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SRS SRR 2 ) SMAP #2130k 3R )% Jiik:

KA RMER,FE, XK, THF

LR  Ba R K SCK BRI IR 43 ot L JTHg A 4R 47500823 19 B TR 2% AR IEIRH I 2S5 B 5 BB E LR E,
TR FEAE 454000 3.0 B 4 H 4R 9% U W 0 R ) £ & yA Be L KR 450199)

O 45t K4 T 39 3h TR (soil moisture active passives SMAP) 4 HE /K 4> 72 i 25 18] 43 95 2 55 4 L #i L)
Tl K2 DX SO AN Pk i 5 SR A ) R, AR SC LT 7g 28 S BIF Y X, 3 — PP 2 UR SR 5 B R I M A 1 km H
OB JZ £ 7K 43 (surface soil moisture, SSM) & RUEE J5 7. 2L SMAP L4 SSM & H #5748 & , fill & 318 B 9% 5 AE = [H
F AL BAKE T IR R IEE 7 R A9 km YI145-1 km 375K W, #9 dE 3EF Top-k 35 Stacking M2
MR U SOBLE-Top5. 25 5 2 W, 4y 2 7 @A (R I8 F & 48 458 — @45 ; SOBLE-Top5 72 % . & Bk A4
1 R? 4390k 0.938 9.0.907 8,0.897 7 A1 0.963 2,375 #Ri% 22 (RMSE) 4344 0.020 8,0.029 1,0.022 2 #10.013 3 m*/
m® U 6 IR e I L R R 4 SR RS A i R AE AN Rl 2K R SSML i AR 4. SHAP 43 # 2.7 » SSM 3K sh L i A7 1
ZHER VEEER BT LHEEES BBELZ N T U RS 0 FEAE. 55 AT A XA b 5 W0 0K 9% U5 4
PR 43 PR 4 HEK o BUHE S

KR 1 SMAP; 3 2 1 MK 43 5 W R 5 22 45 Ve s S 0 2%

FESES P37 XHEARERD: A X E B :1000-2367(2026)05-0062-10

)2 LK (surface soil moisture, SSM) & A Fifi # 7K 18 25 | B8 & 58 4 A Mk FoR 00 0 B 28 &,
X AE A A R M VB TR O L T R R R K R A LA T S B G I R R Y R R K Sy
F BBl S TLRE (SMAP) 7 il PR H AT 1% 1 38 /K 43 OBV 08y 1 I ] 32 28 M AR 4 BROBE 85 R 7+ 8 WA IXC sl A
SER R RE A HE K 43 W ) F RO VR0 AR T SMAP = 3K 43 7 A 18] 43 B SR T BORL X DL A AR
SEAE VU L B SK B VR AS SERN H 3R R T A3 BT ARG A T T SR R AT B e A HE R B RO

P Ah 5 LS8 TR - K Ar R ROEEJF Je T R 5T . FEIR I 1T W BHL I 3K 3l Ge i 28 06 dE BRI AL 2
S EARE R R YT B B AT AR TT IS 98 R i B B T I BT A Ty T LR 2 S (R TR A
2D 5k RS ) R Bl 2 W B 7 1 o ) R T L AR B/ A SR A% e SR AL 2 L B B Y Y 3 AT
i BRI AR S8 e B0 25 R TN 37 500l I R B s G T 8 I v S BAH X RT3 L 38 T R A DXl b
B fH 15 I 25 02 A BE g A2 BRI s BLE 27 20 O 12 U R 88 ) DG 2 VIR ZLAh (0 VAR S B T 2 8055 2 IR A2
It 220 0 5T 2 AR R O R AN B S s IRV T K T R B B AR AT ORI RS LRk — 4R
S By 5 2R A T 1 e K G i R T Y E B ) I T A R P UL I IR R 2 S AR
AR AR JE AR A W] A B M A A AR I
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VT AR B BLAS 27 > J7 105 1 R i, O B2 BF 50 04 AL AR PR R B o >0 LA B B il 2~ SR o, ) 1 TR
IR G R R L LU TE SMAP S5 77 il 1) 25 8] 43 B3 R FI0IN RS 2 Ak, — SeF 50 3 it il 22 938 e A 3l
S5 AR 28 {5 B — 25 SOk R RUBE ikt B G BIL A 27 = i RUE v SRR ARY M: E Dk 3h K L A4 B — R A X
A3 0 219 22 57 04[] R, 4R J A7 > J7 1 30 AT R 7E T Rk S T 5 PR A AR e AR R AR B )z L% O i i
P 2 AN o o) 25 1 0 LTI 25 R e AT 4 G L DR TR AL B OIS B2 5 Iz AR RE AR T AT B AT ok A
TEZJ7 AR H— RS — B O RAEAE I 1A [F) 2235 B /K AE B -BE 1 1 B2 X SSM Y 22 S Ak 2 41 5
BT A 21 B 0 3 O o U 18 B N AR E M T I 5 L T AR T HE A R RE R R R BE L (ELER 23 AF 5T X kA
> i O U 2 A 2T A SR M S A R AN 5 = R i R 245 B T R e R HE T 2 0 X 22 R K
Bl RR B9 2= £ HLHRTE MR Bk = 58 40 S50 R

BT BaR ], A SCLATRT R 48 AT DX 4t — T 22 Y5 BK Bl 5 R Pk AR A T A A A ) SMAP R )ZE L
K oy W RUEE J5 1k BE ST LA SMAP L4 SSM 77 ity iy H bR 78 1, il 5 38 JAE B 5 AR 1 K VR Bk IR 7
J& PRI R SR 9 km Y251 ke HEBHE” 0% [ RUBE SRS 5 7E G B At B # PIRA A VB RKR A 43 2 i A
B, G AT Top-k fLi% 5 Stacking 1927 P 4E 2% 2 HEZE SOBLE-Top5 (stacking optimal basic learner
ensemble Top 5),i#—# 454 SHAP(shapley additive explanations) ik AR ZH T ESWH KR T 1Y
DUk 2 S 5 M I BL L.

1 MRXS5HIE

1.1 HEXHR

WA (31°23'~36°22'N,110°21" ~116°39"E) . F AL P S pg B . ALY 16.7 J7 km” . & F& B F 2 ARl
7 X5 DX R S P SO B R 52 VG R AR AR 4 Jd o 7 3 DA L b P B2 SR 32 P 2R 3 Dk BUE I 7 L MR R
PRAFNT #1822 5 B 0, X 3R )2 - HEOK 43 (SSMD) 11 23 1] 43 A HL AT 55 5% W32 X 1B Il A -6 0 By 5 O 7Y 2
AR AE BRI 12~16 °C L AE K2 500~900 mm , {5 24 A 8RR 53, + 30K 40 % ik 5 0 48 o Fe L
AW 2 22 R R R A B A A AN RO AR VR W A R AR, R N S, R R
1 7 26 A 22 /K BOIR A AR AL B 5L R L. 2023 4F 12 H & 2024 4E 11 H 78 1% X 3 FF i 22 U8 K0 88 3K 3 10
SMAP SSM [ RUEEBIF 5 o %48 AR Ml 5 W 000 R = 398 7K 43RG 20 Ak 3R F LA 3 238 .

1.2 #HEFRIE
1.2.1 SMAP + 3K/ B

SMAP 1F: 55 J& L I B 1 587K 43 W i 55 227 5, ELAS By 0 1 38 1 i il 5 4 Bk 2 00 I i ) .ok
FH SMAP L4 248k 3 h.9 km £)2 5 X LK 5377 5 (SPLASMGP) 15y B A5 £icdis I, £ H i 3% 2 115
KAy AE AT A 2 BRI T DL H RE AT R A RIES H R IR/ AR W+ — 8L R 3 h =
i AR AT R R) SR A Can B ¥ (8 sl e 9 9 B0 A 19 B RO G it i) A iE 2235 H 3R 2 58K 5 (SSMD 41
1.2.2 28R 5 K 58

B K Zh R E R [ A EER RGO (MODIS) M 55 43 3E 2% 4 i 78 36 72 5, JT T F20F M 36 Ak
JKBOIR S TR 2 2 F 3 I MODO9GA \MCD43A3 . MCD15A3H & Dynamic World V1 258042 5 , 3f:
it Google Earth Engine(GEE) - & 3 BUHF 75 #H 9 i 4E .

DMODOIGA Hb 3 7 5 2 . 2 43L 2 3 B S8 1E 36 I 8 2R, 0] i F 3155 5 — 16 48 9% 38 28 (normalized
difference vegetation index, NDVD) . 14 3 %Y 4 ¥ 75 %0 (enhanced vegetation index, EVD) ., I3 — 4k 7K {4 5 %%
(normalized difference water index, NDWD) | IH — 4k £ I Bt T 5 45 %t (normalized multi-band drought in-
dex, NMDI) %548 $i . DA Z1 i A% 4 A= 4 i 36 3 ACIR S AR b 356 F QC i o i 5 1% o0 I X Bk 2 4% oe ik 47 i+
Vi) 47 B o DA RAEG 2 ¥ 45 500 0 dfe 2 2 o 4 G 31430 2 =2 DL BfE s 26 S

2)MCDA43A3 BRDF/Albedo 77 fit : 5 T W] 52 5 43 A7 bR %G (BRDE) #4524 il 4 H s R, 3R A5 1] 0L %
B #R (Albedo- VIS) FE 2141 i B 52 5 % (Albedo-NIR) 48 5, F T fz e b 2% 48 5 5 1k K2 G 5 K G i
A LR,
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3)MCD15A3H LAI/FPAR 7= i . FH F 4R Bt 18 #1485 %k (leaf area index, LAD) , b 76 48 8 2 35 %) £ 4% /K
G378 S T AN I R AE X LAT 7™ [ ifE AT 45 o0 20 i 07 A -5 Bk [ 4 0 0 LA 394 8 v A2 B

4)Dynamic World V1 + i % 35 8085 3R 4L St 10 m M 3R 55 28 BU(5 5, AT AE S + b 88 35 25 58 (land
cover, LO BB P 7, Z1 0 AS [] F #4601 5~ SSM. i [ 25 53 78 FEAR b #0803 B LA Sy 43 28 A8 i A 5 700 A
It (0 4k B T 2 sl G o R N JO S 28 ) A8 e SRR A M 22
1.2.3 KR 5K

SLHF T RAE SSM (1S I 3K 25 5 37 1 15 5t 2, Horp i 3R R 7 5 B K2 %00 728 & 22 — R
MODI11A1 V6.1 H R E 1 km #1 3€ #E # (land surface temperature, LST) UL K H R EE B 7K £ 5. Horp,
MODITAT Fdi R F T 3 6 (QC = 0) i 35 - 25 G 18 sl B[] B 5 255 () g 30 0 g o A7 Mg s 410 o 15 ) 5 de
P b B 7K & (precipitation, Prec) 344 5% ] CHIRPS v2.0(0.05°, H R ), Z 50 @l & T & A5 5 3 50
I e Al 55 7K SO A A ELAT A e] FYE.L DL SMAAP DR G 24 H R 7K 1 Sk 226 28 00 2%

1.2.4  +8EJE M5 HO 4 Bh B0

g 5 P T 32 B 20 SSM. ) A 28 (R 29 3, R B RS R4 A B b R 25 R 1 B R IE R
SR IR T HWSD 4 B8 2 $2 B3R 22+ 3 0 & 1 (Sand) B AP & 2t (Silo) (B + & i (Clay) £ HE%
& (bulk density, BD) %48 &, 7% F§ NASADEM/SRTM K4 3 [# (Slope) L3 [1] (Aspect) | 5 F2 ( Elevation)
LA K T 18 & 18 %0 (topographic wetness index, TWD ZE#0 I H 7. =, TWI 3% T3 & 590 5 2 A m A3
TR A M TR Y KA ) RV 7 T R A 8 B AR UL B SR S1(5) A (6).

1.2.5  Hiar o s 4= 39K 45 0L 4%

b T vl U0 I BB R AR AE K SCR R AL L 36 322 A Wil s, LI R BE AU FE 10 em 20 em .40 cm, B H £
AKX (0:00,4:00,8:00,12:00,16:00,20:00) RN ICELA ST H REEMFFE B bR X5 b a0 0 47 7 0T 4 45 ]
RS W 5 G B BHED IR T H RER G B 2R 10 em R H ¥E S 5 R0E. %5 245 A2, SMA-
PL4A RJZ 8K B RE S HTE 10 cm WL ZEFE7E IR E 25 5, 3X 0] RB A Ol — 2 B0 UE AN ff o 1 o (HAH 28 V% 2
K G H ELAT B AR S L DR 2K 6 E D A X IR A g v HLAg T g Az pE T
1.3 HERLESHANRE

JARGE SMAP L4 SSM 5 Z I8 3K 3 K -1 RUBE — B0k . A SCR A9 km II1Z5-1 km #EHL” A9 FEAS 1 2256
W& B4, X 10,30 T 500 m 45 &/ Hh A3 BB SR A7 23 6] 3R A, 6] B8 7K B0 R FH XUZ 1 47 1B J R A B L 52
— 1 1 km 3K A FEIEE B HRAE 9 km RJE I 5E H SMAP L4 SSM UG e #4 8 W 2 2] R AR 78
EFE B B B U 255 1 2T AR R T 1 ke 3R 30 A L A2 AR 1 km HORUEE SSM R RUBE &5 52 R I i
i ¥ G0 KL 23 B % H AR AR 1 5 1R 43 R OK g R LR O 5 A ) RUBE SR ()R B 5 40 B R A R 401

B X 22 5 3R SRR G R = 15 e i O (B R S AR 0T S TR) R, AR SCXE MODO9GA L LATL LST 4575 &4
HEAT JOT £ 07 36 , ISR B[R] 4 1 L 1 T Ak 3L R 3 ST U i 45 Oy T R AT A D RN M Ry 2 T Y v 2 S R IRR S
SEREATEREARRI S AT 2-RAE 2 H) VBFEF -5 ) VEZF(6-8 H)RIBKZ (9-11 H) . 4 277 43 i #4 g ik
SEREARSE L HFTE O km RUEE 4 70 %6 R 30 %6 K] 43 Y125 4 55 W03 A N 25 000 3 A A B B B3 A R A a4 BR LB
IR o T0 R0 — 20, BR AL S 8000 DI 2R 88 3180, DLk G {5 BUIIEER S S 2O 45 210 1 e #4455 SR 2 i (1) It
FEPt B A 4FE 1 km SSM 7= 5.

2 Fik

2.1 REEREEZR

AR SC SRR RRE AR UL R SR P S2. 1 A, X Rk ARG L S T R b R Al B A AT O A R L B R
WA H A M W E R A AR 2R EF I GNBLCEBIE FE—RAEE 9 km S HE IS
SMAP L4 SSM Rt %14 JEFEAS ; Bifi J5 #ic 4 VB VB B AL, 25 ZR 5 RE AR 70 0 F1 30 26 3] 43 I 2R 4 55 T ik
BT INGRE Zr 2 A5k Fe 2 > 2%, JF 8 AT 38 ISR i 2 R B BB 49 & Top-k 41 5 Stac-
king £ BURL Y 4fE 3 B B B I 2R by i 2299 P AR BB AR W T 1 ke F5000 XA A% L AR SR X 1 km H R
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SSM [ R 45 B e T LU 25 e 4 AE 221 1 km SSM. P f o TR BE TEAY | I 25 43 87 18K Sl 4L 11 it .
22 FTHHEBEERBE

FEDXIUR B SSML R RUBE v, 25 2R FH 4 4 58— AR, 308 5 B8R DA 4 A1 R AR 52 AR G 1) i A s Bl 5 G
2R 0] R A8 52 2 A s e B S, B K A L 2R R R R R A RO AS R L BTG Sh 3 B B Y
25 B EIR S T oA S SSM IR R 56 F Bl 28 45 & AR AR R, A AR RE AR BB IR A I 2R BT P OR R
A g AH AT RE 55 AL AR 25 R K A0 i 5 TH AL I A4 22 5, J0 H AR 2 2 [al iz TR T A RBK 2 80 3K 45
B G 7 A T A 25 R I AR SR 4 ZE T R G L F B R R R B A S R oA B (12-2 HD VR
(3-5 ) EZ(6-8 JI)MBKZE(9-11 )izl 4 7 UM B (8 T2 8, 0F 5 A RERE AL ZUME R 1L
L2y R Qo Vi W[ B = VAR = SN S o o = N B 7 i | B T o 1 e | B2 SR B S = 2
AR Ba UL R SR 3R S2.
23 EBEEIBHESMHE
2.3.1 fEBESLES AN E

R AR LR PG e ) R 2R 1 T AR AR SO A S e A A R R — 28 O S X L
FRERPERIAL (4 DNNL.GBM . DRF) , 55— 28 g /] T 57 Jo7 82 il 1) ¢ 1 k27 2] 8 4 & (41 RF . ET . XGBoost, Cat-
Boost KNN, LightGBM). H: 1 ,DNN HF R L FE K 3h 75 SSM Z I A M 2 22 64t X R, B R
3 ERR )R (128-64-32) K4 B, 8 28 45 ¥ $2 45 10 R 48 M 005 R W R I E 2 K 2 R 10F . R LA Adam £
LB 5 IE AL 295 ; GBM BRI 2805 B ol 100 BR U SEA , SRR R KUK BE 10, 2% 2 % 0.1, JF 3@ i L4738
S UEFE AT AR VAL DRE Gl 5 A 2 SRR I ZRAE A T4T (Bootstrap SR AR FIRFE 51 (BEHLAF1E F
£5) 1Y WUEE BEHLPE A E#E . RF VET . XGBoost , CatBoost, Light GBM %5 bt 1 7 35 & b B S i R | 22 98 75 & R
2R P RS T ) A, A e S 0 A R R SR 5 55 KININ AT A A Jey S M L SR 3 0 AR B 802 2 B R0, ] T 4R
b 5 R AR TR 2 S A 114 158 2 65 4 ) R B SRLVR ML 22 5 W R 5 S S A A B B R 25 HOANE )
2.3.2 ) IRPERE T ok 5 0 ik Kk A

FE 2 ) DAk I 37 AE AT s AL R R LAl T 20 560 6 B A SCR M 8 RMSE (root mean square er-
ror) i \R* LYFBEAE " I L5 e HEATHE Y R85 & T4 58 SUIRIE 24 (B 25 S 5 B HORE JE AN B A AR e Mk X T
AT PR AE B BE L AT MR B A ch S BRRT £ S (ke =2,3,4,5) 52 3] fe ik AL AR I L DU H B A [ 4 A AR 1Y
W25 5 TUAR R
24 FETLHERFEIFTIE
2.4.1 MRS 2 HE SR U T LIS

B AR TE M SR N 5 S REAR AR A S B0 TR R (1 S, R B R () R D Bl R
o)l i A 2 A B 25 R R B A o A TR AR 25 5 5 25 22 (R U B O ST o DA T R T O AR A R Ak
RE 7 EE XA AR 5T 04 4T MR RRAE L A SCR T 43 240 A AE - R 4T P S o A A I X)L B e TE B 4 B
R ARG AR A AL ) S5 0, PR R AR A 3 I ) AN ) B 0 1 13 2 b
2,42 BE2E A GRS Top-k LIENLH

Shy it G B2 [ S B — 2 A BB A SR Top-k 4G AL L BRI H 25 45 Py 36 2% 2] 28 v BE HE )P 25 5% L 40 il
¥4 3 Top-2.Top-3.Top-4.Top-5 A5 H 5. I LI AR £ (AT 19 4 5L B % B 11 BE 5B P74k« 1% Jn 485 750 %%
PR ML ES A REAS B0 TU A Bk 2% 2 25 X S R R 1Y TS A R REAE .
2.4.3  HEBAE A 2 B R

Z= M stacking BB A A SCBUR AR AT

D BERIYI 25 5 5 2 2] AR 5L T PyCaret “F 5 2 3. 1 96 B S5 16 AE A4S BE HL 0 43 2 1 25 4 Dl il 4, 1E
B3 51 h 70 Y6 F 30 %4 Ay ik e AN () ek 20 A% e 04SR5 A s ) BT O SRR AR 28R I R 4R G i i AT
z-score BRUEAY , 45 FH )55 0 00) 107 ] 3¢ SCHGTIE | 00 38 0 9 2R B B LA B 1 A7 S8 3k 5

2)7E Stacking B R L B I 2k M AN F2E ) 8% OF 8 1 3T 28 OB IE A AT A1 T Cout-of-fold
prediction, OOF) Bl 5 . 25 H 2% 2 23 19 OOF Tl 20 5 T W e R AR 6 B FM, FH-F I 2R 702 2 4 MO iy
B A% B2 ) A A S B U R A 1 FB U S5 o 9 o 3 4 A T 45 SR Testl, Test2, -+, TestM, P H J024 2] %
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MO Fili 15 15 3] 5 4 50 AE.

3) TG > BEARE A W] 2245 R o o) 8% 10 52 IR AE R B E L Hoh ET 24 %  H F MK E LM A RF
TER RIS T OOF 10Xt 3 W] — B AR72E 5 SSM, B A — By f AT b g, Hoos24 2] 25 R A,
X 4 M RUBE AR B AN SRR, PR LR X OOF F0 32E 47 451 71 bk 1 £k A 2.

2.5 HEBEITM

RERE VM BRI BE L A SCR A SC R B (R) Vg REC(R?) (07 AR 22 (RMSE) |- 3 4 Xf i 2%
(mean absolute error, MAE) fiff 7% (Bias) &84 3P . R 5 R ATHEL G5 —8 M 5@ B)E ,RMSE 5
MAE FTRAERZEWR B, Bias HT SO 2 ek e Al SRR 8T 1w o A OGR4 WL s 38 S1(7) ~ (10).

26 HEBETIE

R R 2 P A U T AR R [R] Z2 45 R 1 3R ol B DTk 22 5. 91 A SHAPYY J5 ik SHAP i F & 1 i g8
WY Shapley {BL , 44 A5 78 T 43 fif Ay 4 i ACRE OE X 35000 45 58 1) 321 B Bk, B R B B 5 4 Rl B R
AT E A P R S I O TR AR R R AR R AR, SHAP EL 8% ) 2 I F IR BT 8 I K SCA R 5 M A HL A% 2% > i
B3 T s AT A48 s A 2 M ASE AL 1) SC B IR 2 PR - K O [l AR LA BIF 58 R ) SHAP 19 8 A T — 7
T 21 PR AR OB B & 2 R Lotk 2 M) 28 5o aF 2 A AL G 2 M 0l 3 22 850 DA 1 42 S AR 1 DTk s O —
T3 T A SCORTE A SR T B HET R AL R ] 3 R AR AR T SHAP 7825 BRL | #2524y [b
B T B B S — i AN i R g

3 BREZRSBERIE

3. ETHEESLFTHERGLER

ABEFE S BT R W 53 5 @A R T 4R — AR (B S 3R S3) L LI R =75 T SSM 5 M EE IH 1 1Y
Wi O 6 R A7 16 B i 22 7 /% RF MRS 2 4E 48— 5 RMSE F&MR2) 12.3%, R* - TH2 4.4% s X 41 TH
JHIELET 1 RF #EELK R? 43 9155 F) 0.949 3 F1 0.947 9, RMSE (245 — IR L) 47 % ~50% . B 7
FRK ZE A R 1 25 HAT — @ AR 1, o 22 ET f R* 5 0.872 7,8k F ET BB R* 7 0.864 7.3 (k%
FHET.RF S BB R B A R a2 . 17 LightGBM K BE AH X 5 (0. 25 5 U8 W, 40 2 77 S A5E B 00 A R84 5 A 750 St
2 PR K A R A 3 N R T A R R 5 TR B 2] SR AL TR
32 EFHERFEIFEEETERY
3.2.1  A[EER BT BB E R

XA Top-k 414 5 7] 4 5% 4 W% (Blender . Stacking) (4 L AE 2 B, SR FH“ b B2 S B B2
"1 Stacking SRS TE Top-5 A& T HBAIKKOR AL (B3 SO, B SOBLE-Top5. 5 2715 W fi 5 — k2 )
TRAH L IZ RIS AE R VB B & T ZE R A0 4 T 4.65 % .3.06 % .2.85 % 11 0.98 % , RMSE 43 5[ 21.22 % |
11.14%,9.30 % 1 9.55 % .3% — &5 - K B, SOBLE-Top5 BE % i £ 155 A1 B MR 22 K . 76 AR B0 TR
H AR A Y 45 AR L Z R e B A A Stacking R & H A — & #2 T AHERK & = 11 UL RE 9% 3)) s Blender 3R
W T AR o 3k B B AR AR L T A H T T AR T 2 9 d A A A
3.2.2 ARNBIARL 5 AR RE LA

MHRA AR 25 3R W, SOBLE-Top5 7F 4 217 B R FF i oV ae AR B R 47 19z AL e J (BfE s S5). =
FOE A ENMIRE FAY R? 2091355 0.938 9,0.907 8,0.897 7 F10.963 2,RMSE 4354 0.020 8.,0.029 1,
0.022 2 1 0.013 3 m*/m*®, MAE 43524 0.015 1,0.021 7.0.016 7 1 0.009 7 m®/m?®; i R* 4K
0.93. & FXMMHM (R*=0.963 2,RMSE =0.013 3,MAE =0.009 7), $i 8% Z= 45 F Al 5 SMAP L4 SSM
() — BOPE BT iR 22 AR, 5 BB AU [ . SOBLE-Top5 X} DNN {148 T+ Jt 4 W i 56 T 938 4 45 5, SOBLE-
Top5 % DNN 7E MU ZE Y R 43 4R T+ 11.96 % .24.53%,20.19% F1 12.58 % . RMSE 43 5| [k 38.28% .
41.57% .36.39 % F1 49.62 % . MAE 43 BIFEAK 41.92% .44.07 % .40.00 % F1 51.50 % Horp, 28 R* 45 7} i 75 &%
K, M4 ZE RMSE 5 MAE W fie K, 1t B 48 iR s 70 A [5] 2= 715 19 1 25 28 B R AT 22 S AL AR Ak

TEZE PR L Al T A9 & 1Y SOBLE-Top5 7E YIl 25 Bir Be B 3% 30 ) A2 5 1 34 B S & S5 45 R W,
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SOBLE-Top5 7E 5 . & Rk A& RN 24 119 R* 4352 0.932 3.0.894 4.0.889 3 Fil 0.958 6, X Jii RMSE
435 0,021 9.0.030 3.0.023 2 A1 0.014 2 m®/m®, MAE 4354 0.016 0,0.022 7.0.017 0 A1 0.010 4 m®/
m” AR T X b B A, SR W AR [R) 2 W AR A o A N B B LA e 0 5 U1 g
3.3 BERE SSM #i AWiE 585 —3H
3.3.1  REEAVCEC R B o by

FEAE SMAP £ 2 +HEK MR EE (2 5 cm) 535 SR (10 em) A —B0HE R B2 00, A SCHETF
10 cm 3l 15 000 B8 T 88 € B S DC e UM 20 . A 10 em WL M L E (A = 0) , B EE“5 em 2B 7 B % F
5 SM5=SM10£+A, Hrfr A #L 0.01 F1 0.02 m*/m’, J§ T E/RKJZAXF 10 com J2 I 92 35 T 1915 5%, IF 557
P15 Bias I RMSE.[ff 5% 8l S3 45 7R . Bias B A Rl 12 1 P2k, LR AN UL L R 2R IH &R
GiVEmFS ;24 1A =0.02 m®/m® B}, Bias 215 40.02 m*/m®. 4/ L Z F ,RMSE %I A US55 , i 1
5t R 0.051 42 m*/m’ ¥ 2K 0.055 21 m®/m’ KR F R EEASDC T 32 250 W) 38 G0 M 25 X B A 1 22
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Downscaling SMAP surface soil moisture using multi-source drivers and seasonal ensemble learning

Zhang Chunfang', Zhu Shengmin®, Pan Deng®, Meng Wenmin', Yu Haiyang®
(1. Henan Jiaozuo Hydrology and Water Resources Forecasting Sub-center, Jiaozuo 475008, China; 2. Key Laboratory of Mine
Spatio-temporal Information and Ecological Restoration, Ministry of Natural Resources, Henan Polytechnic University,
Jiaozuo 454000, China; 3. Institute of Natural Resources Monitoring and Comprehensive Land

Improvement of Henan Province, Zhengzhou 450199, China)

Abstract: To address the problem that soil moisture active passive(SMAP) soil moisture products have coarse spatial
resolution and are insufficient for regional fine-scale applications, this study proposes a 1 km daily-scale surface soil moisture
(SSM) downscaling method that integrates multi-source driving factors with seasonal ensemble learning, sampling Henan
Province as the study area. SMAP .4 SSM was used as the target variable, and remote sensing vegetation and energy factors,
meteorological precipitation factors, soil properties. and topographic factors were integrated. A "9 km training-1 km inference"
strategy was adopted, and a seasonal ensemble model named SOBLE-Top5 was constructed based on Top-£ selection and Stac-
king. The results show that seasonal modeling generally outperformed annual unified modeling. The R? values of SOBLE-Top5
on the spring, summer, autumn, and winter test sets were 0.938 9, 0.907 8, 0.897 7 and 0.963 2, respectively. while the root
mean square error(RMSE) values were 0.020 8, 0.029 1, 0.022 2, and 0.013 3 m*/m?*, respectively. Site-based validation indi-
cated that the downscaled results effectively captured the temporal variations of SSM under different land-cover types. SHAP
analysis revealed pronounced seasonal differences in the driving mechanisms of SSM, generally characterized by "soil-property
dominance in cold seasons and multi-factor synergistic control in warm seasons." This study can provide high-resolution soil

moisture data support for regional agricultural drought monitoring and water resource management.

Keywords: SMAP; surface soil moisture; downscaling; seasonal modeling; ensemble learning
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Tab. S1 The formula of this study

P A il
(O NDY] = Prie P Oie ~Ored O biwe 59N 7R JT 2140 L 2150 I 6 U B Y A 3R
Ouir T Prea 0 i P ~Puniss ST BT RIS 1.2.3 W BEHO ST R.G —
@ EVI =G X L+pm,+(pwx de'_ T 2.5 R AR L ER T RMERKL = 1,01 = 6.0 M1 C, =
o oo 7.5 = B A
NDWI = ———%
Coir T 0 sin
4 e — (o0 i
DI = G
5 slope (radian) = tan(slope (degree)) slope H1 SRTM DEM %8 4% 2 ; i Bl B ( flow accumula-
tion) K H Hydro SHEDS 15 s it £ 2 BB 47 $2 1
o TWI = ln(%
N 2;‘;1 e =2l M =M N g S B AL 9 SSM REAR S A AL ] Fl ) 4y B R
k= SV S 5 0 HOR SSMRIA G A S SSMLa B oM oyl
. ’ ’ W SSM AHISE SSM AR A FL— 1,17 KXIil, 4 R 4
0, 1] KW mf, 2 W «F fe ZMBIEM: Y R AFL—1,.0
Xl 20 o7 A 2 B S Y R o i, 2 2 R
€D AETEAH . T R A R, 7 I RUBE WF 5 o B — $8 45 W g
A i LRI AR SR 2 PR AR A TE A L O LI 4 45 SR AR N
(10) J7 A AR g
an
2 EETHAFESITFR(IIE/NK)
Tab. S2  Statistics of sample numbers for each season ( training/testing)
TR 43 i fi /d I R G R A B I R AR B
LT (12-AE 2 D 91 158 613 67 977
HE(35H) 92 160 356 68 724
H7(6-8 1) 92 160 356 68 724
FFC9-11 A 91 158 613 67 977
LA 366 637 938 273 402
RS HETELFTHERBMEREL
Tab. S3 Performance comparison of base models between seasonal and all-season modeling
o Xz HE ES &S St
RMSE R? RMSE R? RMSE R? RMSE R’ RMSE R?
ET 0.0157  0.9493  0.0283  0.8869  0.0341  0.8727  0.0256  0.864 7 0.029 9 0.869 7
RF 0.0159  0.9479  0.0278  0.8909  0.0370  0.8497  0.0280  0.8390 0.031 7 0.833 4
KNN 0.0240  0.8810  0.0304  0.8689  0.0469  0.7592  0.0319  0.790 4 0.041 8 0.744 3
XgBoost  0.0254  0.866 4  0.0321  0.8540  0.0416  0.8102  0.0321  0.787 5 0.042 5 0.736 7
CatBoost  0.0254  0.8664  0.0318  0.8568  0.0421  0.806 0  0.0327  0.779 6 0.041 1 0.753 5
Lightgbm 0.0357  0.737 1  0.0411  0.7610  0.0505  0.7210  0.040 4  0.663 9 0.051 1 0.612 9
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Tab. S4 Performance comparison of downscaling models under different ensemble strategies

4
H T B K 47 HE H%E A%
RMSE R’ RMSE R? RMSE R? RMSE R’
Blender Top 2 0.020 8 0.912 7 0.026 9 0.897 3 0.037 6 0.844 9 0.026 2 0.020 8
Top 3 0.020 8 0.917 3 0.027 3 0.894 2 0.036 5 0.853 9 0.025 6 0.020 8
Top 4 0.021 9 0.907 8 0.029 7 0.875 3 0.036 9 0.851 0 0.025 9 0.021 9
Top 5 0.023 2 0.896 6 0.028 5 0.885 2 0.036 6 0.853 0 0.026 6 0.023 2
Stacking(Linear regression) Top 2 0.019 0 0.930 9 0.025 9 0.905 1 0.032 9 0.881 1 0.025 2 0.019 0
Top 3 0.018 5 0.934 5 0.025 7 0.906 4 0.032 7 0.883 0 0.027 0 0.018 5
Top 4 0.018 5 0.934 5 0.025 4 0.908 7 0.032 7 0.883 1 0.026 0 0.018 5
Top 5 0.018 5 0.934 5 0.024 7 0.870 0 0.032 4 0.884 8 0.026 0 0.018 5
Stacking(Optimal basic learner)  Top 2 0.014 3 0.957 7 0.024 6 0.914 1 0.031 7 0.890 0 0.024 5 0.014 3
Top 3 0.014 2 0.958 5 0.022 1 0.930 7 0.031 1 0.895 0 0.023 4 0.014 2
Top 4 0.014 2 0.958 5 0.021 9 0.932 3 0.030 8 0.896 3 0.023 2 0.014 2
Top 5 0.014 1 0.958 6 0.021 9 0.932 3 0.030 3 0.899 4 0.023 2 0.014 1
xS5 BEVFAREERMMEEITLL
Tab. S5 Performance comparison of different models across seasons

o . &7 EEs HZ= &S
Pl RS i g UERS 3 A UERS 3 A pIE RS 3
DNN R® 0.862 5 0.855 6 0.855 8 0.838 6 0.750 8 0.729 0 0.728 9 0.746 9
RMSE 0.025 8 0.026 4 0.031 9 0.033 7 0.047 7 0.049 8 0.036 2 0.034 9
MAE 0.019 3 0.020 0 0.024 6 0.026 0 0.037 2 0.038 8 0.025 7 0.027 0
GBM R® 0.928 4 0.913 2 0.914 4 0.887 5 0.871 5 0.838 2 0.862 5 0.828 3
RMSE 0.018 6 0.020 5 0.024 6 0.028 2 0.034 3 0.038 5 0.025 8 0.028 7
MAE 0.014 2 0.015 7 0.019 0 0.021 8 0.026 3 0.029 8 0.020 0 0.022 4
DRF R® 0.938 6 0.912 3 0.906 0 0.845 3 0.882 9 0.815 0 0.870 9 0.802 9
RMSE 0.017 2 0.020 6 0.025 8 0.033 0 0.032 7 0.041 2 0.025 1 0.030 8
MAE 0.013 1 0.015 6 0.019 8 0.025 4 0.025 4 0.032 0 0.019 4 0.023 8
SOBLE-TOP5 R® 0.958 6 0.963 2 0.932 3 0.938 9 0.894 4 0.907 8 0.889 3 0.897 7
RMSE 0.014 2 0.013 3 0.021 9 0.020 8 0.030 3 0.029 1 0.023 2 0.022 2
MAE 0.010 4 0.009 7 0.016 0 0.015 1 0.022 7 0.021 7 0.017 0 0.016 7
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