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F AT EBEALRMAR T EZRI GPM EEERE/KRE

R, F4°, Wikk', #Ab 4

LILARBHEK2E M523 mME B 2E, 55 266590;
2. M A IR A FRA ELL BN 313000

M OE: DEBEREK SR YRR BORTE R . St KOOI i) R, (0 H RTE A 1Y A R K
PR, HAAE—EMRSEwE. Wi, AT AHEESIERARA R (WP . NDVI, #FRE
JE L GERE) KRG LR SR K Gl ) s A G, AT —FiOBU B s [ BEHLAR MR SRF - (Spatial
Random Forest) J77% (SRF-SRF). LAPH)I48 20154E—20194F GPM (Global Precipitation Measurement Mission) H
FEoKEAE 0, 5 1) SRE-SRE X FL BTt 38, IR g RS I 78005 i b A, A& B n = (GWR) .
R ERE M4 (BPNN) . BESLERAR (RF) . 35K Kriging 56 {8 (Kriging) . 28 SRF [ RS 5 (19 MU B 2% 57 4%
MrAZiE (SRF-GDA) . £ AU AR (A R R JE 19 SREAZIE (Bi-SRF) LI K AERE/K 48 SRF [ R S5 4% A HL 1) 43 fid
JERIHISREA&LIE (SRFdis) 45, SeieapdrWl. (1) FEHARE L, 554 GPMAHLL, SRF-SRF #1354 %t 54 22
(MAE) (57T 19.51%, 2% (RMSE) KT 16.35%, T KA THAG I ; 2 R¥ |, SRF-SRF/EL
FiRZERVDN, HEFFRERK, (AHAHRS AT 2 AAFERE b, JETFSRE4F57E (405 SRF-SRE,
SRF-GDA. Bi-SRFflISRFdis) {7 GWR. BPNN., RF, JfH SRF-SRFITEAEE T H K BAY Bi-SRF M SRF-GDA.
(2) SRF-SRF F&/K= fh2s (B 0 A S Aty , HR SRR K AN A5 2 R8T, (3) BB RF X4 [ s vy
B, Bk 2s (A G M TLR 1 R K i 42 FH A HEE . (4) 3EF A R SRF-SRF fil & 4% AR
TR TAER BERY SRFdis, F2W] NDVIA] JH T X 58 3 REE K i 3

KR R, MoK, BEREE, Smala, FEPLERAR, GPM, HlLAR

FESES: P426.6/P2

SRS BARE, T4, REE, B A G .2024. 7 A Z E BT ZRA GPM LE B BME/KRE BB, 28(2) : 414-425

Hu B J,Li W, Chen C F and Hu Z Z. 2024. Improving the quality of remotely sensed precipitation product from
GPM satellites by using a spatial random forest. National Remote Sensing Bulletin, 28(2) : 414-425[DOI: 10.11834/

jrs.20221222]

JEFIMEA (ShenZE, 2014b),

51 H

Wof 7K o Hby 2K E B 116 21 55 ) JoT A2 46 0 S 2H R
g1, b AE S R HE SRR, AL
e HF g EEYER (Markonis 2, 2019; Zhou %,
2020b) o 755 73 Bk R i JEE A 45 1] 6 7K 73 A1 X X
BOKGERE B A B UCE WO B AR A A
Stk B AW FIME (Brodeur A1 Steinschneider,
2020; Renard %5, 2011; Zhang%%, 2020). %K1,
R AR B A R 25 78 B3R W T v 233 SR AR R A
HaETE (Xie fll Xiong, 2011 ) o UIMn] R v B K 25 [
I3 P FNMEA M 1 4 R A K SC 55 U AT 5 A

i HEA: 2021-04-28; FIENZR: 2022-02-18

R A 0 S Al 2 ok B AR I s L R TR
IR T SR A K R TE T A . ARG
R 7K AT T A5 S PRBE K 8, (HAZ MR BR &I, X
DL W R K i 23 [B) i 22V 4 A (Sharifi 55, 20195
Shen %%, 2014a) . HiEE T 50000 AT DA 4 (% 22
Gy PR AT W] KB, (H HBE B sy 3 DXl K
JEHE Z P XA FE . 52 M= T Z .
Bl 1 RBOR B R, PR AE T R T A BRI,
AW T AL 3 S 7K 77 5, W TRMM, PERSIANN
GPM. CHIRPS, CMORPH (HuZ%f, 2014; Islam%§,
20205 Sun%, 2016) . HIXFF L SN 5
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RO EEREK TR R IR K™ i B B w e
if 23 3% 2 AR AL OR I 19 4 2 (Zhou 55, 2020a) ,
TEK OB A: S IR 5 A 20 2 0 (Jiang
45, 20215 Weids, 2020),

SR, LA 1AL 38 R K 7= i o F SR AR AIK
(F AL 0.057) , 17 H 52 1% B 1 22 5 [ 7K R T
TR E AR, A R R A
W R G 25, FECLASREH 53 )R Ak A0
BORE B R FHIFGE (Immerzeel %5, 2009) . AL,
B P AMF 5T 3 T AR 2 8 1 T 22 o ol T il O ik
DA AE; By ot 1o UL 328 [ KXk T3 B K P B IE A
AR (O (58 E %, 2017; % 5%,
2012) . DIAHHTECAY (Fuds, 2016) . HuF2E 500
(GDA) (Jongjin%§, 2016) ., HEEMALEIH (GWR)
(Lu%¥, 2019), KEILPHEA (KNN) (EESF 5,
2016) 45, STy EARAT A S T AR K
RS BE, (B4 —Se ) @ ffde . (1) ats
Jei AR 7K i 43 903 5 A 1Y) TR R K™ Sl AR ]
A F SRy B X K SCRLRIAESY ;. (2) —2E)5 7k H
Fg T SRS =, KFIE S RKA
BRZE; (3) E#H7TM2ERIER, R0 T
LR IK T 55 3 T s A0 SO sty S 0 A K A A R
225, FEOS W EA B PR R B R R K 40
Bo B, 75 TRl 22 R R K 7 AT
23 [ 8 RUBE A Y

AR, BN R R T 2 i s
FEZK P= iR R s, WdEEX1H (ER) (Immerzeel
45, 2009) , ZoogktElIIA (MLR) (R 4,
2015; Jia%%, 2011; 48 %, 2013) . GWRJT
A (BHSE 4%, 2020), BEEMFFRIRA, —LLit5
HATVIT b 22 FHAIL 25 27 20 O v b i JBR B K iR 47
FEREERSY . KmFse £, MHLARFRF (Random
Forest) i 75 4b ¥ Z2 A K5 s vp HAG R 4F a9 R 8L,
HREREARAF B2 A A8 55 AR B 2 (AR LR 1 ¢
% (Baez—Villanueva ¢, 2020; Njuki 5 2020),
HA R &0y a5 (Jing 5%, 20165 Ma 45,
2018) . SR, iR RE BB SR Y98 RF BEBUAE
— MR ST T, 28 T AR AR IR (il )
R K ES A 1) 223 TR AR G

BT UL BT, ARSCEEM T — R0 K 25 A A
SR R B TR B K ™ i B i B vk, R
RS Sl A A G R, DRI T RFEK
PR RS (B A B SRE B o %5 I D RE S A AR

R, R E 1 K A3 [R) A S 1 2 ] il AL 2R AR A
SRF (Spatial Random Forest) . 584 Jr ik M L,
BB REAALE . (1) ZIE T K Z I %8 AR 5
ey (2) BERJES sl & w B Be Bk 1 1 SRF
AL, HIRIAT RS R, LA S
XK, BEHURHT GPM IMERG VO6B 1 2% [ 7K 4
P Ve BRI, (1 SRF-SRF J5 3 X GPM [ 7K %L
P EAT I RO 5 Rl AR BE L RIS RS
ZMTTVE A, ST ik B A TR R v

2 WS X SR AR

21 FAREXHER

PO AL FHEVIRE (97°21'E—108°31'E,
26°03'N—34°19'N), EAEFIZI N 4.86%10° km®, i
TH B R S RKIL N, 2 A
WF9E XSl 3 2 2 2, W T Ik . &
el . SRR G I, R R AR AP AR
K. ZHIEH R A A7 B, XX IR E
T2 KT Hp J BREK 4 247 80%—90%, H.
2 )1 VY 2 T H R AR e, DY) FE b R K TR
AE R 7K 800—1600 mm, 52 PR 25 B VG [ 7K % i
WD A A RE S (Yang 8, 20205 Lai 1 Gong,
2017) o W1 ABIFE XS T S S 5 0 1 50 A7
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Fig.1  Distribution of weather stations in Sichuan Province
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FeRs BT EE (SongSF, 2004), £ 2P
BB H REK

(2) T EBEKEIE . GPM FEKE G M 3 [
F R M ER B 2# E 8 o0 (https:/pmm. nasa. gov/
[2021-01-01]) FRHL, JEFRENASA (S KA
KRR ) I HZR JAXA  (H A 5255 i 25 A & HL
¥) L [EBE A )4k TRMM 2 J5 4 BR R K i T2 A,
R AERICHER) DPR  (Dual—frequency Precipitation
Radar) #1 GPM GMI (GPM Microwave Imager) %
G5, WIS BRI BE ) U R — A7 i TRMM B2
K, BEmWE (60°S—60°N) B[, Ak
A R 0.1°%0.1° 50 BE R B B K 7 i GPM IMERG
VO6B (i #% GPM) Kitdhs 4 A S A5 B SR JH 1 4
P, e E] R 201545 1 H—20194E 12 7,

(3) DEM., NDVIPL K3 (LST) i,
WF 58 & H 49 DEM 45 29 SRTM (Shuttle Radar
Topography Mission) DEM V4.1 B(4a4E, M ih#i2s
[ %05 = (http://www. gscloud. en/[2021-01-01] ) 3k
B, ZRPHER 90 m, SBRE T E KA1
km 73 HER , SRJGE Arcgis TR 2 H 20 A T 23K

YR Yem, MUBRMKESSE . NDVI (MOD13A
3). LST (MOD11A2) #di M 3& E A4S 5y (hitps://
ladsweb. modaps. eosdis. nasa. gov/[ 2021-01-01] ) 1

REC, 2SR R 1 km, NDVI ] [E] 20 HER
H, LSTHE R A8 d. Hid, LSTHHEHEH

KIFRE (LST,) H&EHFRERE (LST,) LK
MRS A IEE2Z (LST, ), A8 KLSTKF
P A R B LST,
3 MARTIE

AR SCH T —Fp AU B T R K 7 i o 4
Tk HB—WrB, Wil KSR &R
(W) . NDVI, HiRIREE . S4E%) ZRmXE
%, 158 SRF ¥ 10 km GPM LR &K 7™ i I R
#F 1 kmzs A 2rFEF (D_GPM) . 45 — BB, #5¢
T3l 5 B K BOHG 5 D_GPM M ik B AR (4nis
JE&. NDVI, MiRIRE . L4 %) M4, HX
18 Bl SR A= 15 5 45 JEE 5 2 8] 40 9 23 10 Bk /K 8 s
O B AR AN 2 R .

YIZESRF

LIPS N Bt

DC_GPMis»

2 WU Bl RO AR

Fig.2 Two-stage downscaling flowchart

3.1 BEWLFRM (RF)EE

FEHLAEM (RF) %57% 2 Breiman F 2001 47 42
H ) —Fh T bagging B8 2 ) 5 vk, 81 M i
LR RO AL B H AR SR AR R Z I KRR,

A HIVE R 9 S 2 AN L B0 . R 3 3 4 R
FRRASEIED X6 22 b ) B S A T B AT
FEOY 5 BN TRV RFAE(E 2 0] B B, PR AR
AR AEAELIE 17 # 2 Fe AU, R AT P A B0 f)
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SR A N e AT (B . 15 15 e 1] I3 T 5 3k A
b, REA]LIAL G 2% 20 4k 0 R A8, [l )3 1500 o
WER, SREURPIR EE A I RE , Rt LA, H
AN Wb P M I i 22 o R 2R [n) A, Rk
W, fEZ Rz N H . RF LAY Y38 H
NRUTF RN

P(s,)) =/ (X(s0).i= 1,2 k) + & (1)
A, Po(s) Rs,ARFEKTNE, X (s,) (=1,
2, 3, -, k) As AR, ko HZEREANEL,
& NI TR 2 .
3.2 R EE EHE KR BEALAR MR (SRF) # 2

N T84 2 REABAT MK 22 8] (23 TRl A e, AR
SCHYEE T I K 45 AL AH G 19 23 A BE AL AR K (SRF)
R Hop, SRF 2 7E RF B 3ERE 5] A58 B 44
THEME A AZE &, Hom AR F0R

P(sy) =f(X(s0). Psy)ei = L2 k) (2)
A, P(s,) s, b B ve B4 B KA THE

T HL 4 A7 0 1k 2 — b 0 A O A A ik
(5 CHF %, 20125 Chen A1 Li, 2019; Kim %5,
2013), XFFHUAG A s, A BB KAE P (s,) 7] 38 34
RAL A FIARIE n A0 5 AR K P () 2R nA
g, HitE ARk

Ps(so) = iAiP(Si) (3)

L, P(s,) s AR THE, A h va B4 AL
HARE o WK S8, P(s) A s AR
G/

T L B 2R B A AN IR R T T L4830 e 7K

i 55 TR AR BT, IR I T AR 5 S ) 4 AT

HAR 208 o SR A v L8 AR s BB, B P(s,)

XFESHEP(s,) BT (X (4)) HrZEs
/N (R(5)).

P(s,) = E(Py(s,)) (4)

H&in Var(PS(sO)—P(sO)) (5)

PR DX A K o A B 8 R 1Y) 2 Ta) A e
(Sekulic 55, 2020), Kb, B w2 E&iHEN R
I EAEAR Z [a] 23 [a] A DG o

3.3 SRF XM EZPERE

AT G B XU B T8 [ K ™ b o o 2 T vk
KEUr 9 SRF [ REE 55 SRF 5 i @il & /&8 4, H
AR .

(1) FEH AR, 10 km 20 HER ) GPM %L
P 1 1 7 B A AR A A4S 10 km 20 BER A GPMS™ Al
1 km 43 B Z 0 GPM ™, XF 3l o5 52 I % oK % B
(RGS) #4770 L AHHEIRAT 1 km 3 RCS, M
(2) ¥ 1 km =5 [ o BER A T A A A2 1 X'
(fJ 4% NDVI, LST,, LST,, LST, . DEM. 3§
ey, MR RAREE DL R 2G5 ) Syl G ot
PIE AR 10 km 25 A3 HER, 18 X0,
(3) DB (2) hEREE A AR X DL
B (1) " GPMY R HAR R, IR GPM PR A%
ST SR P R .
P (s,) = £ X°(50).GPM(s,) ) + & (6)
Ko, PO (50) K s, AR 1R GPM FRZKAE
(4) KA 1 km 23 [ 53 BER 0 7 AR 5 X i
AF SRF [ R RIARAS 1 km 25 [0] 20 HER 1) T2
F&/K D_GPM_,:
D_GPM_, = f,(X"*",GPM/}") (7)
(5) XF R ROBE B A7 STl 5, B Sy LA
RGS Ry PR A5 s (R G IE AR, | A% o 4 455 DL 4D 3R
(4) PHIFERELF D_GPM,,. 1 kmZS[AIHER T
) H A X LK RGS! e, BT
RGS(s,) = /(X" (5,).D_GPM,((5,) RGSL¥"(5,) ) + &,
(8)
i, RGS(sy) Rl £ s, A A SR K
(6) SRFEIFINNZLIG, #4231 km 20 HER
7% B A B SRE Bl G BEALrh  AR IR AL IE S
(%) 1 km K B8 DC_GPM, .
DC_GPM_, = £.(X"™.D_GPM_,RGS!!)  (9)
34 FNTTE
FPEM BT (SRF-SRF) 19 A 47 P v &k
PR, ARSCEECT 7R 5 5T I, dE 3R
4597, BMIGWR. RF. BPNN; 3} T SRFHE
BN, E GPM 4 WUk M 37 1 6 R I il
SRF J5 i iF 4T L Al 7735 (Bi-SRF) . X GPM fiff
FH SRF i RUBE Ji 1) FH sl 5 S8 0 88 7K 647 i 4 2% S
SHIARHE T (SRF=GDA) . X GPM 4 [ 7K i J1]
SRF B RUBE 5 ¥ A L) 4 ff 9 28 SRF M 1 J7 ¥
(SRFdis) 5 i — P J7 i R A By o BL 4 B 42 %
FREKIE(E (320 Kriging) o
AR SR 4T 58 K UE 5 1 B UE T A
PERE . TR UK BE DA 48 b A0 55 7 3 4 X) iR 22
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(MAE) . #5712 (RMSE) . X ZE% (CC)
(Lu%§, 2020). 3PN FEPRAZITF .

MAE = S AP,|/n (10)
i=1
RMSE = /iAPiz/n (11)
N iz
2P -P)(P.-P,)

s = (12)
/_2(1% —E)Z/;(p,,i -7

K, P PATMRERER i 4 0h AS R S AN
il 5N R B K B BHE , AP, = P, - P,, P,. P,
A3 AR S il S I ot K ) B RSP E A R sy i %
IR T AR EATIIME, n TR TG S
FOE R B CCFn IR B AH G, (BRI 1 36
JNHHOC TR LT . RMSE 1 MAE JH T 3F-# U4 %
K-S SENEE Z [ iR 25, (E /N RRS R .
4 R

K H SRF-SRF J7 75X} P4 )11 45 GPM H R 7K B4l
PEATIRE RUE S5 S A B9, R 07k i 2
S5k R . F L A 3R RS it
freede.

41 BREHSH

F 1B T B RIAE 2015 4E—2019 FF 456 A
O TSR . 25 R BN, TERTA BRI ZE
GWR 5 BPNN & e 25, W] B J& ik AP 7 0%
AR PEROK SRR w2 MR 2 R, BT
i S kriging L RF 764, ELTA %5 a5 R AH DG PE
B (fu4% SRF-SRF. Bi-SRF. SRF-GDA. SRFdis)
RSN ER TR, W T 5 AR
K Z T] 119 725 Ta) AR DG 5 B A5E 0NS B 42 5t oy
7 554 GPM AL, SRF-SRF i) MAE il RMSE 43
WIFEAR T 19.51%., 16.35%. K15, SRF-SRF ¥
JE4E T Bi-SRF. SRF-GDA . SRFdis )5,

BT A RE LA MAE, RMSE, CC#8
L ME 3R, 5R IR, BPNN Jy iE7Efr A AR
RIFp R B 2%, MAE. RMSE. CC %3354
7 K053 5 R 22.66 mm ., 30.48 mm. 0.64, HKH
GWR. RF. Kriging J5i%, X543 0k X L
(F1) —B. T SRF W 407 ik45 BAE BEH T
165 )74, Hirp SRF-SRF 7R MAE, RMSE, CC
S5 3 PR bR 9 P AL 5 0 R 15.66 mm, 21.03 mm,

0.81, M Hofth 3 Fp 5 T~ SRF J5 B0 3 N 4& 4570 3 My
15.83—16.15 mm. 21.41—22.27 mm. 0.77~0.79,
E— Ui T SRF-SRF A B 200k .

F1 201552019 £ AH S ERBEITLE

Table 1 Precision comparison of each model in all

months from 2015 to 2019

LAY MAE/mm RMSE/mm cC
GPM 23.88 38.65 0.913
GWR 22.71 38.77 0.907
BPNN 27.58 45.06 0.877
RF 21.05 36.34 0.919
Kriging 20.52 35.98 0.922
SRFdis 19.58 33.98 0.929
SRF-GDA 20.30 35.15 0.926
Bi-SRF 19.52 33.78 0.930
SRF-SRF 19.22 33.22 0.933

Kl 45 GWR, BPNN. RF. Kriging, SRFdis.
SRF-SRF 7£ H R | 4% 3 5 RMSE 43 A d . i F
Z IR (B, ok H ERE K IRZEN
J1] F B 225 b 5 v A 52 b B 37 BHE 45 T8 WK
% 5 R I X BRI 2, SEOL KW
RMSE, GWR. BPNN. RF J5 % 7€ %% 1> uli 5 Y
RMSE #J5 F 5 F SRF ALY, o JLAE 10 )1 4 e
IR 22 s o 3 2 PR A 7 35 1 DX I A o0 A 9K
BI5y, 2 Rk 5 22 6] i A S ] DUAT 3RS IE IZ X
Wiz, K4 (e) K4 () £W, 5
SRFdis #Ht, SRF-SRF J7 i 7E DU A= db X 5 g
I 235 i DX e — 2

42 FERELSH

F2 WIR T AR BIAE AR 225 1 AR R R
O )1 1l XA A ol e R A B B, HL R [RK £,
BRAREAK A, BT DIAEE 227K I GPM 8 7K
W2, BRI S, GWR 5 BPNN )y sk fE & 2
()R IEAR T HAL T, TR X & A
PR Y SE N7 v I abdl 1 ST 21
3FpEG kT, REAET GWR, BPNN, i firf 3%
T SRF 7 (BR&ZERY SRF-GDA J5:4h) R B
HBOE T3 3R )71, SRF-GDA TE4 B MR8 2%
FEURR A& ZEREK D, HAESEAT S Rl A ),
Rl p LUAMW A AR i . SRF-SRF J7 ¥ 7E1X
Jr A BRI R O O B, R A R T RIOCR
W& ;s A% T IR 4G GPM, SRF-SRF (1) MAE [ T
40.69%, RMSE (KT 44.24%, CCHEE T 43.36%.
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(a) 20154F—20194F A RIEMAEFS4r  (b) 20154F—20194F A RE RMSEF45  (¢) 2015 4F—20194F A RE CCHEtn
FHZRE ALk K] FEEsq
(a) Box plot of monthly scale MAE (b) Box plot of monthly scale RMSE (¢) Box plot of monthly scale CC
indicators from 2015 to 2019 indicators from 2015 to 2019 indicators from 2015 to 2019

[ Jewr [ |BPNN [ |RF [ |Kriging SRFdis [ |SRF-GDA [ |Bi-SRF [ | SRF-SRF

3 20154F—20194F A RUEHE B fR b 2k ]
Fig. 3 Box plot of monthly scale accuracy indicators from 2015 to 2019

(a) 20154F—20194F H REEGWRTIER () 20154F—20194F H N BPNN 53:/ () 20154F—20194F H RUEE RF J5 %11

RMSE 35373 4] RMSE 3 55041 ] RMSE 3 537015 €]
(a) RMSE distribution of all sites on a (b) RMSE distribution of all sites on a (¢) RMSE distribution of all sites on a
monthly scale GWR methodology from monthly scale BPNN methodology from monthly scale RF methodology from
2015 to 2019 2015 t0 2019 2015 to 2019

(d) 20154F—20194F A R Kriging 77k (&) 20154E—20194F H R SRFdis 7 (f) 20154F—2019 4F H K SRF-SRF

{15 RMSE 32 154317 /&) 1 RMSE 3t 1537 [&1 75 %5 (4 RMSE 3 25,7345 [£1
(d) RMSE distribution of all sites on a (e) RMSE distribution of all sites on a (f) RMSE distribution of all sites on a
monthly scale Kriging methodology from monthly scale SRFdis methodology from  monthly scale SRF—SRF methodology from
2015 t0 2019 2015 10 2019 2015 to 2019
N
o 200 4o0km [N - 1In
I B 20 30 40 50 60 70 /mm

K4 20154-—2019 4 H RUZ RMSE 3 535015 €]
Fig. 4 RMSE distribution of all sites on a monthly scale from 2015 to 2019
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Table 2 Accuracy comparison of various models on a

seasonal scale from 2015 to 2019

eSSt HiA MAE/mm  RMSE/ mm CC
GPM 19.30 25.97 0.855
GWR 18.24 25.97 0.841
BPNN 22.48 30.71 0.793
RF 16.64 23.67 0.870
HE Kriging 16.14 23.38 0.876
SRFdis 15.48 22.04 0.888
SRF-GDA 15.93 23.03 0.882
Bi-SRF 15.52 22.19 0.887
SRF-SRF 15.36 21.99 0.889
GPM 47.30 64.46 0.818
GWR 46.32 65.49 0.795
BPNN 54.55 74.46 0.745
RF 43.66 61.83 0.824
CES Kriging 43.16 61.07 0.832
SRFdis 40.63 57.51 0.849
SRF-GDA 41.77 59.27 0.845
Bi-SRF 40.44 57.06 0.851
SRF-SRF 39.92 56.13 0.857
GPM 21.98 32.19 0.905
GWR 20.79 31.63 0.902
BPNN 26.67 39.70 0.864
RF 19.25 29.48 0.917
€S Kriging 18.42 29.49 0.918
SRFdis 17.96 28.24 0.924
SRF-GDA 18.53 29.23 0.920
Bi-SRF 17.89 28.06 0.925
SRF-SRF 17.51 27.50 0.928
GPM 6.93 11.28 0.595
GWR 5.66 8.11 0.735
BPNN 6.64 9.29 0.688
RF 4.65 6.83 0.826
Es Kriging 4.36 7.01 0.823
SRFdis 4.26 6.51 0.841
SRF-GDA 497 7.70 0.790
Bi-SRF 425 6.54 0.839
SRF-SRF 4.11 6.29 0.853

43 FERESH

B 5 BoR T A RREAR R FRRS BRI,
TU 1145 DA 2015 4FE—2018 4EAF [ /K B B AR 1S
HTE20184ERf/K i i 2, It LASS I L TE 2018 4F (1)
MAE. RMSE fie k. Frfi ik, BPNNfRzE, H
WM GWR, H5 H RUE I ZE RS R AR — 2.
5§ Kriging 5 GWR, BPNNAf L, RFmGLF—L; 3t
T SRF BRI R TAE e iy vk . A
T, SRF-SRF KA, 1M SRF-GDA JyikfE i
FF SRFFBIRIh R B 25, X R BRPN G &1
R KA IE I R 25 R R B AR B A K

4.4 [EKBYZ 85 R 4FAE
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Improving the quality of remotely sensed precipitation product from GPM
satellites by using a spatial random forest
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Abstract: Satellite remote-sensing precipitation products are currently the main source for obtaining large-scale and continuous
precipitation observations. However, currently available satellite remote-sensing precipitation products have coarse spatial resolution and
suffer from certain systematic biases. Thus, this paper aims to downscale the precipitation data and remove its inherent systematic biases.

This paper proposes a two-stage Spatial Random Forest (SRF) method (SRF-SRF) by fully considering the influence of high-resolution
environmental variables (including topography, NDVI, surface temperature, latitude, and longitude) on the precipitation and the spatial
correlation of neighboring remotely sensed precipitation (stations). Taking the Global Precipitation Measurement Mission (GPM) monthly
precipitation data of Sichuan Province from 2015—2019 as an example, its quality is enhanced with the help of SRF-SRF. The calculation
results are compared with those of seven existing methods, including Geo-Weighted Regression (GWR), Back-Propagation Neural Network
(BPNN), Random Forest (RF), Kriging interpolation of station precipitation (Kriging), Geographic Difference Analysis correction after
downscaling by SRF (SRF-GDA), SRF correction after downscaling by bilinear interpolation (Bi-SRF), and annual precipitation
downscaled by SRF. Subsequently, the results are scaled by month and corrected using SRF (SRFDis).

Experimental analysis shows the following: (1) At the monthly scale, compared with the original GPM, the mean absolute error (MAE)
of SRF-SRF is reduced by 19.51%, and the medium error (RMSE) is reduced by 16.35%. The accuracy is better than those of other methods.
At the seasonal scale, SRF-SRF has the smallest error in winter and the largest error in summer, but its calculation accuracy is better than
those of other methods. At the annual scale, the four SRF-based methods (including SRF-SRF, SRF-GDA, Bi-SRF, and SRFdis) outperform
GWR, BPNN, and RF. The accuracy of SRF-SRF is higher than that of Bi-SRF and SRF-GDA. (2) The spatial-distribution continuity of
SRF-SRF precipitation products is better, and the local precipitation details are significantly improved. (3) The spatial correlation of
precipitation plays an important role in the improvement in GPM precipitation quality. (4) SRF-SRF based on the monthly scale is better
than SRFdis based on the annual scale. This finding indicates that NDVI can be used for precipitation-quality enhancement at the monthly
scale in Sichuan province.

This paper proposes a two-stage satellite precipitation product-quality enhancement method that considers spatial correlation. The
method takes into account the spatial autocorrelation between precipitation and combines downscaling and calibration while integrating
environmental factors. Accordingly, the spatial resolution and accuracy of precipitation products improve. Experimental results show that the
new method outperforms the other seven classical methods and is more applicable to the quality improvement of precipitation products in
complex terrain.

Key words: remote sensing, precipitation, downscaling, point and surface fusion, random forest, GPM, machine learning
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