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Applicability evaluation of WRF-Hydro model based on multi-source merged precipitation
for runoff simulation in small and medium-sized rivers

Li Zhenxin', Yao Cheng'~’, Yang Fengyuan’, Hou Aizhong', Sun Yuanyuan’, Li Jingbing’, Gong Junchao'
(1. College of Hydrology and Water Resources, Hohai University;
2. Key Laboratory of Hydro-Meteorology China Meteorological Administration
3. Hydrological Survey and Research Center of Hebei Province;
4. Information Center, Ministry of Water Resources ( Hydrology Monitor and Forecast Center) ;
5. Hubei Yangize River Zhongxing Technology Co. , Lid. ; 6. Anhui Provincial Bureau of Hydrology)

Abstract: To meet the needs of hydrological models for high-precision precipitation data, with the humid Tunxi Basin and the semi-
humid Zijingguan Basin as the study areas, a multi-source precipitation merging algorithm based on external drift kriging was
constructed to merge the measured precipitation data at stations and the IMERG satellite precipitation data, generating merged
precipitation data with high precision and high spatiotemporal resolution. The WRF-Hydro hydrological model was driven by the merged
precipitation data to conduct runoff simulations in the study areas, and its applicability in flood forecasting for small and medium-sized
rivers was evaluated. The results show that taking the measured precipitation data at stations as the benchmark, the satellite
precipitation data exhibits a serious underestimation of precipitation intensity in the Zijingguan Basin, and the evaluation indicators of
the merged precipitation data are better than those of the original IMERG satellite precipitation data. Furthermore, the WRF-Hydro
model driven by the merged precipitation data can better simulate the flood process than that driven by the IMERG satellite precipitation
data, and the model shows stronger applicability in the humid basin than in the semi-humid basin.

Key words: multi-source merged precipitation; satellite precipitation; WRF-Hydro model; small and medium-sized river; runoff
simulation; the Zijingguan Basin; the Tunxi Basin
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FRMGE SRR 5 B4 (Kriging with external drift, KED) #1" BUAIAS [ %1*) 45  Jerp KED i
PV 23 (IR DGR 38 40 R T 22 R B800E (4 43 1R 43 A R AF , 1T 4R TR KA T R i 5 mT ekt
Jewell %51 R Z2 P (B 7 ZE il & T ik B /K 55 TR0 SR K, % B0 KED T 76 T8 TRy 28 o 1 4 v
EEVERR . PRI, R /K Rl S B2 0 T T8 A ok B K Rl 5 7, AR Bl K SCREAY | i FH A2 A4
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Fig.1 Overview of study areas
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1.2 WR#IE

IMERG £4i /2 423K K W 3140 GPM 1y s — 10 2 T AL 4R il /K 85l 7= o, L2 B8 2 VOTB iR
ARUSOT CIMERG BUE R A A BEE R 0. 10, /NI AR3ER 0 0. 5 b, 23 [ 26 4Bk, AR SO A vl Ak 3
WRE S KA RS2 2 IMERG 0405 7T 43 A3 52 B 7= iy IMERG-Early , IMERG-Late DA K J5 40 B 7 iy IMERG-
Final, IMERG-Early 7EMN)5 4 h % 75 ,IMERG-Late 7E VLIS 14 h K AT, Wi I A ZATAn] i vé 50408 42 1E 1)
afi TR I S B 7K 7 i s IMERG-Final 7EWGI S 4 A %A, 28 7 RUBE T WL A 98 42 0, 2 PR - i H Rl G
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(HydroSHEDS) , 1 WRF-Hydro ArcGIS Pre-processor Rif Zb B T B4k 3 A= 1%, 32 B4 35 25 A% 0] I 0 1) 25 4%
P 5 H Ay b B ER S B0 P8 O] R T WRF ( weather research and forecasting model ) 455 2 fif 4b B 2 4t WPS ( WRF
preprocessing system ) E/‘Jﬂﬁfﬂﬁ?ﬁ?ﬁﬁgﬁ, H WPS FiAbFE RS A R, A58 B 3 26 A ST I e
S HR SR MR AE TR K, o KB R IMERG T 2L R /K 5 TR o 3 S T 8 /K il 45 4=
LR Rl e K B, I 28 43 BECA 1 h 1 km; HEAR S50 38 4048 1 GLDAS ( global land data assimilation
system ) HCHE 723 1] L XULR R 1o )1 2R MR A ) SRR MU 25 A0 1 h 1k O350 B0
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AP, AR o (L E R TURBEKE P, IR xy A TR K E sy, TS, o 8 5 R
Ul BAE xp ZITr 22 5y, AOIE x, 5 xg ZIIED 22 0, g, B IIH T

H T IMERG T AEZHRIT 432K 0.5 h, 25 [0 53 HF 20 0. 10, SRR S G 0038 E i i 25 4 B R T
Bt , RS 0. 5 h 19 IMERG J5L4A TR 850 SN 1 h, 38 5o WU P 47 7 A XL Z8 A 00 [ A | 5 3] 1) 2% 43
b 1h 1 km WRERE IMERG TR, BB R TR B AE Ry 2s R P A &, 45 6 S0 oK H ARAE &, N
KED 353517 Z I8 A, e 2 T2 0 3R 0 1 h (1 km 7 = B2 Rl R/ ™
2.3 BEHAR

U5F WRF-Hydro 58U iy 75 20405 5 K s 47 0 [, 25 PR 58 A [n) 8, A SC7E i 188 i el i B 2016—
2017 AR R R E W ,2019—2020 4EVE N EGIEI , Horf 2018 435070 T & ol BBl gk | il 25 5 % 2890 56 i
B, 52 FRT R UL BERHR D PEEX 2012—2023 AEAE A 4608 91,2024 AEVE S Sl 0 . 5808 1015 56 F 3 X 4 KB
¥ 18 70% R 5E W 30% 55 UEIA K 43, Herh iR s el T 2018 4FF0 2 WOk G | DL 2018 4 R AR 4y e 5
SUEI , B BOK FF M S 2R (R 1) AR TIR 2020 4RSI SE <23 - 77 K, B SN
ERFM Je BT A T KA YR P 1 il i ST R KBS, 36U TR R K S 5 il e /K B OS5 SR 43 i)
LT R /K B 5 il B /K B 9K B WREF-Hydro AR | X6 R 52 W45 37 R b /K R A7 AR AR 48L , I LK SCanh 52
D3 Ry BE v ST A TR S B3R E | IRAT 5 45 B AR BN A S 0 ) A BE S AR s i 430 A T L e oKk 2l
55 Rl W K B B AR OL AT 16 2 B TR Bl 7K SRR | o 6 IE 30145 T /K S R AT AR AL, LA SN 3t Het A0
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Table 1 Statistics of major flood events

T ek F FE4f 1] ZETR ] R/ (m®/s) HEK 2K KK B/ mm
20160618 2016-06-18T09:00  2016-06-25T08 ;00 4280 th 246.52
20160702 2016-07-02T09:00  2016-07-10T08 ;00 1980 N 152. 08
20160715 2016-07-15T09:00  2016-07-20T08 ;00 1220 N 86.91
20170611 2017-06-11T09:00  2017-06-17T08 ;00 1730 S 150. 00
- 20170623 2017-06-23T09:00  2017-06-29T08 ;00 4210 h 217.50
i 20190618 2019-06-18T09:00  2019-06-26T08 ;00 2960 /h 217.37
20190702 2019-07-02T09:00  2019-07-09T08 ; 00 1900 /h 160. 45
20190712 2019-07-12T09:00  2019-07-16T08 ;00 4270 h 181. 60
20200618 2020-06-18T09:00  2020-06-24T08 ;00 2010 N 201.49
20200702 2020-07-02T09:00  2020-07-11T08 ;00 5040 523.42
20120720 2012-07-20T09:00  2012-07-26T08 :00 2130 LEN 171.37
—_ 20200717 2020-07-17T09:00  2020-07-23T08 ;00 161 N 79.57
20230730 2023-07-30T09:00  2023-08-03T08 ;00 1980 x 328.57
20240825 2024-08-25T09:00  2024-08-30T08 ;00 330 i 102. 20

2.4 EMNIEER

AV RHCCR) AR (RB) H5)7 4292 (RMSE) 3 A4 bR MR 140 A A K B0
HAHE P R B K SR S0 4 S KRR ) —SCPE | RB 2T AR K BRI T35 S K
ORI S PR 2R RMSE 2T A Kb 530 4 S B K B 2 T 0%

SRAIEHIXTIRE (E,) SRR 22 (By) AR R NSE ) SN T2 (ET) 4 A RIFA
FEARBEUR ™, S5 BELEE FA WM ATREIR 221 T 200 I, MISCWERTLA e e BRI /0 T
20760t UG BGEA He s WEBU IR 2/N T 3 b o, RUSE BT BERL A A ) 55 KA 9 NSE
KT 0..50 I MUK BRI BB A AR T 2 0 NSE KT 0,70 B UK LK i B0
SCHE. — VORI MG Rt DU SO RS U AR LIL, 5 R BV 5 L
TSP B £ (QR) A 2 U B 1 AT

3 GRE5SH

3.1 BMAZERSW
A 26 2 AT R A T K SR A IMERG TR R /KBUE ) R JEHE R 0.51~0. 78, F) 4 0. 63;RB
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JEEN-19. 1% ~30. 9% , 48 XHE T340 12. 7% ; RMSE {5 2. 24 ~4. 43 mm/h,*F3°8 2. 93 mm/h, #l& K%
TKELAE) R J5FE R 0. 88~0. 97,314 0. 93; RB JulFh 0. 0% ~0. 8% , 48 XHE -1 4 0. 35% ; RMSE 5 [l 4
0.94~2.50 mm/h, P-4 1. 47 mm/h, 10 kK GilG KB 1) R 5 RMSE S48 F 1L R B K B0 ; B
20190702 ,20200702 Wizt Kk oh , HiAy 8 Stk fl A oK RB 4a X E /N T TLREREK

%2 TERKEHDERKSRAKEKITENER

Table 2 Evaluation indicators of satellite precipitation and merged precipitation for major flood events

ok SEKIE R _ RB/ % _ RMSE/ ( mmili)
TBEREK il B K TBRREK il A R K TRREK A R K
20160618 0. 66 0.92 16. 1 0.5 3.37 1.82
20160702 0.57 0.92 20.7 0.4 2.39 1. 11
20160715 0. 60 0.93 3.5 0.1 2.27 1.03
20170611 0.62 0.94 30.9 0.0 2.24 0.94
. 20170623 0.78 0.97 25.4 0.2 3.00 1.24
e 20190618 0.72 0.93 -5.9 0.8 2.96 1.61
20190702 0.51 0. 88 0.1 0.3 3.16 1.79
20190712 0.77 0.94 -19.1 0.3 2.76 1.53
20200618 0.55 0.94 -5.2 0.4 2.73 1.13
20200702 0.56 0. 89 0.3 0.5 4.43 2.50
20120720 0.72 0.92 -58.8 0.7 4.25 2.12
sy 20200717 0.76 0.93 =73.2 -0.3 2.18 0.94
20230730 0.46 0.91 -8.8 0.4 5.85 2.51
20240825 0.85 0.98 -2.4 0.0 1.29 0.42

SR I FEEPOK FHAF ) IMERG T2 FEK 5045 R Y5 H 0. 46 ~ 0. 85, °F- 34 0. 70; RB {5 [H A
~73.2% ~=2. 4% , 4 WHE -39 R 35. 8% ; RMSE Ju[E 4 1.29~5. 85 mm/h, -394 3. 39 mm/h, Bl & K Kt
1) R {EFEI 0.91~0.98, 14 0. 94; RB L FI N -0. 3% ~0. 7% , A X HEF-1°4 0. 35% ; RMSE {5l K 0. 42~
2. 51 mm/h, " FHH 150 mm/h, 4 oK milG REKEdE R R RB 5 RMSE ¥ W00 T TLEREK

IMERG 352 R /K B8 7 ol VR Dt Sul R 58 50) S i 3585 0l o SN B8 A Bt 1 8 R G P AH DG 1 IMERG 122
R KB 7E TR L R G 2238/, RB A X SF34(E R 12. 7% (A 78 £850) S it bl s B ™ 36 () R el 22, RB 4
XEYI{E I8 35. 8%, Hir 20120720 37k /K A 8] RB &5 ik - 58. 8%, 20200717 3k it /K 1 [6] RB & ik
=73.2% , " HARAGREK R . X — IR SEA MRS ISR, AW WA IMERG T R 7K E58 it )
TGSz PRIK B B EAE R X X AT RS s HIE A O¢  IMERG T B 7K B8 78 S 18 b I w5 1)
T b K 782 e I 500 T B A R A BB LI 0 | 17 830 DG T i 22 2 2= 1L th, 50 IMERG 12
R K BRI 78 580 S I R4 K 22

T R RB RMSE [ H o] 1, A% F IMERG T2 R KB | il G 98 7K B0 7 8 I 38R 48 90 G It 3k
K BEHR AT R TT
3.2 WRF-Hydro iREIXBSHEE

2 e B v 1 S R K B OB , 5 WREF-Hydro #5780 T35 1) I 46 Ak S 52 R 30 B0 AR DE T, 4% Ak
FESTIABRKIRZE FOR R, JR22{0 5B 105 R KRB0 5 il A B K B0 76 09T 5 3t 3k A0 42 S AL FURR |
A RA 45 SR oA T, TR R KR R 22 3K, S Rl A oK B IR 2R E A — 3, S IR s AR
Xof TR R K B 5 il R K B 23 AT WRF-Hydro BRI SRR E | IR L 3 AR AL AR

WRF-Hydro RIS HANRZL , % [ESHY LR L S5 05T, S R U S B TR 2, MIEEER
D RYRESY , WREF-Hydro A1) F ZHURS U T . +BIEE R T+ 21815 RZE I RSR I T R Uk S
B AR ARSI BUR SR, W RS Te 7 h D AR BUR S, B IREITE A R F3hi3 L8 i ) &
FHPURS RO T RE ) e BRI IR U e BB I, 76 A B B SE 1B PN AT 4 28 KA B S B0+ 9K 30
BIAY DL NSE 5 EIEAR XT3 22 PN H8 b, B8 S8R A . 2 0K TL R B K B8l 5 il B K B A
WRF-Hydro #5584 1y At | % sS4 25 R L% 3,

3.3 ZERERERSH
R A P K S AR S SR WL 4 BT 2 Sy AR BB N K LS . NI R,
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&3 WRF-Hydro RETESHREELER
Table 3 Main parameters and calibration results of WRF-Hydro model

BTG Bl +IREERT +IEBIERE T R T T TK RS HE H HhF AT
_ TEREK 1.0 2.0 2.0 5 0.9
VZ 75 I8
B RlA K 1.0 2.0 1.6 4 0.8
TAREK 0.5 3.0 1.8 4 0.9
L3 5 925 4l
FRIRII A Rk 0.5 1.2 1.2 5 0.9

®4 WEREFRELIEN ISR

Table 4 Evaluation indicators for runoff simulation in Tunxi Basin

. TEREAK Al E Rk
PR - = -
Ep/% Eo/% NSE ET/h Ev/% Eo/% NSE ET/h
20160618 15.3 33.1 0. 86 3.0 3.7 6.9 0.98 -5.0
20160702 9.2 29.9 0. 68 2.0 -9.1 9.4 0.96 1.0
20160715 9.4 23.0 0. 65 5.0 25.8 24.0 0.83 2.0
20170611 58.2 24.6 0.34 2.0 0.5 -3.2 0.94 1.0
20170623 13.4 35.8 0.83 1.0 -4.3 -0.2 0.98 0.0
20190618 -0.4 45.5 0. 66 -3.0 11.1 2.2 0.89 0.0
20190702 4.0 21.7 0.76 8.0 3.8 14.9 0.85 -3.0
20190712 -29.8 -17.6 0. 85 1.0 -5.1 -1.0 0.98 0.0
20200618 -29.1 -0.6 0.19 42.0 3.6 13.5 0.88 -2.0
20200702 1.1 7.7 0. 69 8.0 6.0 5.3 0.93 -1.0
Bk T4 17.0 23.95 0. 65 7.5 7.3 8.1 0.92 1.5
HAE 0% 80%
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Fig.2 Discharge hydrographs of typical flood events in Tunxi Basin
BT TR FBKEHR AR B X AL, E, BXHEF329 17. 0%, o 20170611,20190712,20200618 51K
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NSE YA 0. 65, BRI A RCR AT 32,0 20170611 ,20200618 K 1 NSE 435124 0. 34.,0. 19, LA &R
RZE S ET ZXHEF79 7.5 b, Ho 20200618 iR 2215 42. 0 h, BURIRZZHOK TRl B K Bl A9
RO TR KB A R KAR T E, ZaxHE VI 7. 3% B, 40 TR E 8. 1% ;4 3k /K NSE ¥
KT 0.80,NSE FHEHART 2 0. 92, i et 1 FRAUERT A £ w7 B T e /KF  ET 48X fE-FHf# 5 1.5 h, SR
FAMK R, TR BKERTE 20160618 55 20170623 371 kK o Al B/ 35 1 | 5 S0t s U ek 5 1 o i 125, 17
T 20190712 SR BEKARAY T KoK 5 B2, S Sk et it 5 Bt i 9K ;4 Stk 56 T T2 e/ el O A2 DA A0
IR K BRI B2, Rl A B K i 7 4 S SURNBOA oS BB R, AR TRBADL A ke i S L AR AR oy
7.

IOk T B UK BB LR 5, P 3 S A OK A 7 NI K R i B B, T LR R OK
B TS R4 B, XHE T35k 52. 8% , E, 45X HE -3k 64. 6% , o 20120720 ,20200717 351Kk
WKL 2R E, 5 Ey #IZIT 100. 0% 3% 25 T TR R K Bl i)™ B R4, 20120720 20200717
Gy ik 1] TLR B S RB 43910 -58. 8% —73. 2% . 3Tl & F K B AR AR N2 IR 2 T 1
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Table 5 Evaluation indicators for runoff simulation in Zijingguan Basin
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