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TRMM Downscaling Data of Yangtze Based on GWR Model
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Abstract : Remote sensing precipitation data is widely used, but its spatial resolution fails to meet the regional
spatial accuracy requirements. Based on the Tropical Rainfall Measuring Mission ( TRMM) precipitation
product TRMM 3B43 from 2001 to 2019, combining with the digital elevation model (DEM), enhanced veg-
etation index (EVI), normalized difference vegetation index (NDVI), and aspect data, a geographically
weighted regression model (GWR) was construct. The current mainstream vegetation indices (NDVI, EVID)
were selected as explanatory variables to downscale the TRMM data of the Yangtze River Basin. We verified
the accuracies of the TRMM data before and after downscaling based on the observation values of 147 mete-
orological stations located in the study area. The results showed that: (1) the TRMM data and in situ obser-
vation data showed good consistency and applicability in space and time; the correlation coefficient of each
station ranged from 0.46 to 0.97; (2) the spatial resolution of downscaling data was greatly improved (from
0.25° to 1 km) under the premise of ensuring the accuracy of the data; the NDVI downscaling TRMM data
were better than the EVI downscaling TRMM data, which could more truthfully reflect the characteristics of
precipitation in the study area; (3) compared with the original TRMM data, the precipitation range of the
downscaling data was extended; the downscaling results of precipitation of wet years were better than those
of dry years. Downscaling TRMM data are of great importance to advance the research on the temporal and
spatial variability of regional precipitation, which has the certain research significance.

Keywords: TRMM 3B43; GWR; scale down; vegetation index; Yangtze River Basin

Y5 B #:2020-10-20 &2 B #:2020-12-09

FEIE .V /LT H ER HRBEEEE T (42061059) 57715 A SR EF 2423 4301 H (2020GXNSFBA297160) 5 FE AR BE T K 24 Bl #F
Ja sh 34T H (GUTQDJJ2019046,GUTQD]J2019172)

FE—EHE KIE (1996, i R A FF BTN B oE A, 32BN S R 5 AR SY . E-mail:2120191109@glut.edu.cn

BASIESE AR (1988—) . B A& 25 PH TN, T, PR, 32 2 I 38040 A8 fb R 9 7 55 S T A ATF 98 . Email : yongxu@glut.edu.cn



150 KA DR

5% 28 &

Rof 7K 2 bR ZK A 28 Hh B ) — 3R, FEAS [R] s s R
JEE B A A A 4 O R B L 2R R
2 AR RUK SO 1 B S8 HE B A BRY) T R 2
R A4, AL G0 DI K B s — il R B TR 4
Sl ORI L300 o A 3 7 TR 09 4 ) 4 (i R L [
M Ty R U AL o A Y 5 B A R
S BRBME IR B BOR
HEAT B /K BRI 1y 25 1) £ g 7K 400 1) i R R
1997 4 TRMM ( Tropical Rainfall Measuring Mis-
sion) L& (9 BT & 9, T2 O 5 B KA DG I 5 4
BT EEOBSEIES . TRMM REHR LR A i 1Y
e BT ) 43 9 8 3 KRR e e 5 7K ) s i) 22 £ AR IE B
S AR RRAE TS L [ 9 Ah AR R A R AN
[] 4t DX X5 TRMM B4l A% B2 © 3647 T R g i 92 3R W
TRMM %4l 55 ol s 804 |55 38 W0 I 80308 A7 38 4
M —FHE . AR A TRMM 88 554
Sl S SO A B[] R 23 [8) 43 A B 08 % A A A5 T
TRMM 4l 72 K VT3 2 A B s s .

TE A S8 R K 7= i rfr, TRMM B4 119 25 (8] 43
HEA TR A (AT AR 0 2 X el s () A R 2K A
I X TRMM B0 9047 e ROBEE B8 40 b 22, it
ot RURE AR S 90 3o SRS Hle 2 R) o B 4 A BT
e v /N RUBE DX S8R B 7K st 25 A AR R AE B 58 . B R,
=] P A2 35 3 0 A [R) 5 i AR A5 B R TRMIML 48
% 5 RS B A A PR - — e 2 P [ U 52 78 R, 31
AL [ 1 A AR, — g 48 1 [ 011 A 76 SR ) 422 8 g 1| 2 1R
W H B E /N — € ¥ (Ordinary Least Squares, OLS),
A 585 ST HERT ik (H B T REK 5 3R 2
V) A7 7 25 () PR R R AR, PR Ik 220 T 5040 1)
JraFRARE T b B 0 AL [ A AR RO AN A R T 45 [
JRIFRERAE L 4 BE R e B K A 25 8] S s pED Y . Chen!™
HF GWR BRI 420 H X TRMM 3B43 %04 517
TR L G5 R L WE i GWR B R] DL AS B 5 4
PR E R 5 Wt AR ST S B NDVLL 3 B 3 ) 55
YESh A AR 5 BEKAE Sy AR f 7 GWR AR £ 0
L ] R A oK B RE e T R L TRMM 846 M
0.25°X 0.25° [ R R 0.05° X 0.05°, I3 3 58 X B 31F
TR R LS R ATk, WFoe s R KM GWR £
RURS BE AL F 22 70 2k Pk [l T 485 480 5 2= g S50 DL ] R
DX AR B A Ry AR i, R 26 B MR IR R L AR
FAR SR I A B BP #f 2 J 45 GWR Hi B A
A1 3 Ff )5 36 % TRMM 3B43 %4l vE 17 b RREE , BF 58
FW GWR b B A a1 5 B RBE RO e 4F s Fung 260
i N7 EVIE AR K it 22 8] ) 5¢ R AT et a1,

W5 R W] EVI FIFEK &1 R b NDVI %85 H
T BT PN X S o8 K i ) e RU R A 9 R T o
SRR N 2 E R 18 R K R 1 A R [ ) A AR
M ENT,HKZ L NDVI A BRA B
AR SCAE P b TE TR 1 [ B 38 4o A [) i 9 4 4
J i TRMM [ ROEE i . 43 90 LA EVIL, NDVI b fig
BeAZ i DEM 3 1) O 45 i A8 i, O T GWR A5 AL Xt
KATH I TRMM 3B43 B0 17 B ROZE R 5T . 3K
Gl 0L R K AR S 5 E B s 4R L 43 S D iR
TRMM %4 (B R $cdil (& 1 JE47 45 BE 500 5 45
55T,
£1 BREBEREE
W L Bt CE BHAER  REBLR
NDVI R E TRMM §#i  TRMM 3B43 44 DEM. 3 [ NDVI
EVI &R % TRMM 54 TRMM 3B43 $i4i  DEM. 3 [ EVI

1 XS

1.1 HEXHFR

KV B (E 1) 7 F 24°27"—54"N, 90°33"—
122°19'E, s i A2 180 J1 km® , 24 7 3k [ [ £ i A1
Y 19 Y0 o A& VR T 75 98K =g S A% 1 PH 7R 55 Ll P R L AR I
KV, TRma 11180, WO IR E I R R
K omdb e, BT & AR AR RARE K 2 =R
RETOT S R B RK E UE T KR R G
W5 % K VR M, 8 7K 2 2 A7 R e 2 XU P R 2R XL RE
TE ] b ELA B A AF bR A 2T R AE L 7R S [R) R
A A ) S PR e b R TR AN A AR X
BOKAEI AR A AE T AR LA AR, A
3 2 o R 22 % kR ) SR s

A
e
P b
A
! R
A “ A “A
. N
TN
A A/A A
. e \‘L(. A
‘A %
L y
‘ £

0125250 500 750 1000km

Bl HRERSKESEHH

1.2 HFERESHmAE

AR 2001—2019 4F A9 TRMM 3B43 (Ver-
sion 7) A Ry B K B0l U8, L 28 (W) 43 BE 60l 0.25° X
0.25°(4y 27.5 km X 27.5 km) . N[ 43 PER 1 A
23 8] 98 Bl (50°S—50°N, 0°—180°—0°) , #% 2.y HDF,
NDVI,EVI $#i3% H terra T2 MODIS £ J# 5 1) Hi g
R E MOD13A3, 25 [8] 703558 1 km X 1 km, B[]
SRR LA A 3 R EE AR L NASA B4 P 5 9%
45 (https: // search.earthdata.nasa.gov/) . DEM 45 A



%33

R FEHAF T GWR BIBAYRVT TRMM S04 % R 151

HoFH s (BB E = Chttp: / www.gscloud. cn/) SRTM 1 #%
AL, 23 ] 43 WE R 90 mX 90 m, K -l T WL 25
PRI LB, 2001—2019 4F 147 ASHb w5 (8 1D R4
Bt H B O B L BOH R TN A A4 A ol a2 R TR
HRFEKES, SRR THhEIZRERIL O
(http: / cde.cma.gov.cn/home.do) .

i i MRT(MODIS Reprojection Tool ) 7 Java #135
TXF NDVI,EVI %448 #5474tk 52 i B I PR R 2
e X3 R B | TCRLE S B | g KA A A R AR 15 3
20012019 4% NDVI H g .EVI H$d& . If T Arc-
GIS %f—4F 12 W1 NDVI, EVI $dfi sk -2, 20 5145 24
¥ NDVILAE¥) EVI £44 ; TRMM 46 45 B ENVI 3
HEATHE B 15 e 4 e A% X A | L7 B 4 A5 T Ak
B —4F 12 B39 TRMM %% 48 #F 47 5K 1, 4k 75
TRMM 4 234045 s DEM 08 3547 % 52 5 4, PR
FHECAR I WG o HE R AN 1 km X1 km, IFFH]
ArcGIS T H B ) 40 5 W 7K Sk b oD U 0 4% 4l 28 Jo
S SR T RER A L X i S {E AT A AR SR A
)55 0 7 AR ) RUBE A B K LA
2 Wik
2.1 GWR #EENF(FIE)

2.1.1 ¥ peA e 3R GWR - HUE A [ ) A5 7Y
(Geographically Weighted Regression, GWR) % 12 52
Brunsdon %% F+ 1996 448 H A —Fh T4k 23 0] 53
MR RS AN 1 7 6 R G M A B 3 R
by E A [ 051 A5 Y 7 T SR S T 0 SRR S b B
SR G A 5 B 0 A A B R A R
PRI 7 R R AR . AE T TR AR A S AL R,
3 Y DR R AR R ) S Ok i

DALV I & 75 N/ W (1
yg:‘g()(u, a”U,‘)JFi(ui 9'U,)+€(ui 97),‘)
i=1
(G=1,2,,m) (D

Ay, WA @ DEA SRR K& AN & IR m
A psa, N ARSI A A REAS B UL 1
(i 0 ) FRHT § DA BT B Z AR 38 (s 00 T H
§ FEA S BRI S HG B (w0 ) WSS ¢ AR
PRIF X5 0 DREAR B A 28 e (w0, AR
RITESS ¢ DA ST TH R R Bk 2216

2.1.2 ZH (Gauss) F xR 25 [B] A JH 4 /)
TR GWR BERUK i 1Y OG5 . =1 30 ok B0E 7T L3
e ARG BETH A R L, O R T b AR 5 — e L
ok B R IR 5 S L OG AR L A Y — A R B U Y
M R B AT

D,
b
XD, AR X E S EZ AR ;6 Ryl 98,
FH R A R AL 5 IR B R B¢ &R 2 R B 08 S 4G
expl —(D../0)* THLL e JRIFEECoR £,
2.1.3 CV M RE A5 GWR BR/PA GWR
RIS IR R 5, [ B b e 3 5 00 5 vk ek 2
Cleveland Fil Bowman $2 tH #9538 LI IE (cross-valida-
tion, CV) J7 i i 1 » A3

CV=30y —5 T (3)

ey, () TR 7E 7 S 8000 T i AR 8 119 5
Ji) PRl 8 s A5 AT B35, 2 OV 358 e /D
XTI & A A BE

22 MREAFZE

AR SCHF TRMM %4 At NDVIL, EVIL, DEM, 3
A R T 5L T MATLAB FREE 67 s 5e & Lok 52
B TRMM s () e R, E B BRANT .

(1) ¥ 1 km X 1 km 43 # R ) NDVI, EVI,
DEM., 3 [a] B0 5 R A 0.25°X0.25°, KB 43k
15 0 BRI (1 k) RIS 3 B3 41 55090 (0.257)

(2) ¥ 52— R RARr HE R 20 8040 1) TRMM
Bl (0.25%) g N 28, NDVI 0¥ (0.25°) /EVI 5
(0.25°) M fil B 7% H . DEM 3t 48 (0.25°) ., I 1) B 4
(0.25% Jg il s &, @ 57 GWR YIZRAE AL, A 0] ) 4
U b A B RO fif R | A 4R TR O N AR RO
5% 75 45

(3) Mg 125 i A 0 25 SR A% A, I B 5 800, f
REAR i P AR i RACE R AR 1 km , %) Bk 22 45 AL E
T 5 AR A LA B A BRI AR 22 (1 km)

(4) W15 53 A 20 B9 e IR GWR #8522 Jit 3
A7 IR B A R B R SRR R R koD 5
[Fi] 3 B 23R 014 i T 7 o L 4 ) A% o A e, O 5 R B0 (1
k) AH I, 75 21 T B K EXHE (1 km)

(5) H 0 3 7K 8 55 W] 4 9 48 5k 2 5040 AH
74 3] e 2 114 o RUBE e K B8 (1 k)

2.3 HREFEMER

I GWR ARG 3 /) T 4504 5 ) 4 TRMM 4
PEAFAEAG — S IFR 22 T B AR B 47 (8 D7 v %o Bk 22 0
AT RBEFEH AL B, AR SCEIUIFIY X3 5 367 HFEAS, 7
3 634 A UNZR A1 733 ANIRAE AT i1 38 LG UEXT H
SRR T FE AR PR R I v B Ak  RBE B A I 4
Fp 22 (B 7 AT g, IR AR 5 iR 22 (RMSE) B 7 &
BROMENBAEFEAR . 58 LI UELE SR WL 2, A5
TE B S I B A A (A AT AR 2 A 1

W, =expl —(

)] (2)



152 P/ o S S0

5% 28 &

F2 TXRIEHR

i AR MR SR e KRG

PR R 7 49.875 49.706 85.257 21.156

e RA 0.951 0.938 0.824 0.953
2.4 FFMIER

AR SCUAAR Gl SEIMEE - BRI ADE BB

(R*) Y7 H 1% 2% (Root Mean Square Error, RMSE) .#H
XF iR 22 (BIAS) B~ #4246 %k i 22 (MAED 4 S48 10 i R
BEGE REHEATRS BE B0 E . R VF g SE A 5 B RUBE R K 2
P AHOCHE  LEAE 0 B 1 2Z 0], {E B A HH G b 5 5 BL-
AS J Bl BLSAE 5 I RRE R 7K B A i 125 2 B L (8
FEIT O 5 BB R s RMSE 1 28 12 25 1 AR K s MAE
M R 22 Y S BRIE O . AT

Sy, -

Ri="— (i=1,2,.n) 4)
Z(y,_Y)Z
=1

BIAS=""——1 (i=1.2,.n) (5)

(i=1,2,“‘7n) (6)

(i:1729"'97’l) (7)

Az, .y, 4RI TRMM 50 000 (5 4% o
WL 5 v 223 A 2 3 ORI AF S 59085 Y, 3871 48 1 A
S 5 RS I AR

3 RS0 br

3.1 TRMM ##7&RAMHES
TR FEABAE 5 A G0 S B AEAE A [ i 28 R
JEAEAE 22 . 0 T ARIE TRMM 3843 %080 [ R iy af
ATV 5 R RUBE 25 R T HE 4, 1 e X TRMM 40 13

FAVESEAT 00T, DARYT IR R 20012019 4F 147 A~
SE B R IETRMME 3%

%7K &/ mm ReKE/mm |

. 2144.65 . 2413.26 p_‘

251.021 60.7568

FEHNDVI_[%& R ETRMMEL

SR R A AR X R AR R TRMM B K E i
AR, AT — SO R A 50 B . FF 56 TR 5 0l sl
i3 # 37 Thiessen £ B X WF 28 X 3847 43 # , 15 3] 0
SO OC R B s ) ax A, i B 2 n] g, 4K VT I R
TRMM R 7K B8l 5 5200 B 7K 08 =2 18] 10 40 56 R0k
0.46~0.97, H R Z 8l sS7E 0.75 DA B R EBAHSC &
BOERE T VEHE . 8 5 A 56 R B0 S AR 55 L T AT
SURE T 9520 W E MR L, X 135 MR R TE p
<C0.01 KW 3. 3K U BH W RP BE 2 i) 2R R ar
A 2P S o 7 R VT S A 7 4 RUBE K 1y o R
WEoE HAT — 5 R4 G 3 .

R B 0.767204~0.850890

[] 0.467869~0.654605 B 0.850891~0.914852
I 0.654606~0.767203 I 0.914853~0.979539

H2 SKUESHEXRENS
32 MBREZRS5RIE
3.2.1 S2HFFHBABRELRE X 2001—2019
AERY TRMM 3B43 4F B iRk £l | 4F 5 NDVI 4L
W AR EVI S 43500 5K 7 Y45 31 2 487 S 8040 i
i GWR BRI AR R TRMM 4. B E 3 7]
I TRMM i 4 %5 48 4F $4 B oK Ju B ol 251~ 2 145
mm,NDVI_[#& R B TRMM 3835 Bl ok 60 ~2 415
mm,EVI_[ERE TRMM $4& K 81~2 599 mm; i
R0 B A R S N T I (| A s T 9 7 Ny
[B) 347 R AE 1, TRMM S £ % ROBE R JS #a T — 3
52 B0 ER 7R 1] P 3 081 R e P 7R R b XA R OK
R F 1 600 mm, &) ## X K F 2 000 mm., JER
TRMM $ i 23 18] 43 B 2R A0 X 4 bR . o) 3 4 iE S B
i, 20 GWR BRI, 28 [ 40 BRI 0.25° 8 7
2 1 km, HFEKEE K F IR LG TRMM £ 4070
M5 L BE 5 AT R B KRR AE
SFIEVI_FE R ETRMME

F& 7k &/ mm

. 2598.53 »

81.2314

0 250 500 7501000 km

B3 2001—2019 &EFHEEKEZTESH

F it — 2 e TRMM 8085 B RRE 45 5% 1 o 4
JEEFURS B B BT 5% X 147 A4 0k 5 AR B0
DUESCHE 4 30 5 % 1 ) e RUBE i S5 TRMIML 4448 a4 47
— Ik Ml 3 4 B (& 4), L R?, BIAS, RMSE Al

MAE 3t 4 Ff 58 1 48 b5 0 B RUBE 25 AT 30 Uk . 5
WEZS SRR B . TRMM i /K B8 55 05 o o 00 0 450 48
Z I #y R* ,BIAS.RMSE LI}« MAE 434l 0.911 6,
0.061 56,131.862,102.557, TRMM [&/K ¥ 554



%33

SR FEAE T GWR B YK VT 7 8 TRMM 0308 [ )R 153

Sl UL B 2 ) EL A W A 2R v A S bk B R IR
TRMM £l i) B 7K 5 4 1A b sl i SO0 00 250 4l %% K o
N

5 TRMM Ji i 5540 10 [ /K B AH L, 795 b B R
AR R, BIAS ¥4 T T B . RMSE Fl MAE 0% fi
Tt NDVI_FEREEBEKEE R? $84R1H 0 0.906 2,

LR T 0.911 6;BIAS ¥ T 0.019 6, RMSE &
FRE3ETHT 3.371 mm,MAE #27} 0.51 mm;EVI_[%
RUBE B KB R* 48 FR{E M 0.900 7.3 7> T 0.010 9,
BIAS {8 54 /i1 0.036 5, RMSE 8 #5 {42 F+ T 7.059
mm,MAE #£7} 4.029 mm, &Rk E,NDVI_FER
BERIRIAR L EVT R RRE ARG B T e

2400 52400 - 52400 -
: » = 0, & 3
@1800 = ” o i 1800 |- g & 1800 -
2 E RO © E > ©
& g o = )
§ 1200 - o 5 1200 | E 1200 |
o JI’;%9;‘1919;+123-34 o y=0.9165x+164.99 =0.9273x+151.1
e 3 R'=0.9007 R*=0.9062
S 600 [ ogeh BIAS=0.06156 B 00 | BIAS=0.06352 600 | BIAS=0.06521
E $ RMSE=131.862 K Q RMSE=138.921 K ) RMSE=135.233
= . . . MAF=1°2-5|57 % o . . MAE=106.586 % . . | MAE=103.067
=] (=1 (=1 (=1 < M < =] (=1 =] [=1 % < (=1 =] (=1 (=1
3 =4 3 S K 8 b 8 3 S 3 S
— — N — — o — — (o]
¥ 2 2 W0 4E B/ mm ¥ 5 SE W E 3 /mm vl i 2 H B/ mm
B4 FMERESE TRMM #iES LM KBFESSE
3.2.2 FRAEWEARBERE 8 2001—2019 54 19 a fiem . Lh 2011 4RAE T 24F 2016 AFAE MIEIEAE,

S a1 P S U ok K B R 1 B B i TRMML 3B43 [
KEHE NDVI_FE R JE TRMM $4E . EVI_ [ R
TRMM Hdf 47 32 A7 A 56 A6 A #r . &5 ok 3 Fp
BG5S G 0 S0 I R K KR R 56 A5 Y 4 A
ZHOF L, BB SA I 2001—2019 4F 3 FRFEK
BAE A4 RY i8R BN W i — B 19 a ] 5
I TRMM $58f 555042 3l 5200 B /K B 9 R 387 3k 4 X 45
4F s NDVI_FERBERE K i 50 S BEK # R* 5
HIH L4230, 2010 4F 2019 4F Fb HiT &5 AH 56 P4 T 45 EVI
R R RRK i 5 ARGl SRR 509 R™AH LL T
RO, BERETT S BHE M R® A B N, R 2
AR S B vp 25 77 AR R 22, S B K = AG T
22, ¥ 5B—5D Jy 3 Bl B 5 ok A5 S2 D £ s 19 BIAS,
RMSE J MAE {E % b Ho b BIAS il TRMM £ 85
TPl NDVI [ R K B8 I 2 EVIL R R R
TREIEAIXT 4 2% 52006 4F 2010 4F,2012 4 ,2015 4F,2019
AF NDVI_ R RCBE B K B a5 304 il o552 0 440 1Y
RMSE Hil MAE f5/], g B8 47 S e U9 K, LR 45 4F
&AM TR s TRMM Bl 5 45 4F I8 EVIL R R BE /i
J& TRMM [ K $ 4l 5 <5 o 52 00 %5 408 7] () RMSE
F MAE #BK T I W FPBCHE RS B AR A A 2 . B (AT
5. DVI_FEREEL /AT EVI_FE RS R, 7E 48 &
25 (] 43 39 23 1 [ B A - by R K000 1 RS 2, B 05K
b 2 BRBIF 5 X35 N £ [ KRR AT

3.2.3 BAEBRAKBRELEELERIE 20012019
SEAE KB 1 109.31 mm, 2011 4EFE/K & 924.91
mm NI 19 a % {%,2016 /K 1 287.25 mm RFiE

PEATHLHLAE A B OK B RO 25 - 5 00, i B RE R
AIEXT 2011 4E,2016 4F TRMM a8 17 16 KB, 15 3]
FHREAFA7 i NDVI_FE ROEE i TRMM #l EVI_BE R
Tl TRMMC(J& 6B) , I %) 5% 2248 {45 2] (K] 601 km 5%
ZAH B A3 A R AR 43 B9 NDVI_RE R TRMM $d%
FEVIL BEREE TRMM 045 (5 6D) . B 141 6 7] 1, P Fp
R NURE 238 3R 5[] 43 B 3R AT MR B2 4 T A 5 M g i
RETE AP MR BRI /K RFAIE . BBLAEAR (2011 4F 2016 4F) 1)
RaK 23 () 43 A a3 5 20 AR AR 34 [ KR, A 52 B DA
IR 1) VY 8N 0 B, B, T AR R K B4 A
FER VLA AR AR B W0 4F 03 B K 240 A 7E
KITHBAR . 2011 4E R IR TRMM 4E YRR TSN
235~1 874 mm, NDVI_[# R 25 SRR B oy 153~
1964 m,EVI_FEREESE R KGR 145~2 001 mm;
2016 4EJF 4 TRMM 4E 1 [ /K 35 Bl 4 183~3 022 mm,
NDVT_[% RUEE 45 R K 2 131~3 308 mm, EVI
Fo R RE 45 SRR K YL B 116~ 3 315 mm, P Fh R
JEE 235 SRR el A K DX )3 L K, ND VI Fe RBE s
Y0 F S A AR X /0N, BEINAF & 52 PR B 7K RRAE

FIHARITH IR 2011 4F . 2016 4F 147 PS40 05
S 00 K5 4 Xof 7 e L RE 25 SR BEAT BRIk, AR 3 AT LA
BRI AEG R BIKET T 240, H 2 MEH D
NDVI_FERJE TRMM %4 1 EVI_[E R JE TRMM
s 5 IG TRMM 04 A5 e, R® 34 ir F B, (1
NDVI_F# R 4 R* W %3 ; BIAS. RMSE. MAE
¥4 B LT NDVI_RE R JE TRMM 806K B 247 F
EVI_FRE TRMM ¥ .



154 S o S %28 %

1.00 0.12
0.95 - 0‘10 -
0.90 |
; »n 0.08
% 0.85 [ - <
M 0.06
0.80 |
0'75 - 0.04
0'70 1 1 1 1 1 1 1 1 1 J 0.02 1 1 1 1 1 1 1 1 1 ]
< o < bl o0 L= (o] < o [><] (= (=1 (] <t O [o2e] o [\l < o o0 [
[ > [ [ > — — — — — o [ (=1 < [ [ — — — — y— o
< < > < < (=] (= < (=] (=3 < [~ < (= [~ < < (=] (=] < (=] (=
N (] [a\] N (] (o] N [a\] (o] [a\] N N N (o] [a\] N (] (o] N (] (o] N
F fr E
----- NDVI_[& R ETRMME #& ——  EVI_ERETRMME#E ——- BFHBTRMMEE
250 200
230 180 |
g 210 | g
E s g 160 _
M 190 | H I5) H
v H ]
= i il < 140 i
2170 | ! ¥ = i
H H H1
150 | i 120 i
130 nd 1] HlH H 100 H HilH
(=] o < & 2] (= ~ <t O [ (] <t =l o [ o <r & ] [
< > (=] < (= ~— — — =) (=3 (= f=) (=1 — — — — — o
< (= [=2 (=3 < (=] (= < (=] (=] (=3 < (=] (=3 (=1 (=] [=2 (=3 (= (=]
~ o (o] N [o\] o~ ~N (o\] [q\] N N (o\] N N ~ o (o] N [o\] o~
F 4 F 4
[ NDVI F#& R ETRMME 7 E= EVI_%RETRMMHEE FZa R IATRMME R
5 2001—2019 ERERK LS
20114E R ZATRMM 20114FEVI_F R E P TRMM 2011£FEVI_F%R}§%€§ 20114EEVI_[% R ETRMM
B 7K/ mm P& 7K/ mm f& 7K/ mm a k ﬁ %7K/ mm
1874.44 . 1935.15 761 183 2001.06 "
| | |
235.485 " 281.878 -384.02 * 145.008
20114E R ZATRMM 20114ENDVI_FE R EHMTRMM  20114ENDVI_§ R EFR = 20114ENDVI_[4 R BETRMM
P& 7K/ mm P& 7K/ mm f&7K/mm P& 7K/ mm
1874.44 1978.8 771.049 1964.88
I ) I 3 I I N
235.485 " 350.21 -402.926 . 153.703
20164 JH IETRMM 20164FEVI_PE R & R MTRMM 20164EEVI_[E R ¥k = 2016%EEVI_[% R ETRMM
AT N
f#7K/mm d : F&7K/mm WE7K/mm F& 7K/ mm ’
3022.22 - 3464.35 813. 763 3315.62 w
] ™ ] I ]
183.824 ] 269.824 -628.638 416.502
20164F L #ATRMM 20164ENDVI_FE R EFRMTRMM  20165ENDVI_FE R B 5% 2= 20165%NDVI_[% R ETRMM
L L -
BAk/mm K K/mm MA/mn KK/ mm
3022.32 i 351491 - o 815.577 3308.28
i ; M ' | . |
183.824 327.606 0 500 1000km -595.554 131.903
B 6 TRMM FE/K{E TR pEKE. ZEBRERERKE
4 W b T GWR B AL, 3k AR [R5 B RBE 2 8, Xt
aa e

ARV IR 5T X, PL 2001—2019 4F /Y
MODIS #l TRMM 7= 5 & %85 I8, 76 78 5 % &
TRMM 3B43 [¥/K B 76 K 717 48 /9 35 P A% 26 il

TRMM 3B43 %4l i 17 & RE 52, IF X TRMM
Ji e B I RUE e K ST 5 /S0 5 o o S0 B i A 7
ERE S o D I o VTR = S N T 7

(1) TRMM 3BA3 [ 7K B4 76+ 1 3 3854 5 ]



%33

R FEHAF T GWR BIBAYRVT TRMM S04 % R 155

ROEE b B B EE I 5 R4l i 52 D0 e /K B 1y
R* 25 0.911 6, Huli AH R RECRZAE 0.75 DL |, 3R
I — o B3 I
RIBBENERELERITE
NDVI R EVI R

G T 8 45 TRMM
TRMM TRMM
R? 0.792 0.774 0.760
BIAS 0.0415 0.0421 0.0491
2011 RMSE/mm 143749 151.820 156.023
MAE/mm 104,651 111.829 118,611
R? 0.891 0.881 0.891
BIAS 0.0803 0.0795 0.0838
2016 RMSE/mm  219.745 225.677 236.952
MAE/mm  174.729 181.0337 190795

(2) HEHWFFEIX 5 367 ANFEH R 5 R iR 2
(RMSE) . #E ZE(ROAE N IUERE A5 . 8 58 e
UE VR X6 4 {8 7 NI4T e85, 248 0 Hr ik 6 I I 28 A 47
(L IEAT AR 25 40 (1 25 R e il .

(3) TRMM 3BA3 %48 75 P F [ ] BE b B i 5
14 23 [6] 43 A R AE L R R T — 30, 3K 1R AR 1m0 7Y
10 U A R S LR TRMM [ 7K 5504 JR) 308 4 4iF 5 A
15 B R B4 40 15 FRAE R BT 47 . NDVI_ R R
TRMM #4765 % ol 5 5000 B0 8% 2 |l i) R,
BIAS,RMSE, MAE 8 #5 I # £ T EVI_ [ R
TRMM ¥, H 2006 4£.2010 4£,2012 4F,2015 4F,
2019 4F 4 W 4r o J5 i TRMM 08 58 4, ] DL S ke
KA B E S KM .

(4) BRI, Wb 8 RURE [ A B4 DX 1) 918 BBl AH
Fe 5 TRMM R 7K B8 D119 L R, W i 4 17 B
ROBESESRAR T T 24E: 07,

CEBL L
(1] 75 #1.2EF TRMM K8 i A A3 368 R K 25 A6 45 1F

SRR E 2 D]AL A B . i 5L K2 . 2019.

[2] Jin Yufang. Ecological consequences of variation in pre-

cipitation: separating shortDversus long-term effects
using satellite data[ J]. Global Ecology and Biogeogra-
phy. 2014,23(3) :358-370.

[3] #EZ IS LT X TRMM R K 5035 25 18 1% R #F
FELTL) VU R 2 2 4. A AR B2 A, 2019, 037 (4)
163-169.

[4] Stisen S. Interpolation of daily raingauge data for hydrological
modelling in data sparse regions using pattern information
from satellite data[ J]. International Association of Scientific

Hydrology Bulletin, 2015,60(11):1911-1926.
[5] B.HEE. K, 45 0 & R A 7R 3 NDVI s

(6]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

A KGR SRIER L] RIEFRLS, 2014, 36
(3):603-611.
R R TR, B L AT GWR B A Y 5 M g S04 1
X TRMM 3 B43 FERBERE R E M [J ] T RAR,
2018,36(3) :405-414.
Sandra E. Yuter. Casey D. Burleyson, Adam H. Sobel,
et al. Very high resolution rainfall patterns measured by
TRMM precipitation radar: seasonal and diurnal cycles
[J]. Climate Dynamics: Observational, Theoretical and
Computational Research on the Climate System, 2012,
39(1/2):239-258.
Deblauwe V, Droissart V, Bose R, et al. Remotely
sensed temperature and precipitation data improve spe-
cies distribution modelling in the tropics[J]. Global E-
cology and Biogeography, 2016,25(4) :443-454.
B M, T E T L5 TRMM3BA3 B 7K B4 76 3]
TR B 3 FAPEPEA [T 1. K1 R 42, 2016, 38(3) : 620-633.
DOI1:10,7522/j. issn, 1000-0240,2016.0069.
EA S CIN b 7R S I R U === v N T B s I
RS 2 23 M7 [0 K L REJR P27 . 2010, 28(8) : 3-6.
Kizza M , Westerberg 1 , Rodhe A , et al. Estimating
areal rainfall over Lake Victoria and its basin using
ground-based and satellite datal J]. Journal of Hydrolo-
gy, 2012,464/465:401-411.
GBI ARG AT RE L A5 L T bt B AR [T A AR Y ) 4 2
TRMM [ 7Kk B4 B ROBE O 58 LT 1 i VLK K R 25 B 27
#,2017,29(3) :29-36,83.
XN, kA 7, AR AR HL X TRMM {4 i R
LB GWR BRI [T ]t BR AR BB 272740 2015,17(9)
1055-1062. DOI:10.3724/SP.].1047.2015.01055.
Xu S, Wu C, Wang L, et al. A new satellite-based
monthly precipitation downscaling algorithm with non-
stationary relationship between precipitation and land
surface characteristics[ J]. Remote Sensing of Environ-
ment, 2015,162:119-140.
Chen Cheng. An Improved spatial downscaling proce-
dure for TRMM3B43 precipitation product using geo-
graphically weighted regression[J]. IEEE Journal of
Selected Topics in Applied Earth Observations &
amp; Remote Sensing, 2015,8(9) :4592-4604.
it R AL ZE L W BT A5 R A O ) B R
W U 4 L1 3t 3 A R 25 3 A L ). R K AL I 5 K ORI RE
2019,17(6) :28-36.
ZRG AR T R I () TRMM 3843 B /K £l4 76 35 1)
U5 DX Al A A TE AR 28 LT 0. 07 1 il 5 R R 24 24 4l
2018,26(6) :6-22.
(T 4% 162 1)



