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Identifying method of ozone enhancement and multi-scale characteristics of

ozone change in the mid-upper troposphere over South China
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Abstract Not only there are fewer studies on the influence of subtropical upper jet stream on the
ozone distribution in the mid- and upper troposphere over South China, but also there is no
comprehensive method to identify the ozone enhancement in the mid- and upper troposphere using
the conventional meteorological and satellite data. Ozone enhancement and loss were observed in
the mid- and upper troposphere over Lin'an, Kunming and Hong Kong on 27 and 29 March 2001

using the electric chemical cell (ECC) ozonesondes, and the upper tropospheric ozone enhances
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over Hong Kong on 29 March 1996 and over Lin'an on 13 April 2001. Based on the data of NCEP
reanalyses and final analyses, GMS-5 water vapor imagery, the enhanced ozone source and the
multi-scale characteristics of ozone change in the mid- and upper troposphere over South China are
analyzed. Furthermore, the sufficient conditions of meteorological fields are proposed as follows
to identify ozone enhancement in the mid- and upper troposphere over South China in springtime:
dark areas in the water vapor imagery of satellite, convergent areas on the left of upper jet
stream, upper frontal areas, and high PV(Z=1 PVU) areas in the mid- and upper troposphere.
The results show that the enhanced ozone in the mid- and upper troposphere over South China is
from stratosphere through the folding dynamic tropopause or broken thermal tropopause in the
cases of Hong Kong 29 March 1996, Kunming 27 March 2001, Lin'an 29 March and 13 April
2001. For the case of Hong Kong on 27 and 29 March 2001, the enhanced ozone comes from
stratosphere over midlatitudes and the low ozone is from the air mass over tropical ocean. Not
only the minima and maxima of the ozone vertical distribution can indicate the multi-scale
characteristic of ozone change, but also the case of Lin"an on 27 March 2001 shows that the
atmospheric multi-scale circulations have an obvious impact on the vertical ozone distribution by
means of the analyses of potential vorticity distribution and the GMS-5 water vapor images. The
results in this paper also indicate that the intrusion of stratospheric air to the mid- and upper
troposphere occurs not only in the higher latitudes but also in the lower latitudes (in this paper

over Kunming and Hong Kong) over South China.
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Fig. 1 Profiles of ozone, temperature and relative humidity for 06 UTC

(Ozone is thin solid line and unit ppbv, temperature is the thickest solid line and unit ‘C, relative humidity is

dashed line and unit %, and the averaged ozone is thicker solid line and unit ppbv. The bottom abscissa

denotes relative humidity and volume mixing ratio of ozone and the top is temperatue, and the ordinate is

height (unit: geopotential meter). The circle denotes the front in the lower- and mid-troposphere, and the

thick arrow denotes the thermal tropopause)
(a) Hong Kong, 29 March 1996; (b) Kunming, 27 March 2001; (¢) Lin'an, 27 March 2001; (d) Lin'an,
29 March 2001; (e) Hong Kong, 27 March 2001; (f) Hong Kong, 29 March 2001; (g) Lin'an, 13 April 2001.
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Fig. 2 Water vapor imageries of GMS-5 for 06 UTC

(Black dots denote Lin"an, Kunming and Hong Kong respectively)
(a)29 March 1996; (b)27 March 2001; (¢)29 March 2001;(d)13 April 2001.
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Fig 3 Isotach (color shaded) and streamline (thin solid line) of 300 hPa for 06 UTC
(Black triangles denote the ozone sounding sites, and the unit of wind speed is m/s)
(a)29 March 1996; (b) 27 March 2001; (c¢) 29 March 2001;(d) 13 Aprll 2001.
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Fig. 4 Potential vorticity of 300 hPa for 06 UTC (black triangles denote Lin'an, Kunming and Hong
Kong respectively, color shaded =1 PVU, and the PV unit is PVU and contour interval 0.5 PVU)
(a)29 March 1996; (b) 27 March 2001; (¢) 29 March 2001;(d) 13 April 2001.
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(a) Fr it 1996 4E 3 F 29 AW 114. 2°E; () R, 2001 4E 3 [ 27 AW 102. 7°E; (o) F s, 2001 4F 3 7 27 HfF 114. 2°E; (D I %, 2001 4F 3 A

27 HT 119.8°E; (e) #2001 4E 3 F 29 HIF 114, 2°E; (DI 22,2001 4E 3 7 29 HUF 119. 8°E; () i %4, 2001 4 4 F 13 H T 119. 8°E.
Fig. 5 Cross sections along the longitude of ozone sounding for 06 UTC
(Black thick dot-dashed lines denote Lin"an, Kunming and Hong Kong respectively. Deep blue thin dashed line is temperature at interval 5 'C and unit C;
blue thin solid line is potential temperature at interval 5 K and unit K; black thick solid line is potential vorticity at interval 1 PVU and unit PVU. the 0.5 PVU
isolines of potential vorticity were added. and 2 PVU isolines of potential vorticity denote dynamic tropoapause. The color shaded areas denote
the wind =25 m/s and unit is m/s; magenta lines denote thermal tropopause and the gray shaded area denotes topography)

(a) Hong Kong. along 114, 2°E, 29 March 1996 ; (b) Kunming, along 102. 7°E, 27 March 2001; (¢) Hong Kong. along 114. 2°E, 27 March 2001; (d) Lin'an, along
119. 8°E, 27 March 2001; (e) Hong Kong. along 114.2°E, 29 March 2001; () Lin'an, along 119. 8°E, 29 March 2001; (g) Lin'an, along 119. 8°E, 13 April 2001.
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Fig. 6 Back air trajectories for Lin'an, Kunming and Hong Kong

(Black triangles denote Lin'an, Kunming and Hong Kong respectively. Numbers of seven digits denote date, which format is month-day-
hour-minute, for example, 3290600 denotes 06:00 UTC 29 March 2001; other numbers denote altitudes above MSL of air parcels, unit:km)
(a) Arrived at 300 hPa of Lin"an and Hong Kong at 06 UTC 27 March 2001; (b) same as (a), but arrived at 150 hPa; (¢) same as (a),
but arrived at 300 hPa of Kunming; (d) same as (b), but for 06 UTC 29 March 2001.
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