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Climatological Characteristics and Trends of Instability Indices
and Environmental Parameters for Rainy Season over South Korea
Using Rawinsonde Data
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Abstract The frequency and intensity of extreme weather events are increasing due to climate
change, causing significant social and economic damage. Consequently, understanding the cli-
matological atmospheric environment and trends in Korea is becoming important. This study
analyzes diurnal and intra-seasonal variations of instability indices and environmental parame-
ters (Inst_Inds) using rainy season (May to September) upper-air data from seven stations in
Korea. We also analyzed trends in the mean of the Inst_Inds and the counts over the moderately
unstable threshold (MUT). CAPE, LI, and TPW exhibit diurnal variation more unstable at 1200
UTC, while KI, SWEAT, and SSI show the most stable at 0600 UTC. Most Inst Inds show
stronger instability in July and August compared to May, June and September, indicating signifi-
cant intra-seasonal variations. SWEAT and TPW generally show destabilizing trends regardless
of station and month, whereas other indices do not exhibit consistent trends. CAPE and LI show
destabilizing trends at Baengnyeongdo and Bukgangneung, but stabilizing trends at Osan,
Gwangju, and National Typhoon Center. These trends are particularly strong in July and August,
and at Baengnyeongdo and Bukgangneung stations, indicating increased instability in northern
Korea. The tendency of MUT excess frequency varies from station to station in most instability
indices, but TPW shows an increasing trend regardless of the station. The inconsistent trend of
counts over MUT in Inst_Inds with the recent increase in frequency and intensity of heavy rain
in Korea suggests the need to adjust thresholds that currently do not reflect changes in extreme
precipitation characteristics.
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Fig. 1. Spatial distribution of rawinsonde observation stations
used in this study.

Table 1. Summary and analysis period of rawinsonde observation stations used in this study.

. Lat. Lon. MSL Used period
STN No. STN name Abbr. Begin date °N) CE) (m) ()
47090 Sokcho Sco 2001.06.01 38.25 128.57 23 23
47104 Bukgangneung Bgn 2015.12.24 37.81 128.86 79
47102 Baengnyeongdo Bnd 2000.04.01 37.97 124.63 146 24
47122 Osan* Osn 1957.04.01 37.10 127.03 52 30
47138 Pohang Phg 1966.11.12 36.03 129.38 1 30
47155 Changwon Cwn 2014.06.16 35.17 128.57 37 10%*
47158 Gwangju* Gju 1978.01.06 35.12 126.82 13 30
47169 Heuksando Hsd 2003.05.07 34.69 125.45 69 21
47185 Gosan Gsn 1989.01.01 33.29 126.16 71 30
47186 National Typhoon Center NTC 2016.05.23 33.33 126.68 246

*Stations with 4 daily observations
**Not used in trend analysis
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Table 2. Instability levels of instability indices and environmental parameters used in this study.

Instability levels

Instability .
indices Units Marginally Moderately Very Extremely
unstable unstable unstable unstable
CAPE J kgfl 300~500 500~900 900~1,800 > 1,800
KI * 25~30 30~40 40~45 > 45
LI °C 0~-3 -3~—6 —6~-9 <-9
SRH m’ s~ <150 150~300 300~450 > 450
SSI °C 6~3 3~-3 -3~6 <-6
SWEAT * <275 275~300 300~400 > 400
TPW mm 40~50 50~60 60~70 >70
TTI * 42~48 48~54 54~60 > 60
CIN Tkg!

*Dimensionless unit
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Fig. 2. Box and Whisker plot by observation time of (a) CAPE, (b) TPW, (c¢) KI, (d) TTIL, () SWEAT, (f) SSI, (g) SRH, (h) LI,
and (i) CIN calculated from rawinsonde data for the last 30 years (1994~2023). The three horizontal color lines represent the
stability level, moderately, very, and extremely unstable. The black lines and dots in the box represent the median and mean
values, respectively.
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Table 3. Station averaged coefficient of variation (%) of instability indices by observation time.

Obs. time Instability indices
(UTC) CAPE TPW KI TTI SWEAT SSI SRH LI CIN
0000 135.42 25.85 32.23 11.82 34.41 103.98 70.47 107.19 121.00
0600 129.90 28.02 34.68 11.43 37.57 9441 68.73 93.83 142.48
1200 130.05 27.93 34.49 11.91 37.03 99.01 69.15 97.05 122.87
1800 125.35 25.61 33.07 11.85 35.67 100.54 65.03 99.52 129.31
Ave. 130.18 26.85 33.62 11.75 36.17 99.49 68.35 99.40 128.92

Table 4. Percentage (%) of instability indices exceeding very unstable threshold (VUT) and extremely unstable threshold

(EUT) by observation time.
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Fig. 3. Box and Whisker plot by month and station of (a) CAPE, (b) TPW and (c) KI calculated from Rawinsonde data for the
last 30 years (1994~2023). The three horizontal color lines represent the stability level, moderately, very, and extremely
unstable, respectively. The black lines in the box represent the median values.
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Table 5. Trends of monthly average instability indices by station and month. Red color indicates unstable trend, while blue
color indicates stable trend. The darker color indicates the stronger trend.
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Table 6. Trends of counts over threshold by station and month. Red color indicates increasing trend, while blue color indicates
decreasing trend. The darker color indicates the stronger trend.

o et CAPE Ki SSI SWEAT LI TTI SRH TPW
ion on
#y! #y? #y? #y? #y? #y! #y? #y*
May 0.01 0.20%** 0.00 0.07 0.00 0.21 0.42**  0.14**
Jun 0.02 0.29 0.06 0.18** 0.05 0.19 0.28** 0.10
Bnd Jul 0.13** 0.33 0.04 -0.01 0.09* -001 008
(24year)
Aug 0.27%** 035 0.05 016 0.17*** 0.01 0.03
Sep 0.05%** 021 0.00 0.08 0.08*** 0.05 0.19
May 0.00 0.09 -0.01 0.06 -0.01 0.05 015
Jun 0.02 021 0.00 005 0.03 0.06 0.10
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Aug 009 | @57* 006 016 0.05 0.02 0.06 —I
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May 0.00 0.00 0.01 0.09** 0.00 -007 0.03 0.07
Jun 0.01 0.10 0.00 0.08 -0.03 -0.05 003 003
Osn Jul -0.18 0.18 0.00 011 -0.15 -0.01 007 0.09
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Avg | -027%** 0.09 0.03 002 | -020** 002 012 0.08
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0,05 <p < 0.1, **: 0.01 <p < 0.05, ***: p < 0.01
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