 A5 B 4 KA K A5 B BORS
JEiR#85% LA I (H8E& %, 2019),

SERA B[] 7 41 i 3 K R B0 d 4 an 3 1
/N, ALFEFET Landsat /9 30 m 23 3% GSW  (Global
Surface Water) (48 £ (Pekel 25, 2016), 454
Landsat F1 HJ-1 T2 & 9 GlobeLand30 ¥t ¥ 4 ( B4
45 2014) FIEET MODIS (18 500 m 43 #E % A R
FERdERE (Ji%F, 2018) %%, R IATLIAEH, HAl
(1R 4 B b, 2 7K S PR 4R BBORG B B AT IR 51 90% LU I,
B B b 4R A . B LR, a5
Bk . e R EE R GF L EAR 2
. BIRETI, MGk SR ENaA
SRR S, BRI A SR A0k e A 1) 5 e AL
TS PR RS L AT RS R Y Ty ) &
J&, B M i 5L T R L R B 2R
BoEm A (A LR H K SAR, DEM) %
Dy R, DA K RIS B s ARk oy
B SAEASAE SRS | 7K S0 T W e 5 g
K.

F1 XS FEMRACEELNFHIESE

Table 1 Area datasets for long—term global surface water bodies

A6 R AR IR Hif 28 4 B A 1%
ABR30m
5 . . F PR B2 98.00.5
Global Surface Water(Pekel %5 ,2016) Landsat 1984 4E—2018 4 P AR 95,1213
H dxl
A IAER -
AFK30 m
Landsat FHP S B 99
GlobeLand30(Chen 55,2015 ; B %1 45,2014) 2000 4F/2010 47/2020 4 éx
HJ-1 AP H R 79.6
AERUE
4 ¥k 500 m
. MODIS A A PG IE 94
Tsinghua Surface Water(Ji 55 ,2018) 2001 4E—20164F -
MODO9GA AP ERL 95
FNNES
23R 30
. " JHFAE I 97.540.7
Global inland water dynamics(Pickens 45 2020) Landsat 1999 4F—2018 4]
AP BN 97.70.7
A IERE
4Bk Water bodies
Clobal Surface Water Extent D (Han and Nin. 2020) MODIS >0.0625 km” P REEE 91
7. e T tent taset N
obal Surface Water Extent Dataset(Han and Niu MODO9O! 20004E—2016 4E e R FE 89

8 d )
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212 KfI

Wt PR bR T A T R
HRALAEEFE . B &SRS, Tl T
BRI . 5 M U R 8. AR s S S
B, Zead kb BRAN BT FE SR KA 4 3 S s A
(BEH 45, 2002; FEEH SE, 2015), WAEHIE
N v TR RO TR . TRA I PR
f14% Skylab, Geos—3, ERS-1/2, TOPEX/Poseidon,
Envisat, Jason—1/2/3, CryoSat-2 1 Sentinel-3A.
Hodr, CryoSat—2 5 HA AR [F] 28 78 TR AH Ho A3 — 14>
SR, BIVEE M Y BE oA %, X TR
W AU PR A Bl MK AR A R #, Jiang 55 (2017)
fti FH CryoSat—2 A4 55 4k o 75 788 =5 i K T 400 4~ 1A
PEAT AR &, LG T A KT 5 km’ (193]
A, HIF#REZ2E RMSE (Root Mean Square Error)
KFJE AL s Song % (2015) [l MHd ] T ICESat
1 CryoSat=2 [ B W58 T 5 i = I 131 MR T 1
km’ B 11 9A 7K 2, RMSE A 35 #] 0.28 m. X T
2021 4F K& HF 69 SWOT (Surface Water and Ocean
Topography) TL&, H4 424 58 52 K T 100 m (Y =4
FEAABRMFEKAFNEIE (BiancamariaZ®, 2016).

PO v TR AE WS I L K PR KA T
W R, A ICESat/ICESat-2, GEDI, VA JM
B P GF=7 ki b s S22 B9 6 00 o B A .
FJETE 2018 4E58 —fCICESat DAL ST Z )5, I
T ICESat X 7 i 25 J5L 132 AS1TH AW, ICESat—-2
A A0 LI A4 S T 38 I 2 T 236 4, TR R R I A
H LI e = MG (B OC R EUR=0.95, RMSE=
0.1 m) (Zhang%F, 2019a); B& 1 7 9 =5 5 AG 1A
1CESat—2 AT LI 2] o [ [ P K T 10 km® (1 636 4>
KAGIA R K EE, A & iR 225 0.06 m (Yuan
4, 2020),

Bk 3 B I T TR K B 4
HydroWeb 423k 260 241311 7K A7 J 1 J7 2] it
JKAE W B (Crétaux 25, 2011) . % [E DAHITI
23K 2900 24~ TR BHUK A IS, (Schwatke 45,
2015) . & [E Al 36 A 4 Bk 350 Z2 4~ 513A 5 K JE
KA B PR 4 G-REALM  (Birkett %5, 2017)., B4R
T[] 2K T R RK S R AR AE 2585, (B HY -2 7] LA
FHFRBOK E KA LLZY-3 02 50 5 0 [
PO A AR P S (2F DT 4E, 2019),
R B B Y GF=7 B 38 O6 I s At gk AT B8

ST SRR B (2R 55, 20205 sk AF,
2020) . v [E [F] B IE AR O R A3 (A SR OB A L
B UL et 2 NI R 0 o I ) R S = ) )
B8 AR ORI G Y S B AR RS R (EF iR 4R
2020) .

213 KkE

X 1 38 JER T B AR H 4 BR A DX Sk By 2 K 1R
Kig, CAWRBET RERARITEIFET A
FFEA T 288084 (£2), #lin: GLWD (Global
Lakes and Wetlands Database) 4>EBRiI7 F1750 b 1 F2
HHi4E (Lehner and Doll, 2004) . HydroLAKES 4=
Bk B 2 K A T FR A K &R R (Messager 55 ,
2016) . HydroWeb 4= Bk 260 2241 711 114 7K A3 K 35
RIIAK R A BE S (Crétaux 25, 2011), H[E
T A o D W T BB 4E (Zhang 5%, 2019b;
Wan%F, 2016) FUKEZEIELE (Fang%F, 2019)
%o GAORE, AT RERME T S ERRUE
FK G — B B S BR AR, DA XK B A
XA I B AR 4, AR R LA s
Xif 4Bk Xof 7K A s ) e 81 sh 25 B 4

S EROK AR K A B I AR M A A ARG
PR RE . — 51, T T AR A R K A A K
AAEAE BRI XS 25 5, A A IR EE AT 4Bk 344
KAUTKIEE IO s A 2 TR B 3K B Ak Aoz
A AMER KR (Gao%, 2012), FIH GSW
I AR T L 0 S 30 AT v ] R AU W 2 K AR b
(FangZ%, 2019; ZhuZ, 2019), {HIE AW
FEIARR, XA 2008 55 A N KRR . 55— 7T,
TR AR XA A B R, 1A HydroLAKES £
Fit 45 2R FHXHBCA AR 2R T (O ZR AR Al T B2 A K
RS THE, (FI% 0 A5 2InH P sh B K =15
B, R zJm R, R Y AR ELUK R
¥ (Zhu4§, 2019) i DEM # 4 “mfE—
HA—RF” SR (H/hE %, 2019) &8s
W, Bk, M]3 K 2 5 S5 ) fh
B, 0] A R e () Bl A5 K R A RHELAL AR R
A 2 T B A O 1) AR XA
2.14 KR

PR i AR T B 5 ok BT IR TR Y AR AT b

FEIEES L (A 25, 2015), 3 HERTT, B
TR R (K B — T AR 31 0.5 K. MODIS Fifi b
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TR KGR B AE I 2000 4EFF 4R, 7#E 1 km 43 3R T
B3R A H /8 d LRI s F5 20 T RRMMLR 7 2251
TR ATSR/SLSTR RAMERRAS, A LT TH T &
AR 0 22 £ B N Bk, 4R HE T 1 km 23 R
) fei A K A TR B UL 5 ASTER AT 4804675 g 58 5

S HEE (90 m) MRS KRR ; #48
F NOAA il MetOp Z 51 TLE i AVHRR £ 2% 2 H2 {1t
TS8R D S AT ANEE N K R S A B
R, BSURA RIS PEREAL (4km), TE
A P At DX — 8 17 FH R I8 ) o e

®2 FEMEIKEKEHIESE

Table 2 Main volume datasets for global water bodies

A Bl

B 5 Mok Blrs

X K

Global Lakes and Wetlands Database

_— N
(Lehner 1 Dsll, 2004) FRBREED
Global Reservoir and Dam database (GRanD) . P
N5 i
(Lehner4§,2011) A BB
HydroLakes(Messager %% ,2016) SRTM

Global Reservoir Bathymetry (Li %5 ,2020)

TP Lakes(Li%,2019h)

Global monitoring of large reservoir

(Gao%:,2012)

HydroWeb (Crétaux %5 ,2011)

SWO& HydroLakes
& ICEsat

AR K B
LandSat, EnviSat, CryoSat ,
ICESat, Jason
USDA,CNES,and UW ,MODIS 48k 34 4~ KK , 1992 4F—20104F

Spot, Landsat , Envisat,
Jason—1,ERS-1&2,GFO

43k 3067 SR MITA LA K 654 47K JE

I mz
% 250000 /NI 2 45 4K B> k

45k 68624 7K JE i F1>0.01 ha

AFER 142 719 K )E 6 FH>10 ha
Ak 347 DK —

T A 52N A L 2000 4F—2017 4F RMSE 4 0.11 m

NRMSE 4 3%—15%

o T P RMSE £} 10 km®
IR TR A AL B H 4K i AR Ak SR S B

K i ) e 371 A M 2 R K 3 I R R T 9
AR R . A, I ATSR/SLSTR %
YL RZE . ARC Lake. GloboLakes. CGLOPS ¢TI
H e % $2 AL L |- 249 1000 4> 32 B0 1A B9 1R 3 7
(MacCallum 1 Merchant, 2012) . ] H MODIS #1
AVHRR 45, 38 2 5 38075 98 b DX 400 /S 5130 19
Dy S0 BE R A 0 0 3 B A 10 ) 1981 4R
(LiuZs, 2019; WanZs, 2018). W58 K IUWIAIREE
A A BURFE R A, K L R AR
Al AE RN 5 TR R, Ko i RS [ IX 3 A< A A
A AR L, (Wan %, 2018).

AH EE T B 28 3% S A5 1 I 2 BER TR R T
B, BT REEW 2 AL SME B T R
A PERMREAEE (1), FES T
SRR HLIX K IR A5, GF-5 (40 m 23 HE%, 51 dH
Vi) CESCA 48, 2020). HJ-1 (300 m, 4d)
(FEF 45, 2016) F1CBERS-04 (40/80 m, 26d)
(AR 55, 2019) AYIRLLAMERESS, W LIRS 40
) 52 e 3 ] T 45 A AR %) #8740
o AR E H AT B T E TR 55 oK
A= o, S IR BRI S m 204 T

B A KRN T T B R FAELAS D R
2.1.5 KR

32 ST W ) K BT 2 T A A I R VR
(Chlorophyll Concentration) . £ 7% % JE (Suspended
Solid Concentration) . 7 {8 A ¥ % ¥ fi# ¥ CDOM
(Colored Dissolved Organic Matter) . 34 (Turbidity) .
EHA B (Secchi disk depth) % (ZE$E, 2017). [F]
W, PREKIE B TR KRR B RKIRAE
K5 Gt 2K R A I Y N A Z — (Hu%,
20105 Shen%, 2019). [EANANFZ T A REK
I f AT ' 1E R TR U % MODIS,  MERIS,
Landsat, SPOT, Sentinel-2/3, HJ-1, GF-1, HY-1C
& (8%, 2017; Bkl 4%, 2019; FHOIE 5%,
20205 AF A%, 2015); TLRLIERGK BT I H Iy
V5 B E AR 2 Bk N Al o A 07k (Bt v
45, 2019); FEFIBERAK R FEE Diversity II,
G H REM SRR L | B TE MR . CDOM
MR, &R 340 MWK (Odermatt
&, 2018)

XTI AER WG, T 25 0] 7 R ARy
MODIS T (500m) RFnf L Ak 55 ARG 28 (Wang
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4, 2018). W T/NMUKIRSUKHRZAE, LT HKH
245 (] 43 B 36 2 PN i 7K AR /K o 388 R T A A T Y
2 [E - PER . hEAE K DA (HJ-1A, HJ-1B)
ATIFE] 30 m 23 R4 2 d AR 3 0 CRE
&, 2014), GF-1/2-5 Y5 AT SEEG BAS R AT 37 )
T AR T X B0 K B 2 B AT W (2R 0k 4%,
2018; VERMZE 45, 2020), HEZEIHEE (50 m)
AR [A] 20 B (AR 3 d) A HY-1C b
LN T PN Rl KR g B W (R 45, 2020) .
BAE 2 38 oK i W s fe v, PROh e S
B, MRAFAMAMELRA, R TCIE 8 e Ut A
R B (SchaefferZ:, 2013),

SRS, TR R K W A B s 4y
PERAEEWE LK, (R IR B SIS WK,
[Fi] Fof e J 388 JR K Joit S RS TR, 5 5 T 22 ) ST b
B A v T A K T W RS T

2.2 E#EsHhERK

221 k)l
22.1.1 kJISER

PRI B3 B iy 0t o B it 5 Ol 2 T A
MBI TR (A 4, 2014), Sty TR FERH
18 A R XK A 39 k)1 228 4k Landsat #1 MODIS,  #%
15 2 BER I ASTER & & 1 BV /N vk 1, HLBE SR
Bk Fmm e GREZE 45, 2010), HABE &
PR TR RS0 QuickBird, TKONOS XS F T/ME
Bl R X, (mhpRAE 45, 2016) . ik HdE 2R
JH Envisat ASAR, ALOS PALASAR %5 (2§ 5¢,
2017) . "E GF-1)27 18 8 TR BB A BRIk 125
RIFIKE (1A L 4, 20165 #REES 25 2020),
GF-3 SAR T AR K )1 FRf iz 3l 9 # FL A U5
(CERE 45, 2020) . 2l ok o] LA LR 28 2 i 3 B
B RWE 5 vk BT 55 vk R LA 5% 55 )
B, AR VKR A Sl ERAF AR R Pk, H
PR PR 25 5 1 A R i 22, 7 8 0 22 S5 )
BAGHRTIRGE (HFPRAE 25, 20165 Guod¥, 2015),
IeAh, FEEYKE FIEE =l (5R3).,

2212 KN EERBET
B T A MK R Wi A, F ikl ey T

LRGN & TR B TSk &, %
1) B2 BHEA TOPEX/Poseidon, Cryosat-2, ICESat/
ICESat-2 (EfE, 2014; 2=/, 2017; WRAE 45,
2016) . 2~ H Ry E A DA G H 7 km L L5

VK (Lee 55, 2013); OGN T3 A ICESat &
PR AR RIS B2 22 S A3 B RSB (Moholdt 55,
2010; Bolch%:, 2013), ICESat—2 52 0] LK 7E R
e vk 36 F RS B 4R = B HOKR % (Brunt 45, 2019)
RIKs & 565 B I 2 TR SWOT ] T ok 1 v B
M, K52 10em  (Biancamaria®s, 2016). HHEJ
F2 B B AR AT VK v R R B AR AR (1985
F£4) (WGMS, 2020), SRTM 1R 2 W vk
JEFMATRAR LA S % 50 (Berthier 5%, 2006). '
] S 2 37 A 22 T3 R O = TR A R AE UK
R B W I Al S5 A R R T R B AR (BE M
45 02019), H A AR 2002 4E & S0 T
B GRACE oK) 1t A8 Ak B A1 7 75 2 1) s 0 =7 Bt
(Wouters 55, 2019), {H [ H i i fit = & g Wil
TA,
®£3 FEKIIHESR
Table 3 Main glacier datasets

BAELE 2 FR B IR I 45 43 e W R
Global Land Ice ASTER
obal Land lce %}5}2690,0004\
Measurements from Landsat ETM+ I
) . e —
Space(Raup 2§,  Jj s Hu &I 20174
2007) Wiz 14
) ) NTHIE
PEESKI L E wmwh
RECARE s, 20064E—20104F
2015;Guo%%:,2015) FIV b3t +l0m
; Guo =5, —4
N FHHX£30 m

222 MEF
2221 fRE

T AR RS T AR B AT O 2 RN R Rh
BRI (Dong, 2018; TsaiF, 2019)., HHE
b 22 sh A AR A 1R, — M o B[] ) R A
(I ZS [l PR G2 T2 (WMODIS, AVHRR,
Sentinel-2A/B) I T2 (W SMMR, ERS-1.
FY-3) #EA7ahAWM A P4 7 (Dong, 2018),
SRIG R R ZS A PR B2 (GF-2. Landsat 8)
XEEE = AT IE CRIAR 45, 2020). HAr4
BT mAER B S, FEMMIEER 4R,
PENXZE =% (FY-3) SR AR AR S5
IS HERESHUEE GUHER 45, 2018),
[ A, BRI ¢ /N T2 L 7 It 3k A 25 1 AR B 2
AW CEA™ 4, 2013) AR ERS
T ARULE BT 0 K B R 25 0 B S T A A Rk —
g
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x4 FTEMF

EFR R &

Table 4 Main snow cover extent datasets

s 44 B Kl s 25 o HER i
Jekxk
Interactive multisensor snow and MODIS . AVHRR ,SSM/I , AMSR-E 1997 4 54 Wfﬂm%1%m
ice mapping system(IMS) (NSIDC,2008 ) S RS HRE HCBERT 22
1 km,4 km,24 km fe
Northern Hemisphere EASE-Grid 2.0 Weekly Snow Cover db2pak ]
SMMR ,SSM/I, SSMIS, VAS ) #HZE>90%
and Sea Ice Extent(Brodzik and Armstrong,2013) 25 km, 1978 4E £ 4>
dbeek
JASMES SCE(Hori %,2017) MODIS . AVHRR S5AH >82%
197842 4>
4Bk X
VIIRS/NPP Snow Cover (Riggs %,2017) VIIRS 20124E 4 Kappa %4
HRE375m 0.72
T BB 5 90%
MULSS H 57 b (B4, 2018) FY-3 2009 FEFE 4 TUEREE 10 em
HRE 1 km 7K1 10 mm
SR H E

GlobSnow (MetsiamikiZ§,2015; Luojus 45 2020)

Envisat \[KRS-2 . SMMR .SMM/I

RS L oAl €
BB AT G

ALY

ok G 1980 4E—2018 4F

2222 FKEHE

Lok (RERESHEZH) REEMN
BEWMEZ —, TEMHAEA -EFE I
F 0k B o R TR AT (Dong, 2018), [A]
BF 235 5 PO B TR0 SR /R S A R A N R Y T R
LHMEEE ., BE. RKE. BESFHEFEERN
TR (MEEEAL 2, 20165 B 4, 2020),
MRBHR W 4, Horp, BT R fE yf %
280, Al RS 5 (Tedesco S5, 2014),
RGBSR, W SMMR . SSM/T, AMSR-
E/AMSR2. FY-3MWRI %, ‘# RHPE&8 R LR
WK Y&, HZEREM AR JLTAE)
Ry, AGE T RREYS RN, HHEiME
T RUBE ARG B i ol R b 35 A Ot R 55,
2016), T ELEA IR EREE , BRARE AN i3
AR R, WAl g 8] P RO 38 & 7= 5 19 43 B R A
R CRIFAK 25, 2020); 3 3hiskik 14 &g be
SCELE 2SR AR, U0 TerraSAR 55, B T8
A T SAR WA Z i R, LA FH 21 &5 R S
BRSO, WS BTz G 8 R AF
2016), GNSS il &t 25 ¥ 3= B3 o Hhy B6 0 3l Bz 0 =
SHE S 05 M b N R R AR Y, HA A
W, ENERE R E AR e T B (B2
A, 2020), wnaE g b SF/GPS 5 S E AT i

R (ERR %8, 2018; Yang%:, 2019). Che
4 (2008) 33X SMMR, SMM/L, SSMI/S % =
] 0 B T, A T 2 i v A A B ] 5 AR
LB o, % e T E RS TR B A R
BBENTI M. Kok, FEFE =5 SR
FEBAR A R ARIR R A S AR F 2 m, B
TR BELE A 205 3 BE AR A 3 732
58, SO B G o FE R AR iy e, ) B 2l
HESAR TR MBI, £ 25 7K 2 it S ARG
JE A ] 4y HE
223 %t

SR IES M X —FP IR S5 F 5K 0 °C
EA KA B2, RIERGREE (AR )
R A 37K 43 05 RlCIR 25 AT DA o o i 28 R K oy A
JBE (WestermannZg, 2015; Z=EE 25, 2017;
HAEMZEF, 2019; A4 55, 2021), R
REBTHRZT, VR4S )E K S K A0 2= A2 0
K, [ BRI kR K AR 2 IR, S e A AR
R R K R A A HE 5 0 o VR A N 2 e o
JEEE M IR T B (REEZE 4%, 2009a, 2009b;
Duguay 45, 2005) . i 32 6 2% 12 JE 0L (1) Hh 2
Ry MRk, S HHESONERTEIER T, 456
Py PR AL SN T PR B L, (45 Landsat |
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o

AVHRR. MODIS. ASTER J [ 7= % Y & 23 2 4]
TR (GKIEZE %, 2009a), fni@it Z2Y-1F1GF-
1 H AR B AR IO X B VR £ oy AR Bl (R R
&, 2017). EWSMEEA —ERNFEET, Xt
HBURACIRASHUR, FZAIFE SMMR, SSM/L. ERS-
1. AMSR-E % (5KIE%E 4%, 2009a, 2009b; Kim
&, 2017) 0 AR K& IV S AR N 1) 2 Fh
TAEE, JFRLA AT GORE R M T S0 B
R HIE EE T (a4 %, 2021).

23 KHKEK

FRIF AR BRI N K IR, H RS UK
TR 5 W) 38 JE R 15 A 1E R b 386 7K TR, FBE IS 7 ) K
28, T —S s EAEH CAnpgsK . 7841
) HAEER N F KRR A AR, ARk
T T X b 2 K U ) LA A R

R e R R AR R A K TR D B
SR LLAh . LT AN R B U, 45 A 44y
B R A o SRR RN 9 B 3 T S R
ORI (FARR %5, 2005; TKAT %, 2016).
B I B A B AR (1 5 5 30T 21 1 B 1 MERTS 7K
VA J7i%  (Bennartz A1 Fischer, 2001) #1MODIS
554K i (Gao Al Kaufman, 2003), {8
THRHES % 22050 ; MODIS #4210 4h K 5™
i (Seemann 4§, 2003), 552 Wi #4R ST B 52 5
FI B Bl 0 AMSR-E . SSM/1 A% T8 %4 11 K<
KEREEIR = )2 M2, (Biah TIRENE, H

53R 5 52 SR AR S s (kAT 458, 2015).
b bk 46 45 G 2 AU KRB 4R, R
GVaP (Randel %, 1996) . CM-SAF (Schulz % ,
2009), WACMOS (Su%, 2014) %, hFRAK
TR T 7 B AN [R) X 38 T (1 52, R P g 2 A0F
JE 45 B v A M JE 00 I X MODIS 3T 2T 41 J2 18 Ay 1F
17 DX B R B REAL (X4 4, 2019;
skall 55, 20145 BLIEAR %, 2021) . HEXZE
Z DR (AR %, 2007; ] 7% 50 F0 5k I+
2012; REMITER, 2021) LK HIE GBIBEE,
2015) 45 £ 5 1K P EE i H TR AOK IR R
Mo 25, ARRNIKE Z IR T ENLE, 45
B MR AE SRR G M B, P R LA KRR
KR T, LB R R ROK TR R TR
(Wulfmeyer %, 2015; F7KHT 5%, 2016).

3 AR TR R UK SR W U RE T e i

31 FEEAFEIEIK

v ] E TR ARG i b e TR N O
SRR S s CRIET B AR BIE TLE B IR = IR 55
5, http : //sasclouds. com [2020-12-31] ), E£3
FLFEGHIR RV 0 R B AT E] . 32 B3 far
RAERETER, WL RO BOL. RikEE
Fh2ERY, [R)IAadE st R e A 15 (PR
HITA), Hrp2mp e TREZEAHmE A
FE H SR GRS B 4 [ e b K A L R 2R — KL

®5 BHUEHHWBAREMMERIEEARSH

Table 5 Basic parameters for Chinese on—orbit land natural resource satellites

TR R S ] AT

PEREFE IR

RI—502C LR
2011-01

14 PIMSHHML,
2 £ HR =43 HER AL

o BUIE KPR L HUE , 25 780 km

o B 2 HR AHL0.5—0.8 wm; P/MS HIHL 4 {5 0.51—0.85 pum,
2561 0.52—0.59 wm ,0.63—0.69 pwm .0.77—0.89 pum

o S SrHER . A HR HHL<2.36 m, PAMS ML 4 (6<10 m

o JE%E =54 km

o DRI HAfr:3a

WHE=501 D&
2012-01

3HAEGOML,
1 5 2t AL

o WA KB R AB LI | 25 500 km

o JEBL: 4 (70.45—0.8 pm, £ 0.45—0.52 wm ,0.52—0.59 pwm,
0.63—0.69 pm .0.77—0.89 um

o ZEAPHER . IEM A 2. 0m, 7T S A (1<3.5 m, ZIEiE<5.8 m
* JFFE:>50 km

o TR Hfr:5a

262 m PR M/8 m PER
LGP, 4 55 16 m 43R
ZIETEAHL

Rish—H I
2013-04

o BE K FHFEZE IS, 29 645 km

o JEBE .2 m AR A (E,0.45—0.90, 8/16 m S HF R L AL,

£ 6HE0.45—0.52 pm, .0.52—0.59 pm .0.63—0.69 wm.0.77—0.89 wm
o ZX[AIHER . A M0<2 m, ZGIE<8 m

o WETE 2 BAENLA B 260 km; 4 B HHHLLHE>800 km

o DRI Hm:5—S8a
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NERYS & 2 iy B S 7] HERERE bR
o A OKPHFLHUE , 29631 km
o BB A (5,0.45—0.9 pm, £ 6115 0.45—0.52 pm .0.52—0.59 um .
25 0.8 mEZ R A0 0.63—0.69 pm.0.77—0.89 wm

2y =5 TR 2014-08

3.2 m PR AL

o 233 HER . A2 (0<0.8m, ZGiE<32 m

R e 2 S AL G >45 km
o DAEEITH4r:5—8a

PR =502 T2 2016-05

A0, 1 A 2L,
1A PERO G X

o BB K FHFZEHEE , 29500 km

o JEBL: A (70.45—0.8 pm, £ 0.45—0.52 wm ,0.52—0.59 um,

0.63—0.69 pm ,0.77—0.89 pm

o SRR ER A A2 m, 1T ERAERLT m, £81%<5.8 m

o MEFE =50 km
o« TEKIHfr:5a

B =52016-08

C I BESAR B fif

o B ORBHRIEBUE , 29755 km

o ZA 3 HER .1 m—500 m
M % : 10 km—650 km

o BRSO RO HMAE 12 A0 gt

« PDREEIHAMm:8a

Ay —"5 B/C/D T (3 45)
2018-03

&0 2L

o BB K HFEZEHIE , 29 644 km

o B 426,0.45—0.90 wm, £ 0.45—0.52 pm, ,0.52—0.59 pm .,

0.63—0.69 wm .0.77—0.89 wm

o SE[AIMHER . 2 B<2 m, ZGiE<8 m

o JEPE =60 km

o DRBEIT M :6a

=4 5 2018-05

A4 W] DL IR Z1 A0 e TS AR L |

i BOGHE AR 6 Fhak i

o BB K HFZEHIE , 29708 km
o SRS HER ] DU PR LT AR G REAHL 30m (33015 BE) 5 4 ik B

IAZAL 20—40 m (12 FEBE, & 44 $her i )

M mgﬁ:60 km
< WIEFEH <60 d

o PRKITHMr:8a

23755 2018-06

RO
261 T B SR AL

o BB ORBHRBUE , 29 645 km

o FPIEMRE 4, 55— S 2 d

o« TR HEfr:8a

23 )43 HEEE - 2B 2GR 2 m/8 m, ZGiE T 3R IR AL 16 m
o BRETE A ZOEHERTLZ90 km, 22501 73 A SEIRAHA1>800 km

P —5 02D T 2019-09

A LT ZL MBI S e AR AL

o BE K FHFZEHEE , 29778 km
o PEB AT WG LIS 0.452—1.047 pm (140, 8 N6 ) 5 kil

0.40—2.50 pm (3£ 166 45 )

o SRR A0 2.5 m, ZIEE 10 m; FOETE 30 m
o METE . A WLSEATLLAMEL 115 km , =556 REAIHL 60 km

M Eiﬁifﬁﬁ%S a

o5 2019-11

L0 2 IR AL RIO I 5 X

¢ BUIE ORBHEZEBLE , 29500 km

o BB 400.45—0.8 pm, 2961 0.45—0.52 um ,0.52—0.59 pm

0.63—0.69 wm .0.77—0.89 wm

o 2SR T JE A <08 m, 20i<3.2 m

o EFE:>20 km

o OGN EA 2 9 H, 1064 nm P, 3 Hz, MRS BEAE T 0.3 m

« DEEITHAMr8a

P =45 03 £ 2020-07

SOOI L

o BB K PHFEZEHIEE , 29500 km

o B4 (.0.45—0.8 pm, 2963 0.45—0.52 pm ,0.52—0.59 pum,

0.63—0.69 wm .0.77—0.89 wm

o FRGHR . EIE 620 m, /T JEME0<2.7 m, Z6E<5.8 m

o MEFE:>50 km

o OB 1R, 1064 nm K, 2 Hz, RS BEAE T 1.0 m

o« TEKITHEfr:8a
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Bk

DRSS I 1A Est-S2ai)

PERESE AR

o BB K HFEZHIE , 29 643.8 km
o BB 42(10.45—0.9 pm, 263 0.40—0.45 wm ,0.45—0.52 pm ,0.52—
0.59 wm.0.59—0.625 pm. 0.63—0.69 wm.0.705—0.745 um .0.77—0.89 pm .

EY 2R TA 2020-07 —

0.86—1.04 pm ,0.52—0.59 pm.0.63—0.69 pm .0.77—0.89 pm

o SR 2 0<0.5 m, ZIEIE<2 m
o IF % =15 km
« DEEITHAMr8a

o B K BE R B, 25 505 km
o JEBE LTS 8—10.5 pm  10.3—11.3 pm . 11.5—12.5 pum; HOE2 6

ARFEE A SRR TR — S
SDGSAT-1
2021-11

ELAMRASAL O RURAL
ESaiinl

0.45—0.9 pm, HOEF 1 0.43—0.52 wm .0.52—0.615 wm .0.615—0.9 pwm;
%1% 0.38—0.42 wm ,0.42—0.46 um .0.46—0.52 pm.0.52—0.6 pum .
0.63—0.69 pm .0.765—0.805 pm .0.805—0.9 pm

o SR HER 2O 10 m, BOEA (0 10 m, OB 40 m, AETAE 30 m
* ME3E:300 km

3.2 HiE TR E R R K BT IR ST e O FI A

AN DL K BT IR RO B, Kb E TR
12 S b e K B R M RE ) 5 T A AT PR AR
P oy b, O S48 BT [R) AR B H T [ — R TR
WL A Z2 L, gk 6 Fran o Hrb il o Hicdis £
Wt DA S BAE PRI 4 B M RS H 3R, 25
BT RS A HE I RE T, SERR K B
N RE 3 45 b i T AR L AR A T Sl B HE S B i
TS B E -

6 EEMIFIRIR kI T FITR L A
BEAT AT o R T K L ) T A i SR
BHE B I 25 o B AR E 28 58 4 R PR EL 2= AT
A, (H R e K Al 5 AL T RE ), IR
ISR SE G B B R BEE, R4S SAR LRSI AR
If 4 KA BE T o AR, oK1 Bl 00 Y 48
PRk A BRAR Y, (H A2 FRT TR AR B
W BOIE TR | A (DB I R AR AS By 2R 2k
TURFAE AN 2 Mot DR 5 B2 36 AR T S A9 R2 R, H Rk
BeA R AR VK13 Rl S B [ 7™ T A2 2500l 55 16
P o X6 MR AR A oK 1 e B8 M 0 Py g T2
I %8R S0 7E T 225 1) B i B ) AN G B2 AT ik A
g, TR RN TR, LIS 2 4
NS JFEE S i 1% 0 5l o Ay A R K B B D )
25 B SE VAR L 30 AT X I M 4R TR R
P A5 R, AR S M A SR UL RE T TR A B
R LA TR M EDEIE TR . RS mAmE

KR E NSNS EE WS EE, PE S
Oy PERARG B0 P2 M 2s 1), VR - W B R4 8k
DA T % FLI o 3, KA I 75 2R 2 TR
0[] -5 T SO0 5 40 R P B A 5, [
KRS AL AR LA DA, BeJE, B
TPERHESiB & AR (GNSS-R) HA & KMER
WRWSIRE J7, K GNSS—R B JE/E, TIAVE R
KT . FARY BEENEES T TR
Hh ) AT Si = R K R A iR A A W ) B
HTE.

B 1 R 48 b T i R R AR K B U T 7 SR
Ab, KGR 1 R 7 i A o AR v S BR A
ol CRRAE) ORISR 0500 A B 7k ol
T Xt i 202 15 B 08 7 A 1 A TEE 19l 55 1k e 7
A E EEN W, I AR (FRE) A E T
K FH LAY 7 e BB B (Wilkinson, 2005; ‘& Y
2, 2016) o FEENXT b7 SRR, Z 8
S RFRGEA IR, WIE M 22 RIEATE 5% LI,
L3 2o 348 o 328 R R U B A B T LKA B 4R
5%, ISR BRRE AL R 5% CEMG
45 02016) . 2L % BUAL A B AR AL 85 27 ) 4k
T 22 i I R B AR e, T R —
A B Bk e 19 B 4P K JE $2 7 (Domingos,
2012) . X B A5 U0 T B R AE L T 1Y
W i 2 VAR U R R — AN A R R .
FETF R B TR, 5000 1 Joi o R =F A
BT HEZKH,
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Table 6 Comparison between Chinese and international observation capability for water resources
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eSS — — ol L et
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N E] X M(.)DIIS . 0.55 ;1 15(())0 m +1 pixel 7v-3 S d2—6m +1 pixel  FEARAKFHIY Kt A T
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ICESat %1 M RE Ok K
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JASON 7% A N [l o
- e LA
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Cryosat=2 A L JAE /R I e K A
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Ak £ AR [ ARk
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K SWOTH T — — s KEE S DA
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MODIS s KW 28 4y R
AN F- 1d 4 = 4 y
K ASTR/Sentinel-3 >300(? Olﬁiﬁ i 05K HH(;; CSBER S i 1‘1308 " 05K X ;éfjé;ﬁ IR 2 P T Y
ASTER : ¢ m B g g
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KR MERIS S 4300 HY-1C/1D, 1d50m ENATE BRPE T A
h m e e RO
- , GF-5 55d30m HELEPEARTE G A 4 B
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W dsat 251 16 d 30m +1 pixel CF-1 srdogm el SEERERE G
ICESat 71| kR SERNIR=E
Cryosat—2 <03 m S PRl 5
- " 1 - A A
i ERS/Envisat RRE (/Jfa J_“;ﬁ) GF-7 59d WEANT l‘lv\];igﬂi JJE% GNSS-R A
SWOTH# 15° JEE /B I 3 KA
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Tk GRACE Lds0km  AUKEDE — FNEIRE e g1
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MODIS 1d500m
AVHRR 1d4km . FY-3 1d1km I I 25 4 R
23 R A% N >90% i N I 4% )
e VIIRS 1d375m >;j3‘ . PG (S . 0079 ili‘fﬁ;# 6 2 P S 3 i 7]
Landsat 16d30m ¢ HI-1A/IB #istasgy 00T BEERE e srpng
s Sentinel-2A/B 5d15m
SMMR, SSM/I
FEK  AMSR-E/AMSR2 FY-3 1d1km 10 mm ~ 2 +SAR S S
1d25k 66.7 SR KA 2 -
Wit ERS-2 ATSR-2 Georm >66.7% BDS — AT H 2 AR
ENVISAT AATSR
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Sl LR
MODIS P AR 1R f}g?ﬁ% T
Lands il 7Y &Y Mo tEss
‘(/iF\j: T@E] andsat 1;ﬂ¥}xhld25km JJH%TE 2{:3;] o - .Ij‘] ]L i‘* Eﬁlﬁﬁ%%’ﬁl%‘
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] AR R T L A R Y K R R U A
fe 71, A HAT = 5 4 3k E 7 1A 4
10 B B (8] 3 3] K 9% 15 A OC B 4 o v LK R
BURBEERS “NEBH" (i 5%,
2021) JfIE “MAERE”. X TFHEMIAE, T2
NOZAESETE T e i i Sk -, S5 52T
BRI Rl S A S A, AR R IR R
W B 7, AR LA R S ) B R R S B
ARG R B 10l 55 A A 7= s T AE W R R R
M EE, TEEdERESHCHTEHEAE, U
BEE RN F R8RS 0, 7 AN AR Se 1T 55
Hir, fERDFHERABRANTRT, BPEe
HER=Y N

33 ZDESENEATEDEEN

K YR S v ) AR I AT 55 Y —
g1, BEXT B AR B IR LU AR H I B A AR R Y
R PEW K, andar 5 20 F) H BN A Z2 0 TR
B GEUR T e 8 DI [ A 4 R AT 55 R
BA T osEEE X,

v Y ) S 482 PR A TSmO RO R
PRI AE FH B Google Earth Engine (GEE) & /& 2
A4S (GorelickZ:, 2017). GEEMEIEZ Y |-
SEILT 2 TR AL R, AR O S SR 4
BRE T EBE, 8 IO R B AT ] 18 R
MR EL . fE6f . A fAb I A PERE TR A
BRI, BURT9E 07 G 32t ng e it o M . 4
I3 AL ) 5 R BT RE i (e B Y AT A
ARt 1, S B SRS R Ak R R e Ak 4
e, MR AR BE T B R A BRI B AR BT
WS R R (Li%E, 2019a), FRAFZ HARTE
TR AT R, AR FRIK (Pekel %, 2016) .
MK (HansenZE, 2013). Al (FisherZ:, 2016;
Xiong 5%, 2017) . #4¥ (Xie 5, 2019) F#t +
(Ying%, 2017) %,

HE A S 0B AR TR B R Y
T8 (3R5), BN I SE R4 w5 280 Ak 31ORD S ol 55
TR, L @A+ N TR Rk
FRENTE T, R SR AR g3k ik
50 A SR BT 55 0 IR A, fR IR TR AR
P Rr e As e TR Rl B, S B AR PR VR A R )
R, ERRTDAEERSN SRS (A
4, 2020).
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Table 7 Development planning for the product system
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Abstract: We investigate the worldwide monitoring of land surface water by satellite remote sensing and the corresponding ability of
Chinese satellites for the 14th five-year plan under the general goals of the Ministry of Natural Resources of the People’s Republic of China
to plan for the new generation of satellites for water resource monitoring. First, this work reviews the current status of the water resource
monitoring by the Chinese and international satellites from several perspectives, including liquid surface water (water extent, water level,
water volume, water temperature, and water quality), solid surface water (glacier, snow, and frozen ground), and water vapor in the
atmosphere. Then, the capability of land natural resources satellites for land surface water monitoring is inspected. Afterward, the ability of
water resources monitoring with various types of remote sensing satellites, including optical, laser, RADAR, and gravity satellites, is
summarized and analyzed. Advice and suggestions for Chinese satellite planning of water resources monitoring are proposed by
concentrating on the current status and the shortage of water resource monitoring with satellite remote sensing in China. The advice and
suggestions include planning the observation, technique, product, and service systems. First, a new generation of cloud water resources
monitoring satellites combining infrared and active/passive microwaves is recommended to be developed for the observation system.
Moreover, the evolution of radar satellites should be accelerated to make up for the deficiency of optical satellites. Altimetry satellites and
gravity satellites must be vigorously cultivated. Furthermore, small satellite constellations for water resources monitoring integrating satellite
“communication-navigation-remote sensing” should be promoted. Advanced thermal infrared and hyperspectral satellites with strong temporal
and spatial resolution are also recommended to be developed. Second, for the technique system, exploring general remote sensing data
processing technologies, including data correction/splicing technology and multisensor data fusion technology, are recommended to improve
the quality of domestic satellite data for operational water resources monitoring. Moreover, water resource element extraction/retrieval
models must be promoted. The techniques for high-quality long-term water resource products should be also developed. Finally, for the
service system, providing a dataset-sharing service of the long-term global water cycle flux and storage elements with high spatiotemporal
granularity is recommended. Moreover, the overall development of Chinese satellites for water resources monitoring has started from scratch
toward boosting, and these natural resource satellites have basic capabilities for water resources survey. Natural resources satellite datasets
are abundant. However, nationwide long-term series of water resources data mainly based on domestically made satellites remain lacking.
This gap can be improved from two perspectives.

Developing operational natural resources retrieval models from the data perspective following the scientific concept of “remote sensing
big data + artificial intelligence” is necessary for timely acquisition, processing, distribution, and providing service while ensuring the
stability of satellite remote sensing data. It can realize all-time, all-weather, and all-element satellite remote sensing monitoring for natural
resources based on cloud services. From the satellite perspective, the next step for on-orbit satellites is to produce application-oriented
operational water resource element products, combining multisource satellite data on the premise of improving satellite data quality. For
satellites under planning, relevant departments should work closely to establish goals with different priorities under the guidance of
scientific and application issues and full consideration of costs.

Key words: land surface water resources, water resource monitoring by satellite remote sensing, remote sensing big data, satellite plan
suggestions
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