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Abstract

Using data from the European Center for reanalysis and hourly automated weather station precipi-
tation, this study investigates the multi-scale characteristics of the historically extreme rainstorm
in Yantai caused by Typhoon “Muifa” from September 14 to 16, 2022, by analyzing key physical
fields such as moisture, dynamic, and thermodynamic conditions. The results indicate that: (1) The
entire atmospheric column was characterized by deep moisture during this event. First, the ty-
phoon inverted trough transported substantial moisture, with a southeasterly low-level jet convey-
ing it northwestward to northward along the rear of the subtropical high. Second, as the typhoon
made landfall and moved northward, its circulation carried abundant moisture from the ocean. The
leading edge of the southeasterly jet formed an intense moisture convergence zone over the rain-
storm area, resulting in heavy precipitation. (2) The low-level jet transported both ample moisture
and unstable energy into the precipitation area, facilitating the establishment and maintenance of
convectively unstable stratification and triggering the release of unstable energy. Simultaneously,
the low-level southeasterly jet was located to the right of the entrance region of the upper-level jet.
The coupling of low-level convergence and upper-level divergence, along with the pumping effect
of the coupled low- and upper-level jets, provided favorable dynamic conditions for precipitation.
(3) The precipitation event was characterized by moisture arriving ahead of the southeasterly jet.
(4) As the typhoon moved northward, the intrusion of cold air disrupted the symmetric structure of
the tropical cyclone, leading to its extratropical transition. This caused a shift from stable to con-
vective precipitation. The intrusion of dry, cold air into the typhoon’s circulation from the west pro-
moted weak baroclinicity and frontogenesis, generating unstable energy that was conducive to pre-
cipitation.
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Figure 1. Track of typhoon “Muifa”
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Figure 2. Distribution of precipitation (units: mm) in Yantai from 14~16 September 2022
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Figure 3. Hourly precipitation (units: mm) in Penglai Station from 14~16 September 2022
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Figure 4. Synoptic chart at 500 hPa overlaid with wind field at 850 hPa (wind vane pole, units: m/s) at 14:00 CST 13 (a),
14:00 BST 14 (b), 20:00 BST 14 (c), and 20:00 BST 15 (d) (solid line, units: dagpm) September 2022
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Specific humidity and vapor flux divergence at 850hPa(2022-09-16)
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Figure 5. Specific humidity (solid line, units: g/kg) and vapor flux divergence (coloe scale, units: g/hPa/cm?/s) at 850 hPa at
20:00 CST 14 (a), 08:00 CST 15 (b), 14:00 CST 15 (c), 20:00 CST 15 (d) and 08:00 CST 16 (e) September 2022

& 5.2022 £ 9 A 14 H 20 Bf(a), 15 B 08 Bf(b)s 15 B 14 Bf(c), 15 H 20 BF(d). 16 H 08 Bf(e) 850 hPa LLiB (R &L
2%, B gke)FKRBEHEEM, B{I: g/hPa/cm¥s)

15 H 08 INPuEe. ALABALERIIAIKIVR A, LR RAKITERBUZ -3 x 107 g/hPa/cm?/s
Db, A UCR SRR 77 AR SR AL T 78 R KV . IR KTRAR & O e P T RS, 15 H 14 1, 3
SamATREXN, REEahOrMmurgs), AT e el i, %15 H 20 i,
THEACE A T 954 X, RN . BTE 15 0 08 I P42 15 H 20 i, ME B2 KIR R A
1, BB G R HEAE” R G 10 F ZR KN B, W B 2, PPARRRREK,  FEKE LS
%, FAHbL.

16 H 08 I, JHE KA XA FARZKIRBR X, B KIEA S

7. &S
7.1. RESRER

R SR SCRR I RE AT, Rt RE KR FATR E RE R M KX Hn%. 14 6 v 850 hPa X
AE 12 m/s DL R SRR, ATRLEH, 15 H 08 B & XA XS O T R L, SRR E
28m/s LA b, SURLMR AR R 2N, 08 B & 20 B, Bl 2L b, S0 AT 2R B USRI S R AR
A, FREKAMARE R ERFEAN R E R T, 215 H 20 WG B2 S s, KodEs
X 20 m/s.

R 2RA R T X RA TR E E S LA 4E Ry, AR AT e R R, P AER K. &5 PRk
By B 2) 2 AR AR KSR AL BB B .

7.2. HEEFH

¥ 7 5 500 hPa A7), U240 850 hPa ifEIAZ MKl WLAEH, 14 H 20 IE G R, FEiiHbX
WAEIR S TR A XN, BEE G RILE, (K2 850 hPa #E& PO PEdb 7 M85, £ 15 H 08 I & PUHs
LA TR 2R A 0, HBETaRFEEMBN, mIKERAWEEEA g, o EE
—20*%107/s, 15 H 14 B} 2 20 B, K2R GOk mmdtyy mfs), mEAmES, wmet o THeE
PEAL SRR, IR 850 hPa & & X UAZAAL T4 500 hPa 2R X AT 5 7, K248 & w25 L,
AR SRS TER AR T _ETHE 3 g Ry, NampE K it = A SRt T 5 i 8h 21 il R AL .

DOI: 10.12677/ccrl.2026.151007 53 SARAZ AT SRR


https://doi.org/10.12677/ccrl.2026.151007

PNGERE, NI

40°N 40°N
38°N 4 28 389N 28

24 : 24
36°N - 36°N - i

i

20 £ 20
34°N 34°N

16 16

0| 4 0 4
32°N 12 SN 12
b

30°N 30°N

116°E 120°E 124°E

low-level jet (2022-09-15)

40°N ",\,_,«\:\
L
38°N PP 28
24
36°N 2
N\ i 20
34°N 4 =
16
7
oN -
32°N 12
C
30°N = ;
116°E 124°E

Figure 6. Low-level jet at 850 hPa at 08:00 CST 15 (a), 14:00 CST 15 (b), and 20:00 CST 15 (c) September 2022
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divergence and wind field(2022-09-15) divergence and wind field(2022-09-15)
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Figure 7. Wind field (wind vane pole, units: m/s), divergence (solid line, units: 1075/s) at 500hPa and divergence (color scale,
units: 107%/s) at 850 hPa at 20:00 CST 14 (a), 08:00 CST 15 (b), 14:00 CST 15 (c) and 20:00 CST 15 (d), 14 September 2022
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pseudo-equivalent potential temperature with wind field at 850hPa(2022-09-15) pseudo-equivalent potential temperature with wind field at 850hPa(2022-09-16)
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Figure 8. Pseudo-equivalent potential temperature (color scale, units: °C) and wind field (wind vane pole, units: m/s) at 850
hPa at 20:00 CST 14 (a), 08:00 CST 15 (b), 20:00 CST 15 (c) and 08:00 CST 16 (d), 14 September 2022
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