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Hao Tianyu, Dong Lili, Li Qingquan, Xie Bing, Zhao Chongbo, Guo Li, Liang Xin-zhong. 2025. Dynamical downscaling prediction of
persistent heavy rainfall in Henan province in July 2021 based on CMA_CPSv3 and CWRF climate models. Acta Meteorologica Sinica,
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Abstract An unprecedented persistent heavy precipitation occurred in Henan province during 17—22 July 2021, causing huge
economic losses. Currently, extreme precipitation forecasting is still a hotspot and a difficult issue in sub-seasonal climate prediction
research. Regional climate models provide a new way to further improve sub-seasonal precipitation forecasting in China with finer
spatial resolution and better parameterization of physical processes compared to that of the global models. This study uses the
regional Climate-Weather Research and Forecasting model (CWRF) nested with the China Meteorological Administration Climate
Prediction System version 3 (CMA_CPSv3) to improve prediction capabilities for this persistent heavy precipitation event. It is
shown that the spatial distribution, magnitude, and forecast accuracy of precipitation predicted by CWRF are improved compared to
that predicted by CMA_CPSv3. Although both models underestimate the amount of precipitation, the CWRF forecasts larger
accumulated precipitation and spatial distribution of precipitation is more consistent with observation. CWRF forecasts initialized on
26 June and 29 June are better than that of CMA_CPSv3 on the same initial dates. The CWREF significantly improves the forecast of
low-level wind fields and low-level jets in East Asia compared with the CMA_CPSv3. The CWREF is particularly effective in
improving the simulation of directions of low-level jets and water vapor fluxes, allowing water vapor to converge on the windward
slopes of mountain ranges and providing favorable water vapor conditions for precipitation. The CWRF better forecasts the water
vapor flux convergence and ascending motions over Zhengzhou, and all these improvements lead to higher precipitation forecasting
skill of CWRF.
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Sy it — 25 B e R O R T R K TR RE O R T OB ik AR . X 8k R £ AR X CWRF( regional Climate-Weather Research and
Forecasting model) X} /1 [E] /S, 22 J&y 4= BR S A 455 20 vk Z= 35 Fi il 2 48 CMA_ CPSv3( China Meteorological Administration Climate Prediction
System version 3 ) % T #f 4% 5 78 47 v [ X I 8l Sy B RE, 437 T CWRF #1 CMA_ CPSv3 Bz %l w45 2021 4E 7 A 17—22 H ¥4k
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25300 J7, RAEWIZ K 21.52 T3 km?, 1 L& 51k
21224070, FEANT(RIBAR A, 2022; Bk 75 445,
2023; Liu, et al, 2023) XJ L ¥k B /K 19 3222 52 0 K<
RYE . KRR TR . E5 (A 2 IR 55 O 18
TETEAM P AT . WEIE I, I YR I R K A2 B X
NS = I AN A= SN B N W e R 5 Wil PA a2
Me, [) B & 1 B B4R CR B ZR 55, 2022) o X
TR KR A R AR 20008 R BT I KR ik
ZEIT A, 0 R PG SRR A L AR AT L LR A Bh 1 4R
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FRIEAE, 2022; F425F,2022)
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A G A FR A B (Lang, et al, 2020) . A
— S FPEAL T S2S AU XS 2021 4F 7 H I RS fRLk
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Al T H R RAE” A I BE B 5 . 2Ll b, Yan 5§
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OL . A ity = A7 A PRSI 45 5 T A 318K B0 12 19
FH (#7945, 2012, 2016) . Liang % (2004)
2001 45 7E WRF B RSl B A 7 X80
il 5% 1) #Hr — 1 CWRF( Climate-Weather Research
and Forecasting model) 8150 i FH AL 5 19 M AE,
CWREF 7E #7523 i ] (Liang, et al, 2006; X
A H &5, 2008; X & M £%, 2017; Liang, et al,
2019) . CWRF X A [ M | A i 4B i e 7K
POl Ul Ay B RO B RE 1) (3 168 = 55, 20195 X1 i
FEEE, 2021; MR 2845, 20215 Li, et al, 2021; 70 =
&5 2022; Xu, et al, 2022; Zhang, et al, 2023; Zhao,
et al, 2024a, 2024b) . 8 CWRF 5 @Bk A ik
BT R =77 - 2715 0, LASHI 6 FE A A Ak = fi ot
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ASHE SR FH ARG R B AR SR TR &R S
CMA_CPSv3(China Meteorological Administration
Climate Prediction System version 3, KK
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U2 3y e ROBE BN, 23 B CWRF #5253 2021
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it JH B DX IORE Ay K CF 2 B R O 15 km Y
CWRF XU (B 250 45, 2024) . CWRF
R AR, B X AR, o &
(35.45°N, 110.34°E), FE HJ5 0] 4 36 J=, TZ UK
750 hPa, CWRF £ T Z #2804k Jr % (Liang,
et al, 2012; x| 7 M %5, 2017) , & % {4 §§ ECP
( Ensemble Cumulus Parameterization) ¥f i 77 &
(Qiao, et al, 2016, 2017) . GSFCGCE ¥ ¥ Jy %
(Tao, et al, 2003) . GSFCLXZ &4t 2% (Chou, et
al, 2001) . CAM3 i1 5t JZ 75 % ( Rontu, 2006) .
CSSP i1 7 %2 (Yuan, et al, 2011; Xu, et al, 2014)
FI XRL [ e /7 4 (Liang, et al, 2004) .

tE ARG R A R AR B A R T B R 4
CMA_CPSv3 Wiy 4 BROR AR AL 5t e b
O o BE R KRB SE 3 R (Beijing Climate
Center-Atmospheric General Circulation Model
version 3-High Resolution, BCC-AGCM3-HR; %
AT, 2023), K73 BN T266( 2] 45 km),
B 56 )2, Biat AN 0.1 hPa; MR X AR e fb ifg
AL LS 5 I ( Modular Ocean Model version 3,
MOMS), /K43 0.25°%x0.25°, 3 H 50 )25 Bl
i 13 FE A 3 BCC-AVIM2, ¥ vk A% 24 SR A 56 [ Hh
Bk Wy B AR B ) 525 % il UK B &R AR SR
( Geophysical Fluid Dynamics Laboratory-Sea Ice
Simulator version5, GFDL-SIS5) .

SCHE ] CMA_CPSv3(LLF i Bk CPSv3) HY
R 25 T 445 2R 9K 2y DI 50 CWRE X o ] X 35
ST IR T B B RS TN . CPSv3 #E 4T 1
o I P T L0 ) [ A B Rk A Sk A5 2 4 1Y
WIME Y (Liu, et al, 2021) ., CWRF 7EPUJE 14 45 55
(14 2% i DX 3 [l P9 H CPSv3 T 41 11 K A< A i it Tk
A 3 CWRF 1Y R b, 1 S Do = iy 7 57 5%
ff. CWRF i F1 45 5E )30 F 45 5 RSHEE U,
Xof AL 0 A% BR 3 ASORS 20 £k 1 e RUBE U . CPSv3 4
S R W R, AR SR 60 d B N 45 SR . AH N M
CWRF % Ji &2 i 1 U #E A7 3l g B ROBE 000 . T4l
95 % 3T & CPSv3 fil CWRF #28 H 2021 4F 6 H
8 H—7H 10 H & J4& M, 24 10414 B
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# 1 CPSv3 il CWRF £ 2021 4F 6 /1 8 H—7 J 10 H 10 A2diz H KSR fkzic
Table 1 10 initial dates of CPSv3 and CWRF models from 8 June to 10 July 2021 and corresponding digital markers
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Fig. 1 (a) Spatial distribution of accumulative precipitation (shaded) observed in Henan province and surrounding areas
during 17—22 July 2021 (red curves indicate city boundaries, yellow box indicates the central area of accumulative precipitation), (b)
terrain height (shaded) in eastern China (A, B and C indicate the Taihang mountains, the Funiu mountains and the Dabie mountains,

respectively; blue curve indicates the boundary of Henan province)
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Fig. 2 Spatial distributions of accumulative precipitation (shaded) during 17—22 July 2021 predicted by CWRF (a,—a,,)
and CPSv3 (b,—b,,) models starting from 10 initial dates, respectively (the upper-left number on each panel indicates the initial

date of model prediction, red curves indicate city boundaries within Henan province)
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Fig. 3 Regionally averaged accumulative precipitation
during 17—22 July 2021 over the central area predicted by
CPSv3 and CWRF models
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Fig. 4 Pattern correlation coefficients between predicted
and observed accumulative precipitation over the central
area during 17—22 July 2021 (black dot indicates PCC passing
significance test at the 95% confidence level, red and green dashed
lines denote the mean values of PCC for CWRF and CPSv3,

respectively)
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Fig. 5 ETS (shaded) for predicted accumulative precipitation during 17—22 July 2021 over the central area at the
precipitation thresholds of 50 (a), 100 (b), 150 (c) and 200 mm (d), respectively (color shades indicate the ETS (x10) for

different precipitation thresholds; annotated numbers correspond to values >0)
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Fig. 6 850 hPa atmospheric circulations and differences between model forecasts and observations during 17—22 July 2021
(a,—a; ERAS, b,—bs. difference between CWRF and ERAS, ¢,—c,. difference between CPSv3 and ERAS; average results of forecasts

initialized on 26 and 29 June are shown here; figures from left to right show the mean circulations on 17—18, 19—20, and 21—22 July,
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Fig. 7 950 hPa wind (green vector, unit: m/s) and 850—700 hPa mean wind (red vector, unit: m/s) on 20 (a, ¢, ¢) and 21 (b, d,
f) July 2021 for ERAS reanalysis (a, b), CWRF forecast (c, d) and CPSv3 forecast (e, f) (the average results of forecasts

initialized on 26 June and 29 June are shown here, the darker the arrow is the higher wind speed, blue curve indicates the boundary of Henan

province)
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Fig. 8 Profiles of the pattern correlation coefficients (PCC) between predicted and observed meridional (a) and latitudinal

(b) wind averaged during 17—22 July 2021 over eastern China (15°—55°N, 90°—145°E) (the average results of forecasts initialized

on 26 June and 29 June are shown here)
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Fig. 9

1000—850 hPa vertically integrated water vapor flux (vector) and its divergence (shaded) averaged during 17—22 July

2021 for ERAS5 reanalysis (a), CWRF forecast (b) and CPSv3 forecast (c) (the average results of forecasts initialized on 26 June

and 29 June are shown here, red curves indicate city boundaries in Henan province)
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Fig. 10 Longitude-height cross sections of water vapor flux divergence (shaded) and composite vectors of zonal wind (unit:
m/s) and vertical velocity (unit: Pa/s) along 34.43°N averaged during 19—22 July 2021 for ERAS5 reanalysis (a), CWRF
forecast (b) and CPSv3 forecast (c) (the average results of forecasts initialized on 26 June and 29 June are shown here, gray shaded

indicates terrain)
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