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Abstract: Due to the unique geographical location of the Beijing-Tianjin-Hebei Region, topography and
mesoscale weather play a crucial role in the formation of regional air pollution in this region. A typical air
pollution process was observed in the region from 29 to 30 December 2023. To explore the causes and deep
formation mechanism for this pollution process, the influences of mesoscale weather and boundary layer
structure on the intensification of heavy pollution under the warm front and special terrain background are
studied on the basis of the numerical simulation of RMAPS-CHEM system, the PM, ; concentration obser-
vation and the meteorological data. It is found that under the influence of North China topographic trough,
the southwest wind not only transported the pollutants, but also brought the warm and humid air mass
from south to north, resulting in the formation of an obvious low-level warm front on the southeast side of
the Beijing-Tianjin-Hebei Plain. Synergistically, impacted by warm front and topographic thermal charac-

teristics, the polluted cold air mass was driven by warm front in the southeast side and restricted by terrain

* dba A ARBLF LS 0 H (8222049) (E K A KRB AESL &0 H (42175188.,41975168) FL[R] ¥t Yy
2024 4F 2 23 HltRis 2024 48 5 H 23 H & E i
B E A, FENE B GAM EHRAR &5 T.4F. E-mail: zhangjianc@cma. cn
T IRAE A, 38 2 S Xk R A5 Y B L F 55 . E-mail: jxu@ium. cn



1072 A

% 550 %

in the northwest side, forming accumulation called cold pool near the surface of the plain area close to the

mountains. The strong stable atmospheric condition of the temperature inversion in the cold pool, calm

wind and extremely low boundary layer height led to the pollutants to be trapped in a limited vertical

space. At the same time, the weak wind caused the stagnation of air mass and inhibited the horizontal

transmission and diffusion of pollutants. These adverse factors ultimately resulted in the continuous accu-

mulation of pollutant concentrations.

Key words: topography, warm front, cold pool, heavy air pollution, numerical simulation, Beijing-Tianjin-

Hebei
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Table 1 Comparison of observed and simulated concentrations of hourly averaged
PM, ;s in each city from 27 to 30 December 2023

Z 4t Jeat K kKO R PRE i N HZIE LIS Hi 8
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LIPS Y 0.93 0.95 0.54 0.65 0.92 0.86 0.93 0.96 0. 90
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2.2 PM, s ZFEEEHMERSKEGHST

15 4% BRUHY Be PM,, 5 ik B X 3843 A A A an 1] 3
i AT Y PM. 5 ¥ B8 2 18] 43 A o AiE 5 00 0
SR G AU B A A A AL A S
LI 37 o A — 0, 455 X A g b T B T 9 e o R R R
14 25 T AR R 4, 00T 5 T 41 45 R 38 R L 7R TS
ZAATHI (29 H 08—14 W), A& 6 S (X L) B
A B S5 KU R G0 R AT 2 A S BT L
B e TS v B TS e A k. =
29 H 20 Bf . BR T PG A6 L X b, 5T HEE O i M X
PM, /N vk B 5 3k 85 F 110 pg » m°529 H K [

42°N

(a) 29 H 08Ik

40

38

42°N

40

38

36

34

£ 30 H W R T5 Y di ™ T A B B AN R LT
Bl W BE DX B 55 PML 5 /B R BE 3 K F 150 pg -
S0 dE G g BT S KU R B A B Y g
7 EE I B AR G O X1 AR e L AR e 5
RAE T R B IR ] Y] AR 7 3 56 1l DX H 303 B ) 21
(30 H 02— 08 i), HLBH7E s HEBE P R — AR Lok
I 1) 1L Y S 25 A b T B T — ARk K 1 U B
CRMEA B A&l 3d, 3e W5 @ HE R E Fr ) B &
(8 VG A0 Sy 1Lyt B R AR R AR O R i
R A N AR A R 32 . X R RS 245 4 T B — A~
AR KA Y YR, ARSI 45 R 5 0 5
b DA 2 JRy b KSR I B A% G2 T AR ALE — 3O i

m

42°N

EEIER

40

38

36

34

42°

40

38

36

34

117 119°E 117 119°E

T - Ol 2R AR R A R

A 3

2023 4 12 H 29—30 Hi5 3 RARB Bo i PM. s 3R B CRRLAZ 2 g+ mo ™) AR GELED A

LI I8 0 B2 A5 OA 5D =3 18] 43 Al

Fig. 3

Spatial distribution of simulated (colored) and observed (dot) surface PM, ; concentrations (unit: pg*m °),

wind field (wind vector) during accumulation stage of pollutants from 29 to 30 December 2023
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Fig.4 Spatial distribution of the equivalent potential temperature (colored) and wind (wind vector) in
(a) upper air and (b) surface layer simulated by RMAPS-CHEM in the Beijing-Tianjin-Heibei Region
and the adjacent area at 02:00 BT 30 December 2023
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Fig. 5 Spatial distribution of (a) boundary layer height (colored) and (b) surface wind speed (colored) simulated
by RMAPS-CHEM in the Beijing-Tianjin-Heibei Region and the adjacent area at 02:00 BT 30 December 2023
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