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Abstract A high-resolution simulation of a squall line that occurred over the Beijing—Tianjin—Hebei region of China on
31 July 2013 was carried out using version 3.5 of the WRF (Weather Research and Forecasting) model. The simulation
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reproduced many of the features of the squall line quite well, and thus facilitated further analysis of the structures and
evolution of the squall line. The simulated vertical sounding of the squall line was consistent with similar studies
performed by other researchers in the international science community; for instance, the near saturated sounding within
the stratiform region, the “onion shaped” sounding within the wake low, and the mid-level low relative humidity sounding
linked to the rear inflow behind the wake low. The study showed that the pressure field of the squall line appeared to be
“low—high—low” in its mature stage. Namely meso-highs were located in the northern and middle parts and slightly
lagged the convective region. A weak wake low existed at the back of the middle part of the stratiform region and there
was a pre-squall low in the front of the southern part of the squall line. In its mature stage, a low-level inflow approached
the squall line from the front, ascended in the convective region, and then split into three branches: a leading overturning
updraft, an ascending front-to-rear updraft, and a descending front-to-rear downdraft. Besides, a strong rear-to-front
inflow descended from the mid-level and diverged as it approached the ground. The characteristics of cloud-to-ground
(CG) lightning activity in the squall line were also analyzed. The diagnosis revealed that the mixing ratio of ice-phase
particles in the “charging zone” might be linked to the CG lightning. The results presented here are significant in
revealing some of the mechanisms involved in squall lines occurring over North China, and lay the foundations for

further studies on the development of such phenomena.
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than 1 mm): (a, €) 0700 UTC; (b, f) 1000 UTC; (c, g) 1200 UTC; (d, h) 1500 UTC
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N W T 40 3%

538 Chinese Journal of Atmospheric Sciences

Vol. 40

IR IX S5 77 R A i 2k o L g5 160 3 R0 s R AE X
JZHZE 400~500 hPa 2 [HH—TJZ, HamibhiT
500 hPa ZeA7, [F)Hs I3 HL 2 A AR FEE Aof JBE 55 KT
7o X2 HARMEL I B S (1) 5 7 A A
R, smEh i G 7 NAERELL 5 07 /T2 Sai A Mg
g, HEW T Ul AL )22 1(300~400 hPa)
FILLR (700~850 hPa), MilJE &k Mz BN, T
PR AIRZS
4.2 FEHKBRITF 5N E RS2 T

2.3 /NTEHGETE T AR MG LR IR I 1 DA )
FIXFE—SORFE: b P TE B AE LU RE 2R ] i) £
W5 WAL M TR Bl i (i X AL T M2 e s bl A RE 2k

R, IEHAREE . — Bk, —20~0°C J2
BN K EER “HHJZE” (Lynn and Yair, 2010),
DN HLIS B0 5% 2 R kA R PR S D e R, A
b, AR AR A 2 S TR UK AR 1~ 23 A 55 S Dl M
VS SR AT R L . B8 JEaS T LA IR
—20~0°C “PIUKFIRL TR A L5 Hu A 1 43 AR ol
CHHF AL Rk L sl sh 280, S
DA 3 A 2 4R DX 3 LU B 1R 7 2 UK ARDRL 1 VR A5 T v
DX AR, AHX FEAS S M FAT0) R L B b DA A
[F R IR R 538D ATEAE e, DKAHRLF~ 7 M2k TE B
IS R, ek R I 09:00 I, PKAH
B o O 0.7 gkg ', IR vE

= - T
44°N — (a) 0900 UTC : ".$

() 1100 UTC W

44N - (¢) 1200 UTC _ AN
42°N
40°N

38°N

_[(@) 1400 UTC

T
110°E 114°E

T T T T T
118°E 110°E 114°E 118°E

3

6 9 gkg!

B8 HEI-20~0 °C FFIUKHIR T CGERRET VOB PRI R READ JRALH CROIEE, M gke) H5ciiiy (B 7 o «4-”

SRR IEHAD 43 (a) 09:00; (b) 11:00; (c¢) 12:00; (d) 14:00

Fig. 8 Simulated mixing ratio of ice-phase particles (including graupel, ice, and snow; units: g kg™'; color shading) averaged in the —20°C to 0°C layer and

observed CG lightning (black minus signs and red plus signs denote negative and positive CG lightning, respectively) : (a) 0900 UTC; (b) 1100 UTC; (c) 1200

UTC; (d) 1400 UTC



3 1] SRPTEE: 2013 4F 7 H 31 H gt s Me 2 e A BBl 5 S5 70 dr
No. 3 ZHANG Zhe et al. Numerical Simulation and Structural Analysis of a Squall Line That Occurred over the ... 539

BONTZ o FERELE RGN 12:00 B, DKARRLFIRA
b i X e 0.8 g kg 'y fHLR 4 A7 3t FRl A0 He e i v
T I R B ML I 2 DX o T E MG ZR W T 4 v
BT 14:00 W1, UKAERL TR A LRI R 2 BRI
Rk, “EHZ” T oKATRL IR & L v DL 72
J5 1 A T b DA 5 20 B AL b O 8, 2280 i T) 2 i 1190 3
%o FEARRPELISFET, UKARL IR A E e RELR ik
AT O EIR B i, TR REE AN A G I 4R
TR, XA R B A T S AR AR L RE L il A TR] 3
o UKAFRL IR A U S DX 407 b m DA AR M
i DA B 2 B A T AL BB e i ) S R . fE Rk
HiATE BB 2 1 09:00 F1 14:00 I, yKAkE T
TRA LR EX WA, TR AL B . 1M e b A 7% 3 5 h
TEEE 11:00 A1 12:00 B, GKADRLT-WHEA LG SE X
T REZ R Bro AT, 7ELL 39.5°N Lk 5 4
AL B BEa b, BARACBORZ Py AR BOK,
{2 H A 35 30 I A 2 5 R 4 T AR 2 1] B T A DG O%
R, MRS RO O LA OC R %) . AR
UL 286 3t i e K 4 BT ) 0 9 A R 2% T B BL Jb B i
UK T, B RO RO, IR R R
FURO SRR R R TR AL, A TR 2 VKA R
+, RO I R] Py 3 00 e B AR i A B AR B
BLZ WAL, BEAE REL A, 1EHLIA LA 3G . Carey
and Buffalo (2007) #5ii, EMINZE S KA R
A ES L R BRSNS T . JUHE B = 1)
JELEE, R DA B P B N 5 2 SR R A RN
IR T MRAT WK BB~ B R W #,
I HMERE KE, EIARRERIRE TS E
e N> T RE S B, XS T e AL 32
AR NG L i 1 b DA A 328 W 8 0 AR B DAL o LS
TEA R E B SN HEAHC 2 W&, &
TG G 8 B B R () o B fE oK
(A A v LA AR EA T BIE

5 NESTE

ASCAIF WRF #:0%F 2013 4 7 H 31 HkA:
F ORI — R S R EAT T 8% (3 km ik
£ L km) BB, BAF I T RELE R e i R
DL K Bk o BT WRF i W5k T REZR 1)
TR R (W EERIHRIE . 25 R R ALl FEfE
BGAMY B SR B ARSI AR A
EEAT AN, 43 AN T e AL R0 b 35 i e X L
DA fe 7, LR s R R . R

855, MR HER XSG MR T
082 1 T L O 2 41 K (7= € sl w2 i 7 P w2
IO 3, R R T T s R, 5
AN S5 5l I R 2 5 5 v [ R 2t o e fr 4
T S BT AR B S5 7 Nk, AL FEAE 500~
600 hPa Z [ W, NWIFEEFI0, S5MELk
B NI — S0 & R R 2 R
PLI S A o a5 AN B 1) 5 R A
HIRIS TR oA — 380, BEBH 5 7 AR R UTaTr R i 4 44
VR, R RS I R o B R A
JRE I H G 1) — S g RRRAE, 2 B 0 2 X 2L
X A X AT E BRI, R = X v 1)
WAk, RMIRHX I “PERR” gRasgify, L
KRBFACIE X Z )5 5 55 5 N R b 2 T IX
o BEAR, RPAR IR MG LRI R I — Lo b N RFAE R AE T
fRT LA AT, &5 3R I F 2 R UK AT R VR B L A
IR ML b I TE SR IE A LU (R FR S o HIX IR
FE ARG AT, REAR R RE LS Ik FERTA L i
BRFIE R L Z P T REIC R, WAL A ik F rp A (]
FUBE IR i 5 N R 55 K 2 BT R — 2 R
e MO, AWRMEL RGN RAT Lk N AL
JSUG A HEAAR IR LS, XN 7 5 B AE A
A RMWIEFTFEH— BRI T

Sk (References)

Bluestein H B, Jain M H. 1985. Formation of mesoscale lines of
precipitation: Severe squall lines in Oklahoma during the spring [J]. J.
Atmos. Sci., 42: 1711-1732.

Carey L D, Buffalo K M. 2007. Environmental control of cloud-to-ground
lightning polarity in severe storms [J]. Mon. Wea. Rev., 135 (4): 1327-
1353.

FRUIEF, FIWFF. 2012, %230 B D) ARV AR HAF A% 0 #e b X
T RPEE AR S R A I BB (7). B AR, 70 (3): 371-386.
Chen Mingxuan, Wang Yingchun. 2012. Numerical simulation study of
interactional effects of the low-level vertical wind shear with the cold
pool on a squall line evolution in North China [J]. Acta Meteor. Sinica (in
Chinese), 70 (3): 371-386.

Dee D P, Uppala S M, Simmons A J, et al. 2011. The ERA-interim
reanalysis: Configuration and performance of the data assimilation system
[J]. Quart. J. Roy. Meteor. Soc., 137 (656): 553-597.

T, B, AL, 45 1982, LA LSBT (1] K
SRR, 6 (1): 18-27. Ding Yihui, Li Hongzhou, Zhang Mingli, et al.
1982. A study on the genesis conditions of squall-line in China [J].
Chinese Journal of Atmospheric Sciences (Scientia Atmospherica Sinica)
(in Chinese), 6 (1): 18-27.

Fritsch J M, Chappell C F. 1980. Numerical prediction of convectively

driven mesoscale pressure systems. Part II. Mesoscale model [J]. J.



K A

540 Chinese Journal of Atmospheric Sciences

40 &
Vol. 40

Atmos. Sci., 37: 1734-1762.

Fujita T T. 1963. Analytical mesometeorology: A review [J]. Meteor.
Monogr., 27: 77-125.

Houze R A, Biggerstaff M I, Rutledge S A, et al. 1989. Interpretation of
Doppler weather radar displays of midlatitude mesoscale convective
systems [J]. Bull. Amer. Meteor. Soc., 70 (6): 608-619.

Jirak T L, Cotton W R, McAnelly R L. 2003. Satellite and radar survey of
mesoscale convective system development [J]. Mon. Wea. Rev., 131:
2428-2449.

Johnson R H, Hamilton P J. 1988. The relationship of surface pressure
features to the precipitation and airflow structure of an intense midlatitude
squall line [J]. Mon. Wea. Rev., 116: 1444-1473.

AR, 0, WS, 2013, MR — QLRI R B AR, 2
Wror#r [J]. KAFRE, 37 (3): 595-608. Li Na, Ran Lingkun, Gao
Shouting. 2013. Numerical simulation and diagnosis study of a squall line
in eastern China [J]. Chinese Journal of Atmospheric Sciences (in
Chinese), 37 (3): 595-608.

Pakey, PhaAE. 2012, 2009 4 6 5 — WRREL I TR 9 0k R T AL )
[J1. KAHEF2#, 36 (2): 316-336.  Liang Jianyu, Sun Jianhua. 2012. The
formation mechanism of damaging surface wind during the squall line in
June 2009 [J]. Chinese Journal of Atmospheric Sciences (in Chinese), 36
(2): 316-336.

XUHUE, IMEE, #5101, 2007, #2004 4 7 A 12 HRELE RG0H R4
MrWEge [J]. A% 244k, 65 (1): 84-93. Liu Shuyuan, Sun Jian, Yang
Yinming. 2007. Structural analysis of meso-scale convective systems in
the squall line process on 12 July 2004 in Shanghai [J]. Acta Meteor.
Sinica (in Chinese), 65 (1): 84-93.

XUFFI, F827 R 2012, GCFME R XA A LEE 55 RE 2k S5 AR AE (KA 9] 53
BBl ge (3], KR, 36 (6): 1150-1164.

Xueliang. 2012. Analysis and numerical simulation research on severe

Liu Xiang’e, Guo

surface wind formation mechanism and structural characteristics of a
squall line case [J]. Chinese Journal of Atmospheric Sciences (in Chinese),
36 (6): 1150-1164.

Lynn B, Yair Y. 2010. Prediction of lightning flash density with the WRF
model [J]. Adv. Geosci., 23: 11-16.

Markowski P M, Richardson Y P. 2011. Mesoscale Meteorology in
Midlatitudes [M]. Barcelona: John Wiley & Sons, 430pp.

Meng Z 'Y, Yan D C, Zhang Y J. 2013. General features of squall lines in
East China [J]. Mon. Wea. Rev., 141: 1629-1647.

Meng Z Y, Zhang F Q, Markowski P, et al. 2012. A modeling study on the
development of a bowing structure and associated rear inflow within a
squall line over South China [J]. J. Atmos. Sci., 69: 1182-1207.

Newman J F, Heinselman P L. 2012. Evolution of a quasi-linear convective
system sampled by phased array radar [J]. Mon. Wea. Rev., 140 (11):
3467-3486.

Newton C W. 1950. Structure and mechanism of the prefrontal squall line
[J]. J. Meteor., 7: 210-222.

Parker M D, Johnson R H. 2000. Organizational modes of midlatitude
mesoscale convective systems [J]. Mon. Wea. Rev., 128: 3413-3436.

Parker M D, Johnson R H. 2004a. Simulated convective lines with leading
precipitation. Part I: Governing dynamics [J]. J. Atmos. Sci., 61: 1637—
1655.

Parker M D, Johnson R H. 2004b. Simulated convective lines with leading
precipitation. Part II: Evolution and maintenance [J]. J. Atmos. Sci., 61:
1656-1673.

Rotunno R, Klemp J B, Weisman M L. 1988. A theory for strong,
long-lived squall lines [J]. J. Atmos. Sci., 45: 463-485.

R, AR, IR, 45 2009. HORERAB) I M) dbnt
ZEHE H AL, 385pp.  Shou Shaowen, Li Shenshen, Shou Yixuan, et al.
2009. Mesoscale Atmospheric Dynamics (in Chinese) [M]. Beijing:
Higher Education Press, 385pp.

TR, K%, B4 2007. R I ) f 80T 5850 e Lk i R i =
AR aity [J]. KGR, 65 (2): 241-251. Wang Jun, Zhu Junjian,
Ren Zhongdong. 2007. A study of 3-D wind structure of a strong squall
line using dual-Doppler weather radar data [J]. Acta Meteor. Sinica (in
Chinese), 65 (2): 241-251.

Zhang D L, Gao K, Parsons D B. 1989. Numerical simulation of an intense
squall line during 10-11 June 1985 PRE-STORM. Part I: Model
verification [J]. Mon. Wea. Rev., 117: 960-994.

FERR, ROV, MR, 55, 2010. Bl OmME L BN 1 ) 5 1AM
Wk RERIB G AT 1], AR R, 68 (2): 224-234. Zhuang
Wei, Liu Liping, Bo Zhaohai, et al. 2010. Study of the mesoscale wind
field structure of a strong squall line in the Xinjiang Uygur Autonomous
Region based on the dual-Doppler radar observations [J]. Acta Meteor.
Sinica, 68 (2): 224-234.

Zipser E J. 1977. Mesoscale and convective-scale downdrafts as distinct
components of squall-line structure [J]. Mon. Wea. Rev., 105: 1568—
1589.



