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Abstract: In July 2021, Henan province experienced widespread, intense, and concentrated extremely heavy rainfall, resulting
in significant damage. This paper evaluates the forecast performance of the China Meteorological Administration (CMA)
Regional Ensemble Forecast System (CMA - REPS) during the heaviest precipitation period from 1400 to 2000 China
Standard Time on 20 July 2021, using the CMA Multisource Precipitation Analysis System (CMPAS)-V2.1 product and the
fifth generation European Centre for Medium-Range Weather Forecasts (ECMWF) reanalysis (ERAS5). The study findings
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reveal that shorter lead times yield improved precipitation forecasts in terms of ensemble mean and probabilistic forecasts.
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However, notable forecast biases persist in precipitation intensity and spatial coverage of heavy rainfall. The best and worst
ensemble members were identified by combining several precipitation verification scores. An analysis of atmospheric
circulation and water vapor conditions was conducted to explore potential causes of precipitation forecast errors. The study
identified that a good ensemble member successfully predicted convective precipitation, accounting for 30% of total
precipitation in the Zhengzhou area, whereas a bad member failed to forecast convective precipitation. The overall
precipitation distribution in both members aligned with the performance of non-convective precipitation. The precipitation
area of the good member shifted northeastward, which is associated with the eastward deviation of the forecasted subtropical
high position, the northward track deviation of typhoon "Cempaka", and the stronger south wind. In contrast, the precipitation
area of the bad member shifted westward, consistent with the deviation of the maximum relative humidity area, possibly due
to a stronger low -level east wind transported by the forecasted typhoon "Infa". At the 925 hPa level, the good member
accurately predicted a strong convergence zone on the windward slope of the western mountains near Zhengzhou, causing
intense rainfall exceeding 25 mme+(6 h) ', extending from the foothills to elevations above 800 m. Conversely, the bad member
predicted a small and weak convergence zone, leading to heavy rainfall confined to the foothill areas below 600 m. Overall, the
forecast errors of CMA -REPS for this heavy rain event are primarily attributed to the simulated deviation of atmospheric
circulation and the complex orographic effect.

Key words: ensemble forecast, the torrential rain in July 2021 in Henan province, probabilistic forecast, forecast verification
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Fig. 1 Spatial distribution of accumulative CMPAS
precipitation analysis (unit: mm) from 14: 00 to 20: 00
CST on 20 July
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The subtitles represent the forecast leadtimes.
2 CMA-REPSTA#aI7 A 20 H 14 Z 200 H9 6 h RFAPE/KE (B 4L :mm) : (a~d)E=HI TR (e~h) & F
Fig.2 CMA-REPS forecasts of 6 h accumulative precipitation (unit: mm) from 14:00 to 20:00 CST

on 20 July for (a~d) control forecasts and (e~h) ensemble averages
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Table 1 Maximum values of accumulative precipitation
(unit: mm) from 14:00 to 20:00 CST on 20 July for the
control member (mem00) and perturbed ensemble mem -

bers with different initialization times

TR B 2% 42—48h 30—36h 18—24h 6—12h
memO0 33.6 85.4 117.0 70.1
memO1 19.9 26.9 43.4 40.5
mem02 19.9 45.9 36.2 53.6
mem03 45. 4 34.2 59.3 86.8
memO04 19.8 25.8 29.4 50.5
memO05 34.4 29.5 58.8 57.1
memO6 26.0 26.6 61.1 110. 8
memO7 23.5 36.3 107. 5 94.7
memO8 33.4 79. 4 46.6 50.7
mem09 36.4 46.6 40.4 46.9
mem10 22.3 35.3 49.9 41.1
meml11 43.8 61.4 74.1 54.9
mem12 28.1 34.2 95.6 63.3
mem13 28.7 36.5 38.5 71.7
mem14 44.3 31.1 50.5 96.4

TE P AR R R B R T A LY 0 e R, SR AHA B A A T
TIUHR B 2R d5e A e 3 B A R K 1
7 TSR] S50 4 R 3580 A0 B 7K BB 1) BS W4y, 46 4k 1
NCEP-GEFS iy # 2 #il 4z i) {22 [ CMA-REPS
R R

25 bRk, CMA-REPS J& ¢ Jy vl 5E 19 5 ) X
B A TR R G0, X B R TR R K 5 R RN R X
T B A S M.

3 K& FEKIUR AL 5 It

3.1 EATWIMARMBR WIS 2 M4
F,20 H 08 I 4R A 6~12 h [ K £ 4 F ¥ 850 R
e G, PRI I BB B2 IR 2550 1 T 41 Bk 1B 4R A Ak 5L HE AT
BT . i HE CMA-REPS fiift 19 6 h 2 BB /K 5 1
B2 G U B SR L (L 4) , Horb 00 B 53 Sy 4 1 T4
K LB AE A W B XK TF 100 mm- (6 h) 'Y &K
DX 3 %) AR BB A I Bl . A B 06 AR T
100 mm PA I B9 B K (B A7 B v) V4 rE PR A% . Rl B 07
i A9 KT 50 mme (6 h) "k A 7K R X 38k 1) 467
RIS S UL . O 37 1 i K 2R R K

{E 4238 240 mm, 101 76 BT A3 46 6 5L v, Rl J2 73
A fe KAE o A I e R AE A —2F (£ ).
506 8B 07 Bl B 14 il T 41 [ 7K e (B 85 K
BB 01 51 10 T4 14 B K S5 KA ™ T A AL , B
H 40 mm IEA .

3.2 IR REE ALEWTS,ETS, BIAS
SR RIS 059 % 154 B A AR Y B A [ K
TR E AT VEAL . T 3k B BB 4 518 0. 1,10, 25
50 mm. T ARRMBEKRKEN, F L4 25
mm F1 50 mm f9 B 7K B {8 B 5 & 9 AL, RT3
A VT AL A AR 4 DO RE K BE T, 28 5L
A3 BT % B (E T R B A B B B R a
bc,d, IR AT 5 e L &2 %00.1,0.2,0.3,0. 4
AN A BV 4y kR B AR 4 (0. 1a+0. 26+
0.3¢+0.4d). H T FEK B HRARAG 5 B BIAS P43
BN, B 8 = Rl 43 O % 10 45 SR A i ok 25
B TR AR 5 07 7843 T 1 26 B 4
VB 58 A 0 LD, R K e RABLASE B 1) 2R AL 5 8 B
04 FK 52 09 BF 43 34K, Ry 1 5 52 B 5 4 K AA 7]
VG i B 1) D R, 0 DA 3K A B 53 b Bk s R K R (B
7 XA VU A B D1 04 SR YRR B (181 5) . & X 38 2 1Y
UF B B2 07 IR BB 04, DA IR 3 I 44 RN Ml T AH X 12
JE TR A5 T AT 2 4 T, DAAR 5 AR IR CMA -
REPS 5 2 B 7K T4 A A4 19 7] e Ji 1A

4 EERBEKBURKNEES

4.1 PERKARSHEHITEEMERSHT B0
S 7K 2 v AT A AT I DO A RUE B X TR R K S
XL 2 B0k 7 28 T 7 AR B X R M R K 3 TR) 4
). & 6 & CMA-REPS #2078 08 B2 4 15 21 1)
6 h Z RN A AR X 3 K A

FE X M B K T PR R 6 I S Bk O Sk
S VTR A ik A ) ) A A T R R I A 3 B2 Y e
B AR Z LA ), S B T R 22 BEA
Shy 2 R K TR ASE UL A T R AR 22 R MR 2 — . R B
5 IR B3 7S U A 2K R P AR K T AR 2 B A
K. G B TR 6 h BB G B K (8] 6a) Bt
FAAKTF 20 mm, DXl 78 KM BRFUT , 5 99041 1) 85
K i KA IR FEAS AT G, WAl 5 0 R AR G E 1
55080 e A I 1) S8 1) AR AL . 322 B0 53 7R 4 N ] 34
DX I 900 48 1) R 1 e Ko R R K R TR A 30 %6



o524

BRFHE AR TR 201, 775 R 5% T B4 XA - TS 36 1 SR i 22 23 A7

293

40°N
38°N - ¢
36°N
3a°N -l

32°N

30°N
110°E 112°E 114°E 116°E 118°E 120°E

40°N
38°N &
36°N
34°N

32°N

9 e

112°E 114°E 116°E 118°E 120°E

=Y

30°N F
110°E

40°N
38°N
36°N
34°N

32°N

30°N -+ 5
110°E 112°E 114°E 116°E 118°E 120°E

40°N
38°N
36°N
34°N

32°N

30°N
110°E 112°E 114°E 116°E 118°E 120°E

4248 h
N 7

710 mm

38°N
36°N
34°N
32°N
30°N

110°E 112°E 114°E 116°E 118°E 120°E
i 30~3:6h

210 mm

4
38°N
36°N
3N
32°N

30°N
110°E 112°E 114°E 116°E 118°E 120°E

30°N -
110°E 112°E 114°E 116°E 118°E 120°E

30°N -
110°E 112°E 114°E 116°E 118°E 120°E

4248 h
N 7

725 mm

38°N
36°N
34°N

>
32°N -
)

30°N
110°E 112°E 114°E 116°E 118°E 120°E
oy 30-360

7
725 mm

4

38°N

36°N

34°N

32°N

30°N
110°E 112°E 114°E 116°E 118°E 120°E

30°N
110°E 112°E 114°E 116°E 118°E 120°E

30°N
110°E 112°E 114°E 116°E 118°E 120°E

42~48 h
40°N ,

250 mm

38°N
36°N -
34°N -

>
32°N -
)

30°N

110°E 112°E 114°E 116°E 118°E 120°E
won 30360
550 mm
38°N
36N
34N -
32N

30°N | ——
110°E 112°E 114°E 116°E 118°E 120°E

18~24 h

750 mm

40°N
38°N
36°N
34°N
32°N
30°N -

110°E 112°E 114°E 116°E 118°E 120°E

6~12h

7
250 mm
38°N -

40°N

36°N

34°N

32°N

30°N
110°E 112°E 114°E 116°E 118°E 120°E

6~12 h (NCEP-GEFS)
N 7

., 6~12h (NCEP-GEFS)

., 612 h (NCEP-GEFS)

 6~12h (NCEP-GEFS)

40° =
0.1 mm ‘ P 10 mm
38°N 1 38°N 38°N - 38°N -
36°N 36°N - 36°N | 36°N -
~ Zheng? v
34°N 34°N Y ) 34°N | 34°N
32°N 32°N = 32°N 32°N
30°N - 3 30°N “L : > - 30°N - : ; r 30°N : r > :
110°E 112°E 114°E 116°E 118°E 120°E  110°E 112°E 114°E 116°E 118°E 120°E  110°E 112°E 114°E 116°E 118°E 120°E  110°E 112°E 114°E 116°E 118°E 120°E
I [ [ [T
%
5 15 25 35 45 55 70 90

The precipitation thresholds and leadtimes are shown in each panel.
El3 CMA-REPS(1~41T)FfINCEP-GEFS(% 51T)M##7 A 20 H 14 = 20 B89 6 h RR KB R T
Fig. 3 The 6 h accumulative precipitation probabilistic forecasts for CMA-REPS (rows 1~4) and
NCEP-GEFS (row 5) forecasts from 14:00 to 20:00 CST on 20 July
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Table 2 Brier scores of probabilistic forecasts from
CMA -REPS and NCEP-GEFS from 14:00 to 20:00 CST
on 20 July with different leadtimes for different thresh-
olds

0.1mm 10 mm 25 mm 50 mm

42~48 h (CMA) 0.177 0.067 0.037 0.015
30~36 h (CMA) 0.192 0.052 0.032 0.015
18~24 h (CMA) 0.172 0.053 0.029 0.015
6~12h (CMA) 0.245 0.059 0.024 0.013
6~12h (NCEP) 0.347 0.075 0.037 0.014
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Fig. 4 Accumulative precipitation forecasts (unit: mm) from CMA -REPS from 14:00 to 20:00 CST for
different ensemble members initialized at 08:00 CST on 20 July
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Fig. 5 Spatial distribution of maximum values of accu-
mulative precipitation from 14:00 to 20: 00 CST on 20

July for the observation and ensemble members
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Fig. 6 Distribution of accumulative convective and non-convective precipitation of CMA -REPS for the good member

07 (left) and bad member 04 (right) (unit: mm) from 14:00 to 20:00 CST initialized at 08:00 CST on 20 July
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Fig.7 The relative humidity at 2 m height above the ground level at 14:00 on 20 July from the (a) NCEP-GFS
analysis, (b) good member 07,and (c) bad member 04 from CMA -REPS (The red box covers the Henan area)
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Fig. 8 The 850 hPa geopotential height (contours) and the wind field (vectors) of the (a) ERAS reanalysis, (b) good
member 07, and (c) bad member 04 at 17:00 CST on 20 July; (d~f) the differences between the abovementioned wind

fields and ERAS reanalysis, respectively (Shades denote wind speeds, and the red box covers the Henan Province)
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Fig. 9 Same as Fig. 8, but at 500 hPa height
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Fig. 10 The CMA typhoon best track and forecasted
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CST on 20 July to 08:00 CST on 22 July, with "Cempa-
ka' on the left and "Infa'" on the right
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Fig. 11 Wind and divergence (10~ s™) at 925 hPa of (a) member 07 and (b) member 04 at 17:00 CST on 20 July,
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