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Abstract

High temporal-spatial resolution satellite based precipitation products has been extensively used in un-
gauged or sparsely gauged areas to bridge the gap between the need for precipitation estimates and the
scarcity in gauge observations. The accuracy of satellite precipitation products which restricts its appli-
cation has become a focus. In this study, three satellite precipitation products (i.e., TRMM 3B42 V7 short
for TRMM, TRMM 3B42 RT V7 short for RT, CMORPH short for CMO) were evaluated at different spatial
scales via comparing with rain gauge precipitation observations in Nu River basin of Yunnan part, a typ-
ical mountainous area with sparse gauge observations. These four rain products were then adopted to
drive the distributed hydrological model (Hydro-Mount) to simulate daily runoff. The results showed
that under gauge scale, all three satellite precipitation products had a good correlation with rain gauge
precipitation data with the correlation coefficient over 0.65 and probability of detection over 0.71 while
on the amount of precipitation, CMO underestimated over 40%, and TRMM underestimated 0.42%, and
RT underestimated 9.37%; it had similar but better accuracy results under watershed scale than it did at
gauge scale. The TRMM-driven and RT-driven daily streamflow simulation performed litter better rela-
tive to gauge-driven streamflow with equivalent but more stable NSE values over the simulation period;
the CMO-driven streamflow simulation had poor performance, but after eliminating certain system devi-
ations, it also showed a certain simulation accuracy. The present study will hopefully be a reference for
future accuracy correction and hydrological utilizations of satellite-based precipitation products.
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1. 5|8

R AR A SCHE IR IR BN R 72—, Fovm AN 28 53 S P K ST 2L 3 I 28 0 i B B KB, /2K
SREAOAEMERIE L — o BT ATV AR, 25 (R G54 AN 5 BEAE S IR, A 438 10 T8 ol 00 00 T BTG V0K 0 ) 2
L DX 7K PR 25 (B AR 5, DRI g L XK SCRIE S ) BE LR 29 P 3R [ 1] [2] (3] A& RE ORI K g, T LueE
Sk TR AE R KL 5 T AT TR R BERE, I T — KR ML A I 2 0 M R 0 A BR B K™ i, 1 GPCP
(Global Precipitation Climatology Project) [4]. TRMM (the Tropical Rainfall Measuring Mission) [5]PA X CMORPH
(the Climate Prediction Center Morphing Method) [6]55, X6/ SR %h 1 3k r B K HU0HE (1 )5 BR A o 43K BBl 9 0 T
XU TR K ST FE T )2 BORS BEVE A SAH S R R . R ZERIE . S RCR VNS5 2 T et 7E, 3
WHFLas REEA AL, BAREATE T . ZRE A DTS IR R BREBK™MEA —E0EE, HEAR>
v FRUAS JEE S LI 23 73 AT RUARAE AN R XA ANFREE . AR RAs ERIA—, PR o R e DX AR 2 B AR #r
(7181191 [10] [11]; FEFIBAK TSN, T2 B /K RERE AR 0L AR T 1 S BRI, B — e N e, (H 2
[ REAS BTS2 BRI 70 X 38, RO RN ROAS B §2 I [12] [13] [14] [15] [16]. BEAN R4 BORE S0 HR 4T 5T /i B R

DOI: 10.12677/jwrr.2019.82015 126 IK BRI T


https://doi.org/10.12677/jwrr.2019.82015
http://creativecommons.org/licenses/by/4.0/

TR PR K AR LU A B A AR A

XFEAL S MU T 2R I X IOT e, 6T /0 BORFR L XA 7234 75 i 56 o

AL — SR B R R BRI, A R U A R U Xz —, P UK SC— B [ PR R E
FARL, BRI SZ T KA AN 22 B 2 1 BR ] AR AL B SO AR i, AR KPR BR ) 7 IR SRR S5 T3 THT RO B 7
AL LTI B B AR AL X3, %o F 1 2 B /K 2048 (TRMM. Hl CMORPH) £E AR i 3 (1 ks FE 24T 23 A i
Feo H I I AN IE TR B /K B (R RS FE RN VY 72 2 B /K AE I X 3 K SOREUL ATt (g L M, B HE R Tk
BRI FU PRI — S S H i

2. IRXiES5%E
2.1. W5 XE

UL~ ¥R YT N T 8 1 74 g A0 o g e 5 P E [ BT, VR T B, i b B Vs = 7 Ja RN
fi) s REE 1), BITARILHANLIA 324,000 km®, Frfd[E G 53%. B 70X B0 BT i 2= B Be(5T 111 LAFS),
THIARZ) M 34,561 ko BFF 78 X IR LAISRAS £ B, HOTEARAR K, TFEMN 484 m AL 5167 m. IS fEiEiE,
it 80% IR K BAAE 5~10 H, K EALE 800~1200 mm 2 [8]. IR AZGEESS, WS, AN E.
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Figure 1. Location of Nu basin and distribution of stations
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2.2. MREHE

A SO T I 7T XA A S BT 7 AN R Sk M 10 AN J0R Bt 2003~2012 4F3% H A R 2 U B,
HpEZFR R RET B RS R, @i http:/data.cma.cn %, A H%W &R T oA /K.
B K Bt T R Bk SRS FEVE 8 2 AR SO AN, e SR E R A TR e & 0k, 1HEDT
%7y Penman-Monteith #%88. 17 AN 75 SOE S 28 4% 2 14 T A6 (B A5 B EUR FE I BE K . AHEFUSCEE TN 5
ANTRE LS 2003~2012 535 H 0 (IS A 2004 £ TF460) B K T = f 8 KSR -

TRMM (Tropical Rainfall Measuring Mission) 52 2 FH 5% [l B S 23 i % Jm Al H AR [ 578 )R R R S ], G B3
HINPEKTIL TRMM-PR GRS AEFEK M = 4E45 (5 S JT4EK, TRMM W™ & 3B42 F1 3B42RT 4 7t 58 AL
%, Hrp3B42 RT RAESEITREKEE, 3B42 2&17E 3B42 RT J&Ath b, FIF H MW &AL ER. 2011467 A, &
HHRA TRMM V7 #dfi A Ai . TRMM 3B42 1 3B42 RT j7dhi 25733548008 3 /N 0.25°, ASHFFTIER TRMM 3B42 V7
(LU R faFK TRMM)AI 3B42 RT V7 (LA T f&#E RT)EE 2003~2012 4EHEAT 1A, B 8 hitp:/trmm. gsfe.nasa.gov/ F &

CMORPH (the Climate Prediction Center morphing method) & F1 3 [F [ S5 KA BER T 8 A% T hcs
(Climate Prediction Center, CPC)FF & [ —BEHAESEH [F/K™ i, 456 7 44MR) SHEMEPMW)EE, KH “ig
BRE” JNEMEREK. Hil, CMORPH AL 7373 #F 2 30 208l 0.08°(RIEAHE ™= ih), DAAI 73 73 2
AR 3 /NI 0.25 FIBR K= i, BN 1.0 AHFFR ] 2003~2012 E25 (8]0 #ERA 0.25°F1 7 fh(LL R A Fk CMO)
HEAT PPl . EdE T i@t CPC B 0 % 3% R #(http://www.cpe.ncep.noaa.gov/products/janowiak/cmorph.html) »

3. HBI55®%
3.1. IKCEERY

AR S IS SR IT R 20 A K SO Hydro-Mount #EATAR AL, BERSRGR 146 T BRI .
=R RL . EEOR . ARMBM IKIEE) . HR KBS . BT DA WA I A L X KO R
T R Oy SO AT B AR IR A AR A ot R 2 N - 45 2 AR 3 TR 40 AR [ R 7K S e R
JGo FERRANIKSCMA R H G F S AIRKIRIZ B B 5 72, AN KSCm Lo N BB N aFEE g E . R
Bz LREAMTKZE. B, 382 EESZ B BRI BUR R, KA RIZL, Al K SOOI R 56
f#, >KH Richards 77 FEHR K A HIK3IE5), FE5 RIS % R, AT HE 4RIl SRR H R
RENE SR, RARESE RS Darcy @ LKA M T AR TE 2 (/] 17K o 28 e, SRR FH —4E32 3l
JiFERGR KR IE B, PN REE A] WLS 3 SCR[17]

I 7T A TSR 1807 i F2 DEM(Digital Elevation Model) %4 %/ SRTM3 #idf, kUi 126 B K 1%
(NASA)FIE B & 5 50 22 J{(NIMA), 28 (810 #5058 90 m. 3EE 2003~2009 4 Jy 155 7Y 56 g J (4h 2 0] 5k Dy
2004~2009 4F), 2010~2012 FF ARG UERA . 7 80T TR BRKTE B BTRNA IR AR LR, AT 78 K H P
P B (LID) 20 BIREAT AR AL, R 55 T A0 TT 43 3001 i b T 9 3 o B 7 AR AR AR 7 f T2 P K s 6 s i A 5
e, ARG H R BKBER AT R, . ZRG PRME SOPA PR B KSR SRR RS BE . PRI 2 g (1
BSHONLHOKNISH, SKESEOEID S0 AR 7R 25 6 1B K 28 0 BT i e [18]

3.2. FBEITM

Kl Z (BIAS). #H5% &% (Correlation Coefficient, CC). ¥J 7 R i% % (Root Mean Square Error, RMSE). #4474

M Z $(Nash-Sutcliffe Efficiency, NSE). 1EHfiTiifit % (Probability of Detection, POD)LL M55 % il (False to

Alarm, FAR)XT TR BF/K P S 3E TR BEVEAL . 4805 LW | fon. ATIEUT 6 AN48F5+, BIAS BLK RMSE
RERIEAR, HARE TR KB 50 KB R ZRE R, HB/ MR TR KRR s, cCRET
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TR REAKEE Sl KB L T AR SCHE, HAE 0~1 ZJH), BORARER TR FEK 5 ik sl B /KA G MR B ;. NSE
AR TR KN 18] F 31 5 3t i B K 7 9 2 1) AT B R, BBCRARER PR B/K P 9187 & o mi K 281l POD
A FAR PR PP T2 B /K Al xoh B K A R AR PRI BE 77, POD 9 TR WA M F A I IERE %, FAR
NAE BB TR A WA SR R A R TR A o pl Tt T ORI T B UL A K ) 3 TR RUBEAN RIS, AT 23 ) A R
JERUIS R AT B S FE PP o AR R BUL AR 1T € 1B B BIAS A1 NSE P M55 o

Table 1. Evaluation indexes used in this study

F 1. KRR ARITEN R

EEL7 AKX EEE7 AKX
i=n i=n i(S,*GI)Z
(i ZE(BIAS) BIAS =3 (G,=$)/3.G, SN R HLNSE) NSE=1- T
P P > (G -G
(G, -Gx5,-5) ",
xR AZH(CO) = IEW kR (POD) FAR =
UG-G (S, -S) n,+n,
14975 5 % (RMSE) R BUREE (FAR) POD = n/”ﬁ

Kb n ARIIKIE, G amE, SOUTLERK, G oA THNE, §NTETHME, ny MU s AR IR K T2 SIS K -4
VR NIV SRR DN E TR S N U I Oae T T TN E TR S & o N ER b SIS [ 22 NSO e E

4. BERI
4.1. D EREKEBURREE T

32 2 =R TR B K ERAE 17 MOt i RORE EEAR AR I . e R S e/ IME, 1] 2 A AR ARARL 1 43 A
R, B BB R SRR —H R . B rhis. R EOR B IME . AR ZEE
%, TRMM Al RT BEAs B =5 B K 20 MR AG 0.42%H11 9.37%, CMO HE (AL FE/KIA F] 44.14%. MAHIEE
&, =M RIS KA BRI AR ONE, I HAE R REENAK, 7T 0.65~0.67 [0 fERE |,
ZHEMEAKR, ARMIERNZE_F CMO HdE W Bk T H e WA EdE, R CMO FdE BEARTER K E F AR, (22
TEREAKAIR AT mafli. MhAh, CMO $i#fE 75 RMSE F1 NSE $e b5 _F3 R IS T H AR WA= 5, (BRI SR .

Table 2. Statistical measures of satellite precipitation datasets at gauge scale

2. R REDERK-SBERIHERE

FAR POD BIAS (%) cC RMSE (mm) NSE

MEAN 0.20 0.73 ~0.42 0.67 2.63 031

TRMM MAX 0.38 0.79 2247 0.74 3.06 0.45
MIN 0.12 0.67 ~28.64 0.59 229 0.17

MEAN 021 0.71 -9.37 0.65 261 0.33

RT MAX 0.39 0.77 16.68 0.74 3.06 0.51
MIN 0.13 0.63 -37.57 0.58 2.17 0.17

MEAN 021 0.81 —44.14 0.66 2.53 0.39

CMO MAX 0.43 0.84 -26.32 0.75 3.10 0.54
MIN 0.08 0.75 ~64.09 0.43 2.11 0.14
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MEA TR AT B (] 2o~ 26), FA WS RMEEONHE R ZS . M FAR &4 22), TRMM. RT
FT CMO 1@ 43724 026+ 0.26 F10.35, EIR RT ZlEH/DN, (HHA 3 NMRFE. N POD EF(A 2b), CMO %
B RAEF TRMM A1 RT, TRMM B&4FF RT. Mz Lo AiE (5 2c), CMO ARG R ZE 7 BT H AR
PRI, R CMO 72 o6 B K RAG — 300 2 RGN Z ;. TRMM M1 RT (R 2 50 i 2L, (H/2 TRMM
(PR ALEE O BT, RT SO EE—10%E, B TRMM EifliBf/K s 552 F RT 748 L CC. RMSE #1 NSE
(F 2d) BF&, =R PREBKF R Z B ERARE, &AM m A ERE IR, 250 R0
ZEREIE R 7 A0 TRMM B SRR 9 S B 25048 RT [8] [9] [10], ARTIAEASCHEFLH, TRMM i R I+
RT HERBUHH3A HERIET, AR L EEZT RT, XA A82H T4 TRMM g3k 71T IER, 5]
ANRARBh TR R TR BR 2, WalRe AR X HBI R 251 . 4a A, ==& AR, |
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Figure 2. Boxplot of statistical measures of satellite precipitation datasets at gauge scale (a) FAR (b) POD (c) BIAS (d) CC (e)
RMSE (f) NSE
B 2. REIk AR R RS 75 ] (a) FAR (b) POD (c) BIAS (d) CC (¢) RMSE (f) NSE

3T =R TR KBRS _E AR FE R AR A . RT 1 CMO 7= 5 7E EANGE it X3k 347 R AN )
TR FRARAL, (KA KES BILE 1.03%~8.52% 2 [A1F1 38.53%~44.43%2 [F]; TRMM 7= SR SR TETT . Ih2m]
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AR SOk 32 61 X3 EAEAE 0.79%~9.16% 0 i, 7T/ FE w2 ] X 3k FAEE 6.29% kAl , 7R8I 5T
X3 R TAAAE 0.89% MIEAl « % bl st RUBE, EVIRE | CC. POD. RMSE # NSE 3367 B 2 1f#em, JF
HAAR EEARbAMEREE SO RS A S . Sul s R, TRMM 1 RT B4R —80, HRIMHEE T
RERE, CMO BARIEMmZETRbr EARE B BIICHh, AR Ebr BRI TR R .

Table 3. Statistical measures of satellite precipitation datasets at basin scale

3. REBREDERK-SBERIHERE

FEoK H4E i FAR POD BIAS (%) cc RMSE (mm) NSE
KIBIT. 0.19 0.91 0.79 0.84 2.00 0.63

fli 23] 0.24 0.90 9.16 0.81 2.09 0.53

TRMM NEE 0.27 0.89 -6.29 0.74 2.18 0.51
IH 3, 0.16 0.89 227 0.84 1.92 0.63

W X 3 0.17 0.92 -0.89 0.88 1.70 0.73

KIBIL 0.22 0.91 -7.73 0.83 1.95 0.66

Ui 23] 0.28 0.90 -1.03 0.79 2.03 0.58

RT NI 0.29 0.89 -3.46 0.68 232 0.38
F 35, 0.18 0.88 -8.52 0.83 1.89 0.65

HF 5 X 458 0.20 0.92 -8.32 0.87 1.69 0.73

KIBTL 0.09 0.87 —43.85 0.81 2.00 0.58

AT 0.12 0.86 -40.19 0.79 2.00 0.57

CMO INE 0.34 0.89 -38.53 0.70 223 0.43
IH3K 0.09 0.85 —44.43 0.83 1.89 0.61

BT FEIX 35 0.24 0.90 —44.09 0.85 1.77 0.61

4.2. DEREKNERERE BT

A4 TR K BRI H AR USRS FE VY8 FR bR DAHBTHT S s B K B A BN, DUAN K STk H
IR ABLADL 2 72 A (i 22 7E—6.14%~4.24%, I E AL 2 il w224 20.73%, HAR =I357EL10% LA 2858 W IH I
uli NSE N 0.64, H A =3l NSE #7£ 0.75 LA b, ZSUFHHPU 5l NSE 7 0.80~0.95 2 [6]; #4k FISUE ML T2 &
W, H R ORI VTl A H s B0 AIE A B A0 TR @ 1, NSE &R A9 0.12 10,19, RIS, Hursh &%
IKAE AR N BT B0, HE (AR T RESE AR S bt H AR T R 3, (50 0 i /KO RSN B R v, o v i A4
T K/ NAFRE (1 3a). 1X 3R B EARVIE WY B s BN MREE, I il 5t BRI AR S RLIA I 1 K R A
LR 0T T DX 3 A 8 3 7K P 2 T A e 1 AN REAR A PR SR, DRI B30 1 R I ADL A R () AN B e M

15T R 5 LA TRMM, RT 1 CMO F§/K /K OISR i N34T AR IR, 5 3l sl BEAAR IRAE T LG . AL
iz L&, UL TRMM. RT Fl CMO [%7K 7K SO BN 1) H AR I A A 45 S i 22 56 A 5 Bk i fm 22 i 35— 2, |/
CMO AU &R W/, TRMM ZRERLS B S ARE, RT SRS R SRR . R0, Fiasm
T ZERR R 5 KM Z R R RV, XERBZRHEHEFZLME R, BEME, CMO MBI K2, £
5E HAANIGIE 3 22 FHEE IE —60%; RT FIARALLACR e it 26 7 W 2 #BLE—10% LA A, B iE IR 7E—15% A A ;s TRMM
RIVBCREF, REHAE 20% LA, WAFHATE 27%LAN . M NSE E&, B4A FRH TRMM i i) H 4230 i
R e WP T HuTf v 55, NSE $REREEN 0.1~0.16 2], HAr KiEVTss NSE M 0.75 # &%) 0.83, [H
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Wk N 0.64 $EE1E) 0.80; TEIRUFHAN, TRMM EUHE SRR 22 T3 i (2 3G I R 22 5 o X LR ok 0,
Pk TRMM TR 703 8 IR DU IH A 4 w5, S0 U S 22 T R T 3l s, 5 L3 RN 96 11 1) P R I 3 W /N T
Hi TS A, ZRU] TRMM . [ /KR - I 3t 1 B 7K RE B IUE TSR /K 1 B iR 3, (B2 TRMM &K 5 58 S i K 1)
AR, 5 TRMM B84, SR RT FE/KVE /K SCBERY 4 N H AR AL BRI . 4k b 22 11 0l
AR T T 3t 5, B0 A0E SN 22 T b TR 3 A, I B R IR IRAIE A R I BN BN T IR AE F g WA S IIF ], TRMM
FIRT (9 NSE BONEzL, TRMM TEIHS R T RT, RT fEGEZI 5RO 28T TRMM, Sk B
FWAHPRMNS . Sl 8, PR TE BN PR f 0K /Nt ANERE (] 3ey 18] 3d), X TP AR
K= b DR FE A 4 v, L2 [R) 3 % 2R AT SR AN e v e 220 0 1L X P /KPR v s TR AR Sk, 75 82 A O v S 2 1 e
KM K AGTHHEAR[19] [20] [21]. HHT CMO BIFE/KA AE5 B2 RS, FRH CMO B K BdE 1F K SO
NI AR SCR AN, (B ORI /K i AR 35aE /2 5 Sl BERHE A 31 (] 3b).

Table 4. Evaluation of daily streamflow simulation effect of different precipitation datasets

% 4. ARETRMGREREIHRITE

TRl Bl
HEM I AIF 2 E W B641E 4

R K HHR IR BIAS(%) NSE BIAS(%) NSE BIAS(%) NSE BIAS(%) NSE

KB -1.75 0.75 6.93 0.87 - - - -

Ui 2] 424 0.81 20.73 0.80 - - - -

3

NE —6.14 0.96 -931 0.95 - - - -

IF3, 245 0.64 —-4.53 0.83 - - - -
KB 7.31 0.83 18.97 0.86 -3.66 0.82 6.78 0.89
Ui 2w 14.37 0.82 26.69 0.78 1.11 0.83 12.25 0.81

TRMM
NI -5.27 0.94 -8.45 091 -6.80 0.94 -10.16 0.91
I35 18.93 0.80 791 0.81 7.67 0.83 -3.38 0.81
KB -7.70 0.80 6.49 0.88 -6.37 0.81 8.05 0.87
Y 7] -3.61 0.83 7.28 0.85 -1.99 0.82 9.13 0.83
RT
NEE -7.52 0.96 -12.31 0.94 ~7.49 0.96 -12.25 0.94
I3 -0.60 0.82 -13.25 0.71 2.53 0.83 -10.94 0.71
KIBIT —64.75 -0.51 —-61.44 -0.31 -13.07 0.39 227 0.71
123 —66.21 -0.39 —64.49 -0.23 —7.68 0.57 7.65 0.79
CMO

NEE -12.94 0.94 -15.87 0.90 -8.20 0.95 -10.46 0.92
IH 3k ~70.30 -0.70 ~78.62 -0.68 20.97 0.71 -5.32 0.70

CRE VIR EEA RAERS 5 T RERIL, Ht ik jl AR BN A5 R 5 LR SR R A &, HEEH S
RAEIR DB SN EOR; RT A TRMM £dfE AR SUBAIZE SR 5 Seillii & 5ORH S A W) 5, BIAS Bk i i i HoAw
Z 5K mZEBY 2, NSE WA SEm, W& E3E PR IR AR 2 B & 2 03%A R ft 5,
SR ZE B, CMO Bl UL A 45 R W1 /N T S, (HH RS 5 Sl 2 — 2. 1245 S5 RK
HORRE FE VP8 A B — 3, AHILEIE . BUATT S, RT A TRMM 0405 75 0 /8k TRk X SR I HH B = 48
PRIACR -
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Figure 3. Daily streamflow simulation of Dawanjiang station based on different precipitation datasets
under scenario I (a) Gauge (b) CMO (c) TRMM (d) RT
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