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Meteorological Mechanism for the Formation of a Serious Pollution Case in

Beijing in the Background of Northerly Flow at Upper Levels

LIAO Xiao-nong'?, SUN Zhao-bin>, TANG Yi-xi*, PU Wei-wei’, LI Zi-ming’, LU Bing'

(1. Institute of Urban Meteorology, China Meteorological Administration, Beijing 100089, China; 2. Environment Meteorology
Forecast Center of Beijing-Tianjin-Hebei, China Meteorological Administration, Beijing 100089, China)

Abstract: There is a kind of serious air pollution case occurring in the situation of northerly flow at the levels above 850 hPa in Beijing
area. Meteorological data, NCEP reanalysis data and PM, 5 concentration survey were used to analyze the roles of meteorological
mechanism in this kind of air pollution case. The results showed that the stable stratification did not exist all the time during the gradual
increase of PM, s concentration. The favorable meteorological conditions in PM, ; accumulation came from the layered structure of
vertical speed and convergence in vertical direction. From the surface to the middle level of troposphere, the vertical velocity showed an
updraft-downdraft-updraft distribution. And the divergence displayed a convergence-divergence-convergence structure. The convergence
at lower levels led to the gathering of the polluted air from the surrounding and the ascending current brought it upwards. However, the
polluted air could not go further up due to the prolonged downdraft layer above. As the result, PM, ; near the surface was concentrated
gradually. The vertical speed in layer structure was attributed to the high level northerly flow without invading into the boundary layer.
In such case, the wind was still in southerly direction or kept calm at the surface. The weak cold air or no cold air at all was the main
reason that the northerly flow could not hit the surface. The developed downdraft layer was relative to the convergence above which was
resulted from the wind speed pulses in the northerly flow at upper levels. In conclusion, the air dynamical effect played a key role in
the pollution type of northerly flow at upper levels. Therefore, it will be beneficial to enhance our capability in the analysis and
forecasting of this kind of pollution case by focusing on 24 hours temperature variation at the middle and lower troposphere as well as the
vertical distribution of vertical velocity and divergence.

Key words : northerly flow at upper levels; serious air pollution event; dynamic effect; downdraft layer; underlying convergence ; wind
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Table 1  Temperature of 500 hPa and 700 hPa in Beijing from 08 :00 BLT on Mar. 13 to 20:00 BLT on Mar. 15, 2013/°C
R /hPa 13 H 08:00 13 H 14.00 13 H20:00 14 H 02:00 14 H 08:00 14 H 14.00 14 H20.00 15 H 02:00 15 H 08:00 15 H 14.00 15 H 20.00

500 -27.3 -28.2 -28.5 -28.1 -27.7 -27.1 -26.0 -23.8 -23.3 -21.9 -21.3
700 -11.2 -11.3 -10.2 -10.8 -10.1 -8.8 -8.4 -7.2 -7.9 -7.0 -6.1

®2 BEELRNTERAIERAETETEH 24 h TR/C

Table 2 The 24 hours average temperature variation at different heights in the typical pollution cases/°C

{51 /hPa 1 2 3 4 5 6 7 8 9 10 11 12 13
500 -1.1 1.8 1.4 0.1 1.9 0.6 0.9 1.6 -1.5 -3.1 1.8 2.4 5.0
700 0.5 2.7 1.6 -0.9 1.1 1.2 0.0 1.4 -0.6 -2.5 1.2 1.6 4.3
850 1.0 -0.2 1.2 0.1 0.8 1.7 0.2 0.0 0.8 1.1 2.8 2.5 4.8

925 1.1 0.2 0.8 0.4 1.0 2.5 0.1 0.1 0.5 1.3 0.5 1.1 3.1
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Fig. 4 Time series variation of the vertical structure of temperature inversion in Beijing from Mar. 13 to 16, 2013
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Time series variation of the vertical velocity in Beijing from Mar. 13 to 16, 2013
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