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The Analysis of the Nocturnal Ozone Variations
over Kangreung and Wonju
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Abstract: This paper analyzed the characteristics of daily ozone variations over Kangreung and Wonju. It was found that
the diurnal cycle of ozone over Wonju has a primary ozone peak in the afternoon and a minimum around sunrise, which
is a typical diurnal ozone cycle observable in the urban area. However, the cycle over Kangreung shows a primary peak
in the afternoon and secondary peak around 3 a.m. The amounts of ozone in the secondary peak is occasionally higher
than that in the primary peak. This nocturnal ozone peak is frequently observed year-round, and the highest frequency and
extent are observed in spring. The possible cause of this nocturnal ozone increase was investigated using meteorological
parameters and the HYSPLIT trajectory model. It was found that the noctumal ozone peak is highly correlated with
strong wind speed, which has led to positive temperature anomaly. The trajectory model revealed that when the secondary
peak occurred, the air was originated from the west and a sinking motion subsequently followed. These findings suggested
that when the westerly wind is strongest in spring, the polluted airs from urban areas are transported to the upper
boundary layer over Kangreung area. In the case of strong wind during the night, nocturnal ozone peaks were produced
by active vertical mixing between lower boundary and upper boundary layers.
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Fig. 1. Monthly (a) and diurnal (b) variations of annual
averaged ozone concentration at surface over Kangreung and
Wonju during 1997.
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Table 1. Frequency of nocturnal ozone concentration increase days; max-min denotes differences of nocturnal maximum and
minimum of monthly mean ozone concentration, number of days denotes number of nocturnal ozone concentration increase days
and the numbers in the parenthesis denote the total number of days for analysis and ratio denotes the percentage of number of

days in table with the numbers in the parenthesis

Year  month 1 2 3 4 5

7 8 9 10 11 12 Total

max-min 6.7 10.3 6.5 103 9.9
number

6 10 119 14 11.4 14 99

9% days 18(28) 17(27) 20(30) 19(21) 16(23) 2131) 22(31) 21(30) 19(30) 15(24) 19(29) 228(333)
ratio (%) 64 63 67 91 70 68 71 70 63 63 66 69
max-min 7.9 6.8 114 205 136 11 54 15 135 94 79 11

97 2‘;’32;; 1727y 1927) 24(30) 16(23) 18(30) 19G31) 18(30) 20(29) 16(29) 19(24) 23(30) 231(335)
ratio(%) 63 70 80 70 60 61 60 69 55 79 77 69
max-min 6.5 116 10 88 10.6 6.7 3.1 56 4.1 62 52 7.1

98 g‘f";‘:; 21(28) 20(28) 21(29) 1930) 16(30) 23(30) 22(31) 18(31) 21(30) 21(28) 15(26) 22(29) 239(350)

ratio 75 71 72 63 53

71 8 70 75 58 76 68
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Fig. 2. Daily variations of average annual temperature (a)
and wind speed (b) at surface over Kangreung and Wonju
during 1997.
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Fig. 3. Daily variations of ozone concentration at surface over
Kangreung and Wonju during 3 to 6 March 1997 (case 1).
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Fig. 4. Backward trajectories calculated by HYSPLIT over
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line), 5 March (dotted line), and 6 March (dashed line)
1997.
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