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Prediction Modeling System (NAQPMS), and a new coupler has been developed to deal with the interaction between the
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mesoscale meteorology model WRF (Weather Research and Forecasting Model) and NAQPMS. The one-way off-line and
two-way coupled WRF-NAQPMS models are compared to simulate the severe haze in the Beijing—Tianjin—Hebei area
from 27 September to 1 October 2013. The results show that the simulated meteorological elements and PM2.5
concentrations from the two-way coupled model with the aerosol direct radiation effect are more consistent with
observations. During the haze period, the boundary layer meteorological elements change significantly because of the
aerosol direct radiation effect over the Beijing—Tianjin—Hebei area: Incoming solar radiation is reduced by 25%, the 2-m
temperature decreases by 1 °C, the turbulent kinetic energy is reduced by 25%, the 10-m wind speed decreases by up to
0.2 m/s, and the planetary boundary layer (PBL) height is reduced by 25%. These changes make the atmospheric
boundary layer more stable and further exacerbate air pollution over the areas where it is already severe, for example, the
PM2.5 concentration increases by up to 30% over Shijiazhuang City. The analysis indicates that there is a positive
feedback mechanism between haze and boundary layer meteorology, and the two-way coupled model incorporating this
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feedback is helpful for accurate simulation and forecasting of haze pollution processes.
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Fig. 2 (a) Visibility and (b) shortwave radiation in Beijing and (c¢) number
of cities polluted and severely polluted over the Beijing—Tianjin—Hebei area

during 23 Sep—2 Oct 2013
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Table 2  Statistics of off-line model
Hdg H WP RBP4 P 2 ViR AHRREL
SR 241 127.8 W/m? 173.0 W/m® 354% 102.7 W/m® 0.94
2 m IR 699 17.4°C 19.0°C 9.1% 2.7°C 0.87
10 m (XU 699 23 m/s 23 m/s —15% 12 m/s 0.67
2 m AR 699 66.4% 60.8% —8.4% 14.6% 0.82
AN R 1156 148.4 pg/m’ 126.8 pg/m’ —14.6% 71.2 pg/m® 0.67
3 EZEAFITESH
Table 3 Statistics of on-line model
HmEH M35 FULF- ) A6 P i 22 by v E A REL
LU S 241 127.8 W/m? 149.1 W/m? 16.7% 63.4 W/m® 0.97
2 m P PR 699 17.4°C 18.4°C 5.6% 24°C 0.87
10 m 75 f) Xk 699 2.3 m/s 22m/s —5.8% 1.2 m/s 0.69
2 m B AR R R 699 66.4% 63.0% —5.1% 13.9% 0.83
R R S 1156 148.4 pg/m’ 146.6 pg/m’ —1.2% 70.7 pg/m® 0.68
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Fig. 3 Comparisons of hourly PM2.5 concentration observations and model simulation without (green dash line) and with (red solid line) aerosol direct

feedback over 13 cities in the Beijing—Tianjin—Hebei area during 23 Sep—2 Oct 2013
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Fig. 4 Scatter plots of hourly observed and simulated PM2.5 concentration
without and with aerosol direct feedback over 13 cities in the

Beijing—Tianjin—Hebei area during 23 Sep—2 Oct 2013
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