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Abstract The China Meteorological Administration Mesoscale Model (CMA-MESO) serves as a critical operational
system for precipitation forecasting. However, its eight-times-daily rolling updates present new challenges for forecast
evaluation. A comprehensive understanding of mean bias characteristics, variations across different forecast lead times,
and error sources is key to model improvement. This study systematically evaluated the precipitation forecast performance
of the CMA-MESO over East China during the summer of 2023. The key findings are as follows: (1) While the averaged

multiple forecasts generally reproduced the spatial distribution patterns of observed precipitation, systematic biases
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existed in precipitation intensity and frequency. (2) The model significantly overestimated the precipitation amount for

moderate-and-above rainfall events, with 3.7% underestimation of the frequency of no-rainfall events but 2.6%

overestimation of the frequency of light rain events, along with elevated false alarm rates for heavy-and-above rainfall

events. (3) The forecast performance showed a distinct lead-time dependence, with precipitation biases largest in 3~6 h

nowecasting, gradually decreasing to a minimum in 21~24 h forecasts, and then increasing again in the 24~36 h range.

(4) Physical analysis revealed that the nowcasting overestimation stemmed from excessive hydrometeor introduction

during cloud analysis, and the overestimation in the forecast after 24 h resulted from excessive low-level wind speeds that

promoted moisture transport to the target region.
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Fig. 1 Spatial distributions of mean precipitation [shadings, units: mm (3 h)fl] from (a) CMPAS (CMA Multi-source merged Precipitation Analysis

System) observations, (b) multiple CMA-MESO (China Meteorological Administration Mesoscale Model) forecasts, and (c) forecast bias (forecast

minus observations) over East China during the summer of 2023.
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Fig.2 Variation of daily mean precipitation (units: mm d') from CMPAS observations (black line) and multiple CMA-MESO model forecasts (red
line) during the summer of 2023, for the same regions shown in Fig. 1. The different values represent the average of 12 forecasts at 3h, 6 h, -+, 36 hin
the cyclic forecast. The pink shadow indicates the range of multiple precipitation forecasts from CMA-MESO model, and r represents the correlation

coefficient between multiple model forecasts and observations.
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to 0200 BJT (the following day) over East China during the summer of 2023.
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Fig. 4 Spatial distributions of 3-h mean precipitation deviations [shadings, units: mm (3 h)fl] from multiple CMA-MESO forecasts for (a—h) from
0200 BJT to 0200 BJT (the following day) over East China during the summer of 2023.
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compared to observations exceeds 50%.

P T i 22 B TR IR 2503 A0 R AIE 7T e 5 88 2RI 4k
REMYBELEA—FH L. CMA-MESO #id =
SHTBINKYIFAE ., AHIX 2 KR FEAS BE w45
SRR FE e AW, BRI 24T 40437 2K 40 i 5
2R AR BRLE 24 A B 2B K SRS 1 N
KRR EA - (WIELLT®R), FEER S
Je 1B 43 /KA TR T B B ML, R R A6 TR
BB K m B E (GR/NREE, 20200,
33 PEEKRTIRIRE

Kl 6 JEor 1 2023 4 E R MIX CMA-MESO
BEALEA R TR 2R, A% T CMPAS Wl 4t
75 3 h SRR IK o> 2 R E O P PR B K. e
7K 3 P R B KA () 22 70 AT o ISP 389 B /K i 1)
Z54 (B 6a) KFE, CMA-MESO #26kifd &
PA_EEEZ% [P=3 mm (3 h) '] I MK A7 AE 52 3 v A TR
%, Hh BWESL [20<P<50 mm (3 h) '] (K
ZHNRE, &5 042mm 3h) . XF RSN
il I BT g S U KR B B R 2 %5 VDA
K, EENFESE (2017) KIBFFEERP, CMA-MESO
R AT R P A7 AR AR M 2 1 ), X H
$ T BOBL A A Y LA B B K ) TR e 22 K
TE 1 ¥ B 7K 08 B ) i 22 0 A 5 T (P 6D, 85K
S KRR [P=70 mm (3 h) '] 1 MK R B A
TS, WMELF-17.1 mm (3 h) ', AR

i A U R T SRR K TE I IE AL R R 2
BN EBKRA R (Yinet al, 2023). M2
N, BN R R OK R R R ) R K R R TR
225/ [<2.1 mm (3 h) '], 20 R o 25 5 i [f
IK I TR BE S AT o T340 B K A0 1) i 25
fi (B 6c) HKFE, CMA-MESO HI NI &K [P<
0.1 mm (3 )] AR [ TR A OB IR A 3.7%, 1T
%t /N Rl B 2% [0.1<<P<<3 mm (3 h)"] {1 T 45 % |
R 2.6 %, X ATREVR TR = B =K E
BRI UER, S EOSE TEBR KA 1 H0 0
Dim 2. Meah, RO T AR Y B2 1 T
AR BARAFTE— & S fl, (HmZEAERE N, i
R AE R AR T & DA B8R [P=3 mm (3 h) '] %
IK A I A AR T T AR R IR T . SRR
X H CMA-MESO A5 30AN [F] 4T B 45 1 T34 s 22
B, PR B AR RN~ 350 4 /K o 1 T i 22 B 4T
I 255 10 44 i 5 T S0/ J 38 K ) AR 2R AR Ak e 35
X—HESE S Mo ah B —80, B RTE Tk
24h AT (BRI 27~15h) EEBEKImER/N, 1
TR I I TR B (BRHT 6~3 h) iR K.
Kl 7 férR 1 2023 fEE LR HIX CMA-MESO
P 2 QAE AR ) THAR B 280 146 A [7 B 7K 4 2 A ¥
W SR, POD. TS 3731 BIAS HZRE 1FAL 45
X F P=0.1 mm (3 h) ' HIFEKEAE, SR #1 POD 1



xR M

1212 Chinese Journal of Atmospheric Sciences

50 %
Vol. 50

= 1(a
e 12 —_( )
£ ]
£ o8 4
= .
3 .
] o ° y -
fwlie o & @ R
© ]
§ -0.4 — o
o . 36h
e T T T I I | T O mh
<01 [0.1,3) [3,10) [10,20) [20,50) [50,70) 70
- . O 30h
e 1(0) ~ O 27h
€ R °
E 0 = = < < - : O 24h
3 ]
-‘@ ] O 21h
£ -0 - O 18h
S ] - O 15h
2 20 - O 12n
8 1 O osh
e | | | | | | | 06h
<01 [0.1,3) [3,10) [10,20) [20,50) [50,70) 370 o3
4.0%— c
1© . Forecast time
- 2.0%—_
2 7] () - °
q) N - -
5 0.0% v & e & =
t 2,094 a
-4.0% e
| T | T | T |
<01 [0.1,3) [3,10) [10,20) [20,50) [50,70) 70

Precipitation threshold/mm (3h)

K6 2023 FHFLRIX CMA-MESO B AR Bk 2 CGEEZ0ED BARAEAXT CMPAS WL AN R K BB E X RN (a) FEK
B (BBAREIED [#AA7: mm G hy ']y (b) BEKHREE [ A mm G hy 1A (o) BRI M) 7 40 A o
Fig. 6 Distributions of biases from multiple CMA-MESO forecasts (colored open circles) over East China during the summer of 2023 relative to

CMPAS observations across different precipitation threshold intervals for (a) precipitation amount (frequency-weighted) [units: mm (3 ™, (b)

precipitation intensity [units: mm (3 h)fl], and (c) precipitation frequency.
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Fig. 7 The Success Rate (SR), probability of detection (POD), TS score, and BIAS of multiple CMA-MESO forecasts across different precipitation
thresholds intervals [P>0.1, 3, 10, 20, 50, 70 mm (3 h)ﬁl] over East China during the summer of 2023.
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Fig. 8 Spatial distributions of 48 h accumulated precipitation amounts (shadings, units: mm) from (a, b) CMPAS observations and (c, d) multiple

CMA-MESO forecasts for two precipitation events on June 22-23 (left column) and July 27-28 (right column) in 2023. The black box indicates the

area of high accumulated precipitation values.
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Fig. 10 Vertical distributions of the mixing ratio (units: g kgfl) from multiple CMA-MESO forecasts for (a) cloud water, (b) cloud ice, (c) rain water,

(d) snow, and (e) graupel for the precipitation event on June 22-23 in 2023.
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Fig. 11 Vertical distributions of circulation fields biases (forecast minus sounding observations) from multiple CMA-MESO forecasts for (a) zonal
wind speed (units: m sfl), (b) meridional wind speed (units: m sfl), (c) temperature (units: K), and (d) specific humidity (units: g kgfl) for the

precipitation event on June 22-23 in 2023.
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