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Abstract: Based on the conventional ground observation data and ERAS reanalysis data, the
vertical structure and evolution mechanism of the low vortex during the heavy precipitation process
in North China during July 19-21, 2016 (case 1) and July 11-13, 2021 (case 2) were compared and
analyzed in this paper. The results show that the two vortex systems are generated in a similar
circulation background of low west and high east, and the upper-level jet stream in case 1 is
significantly stronger than that in case 2, which is the obvious difference between the two vortex
structures in large-scale circulation background. The vertical structure of the two low vortices is
different. In case 1, the low vortices develop deeply in the vertical direction, and there are two
positive vorticity centers in the upper layer (300 hPa) and the lower layer (850 hPa), respectively.
With the movement of the low vortex, the positive vorticity center in the lower layer gradually
weakens, while the positive vorticity center in the upper layer gradually increases, and the
temperature distribution is warm at the top and cold at the bottom. There is a weak warm core
structure at 400 hPa, under which there is a cold air mass, and the dry and cold air on the west side
of the central axis of the vortex. In case 2, the development of low vorticity is relatively shallow,
with only one positive vorticity center in the lower layer, and it is always located at 850 hPa. The
middle troposphere presents an obvious warm core structure between 700 and 300 hPa, and the cold
core near the ground. The development of the two low vortex systems is related to the downward
transmission of the upper potential vortex and the transport of warm and humid air at the lower level.
However, in case 1, there is the intrusion of dry cold air, and there is obvious frontogenesis and
convective instability in the upper and lower levels, which is conducive to the generation of upward
motion and the enhancement of positive vorticity. In case 2, the whole troposphere is dominated by
warm advection, and the center of the potential vortex and the center of the warm advection are both
below 850 hPa, and they almost overlap, resulting in upward motion and the development of the
low vortex system. The vorticity budget analysis reveals that during various evolution stages of
the two vortices, the budget on the northern and eastern sides of the vortex centers is positive,
indicating a tendency for the vortices to move eastward and northward. The horizontal divergence
term and the tilting term play a primary positive role in the vorticity growth at the lower levels of
the two North China vortices during their development stages. The advection term and the
divergence term contribute significantly and positively during the strength and attenuation stages.
The difference between the two cases lies in the fact that, for Case 1, the vertical term contributes
positively in the strength and attenuation stages, particularly in the vortex center and its eastern side,
whereas for Case 2, the vertical term remains negative throughout the entire evolution process.

Key words: vortex, vertical structure, development mechanism, vorticity budget equation,
comparative analysis
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“T 217 AL RURE KBS 2 A0SR GIF R R, 1965, MR, 2013) .« Hh RUZARIA R G825 A RUE /)N
FRL AN A E M5, — ELHS O B 1 TR P A O S (R 7 5, 19800 o ARGE H AR R AN,
SN ARG ML X ORI R G R B PR : — JRAETT T e SRR R A R R 7 A e v RUBE i
Jig, Gn AT DY )1 0GP G e R P B A PR PG b s 55— 2 s s G KUK D T
R ERRIE, I IR AL CREZIR, 2007) . WA R G0 HFBE U MEaE Bk
FERSRIRE R, FERREE 7 & 8 A S bt X [ /K™ A B

AT A0S He JEAT A R EL 5 R AR SBT3 — 8 I 7E . FFF 2255 (2019) BFFE T
ALV i IR AL, i VIR IAPA 5537 S ROBERHR 2R e 45 ) (10 22 57t 06 /R AT RS AE A W S
SN . PREEEE ISR (20200 Y EGARI AL GRS BB 22 AR I B IR AL, (Hi
FEARUAEHTE 500 hPa LAR, HOZERFAE 850 hPa T . EILIRAGIREA L, &ERE O
gk, BLBE A A AU BUR ORI, AR DO —BMIRE R & s R R 2508 Lot
SRR — R GE, T2 LA UTRRIAE, B X 2 BT s (Bg#sE, 1996, H
Fr AR Z A, 2008 HEAb A /KT L EAYR T b [ F A A 3, KVUR SRR
HEE 7 M AlIA 600 hPa (FEFA4E, 2014). AR, WEMKFIEZIEREX 5iEEH
O E A A RRL N BLR TR SE R R I OBVT4E, 20115 PSR, 2014; BR3E
IR A, 202000 XA A IE 16 B rh o S RIS PR TR 7 A AR S R T A R BRI, <
TR R BARZ Bl 5 i 3k 1) I 90 2 2 I I A R I BL#E5h 1 Al F (Menard and
Fritsch, 1989; Bartels and Maddox, 1991; Chen and Frank, 1993, #MEAEEE 2002; 5Kk XFHAE
M, 2003; KZFEMEIAL, 2007). FEACRBUREASE AN, B R A0)Z IR b B X A2 A%
TR, RIS N ) SUR b B2 S Ot g o, (A0S S HE— 8 K e i (Raymond and
Jiang, 1990; BUfFEESE, 2008; B K, 2010). PR BRI R JE A AERE AT 2 2 IR
TR S5 JR K LB BN 226 A, R BRI R FKIEiR (FEBRESE, 1995; Bei et
al., 2002) . iR AU A H O AR SS VE AR X 25 A T 51 AR08 A A1k ibs 28 79 I 9 2R
¥ GBS, 2014).

HFEURIR RGAE R R SRR, AEAE 27 A B KSR BE K RREE (B R 2 T 1 7
Xt i el [X 3 i)™ BN, AN [R5 RO i 2R G0t B (K R ACRFAE AN [R], R 2R L
M P22 5, PR 6 B AR 45 4 S R s A8 R IR Ji& BE SR A IWE 7T 2016 4 7 J
19 H 00 if 2 21 H 08 i (Abxtiy, FFE, M 1D, 2R ARAL Eiznd, FAbREs. v
HZRHER S LR VEHE S TR ALES . ALt RS BB M B R FR M, e, AL Rt a AR L
AL VG R R A ARAT LD AR REHL DO B 7 KR, IR X 78 Rk /K& 100~400 mm,
AR X IE 600 mm (P 1a). [FIFESZAEALARHR AR R REIRZN, 2021 £ 7 H 11 H 00 i
213 H 08 i (Ml 20, JAEARICE AU EG AR WU AR AR TR AEES . L ARAEESH L T
KRENRERW, FXRRN, HUOERE R iR KE 50~250 mm, ANl Al 250 mm PAE (&
1b). PRUCGE AR AL X B I 1 52 oK, HAMERIR H ARZ R b b, (EMGERE Rt BEKE .
ek 7K R FBE R PR K AR S ] R, AN 2 BOSEIRAR BE AN S AN 1 (3K 47314, 2023) . F
5 (2017) RIFEEESR (2017) f&H, A 1 ARISER LR, w2 LA 7 % [ F AEfi
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Fig.3 geopotential height (contour, unit: dagpm), wind field (barb arrow), and wind speed (shaded, unit:

m * s) at 850hPa (a-d); precipitation in the past 6 hours (scattered, unit: mm) and 850hPa wind field (barb
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08:00 on July 12, 2021
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A 2
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Fig.5 (a) The track of the 850 hPa vortex center and the sea level pressure field (contour, unit: hPa) at 08:00

on 20 July in Case 1, and (b) the track of the 850 hPa vortex center and the sea level pressure field (contour,

unit: hPa) at 08:00 on 12 July in Case 2. The moving path is marked every 3 hours and the time is marked
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Fig. 6 The zonal height cross-section of vorticity anomaly (shaded, unit: 10~ s™) and specific humidity
anomaly (contour line, unit: g - kg™") for (a-c) the development, strength, and attenuation stages of the low vortex
in case 1, and (d-f) for the development, strength, and attenuation stages of the low vortex in case 2. The horizontal

coordinate represents the relative position from the center of the vortex, and the coordinate origin is the center of



269 the vortex. The red vertical line represents the central axis of the vortex.
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273 Fig. 7 Same as Fig.6, but for the zonal height cross-section of temperature anomaly (shaded, unit: K) and
274 geopotential height anomaly (contour line, unit: dagpm).
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Fig.8 The zonal height cross-section at (a-c) 20:00 on July 19,2016 and (a, d) 08:00 on July 20, 2016,
(a, d) 200 hPa potential vorticity (shaded, unit: PVU, 1PVU=10° K m?kg! s'!), 500 hPa geopotential height
(black contour, unit: dagpm), and 850 hPa geopotential height (blue contour, unit: dagpm); the zonal height
cross-section along the 38°N (b, €) potential vorticity (contour, unit: PVU, IPVU=10 K m?>kg's!) and
temperature advection (shading, unit 104 K s7'); (c, h) ascending motion (shaded, unit: Pa s') and potential
pseudo-equivalent temperature (blue contour, unit: K)
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(a-e) development stage, (f-j) strength stage, (f-j) attenuation stage.
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