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Applicability of WRF-Hydro model driven by different precipitation fusion data in
mountain torrent simulation of medium- and small-sized watersheds

Qi Shengwei'>, Gu Huanghe'”, Wang Yuming’, Yang Yun’, Meng Jian’, Yu Zhongbo'~
(1. State Key Laboratory of Water Disaster Prevention, Hohai University
2. College of Hydrology and Water Resources, Hohat University;
3. Hangzhou Hydrology and Water Resources Monitoring Center)

Abstract : The high-precision precipitation fusion products CMORPH and CMFD were used as model inputs, and 18 flood events of the
Tunxi Watershed in the upper reaches of the Xin’ an River Basin from 2013 to 2018 were taken as the research object. The temporal
and spatial distribution characteristics of rainfall by the two precipitation fusion products in the Tunxi Watershed were analyzed, and the
applicability of the WRF-Hydro model driven by two types of precipitation fusion data to the simulation of mountain torrent processes in
medium- and small-sized watersheds was explored. The results show that compared with the measured precipitation at the site, the
CMORPH precipitation product has higher accuracy in terms of peak precipitation values and precipitation amount, while the CMFD
product generally overestimates the precipitation amount, especially the peak precipitation values. At the same time, CMORPH
precipitation product has higher accuracy on different time scales. In the simulation results based on CMORPH precipitation fusion
data, only the Nash coefficient of three flood simulation results is less than 0. 8 (one of which is less than 0.7) , and the total qualified
rate is 94% , reaching the grade A accuracy. The total qualified rate of flood simulation based on CMFD precipitation fusion data is
67% , which is grade C accuracy. Moreover, the model’ s simulation accuracy for large floods is better than that of small flood
processes. In general, the WRF-Hydro model driven by high-resolution CMORPH precipitation fusion product can be well applied to
mountain torrent process simulation in medium- and small-sized watersheds.
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Fig.1 Overview of Tunxi Watershed
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Table 1 Detailed information on flood events
HEK FA AR N 1] L5 ] LA/ (mP/s) FH I i/ mm
20130429 2013-04-29T08 ;00 2013-05-07T03 ;00 2229 118.2
20130606 2013-06-06T09 ;47 2013-06-14T08 ;38 3610 176.0
20130624 2013-06-24T18.00 2013-07-09T08 : 00 4213 233.3
20140513 2014-05-13T20:30 2014-05-16T10;36 2010 139.7
20140619 2014-06-19T23 ;00 2014-06-23T09 ;00 2380 254. 1
20140712 2014-07-12T19 .54 2014-07-22T20,00 3640 210.2
20150402 2015-04-02T18 ;36 2015-04-10T14 ;00 1895 193.5
20150510 2015-05-10T2036 2015-05-13T18 ;00 1360 110. 4
20150607 2015-06-07T07 ;30 2015-06-14T2000 3010 324.2
20150809 2015-08-09T08 ; 00 2015-08-14T00 ;00 1060 141.8
20160420 2016-04-20T01 ;00 2016-04-25T14 .00 2350 283.5
20160618 2016-06-18T17 ;00 2016-06-24T21 ;00 4280 212.3
20160702 2016-07-02T11:00 2016-07-03T10:30 1660 334.2
20170319 2017-03-19T23 .00 2017-03-27T23 .00 525 99.8
20170408 2017-04-08T20.00 2017-04-14T17 .00 849 154.3
20170611 2017-06-11T08 ; 00 2017-06-18T00 ;00 1730 143.2
20180423 2018-04-23T07 ;06 2018-04-28T02 ;00 1630 129.9
20180629 2018-06-29T02 ;06 2018-07-10T23 .54 2290 275.9
[ /K i /mm ) . ! L . |
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CMFD i FEk
CMORPH fli {3 Bk
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Fig.2 Spatial distribution of cumulative precipitation amount in time intervals corresponding to six typical flood
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events in Tunxi Watershed during study period
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Fig.3 Temporal distribution of precipitation amount in Tunxi Watershed from 2013 to 2018
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Table 2 WRF-Hydro model parameter calibration results

Lok i et WIZARL T+ 35 SRS . i Rk
fir 5 BIKERT /(m/s) TR GAKE /(mP/m?) 2/ (s/m”?) ABRH K/ s/m”?)
HUEE 0.2~10 0~1 0.8~1.2 0.1~1 0.1~4 0.1~1
U 0.8 0.05 0.83 0.14 0.35 1

VE: T AR SRR R RO T R, S PRI BRI BT SR e R
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Fig. 4 Time series changes in simulated and measured runoff during typical flood events in Tunxi Watershed
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Table 3 Flood runoff simulation evaluation indicators during study period

T CMFD R AR

T CMORPH At /K A2 B0

BokEA NSE AT/h R./% R,/% NSE AT/h R,/% R, /%
20130429 0.96 0 -0.09 ~17.63 0.93 0 6.43 4.60
20130606 0.90 -3 -17.38 ~14.47 0.89 0 0.6l -4.91
20130624 0.80 5 -17.31 18.82 0.93 0 -15.49 -7.87
20140513 0.83 ~13.42 -18.31 0.82 1 11.36 4.33
20140619 0.71 -3 9.11 19.31 0.88 1 5.12 16.12
20140712 0.73 -12.16 -13.24 0.92 -2 -5.63 -17.03
20150402 -0.75 5 -19.40 -23.65 0.84 2 -18.91 -17.01
20150510 ~1.30 14 -45.25 -33.20 0.93 -1 6.34 -6.10
20150607 0.71 3 -19.58 -18.23 0.94 1 6.49 -10. 66
20150809 0.78 -4 15.57 16.30 0.85 3 7.87 -6.57
20160420 0.82 0 11.83 6.03 0.94 2 -0.44 ~15.60
20160618 0.98 -3 6.09 ~10.46 0.97 0 5.55 -12.76
20160702 0.13 17 39.94 7.40 0.68 2 3.75 1.94
20170319 0.78 1 5.35 -17.91 0.77 3 15.63 2.10
20170408 0.09 4 33.61 -8.46 0.80 1 7.70 2.20
20170611 0.70 -5 -10.23 -18.58 0.90 1 -3.81 ~12.24
20180423 0.44 -8 1.92 -20.70 0.84 0 13.70 10. 41
20180629 -0.25 -6 36.33 34.66 0.75 2 9.72 -15.81

TERFFE I B K 4 ob R 3 i /N T 2000 m*/s BOUEKR S AA 8 Tk, b IE 55K T 3000 m*/s (A
5 AT 8 IS5 5 Yol FR o/ NI K S SRR S F . i 4 AT UL, CMORPH ,CMFD Rt [ K Bcdin /R
R RBE K PE I A0 R B R T/ INBOK S | I a]  BE IR DR 22t/ N T/ NSRS, 36
Y P ol i A RS B K S PR OB T/ INBE K PR, et AR X R 22 1545 L, CMORPH Bl 5 [ 7K Kt
ARG SRR/ NBE K S PR, 5 S P B 22 B AN | D IS o DAt /K 4 10 i R AR e (EL S A Ik
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Table 4 Average evaluation indicators for runoff simulation of large and small flood events

il NSE |AT|/h R, /% R, /%
KR RUOKSE  NIOKREE UK NIOREE RBUKEE NIDKEEE RBOREE UK
CMORPH 0.93 0.83 0.6 1.6 6.75 9.71 10. 65 7.32
CMFD 0.85 0.11 4.0 6.3 14. 50 21.41 15.04 18.28
tEs AT | IR, 15| R, [ SRR PP
4 & it

a. QLRI T HAT W3 RS 2k, PR S K™ AT RE 3t 220 I BF 5 X 7K 2 ) A
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