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Abstract

Cyclonic rainstorm is one of the main systems causing the regional rainstorm in Shandong Province,
diagnostic analysis and verification of the ECMWF, CMA-GFS, CMA-MESO, CMA-SH9 (hereinafter re-
ferred to as EC, GFS, MESO, SH) numerical models have practical significance in forecasting this type
of rainstorm. Based on the analysis of a large-scale rainstorm case associated with the first cyclone
affecting Weihai during the 2024 flood season, the results show that the rainstorm case was caused
by the North China Cold Vortex and an upper-level trough, combined with the northward movement
of the Jianghuai cyclone induced by the vortex. The cyclone’s track was conducive to the rainstorm
in Weihai. The positive vorticity advection and warm advection ahead of the trough, together with
weak cold air behind it caused the surface inverted trough to develop into a cyclone during its north-
ward movement. Combined with the strong divergence at 200 hPa, this led to the vigorous develop-
ment of upward motion. The low-level jet and ultra-low-level flow served as key mechanisms, con-
tinuously transporting substantial moisture and energy to Weihai, which constituted the fundamen-
tal driver of this rainstorm case. The traditional test results show that: (1) for the 48 h forecast, GFS
performs best while EC performs worst due to its high false alarm rate and missing alarm rate; (2)
for the 36 h forecast, EC performs best, followed by SH, with GFS being the worst; (3) EC model’s
progressive adjustments as the forecast lead time shortens provide valuable reference. The MODE-
derived overall object-based similarity for both 36 h and 48 h forecast lead times demonstrate the
superior performance of the large-scale model over the mesoscale model.
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Figure 1. Cumulative precipitation in the Yantai-Weihai area from 20:00 CST on July 1st to 20:00 CST on July 2nd, 2024 (a),
hourly precipitation evolution in Xiazhuang Town, Rongcheng (b), daily maximum wind speed distribution (c), daily extreme
wind speed distribution (d) (the arrow represents the wind field)
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PR RGE : ZACTEHFEIA T X 24.4 m/s (9 20) (15 1(d))-

3. REEBRIETSH
3.1. FREBNEBERSAGRRRE

500 hPa = 2 H 08:00 (¥ 2(a)), EJbHiX CIERA IR, WG T = B, AR T3 AT IE
WAL — D A SR I ss, IR RS S P AL S 5l A A N, NIRRT IR AR S 4ERELE AR I
b, NG EIEE RS S I RS, E L RS E HAA R T LSRR AR, AR
TREEFEAZ . 2 H 20:00 (K 2(b)), #imF0egAIE s, 3 H 08:00 (] 2(c)y#imH 0B sh 2L TN,
ARG T 45

850hPa I 1 [ 20:00 P53 B R 2(d)), Ll ZR A7 TR0 (508 T35 52 (B ) A2 j2m, 2 1 08:00 fi%
A SR ) AR AL AL T [ R B RIS AR i (] 2(e)), 850 hPa EIRFFERAERF, /KITUHIBRFELE, 7
RIS SR 2R S (24 my/s) PR B AKVR AR B, B IO X LUVRAR 12 g/kg, IRFESH LR AT R R AR )G
TR RS, ARSI, FUEMS# B, 2 H 20:00 (K 20 KR 4kadt -, Uit
XN . 3 H 08:00 i 04k skt BN . 5K R A B (Emg), 2 H 08:00 925 hPa JERL T HEH
SR AR T AL 2 2 (16~20 my/s), I T AR A B EE AR, 55 850 hPa (IR T B #E
G, B I 5E KSR A AR I 1 KR

; “URJHCAPSY. 8

DOI: 10.12677/ccrl.2025.145089 895 SAEAR LI T A


https://doi.org/10.12677/ccrl.2025.145089

WKIH, 28

Figure 2. High-altitude situation at 500 hPa ((a): 08:00 CST on the 2nd, (b): 20:00 CST on the 2nd, (c): 08:00 CST on the 3rd)
and 850 hPa ((d): 20:00 CST on the 1st, (e): 08:00 CST on the 2nd, (f): 20:00 CST on the 2nd)
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Figure 3. Surface pressure field (a) and surface 3-hour allobaric field (b) at 08:00 CST on the 2nd
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Figure 4. Water vapor flux, water vapor flux divergence and wind field at 11:00 CST on the 2nd ((a): the entire atmosphere,
(b): 700 hPa, (c): 850 hPa)
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Figure 5. The vertical velocity and divergence of Rushan Dagushan change over time (a), vertical profiles of temperature

anomaly and frontal generation function at 11:00 CST on the 2nd (b)
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Figure 6. Sounding curves of Rongcheng sounding station at 20:00 on the 1st (a) and CAPE distribution at 11:00 on the 2nd
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Figure 8. Reflectivity factor (a), radial velocity (b), ZDR (d), KDP (e) at 0.5° elevation, and vertical sections of reflectivity
factor along the 80° azimuth (c) of the radar in Rongcheng at 10:25:19 on the 2nd
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Figure 9. The traditional multi-model verification results for 48 h (a, c¢) and 36 h (b, d) forecast lead times of cumulative
precipitation > 50 mm (from 20:00 CST on July 1st to 20:00 CST on July 2nd) over the Shandong Peninsula region
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Figure 10. The original fields and smoothed fields from each model based on MODE for 48 h and 36 h forecast lead times
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Figure 11. Object recognition results from each model based on MODE for 48 h and 36 h forecast lead times
11. MODE =z 81056 %4530 B #rILEC1E S48 h #0 36 h TR AT3)

Table 1. Attributes of matched objects based on MODE
% 1. MODE == [E)#& 36 ML B AR 1t

48 h 36 h
1 H 20:00~2 H 20:00
EC GFS MESO SH EC GFS MESO SH
B bn A AR DL 0.940 0.912 0.817 0.753 0.937 0.940 0.911 0.932
- I 17.960  17.960  17.960  17.960  17.960  17.960  17.960  17.960
A Tl 12.180 12.550 24780  25.870  14.820  16.150  22.470  22.080
N 41225 41225 41225 41225 41225 41225 41225  41.225
TS
T 39.592  39.137  36.720  21.983 36335  34.835  35.774  40.094
AL 0.678 0.699 0.725 0.697 0.825 0.899 0.799 0.813
EG=iap el 0.644 0.425 0.364 0.295 0.522 0.729 0.535 0.570
Jo O P 0.549 0.884 1.868 2.375 0.820 0.799 0.964 0.795
J‘ SR 122.041  122.041  122.041  122.041 122.041 122.041 122.041 122.041
ity x
B iR 121.629  121.359  120.173  119.666 121.227 121360 121.112  121.405
= R 35982 35982 35982 35982 35982 35982 35982 35982
FL y
Tk 35.619  36.545  36.015  36.048  36.079  35.566  36.242  36.459
- L 88.198  88.198  88.198  88.198  88.198  88.198  88.198  88.198
LR SClTEY
T 66.808  65.160  65.120  72.500  67.170  59.820  63.222  71.100
ol WM 198.672  198.672  198.672 198.672 198.672 198.672 198.672 198.672
B

T 16538  130.256 126.978  283.0 148.08 11495  117.422 164.6

5. G 5itie

AR SCHET 2 PN B S B RS 0 i A5, ) 2024 SRR B 15 UK TE [ Ui 26 AR R34
WRHIE . PR EHAT TI2W i, JFPaEttT TR, FEARWT:
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(6) B FHRAR A GAT 56 45 R Ll 2R~ By M X R Y T4 48 h Fildk i &% GFS Fidk#4f, EC &
#, 36 h HR 2 EC L, GFS RILHRZE, B BC BALEIGITR R KB RA %M. 2% R
R A3 I R A 2O IR P 2 R 0 9 X TR B — 8, A AR B AALLUEE R, 36 h A 48 h Tl
I IR KRR A TR T rh R AR

B Bf
AR T LU AR 28 v L R 25 X st R R B SO SG(2024)035 S bR EISIE, JRIEG
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