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Study on precipitation estimation for data-scarce small-scale basins based on MSWEP//LIU Lian', HU Qingfang'*,
JIANG Ning’, YU Bingbing', CHEN Jun®’, CHEN Zhibo®( 1. The National Key Laboraiory of Water Disaster Prevention,
Nanjing Hydraulic Research Institute, Nanjing 210029, China; 2. Yangtze Institute for Conservation and Development,
Hohai University, Nanjing 210098, China; 3. Water Conservancy Construction Management Center of Lucheng District of
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Abstract: To investigate the application of global precipitation data, such as the data from satellite remote sensing and
atmospheric reanalysis, in data-scarce small-scale basins, a case study was conducted in the Yangyi Reservoir Basin in
Wenzhou, Zhejiang Province. The study utilized a high-resolution global precipitation product, i. e., multi-source
weighted-ensemble precipitation (MSWEP) to derive long-term precipitation processes and estimate design storms for the
data-scarce small basin. The results indicate that, at daily, monthly, and annual time scales, although MSWEP exhibits
certain errors, it generally demonstrates strong capability in characterizing precipitation processes in the Yangyi Reservoir
Basin from 1979 to 2020. For design storms, MSWEP tends to slightly underestimate observed precipitation, and the
annual maximum 1-d, 24-h, and 3-d design storm values for the Yangyi Reservoir Basin derived from MSWEP are generally
lower than those obtained from station-based precipitation data. However, the relative differences of the results between the
two methods remain within 18%. Particularly, for the annual maximum 1-d and 24-h design storm values with a return
period exceeding 50 a, the relative differences are mostly within 6%. For the Yangyi Reservoir Basin, the reliability of
design storm estimates derived from MSWEP is superior to that obtained from statistical parameter atlas.

Key words: global precipitation data; MSWEP ; precipitation estimation; design storm; the Yangyi Reservoir Basin
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Fig.1 Location of the Yangyi Reservoir Basin and

distribution of rain gauges
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Table 1 Accuracy metrics of MSWEP daily precipitation sequence at Wenzhou Xishan Gauge

BRI A POD FAR CSI RBIAS/% RMSE/mm NSE KGE
PTIE T 0.74 0.19 0. 64 -14.62 5.65 0.82 0.82
AN 1.00 0.34 0. 66 1.85 5.48 0.83 0.85
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Table 2 Accuracy metrics of MSWEP daily precipitation of the Yangyi Reservoir Basin

BRI A POD FAR CSI cC RBIAS/% RMSE/mm NSE KGE
PTIE T 0.67 0.06 0. 64 0.89 -20.05 6.34 0.77 0. 68
AN 1.00 0.13 0.87 0.89 -4.56 6.11 0.78 0.81
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Fig.5 Comparison of MSWEP monthly precipitation of the Yangyi Reservoir Basin before and after correction and

monthly precipitation after interpolation at Quxi Gauge from 1979 to 2020
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Table 3 Accuracy metrics of MSWEP monthly

precipitation of the Yangyi Reservoir Basin

B b A cC RBIAS/% RMSE/mm  NSE KGE
JTIERT 0.94 -20. 05 51.10 0. 80 0.72
ITIEJG 0.95 -4.56 37.76 0.89 0.88
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Table 4 Accuracy metrics of MSWEP annual precipitation

of the Yangyi Reservoir Basin
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Fig. 6 Comparison of MSWEP annual precipitation of the Yangyi Reservoir Basin before and after correction and annual

precipitation after interpolation at Quxi Gauge from 1979 to 2020
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Table 6 Comparison of design storm values in the Yangyi Reservoir Basin obtained by different methods

T=2000a T=1000a T=100a T=50a T=20a T=10a T=5a

AERK 1d 516.0 478.0 350.3 311.3 258.9 218. 4 176. 8

FRIZ 4K 24h 583. 1 540. 1 395.9 351.7 292.5 246.8 199.7
R 3d 822.8 760. 6 552.1 488.5 403. 4 338.1 271.2

Fik 1d 542.1 496.2 344.2 298.6 238. 4 193.1 148.0

ﬁMMQj;VVﬁ’,ﬁW K 24h 612.5 560. 7 389.0 337.4 269. 4 218.2 167.2
) FaK 3d 763.3 701.3 495. 1 432.9 350.3 287.6 224. 4
A PR 24h 776. 1 713.1 503. 4 440. 1 356.2 292. 4 228.2

) Rk 3d 1039. 1 955.2 675.9 591. 4 479.4 394.3 308. 4

TE T NEBU) E K 24 h BHHRT S B WL A AR, BUE N FERR 1 d BHRWRY L1345,

BT A K PE A MSWEP 15352 7 & TR %k,
AL E IS, i KT RE . EATEENE,
XFEIIHET 50 a 4AFER K 1d Fl 24 h &I1HE,
Wi 25 AL 6% IN , X FHEK 3 d Z W
= LOERFHEI  MSWEP ¥t 2 i 4K T %
BT (H RS 1245 2 0 50T 55 TR 22 5 34 R e it
18%.,

PRI A A5 31 4 A0 SCOK 8 3 34 J R 24 h AN
3d K S A S48 RN I TTE 35 B S o T R R A
MSWEP £55 5 R4 5 245 R A Lt , MSWEP #fik
MBI 2R T 5 B O BT, AR B AR A Ty
2, MSWEP $2 5 1 SOK PRIt il AF fe K 1d 24 h
3d I ER M AT A AT SR
3.3 iTig

AW AR T MSWEP [ /K 77 ShAE S — R
FOMEEE |, ZESR TN S8 3 37 R K o i i e
BT 2 WS b aE M, R T B B A H
MSWEP #47/ Nl 5 % M T 33 AF 7E — 2 AN
FEME, T T RMITIE . BRI A R BT R R
T AHOCOC R RS 1 Jy ik B HLA T AT, (E e DL 4
T J52 W IX 35 o 7K R AE (1) B 28 S Ik, AR SR 5
W DAL M MSWEP A5 B (1 52 HLk] | & SR
I AN T A R 38 0 [ K A B A S T @R
FHEE T BRI 00 B2 RUBE T ik R 15 43 e 6 X A
B T+ MSWEP 7K £ 76 /) it 380 R B iy 3
Pk QHEENT H R IX SR AE A 2 0 R IE AR | i
TRV LS 5 00 ] SRR FORS B s @RS 40 B BN
) A DX AN ) i M SRR AR 1 /N3, DAY
RIS IE I, g B GER) H X 3% B T R R
R RER BRI

4 %&£ it

a. MSWEP X} 7 11 b R R ol H K i
IR S AL S A B B4, 5 T il 2 T 1
(EATY B i 7 25 f BERE 0, I ELYE SR T 26 1k |1 15

TEEIEJG , MSWEP H [ 7K 18 % 3 55 H oK & 1
AT IR G2 BH 58 23 | 2R 4900 2 KR B3 FARAIK

b. 7EAREE |, MSWEP X T XK A i 1 b
IR RAERE S8 H B RUBE A ks . ARt
FERFE ,MSWEP EZA/E I 7—9 H Xt H Bk =R
A R B A (T IE 5 MSWEP H /K & 5
PR A K AT

c. TEAENJE b iTIERT MSWEP Xt T4 LK %
TLIRAE R K 2 A4S B &8, RBIAS S4-20.05% , {H
1TIEJ5 RBIAS AU} —4. 56% , HHAKS B2 2F- 4 45 b1
3T A A I

d. TEZHEME T, 5T MSWEP #ER A4 X
KRR AR 1d 24 h 3 d Bt 2 L T
vl A KR 25 3L (AR 5 ik AR i 1 5
WA 22 57 2 R L 18% , 4 1l J2 X T 7 B 40 ik
50 a FIAFERRK 1d 124 h 3T 240, P& 25 S5 A TE
6% AN . FF HXT TN SCK 38, MSWEP #E3K 119
BT MG B B A T RIS T4 51

Sk

[ 1] CHAO Lijun,ZHANG Ke, LI Zhijia, et al. Geographically
weighted regression based methods for merging satellite
and gauge precipitation [ J ]. Journal of Hydrology, 2018,
558.275-289.

[ 2] BEAR)™, Ze8MG  tRotnr 55 m dE X IR K™ o 2
IR SCREADERAEAR « LA 65 J A 3L R 6% ] 97
OB K AR EF 274, 2023, 37 (2) : 159-168.
( BAN Chunguang, ZUO Depeng, XU Zongxue, et al.
Assessment on the accuracy and hydrological simulation
effect of multi-source precipitation products in the high
cold alpine region:case study in the Yarlung Zangho River
Basin and the Lhasa River Basin[ J]. Journal of Soil and
Water Conservation, 2023, 37 (2 ). 159-168. ( in
Chinese) )

[ 3] REY,E), SRE 4. FE T HPLAR MBI A LR
g X 22 YRR R AR B IR T SE [ )] K BRI

- 137 -



(12]

2024,40 (3) . 125-132.

CHAO Lijun,et al. Research on zoning multi-source fusion

( SONG Leiyue, ZHANG Ke,

precipitation simulation method of the Yangtze River Basin
based on random forest model [ J ]. Water Resources

Protection, 2024 ,40(3) :125-132. (in Chinese) )

[ 4] HOU A Y, KAKAR R K, NEECK S, et al. The global

precipitation measurement mission [ J |. Bulletin of the

American Meteorological Society,2014,95(5) .701-722.

[ 5] KIDD C,HUFFMAN G. Global precipitation measurement

[J]. Meteorological Applications,2011,18(3) :334-353.

[ 6] IV, ZEHE R, 55 KIFFI IR ™ fh 78 BT A

A S v A 3 P PEAR ()] BRI R a4l
(HRBI2RR) , 2024,60 (1) :99-105. ( SUN Tong, LI
Yanzhong, CHEN Li, et al. Long series remote sensing of
precipitation products in drought monitoring of the Yellow
River Basin: applicability assessment [ J ]. Journal of
Beijing Normal University ( Natural Science ), 2024, 60
(1):99-105. (in Chinese) )

[ 7 ] BAI Peng, LIU Xiaomang. Evaluation of five satellite-

based precipitation products in two gauge-scarce basins on
the Tibetan Plateau[ J ]. Remote Sensing,2018,10(8) .
1316.

[ 8 ] JIANG Shanhu, WEI Linyong, REN Liliang, et al.

IMERG, TMPA, ERAS5, and CPC

Evaluation  of

precipitation  products  over  Chinese  mainland:

Spatiotemporal patterns and extremes [ J ]. Water Science

and Engineering, 2023,16(1) ; 45-56.

[ 9 ] ARSHAD M, MA Xieyao, YIN Jun, et al. Evaluation of

GPM-IMERG and TRMM-3B42 precipitation products
over Pakistan[ J]. Atmospheric Research,2021,249.105-
341.

[10] OUABA M,SAIDI M E,BIN ALAM M J. Flood modeling

through remote sensing datasets such as LPRM soil
moisture and GPM-IMERG precipitation: a case study of
ungauged basins across Morocco [ J ]. Earth Science

Informatics ,2023,16( 1) :653-674.

[11] SES, TP (hE R 2 U K Bl £ 3 p*

Tl O e ST [ )] Hb 3R AL = i, 2017, 36
(8):1033-1039. (GUO Yuhan, WANG Zhonggen, WU
Yuliang. Comparison of applications of different reanalyzed
precipitation data in the Lhasa River Basin based on HIMS
model[ J ]. Progress in Geography, 2017, 36 ( 8) : 1033-
1039. (in Chinese) )

H, IR, EAE 4 AN RIFOK SRS SWAT #E3 2
BORHIEPERT T[] 0 K27 4 ( A SRR
2024,52(2) :43-52. (XIAO Yu, SUN Ruochen, WANG
Qian, et al. Study on parameter uncertainty in SWAT
model driven by different precipitation [ J ]. Journal of

Hohai University ( Natural Sciences) ,2024,52(2) :43-

- 138 -

[13]

[14]

[15]

[16]

(17]

[18]

[19]

(20]

52. (in Chinese) )
B BPOY , TR, 5. JET MSWEP 8046 1 A1 i
BRI BT[] K BEIRLRS, 2020,36(2) :27-33.
(ZHAO Jing, HU Qingfang, WANG Lachun, et al.
Analysis of precipitation characteristics in Taithu Lake
Basin based on MSWEP[ J]. Water Resources Protection,
2020,36(2) :27-33. (in Chinese) )
G, Rt , B, 55 . S IR X 2 PR 5 A K 7 i 25
BT SRR SRS A [ ] K TR AR 37, 2025, 41
(2):47-57. (YONG Bing,ZHOU Zhenyang, TAO Xin, et
al. Comprehensive evaluation and hydrological effect
evaluation of multi-source fusion precipitation product in
the Yellow River source area [ J ]. Water Resources
Protection,2025,41(2) :47-57. (in Chinese) )
BECK H E, VAN DIJK A I J M, LEVIZZANI V, et al.
MSWEP . 3-hourly 0. 25° global gridded precipitation
(1979-2015) by merging gauge, satellite, and reanalysis
data J]. Hydrology and Earth System Sciences,2017,21
(1):589-615.
LUO Min, LIU Yuzhi, GAO Jie, et al. A new merged
product reveals precipitation features over drylands in
China[ J]. Advances in Atmospheric Sciences, 2024, 41
(10) :2079-2091.
FETRGEAPTY , EARAL, A5, MSWEP XL 752 A 17t 4ok
H BaK it AR (B 3K B O RAERE I AT [ 1] . KB IR AR
¥, 2023, 39 (4): 167-175. (DU Fei, HU Qingfang,
WANG Yintang, et al. Validation of MSWEP daily and
extreme precipitation of the Taihu Lake Basin in Jiangsu
Province[ J |. Water Resources Protection,2023,39(4) .
167-175. (in Chinese) )
FHRYL, AR DT, T, %, MSWEP [ /K B0 76 {5 70
SR SR KA S P A B D] K R BEVR A2, 2022,40
(7):1-4. (YIN Junkai, LI Guofang, WANG Lu, et al.
Application of MSWEP data in extreme precipitation
estimation in Xinjiang River Basin[ J]. Water Resources
and Power,2022,40(7) :1-4. (in Chinese) )
2o ST AR TR SF. BREORNR UK SCRE R 24
XIS gT 0k R [ 1], K 3L, 2011,31(3) : 13-17. (11
Hongxia, ZHANG Xinhua, ZHANG Yongqiang, et al.
Review of hydrological model parameter regionalization for
ungauged catchments [ J ]. Journal of China Hydrology,
2011,31(3) :13-17. (in Chinese) )
XUE BT, G, T AR AR R kR K SO R T
RS - AT 0 S B [ 7] KA 541, 2016, 47 (3) -
272-282. (LIU Changming, BAI Peng, WANG Zhonggen,
et al. Study on prediction of ungaged basins:a case study
on the Tibetan Plateau [ J ].
Engineering,2016,47(3) :272-282. (in Chinese) )
(#5185 W)

Journal of Hydraulic



[40]

Multiobjective optimization of a reservoir based on NSGA2
[ J]. Journal
Science ) ,2010,40(6) :124-128. (in Chinese) )

XZEEE, T, ACiE AR 48 N LA ek Ae i ) i K %
TRt e B o R [ T]. KRk is T8 2440, 2021
(3) :74-83. (LIU Meiyu, ZHANG Lei, LUAN Qinghua, et

of Shandong University ( Engineering

al. Application of artificial fish swarm algorithm in optimal
allocation of water resources in Hejian County,China[ J].
Hydro-Science and Engineering, 2021 ( 3); 74-83. (in
Chinese) )

(417 XUEE, X0, JRIN AR , 55, 56T AHP—R {45 5 WA Y

(42]

DG IR AL T A 25 -8 U Ak 2 U R R SR 3 A< DA

IRZHT T B[ T]. A REE,2023,42(3) : 213-224.

(LIU Xia, LIU Hui, SU Lijuan, et al. Analysis on the
coordinated development of ecology-economy-society based
on AHP-entropy weight method in coal resource cities: a
case study of Ordos City[ J]. Ecological Science,2023,42
(3):213-224. (in Chinese) )

Bebde A HOR BT OOKRNE R = AR L0 K B
TR E TS [ 1], AR ADK -, 2013, 44 (7) 2 1-4,

(LIANG Shikui, ZUO Qiting. Study on water resources

[43]

[44]

[45]

allocation based on human-water harmony and “Three Red
Lines ” [ J ]. Water
Engineering,2013,44(7) :1-4. (in Chinese) )

BN, R, TR, S BT R Y X ek B IR
AL B [T]. AR KT, 2008,39 (6) :29-32.
( HUANG Manli, ZHANG Jian, DING Dafa, et al.

Resources and  Hydropower

Research on optimal allocation of regional water resources
based on genetic algorithm [ J]. Yangtze River, 2008, 39
(6) :29-32. (iin Chinese) )
IRiE A B R XA 4. 55T GWAS BRI sk i
IKBEEACACEC B[ T ] /K BEIRLRS,2023,39(3) :32-42.
(LUAN Qinghua, GAO Haoyue, LIU Hongliang, et al.
Optimal allocation of water resources in Wu’ an City based
on GWAS model [ J]. Water Resources Protection, 2023,
39(3) :32-42. (in Chinese) )
SHI Qiwei, DUAN Limin, CUI Caiqi, et al. Optimal
allocation of water resources in Ordos City based on the
general water allocation and simulation model[ J]. Water,
2024,16(12) . 1711.

(ki B 393:2025 -01-09  Zhikit « follr)

(L% 138 W)

(21]

(22]

[23]

WRIT, AR fe. R UL (il P KL 24 516
B[ J/OL .l it Ko 2 i (P 5k B | 1-11
(2024-11-27) . https ;//link. cnki. net/urlid/32. 1521. C.
20241126. 1537. 004. ( CHEN Fu, ZHU Xinhua.
Dimensions and governance of water security in the context
of global climate change [ J/OL ]. Journal of Hohai
University ( Philosophy and social sciences) , 1-11 (2024-
11-27 ). https://link. net/urlid/32. 1521. C.
20241126. 1537.004. (in Chinese) )

BREE AR BB, 4. BE T ITA 351 Mann-Kendall
T BT VL S o g K A2 A g e [ ] 9T ot R 2 4T
(FI9RRL ) ,2024,52(6) : 15-22. (ZHANG Jiao, HU
Qingfang, HUANG Jingsheng, et al. Analysis of extreme

cnki.

precipitation changes in Lijiang River Basin based on ITA
and Mann-Kendall methods [ J ]. Journal of Hohai
University ( Natural Sciences ) ,2024,52(6):15-22. (in
Chinese) )

LA, B, 0T 4B, % CMORPH il £ B /K 7= i 5 b
UL I R 5 T A S 9t Sl T A T L A3 [ ) ] 9T
R 2 224l (H AR BESA AR L 2014, 42 (3) ; 189-194.
(WANG Hao, LUO Jing, YE Jinyin, et al. Comparative
analysis of area rainfall in Huaihe River Basin estimated
by CMORPH-gauge merged data and observed rain gauge
data[ J]. Journal of Hohai University ( Natural Sciences) ,

2014,42(3) :189-194. (in Chinese))

[24]

[25]

[26]

(27]

[28]

B, EEE, BAIRWE 55, T K ORI e Rk N
iRC A aa i) G2 s AR IRTIF P NE=22 [AQE /S N TO I
2023,51(6) :1-8. (WU Yongtuo, LI Zhijia, QI Zhenya, et
al. Design flood calculation of watershed with lack of data
based on hydrological model [ J ]. Journal of Hohai
University ( Natural Sciences), 2023,51(6): 1-8. (in
Chinese) )

GG /NI K BTSR[] T R A2
W(CH KRB RR), 1998, 26 (2): 100-104. ( HUA
Jiapeng. Calculation method of design flood for small
watershed [ J ]. Journal of Hohai University ( Natural
Sciences) ,1998,26(2) :100-104. (in Chinese) )
i 2R JCHORH X /N B s R RS ik [T,
7K ,2017,39(3) :120-122. ( HE Xiangdong. Calculation
method of designed rainstorm in small watershed with no
data [ J ]. Groundwater, 2017, 39 ( 3 ). 120-122.
Chinese) )

Tros AR 5O05 , MRS R AF B AL R =R H R
FERE K L BETEAE [ T]. TR IXHFST,2024,41(4) .
540-549. (YIN Ruiqi, LI Qiongfang, CHEN Qihui, et al.

(in

Performance evaluation of three daily precipitation
products in the upper reaches of the Ili River[J]. Arid
Zone Research,2024,41(4) :540-549. (in Chinese) )
B e 387K B AL K SO S ML sk
FEI KM K HL iR, 2022.:209.

(ks HH.2024 - 11-24 i Ttk )

- 185 -



