194 H2 W R H B OB W R Vol. 19, No. 2
2014 4E3 A Climatic and Environmental Research Mar. 2014

R, TRIEMR. 2014, 2013 4F 1 AR R E S8 E LT [T]. SRS EFREERTST, 19 (2): 127-139, doi: 10.3878/j.issn.1006-9585.2014.13136.  Han
Xiao, Zhang Meigen. 2014. Model analysis of haze formation over the North China Plain in January 2013 [J]. Climatic and Environmental Research (in
Chinese), 19 (2): 127-139.

2013 &£ 1 BLede TR ESE R E =I5

WE KRR

th R B2 R T BT S B R UL S 2 B A 22 [ 5 i s &, b at 100029

# OE 2013 4F 1 PRI TG RO SR, I RIES 2 R KT HES IS . R e A R
FE FRBE LR 58 A A0 I 505 Beda B HE BB A S o ORI, 456 XIS R RS RAMS-CMAQ i
AEER, X1 A 10~15 Hy5 R FE A G RS RIS B AT T VEA 04T, I A e R AT
T8 ARKRH, ZARKIG YISm0 DX E A e — R — s A T R IR L R R . 1X 4k
HUX A Eoki Y (RI PM2.5) HBIFR A 120 pg m™, HIEAWPKFEA %, HIEEWETE 5~8 km 2 7], Hrh
FEAE R A1 5 RN G B T A b DX A0 TR H 340 5 e 5 mT i 250~300 pg m, #4311 (X Al#E L 300 pg m,
M HIYRE WEITT RS 3 km LAR, TR K. MO, MG EoR, ARRis g fE AT RO
I3 X KA RTEAS 2 A~ /N2y 20%, HABIEWEEE S, Jbpt— R — L ITdbsa m R WL AR A s
AFRIE FE WA 2 AP R A 1096 ~40% o IXFEI RS BGE S5 G 2 T-HER, 1 BLAA R TR A 77
JERV RIS, R R TR, 2T RS E TN 2 —. TEACRTH X G | A s I - B IR A
PRER THERERANEER, 1X 3 PO I i RV Y ok bk B 50% DA_F o FLrr Al R v e vrmk R fe iy, 1T
ISR 1/4, RITEIZIRTT G R i BRARSC DIRHEBA, AT EHESAR 2 A0 s X =5 Yl 2 —.
XEIR KH RRAE RIFR K%Y  CMAQ (Community Multi-scale Air Quality modeling system)
XEHS  1006-9585 (2014) 02-0127-13 FESES X6 MEFRIRES A
doi:10.3878/1.issn.1006-9585.2014.13136

Model Analysis of Haze Formation over the North China
Plain in January 2013
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Abstract Heavy air pollution accompanied by widespread haze clouds occurred in January 2013 over the North China
Plain (NCP). To investigate the controlling factors of the haze formation during the study period of 10—15 January 2013,
the air quality modeling system RAMS-CMAQ and multiple observation data including routine weather measurements
and the air pollution index (API) released by the Ministry of Environment Protection of China were applied to analyze the
temporal and spatial variation features of the meteorological factors and key aerosol components. The simulation results
show that a high mass burden of PM2.5, which was higher than the 120 pg m™
Beijing-Tianjin—Tangshan region, central and south Hebei Province, and most parts of the Shandong Province. The
visibility over these regions broadly ranged from 5 to 8 km. Furthermore, the mass burden of PM2.5 reached 250-300 pg

generally distributed in the
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m " over Beijing, Tianjin, Shijiazhuang, Jinan, and their surrounding regions and exceeded 300 pg m > over their urban
areas. Thus, the visibility dropped to 3 km and formed severe haze clouds over these cities. Analysis of the meteorological
field shows that compared with the multi-year average, the horizontal wind speed and relative humidity at the surface
decreased approximately 20% and increased 10%—-40%, respectively, over the Beijing—Tianjin—Tangshan region, central
and south Hebei Province, and northern Shandong Province during this pollution episode. Coupled with temperature
inversion, these stable atmospheric conditions were favorable for pollutant accumulation, and the extinction ability of
soluble particles was significantly enhanced due to the high relative humidity. Thus, the abnormal meteorological field was
a primary reason for the haze formation in January 2013 over the NCP. Sulfate, nitrate, and ammonium were the main
aerosol components responsible for the haze formation in Beijing. The contribution of these three types of inorganic salts
to the total extinction exceeded 50%. Additionally, the nitrate provided the first contribution to the surface extinction at
more than 25%, which implies that emissions from the transportation sector, in addition related industry sectors, were
major anthropogenic sources of this pollution episode in Beijing.
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Fig. 1 The model domains used in this study (D1 and D2 are the outer frame and inside frame, respectively, the geographic locations of the observation sites

in D2 are also shown)
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Fig. 2 Observed and modeled daily averaged temperature in Jan 2013
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Fig. 6 Observed and modeled (a—f) mass concentrations of daily averaged PM10 and (g—i) hourly visibility in Jan 2013 (PM10 data were daily averaged

values and visibility data were hourly values)
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Table 2 The averaged wind speed and relative humidity in
whole Jan during 1993-2012 and 10-15 Jan during
1993-2012
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MWk Mad/ms™ DR RE/msT AR

TRoE 1.41 58.05% 1.41 60.33%
Jbxm 237 42.90% 224 46.25%
vre 2.77 51.20% 2.93 53.83%
PN 247 46.70% 2.35 49.83%
R 1.39 52.16% 1.24 57.33%
N 3.42 51.08% 1.65 5221%
i 4.80 53.67% 2.86 55.38%
Kt 3.94 57.40% 2.15 58.79%
FigE 3.82 58.42% 2.08 60.00%
Vv 1.80 55.60% 1.76 58.33%
KO 248 42.72% 243 44.22%
kb 2.95 60.68% 2.62 61.86%
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Table 3
extinction contribution of major aerosol components in
Beijing during 10-15 Jan 2013

R R AR Bk Al HAb

B E AL 18.95% 21.15% 13.25% 9.39% 15.34% 21.92%
AE LI EIRTTIR 23.00% 25.84% 16.12% 5.94% 15.92% 13.18%
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