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Characteristics of Vertical Ozone Distributions in the Pohang Area, Korea

Ji-Young Kim' - Yong-Hoon Youn? - Ki-bum Song' - Ki-Hyun Kim'*
VAtmospheric Environment Laboratory, Department of Earth Sciences, Sejong University,
Seoul 143-747, Korea
Varine Meteorology Laboratory, Meteorological Research Institute,

Seoul 156-720, Korea

Abstract: In order to investigate the factors and processes affecting the vertical distributions of ozone, we analyzed the
ozone profile data measured using ozonesonde from 1995 to 1997 at Pohang city, Korea. In the course of our study, we
analyzed temporal and spatial distribution characteristics of ozone at four different heights: surface (100m), troposphere
(10km), lower stratosphere (20km), and middle stratosphere (30km). Despite its proximity to a local, but major, industrial
complex known as Pohang Iron and Steel Co. (POSCO), the concentrations of surface ozone in the study area were
comparable to those typically observed from rural and/or unpolluted area. In addition, the findings of relative enhancement of
ozone at this height, especially between spring and summer may be accounted for by the prevalence of photochemical
reactions during that period of year. The temporal distribution patterns for both 10 and 20km heights were quite compatible
despite large differences in their altitudes with such consistency as spring maxima and summer minima. Explanations for these
phenomena may be sought by the mixed effects of various processes including: ozone transport across two heights,
photochemical reaction, the formation of inversion layer, and so on. However, the temporal distribution pattern for the middle
stratosphere (30km) was rather comparable to that of the surface. We also evaluated total ozone concentration of the study
area using Brewer spectrophotometer. The total ozone concentration data were compared with those derived by combining the
data representing stratospheric layers via Umkehr method. The results of correlation analysis showed that total ozone is
negatively correlated with cloud cover but not with such parameter as UV-B. Based on our study, we conclude that areal
characteristics of Pohang which represents a typical coastal area may be quite important in explaining the distribution patterns
of ozone not only from surface but also from upper atmosphere.
Key words: surface, troposphere, stratosphere, ozonesonde, coastal
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Table 1, A summary of seasonal distribution of ozone and meterological parameters measured from Pohang during 1995-1997.

Ozone(ppb) Temp (C) IR(mJ) Wspeed(m/s) RH(%) RF{mm)
year season Moan=SD(N)
sping 4584157 (10)  182+5002)  12+0502)  28+0702)  545+48992)  0.9-12036)
summer  406+122(10)  246+4602)  11+0502) 280892 722+ 0802  14+2242)
1995 fal 366£100(12)  157+5301)  100391) 260891  581<14591)  06+07(21)
winter 243+ 82(09) 31+2800)  09+0300)  28+0700)  447+142090)  0.4+06(19)
sping  510% 89(13)  125+5792) 1240502 27407000  553+202@2)  16+2.129)
summer  416+180(10)  236+44(92)  10+0592)  24+01092) 78810302 11417043
1996 fal 377£174(12)  160+56091) 0940401  23+0891)  665+15391)  06+1.000)
winter 277+ 89(13)  31£3901)  00+0301)  28+0901)  450+17.4Q1)  12+16(14)
sping  462+107(13) 14045002 1140502  28+0802  579+192©2)  0720937)
summer  453+190(13) 24743002  110502)  20+0002)  725+11902)  12+1441)
1997 fal 3B1£101(12)  162+5201)  10+0401)  24+1201) 625414401  13+18023)
witer 208+ 73(15)  36+3600)  08+0300)  80+0900)  504+16000)  07+14(2)
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Fig. 1. Plots of frequency distribution for wind direction

measured during the episodes of both (a) high ()50
ppb) and (b) low ({30 ppb) ozone concentration,
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Fig. 2. Changes in the daily mean concentrations of
ozone at altitudes of (a) 100m, (b) 10km, (c) 20km, and
(d) 30km, Measurements were made during Jan, 1995
through Dec, 1997.
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Fig. 3. The temporal trend of total ozone using daily
distribution data obtained by Brewer Technique during
Jan, 1995 through Dec, 1997,
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Fig. 4. The composite time-height cross sections of
ozone mixing ration(ppbv) at Pohang during 1995-1997,
(a) 10~15km and (b) 25~30km,
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Table 2, A summary of seasonal mean ozone
concentrations(ppb) from each altitude during 1995-1997.
Attitude
$eason 100m 10km 15km 20km 30 km
Mean+SD(N)

spring 478117 2156+123 729+307 3185303 73924680
(36) @37 (36) {35) (30)

summer 427+165 7984693 464117 2575254 76361779
(33) (34) (32) (33) (26)

fall 368+126 105+£503 540£179 2503+216 69491050

{36) (38) (37) (37} (32)

winter 277+ 82 199+105 7554312 3369+379 6479+857
(37) (36) 32 29) (28)
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Table 3, Results of correlation analysis between surface(100m) ozone concentrations and meterological parameters on the

daily mean basis during 1995~1997.

QOzone Temp., RF Wspeed RH IR Pres,

Ozone (142)

Temp. 0.424*142) (1094)

RF —0,144(18) 0.072(279) (279)
Wspeed —0,174(142) —0.294*(1094) ~0,043(279) {1096)

RH 0.133(142) 0.518*(1094) 0,204(279) —0.371*(1096) (1096)

IR 0.437%(142) 0,259*(1094) ~0,111(279) 0,022(1096) —0.411*(1096) (1096)

Pres, —0,31(142) —0,706*(1094) ~0.124(279) 0.123*(1096) —0.423*(1096) —0.084(1096) (1096)

* denotes the cases in which correlation between two parameters is not significant at P¢0,0001 (or 99.99%).

Numbers in parenthesis denote cases of paired data sets,

Table 4, Results of correlation analysis of daily mean ozone among different altitudes during 1995~1997.

100m 10km 15km 20km 25km 30km
100m (142)
10km —0.038(136) (145)
15km 0.021(129) 0.392"(134) (137)
20km -0,018(127) 0.525*(131) 0.403%(130) (134)
25km 0.082(120) 0,102(125) 0.116(122) 0.208(124) (128)
30km 0.289(109) —0.123(113) —0.135(110) —0.103(112) 04717112 (116)

* denotes the cases in which correlation between two parameters is not significant at P(0,0001 (or 99.99%).

Numbers in parenthesis denote cases of paired data sets,
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Fig. 9. The distribution of mean daily total direct ozone
(MDTDO), stratospheric, and tropospheric ozone
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Table 5, Results of correlation analysis between mean daily
total direct ozone(MDTDO), stratospheric ozone
(Umkehr method), UV-B, and cloud over on the daily mean
basis during 1997.

MDTDO Strato, Ozone  UV-B Cloud Over
MDTDO (208)
Strato, Ozone 0.993(65) (66)
uw-B -0026(192}  0.318™(62) (342)
Cloud Over  —0,1982"(208) —0270"(66) —0,102(342)  (365)

* denotes the cases in which correlation between two
parameters is not significant at P{10™® (or 99.9999%).

* denotes the cases in which correlation between two
parameters is not significant at P{0.001 (or 99.9%).

** denotes the cases in which correlation between two
parameters is not significant at P¢0.005 (or 99.5%).
Numbers in parenthesis denote cases of paired data
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