%39 %4 3 W) PN Y S 2 Vol. 39 No. 3
201545 H Chinese Journal of Atmospheric Sciences May 2015

R, 2, BT 2015, ZFAER AR LG SRS IUHIERTIT [J]. KRR, 39 (3): 513-525, doi:10.3878/j.issn. 1006-9895.1405.14123.  Zha
Shuyao, Yi Lan, Zhao Ping. 2015. Structure and type characteristics of the winter quasi-stationary front in South China [J]. Chinese Journal of Atmospheric

Sciences (in Chinese), 39 (2): 513-525.

FRIEpMEFR LIRS BSHEA R

EHR' FLP QR

1P SRR E R T R T RS2 R =, Jbat 100081
2 EZ A AL, JERT 100081
3 HESERATTRE AL AT 100081

 ZE FIH 124 (2000~2011 %) & H FNL (Final Operational Global Analysis) 4347 % RFA1Z H ) - [
i BEK B RE, T —ANA R HER LB R B AR A, A R Sk R R A, BT T R
PSS FIRFIE . R B R L S K0 R SRR At BHrr2 kT 1. 2 A, JLRASRAER
12 R R R TS SRUER (e X RIS AR 2 . SRR IS AR, (R DO AR A AN
B, JFEWHENE, X b ES W, BRI EA TR BB, 4 A AR OR G A XA
FEBE IEAR X i R IR B4R G . IR 850 hPa KIATEBX IMER GO0, LR LB 2 h b ES2, mdb
ARG, RSB AR, EX =R, JEXUEE G R R A 5 A A Sk, FERMOK D B
SR OO N R SO B IR, B ROK R Z s MALRERA A TR 2. ARk B S AR K
H—EAHR, AR BEN TR, BARmESE, SXEEFKAERRAM EFE3 Mg, Fral T
B2 1P

KR MR el &% EEREK

MEHS  1006-9895(2015)03-0513-13 HESES P44l XHAFRIRES A
doi:10.3878/j.issn.1006-9895.1405.14123

Structure and Type Characteristics of the Winter Quasi-stationary
Front in South China

ZHA Shuyao', YI Lan>”, and ZHAO Ping'

1 State Key Laboratory of Severe Weather, Chinese Academy of Meteorological Sciences, Beijing 100081
2 National Climate Center, Beijing 100081
3 Chinese Academy of Meteorological Sciences, Beijing 100081

Abstract Using the daily National Centers for Environmental Prediction (NCEP) global final analysis (FNL) data and
daily station rainfall data in China for the winters of 2000-2011, we first define an index to measure the strength of the
South China quasi-stationary front (SCSF), and strong SCSF cases are then selected. The structure and characteristic
circulation of strong SCSFs in relation to winter precipitation over South China are analyzed by composite analysis. The
results show that strong SCSFs are nearly west—east oriented, are more common in January and February, and their
frequency of occurrence shows a clear upward trend over the past 12 winters. The frontal zone of a strong SCSF is

indicated by a dense band of potential pseudo-equivalent temperatures in the lower troposphere, slanting northward with
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altitude, with obvious differences across the band in temperature rather than in moisture. In addition, the frontal zone is

often associated with a great temperature inversion, positive relative vorticity, and moisture flux convergence of north and

south winds. Updrafts mainly appear above the slanted frontal zone, and disturbance zonal circulations with sub-frontal

scale updrafts and downdrafts exist at about 850 hPa below the upper—level westerlies. Strong SCSFs can be classified

into three types according to their wind convergence patterns in the frontal zone at 850 hPa. Among these three styles, the

northerly convergence type is characterized by stronger cold air from the north and less precipitation in South China; the

southerly convergence type features strong south winds, a deeper India—Burma trough, and more precipitation in South

China; and the northerly and southerly convergence type falls in between these two. Winter rainfall in South China is

closely related to a winter SCSF. In the presence of strong SCSFs, stronger moisture flux convergence and an enhanced

ascending motion appear in the lower frontal zone over South China, accompanied by a deeper India—Burma trough in the

mid troposphere to the west of the SCSF, leading to increased rainfall in South China.

Keywords South China quasi-stationary front, Circulation classification, Winter, Precipitation over South China
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Fig. 1 (a) Climatological (2000-2011) winter mean latitude—height cross sections of @ (units: K) and temperature (units: °C) between 106°—118°E. The
black contours are for f.; the grey contours are for temperature; the thick blue contours indicate the area where the @, contours are dense. (b) Climatological

(2000-2011) winter mean distributions of d0,./dy (units: — 107> K m") at 850 hPa. The blue box (23°-27°N, 106°—118°E) is sclected as the key area
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Fig. 5 Composite vertical structure and circulation of strong front events: (a) Latitude—height cross section of temperature and relative humidity between

110°-114°E, the black contours are for @ (K), the red contours are for temperature (K), the shadows are for relative humidity; (b) latitude—height cross section

of winds and water vapor flux divergence between 110°~114°E, the shadows are for water vapor divergence (—10™® g s™' hPa™! cm™), the black streamlines are

for the meridional flow (m s ') and vertical flow (—0.02 Pa s '), the green contours are for the vertical velocity (Pa s "), the blue line is for the north-south

wind zero-wind line; (c) longitude-height cross section of winds between 24°—26°N, the black streamlines are for the zonal flow (m s ') and vertical flow

—0.02 Pas™"), the green contours are for the vertical velocity (Pa s '), the blue line is for the east—west wind zero-wind line
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Table 1 Monthly occurrences of strong front events
obtained from daily /s in DJF from 2000 to 2011
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2003 4 0 3 2 5
2004 4F 1 3 9 13
2005 4F 5 4 7 16
2006 4F 2 7 2 11
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Fig. 7 Composite geopotential height (gpm) of three types of fronts: (a) Northerly convergence type; (b) southerly and northerly convergence type; (c)

southerly convergence type. The contours are for geopotential height (gpm) at 500 hPa; grey shadows are for geopotential height larger than 260 gpm at 1000

hPa; brown curve in Fig. 7c indicates the India—Burma trough. Composite geopotential height (gpm) of three types of fronts from the climatology: (d) Northerly

convergence type; (e) southerly and northerly cnovergence type; (f) southerly convergence type. The contours are for geopotential height (gpm) at 500 hPa;

shadows are for geopotential height at 1000 hPa
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Fig. 8 Composite relative humidity and vertical velocity at 850 hPa of three types of fronts: (a) Northerly convergence type; (b) southerly and northerly

convergence type; (c) southerly convergence type. The contours are for relative humidity; yellow shadows are for vertical velocity (Pa s '); the blue box

(23°-27°N, 106°-118°E) is the key area
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Fig. 10 Composite daily precipitation anomaly (0.1 mm) of three types of fronts from the climatology: (a) Northerly convergence type; (b) southerly and

northerly convergence type; (¢) southerly convergence type. The blue box (23°-27°N, 106°-118°E) is the key area
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