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Comparison Study on Accuracies of Precipitation Data Using
GPM and TRMM Product in Haihe River Basin
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Dalian, Liaoning 116029, China; 2. Esri China Information Technology Co. Litd, Beijing 100027,
China; 3. Dalian Sea USC Dynamic Surveillance Management Center , Dalian, Liaoning 116011, China)

Abstract: [ Objective | The accuracies of GPM and TRMM precipitation data were measured to evaluate the
applicability of TRMM and GPM data in the Haihe River basin. [ Methods] The precipitation products from
April to October 2014 in the Haihe River basin were compared with the corresponding data measured with
rain gauges from 35 meteorological stations. the coefficient of determination R* and relative error BIAS were
used as statistical indicators to evaluate the performance of GPM (global precipitation measurement) and
TRMM (tropical rainfall measuring mission). [ Results] GPM performed slightly better than TRMM did.
The coefficient of determination R* between satellite precipitation product and in-situ data were 0. 758 2 and
0.760 7 for TRMM and GPM, the slope K were 0.810 5 and 0. 833 5, respectively. Although the difference
between TRMM and GPM was minor and both of them underestimated the real precipitation, accuracies of
them still were relative high. [ Conclusion|] GPM IMERG precipitation product has potentially good applica-
tion prospect in monthly scale hydrology for its high spatial resolution.

Keywords: GPM; TRMM; precipitation data; evaluation

R K S H AN KGR 1 32 ZE R Bl o ) st 2 7K S HEFTE R R a3 8] 4 PR BB ) B R R 4
BRI A (K A GORE BT SR I R] 2SRRI I SRR R 4 2 1 B 5 3 W K SoRE A oh (] 2
VB O A8 SR R K SO A R BB R T I A A R O T A U R KK

W Fs HHP.2016-10-13 &[5 B .2016-11-08
F—1EE BEW 1991 5B (ORI T A WA #5844 058 7 1n b FEAE B R 4. E-mail:876830062@qq. com,



172 7K AR 3 4

537 &

. A B K WL B2 TRMM (tropical rainfall
measuring mission) F 1997 4F 11 H 27 H &K 5 3.
S 25 [ [ 23 0K R (NASA) 5 H A 528 fiig 25 BF
FIF KA JAXA) B G VETHRI . TRMM A 2048 fif
FE A B E 35 PR (precipitation radar) | 8 % A%
A TMI(trmm microwave imager) . A] WG F 4T 44
51 VIRS (visible and infrared scanner), H ' PR
SR EREE — A R AR W AN . TRMM TR $iE 1
73 W) 3 HEAE A 0. 257, AH L 2 FiF 2 T 1L A A B /K ™ i
Hooy P AH R T/ s (8] RUBE A 7K SCIF AT 4
FELRE o PRI o R A5 B Ry 4 [R] 3 9 58 1 0L [ K 7 il
K SCHE ST U ) — A H AR, 2014 4 2 J] 27
H . NASA fil JAXA 7 TRMM B8 02 Z F K
B AE S FE H A BT 8 & 5 JE b sy & G 4 R R K UL
1% L2 GPM(global precipitation measurement) ,
GPM (1 52l A 555 Ry 8 5 18] 43 98 3K SCR e 4 1
BRI . GPM B0 UL - 65 1Y 32 22 3 A U
M F 75 15 DPR (dual-frequency precipitation radar)
Hl GPM f# o % 1% X GMI (GPM microwave ima-
ger) . DPR AR5 7] g A5 B [ 25 B 7K B = 4k 48 3 I
SR I K BB R R S s R R B XU AR A
. GMI B2 7EAL 4G o 3 KR K /N R =7 2% 4 i
R K L TET AR R R AN S ALY RE 1HY . TRMM B oK
B AR P I 06 2500 RS B EAT RS 30, 2 W) it AT
TREME TAEY HH R F GPM R Z /i
) 5 4R A B 380 E 55 T 1T AT AR AN 2 L TR I iR R
JEASRIBIEFE . T I R T ] 28 9% L A R Gk 1 b X
Z—ALHGAE S 4 [ BRI SR O B B ER AL 5T, BF
G H BT IR R A B — A A A5 T R ) 5K A s A
LA X AT S AESHE RSk RAAE
TR S AHFSE LA ) 3 A S 5T X, X TRMM
Ko GRM T3 B 0408 16 12 It 350 s DOKS 52 a3 4 X L O
Wro B X B AR AT B R AL . BE S L X R
NIZE T AR DAL B 7B AS U5 3l A 1A VYAl 9 A T T
17— 25X 1 Al TRMM Jz GPM %8405 75 1 i)
LA 35 P S DL B G £ 3% BV VAT 1) R K 43 A AR
(7] B, Ay 7 P 74 SO A i b 54 %) B30 9 A ) T 4
e 7K OB R 1) iy 4 2
1 B X HEDL

T A T AR 22 112°—120°, b 4 35°—43°,
AR e 0 V6 e BT G DL ORAT L bk 5 o T e

JOH S e 5L 5 P T A e e S, R 2 PR
[ (i R S TG TN AL 7 B U ST BN

. FREATE A 3. 20X 10° km?, 4 Em A 3. 3% .
Hodr, 1l X A 1. 89 X 10° km® . i A i 3w B Y
59 % s R I AL 1. 31 X 10° km”, f SRR 41% .
MK 920 km, Hpir b4 421 km, R 115
km, N4 344 km, B LR 3 & T4 17 ELIX
QAR T L P R LT NS
IR DX A Ml DX TR g e b Ak 3 T 2 R L
PN i = e W 7 P B e KW G o e | U
- g ) L B AIS L AR AR AR 0~14.5 C, Z4EF-1Y
R /K fE 535 mm, J& [ 7R FB U U I K AR /D 1 L IXC
A ZRIEVS /DA AT AU XUR PG Jb R 5 75 2B A0 [l P
WK, TREZRD; E SR FKE. L2 RHE
s Bk Bk R L BE TR 2D

2 K5Itk

2.1 HERTALE

JIT ) B A 465 A o R 2 I R K B8l . GPM
IMERG %40, TRMM 3B43 ##21° , GPM IME-
RG [ 7K BOHE (19 7 18] 35 Bl 90°S—90° N, 180° W—
180°E, 25 [A] 43 Wk 0. 1°X 0. 1°, W] 4y B R 1
B0 s 2 A B 2 4 /N IR K B (mm/h)
i#+ NASA-GSFC H B 7K &b 32 & 48 (precipitation
processing system, PPS)ifiig ftp 7y (ftp: //arthu-
rhou. pps. eosdis. nasa. gov/) $f4, TRMM 3B43V7
R 7K B0 1) 25 T 1B Ry 50°S—50°N, 180°W-—180°E,
23] 4y PEF 0. 25° 0. 25°, I i) 2 #E % h A L S
sk B RVRE S F N P 35 /N i B K B (mm/h) . DA
5 [ [ 0028 K SR (NASAD 3 B i 23 Al K s
(goddard space flight center, GSFC) it & 44 FTP
(ftp: // disc2. nascom. nasa. gov/data/s4 pa/ TRMM
_L3/TRMM_3 B43/) i B 5 52 I B 7K BCHE [R] 1 B i
¥dli . DEM Hidli o STRM V4 ¥4 7K SF- =3 18] 3 B
N 3 A GRS T 90 m).,

17 GPM IMERG %(#8 M 2014 4F 4 A FF4f 43
&M E HAih 1k, TRMM 3 B43 04 43 & 1k 22 8]
2014 4E 10 H SRS R A 2014 4F 4—10 H
GPM IMERG {4 7= i LA K [} B 1] TRMM 3B43V7
BHE 7 i WIS R 8 ) R K B ) R K R AR A e 5
AAT o TRV o Ay A 50 4 o T 2 SR Y o A AT TE B 5T
DCHART BE M B S B 2 s L 52 ) (htep: // ede.
nmic. cn/home. do) 1% B 2014 4F 4—10 A FIL A 35
AN G RS UL ) e K et SO A S AR B 5 ELAE
HEAT XS LA AT o AR S A A AT BOA S RO Ry T K
FEnf L PAE B RS 1 2 400 J7 BdE 4R P E S 4 A



el

AP . GPM 5 TRMM [ K S8 7 1 1 3 48 Ao 2 0F LE BT 5 173

it 5 V0 ATt S N TR R 1 s 25 T — G S o A e
AT BRI K B A% i S HDFS A% =X, T b it
PN EH A ArcMap K 4 $2 BU % 7K Precipitation
B BRI 53 A7l s X SR s B T kK S
5 A ENVI AR B 5 o WGS84 i 1 A
b 2 P Beas B 26 o M 75 s o 5000 o 5 e e o S
PEHR O] AreMap BPF g = 2 BUE ) 507 T H 42
R 7K B 3 i A A0 B 1Y B K TR A
2.2 WEWRAWHIZE

AR5 R R E R BLCR®) S A X 2 22 (Bias) X
ol Bl 7 ot A TR B A

S(M—M)(P,—P) |
R=|—— - (1)
J§I<M,—M>ZJ;<P,—P>Z
Bias= 3P,/ > M, —1 (2)
i=1 i=1

s P——ul 07 B 72 M k% TRMM. GPM [ K
ROl R A3t B0 R K A 5 M i I [f) 3 1T 5% ot L
IR s - [R5 5 n—— K ol Bl ie % 19
BAEG P—P, P E; M—M, P {E.
R R R e 1 e 7Kk B -5 3l a5 S0 {8 A — Bork U
WHIEL0, 1], BB 1 R B 8ds — Bty . Bias
B T R oK Kt 55 oty s S 0 550 Hhs e K (R B B Y
fi 23 H2 2 L Bias MREIT O, DU RRC 40 B v

250,
y=0.833 5x+16.899
g 200¢ R=07607 o ©
a o
H o
ml)g 150} . o o8 om” © o
[o) o
o 9,9, [
€ 100} o o Pe ° o
g [o] Oo %
501 & 2
[e)
0 . . . . ;
50 100 150 200 250
52 R il 7K B/mm

3 KPR S

3.1 HEEERBETMG

DI 5T X 35 AU s 2014 4F 4—10 H
UL 54 S B B L 43 5 L TRMM 3B43 J2 GPM
IMERG %4l > PR AR £ i — oo 4 vk L3 43 B (B D)
Z k5 TRMM Bl 5% Gl e RE #HR K
=0.833 5;GPM ¥l 5L G Uik E R R =
0.760 7,483 K=0. 810 5, P Q504 i v & R 503y
i p<<0. 01 BB FPER S0, UL 2 Fh B S5 00 %
i 22 (F EA B AR DGR S — Bk . R R
TRMM 4 f 7K it -5 0000 52 40 A /1N 53X AR 7] BE
TR K TR 3K (PR LI 5040 1) 0 ok A% 1 TRk AR A 53 07
AN E R S i AT OGS AT fig R 80 TRMM
BAEAE B B /. TR B, GPM U B K 55 0
RN A R — o Eg i T TRMM S . —
FERREE LU GPM ZE il /NS E A RE T R
F TRMM,

ML b 1 46 5 () 45 2R >k & . TRMM., GPM P 4R
B 7= R R b LA B R R Sy 4 7 U 4
7 R PR b AE S [ BsF R BORS JBE B 2 ) b i 22 5 D
Kt —25 20 TRMM 5 GPM FAR 7 i 75 BIF 58 IX 1
DAL ) A S BT 79 o 5l DA B i) R T s i) R
2 A7 A TORY BE B E

2507
g 200 $=0.810 5x+15.689 ° o
g R=07582 °
W 50t °
% d) 00 o [o] o
¥ o & %0 0.g57 00
S 100+ 00 oY o ©
E %9 0 »°
£ sof 8 4
[o]
0 1 1 1 1 )
50 100 150 200 250
52 fr 7K B/mm

B 1 jgiikiE 2014 £ 4—10 A GPM(A) . TRMM(B) 5t E MK EN B B E

3.2 HIEZERAEBEBEITMY

M 3 X6 AT A AT 5T XA 35 ARG v A
2014 4 4—10 A & H #E A7 s %o Fr. ol LU
(R DIEARNE FLBR 4 A GPM %4l 5 52 ) %540 K
JE v TR A0 1 e A5 PR RO RS B A e
TRE R 79 AFKMINECY B . X —
TRMM [k %€ 28 R* WAL T GPM 1 R 4d B A&
7—9 A TRMM #& ik i R B4 Wi fe 4—5 H &
10 AFARMIN . GPM 5 5200 B 0is (1 — Evk A 4
MR . A Ak E R By p<<0. 01 1

FHPERTI . O LSS R B K i L T 5 N T B
X T B AT RE Ty 35 A R K O 22 3 e K
(& 2) H R 7R BR 7 A TRMM 15 52 oK 2 22 {6
KN GPM 2l ok B/ UL A4 A GPM 5
TRMM A LT 520 B 7K B 22 (5 55/ U W] GPML A
BF TRMM e ek 5 B L b i . GPM %L
3 5 B B i A DR O GPML A G I SF- B bRy
PR 32 AR SRR PERE B 0T . Ho . GMIT A 1L
TMI B R G H 10~85.5 GHz #fi 8% 10~183 GHz.
BRI A4 A v B HE A S UL /N B PR s DPR 4



174

7k - B F e AR

537 &

A PR FAT Ku 9% BE(13. 8 GHz) A #8 B K H A 1)
SEhhz L3N T Ka P Bt (35. 5 GHz) o 3X — 453 1] ) 1)
TR ZE 0. 5 mm/h Al K B B ZS Rk
RS 56 vk o [ I 0 2 1 R i S O 15 X IO A
PR K 7™ i 14 22 5 JE HERRE K R BT A LG B R P i

W7 e Z Y8 it 2 P 3 B3R R I L 48
2 BE AV U IO AE R R A A ) L )
PO 3 S M R g B AR LR AR AE . AL  ALASORS B
VRORS BE AT VP A & AN R 1Y . DRI 5 2 X8 I 5 DX 1N 4%
Ak AT BE— 25 (R E S IE

K1 EARE 2014 £ 4—10 BE B GPM,TRMM S5 Em WM ik gk BRE R
hERH 4 A 5H 6 H 7H 8 H 9 H 10 A
R* GPM 0.843 5 0.624 7 0.702 6 0.552 6 0.477 9 0.588 7 0.727 6
R* TRMM 0.681 0 0.390 4 0.627 2 0.587 7 0.5217 0.6923 0.643 5
100] g —o TRMM SRR A O X i — 2P R T A U I
wl o GPM GPM Fil TRMM %4l 55 G2 00 I 504 77 76 W1 2 1 4&
g PEXRR: () MHREW S SRR G WRE R
6ol N U | IR & I S o= U R 9 & -
i GPM(TRMM) {5 R* {f 4 %1 % 0. 38 (0. 41), 0. 20
40r (0. 41).,0. 20€0. 10),0. 17€0. 34),0. 42(0. 30) , 4 1]
20 X GPM (TRMM) 55 0 I #4822 1] 1 2 1% ¢
B4 RIE . HrhBRRESN, A 4 S AL TAEALF R X
B2 2014 £ 4—10 B GPM 5 TRMM Lot g R RN (181 3) . H 32 2 s A T e 2
NEETRE TR KEER T AR T k5 TG N B B KOS 28 50 1 L S B0 K 7= i
55 g2 I 7K R T B s RGN R JRE R DE iR i e
3.3 HE\ENEBEITMA TR JEUAH A e L AT L DX K AR 9 1 b XA L i

WF5E X N 45 A G Mk 2014 4 4—10 A A
Bt K o B S AR i (X 8D LA AN S5 0 X R A%
W [ 7K 77 i (GPM Al TRMIMD $ic 8 Sy B A28 1 (Y il
M — TCERAE 53 BT - 15 B 45 A% X ECHE 5 45 S5 UL 32
M YeE ZECCH B T p<<0. 05 1y B EH ke
(2,

M 2 ATLAE (1) K 035 000 s S
W7k i 5 TRMM 3 B43,GPM IMERG 7= i B K 2 22 ]

R E R BCRY i/, (3) 35 AWM, S LA 23 A4
A GPM 5 50 e (o 52 &R 808 T TRMM. 5 52
T i P s R B Al BB 65. 7. fE
A 12 AUk L B 5N 50 Sk P s GPM gk g & 3K
5 TRMM PiE 5 50R 22 38 K40 H 4y 10 A4 00
Yo RBOEAAM Y. 2 FhRCE R E K 250l s b
GPM H Bk Btdis A% TRMM H B /K B8l 5 52 0 4L
P HLAT WA — Bk

xR 2 MEARE 2014 £ 4—10 B GPM,TRMM 5t & Wi i bk 8 R ERH
&y GPM TRMM| &5 GPM TRMM| &3 GPM TRMM| &% GPM TRMM| &i#f GPM TRMM
KFE  0.73  0.86 | Mkl 0.96  0.85 || FTF  0.97  0.99 | HH  0.76 0.82 || fks 0.87  0.96
PN 0.38 0.41 | & 0.78  0.84 | Mz 0.94 0.71 | BER 0.68 0.65 | fRE 0.96  0.93
HEW 0.75  0.84 || KW 0.93 0.89 || KO 0.92  1.00 || dkm 0.89  0.87 | B 0.20  0.10
ME 0.95  0.94 || I 0.86  0.56 || M3k 0.82  0.80 | ®HM 0.20 0.41 | {3k  0.17  0.34
R 0.94  0.89 | %M 0.96 0.95 | = 0.76  0.71 | FHK 0.78  0.70 | #Ik 0.82 0.72
B 0.86  0.82 | #H2E 0.86  0.91 | Z&ff  0.91 0.91 || K¥ 0.84 0.88 | B§®  0.42  0.30
FHREE 0.80 0.76 | ZMHE 0,93  0.75 || #ik  0.85  0.84 | JHI 0.94 0.78 | BHEE  0.94  0.96

P 2B RE T TRMM 5 GPM R K 2 4

I i 7K S 300 I 7K ik 22 ] — 0P R/

s T 12 2 WL B e

MY Bias(F£ 3) .

i 2 3 WA, ZEWE ST X 35 A4S W
ML 2 AR LA AL B R 3 Nl A1 Bias

HZRIFEKERENZREE., £ 081181%
F) [ 4H %1% 2% Bias R Mt T TRMM, GPM H [ 7k %k
P 8 S Rk SR RR I . R O3B & A4 vk

Y90 SE - R WIAE X 280 b R RCRE B AR
AR LE T o S I e K B A AR — 2 AR A . R A] R
BRI 22 AW o v Bias S 1E AR . % W] 7R X 86



el

AP . GPM 5 TRMM [ K S8 7 1 1 3 48 Ao 2 0F LE BT 5

175

S b KR A B A A G T ol S e K A
TE—E Ml b RO R RS A ST
FEHI R M. HRamRE KRIGEENET 10
A KPR dh R Bias {H 58 1E 0, R WA AE AN [F]
M 22 . Z5A LA b RS L 360 45 2R - B4 b T A

0 100 200km

H, TRMM 5 GPM 735 5 3 53 5200 K B HAT 804
B — Bt BRAS 9 ol a5 A A i {E AR 0. 75 B L B
(L o K Kl 55 5 I ol 30 o A s ol v s 5 DA
b R Rl A TR A K B 5 9 e K AR RUE
EESB/NGMAEARE SRS Ak ERBR.

0.1 @05 @1.0

B 3 GPM,TRMM RERZHE# =645 %

R 3 EARE 2014 £ 4—10 B GPM, TRMM #{1E 5 Hb F 3 ) 24 & 7k EHE X IR 2
By GPM TRMM|| &3 GPM TRMM| &3  GPM TRMM| &¥  GPM TRMM| &3 GPM TRMM
K 0.03  0.04 | ftt 0.07  0.00| FF 0.04 0.09| Hle 0.14  0.23| k= 0.47  0.29
KE —0.03  0.09 || & 0.22  0.11| H¥ 0.02 0.25|| #EE 0.25 0.08| R 0.20 —0.05
A —0.17 —0.18 || KA 0.04 —0.04 | 5kx% 1 0.02 0.01] dbx 0.18 —0.03 || %M 0.30 0.13
Ba 0.08  0.05| FEiH 0.11  0.10 || 73k 0.30  0.31| %M 0.28 0.00| Ak 0.60  0.57
R 0.06  0.14 | 2k 0.01 —0.04 | Hx 0.02 —0.02 | FEHE 0.24  0.12| #le 0.20  0.08
J - 0.20 0.28| #h 2 0.05  0.19 | 7kt 0.05  0.14 | Kt 0.29 —0.03 | FHE 0.04 —0.13
AFEE 0.66  0.41| Zf£H —0.05  0.05| ¥4k —0.10 —o0.10| fFih —0.02  0.00| HEE —0.03 —0.03
4 8B EmE T TRMM £ 0b s 2 E i S E, BB

(D EH W ¥ N TRMM 3B43/GPM IMERG
s 5 35 DAL W B s K B R R
0.758 21 0. 760 7,8t % K 43 %1%k 0. 810 5 H1 0. 833
5,150 B g AR B A o 22 0 B, GPMO g A T
TRMM., 5 0000 s 5 A B 5 A0 22 M ¢ R RRAE L 2504l
il = S NTTI= IR K €/ k3 4] ) -
S LY 3 et S0 2% 7K St 349 W v /1

(2) FEWFFT B[] D[] P, X6 6 o 50 90 7 47 38
HAASEE# 5, & 9 GPM IMERG 5 TRMM 3B43 #
PR A | T 42 30 S0 I R K i, ELAE P K 8 S A
A A — Bk,

(3) XF 35 MG 6 vl W A B 5 S I B9 47
—JCllH 3 b, B R KWL uh s GPM I S

5 1,30 GPM IMERG 78 % 86 5 (K ) — 2obE 1,
W% f F TRMM 3B43,

(4) Xt 35 ARG B v 0k A AT 8T
R ICEB S B e s /D o A B A B A A H BEAE F
X H AR HN G I8 Sk R R AR b X A ST
ANREZAFETF . TRMM DAY GPM T A #5232 )
B BUSEA I I S B 7 A H . BARX T
FEA MR, 35 NG 6 ol B A B3 A0 A A
5%/ . SRR R TR B OREE 8/ i RUOEE B 7K
P i 55 S I S R R S V) KT A K 7 i AT R 4
Oy IE R 51T

[ &

Z

Z x w ]
[1] TImmerzeel W W, Rutten M M, Droogers P. Spatial

downscaling of TRMM precipitation using vegetative



176

7k - B F e AR

537 &

(2]

[3]

(4]

(5]

[6]

7]

(8]

(9]

[10]

[11]

[12]

response on the Iberian Peninsula[ J]. Remote Sensing
of Environment, 2009,113(2) .:362-370.

Meng Jin, Li Li, Hao Zhenchun, et al. Suitability of
TRMM satellite rainfall in driving a distributed hydro-
logical model in the source region of Yellow River[]].
Journal of Hydrology, 2014,509(2): 320-332.

RS 5E IL AR 2. R w5 43 B 2 R K Tl B0k Y 5d
PG T, S 5 S IFSY , 2013, 18(4) 1 461-471.

Duan Z, Bastiaanssen W G M, Liu J. Monthly and annual
validation of TRMM Mulitisatellite Precipitation Analy-
sisCTMPA) products in the Caspian Sea Region for the
period 1999—2003[ C] // Geoscience and Remote Sens-
ing Symposium(IGARSS), 1IEEE: 2012 IEEE Interna-
tional. 2012:3696-3699.

Adler R F, Kidd C, Petty G. et al. Intercomparison of
global precipitation products: The third precipitation in-
tercomparison project ( PIP-3) [ J]. Bulletin of the
American Meteorological Society, 2001, 82 (7). 1377-
1396.

Kozu T, Kawanishi T, Kuroiwa H, et al. Development of
precipitation radar onboard the Tropical Rainfall Meas-
uring Mission (TRMM) satellite[J]. Geoscience and
Remote Sensing., IEEE Transactions on, 2001,39(1):
102-116.

Smith E A, Asrar G, Furuhama Y. et al. International

global precipitation measurement (GPM) program and

mission: An overview [ M ] // Measuring precipitation

from space. Springer Netherlands, 2007:611-653.

Hou A Y., Kakar R K, Neeck S, et al. The global pre-

cipitation measurement mission [ J |. Bulletin of the

American Meteorological Society, 2014,95(5) :701-722.
W LT, 22 TR AE . VR VT R R 1A B TRMM 3843 4

HEER (], M PE# 4, 2011,66(7) :994-1004.

Liu Junzhi, Zhu AXing, Duan Zheng. Evaluation of

TRMM 3B42 precipitation product using rain gauge

data in Meichuan watershed, Poyang Lake basin, Chi-

nalJ]. Journal of Resources and Ecology, 2012,3(4),

359-366.

08 = IR, R 48 TRMM IR ™= & 3 B42 5 &

i GEORHTE o [ DB % e 2 A [T ], A%, 2011,37(9)

1081-1090.

Chen Sheng, Yang Hong, Cao Qing, et al. Similarity
and V7

and difference of the two successive V6

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

TRMM multisatellite precipitation analysis perform-
ance over China[ J]. Journal of Geophysical Research:
Atmospheres, 2013,118(23):13,060-13,074.

Koo M S, Hong S Y, Kim J. An evaluation of the
tropical rainfall measuring mission(TRMM) multi-sat-
ellite precipitation analysis (TMPA) data over South
Korea[ ] ]. Asia-Pacific Journal of Atmospheric Sci-
ences, 2009,45(3):265-282.

Huffman G J, Bolvin D T, Braithwaite D, et al.
NASA Global Precipitation Measurement (GPM) Inte-
grated Multi-satellitE Retrievals for GPM (IMERG)
[M] // Algorithm theoretical basis document, version
4. 1. NASA, 2013.

George ] H, Robert F A, David T B. The TRMM
Multisatellite Precipitation Analysis (TMPA): Quasi-
global, multiyear, combined-sensor precipitation esti-
mates at fine scales[ J]. Journal of Hydrometeorology,
2006,8(1) :38-55.
] G R B Bk il A5 18 7 & — R 5 M Bk R g a5 7
A WA TR B G P 2002 4 15 25 7
— 9% WSy g% ¥R % [DB/OL . (20020105)
[20150525 ]http: //lake. data. ac. cn.
Iguchi T, Kozu T, Kwiatkowski J, et al. Uncertainties
in the rain profiling algorithm for the TRMM precipi-
tation radar[J]. XU £ 5E.2009.87(2) : 1-30.
XU TCUE A TG YR AR 5 TR 3 a8 B K F 5 4 ik
()] Bk B2 2, 2011,26(11) : 1162-1172.
Bidwell S W, Flaming G M, Durning J F, et al. The
global precipitation measurement ( GPM) microwave
imager ( GMI) instrument: role, performance, and
status[ C] // Geoscience and Remote Sensing Symposi-
um, I[GARSS’05. Proceedings. IEEE. IEEE Interna-
tional, 2005.
Huffman G J, Bolvin D T, Braithwaite D, et al. Devel-
oping the integrated multi-satellite retrievals for GPM
(IMERG)[J]. Acta Paulista De Enfermagem, 2012,
25(1) :146-150.
FIEE, Y024 . ik K. TRMM T2 I TR 7 35 45 i 2
A 1 5 e VG B o) R 5 L) . 38 IR R 5 L 2009, 24
(2).:164-166.
SR i, T B R L S S BRI K N & (GPMD i) K
Hodpopn it e 53R [ ], 38 15 R 5 BT, 2015, 30 (4) ¢
607-615.



