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Temporal and Spatial Distribution of Ozone Concentration by Aircraft Sounding
over Beijing

CHEN Peng-fei'”, ZHANG Qiang', QUAN Jian-nong', GAO Yang', HUANG Meng-yu'

(1. Beijing Weather Modification Office, Beijing 100089, China; 2. Institute of Urban Meteorology, China Meteorological
Administration, Beijing 100089, China)

Abstract: Based on the aircraft sounding volume fraction concentration data of ozone (O, ), nitrogen oxides (NO, NO,) and other
data in Beijing from 2007 to 2010, temporal and spatial evolution of ozone concentration from the ground surface to 3.5 km altitude
were studied. Results show that; (D Vertical profiles of monthly average O, concentration were in good agreement, with increasing
altitude, the concentrations were first increased and then decreased, and then remained almost constant, and there was a clear dividing
line at 1.5 km altitude, the vertical gradient of the O, concentration changed greatly below which, there were O, high-value areas,
which were influenced by human activities near the ground; the change of vertical gradient of O, concentration was significantly reduced
above 1.5 km altitude, this space was above the mixing layer, where the air mass movement was less affected by underlying surface,
and the advection-diffusion played a crucial role in the local accumulation process of air pollutants. (@) Changes of O, concentration
showed clear seasonal characteristics, O, concentration was lower in spring and autumn, but higher in summer. In the months studied,
no significant difference in monthly average O, concentration from July to September was detected (P >0.05) , but there was significant
difference in other months (P <0.01). @ In summer days (daytime) , the variations in the vertical profiles of hourly O, concentration
were consistent with those of the monthly O; concentration. The O, concentration was lower near the surface within 1.5 km in the
morning (09:00-10:00) , and higher in the afternoon (15:00-16:00) , with the maximum discrepancy of about 60 x 10 ~* in the same
altitude ; there was minor difference in O, concentration in altitude range of 1. 5-3.5 km, generally fluctuating among 70 x 10 ~*-80 x
10, @ For the regional distribution of O, concentration, higher concentration within 0-2 km appeared near the Fourth Ring Road of
city center and the surrounding areas, the main reasons for this distribution might be the presence of many strong sources of pollution
emissions and low sink flow near the ground; within 2-4 km, in addition to the urban area of Beijing, higher O, concentration areas
were found in the north, the south-east ( Beijing-Tianjin direction), the south-west ( Beijing-Baoding direction). (3 There were
significant correlation between O, and NO, NO, and NO,/NO within 0-3. 5 km, O, was negatively related with both NO and NO, , but
positively correlated with the NO,/NO ratio.
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Fig. 1 Aircraft flight path of atmospheric sounding in 2007-2010
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Table 1  Data of vertical profiles of flight measurements for ozone
A0y 4 A 5A 6 A 7A 8 A 9 A 10 A 1A &t
2007 4F- 7 6 17 8 28 19 — 14 99
2008 4 18 20 10 16 13 12 12 8 109
2009 4 37 20 12 8 14 17 2 — 110
2010 4F — 11 28 10 9 18 10 5 91
A1t 62 57 67 42 64 66 24 27 409
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Fig. 2 Vertical profiles of mean monthly volume fraction of ozone in 2007-2010
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Table 2 Comparison between different monthly ozone average concentrations

5H 6H 7H 8 H 9 H 10 A 11 A
4 A -15.516" -26.527* -8.456" -8.525* -9.079 " 11. 641 17.713*
5H 1 -11.010" 7. 060 * 6.991" 6.437" 27.157* 33.230"
6 H — 1 18.070 " 18.002 " 17. 447" 38.167" 44,240
7H — — 1 -0. 069 -0.623 20.097 * 26. 169 *
8 H — — — 1 -0.554 20. 166 * 26.238*
9 H — — — — 1 20.720 " 26.793 *
10 A — — — — — 1 6.073*
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Fig. 3 Vertical profile of mean hourly volume fraction of ozone in summer of 2007-2010
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Table 3 Correlation coefficient of different pollutants or pollution indexes
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