Journal of Water Resources Research 7KIZIEHF 5T, 2017, 6(2), 148-155 Hans )i
Published Online April 2017 in Hans. http://www.hanspub.org/journal/jwrr
https://doi.org/10.12677/jwrr.2017.62018

Hydrological Simulation Capability of TRMM
Satellite Precipitation Data in Xixian
Catchment, Huai River Basin

Pengju Zhang!, Shanhu Jiang!2, Hongxin Chen!, Min Zhao?, Minjuan Li!

'College of Hydrology and Water Resources, Hohai University, Nanjing Jiangsu
*State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering, Hohai University, Nanjing Jiangsu
Email: hik0216@hhu.edu.cn

Received: Mar. 25", 2017; accepted: Apr. 11", 2017; published: Apr. 14", 2017

Abstract

Satellite precipitation products with high temporal-spatial resolution provide strong data support for modern
hydrological simulation and forecast. Combining with the ground observation data, this study aims to evaluate
the accuracy and hydrological simulation capability of the latest Tropical Rainfall Measuring Mission (TRMM)
satellite precipitation product (TRMM 3B42RT and 3B42V7) in mid-latitude Xixian catchment, Huai River ba-
sin. The Gridded Xinanjiang model was used for streamflow simulation. The results show that, TRMM satellite
precipitation has different extent overestimation of the benchmark precipitation, with BIAS of 25.25% for
3B42RT and 14.88% for 3B42V7; in the absolute error sense, TRMM satellite precipitation has large values; for
the correlation sense, TRMM satellite precipitation has good values more than 0.75. At the monthly time scale,
the precision of the TRMM satellite precipitation has greatly been improved in terms of declined ABIAS values
and increased CC values. With the model parameters first benchmarked by the rain gauge data, the behavior of
the streamflow simulation from TRMM 3B42RT is poor, but it still could characterize the diurnal variation of
the streamflow. When the model parameters were recalibrated by each individual satellite data, the perfor-
mance of TRMM 3B42RT was significantly improved. Compared with the TRMM 3B42RT, the TRMM 3B42V7
has good streamflow simulations in both parameter calibration scenes, with NSCE values more than 0.62, BIAS
values between +10.48% and CC values more than 0.79, which demonstrated good hydrological simulation
utility of the TRMM data. The present work will hopefully be a reference for future hydrological utilizations of
TRMM and GPM (Global Precipitation Measurement) satellite precipitation products.
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PEBRMEKEHTFENZSFHRRENNRAEDFTIREBE T EINEE . SERNEEE, E4H%
B Y] BB B RS TRMM P ERE/K (3B42RTRIZB42V7) KIFE B, 3R FIMIA B 2V DRI 34T P E BB
BREREREST. ERKRYM: 3B42RTH3BA2VIEERSGRE, 4 HEGRBMEKE25.25%514.88%,
ABIASS HiEE]70.57%H167.61%, (H —# SHEY SRR, CCEERT0.750 L ARELEE
HHERE, ABIASKIBE T, CCEABARRE, 3B42V7HICCHEN0.97. RFENGE, X TEHKIERIT
FHAFEEAER, BRAAWNES SRNEEReEYSY, BRIFHIZERKEEETZEHESH,
3B42RTEBRI FENERBBRITRER RS, BIIAKR3B42VIIEMILER; 3B42V7ERBRL I THAE
BIFHARRELFEI, NSCEEF[0.620L E, BIASTE+10.48%2 8], CCiE®]0.79LL E, FHHTRMMTE EEKEA
BARIFRAREIERYE. KA T ATRMMAIGPM P& K HE kS R ES 2B %,

eI 4L
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1. 5|15

PR PR KAE 20 20 TR RS T s, G IR [R] 40 % 30 R B K (1) 7% ) 78 55 90 FEDGS B A 4 1 T WA
FRRIRE, BefE— @ PR R RORAN e RIE R AR B BRI, oK SO R SR INH BAE S T3 (A 77 %
P RF[L] [2] [3]. LRI AR Z ) TR K = S, 36 AT H AR A BAT I A0GHS B4 R UL 117 i (Tropical Rainfall
Measurement mission, TRMM)H43 7 &M, 742 H TRMM LR “&if” 1 LR EKP 6, 6] T 2Bk
KU RHT R AR4]. TRMM R T 1997 45 11 H 28 HARM 4%, 2015 4F 4 H T HREHFER I 1hig4T, DAIZ
1T DASRAR B 1 it B 7 5 i R o 1) = B 25 R B K B8 . 128 TRMM B2 5 821H X111 GPM (Global Preci-
pitation Measurement) /£ C T 2014 4F 2 H &4, GPM MEHIEL: TRMM FRIEFEKMESE, 106 BRI B
LA A o R RS FE e, HE— D3R PR B KA KSR R4k i B B (5] HETEH T GPM
SRR K R 8] 7 31 85 06.(2014 4 2 A E4Y), TRMM R R EAT AT B AT 78 & SCRI N FAAME . BERT,
WIRZ 38 DAL T TRMM T FE/KEHETEA [FRIS N R 2 SR Z4RE, k35 ir (6] BHRTF[7]. 281
B8] THAE 91 MW T TRMM T Pk AE MR IAT I BV LIAIak. S WA Tl It SR 3808 PH I VAL Sk PR kG 2 5 R 22
FHE, KILTRMM EE BKEREAFRBEEG — @R . XT TRMM TR KK ORI TR, &
[E 2 thfE [ Py 0 I AT 1 SEBIRE AT, i e E[10]. Yong [11]. yT3EpE[12]. JHEGR[13]. FHAA[14]%
SIFH TRMM L B /K R . 2 AT Jiide . PK/K I Sy LRI LIt kAT T A2, I TRMM
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PR BKEA — @ MK SO, (BTEAR RIS A — e E R .

AL CLHEIAT S B K SOk LA SR K IR 7T X, T b T R 3l O 0 A A A [ R ) R B — AR
TRMM EEE/K(3B4A2VT Hl 3B42RT)(IIAH L IR IS B 2 VLA AL B AT ARt i B ASE AL, #R9T TRMM L2 [
IKAE IR ST PR 1 82 FH g

2. REFEHE
2.1 WEXE

PR LI BB Kl UL BB KRB E AR AL IX, IRITEECA RS 113°15'~114°46', b4 31°31'~32°43', it
BRIHIFA N 10,190 km? (15 1) 3 H A 3 [ o 8 B i A Ak 5 2 T S A i A, 2 4R P48 40K A 800~1400 mm,
ZAEIIRIRIR N 371 mm, S 4E P34 7K T 75 2 &4 800~1000 mm. ek P - Hiuf) FH 77 20 DA S b bR AN K FE R 3

22. MRBHE

Wi B BRI 22 NIRRT 1 AN (2 B UE)2000 4E 3 H~2013 4E 12 A 3% H B KA 00 .
SRR =3k 5 5 6 85 B (Inverse Distance Weighted, 1DW)¥4 55 Y &4 (i BIRISIHI 40 A o I8 7E 28 80U R A
TSk 4141 (Food and Agriculture Organization, FAO)1998 E1&1] ] Penman-Monteith 5 1[15]5%, R FT T
B HPAE . HEom R HsRAR . B BRSSO R IR TR A S B ARk . s % Bt
L% FH 26 [ Hb 53 8 75 =) (United States Geological Survey, USGS)f4xEk 30”507 i FER I %45 (Digital Elevation
Model, DEM). Rif ArcGIS $2HUia g 73 A K SCRUR B 75 (PR AR 2 (5 2, BFEmEIa . Mg Kaam . &
A 2 I I DR T P K B

K HT B T2 Pk B 9 TRMM 22 T8 B K 73 M7= il e — X 7K 7= i TRMM 3B42RT Al TRMM 3B42V7,
‘B2 TRMM 3B42V6 ¥ 17+ A<[16]. TRMM 3B42RT Jyikscint T [ /K B, 7EFK K45 K 6~9 h I3k
B TRMM 3B42V7 JyZeied 3 i s il H RURE A 26 B AE HOBIE 7 AL it , 72 RO A2 Ja — > H 9S8 10~15 d FTERER.
5 0]t 25 E NASA(National Aeronautics and Space Administration) ) Goddard %3 70 & F0 . 2% F 8. HdE S
[y 23505 0.25°, AP K N 3h, HEEHIEAENH . ARE BT R, 2504530 B KR H K.

32045 :
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Figure 1. Location of Xixian Basin and Distribution of stations
E1 BEREBMNERESSH
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3. BRI 55
3.1, KICHER

K P MRS S 2V AR T AT IR AR R AR, AR T B Rt E S S e s e, AR
JE AL FL A IR BYK B M AR TR 0 AR AR . PR A AR SR St /K EEHEAT B MR T o B 3
MO S R S iR 4 BOE S Sgt AT i TE LI B 12] [17]. BEBILE 16 NS4, iR FmEOINZ R
FRHITRE, RN EARENZERESSE TSNS O IR E S SR S8 &%, TR EHRaE £l
T AL B35 (SCE-UA) SR B S Bk AT L1k [ 18] .

3.2. BIFER

% FH 2000 4F 3 H~2006 4 12 A AR E B, 2007 4F 1 H~2013 4F 12 A RIIGTENT. S T 30T TR
IKAE TR BRI AR TS 10 SR F P A S5E(1, 10) 70 590 2R AT L5 A7 10 181 B2 7K 3t i BERE AN DI 1 T o 7 oty 1
GO} B T B N 3l a5 RIS A A 0 AR AR [13] o 155 5% | R FH T R 3 SOOI B AR R e R S 4, AR [
TE R M S HOR T TRMM TR FEK 7K SOt FERSEADLA FH VAl 5 5% 11 12 FH 3B42RT Al 3B42V7 T A%
KA AV E B e R S, SR A A TR PR K 3R R B S 4O AT K SO R, PR TRMM T2 /K i A
PRI IRE
3.3. HkiEHR

K2 (BIAS). 4l % (Absolute Bias, ABIAS)FlIHH < &% (Correlation Coefficient, CC) <t TRMM T
ARG, Horh BIAS S T B o B AR HH 1 22 15 00, ABIAS [ B T 2 5040 of JHk vhE 08 1) 450 fi 72 17
L, CC Jx it TL B H 4 5 B v 5 i AH DG 1 [12] « SR FH RN ZE (Probability of detection, PD). i H1 % (Frequency of hit,
FH) 1 Heidke 475 1F /> 48 £ (Heidke's skill score, SH) it TRMM T2 £ 405 21 Wi P i H 4R & 5 R A ERfitE . PD
M, PREHEER H KSR RN FH B, SRR SH WIZRGRIA T B EHHER K SHE
PR R AE Rl THRE J1[7]. K H Nash-Sutcliffe 2% Z5U(NSCE). BIAS. CC 145 # % 22 (Root mean square error,
RMSE) K PN AR BB R IR AE B, Hoh NSCE REGRAEAIR MR AR W) & F2E, RMSE RAFIIA
AR AR 22K/ 12]

4. BRI
4.1. TRMM T 2 Pk B0 B4

% 19 TRMM Be/K B RS BE e it 48 bs, 181 2 Jeon 17 HORBE b i el s Bidis 15 1R 008 (1 B0 A DA% 0L
W 1 fr, {EARE L, 3B42RT [ BIAS {Hik %] T 25.25%, 3B42V7 i) BIAS {7}y 14.88%, UiM/E RGilw2%E
JiTi, TRMM P2 BKEHR MR A —@ MRz, Ff il 7 BBk e, o Esent TR K EdE 3B42RT
FIRZE NS . 40w 2 & Y F, 3B42RT [ ABIAS {4 70.57%, 3B42V7 ] ABIAS i)y 67.6%, P #S
BABR A2 . AHSMETTTH, 3B42RT () CC {H M 0.76, 3B42V7 [f] CC{H N 0.78, —FHH#FR I S
i S BR R M S . FERE NS FAERIR E, 3B42VT 5 3B42RT HAM[FEIM FH 14 0.81, ifij 3B42V7 ] PD Ail
SH /3% 9 0.62 5 0.48, M1 3B42RT (¥ 0.55 A1 0.38; Mifk b — & % PR & AL S FRBE A T4 1) S ke

FEH RBET T, TR B AE 40 {8 e 22 FHAH DG 7 T A1 6 BH S (o4 . a0t w2277 T, 3B42RT &5 3B42V7
f) ABIAS E 7 HIFEAK T 28.23%-5 43.43%; #1451, 3B42RT 55 3B42V7 ) CC {H 45k %] 7 0.90 5 0.97,
3 EMMIERR T H REE E R R K Tk S 1w AR DG E . SRSk, TRMM PR SR H RE BA
FHR AR, 20 Z R IERTF R EEE 3B42VT B EAR THESC S0 3B42RT . Ehie H R A H R
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Table 1. Statistical measures of TRMM precipitation estimates at daily and monthly time scales
& 1. TRMM D2k ¥R HREFMA REBESRIHER

‘ By HOE %
I ] U
BIAS (%) ABIAS (%) CcC PD FH SH
3B42RT 25.25 70.57 0.76 0.55 0.81 0.38
HRUE
3B42V7 14.88 67.61 0.78 0.62 0.81 0.48
3B42RT 25.25 42.34 0.90 - - -
HARE
3B42V7 14.88 24.18 0.97 - -
160 [ (a) y=0.80x+1.1793 160 (p) y=0.77x+0.99
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Figure 2. Scatterplots of daily precipitation comparison between satellite estimates and rain gauge observations
2. TRMM B2k S ENNEEHREHSE
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Figure 3. Scatterplots of monthly precipitation comparison between satellite estimates and rain gauge obser-
vations

[E 3. TRMM T2k 5t m YN EHE A RE M~ E

BIAS 5 ABIAS mJLLUEHL, TRMM Sk A sk 50k H R R Z 8 EREA RO IE TRMM H F#/K 1) BIAS
BIET 0, [HILEA I H /KT ABIAS F1E .

4.2. TRMM T3 2 P&k 897K TR A 7
FR2HH TARES T INDTRMM 1A [ 7K B 15 2 g $AANLE IR FAB AR AL RS B DA 8 FR - 2T 3B42RT
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Table 2. Comparison of daily observed and simulated streamflow under different calibration scenarios
= 2. TRIEREFERTHEWNSELE R

35T 1(2000~2006)

4k #1(2007~2013)

UMWIES
NSCE  BIAS(%) CC  RMSE(m¥s)  NSCE BIAS(%) CC  RMSE (m?s)
Hb T 0 S 0.85 -5.24 0.92 101.23 0.81 0.51 0.90 118.69
3B42RT (1) 0.46 10.73 0.71 188.32 0.41 48.03 0.77 212.44
3B42RT (1) 0.51 -7.34 0.71 180.45 0.58 19.52 0.78 177.85
3B42V7 (1) 0.62 4.29 0.79 158.10 0.65 10.48 0.81 162.63
3B42V7 (1) 0.64 —5.64 0.80 155.00 0.64 -3.29 0.80 166.03
() R MMizH — — — EEH Bk %
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II ' l I |l N ™ i 100
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Figure 4. The Xinanjiang simulated daily streamflow based on TRMM data at case |
B 4. B TETHEILNEKF TRMM D 2K THERRREMER

I BRI RECR A S T RN, 071 g3l T

0.77, HARAIEHA 2= 4100 44K, BIAS B /1 10.73%3E N3] T 48.03%. X Ui, fEIES: | ST, 3B42RT
TR KRR I B AR 35 B AR SR PE AN FE IR 8], (H R TR W Z BIAS & FWK, 52 7120
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BRI AERYE, X W BEAZ 3B42RT MM IR ZE MBI SHGY It TER N h, BAMSHRSdEEE, A
W E IC YRR, 3B42RT TR P /KB & /7 T 4ER(NSCE, BIAS, CC, RMSE)#IE 5 | #5H fr
e, JUHAERIEA NSCE. BIAS 1 RMSE {H 13215 2 03%, Hrh NSCE 14/ 0.58, BIAS T3] 19.52%,
RMSE FF&%] 177.85 m¥/s. X Ui BIXS T 258 K1) 3B42RT D EHE, £idis & | THRAEIS W ENEE, f
i — e R S BRI RS BE . 04T 3B42VT TLEFURAEE S 1, 1| A R LI AHXT 3B42RT 41l 4L
P, 3BAVT EAN[AE St MR RS FE A B 38 5, NSCE 1A% 0.62 UL L, BIAS 7£+10.48% 2 ], CC #&5
F]0.79 LI I, RMSE A B8/, Ui 3B42V7 £ 3B42RT B A B 4T MK SCHIRH o 2E A [RIBL RS 57
M, 1E5 15 1T 3B42V7 BRI A ZA K, (HER BIE S 1 AR AL A5 5 1. & 4 hiE st
TN TR TR S AR TRMM IR [ /K S50 (103 2 VAR R AR A 5 SR, 1 L 2 il 2 b T R i IS UM AR IR
3B42RT HE I AN 3BA2VT H Pl imim . FTLAREL, TRMM T2 FE/K (Rr e 3B42VT £ )il gt ] 5
SRR AL 87 5 G BRIV, BT PR DA Y BT 18], LA — s K SOBERLN F BE T

BRI, 12 TRMM TR Bk B0 254 M T sl s 0 A SR I A — e I ml 47, b 3B42V7 4
PG, T 3 o RS R M R AP @& M. T GPM /BN TRMM G820, K ER AL 25 0 M s . LIRS
JEE B AR 1 T B K= i, PR AR K SOOI T4 AToH% e 21 58 o e B2 1/ FH [5] -

5. &g

ASCEFAL T BHT Y TRMM T (%7K (3B42RT, 3B42V7)AE iR S EL itk i kS B S /K SCIHRLO , B H REE
I TRMM T & [ 7K 55 i sl sOE0cds BB AR DG, (BAAAE—E M R GiW 2, 3B42RT L 3B42V7 43l &l
WM /K E: 25.25%F11 14.88%, ABIAS 43 5)i5 %] 70.57%H1 67.61%; TRMM 2 B /K fe i 3R FE K FHLE &
AL, BRIZEAE 0.55 DL b, SR FE K SR AR BRI E BER E 0.81, HRAEE E, TRMM 2B AKHS BEA O
&, ABIAS KIlR% TP, CCEARB AR, 3B42VT 11 CC J 0.97. FHMEITH, 3B42RT 7EMEH Il N
SEIREE, B F 3BA2VT ERLAE IR 3BA2VT TEfE 5L 1, 1| FERAE BRI K IL, NSCE 1A% 0.62 LA
F, BIASfE +10.48% /8], CCi&#]0.79 LA L, FH] TRMM P ER/KEA B sh S i B2 m i w17
P, BB i e . B R R R GPM R FoK I I, 2 TR B /KTE B /K SO TR Aiaefs LA BT
W 1 I FH T S5

E&H
[E 5K H AR # 5 4:(41501017);  K2EAEQIHFT IR TR H (2015102941012).
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