544 B3 1 X " B O Vol. 44 No. 1
2020 £ 1 H Chinese Journal of Atmospheric Sciences Jan. 2020

FH bk, IR I, SR L . 2020, ¥5 Y R AT AR AR 35 L Hh—F 5 IR 38 45 M P BB AL [0]. KAURE2E, 44(1): 53-75. TIAN Yue, MIAO Junfeng,
ZHAO Tianliang. 2020. A Numerical Simulation of Mountain-Plain Breeze Circulation during a Heavy Pollution Event in Eastern Chengdu [J].
Chinese Journal of Atmospheric Sciences (in Chinese), 44(1): 53-75. doi:10.3878/j.issn.1006-9895.1812.18209

5 RRS T AR AR L M —F [ XA S5 4 Y
HEEREH

B HRE RRR

1 RGBT AR R EAEWE AN, Fal210044
2 R E R TR RSP EA R RSB S = WK E SIS, 8 210044

W OE AP RERRWRE (V3.9) XF20164F 12 A3 7 HR#E AR (Rl —Ris 4t 72 i it —
PRI FLEAT TR, B AEIR T & ZR5 PR AT Wt —F S R B 5 R AE . e, D S
f e )R (AOD, Aerosol Optical Depth) PRI RUE P 056 B8 0 S04 15 Jeonf b —F [ MR s mg . 45 538
W: ARG KRR EM T SR X AFE R 0R . R s de . RV % B ERAK, B4R, TS
RER AR S AT SO RIS, B/ B R R LD R 3 AR, R SRR 0R, v SR AT R 5
FERLSS . PR ISP R XA, R ye B AR S BE 1) 3~4 £, 17:00 CUHbFRHERS, TFED A%
Wo BB MRy EZEREOC, Bl T AR B i, PR P MBI, TE
RINIE o B i 5s, AL BV IR R IR O B R . AOD /N 5 48 1 S b R GB35 G Frdsin, . B it
SNEERR, AR B ER A H BRSSO, ARBCP E PR B R

SRR
KR KAER A h—TFRARR  E e
XEHS  1006-9895(2020)01-0053-23 RESES P44s XERERIRES A

doi:10.3878/j.issn.1006-9895.1812.18209

A Numerical Simulation of Mountain—Plain Breeze Circulation during a
Heavy Pollution Event in Eastern Chengdu

TIAN Yue', MIAO Junfeng', and ZHAO Tianliang’

1 Key Laboratory of Meteorological Disaster of Ministry of Education, Nanjing University of Information Science and Technology,
Nanjing 210044

2 Key Laboratory for Aerosol-Cloud-Precipitation of China Meteorological Administration, Nanjing University of Information Science
and Technology, Nanjing 210044

Abstract In this paper, WRF (V3.9) is used to simulate the mountain—plain breeze circulation in eastern Chengdu
(Longquan mountain) during a heavy pollution event on 7 December, 2016. The structure and evolution of the mountain—

plain breeze circulation are discussed. Besides, the influence of the Aerosol Optical Depth (AOD) on the mountain—plain
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breeze circulation is examined by conducting a sensitivity experiment in which the AOD value is reduced. The Longquan
mountain is fairly long from north to south and relatively narrow from east to west with low elevation. Results show
that strong ground inversion existed in the winter during the heavy pollution event. Cross-mountain downslope wind
circulation occurred in the night and late morning due to the imbalance of radiative heating between western and
castern slope and the dynamic forcing of background wind. The plain breeze began after the noon and ended at
around 1700 LST. The maximum horizontal stretch of the plain breeze circulation could reach 3 to 4 times of the
mountain width. Cross-mountain downslope wind circulation and mountain—plain breeze circulation varied greatly
in the north—south direction. The former was stronger in the southern part of the mountain whereas the latter in the
central and southern part was easily covered by vigorous turbulence. In the northern part, on the contrary, there
existed significant plain breeze circulation. After reducing the AOD in the sensitivity experiment, the solar radiative
heating and planetary boundary layer height both increased to a certain extent. Plain breeze circulation in the central
and southern part became more ambiguous due to amplified turbulences. In the northern part, plain breeze
circulation enhanced and lasted longer due to the elevated planetary boundary layer and the strengthened difference

in sensible heat flux between the mountain and plain areas.
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Fig. 16 (a) D4 area-averaged net radiation (NET), upward shortwave radiation (SW_up), downward shortwave radiation (SW_down), upward
longwave radiation (LW _up), and downward longwave radiation (LW _down) fluxes (units: W m); (b) radiation flux differences between mountain
and plain (mountain minus plain, units: W m™); (c) D4 area-averaged sensible heat flux (HFX), latent heat flux (LH) and ground heat flux

(GRDFLX) (units: W m2); (d) heat flux differences between mountain and plain (mountain minus plain, units: W m=) on 7 December, 2016
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Fig. 17 Downward shortwave radiation flux (shaded, units: W m™) on 7 December, 2016: (a) 1000 LST; (b) 1500 LST. Contours represent terrain
height (units: m)
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Fig. 19 Planetary boundary layer height (AGL, shaded, units: m) in (a, b) the control experiment (AOD 1.0) and (c, d) sensitivity experiment
(AOD_0.2); (e, f) planetary boundary layer height difference (shaded, units: m) (AOD_0.2 minus AOD_1.0) between the two experiments on 7
December, 2016. (a, ¢, e) 1100 LST; (b, d, f) 1500 LST
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