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Fig/ 1 Four-layer nesting design of the WRF model for Dadu River basin
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Tab. 1 Selection of WRF mode parameter schemes in different periods
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Tab. 2 The qualification rate of the 7-day forecast scheme in 2017

X vAv)
WX 1d 2d  3d  4d  5d  6d 7d
—X 85.32 84.21 82.36 80.56 80.44 79.23 78.00
—X 87.36 85.23 83.21 83.10 82.23 82.00 80.35
=K 94.32 91.65 89.23 88.23 85.26 84.32 81.23

AKX, 86.66 86.23 85.32 84.11 83.20 81.23 80.01
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Fig. 3 The topological diagram of the river system and the forecasting models above Danba of the Dadu River basin
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Tab. 3 Calibrationiand verification results of Xin'anjiang model parameters at Danba cross-section

W E[En]
W ARG SRR/ HRARRIE,  RWRIEHIX Wt SRR/ FRARRE RN kel

mm mm wE/ % A mm mm wE/N E3 4

2009 171 178 3.84 0.93 321 346 7.69 0. 87

2010 159 151 —5. 30 0. 89 303 288 —4. 89 0.91

2011 174 178 2. 30 0.91 264 291 10. 11 0. 90

REM 2012 201 213 6. 08 0. 87 403 396 —1.77 0. 88
2013 159 169 6. 56 0. 85 234 305 30. 16 0. 58

2014 153 150 —1.95 0. 95 355 338 —4.78 0. 94

2015 166 160 —3.71 0.93 288 298 3.38 0.91

2016 210 200 —4.58 0. 82 203 214 5. 61 0. 80

BHFH 2017 234 239 2.28 0. 96 318 328 3. 26 0. 88
2018 215 214 —0.44 0. 89 343 347 1. 13 0.91
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Tab. 4  Accuracy evaluation of forecast results for typical inflow events of Danba cross-section during the flood seasons from 2010 to 2017
s 2% VAR R T TR A A2 TR TR AN SR R o T TR ) A2 R T4
e i BUR RERD TAREN B L WU IO TABER W
sy W/ W WRDOE e UUUE W W WRDDE W
(m® + s % % d (m? «s71) % % d
20100628 2091 2024 —3.20 3. 66 0 0. 86 1878 —10.18 —0.71 —4 0.73
20100823 1542 1621 5. 15 9.52 1 0. 74 1494 —3.09 1:40 —1 0. 88
20110616 2078 1937 —6.78 —2.69 0 0. 84 1758 —15. 42 —12. 31 —5 0. 69
20110714 2392 2512 5. 00 3.32 0 0. 87 1979 —17.27 —+38.69 0 0.70
20120614 2724 3125 14.71 —1.20 0 0. 69 2234 —17.98 —8.14 0 0.52
20120630 3621 3 349 —7.51 4.61 —1 0. 89 3217 —11. 17 —18. 67 —4 0. 45
20120714 3 650 3577 —2.01 —4.29 1 0. 96 2 889 —20. 86 —28.62 —4 0.62
20120818 1933 1966 1.73 —9.54 1 0. 90 1737 —10.13 —24.17 —4 0. 87
20130624 1523 1772 16. 37 14, 34 1 0.79 1792 17. 69 4. 39 —1 0.79
20130715 2 816 2492 —11.52 —13.41 1 0. 85 2 151 —23. 60 —17. 26 —3 0.78
20140611 3 640 3371 —7.40 —5.12 1 0. 88 3113 —14. 48 —13. 26 —3 0. 81
20140627 3 870 3773 —2.50 —6.81 —h 0,88 2788 —27.95 —22.89 —1 0. 70
20140820 2 286 2 369 3. 64 —0. 20 0 0. 95 1710 —25.19 —13.07 —2 0. 75
20150617 2519 2 481 —1.51 4. 56 0 0.92 1933 —23.27 —7.99 —4 0. 64
20150704 3901 4134 5. 97 2.995 —1 0. 95 3255 —16. 56 —0.98 0 0. 88
20150817 1631 1731 6. 15 1.%56 0 0.93 1671 2. 46 3. 34 —2 0.91
20160714 2 580 2 467 —4.39 2,49 1 0. 96 2 359 —8.58 —21.43 0 0. 89
20160726 1782 1937 8.770 10. 21 0 0. 82 1601 —10. 18 —13.00 0 0. 80
20170607 4702 5008 6.51 3.83 0 0. 94 3972 —15.52 —18.05 —1 0. 81
20170705 2624 2713 3.40 —4.79 0 0. 88 2 368 —9.74 —38.09 —1 0. 85
5 FTEETE 20102017 FIEMBR R MR AT EBIR K RIEEITLE
Tab. 5 Accuracy evaluation of forecast results for typical inflow events of Danba cross-section during the non-flood seasons from 2010 to 2017
W 75 JE RO Wik T TR PR A 3 TR AN S AR A T TR ) A2 TR T34
dim aiC BURRERD TAREE B L BRI TOBER R
(o + s~1) ”'J%{ﬂ/ W2/ AR/ EE/ 25 “f%fﬁ/ W2/ MR/ W/ 2K
(m® «s7D) % % d (m® +s71) % % d
20100502 821 820 —0.12 4.77 1 0. 85 797 1.12 —2.89 —1 0.83
20120423 943 909 —3. 60 —3. 86 0 0. 93 856 —3.83 —9.21 0 0. 86
20121003 2232 2137 —4. 25 1. 34 2 0. 95 1524 —17. 67 —31.70 —4 0. 53
20130514 1022 1052 2. 90 2. 40 —2 0. 89 947 —10. 09 —7.37 —2 0. 77
20131014 824 949 15. 16 22.22 1 0. 64 1 004 4. 43 21. 87 —3 0.61
20150424 550 573 4. 15 0.79 0 0. 90 494 —5. 88 —10.17 —1 0.8
20160505 755 799 5.78 12.32 0 0.93 789 —4.24 4.55 0 0. 89
20161006 2 638 2 251 —14. 67 —8.45 —1 0. 57 2 145 —21.22 —18.70 —2 0.79
20170218 244 243 —0.41 —0. 14 1 0.93 240 —1.64 —1.70 1 0.91
20171013 2 063 2053 —0. 50 4. 09 0 0. 98 2 030 —11.91 —1.59 —1 0. 87
KKK R o 473 ¢
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Fig. 5 20121003 # inflow forecast hydrograph

in 2012 non-flood season
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Fig. 6 20170607 # inflow forecast hydrograph in 2017 flood season

i ¥ S |
[ ] . .II—';- i-”'e.'_ [
LHi} - -

|
" " HNL5B - F ol mphal= iR T
- - FFENER i

7 2017 FHETHEA 20170218 SR TR L B L%
Fig. 7 20170218 # inflow forecast hydrograph

in 2017 non-flood season

XHIIY 20 SpKad FE 9 Bk 45 SR R W] 4 %
JE WRE F AR A [ R i 4« 2 AR B F5L41 19 Vg {EL

¢ 474« KX KK R

FI7 dBAR R AR X R 25 A 200 LAY B s R
51209 100 %0 5 45 AN 25 1A o g T T 41« 7 4 YT 7
THA R E AR 22 TE 20 0 LN A 15 3. & i
A TSV, T d BRI AR X IR 22 LE 2000 AN Y
A 16 . G5 Jy 8026 HLUEHA 7 d BT IRYY
FAAERE M/ AR ZZ BRI L. X B I8 FIA
5 BRI FR TR 1) b 7 B0 » TRUBI A A 7 1 1
M R0 5k 0..86 F0. 75, XFARTHHT 10 Bk
IR R R TR - 2% FE AN 25 S8 A K ok T AR & i 22T
PRI AR (AR X R 27 20040 LN 2350 417 10
B 9 3. AR 353 1k 100 260 90 V0 s AR I BRAH 6T
RZETE 20 0 LN B0 9 50 847 . B A% R 4333
90246 Fl 806 5 F- 44 ff i M B B 3 W Sy 0. 86 Al
0.79,

25 LRk A EXTIILE AR TR 5 8 T
LU RN PR A AL IR B L A % R T DL
FRIFR) 1 D0 429 A B s AR TR RS 2 4 o 14 W B2 R T
RT3 R D % T TR0 B0 it o AL e iR 2
et W R i o W e — AR 22 T AR TR BT LR A
(o R DA B I X e 28 A Y LA D 52 00 TRABI R
T ARV XTI A ARG 3 3R T HVE B i T
AR

3 FigHitie

AR 55 1 I T 37 3Bl TR %2 fL R 2 DR S A
B 1 A SO SRR SCHIZS A5 A B #8257 1 T 1) S
AR b AT 14D R 98 Y 97 ot 7K o A R A 7R, 2 B A
FEEEBUR .

(DR M2 E MM WRE A fif g K
T L SR T A PR K A T A S ) B A SR 1 A
AEMELIB R, SR PU4EAS 73 (ADVar) fil | 2
JEW (EnKF)JR A R AR B IE WRF #5916 3
DR R K A 7 R et WRE #5025
RO R4, BASLBANR 7 d M PR RO
(A FO B Rk 80 %0 L) I,

)k T K P WRE-HT 22 7T % /K o 72 Wi 4
BAY Gl 30 3 QR 20 3 AR 10 ) >k K
TE I FH A S E o 25 SR e B TR L e A 73 A T4
BB ERE] T 100 %6, TR G e Fn it o 394 5
B E T 100% F1 90%6 K5 B b A 2% JE T
L300 46 W 4 AR A A B SR R T . B S R
A U Yl 37 S g She K 3 AR WA 5 7 SRR AR &
FEVEH

AR SCHEST (1) WRE-H7 26T B8 AR E 3 1
TR AT 38 A SE I K SOV TUHR S T 5 2% < 1



F. % AT WREE R 80K R AE R TR E

FERRIR U AR A Y SR SC TR AR A
4 (ER R B TR AR LA R8T . RORBES K 3C
RGO 2 T e R AN B WRE Rt oK
SCHERLT5 TR AR

2% 3Lk (References) :

[1]

(2]

[3]

[4]

[6]

(7]

(8]

[9]

XA, WK SO < B 22 YT A 5 AL A [ M.
JEAT KA HL 7 H RS 1984 (ZHAO R J. Watershed
hydrological simulation: Xin' anjiang model and north-
ern Shaanxi model M]. Beijing: China Water &. Power
Press,1984. (in Chinese))

ANDERSON M L,CHEN Z Q,KAVVAS M L, et al.
Coupling HEC-HMS with atmospheric models for pre-
diction of watershed runoff[ J]. Journal of Hydrologic
Engineering, 2002, 7 (4). 312-318. DOI. 10. 1061/
(ASCE)1084-0699(2002)7:4(312).

AMENGUAL A, ROMERO R, GOMEZ M, et al. A
hydrometeorological modeling study of a flash-flood
event over Catalonia, Spain[ ] . Journal of Hydrometeo-
rology,2007,8(3) :282. DOI; 10. 1175/JHM577. 1.
GOCHIS D J, BARLAGE M, DUGGER A, et al. The
WRF-Hydro modeling system technical description
(Version 5. 0) [ R]. NCAR Technical Note. Available
online at; https://ral. ucar. edu/sites/default/files/
public/ WRFHydroV5TechnicalDescription. pdf.
SENATORE A, MENDICINO G, GOCHIS'D.J, et
al. Fully coupled atmosphere-hydrologysimulations
for the central Mediterranean: Impactof. enhanced
hydrological parameterization for'short.and‘long time
scales[ J ]. Journal of Advances:in Modeling Earth
Systems, 2015, 7 (4):1693-1715. DOI: 10. 1002/
2015MS000510.

RYU Y,LIM Y J,JI.H.S, et al. Applying a coupled
hydrometeorological 'simulation system to flash flood
forecasting/over the Korean Peninsula[ J |. Asia-Pacific
Journal of Atmospheric Sciences, 2017, 53 (4), 421-
430. DOI; 10. 1007 /s13143-017-0045-0.

WEHBE Y, TEMIMI M, WESTON M, et al. Analysis
of an extreme weather event in a hyper-arid region
using WRF-Hydro coupling, station, and satellite data
[J]. Natural Hazards and Earth System Sciences,
2019,19(6),1129-1149. DOI; /nhess-19-1129-2019.
WAGNER S, FERSCH B, YUAN F, et al. Fully cou-
pled atmospheric-hydrological modeling at regional and
long-term scales: Development, application, and analy-
sis of WRF-HMS [ J]. Water Resources Research,
2016,52(4),3187-3211. DOI.: 10. 1002/2015wr018185.
LU G H,WU Z Y,LEI W, et al. Real-time flood fore-

cast and flood alert map over the Huaihe River basin in

[10]

[11]

[12]

[13]

[14]

[15]

[16]

China using a coupled hydro-meteorological modeling

system[ ] ]. Science in China,2008,51(7) ;1049-1063.
FEWE AN, — 3T WRF+CLM XIS A X
(WRFO) iy Sy i 5[] 1. 8 (5, 2013, 32
(6):1626-1637(WANG C H, SUN C. Design and pre-
liminary test of the regional climate model (WRFC)
based on coupling WRF and CLM[ J]. Plateau Mete-
orology,2013,32(6) :1626-1637. (in Chinese)) DOI.
10. 7522/j. issn. 1000-0534. 2013. 00021.
R Wi 5P . 55, 55T WREF-NoahLL.SM #4458
RIS X - S R AE PR LT . /K B RE IR R
2, 2014, 32 (10); 10-13, 5. (ZHU J, YANG T,
HUANG D Q, et al. Evaluation of soil drought in
Huaibei area of Jiangsu Province based on WRF no-
ahlsm coupling model{J J.*Hydropower Energy Sci-
ence,2014,32 (10):10-13,5: (in Chinese))
BWIAE 96 2 e R 55, FEZ VLI WRE #:0
F s K T AR 24l (A SRR 5 TR R
f) - 2016, 49(4):349-354. (YANG M X, JIANG Y
Z,WANG Z J,et al. Building and application of WRF
model in Yalong River basin[J]. Journal of Tianjin
Uniyersity ( Science and Technology), 2016, 49 (4) .
349-354. (in Chinese )) DOI. 10. 11784/tdx-
bz201412079.
TRAER. KL BRI K SCR ARG TR B AR B
S0, K 5T REVR L 2016 (6) . 1-6, 10. (ZHANG Y
Q. On the short-term hydrological and meteorological
coupling forecasting techniques for upper Yangtz Riv-
er basin[ ] ]. Hydropower and New Energy, 2016(6) ;
1-6,10. (in Chinese)) DOI; 10. 13622/j. cnki. cn42-
1800/tv. 1671-3354. 2016. 06. 001.
RikEAE, SRR 58 . B Wen, 55 Bl SURE G AL 7E S I 2%
FRIHE K B A LT . KRR 7 g, 2006, 17(6)
847-852. (LU G H.WU Z Y, LEI W, et al. Applica-
tion of a coupled atmospheric-hydrological modeling
system to real-time flood forecast[J]. Advances in
Water Science, 2006, 17 (6) ; 847-852. (in Chinese))
DOI:10. 3321/j. issn: 1001-6791. 2006. 06. 016.
AL FRIH PRI 5. KGRSO A 1 kK B
BT ], 4. 2016, 42(9) : 1045-1057. (BAO
HJ,WANG L L,SHEN X S,et al. A review: Ad-
vances of flood forecasting of hydro-meteorological
forecast technology [ ] ]. Meteorological Monthly,
2016,42(9):1045-1057. (in Chinese)) DOI:10. 7519/
j. issn. 1000-0526. 2016. 09. 002.
R R AR SCHAR ML 3 Rl b5t o E K R K,
fitt, 2006, (BAO W M. Hydrological Forecast( Third
Edition) [M7. 3rd ed. Beijing: China Water& Power
Press, 2006. (in Chinese))

KX KE B e 475 -



194 &3 mAE S AFFE(FIID 2021 £ 6 A

WRF-based runoff forecasting model for Dadu River basin

LUO Wei',ZHU Yang' ,CHEN Zaini' , WANG Jun? , HU Yiming® , LIANG Zhongmin®
(1. Dadu River Hydropower Development Co. ,Ltd. ,Chengdu 610041,China;
2. College of Hydrology and Water Resources , Hohai University  Nanjing 210098, China)
Abstract : Hydrometeorological forecasting is a major measure to improve the accuracy and extend the lead time of runoff predic-
tion for a large watershed,and remains a challenge to hydro-sciences. Although much progress has been made in the research of
hydrological forecasting based on the combination of meteorology and hydrology in China, the results are mainly focused on the-
oretical methods,and there are relatively few highlights on the application level, especially for operational forecasts. Dadu River
basin has the characteristics of complex topography, great height change and vertical climate variations, which brings extra diffi-
culties for the hydrometeorological forecasting. Therefore, the Dadu River basin is taken as the research object, aiming to serve
the scientific decision-making of flood control and power generation for the basin through scale conversion and the connection of
meteorological and hydrological elements,and establishes a runoff forecast model for operational purpose based on the meteoro-
logic-hydrologic coupling.

A four-layer nested grid WRF model was used to solve the difficulties of microclimate simulation caused by the large chan-
ges in topography and severe vertical variability of the Dadu River basin. Assimilation technologies including four-dimensional
variational (4DVAR) and Ensemble Kalman filter (EnKF) hybrid were used to reduce the initial meteorological field error. The
statistical optimal combination was employed to determine the model parameters of WRE in.different periods of the year. The
Xin'anjiang model was employed as the catchment-scale hydrological model since the Dadu/River basin is a wet region (although
there is a small part of the semi-humid area in the upper reaches). The outputs of future rainfall from WRF were used as the
inputs of the Xin'anjiang model. Therefore,a WRF-Xin'anjiang model was established for runoff prediction for the Dadu River
basin.

The constructed WRF model based on the four-layer nested grid“for Dadu River basin can forecast rainfall in the next 7
days,and the overall forecast accuracy (qualification rate) reached over’80%. For the Xin'anjiang model, the qualified rates in
flood season and non-flood season were 100% and 86 %5, respectivelys and the average determination coefficients were 0. 90 and
0. 86, respectively. In the verification period, the qualified/rates inflood season and non-flood season were both 100% ,and the
average determination coefficients were 0. 89 and 0. 86 ,respectively. For the WRF-Xin'anjiang model, 20 flood events were cho-
sen in flood season and 10 flood events in non-flood/season from 2010 to 2017 to verify the model. Results showed that the qual-
ified rates of flood peak and flood volume in flood $eason‘both reached 100 % ,and the qualified rates of flood peak and flood vol-
ume in non-flood season reached 100% and 90%4 respectively. It is indicated that with an extension of the lead time to extra 7
days, the WRF-Xin'anjiang model established could still guarantee a higher forecast accuracy.

The WREF-Xin'anjiang model established can provide a reference for hydrological forecasting of the basin with complex ter-
rain, wide height difference and significant vertical climate change,and provide technical support for hydropower generation and
flood control decision-making of Dadu River basin, At the same time, with the accumulation of hydrometeorological data in the
future, it is necessary to/do in-depth research on more refined WRF and hydrological model for the basin.

Key words: meteorologic=hydrological coupling; WRF model; Xin'anjiang model; Dadu River basin
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