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122 (Wilson fl Brandes, 1979). SRiMHFAHLL,
TAEBBREKRA2RM,. KIEHE . s iEs: .
A2 WP S A BRI A3 (FF E o 45, 20155
THAEE 4, 2022), BUE AL A B K N ) o
FEB.

Hiy, TERBEEKZMZRILTHF (Beck 55,
2019a; Sun®¥, 2018), K T Al AS [F] 28 JE e 7K
PR, ENAMEE IR T EZ 0 TAE.
Sun%§ (2018) PPAl T Z i B R K ™ S e 2k R
FERTERE, R 8 AL By . AR ROk
15350 () B K R AE R R 22 5, L3t T akvar
HP R PERSIANN CCS 7= 7R i X B S el
Beck % (2017) FEFUIE AL T 2008 R
7K SCHERE , R IIE TR AT F BT MSWEP
i IO BB BH AR T LR K ™ 5. XITESE (2018)
I ) % 3 o 54 ol O A B AR B, PEAR T
TRMM 3B42RT. TRMM 3B42V7. CMORPH RAW .
CMORPH CRT4 Fliz JE&R# K 7= S i G PR g Ak SC
PERE, A8 3L T it 3 B TRMM B 7K 7= i i 52
THERERR AL, HOK SCRBRLRSCR th A At ™ I
TARBESE (2019) F T Ho i 4% W B# K 7= 5 CGDPA
P4 T CHIRPS., CMORPH-BLD. PERSIANN-CDR .
TRMM 3B42V7 3 B & 7K Eicds = i A8 v B AS W) 48 00
HIPERE, 4550 TRMM 3B42V7 7EA [R) 4 13 Fili 42
H WK 1 PERE fc I, PERSIANN-CDR %38 FH T35
mAEE R HIARIX . AR, TRMM 3B42V7 #5358 H
TREVEE . (LR KA. & oA, Bl
FHB AT PRI 58 T AR 22 e B A PR 1 1A ORI 32 A
BARVEMbRE, TF R IK ™ MG RHE AT,
T XA [A) TR AR B AN ) B Vil B30 11 8 J o
IKIEEAPERE AR A W5, el e R K A2
PRI 2 b X K SCHEBEVEAR A RE IR . LAk,
MSWEP E A — FlHT 2% 1) 22 U5 R K ™= i, Hobk
RECLBL 2l (Beck %, 2017; Ma%§, 2018),
ETE A 25 P05 I 553 10 =00 3 8 DX %) B 5 R X 1 555
HRRRAMFIE .

T VAT i bt Ak v o SR Y A A e U
X, HASHAEANMES (Lius, 2019). [N,
T VT I S8 A 2 Y e R A TS AR A o R e R R
R E A X (herp e E 55 e, 2021), & HE
HEMRE X (G20 5, 2017), ik

R 32 B K e Y e ke ) S A, T R KA X
T BRK B A F BRI, s AR S X X R A
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TEOK BRI A B L R RS, I
Shy BT P 3 A AR PR A R v o R R R R ) S i
BEARI S

BT, AL RS 44T AT
X4, SRR RUE AR IR K S 22 hmife, PEAL
545 LR (Y 3 SRR K 7 4 (CHIRPS, CMORPH,
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ABCD 7K SCIERY 48 7~ AN [ 328 JRE R K ™= i 14 7K SOtk
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(D) o 4 B0 2 4858 Y [ oK i 472.0—
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Fig. 1 Location of the study area

2.2 HiER

2.2.1 EREKEIEE

ARSCHEIT 5 A FCFR M 1 4 R 18 K
BAELE, 2 M PERE 0257, HAbIEAE B a0
T2, H, CHIRPS v2.0 iy 3% [ b 5 i #5 )=
(USGS)  LABIINFIAE JE W25 1) S 9 /N IR
WA, WRIESEE Sk 1981 4F—20184F, 45 [A] 7 1575
il S0°N—50°S; %= dhAl G T DR EE . Hm
UL i oy B R A 2 Bl (Funk 58, 2015)
CMORPH v1.0 &3 E S gm0 (CPC) WA Ry
FEAKBRAE , BRlA T TR RN A LR R,
FI LA AR AT = 7045 8, 38 3 B 2 00 00 25 i

*®1 BARE4D

Xt ol B AT R 25 M 10, SR XoF AR g T 11
IR P T 25 [, ITTA5 5] 1998 4F—2019 4F |
60°N—60°"S [IFFIK = il (Joyce, 2004). PERSIANN-
CDR J2& B N K2 Trvine 43 RSB & A — Fh SIZ R K
FEAh, TR AN T Mg SRR BER
B, FEDAAEE A, JFRIH “hRiE”
K K B2 6E GPCP #E 4T T 22 1E, i3 8] T
1983 4E—20184F . 60°N—60"S (1) 1fE 4= Bk (1 [ 7Kk %
Pa4E  (Ashouri 5%, 2015), TRMM 3B42 J2& i 56 [#
AL 23 L R SR FlH AR 23 (B F & Jm L [, 2
S A SRR K TS A, I E K
PR T 3 AEMIRE A AR R, AR KHE T K B
KSR, % B s 18] 25 Ja) Y B4 ) 1998 4F—
2018 4FH150°N—50°S (Huffman 4§, 2001), MSWEP
JE— AW Z B R R BRI i B
Zia T uN . TAEME AP EEE S, A
THFES AT TR 3T AT
K= 5. A, MSWEP R T % T Budyko
HE SR 7 36 4 BR (0 42 UL IN 50 H L X I S AR
O AR R T R 25 AT TR IE , SR KRR b
WD T KA AR 2 (Beck %, 2019a), TEXTHA
[vi) 12 A A ™= S PR RE T, X457 S (AR TS T
T EZR N RS E], TR TS UTC Z e 25, ok
TGS I FRBEW, S8 T A R IR RIA
ANPERIRRAS o BEAh, B T A BT ) — Bk,
PEREVEAG (I Bt — i 1998 4FE—2014 4F

BAYRIH K LS S

Table 1 Basic hydro—meteorological characteristics of four typical basins in the Wei River

ETR= bR/ IRk WA/km®  FEK/(mmla)  EFEZERUR/(mm/a) AR fmm Ttk LA TR
1 bLERTIN ot MERF 30661 563.2 870.6 62.7 1.55 0.11
2 VR e 14124 555.4 916.9 46.8 1.65 0.08
3 Th 3] [oF320 19019 472.0 950.5 22.3 2.01 0.05
4 & EJRRT) 25154 561.1 938.0 26.8 1.67 0.05

s ZAERRK TRAEZE R IT R B BB AERR A 1961 4F—20144F . W 7625 HU& i 1 Penman—Monteith 2220 (Allen 55, 1998) 1154815 , 123
BlEA A E K SCRIAY 1961 4E—2018 4F A /K SCA S0k, 349 038 J5UF A /K i Bdls

x2 ERMEAHESRELER

Table 2 Basic information of remote sensing precipitation products

SRR I BE/AR 2% [ ] B s Bl T Al
CHIRPS v2.0 1981—2018 [50°N—50°S] G,S,R,A  htips://data.chc.ucsb.edu/products/ [ 2022-01-10]
CMORPH v1.0 1998—2019 [60°N—60°S] G,S https : /fip.cpe.ncep.noaa.gov/precip/CMORPH_V 1.0 [ 2022-01-10]]
PERSIANN-CDR 1983—2018 [60°N—60°S] G,S http://chrsdata.eng.uci.edu/ [ 2022-01-10]
TRMM 3B42 1998—2018 [50°N—50°S] G,S https : //gpm.nasa.gov/data [ 2022-01-10]
MSWEP v2.0 1979—2014 4Bk G,S,R,A  htips://dap.nci.org.au [ 2022-01-10]

T RPEERIRA RS G s RN, S b TS, ROV FEMTEUE , A v/ ikl .
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AW T 36 K505 H IS R85,
AR . K. R KRESHHRSRER
B, AR NERILF R o (hitp://
data.cma.cn/[2022-01-10]) FRHL . 2 G ub Hf%
TR IS 28 G0 15 22 RS 25 R S5 TRV 2R RS2 )
SN 5 S PR E AR R 25 . PP LL, X il A
ULy e K HE AT O 25 087 AE AR L M EEE . ARWFSY
XF 36 A4~k )% H R K 1 8l 7 5 2% AT i 4 2k ik 1 7
THRIE, DL /b I 5 K AN B E M, RN IE
HEES RS (2021), MRS IER #3641
Sl R K EARAR AR 0.25 4 W, B ARIF(E
iR B R 25 W 2, (B8 (A AT
e ER KA e, Wik, RBR5IAT 4
[ 1961 4-—2019 4% H B ARk M B 4 (0.5
0.5%), ZBHREEE T [E 2474/ [E GG 1w vl
FERE R TERE, Gl A A S A L RN T
WEJa, AR AR (E RS, IZBIE S 0.5
A6 U H B A RS AEE (Xie 58, 2007), %
T, AR SCHE SEH AL IE TG B 36 3 0 [ K I
EH#0.25°, H50.5° M MEdEE SRR, 7
RERELR B 0.5 K% s (25 MDRG B, SCRB AR R (515 2]
() 0.25° B4 25 ) i L2 e R AT 4 T, S B0 X R IR
0.5° 4% I B2 K 5080 1 IUE 1) 0.25°, AR SOHE R R
J5 BB K B AR FR Sl CMA L ASBIFSY o 4 A 37 45k
Mz H & EdE (1961 4F—20144), K HEZRK
SCOK R Ry H IR 7K SCAR S

23 WARFE

2.3.1 ABCDKC#&EE!

ABCD £ J& Hy Thomas 4542 H 19 JE 4 M K &
AR (Martinez F11 Gupta, 20105 Thomas, 1981),
BB H A a, b, o, dIL4ANSHE, W ABIE N
KK (P) FIIGTEZERCR (PET), IR H REERY
oyt FE, TR K SO DK N Y S B 25 R &
(ET). H¥EREW (R). HFKEmR (R) DL+
HoK e (S) FiHLRokAEE (6) AI7ZEfL. ABCD
R AU A RS U S AL S PR A . K R R
TOKIZE, HP BRI ZA I 2 BioR, OB Ry
TR (1)—(4) . 2% & F H ABCD £ Y
Bl 7 il A ROBERR i FE . BUAS 1 B M RIOCR
(Bai 55, 2015, 2020; &g KA LB, 2016;
FRICIR 4, 2019).

st 7K SO RE DAL 401
I [
PET P ET
R,
b
S
e| R R

K2 ABCDHRILEH R B
Fig. 2 The model structure, key equations and
parameters in the ABCD model

0.408(R, = ) + Y20 (e, —c,)
T + 273
PET = (1)
A+ y(1 + 0.34u,)
W, +b W, +b\ bW,
Y= 2a /( 2a ) a )
R =(1-¢c)x(W,-Y,) 3)
Ry=c(W,~Y,),R, =dG (4)

A, o A EEERMWAFIE AR RIS o8
AU EIK B R KK EGE S (mm); o iy HIER
JEAMAHL T KRB d o T KB R T A
YW, 533 ] REZE WUk & (mm) FIAA ROK =
(mm); RN HAZERR (mm); RAHLT KA =
(mm); R, NH AW (mm); G AHLT KA
(mm). PETHHAEZANCL (mmd™); AN/KRE
MZRBR (kPa 'C')5 R MHLFGRST (MJm=d"),
GRH T EEHGEEZM (MJm™d", HRERZH);
y B TIRIREE (kPa'C"); T, 02 mm B FHH
Al CC) s w, W2 m i ERGHE (ms™); e RIRAI
HKIREE (kPa); e, WALPR/KIAE (kPa).
232 EARSGiHokEB TR IR

h TRV 5 2 R R IR K S PR RE
AR T 2T tn, & KRt E L
KFE 3 From. Hrr, FEARG T8 bR 1 AHC R4
(CORR) Jz e T 4% 38 Jo& 8 7K 7™ i 5 3l 5 S0 3000 oz 7K
Z B L EASCRE B, HAR(E N 1, B iR 22
(RMSE) FHAHX i 25 (BIAS) S B 25 1) i 2 Al
W2z, EALIEREIA 05 Kling-Gupta %0 (KGE) 2
WP ARG LR, BB 1. MRk 4
G TR R M R EE AR AT BEIR POD L IR iR FAR
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KR IR CSI,  Hirp POD i3 B 7K 7= i BE % 1E.
it 00 B8 K A A2 B H BB, FAR 35 24 i R K A
TR G U S o G ) A BB K A B LA, CST
SRR PERERIZR A 18 Pn . KRR 30043 1 34
9. /NF o 0.1—10 mm/d, FPTFE RN 1025 mm/d,
KHIH>25 mm/d, 7K SCIRSRIMERE R FHANAT B0R 28

(NSE) EZEME, 4 NSE<0.36 ), PEAEAA[#57;
24 0.36<NSE<0.75 B, PERBEAS; 4 NSE=0.75 0T,
PEREIE 7 (Motovilov 55, 1999) . A T W B M 3%
TIE S [) 8 K 7 5 A8 T8 T 4 4 7 30 38 9 2K St RE
X NSE #47 1 HEF FAT 45, 1HE B RS
(o

K3 AEMEREITEARN

Table 3 Equations of evaluation metrics

BN EIELaD AN
S(6, - G)(s, - 5)
I 2 8(CORR) CORR = ——= =
[Sie-orx [Sis-5y
[T &
7 iR 2% (RMSE) RMSE = |- NS, -6,
i(SL - G,)
HIXH 22 (BIAS) BIAS = =1 ——— x 100%
2.6
Kling-Gupta Z £ (KGE) KGE =1 - j(] - CORR)* + (1 —§)2 +(1 - %)2
G ¢
S __ 1
Tk (POD) POD =
1R =R = 7F
PR (FAR) FAR = o —
N g - H
KRR R (CSD CSl= s
S0, - 0.7
ZNEEES IO NSE = 1 -2
D(0,-0,)7

i=1

T n ARG, S, 70 B I R K 5 TR 8™ A BT R 5 G, S o 230 I R K B S ELRIAR I 2E 5 S, S 23 91 Ay R g™ il A 3 e /K A 45 18
FUBRIEZE 5 H 371 PEB IREEAK 7™ i AR I 2 EL Wl 17 SIS0 FAE K CMUA XL 81 64 A /K S P80k 5 M by it TSI IR /K CMLA WL 1), 1L A e e 2k
7 R DN B0 B A A RS 5 2 T K ™ i R 1), (LA 4 T S0 g Kk CMA UL 30 Py K S P L 5 Qo Q1 20 00 SR LI At 5

RIS 5 Q, WL AL &t 1Y 24 (o

3 R 55T

31 BRKEZETUIEE

3R 4 43 B 7R T 18 44 F itk 2 40 0
DR KA S b1 JBR I A 7™ S S 25 46 ) o Fh ORI A
AL, T AT 2 A LI R 7K YA 25 ) oA sk
S AR, REZIETORRSL (K3 ()
AR S, S AE IR K = S RER IR I 2 AR
IKEMERZS [E) o sy (B3 (b)—3(f) ). {HEL
AR DB, A [\ 7 i A A R 25 =
BN, CHIRPS 7= 5 Al MSWEP 7= [ 2 26 31 H 78
WA/ - R A AS )R s PERSIANN 7 i U
BT RPN, EUER R K s CMORPH 7= iy
FTTRMM 7 iy 55 S0 F3 7K o A — S50PE AH X 4845
SRS, A28 W I TRMM 7= 5 R B F 3L

i, MSWEP =/t K i 22 ; #E3 T L if CMORPH
FEEn R, Fe 22 B2 PERIANN 7= i ; 76 534
T, BR PERSIANN 7= 0 B AR AL 4h, HiAx 4 Fh
FEERZERIANK s FEILIE W, MSWEP /™= 54 8
P, HUJE CHIRPS 7=, fw 22 ))& PERSIANN
e B3P R TFERISGIMER a1, 2,
3, 4, A BIKE R B, VI R, S
LI 4T3, CMA g VLI R K B 4E .

SUAEPRRJEM S (El4), TRMM ™= fh7E 4401
Ui 5 CMA B9 4E PRA8 A — B0 e 4f . PERSIANN
FE AR i L T AT U9 T Y AR PR AR A 3
T CMA, HJZ 550 a5 CMA AR BR % 20 22 1)
BRI —A 5 TEIEW _BE, %07 W 7E 2008 4F Z i
55l SO 3 K I s PR R B ) — Bk, A
2008 4F 5 HAI(E I 5 T CMA 1A .
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Fig. 4  Annual variation of observational and remotely sensed precipitation in the four sub—basins of the Weihe River Basin

(1):501.5 (2): 503.1 (1):549.8 (2): 535.7 (1):480.7 (2): 496.2
(3):467.1 (4):512.4 (3):486.2 (4): 530.1 (3): 484.6 (4): 536.1

(a) CMA (b) CHIRPS (¢) CMORPH

(1): 541.1 (2):536.3 (1):524.8 (2):463.2 (1):508.2 (2):532.3
(3):487.0 (4): 520.2 (3):413.1 (4):456.2 (3): 5062 (4): 552.0

(d) MSWEP (e) PERSIANN (f) TRMM

7K B /mm

320 370 440 500 580 630 680 720 780 830 880
K3 JE M 4 O 5 e i ™ ot 22 AR (E 25 18] o3 A
Fig. 3 Spatial distribution of multi-year mean of observational and remotely sensed precipitation in the

four sub—basins of the Weihe River Basin
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Fig. 5 Taylor diagram of performance of different remote sensing precipitation over four sub—basins of the Weihe River
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MSWEP = 5 (35 J5 it i 25 (RMSE) AH 4 A 32
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Evaluation of typical remote—sensing precipitation products in
hydrological simulation
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Abstract: We comprehensively evaluated various Remote Sensing Precipitation Estimates (RSPEs) to identify the ones that can better

capture the precipitation pattern in the Weihe River Basin. Our findings can serve as an important scientific reference for the evaluation and

management of water resources in the basin and provide favorable support for the implementation of environmental protection and high-

quality development planning in the Yellow River basin.

Based on the gridded precipitation data of CMA and the five popular RSPEs (including CHIRPS v2.0, CMORPH v1.0, PERSIANN-
CDR, TRMM 3B42, and MSWEP v2.0), we comprehensively evaluated the basic skill of precipitation products by using the four statistical
metrics, namely, Pearson correlation coefficient (CORR), bias, Root-Mean-Square Error (RMSE), and Kling-Gupta Efficient (KGE). We further
used three categorical metrics, namely, Probability Of Detection (POD), False Alarm Ratio (FAR), and Critical Success Index (CSI). Then,
the hydrological simulation skill of RSPEs was also assessed by the traditional lumped hydrological model of ABCD and nash efficiency

coefficient (NSE).
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All five RMPEs can capture the spatial distribution of precipitation. Among them, MSWEP, based on multi-source weighted-ensemble
precipitation, can better capture the spatial heterogeneous of precipitation with superior performance. The spatial distribution of PERSIANN
smoothly performed and was underestimated in most areas, resulting in lower performance. At the interannual level, all RMPEs generally
performed well in the upper Weihe River, and TRMM was excellent, followed by MSWEP, whereas PERSIANN performed poorly. MSWEP
products performed well for basic statistical skills, with lower RMSE, higher CORR, and KGE. However, the CHIRPS and PERSIANN had
poor basic statistical skills. For the categorical skill of precipitation, the PERSIANN exhibited good skill for light rain, followed by MSWEP.
Additionally, all RMPEs performed better than the other three basins in the upstream of Weihe River. To detect moderate rain and heavy
rain, the performance of the PERSIANN was degraded. The MSWEP product had a better POD for these two types of rainfall, but its FAR
was also higher. In terms of hydrological simulation performance, the hydrological simulation performance of the TRMM was the best,
indicating that the retrieval algorithm of RMPEs based on active microwave had a high hydrological application prospect, followed by the
MSWEP and COMRPH. The poor performance was the infrared/near-infrared-based CHIRPS and PERSIANN products, whose retrieval
algorithms required further improvement in the climate-sensitive transition region.

TRMM products performed better in capturing the temporal and spatial patterns of precipitation. The multi-source integrated product of
MSWEP was significantly better than the other four products. The predictability of each precipitation estimate to moderate and heavy rain
was unsatisfactory and was especially poor for the latter one. Using TRMM precipitation as the input of ABCD model, the performance of
simulating runoff was significantly better than other remote-sensing products in the four sub-basins of the Weihe River, followed by MSWEP
and COMRPH.

Key words: remotely sensed precipitation, Wei river basin, ABCD model, performance evaluation, MSWEP
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