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S CHGUAT, YRR e 0 RN LA ROk i
PiE RS TP O XEE (A AR, 2005)

TCE 2 18 A A S A SR S PR AL, #F
ST TP A R B REAL, BR TR A Al DL R SR
i 7 LTS BB TR B AF e iR 22, B rh
SR EAETE IR ATIE , 5 2B XA [ (4 R HT 3
B BRI AT SR, TS SR R L A Kk
A AR AR, D) 2k — 2 5w B ADL 45 SR AN o
(Saltelli %, 2010) . WH LT, 1E—PHIXTE
ZRBI R HERR MG T T A S EULT 2 A T RE
B (Huisman 55, 2010) . 18 2 BUOBUSME 5 118
BXHZSE, T LS E. ZHEHR
S AT E S, B 2 mT DA T 28805 R 0 AN i o
PEo AL, ZBCURAE 73 A T LAY Bl 2 A 5
TAZE R SR OCHE AR B, AR $i v A 28 A A P Y
—AEZALE (Ratto 55, 2001).

IR RLR KB L B . USRI T
DU RE 2R A 2 M S B RE T — E R 1
P T SHOE BRI R L (Guérif F1 Duke, 20005 Li
4%, 2004; XuZ¥, 2006; Zobitz%%, 2011). #RiM
XTI R 2t R 2 O T e LS
S THE R B B AL A R, AL, X TR 2 B
B, HIEJRGEBRIHE S8 H 2R Z S0P
RAN—ER7r (RMBURSHD . Wik, SEEUREY
Pr & s E £ AT N OGS R, b S AL
V<5 N i SO Y N (118 VN2 e i< E
(Castaings%, 2009; Francos %, 2003; Haxeltine
F1 Prentice, 1996) .

ULAER, SRR 7 B B 2 i B AL AL
I 7 BT 00 8 T O ik o S 80U 3 A vl LA
MRVUNEZSE . ZHATE S YRS
RO IE . B 3R v A Y R A BT B
(Francos %, 2003; Frey fll Patil, 2002; Helton 55,
2005; Makowski%§, 2006; #R5EHI 45, 2004), 7E
TSR (AR SCHE AR AL R A2 | G O /R S
BEALEE) ROk ORI, REMSH— B2
AT, BRAS S EO R BB IRHE (Ma 55,
2017a; Makowski%s, 2006). 45 LS H0nm] DI
REARDCSCHR KA (Hsiao %, 2009; Niu%F, 2009),
ERTR I X R T, T2 B3
Y5 2Rl R M52, S 800 U 25 ) B A
2% (ConfalonieriZ®, 2010a, 2010b; XiaoZF, 2014;
Zhang %, 2017b). ik, 7ESKEEERIZ R, X2

BOHAT SO 53 BT RSB 28 PR 43 B, T X =
Kb AR R fE B H 238 3 (Guerif Al
Duke, 2000; Zhu%§, 2011),

T SRR, 2 U o3 B e R i SR
BRI TARR N ARZ —, (RO
BRA, AR Z A A BRI o b TR AR AT PR
AN, ZHEUR TR WA LR, 2R
SENE S M R P A REJEE | Y L A A ) TR
ity DR ATNIE . L, ASCREE T 7R %
BERL | S, DL R B IR S B AR A L RS
RURESE b B U E 7 07 i, B T 4% 05 1
AP B RS A5 PE . IORBISCBES R AHiE
P B MBS EAAL 34D 10, RN e 3 R S0 A
T3 AR AR AT 8 1 BUIR AN A TRt e, AR
RZRABETER AL, B S5 BT Z BRI 7>
P S BUIR A S B () B, RS 23 B T 5
{OpAR VAT SRS

2 SR o B )5 S E

21 SYHBRESWHEESZE

SRR 0 A 7 12— e iy SR B U
77 LSA (Local Sensitivity Analysis) 54 Jayfiek
77 7% GSA (Global Sensitivity Analysis) (Saltelli,
1999) , =3 #Y DXl 7 T 42 Jmy 85U 23 B E 4% [
I 25 58 22 A S BN A R i ) 1 5 i) 02 5] 4 AR
ER(EPORTRIEOEA I 3 i € O R IR N
Bop L BT 07 25 . TS TR
UM Jr M ik (Frey F Patil, 2002), AR 51X 86
SRR, R LT R B RO o B O 1 R A
Morris, DGSM. Sobol . i HL M i J& &L/ VE A4
FAST (Fourier Amplitude Sensitivity Test) . " J&& FAST
(Extend FAST, EFAST) %%k, HARR S
PR 1 R .

TF I U 3 A 05 ik ) PRSI 9, T LA
Xof SR D vl T RO, A BT BRI
BB PR 18 1 BBURE 3 BT 07 5 o Ratto 5% (2001)
¥ Morris J7 1% 5 2 [+ °F iy % MPSA  (Multiple
Predictor Smoothing Approach) %54, X2 5l
EAEIRPRIEAT T RGUPFAl 5 Tang 5 (2007) F 4 F#
A TR) Y B804 e XK e
(Lumped Hydrologic Models) [ 2 B0 M A4 B2 F
17 7RV, R BRI UM T S A
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UM T AR LU AR 35 0 22 5%, TACH Sobol J7 &
SRR L 7 2203 ik dRCh TR AR Y 4 TRy BEUR M O3 A
Jitke Yang (2011) £FXF HYMOD Jii sk SCRERL
T FE R 5 AR A [] B SRR 20 BT 7 s, 2 B Sobol®
T3 VA A UE PR 8 B8R 2 B M HE Ty T R
P R fdt, 10T Morris J7 125 fig DA s 2500 i 8 2 S
. Nossent 3§ (2011) LLgNH R EUNSE by H b bR
B, EmPEAS T SWAT (Soil and Water Assessment
Tool) HEHY AL — B AL BURPERE B, e T
AR U 9 N S8, A SSIIE T Sobol J7

AR TR SO AL B AT 5EME . Vanrolleghem
A (2015) X3k o 2 W HE KB AL theE Y 3 F GSA
J7 ¥ (SRC. EFAST Hl Morris) #E47 1 Yt S 1% 43
B, XX 3R R AR L A R SE A T
Tihe. Hrh, EFAST 5 SRC J7 ik 09 US4 16 A5
Wt S0 B A b, T Morris 5 EFAST J7 B 7E K4 S
O Oy B T ) — ke . AR YR DL BWESY,
Sobol* Fl EFAST J7 ¥ 2 fe M AT AE | FRUE 1Y 4 Ry UK

Mk

F1 FEHBRESHHEMESS
Table 1 The classical sensitivity analysis methods and their characteristics

2 (RS R SCHk

OAT(one—factoat—artime ) J7 1= FHTRT B0 PR3 B O i i A IR, RIE T van Griensven 45,

T R A 1 AR AR, A5 1] B H O 22 2006

(LSA) NRSA (Nominal Range Sensitivity Analysis) il i Xt 2 85 ) 28 fb ok o 1 43 0 B 80 285 SR 1 5 Frey il Patil , 2002

Ik ) FAEAR 5 A8 Tk v A e ' ’

ZR ML O BE I | 6T B (B AR 22 Mo M i
N TE i UR S, A 8K, S EOR 2B AT H .
Morris i 1 RRBEE SR, BTk iy, o1
A7 B 2 H R
. L 0 o FEF I R AURA I 38 5 BEALRAFE R SATRUSK R
:;:frfat(lif;l;;‘:;:t‘d Likelihood Uncertainty Bl 28 T BT U R HE . P Beven 1 Binley, 1992
’ N E SEUEME R B G TR Z A
L - AT B 5 P 4 SR BBURRAME A BT 1% T S ARG, B .
ﬁG{S‘M (Iﬂ))e;;iglve based Global Sensitivity SR R P P RIRY T FE o 7 B S 38](9)(;1 F1 Kucherenko,
easures b5 72‘@(
Delta Test (DT) J5 ¥ #ﬁﬁéﬁwmgﬁ%C¢%$ﬁ%Mﬁ&iﬁﬁPﬁWmmmJ%4
SRR AT T FTIHEXAEH

(GSA)

Sobol J7' 1%

FAST (Fourier Amplitude Sensitivity Test)
Jrik

EFAST (Extended Fourier Amplitude
Sensitivity Test) J7{%

RF (Random Forest) J5 ¥

KT 7 28 09 E A A Ry HURWE DT i O R LB
REOS M S i AR R A 2 B B i = R
P, 7 R T R eI, R A R U T i
BIZMETE . HB R AU

BT 7 22 e E WA B BUBE FR B TR AR
#  (R TR A5 2 4] S AR A U

454 T Sobol Bk MY REHE 118 2 BRI A2 AR FH AN
FAST 3535 10 = 5L RE SR A, 2 H iS5 A 1
SRR ok et R A AN R

gEA T EMLAR AR A Sk DR AT U S, T AL T

oIPTId R, AR B — 5 A RS S N AT LA
AL K 46 Uk

Sobol”, 1993

Saltelli 45,2010,
Sobol’,1993,2001

Saltelli 4%, 1999

Wang 45 2019

T A VR G Tm) R, 4 SR RURME T ik
B B AR e — S R B L BRI T R e R
B (R RE ) o R0 A DR A ) T 2 22 T T
T TAE, — i, IR M 5w S50 43 By
HIRIZHLE . FEAN R S50 4E B ) HYMOD . SWAT

1 HBV  (Hydrologiska Fyrans Vattenbalans model )
KSR, M BRI S0 A Wi SO 1 A S
PR AR A i 0 8 5 5 N SR A D R B R
i S BT AR P AT SRR 8 AR B (BB 2808 31 58 Al
S, FEL LA RWSZAT, SRR ERE
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ME LT HMHET (Sarrazin 4, 2016). 5 —J7fl,
i nIP RS EORIR SIE AR TR
A A YRR 0 BT (R K% (A, Sheikholeslami
& (2019) 2 T — PP 9 3L T Bootstrap 53 21
T, ol 4 Jry B 43 B 5 1k B A% e Rk 0 T T
TR R K SCREAY

22 SHHRMEFZERN

SHRUBMET T AR Z , RIS AT
i s, —MORUL, T ZEARIE T R LS
B Fe ke e e . — IS L T B R 4R
DT, N Sobol> M EFAST 28 . X T-45 4958 241
BARL, AT RISl A AR ff LB AL 1155, AR
Ja B R AT SO 22 BT . SDPSobol A1 RSMSobol 2
AR HLRL A +Sobol™” MM T4 A (Ratto 45,
2012; 2009;
Song 4§, 2012; fLAHF 48, 2011) . KefCHEAIALS]
ASECUBIE BT, AT LKA R SCR 6
J R AR —A> 2 H 14 B ok B s B UL o 80 N 58
W (Verrelst%, 2016, 2019). MtAb, s
KEYE, nfPMER “EiRg] . Fa s il HUR
PRSP 7 28, BV S Ao 0 a0 vk A 1k T v O i R
TRURSEL, P 0 vk i o LR U TS B
W Sun 5§ (2012) FE—FhAK B Y b 43 516 H 43 B
TAESE OAT J7 1% . Morris LK RSA 75 15 1038 FH 1
R [F) 1) 2 B0 23 B 5 vk T DL A&
YT SR Z AN, o] DL Sl s A
SR A B 5 I R N SR, PR O A R T T
X S BB E 8 B AT i 7 BT . BN, Francos
2 (2003) FIH Morris J ok ifive a2 40, FF)
FH FAST 57358 58 W et U 50T o

OB 43 AT R A0 B 158 A 2 X T 4 SR A

SN, FLE 2007 4F, BARESE (2007) iR
i N S 5000 B Y PR RRE 23R 85 132 43 A eR 500 Bk
PEOS WIS A S0 . Wang %5 (2013) LB TS
BB . N ) A 4K st A R B AR 2 5
PSR, Mas (2015) 434 17 ORIE B S50 46
O3 AR SECURME W2, ke IS B3 A G R
PEFR B S5 R H . Tan%s (2017) BHBCYA
REAf S S BOBUE YL I, A 30% B sh el
Al BUETE R . FFLL, 76T 2 BB o0 B
ZHT, EEXHSEBUENE F . S50 AR5 I
A S U AR A B SR HA

Sathyanarayanamurthy F1 Chinnam,

3 ZRUBIENE S B ]

2R o3 BT ) i 32 A A R TR O
SR SR SEATTRIARREE T . A X
3L, S GARURAE 7 B 75 05 A i S TR M S
YR Bl B A AR SCRE RS g T, L B i 5 9 B
BTG

31 EREBESHEBRESN
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ZENICHe RS (1997) AR B AR T SUM AE
A0, JRAEBL AL B AT T 2 B B H bR I TE SR
R 30 o SRR A o M ST A B S O o
e, ARG 7E L SE b b P s g Al B
T Y B = SR AT T, USRS H T
R B L SR, SUM BFSTAE 2% T 28 1 18 &
T A R XL, S E SUSRE A E
PEVE R Je 50 MR, A B 8 B LR £ B B I
T

1 JE% I R AR R 7 S 4 R 9 v Ak G A
P, WEAEARSE (2008) 1 i X} 5k )2 S S R A% A
M REURAE 2 T, & B ) 2 50 ORS FE I I 2
FESEIANE . BASEON USSR
ZIRIAIMSEME . SFIEAE (2009) DA/ NAEIR T3
W, 2SS RN RS, T
PROSAIL %5 S f& A AL ep | X6 b 1o AL 4 4 LAT
(Leaf Area Index) FJEURSEL, K Bk )Z i X%
LAL P BUSRMEA BT 284k, AR DR B0 LAT (4 Sk
PR A A . At (2013) 454 HI-1CCD %k
J A1 PROSATL AR AR X B F oK I T A48 Bl A T4 4
ST T SECS PR B BUSYE AT e R, DA AR
RISHAEAR LAT T RS bEds B b . E2=0E M
444 (2014) FIFH EFAST J5 355081 T PROSATL 5
R URSE, RIELOEI B, SURS KK
A Cab (Chlorophyll a/b) . Ns. Hspot (Hot spot)
F LAL. Mousivand % (2014) X} SLC-MODTRAN
R IR v ) A A T S R e o S B R i A S B AT
TR, B IAE 23 A SEOR, W
% LALL W 5 4 B2 R0 A 43 7K 43 J2 5 I ik B
(400—2500 nm) FHUBRMISE ., XAA B T3
o R A T R R, A R T A Sy R VA
PWSE AN, A DESE (2017) X BRDF A
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AU & AR R 25 G B, 4 1] S M T 4 AL
AFX  (Anisotropic Flat Index) %2 K & ME 2 Bt
o, R IRTE 2L B RN 21 A0 B i BUR S BUR AN
IR, fELLUEB, ARXIHURSHE . T2
LAL, FJZ Cab PR RIS o0 A, I ST 2L 5
PBE, AFX USRS HAUUE B TR LAL
Verrelst 5 (2019) T 5N OC 3 76 BB AL hr DA
TR B AR, WL S HGE 1) 88y SCHE 1Y
Z . ik, Verrelst 52X MODTRANS #7047
SRR T, TRBIR R R RE, SIAT
=5 Wik B2 B0 GPR - (Gaussian Process Regression)
RIEBA . AT a RIS (M gk
WRE . SRR LALD BRI SEOE infiusk 2
AbF BT AT, IR IS5 R 0 2] Sentinel & 1] 7
W HE— BB R . Dong 45 (2016) F ] EFAST
Jrig ot i —EE— RS R (PROSPECT-
SAIL-MODTRAN4) FEHAI A, KL, AL
5b J2 S 5 A W) VAR 2 OO0 B A AR S W L
5l FPAR (Fraction of Absorbed Photosynthetically
Active Radiation) MJZEUHURNE, 256 A HrERK N
W FPAR 52 25 52 [ R 1 sh 25424k . 4r i 2R 3%
. EEZ8MSH L, LALFI ALA (Average
Leaf Angle) J& FPAR SBUS S50, KV
BRSSO BURER R, Y LA iy, X
FPAR [ 8 B 28 b R B 4% 55 1 A Cab 1
FPAR (¥ i U A= BRSH0, AG AF0E o5 E f10 3
I Z A58 s RAESHh, KR A
Wi FPAR HAZALI B 2SR, [R] It ] 3t 52 i 5
UM FPAR Y84k . AL, FKAAE 00 56 23 S i 4%
Y 1) 2 RN I 25 52 B 7K TR A FIAR B A9
EFLELRZIN (Zhou s, 2018).

SR BUSVETE AN W RO [ HA 22 bk
MY 45 (2015) SR I EFAST 42 Jmy U8 M 5 12
SE 73 HT T PROSATL 48 S 1 4 455 5 v )RR 2400
ik J2 % R X S BB S R, R AR
RE . dREREAGITTRET, H 2 EO
HEL B S 3 ) SR AT X B o i RUEE |
MR O S KR R G SRR R
TR RE L, 4 LAVEAR I, H LAY iR &S
B, M LALEGEN, M2 TYRAE K o
BURSHG BOTRE B, BT A A 43 L
J& S WAAR I SR AR A I B U TR B, LA IR AR
(2017) K BUAE BRDF ', S HUEUEE AR )2

Tk RUEE . Morcillo—Pallarés 55 (2019)
£ %f Landsat 8, MODIS, Sentinel-2 F/1 Sentinel-3 3t
4 R[] 8 JBBE , 43 #T PROSAIL A1 INFORM 48 5
12 Ha A5 R0 T X AR B AR B0 S BUUR . R B
MR VR . /KR LALXH Ir A7 32 JEds B50iB 2L AT
ARG A R, RS ) 1) RUBE SR T 2 ) s A7
Z5to WA, WA KEARS T EZE
SY AR R VE T, A Bh T R AL Y 1 S R
(&30, 2017).

Bl K BH 75 5 it & 3 %2 6 SIF - (Sun—Induced
Chlorophyll Fluorescence) &% 1 & &, & 8%
O 5L Y ) 2 0T AL R OC B RL 2 ) —
Verrelst %5 (2015) X} SCOPE (Soil-Canopy Observation
Photosynthesis and Energy) Z¢ Y5 (1) 2 5 sk
OB R, Wi aR R S i (Cab) o W EUREEE
FILALX T SIF s S U 3125, HOUR e 4R
Bobi TRRII 77.9% . iRJORfEER (V. )
BURS L, I HAELDOGR BRI 2o b By, Hl
JEMEARALAR K o Prikaziuk 1 van der Tol (2019) %
JFH Sobol 5735 43 M SCOPE-6S H & 455 Y rp A5 01 it 35
%)% LST (Land Surface Temperature) A Y = 5
BB, DL R 3 #F SCOPE #5785 Sentinel-3 I+ %)
OLCI Y SLSTR $ 4l Z [ (945 5 o IX SeAgg ik 7 iy
SR, ek 1 SCOPE B R Y 5 Ji AW o

312 RMEREESHEBRESN

Z: RO 3 B D7 AR B T AR O
B ALK R Ad . L-MEB (L-band Microwave
Emission of The Biosphere) 23 il -+ 1€ FIFE 8 1) 48
S FEAORLRL, XU B R B, SR
TRy . RHERDREEE | A OGS R R 1 A
B 7 XoF T B0 5 iR i o BRI 4 > 2 8 (L
4%, 2015; Wang %, 2016b). fIk & GRS f,
(b—factor) £ I A1 T A AR B A5 R Uk
PR R AR, T Hf, B BB 5 T AR % K
A TEHLRE . (Seo 55, 2010) . Ma 5§ (2015)
T5c LT 1 (0 IS 7 S A5 R AR o B A
9T LA R AR D7 PR ATEM. (Advanced Integral
Equation Model) h%&ili, >R EFAST 734 1 #h 5%
Z BN SR 5 1) B R B R . SR R
Hi KL RS B 2 7 AR 55 2 RMSH (Root Mean Square
of surface Height) A9 SURPEZE K FHABSE, Hik
S LKA KR s SRR . A
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PREL . ABTAA . MR WAL S SRR B
W1 s, RIARIET, S8 EHURIE R,
BE AT R 3 K, BB BAE B SUR e . 5
F A EIRAR, fERE B E R, X Tk
SRS R, MUY S HOR £ K
RMSH FIAHXT 5 - 87K 43 A AU Bl 25 A0 % A
B0 A R/ T 2R AR N 5 A B HAR AR
- HEIK % VAR AT R R . AR R SRR o) BT 4G
R, Ma%s (2017b) #8187 3K A G S 3 1 e
RS AR b =, R S E G o
A1 X AEURR R B 5 R R i LA

BT B B 3 3l SAR WL A B — 5 ) SO
TR, ME LA R A A S K o3 T R RS B 1% 5 e
B R A . Zeng %% (2016) FJH 5 ik Xl B A
PugERE (NSRS AS AL, BRSO Oy
Diff) RS, LT A AIEM P ELECHY 437
TIERMRAL . SR AL A DL RO A 5T,
K 5 RO Y Fe A . BRI, fEW
il 1 0 R R AU B 46 A5 8 AT LA 280 4 o) b
& [ AH % bR B B4 52 W [] s A8 T 1) 7 1] SRR X £ 4
IK 4358 = B BUR M . Zeng A1 Chen (2018) #F—2F
WA, FERCHHUE 4514, VV ik b HH A%
AR T RO R, FIRERAG M. K
B A SN T A OL R, WL R IR
(VV Ak ) b 58K o i st i K fb, TRl B e
/N b SRR 3 22 BRI RZ MR, DTk BUss
SR B 0T A K A Al A Y SR A B A UL AR 5
BEAh, AR A 51 A B M 36 S 5O I O )
BRSBTS TR R . 2 AR RN
5 B, HEm4R T ORDRE 2 1B IR RN S 5
BPEfE (Liu il Chen, 2018). Bai%s (2019) AT
P Ao D B WO AR S PILD, 3T EFAST )7
%, IR T Tor Vergata (TVG) F- 8k sl 7Y
I BUR SR, JE4E S SMAP WL (E AR & T TVG
B AN, Lius (2016) X7k F ot 2 0% 5
] B AT T SRR RS S P BT

SRUBNE AR 3 B R, AT DR B
TR NIGE 40 DRI 2 B3 R L, T Sk 22 B B
BRI N . SERURMEAE R R R B . AN
VB . ARV A B b 22 Sk, DL R SR I 2
PR, SR E AL M. KA
FEH, GG U ST T R USMAESE , &R
LB B R R, BB R R,

HARKIBIFEE T
3.2 ASUKCEREBIE RS

AR, FE i AR 9K Bl 1 A AR K SO R
e SR g NN VA R AR S ) RPN €8 & 8 i NP0 B
JRZERURE WG H, Zhu Fl Zhuang (2014) Xf
WRZEF AT S-W  (Shuttleworth—Wallace model )
PEAT T SRR E b, SEmi E TR g G
HESH, AR DU AE SR X S-W Y 1Y) SC S 4L
SEIL T RIEARACAG B, X A AT AR AL B X 2 8
7S AR B e 1y TR S B, T HA A e R b
MRS HCRE N T AR "SR WL
Zhang%% (2017a) F1Gu%s: (2018) RHIET 245
it i Sobol UM E M 7 1%, FEAERRUE Lot 7
PT-JPL (Priestley—Taylor Jet Propulsion Laboratory
Model) 1 225 B TR S 50U, BP9 R 30
AFEEPSEB T R CHSHRAV B 2R, X
SR B B rh 2 X S5 R AT e A — o 1R
Wi, P LA AN AR R R BT W S it AT 2
Attt SEULE i PT-JPLATRUR AL &
TR R R RS E LT ELX 2R EOR AN TR 2 4y
AR A T — & B o X SNTHERM - (Snow
Thermal Model) #5254 (1) Z B HURAE 0 A 9L,
TRHE S BON R 5 i i U BRI RES A
XF 2% H R0 LA A P BCREURR R 2 X )
AR IR L ERTBURL I/ AR HA R (X2
4, 2011),

ZSRURAE 53 B O A 25 FIAE 18 SR EK B 1Y
RS BERI AR ) A KB o Biome-BGC 2 22 it
WA SERER Y —, ZERB AR 2R, JEL
P 1Y 22 BRI IR B A, AR PR R SR
Z Bz A EAEN . Yan 5 (2016) FH
EFAST J5 #1151 T Biome-BGC 5 Bl 1) fU S 48,
I AR 7 B R AE R A A R A T
I ¥4 #5481 GPP - (Gross Primary Productivity) 5
MOD17 32/ 8 d GPP UG o fl¥G4E (2016) J
BT T Biome—BGC A5 BY Xif ¥t A= 245 2 45 filk 5 ¥ B NEE
(Net Ecosystem Exchange) #5481 1) 2 S0 M 43
Brs 22— (2017) J3#1 T Biome-BGC LA 254
BUSAR B i s S b, 4R T S R U
Beas () e PR HEAT 20 Sk SR m UK B . A
S (2012) SR 42 JR) SURE 23 B 2 JEOK RS AR K
A, RBUKRERER . BRI . H IR 85
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ZBOGAN PR g5 B B . Wang 25 (2013) X
WOFOST (World Food Study) YE#)E KAF R 47 4
YEDI S B BURIE T R B, S BORE A = AR 5
0 F S BUURIE BCE B, M H, FEARTE
R E KB B, SEURE S AR RN ZES,
ULIZEHL A TR B BEH S TR AT A . B
¥4 (2018) FF EFAST J5 ¥ % WOFOST 1 9 £
UMY 26 MR ST T RURYE BT, A 3t
fili b, PR R LALER R AR AR 5T, 42 T/NZ
PR . Yang FlGuo (2014) N T #5732 J8
PR EON A ER R Z I DC 2R, R Il ) AR
U T, RPN E a4 (WDVID) X}
F AR BE ) A w AR A AR R . BEAh, 2=
4 (2014) F)H MapReduce 3174w B2 4 A,
Sobol* 77 ¥ 1 VPM  (Vegetation Photosynthesis Model )
R A AR Y, 30 e X P A AR ASE 8 k4 Qo
HEATAE S5 380, W EG W FAE 55 L EANF Y
TR AT

B, SRR T B TR RS
B0 T 1) R SRR A, DA R S B Ak R AR A
bR (faifk) 44t EmiA B L THSE AL Y 1
PR, BB I AS R T S 805 R A B
EME

33 SHERESTIE

N T SRR 73 M 5 VR B T R S
SRR TR B 2 R, BTk T
ZAEE XU S BT AR E e TP, 7R
EEA G A fUFK L Simlab . SALib, PSUADE
(Uncertainty Analysis and Design Exploration) F1UQ_PyL
(Uncertainty Quantification Python Laboratory) 4 ~%{4:
FHo

Simlab #X 4 (https: //ec.europa.eu/jrc/en/samo/
simlab[2019-03-28]) J& — >3 T MatLab *F- 5 i
SO A, L 2 R R AU
PeA3HT 5 ¥4, U Morris . Sobol', DGSM, FAST %,
AR A BE A FE AT 2 BRI S . AR
et FH ) 5 22 9002 4% MatLab V-5, T2 )7 AT LG 9%
AT AR R AT, EOE PRATAS AN JF . SALD
(https: //salib.readthedocs.io/en/[ 2019-03-28] ) &
— A EET Python 18 5 4 5 1 S BUEUR M 20 Hr T IR
B, RS T R AR
B, HACEEH Python 16 H 45, AU E 24

. PSUADE (https: //comput.llnl.gov/casc/undefinty_
quantification/[ 2019-03-28 ] ) J&—AFTF C++1TF
AL, RIS e R GBS It T U
PrMUASER ETE o T B3RS, SR T REAR A A, 5
RIRA AT TH (Gan%, 2014), UQ_PyL (http: //
www.uq—pyl.com/[2019-03-28 | ) & b 5T i yiE K
PR AT AN — DG S T2 RS 4
AFELESIEF G REEESG T SHATE
PEOIHT 0 T H A (AR B0r. BEARS T
Ko USRS A, B AL S A S EUAE )
F )T b R PR Y ) R FAS B o A 23 A B
5% . UQ_PyLfi Ffl Python i 5 405, W] LLAEA [R]
YERS T (W1 Windows., Linux #1Mac) i/, JfH
WA—1HPEJEFHE GUI (Graphic User Interface),
ALy b 5E AR At 2 (Wang 5%, 2016a).

4 ZRUURAE DT I3 LS B o3 B

N T k20 FBOA [ 28 B AU J7 1k Z 1A Y
FSe, BEEE T VIR A R R U O3 BT 7 v
(EFASTH3% . Sobol' 595) #EATX HikEe . Xf H
S HEPE ATEM AR (Chen %%, 2000, 2003; Wu
S, 2001), SRS HON GO R T AR B U
P For - HEA HE FCR H Dobson 274 (Dobson
45, 1985; Peplinski %, 1995) 1155 . AIEM 57
JE ML OB ) B, Horp, R RS
45+ 37K 43 SM (Soil moisture) . FLRE B 7 HR &
J& (RMSH) . #HOGKEE (CL). HIERE (ST). +
HEAL B % (Porosity) . b+ F1KG 09 F 70 & &
(Vsand, Veclay), ZE0HIGGRBUEERUF 2 PR .

®2 AIEMER GRS SR RBETLE

Table 2 The distribution and value range of surface

parameters in AIEM model

e fAFR B 5 F

3K 53/ (mm?) SM 0.05—0.45
HERE B2 3 5 AR e B em RMSH 0.25—5.0
IEBS N CL 5.5—30.0
3R C ST 10.0—30.0

A HELRRR Porosity 0.35—0.60

>+ H % Vsand 10.0—50.0

A A1 B A % Velay 10.0—50.0

%tV % AL A1 H #2461 EFAST F1 Sobol* 1 Fih 5 12
SR A M 45 AR 1 BT s, TSI AT MSI 4351 2k 2
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TS B (0 U FR SR R AL, BRI S 4L
J& SM. RMSH. CL 1 ST, EFAST J5 ¥ i %5 1%
RMSH UM 48 K0 755 T Sobol ik . MR 56 1

0.6
5
@2
ﬁ 0.4
=
#03
=
%021

0.1

O7SM RMSH CL ST Poro Vsand Velay
S8
(a) WA TT=R VAR AL

(a) The polarization mode is V polarization

[7] EFAST/7¥:MSI

[ EFASTAVETSI

BERWAI, SMM VAR S BUEHRECH 0.6, L
X HARAG Y K S A S AEURE, T RMSH X HAR A I 5
U

=4
N
T

SRR E(SD)
I

0 U
SM RMSH CL ST
¥

(b) Ty 20 Hl L

(b) The polarization mode is H polarization

[ Sobol5i%EMSI [ Sobol 7 TSI

Poro Vsand Vclay

K1 2T EFAST 1 Sobol 5k I S HUE B U 2B (R I8 (Ma 55, 2017b) H 2 8))

Fig. I The quantitative parameters™ sensitivity analysis using EFAST and Sobol> method
(According to (Ma et al., 2017b) with modification)

ARSI RN, VPR — MR TR, B
AR AT B 5 SRR ) 2 K00 52 2 A BE R 7
SE PR BB 23 BT (9 REAS DR A4 U0 32 2R S B,
115 o AR 8 O AL RE T 5 1 S SRR 45 %
W RETHR I SR SR B U s .
e, BURPEITE RO EE R, BRI I B9 H BRI
B SRR TR R R e FF
5 & B

ZRUEUIEAE 73 TE A W b AR R AR R A 1
AT IS BT, R R AR AN P L 2 S
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Abstract: Parameter Sensitivity Analysis (SA) is an important research method for Uncertainty Analysis(UA), key parameters
identification and parameters optimization in remote sensing, ecological and hydrological models. In this paper, the sensitivity analysis of
ecological and hydrological research based on remote sensing is analyzed. The sensitivity analysis methods commonly used in remote
sensing ecological hydrology are reviewed, and the advantages and applicable conditions of each SA method are summarized. Parameter
sensitivity analysis methods are generally divided into Local Sensitivity Analysis (LSA) and Global Sensitivity Analysis (GSA), also can be
divided into variance based, statistics based and graphic based methods from mathematical mechanism. Sobol 'and EFAST are the most
reliable and stable global sensitivity methods among the current sensitivity algorithms, which are most suitable for most remote sensing
inversion and model. There are many methods for parameter sensitivity analysis, so it is very important to select the appropriate method.
The initial setting of sensitivity analysis will also affect the results of the analysis. The sensitivity of parameters varies at different scales,
The parameter of remote sensing fluorescence model is also one of the key scientific issues. Parametric sensitivity analysis methods have
also promoted the development and use of microwave scattering/radiation models. Parameter sensitivity In the process of remote sensing
inversion, the order of importance of parameters can be judged according to the sensitivity order, thus providing prior knowledge for multi-
stage inversion. In conclusion, sensitivity analysis can effectively improve the simulation accuracy of hydrological, ecological and growth
models driven by remote sensing data, and effectively analyze the uncertainties caused by parameters at different scales. Parameter
sensitivity analysis can be judged according to the order of sensitivity so as to provide a priori knowledge for multi-stage inversion in the
process of remote sensing inversion. The difference of parameter sensitivity analysis in different scales, different bands and different
observation angles, as well as the parameter uncertainty, must be paid attention to and analyzed. The four platforms for sensitivity analysis
and uncertainty analysis also are introduced in order to make it more convenient for remote sensing scientists to use parameter sensitivity
analysis method. Parameter sensitivity analysis as the prior knowledge of the model promotes the development of uncertainty analysis and
parameter optimization. In future studies, Under the framework of Uncertainty and Sensitivity Matrix (USM), it is necessary to pay more
attention to the research of multi-stage remote sensing inversion by combining global SA, scale effect of parameter sensitivity index and
spatio-temporal heterogeneity of parameter Sensitivity. Meanwhile, the model construction and parameter setting are supported by prior
knowledge of parameter sensitivity analysis. Parameter sensitivity analysis should be combined with parameter optimization, data
assimilation, spatial analysis and multi-stage inversion to optimize remote sensing inversion and reduce uncertainty. The improvement of
computational efficiency and stability of parameter sensitivity analysis is the trend of future research, which requires multi-threaded
synchronization, grouping strategy and cloud computing platform.
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