5533 3% 45 4 ] H &
2021 4612 H

REMOTE SENSING FOR NATURAL RESOURCES

BE Vol. 33 No. 4
Dec. ,2021

doi: 10. 6046/ zrzyyg. 2020395

SRS JE AL, SR, B, 4. VLU TRMM. TUR R K™ il B RO 52 5 BT LD . 1 4R B8 i Ja, 2021,33 (4) 2209 —
218. (Fan T Y, Zhang X, Huang B, et al. Downscaling of TRMM precipitation products and its application in Xiangjiang River basin
[J]. Remote Sensing for Natural Resources,2021,33(4) :209 -218.)

WHYL 3 TRMM T3 & [ K 7= 5 B R BElF 9% 55 v

ewmi'?, ik om, kO£ A, £ R

(1. W17 4 AR K o 0 3B 78 8 B R B2 18T 58 o o, Kb

410007 ; 2. 3 3%

AFEAKRFEE R IEAFERE L LHE,RX  430072)

FEE : il AT R 2R R BE R KB i K, LRIV SO ], 43 5 N7 1 BT 22 on e P 1] 05 15 ( mul-
tiple linear regression, MLR ) A1 B i1 A% [8] 9 15 ( geographic weighted regression, GWR) [] TRMM I 5 [ 7K [ )R B
AR B — 38 USGIE R XA R HEA T A0 , S AR 3] 0. 05° TR — M fll A B K 7= &, A L SE Ak B 2B TR
WA S AR RRE . £S5 R . AH FL AT B RN I & T2 (tropical rainfall measuring mission, TRMM ) 7K , [ R J5
TRMM 7K (175 (8] 43 B3 20 IE e 4R T, HA5 S50l SO K Z R AP 8 RBCT- Y8 E T 0.27 DL B, 7R
DR2E P AR X it 25 - S REAIR T 28. 42 mm 1 29. 88 1943w LA b, FR B TERE B b il th 32 3R 11 [l 5 g IR A6
TRV R 6% 55 Sy o b 20 T 938 K 199 25 [ 43 A0 R4 5 A B MILR B RO RS TS ) 9 [ K, GWR [ U B TR A5 3 A Rk 5
Gl VLI B 7K 2Z 18] ) DR E RECF- 23R T 0. 06, 24977 M52 22 RSP 4 AR X i 22 P S REAIR T 14. 88 mm 1 8.83 71
535, RW] GWR B RERCRTEAT ;5 2006—2017 ARV I A [7] o ) FRUBE (19 B K i 25 28 AL AR AE T 5, SR AR 1k

LSRR 2 VAES A D DA WA IR AN o
KR : TRMM; [ RUE; mas2eql; My
REESES: TP79; P339 XHARES: A

0 7l

T

R K AR R K PR Y A B, 7E 23K ) ot Al e
AR R AR A HEAE AT, BRG K OSSR GU
P EEEF NG . RS ORI 3
SR AF R R R, BEK 2AG 5 AR I 2s AR,
AL R 1 b 4 R K 1 ) 28 A8 A RRIE T 2 48 42 Bk R
X IR PR K B AR RS 2] olb A 7= Fifid
PSP R e B mE I s

I, SRR K E5 A (9 7 X 2 2 W Rl b g
J3E R A TR IR 3 A Hodh TR I T
T )T S S R RN A2 A SR R BR
BCAARBUE K S BT B .t TG
& T2 (tropical rainfall measuring mission, TRMM)
LT 2V D REE, 7 K SN S
OyHEA i e HRA AR 1R 4 Ko
ARG E) T )12 IS EAE S — Rl ok

RS EEE: 2020 -12 -08; &ITHHG: 2021 -03 -18
EE&TE : BRI ARG A8 (LR B T KL KoK 0]

NEHS: 2097 -034X(2021)04 - 0209 - 10

) ]S 083 /7 32 , TRMM. T3 [ 7K 40 R 3 PRI 91X
OB A N BN G I LY 3 R TR I R 7 S LR R e
e R AT E LD ), B 0. 251 25 1] 4 4
RREOH, ASBEI /N LK STREHU e K 5080 1)
R AEATTE X TRMM TR B K P2 gk 4723 18] i R
FEWRSE, b et R R R L G 454 1 s A k)
BN DL 7K O TIORS ff 45 R o, 76 [ 9 4F TRMM
TR ™ i 2S [] BE ROBERF ST R AR 20 T )12 (R N
FEE T Rk E N AMITSE T, TRMM. TR F Kk 45
THRERBEVF S AAAE M B /R . T TRMM 12
SR K o RS TR ) %l B 728 32 TSI PR — | 2
R BT B AR AL A ( digital elevation model, DEM )
H/ 83— A8 8% 48 20 (normalized difference vegeta-
tion index ,NDVI) X ffj B 2% 15t 1) 8 O 8 22 498 Fl 42
Tl Z280F5E HXF4E R ) TRMM T BEK T T
23 ) R RUBE SR 5 R FH A B8] Mg 108 o) o R 45

HEAT AT , 75 by it R 22 WAL R A 2R, P BURA AR
F|fy TRMM H 7K 28 (1) 73 B3 A5 DR I, (H %K

BRLE A AT STA” (45 2019YFC0408901 ) R G  H SR B2 3 4 151

H i RUE FRn R AU S BIL S T AR AL B IR ML AIT S (4 5 - 2020115316 ) FE[R1BE B o
FE—1EE: WHAC(1995 —) 2, Wit BB LA, TSR AR T KB BUK RIS . Email: 1723257974 @ qq. com,
BREMEE: K 1969 - ) I, W, Bl , AL T A K SCRY T2k BEIRAT BE | R AE Ak SCRETL il A= 8 52 TR 6 3K

AFSE . Email ; zhangxiang@ whu. edu. en,,



210 - A % % W oE R 2021 4
PEAE B B 1.2 HIRBERETAE
I, PR VLI AE ST X, BEEL T DEM | WEIE U B8 RhIE B 0L 3R 1, 18 BOBPE 1 4

NDVI 221 A PR A ) 6 AR 4F g il By 2%
T, ROl B R A A A LA RS T
FALLL A IR A SRR b, 3 ST T T 2 ou Ak
[[] )9 % (multiple linear regression, MLR ) 71 3 il AL
[\ 9 ¥ ( geographic weighted regression, GWR) 19
TRMM T35 [ K [ ROBERE Y, i 3 B — 52 S B ik
TR R R R R A T3 ﬁfﬁif@?ﬂm/\ﬂ#z =L
JER0.05° B2 — b T @l H B K ™ i, 76 il
e AT AN TRD ) R 9 Y 9 SR A K 1 e s AR 4k
R, LU R DX 8K BT A P S AR S 4

1 B % KB R &R A IR

1.1 HREXHER

VLSR8 R VL R B2 i K &, & W 4 ek
AT, T4 844 km , JE B TR AR VR L P
SRR AT A, AT E110°517 ~ 114°257,
N24°64" ~28°56" i f8 i F 94 660 km®, Jilak N K
Z SRR R BB, B LA i AR R
£ 351 m, g DEM DLIE 1, YL 8UE 252 74
MR H R, & T St e R IR ok
S WAL 3 o SR 47 S A LT 2 R W SN T 2
AR K I R ik 1450 mm,4—9 & AR REK T
LT IR B R K i 7 AR R OK Y T0% A
RS T 17 ~20 °C N 24 28 k5t
641 mm , ZHE-ETEE 815 mm! ")

O B N
USSP
O WA 5t

DEM/m
-2 095

0 100 km

-9

1 LIRS & 2 0 )
Fig.1 Digital elevation and river network map

of the Xiangjiang River basin

TRMM 3B42 ,NDVI F1 DEM %{4% ., TRMM 3B42 &=x
] 73 38y 0. 25° 138 H FE K E 8 ( 2481 2 5K
WA A L 2) L RT3 Coddard 1. (god-
dard space flight center) %& i ) B¢ 357 it A< Version 7
(https: //disc. gsfc. nasa. gov/) (°F 3 faj Bk Ky
TRMM ) , NDVT 3R J] 5 [ [ 5 i 25 i oK Jm) 0 56 [ 3l
JoT R A Jrg e W] g S P Bl b 7 i 4 & TR0 LP DAAC
Wk b % Af i) MOD13A3v006 Jj A= %4 ( https; //
Ipdaac. usgs. gov/products/mod13a3v006 ) , J& 45 [6] 43
PR 1 km 1B A G S . DEM $df e th 26 [
LS L Jmy AR ] B 8 [ 4 T 22 Jeg WK - DU 5 30 1)
SRTM3 (LI 1) , 25 [ 43353 90 m(hitp: //www.
gscloud. en/) | BETIZHE , 78 ArcGIS #RAE AR T
PR S gl . ARl SO R KB R B b E
Eh?‘ﬁ*ﬂ?ﬁ[ﬂ](http: //data. ema. en/) , &AL T RIVLIR
SRR 15 AR G0 508 H KSR , BN
HILE 1,

x1 HREEFERKIER

Tab.1 Research data and sources

Z5 )53 A g3

BARE FARAFR gor PR BRI
TRMM 3B42 0.25° H
ISR PN
NDVI 1 km A
S Ff ERR A B LR 2%
DEM 90 m  —  fFE LS R
= FE
SEEHE Bk — H HFEIISZEEN
TRMMZ 4E 11 B 7K 2/mm TN
002
1037

0 100km [ Tssin st

2 IR 2006—2017 &£ TRMM
SEFEHRKETEIHE
Fig.2 Spatial distribution map of TRMM multi
average precipitation in the Xiangjiang River
basin from 2006 to 2017

— year



A

TWHAZ, 55 VLR TRMM LR RE /K 5™ it B RUBERIE 5T 5 1 T

- 211 -

2 R
2.1 PEREEIKHE
VEPEBENS [ WL 7 it 553 R 1 B 7K 43 A ) ND-

VI B 5 DEM 3B By 6 AN FE R R
JiE TR R A 0 T LA T B R R bk
il VLIRS v T DI 33, B 5 il LN g 7K
“4r A TRMM TR 7K A H RIS G 3k s 08 0
AR AR 5 AR 3 A T 76 1 TRMM o 4% g B8 7K
B T B — 2 A7 B il B AR B A A [ R A 78
(1 R s B B S5 51 A MLR Fl GWR ) 7t 0] I [ R
BOAY R RUBE I it L L3R 2.

R2 BREFEI

Tab.2 Comparison of downscaling methods

2JR/ JR

Fik pre 2R TR AR P
MLR &)5 @bk K g

LR, AL,
R

GWR R il h—okiE: &

HALIRAE
1) FUAL B fly T 8 X 0 Y BEL S A 46 T
SRV R , T LA I et St ) S
0. Syl RUBE IX SR BN 22 b X, 2480t B RUBE iy
PRI T 262 A M BE A% [ RIS B 6 549
At PR RS A% G R LR 3

. 0.25° TRMMHUL
[0 T il 5
& Xiagt
A "B

........
............
.....
........
...........
..............
.......
.......
--------
.............
................

-----------------

.......

......

.......

......

+ 0.05° TRMMHULMK A
[0 VT i dskad 5
X u st

A B L

(a) WEREHT

(b) FEREG

3 MRS R EREHIE SR = 5 1 E

Fig.3 Spatial distribution map of data points before and after downscaling in the Xiangjiang River basin

2) Bl ME RS . eI Rl S A oK i (TRM-
My), 7] NDVI 2 J £ & \DEM 3 B2 315 53531 2
RFEZ 0.25° (BRI AL ) 1 0. 05° (1 R Kl
£

3V R o XEBEE S K TRMM,
[F] NDVI 2 | 43 B2\ DEM 3¢ B2 38 1] i 57 [l ) 5
A [

TRMM\" = f(x!® X3% ..

Al X, ~ X, 4 NDVI
T o RIRORIE LR J 0.25°%
Hiclits HR 4 0. 0525 )5 E5 4k
V(. R = UORE A0 (8 Spline) 14 9% 2
o AR 0. 05° %l S M B 5™
5) 2. RARERCR £ HERRE 0. 05°25
SIHERIG H K B

(1)

2% 4 . DEM 3
S [B] 3 B

LR LR
X+ e s

TRMMY® = fox™ X" xf™+e™ o (2)

R — AP TR A8 F MLR #7 GWR A5 7Y
T8 3)—S) SRR A— S BAR . GWR By
188 3) 75 4@ 57 TRMM, 5 NDVI, DEM | 3% B F1 3%
li Z [ Rl [0 56 2R, AN BRI ZE (B, 3%
JEH Sl GWR BRI T 2% e 5 B S =
T

TRMMY" = Bi" + 2 B X+ , (3)
K gt MBS (h=1,2,3,4) WIS HR, o, 15
AP 4) hIRTEN B ~ B AR AL 0. 05°%5 ] 43
PR SR W H TR AL TR 5 ) Pttt
2.2 BRE#EBRMfE

— 58 U AIE 3 S — A AT AT R AR AR
BT AL TR 25 AR Y BE PR 7, A | AR R



<212 - A % %

WoaE R 2021 4¢

BT AL AR R Y A A K
Bt R BTk Iy i 1S AFEA ARUCE A T ADEA,
i PRI AR AR ASAE S I SR AS 1 AT S A 53 1%
FEARYFE K &, B4 15 K, 1538 15 ARGl mAk
R e FRURE [k B A o SR DA A4 i il WL TN e 7K
PEAE Ry BLAH, e IR R AL R (35 5 MR 4% 22 (oot
mean squared error, RMSE ) F13F 4] 45 X} 2= ( aver-
age relative error, ARE) {E NG EPEM SR (£ 3)
AYHT A W R BE RS G TRMM [ 7K K BE A 48 45 14
BB, Akt — A% B 4R = TRMM T2
2 B K BRI A ) e RUBE Ty i o
*3 BETMER

Tab.3 Accuracy evaluation index

i

s 2P EERIEN
- - - ;
N (x-x) (5 - ¥)
R? R = J=1 1
JZ (5 -0y (5 -9)7°
= =
RMSE/mm 0
ARE/% ARE - 121‘ % -7 0
nxy

D, Jy TRMM B it/ W RSEBOREE K it 5, 030 A0
MK n AL
2.3 ZMEEAE
L VE ] ) 30 e 4 A B 5 s B) 22 () i) — ook
[ ) 5
y =a+bt , (4)

Ay WREARR N n (W55 ¢ AIFTE] 5 o T ;
b Rk, Al AR AR A R A 2 i
¢ KR Y AT FIW A SE T T

H ¥ B#/K H/mm
..H9

H 34 147K 52 /mm
-ﬂn

-%

100 km

(a) B RUEZHI

(b) MLR [ R JG

El4 BERERE TRMM RiREKE=E S HE
Fig.4 Spatial distribution map of TRMM monthly average precipitation before and after downscaling

et (5)
Kb r hyy 5o ZIMLHEAMCREG T IR E B
BN n =2 [t oA, 4 e W EKFE « (P <0.05)
Ma, (P<0.01), [T|=1, fl|T|=1, 73HIERAE
et A8 A 25 B 2 RN S

3 HRGAHH

3.1 EREZR
FIH MLR 1 GWR & R A5 Y o, D)4 25 6] 4
e R 0. 25° () TRMM H [ 7K 5 5595 B R 2]
0.05°, 18 4 25 th T B REEHT . J5 TRMM H ¥R K
S ARG L. NE 4 s O K -
TRMM 34 [ 7K 5 76 B RUBE T L 5 19 25 18] 43 £ Ry
TEFEA — 3, 52 B AR L VG r 30 O s A0 L L
i AP 18 23 8] 7 A3 R AIE , A4 9 DSl A 78 W J i) 25 5
JUHORTE B il A VD R U sl R AR AR 3k B O
R BT A s R KA T B 72 TRMM
DR Ak £y e 7K PR A [ ) e RUBE T X 46 il 15 7
NI F e 7K 1 B S s TRMM. A% 4k H R K &1
Zill; @ TRMM T3 [ K 7 i 25 8] o0 R A1G, [H)
— HpA 2w AR (18] 4 (a) ), Jo ik I e A% N
TR R K 1) 23 1) S BT M i R RUBE S ) TRMML B 7K
77 S (8] 3 BE AT LUK K& Tt 25 18] 43 A1 T8 A
Al 4% i Z B4 5] 3k 8, o0 A DG, BE B 4 b %)
] 35K P A K 8 2 R A AR AE s BT 4(b) () 5
Kl 4(a) X H & 30, GWR B ROEERI R MLR [ R
FE ARG B 0 B K FEBUE b 543 TRMM T2 AL
FEK X2 T GWR i # 5 S5 ny & 45 R
TR ZE 2R A A, DT S S T 65 B P 2 ot ) Jeg 5 [
A pR%K, O T MLR B RUBE 7R A5 21 i F /K i )
mEE L,
1ok /mm
7 .'m4

(¢) GWR [ RUZ )5



55 4 9

JEHAZ, % . WAL TRMM T8 Rk 7= 5 e R BE W9 5 i <213 -

SRR A S Hr b [ IR A R A %) il TRMM. 11
BERE K T T I 22 B, R T R RO A AR A ST Y
[|] U9 56 28 B 500 A4 0. 25° 53 [a] 43 34 R 1) H & K [A]
TRMM H R&EK 47 40 o0 b, IR T =8 2
[A] {4y R* F1 RMSE, 45 S 0L 5, NE Hal LA H
(DMLR [ R AR [E] TRMM T3 R /K 7R 2 KR 43
Ay R T 0. 64, RMSE {I§ T 15, £ W1 % /& T 41
Bl LR B S 22 B EK A MLR [ R AR

35

25

20 m MSE,

g e RMSE o
—— R’

PY 2
MLR R GWR

RMSE/mm

11 2H 30 4 5H 6]

30 .\'/./.\\\./0\.\

5 iR i %) il TRMM H (7K ; @QGWR [ RUE
BEARY L MLR g ROBERIAL 1y R* P #5425 1 0. 15,
RMSE S REAL T 2. 45 mm, X &l T MLR 194
Jey T U= 22 AL R K B 23 ) e TR, 25 50 7 A A 22
11 GWR Jry i 0] I f5E 4% sl 4 3k 26 ok 5, v LA GWR
o IR A TR B A% B 4 3 221 Il TRMM. o K 5 1) 73
HiREAE ™

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

RZ

0
7H 8 9H 101 1A 124

PRy

BS PERERBHNAREKESERREIE

Fig.5 Verification of the results of the downscaling models predicting monthly precipitation
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Tab.4 Statistics of TRMM monthly precipitation accuracy evaluation results before and after downscaling

R? RMSE/mm ARE/ %

A
TRMM MLR GWR TRMM MLR GWR TRMM MLR GWR
1A 0.56 0.58 0.84 35.50 10.41 5.91 61.91 13.51 6.71
2 A 0.38 0.87 0.84 42.15 13.64 7.75 46.51 13.30 7.08
3A 0.63 0.94 0.94 35.99 16.13 4.53 25.51 7.99 2.31
4 A 0.72 0.94 0.95 51.76 21.51 7.62 37.45 8.95 3.02
5H 0.44 0.84 0.91 80.32 36.35 11.62 29.23 14.01 3.99
6 A 0.54 0.84 0.91 76.22 40.40 12.83 29.14 13.40 3.75
7H 0.70 0.90 0.94 63.05 23.57 7.01 49.58 13.07 3.80
8 A 0.52 0.84 0.80 65.13 38.61 10.57 34.16 16.26 5.04
9H 0.38 0.82 0.93 55.04 27.58 8.08 37.79 22.13 6.98
10 A 0.61 0.90 0.96 31.40 13.84 4.03 63.02 12.42 4.80
11 A 0.82 0.89 0.96 39.19 17.40 7.60 50.92 12.60 4.73
12 A 0.60 0.88 0.94 40.90 16.15 9.58 62.34 21.26 10.74
SEHIE 0.58 0.85 0.91 51.39 22.97 8.09 43.96 14.08 5.25
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Fig.6 Spatial distribution map of multi — year average monthly precipitation in Xiangjiang River basin
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Downscaling of TRMM precipitation products and
its application in Xiangjiang River basin

FAN Tianyi'?, ZHANG Xiang®, HUANG Bing', QIAN Zhan', JIANG Heng'
(1. Research Center of Dongting Lake, Hunan Hydro & Power Design Institute, Changsha 410007, China; 2. State Key Lab of
Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan 430072, China )

Abstract; To meet the demand of various industries for high — resolution and high — precision precipitation data,
this study establishes the downscaling models of the TRMM precipitation data of the Xiangjiang River basin based on
the methods of multivariate linear regression (MLR) and geographically weighted regression (GWR). The leave —
one — out cross — validation method was adopted to select the optimal model, and a satellite — ground fusion
precipitation product with a resolution of 0. 05° was obtained through inversion. On this basis, the spatial —
temporal change characteristics of the precipitation in the Xiangjiang River basin were analyzed. The results are as
follows. The spatial resolution of the TRMM precipitation data was greatly improved after downscaling. As verified
using the precipitation observed at meteorological stations, the coefficient of determination of the TRMM
precipitation data increased by more than 0. 27, and the root mean square error and average relative error of the
TRMM precipitation data decreased by more than 28.42 mm and 29. 88 percentage points, respectively on average
after downscaling. All these indicate that the regression downscaling model that takes account of vegetation,
terrain, and geographic elements can accurately describe the spatial distribution characteristics of precipitation.
According to the verification using the precipitation observed at meteorological stations, the coefficient of
determination of the GWR downscaling model increased by 0. 06 compared to the MLR downscaling model.
Meanwhile, the root mean square error and average relative error of the precipitation data obtained using the GWR
downscaling model decreased by 14. 88 mm and 8. 83 percentage points, respectively on average compared to
precipitation data obtained using the MLR downscaling model. These indicate better effects of the GWR
downscaling model. The spatial — temporal change characteristics of the precipitation in the Xiangjiang River basin
during 2006—2017 are greatly different on different time scales, which is reflected in the changing trend and its
significance and the locations and area of corresponding zones.

Keywords: TRMM ; spatial downscaling; spatiotemporal variation; Xiangjiang River basin
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