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Abstract

As the frequency and intensity of extreme weather events due to climate change are increasing in recent years, it is very important to
evaluate and analyze climate conditions to manage and respond to the negative effects of climate change in advance. In this study, the
trends and characteristics of regional climate change were analyzed by calculating the climate indices for the Chungcheong Province.
Annual and monthly UNEP-MP, UNEP-PM and MDM indices were calculated using daily data from 1973-2020 collected from 10
synoptic meteorological stations operated by the Korea Meteorological Administration. The normality of climate data was analyzed
through the KS test, and the climate change trend was analyzed by applying the Spearman and Pearson methods. The Chungcheongnam-do
region had a relatively humid climate than the Chungcheongbuk-do region, and the annual climate indices showed a dry climate trend
in Cheongju and Chungju, while the climate of Seosan and Buyeo was becoming humid. Based on the monthly trend change analysis,
a humid climate trend was observed in summer and autumn, while a dry climate trend was observed in spring and winter. Comparison
of climate indices during the past (2001-2010) and the recent (2011-2020) years showed a higher decrease in the average climate indices
during the last 10 years and a gradually drying climate change trend was recorded.
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Table 1. Climatic classification of MDM index and UNEP index
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H | Humid | >065 | ppp |Fyperhumidi o
type B
H humi

SH  [Sub-humid| 0.5 10 0.65 | HHa | F¥Perhumid | o s

type A
SA | Semi-arid | 0.2t0 0.5 H Humid 28 to 35
A Arid  ]0.05t0 <0.2| SH Sub-humid |24 to 28
HA |Hyperarid| <0.05 M |Mediterranean|20 to 24
SA Semi-arid |10 to 20
A Arid 5to 10

HA Hyper-arid <5

__~A )
=70 @

where, , =MDM index, P, = annual precipitation (mm), T

= annual mean temperature (C).
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" ID Name Latitude. | Longitude | Elevation Remarks
‘% /) gecheon 129  Seosan | 36°46 | 126°29° | 28.9
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Seumsan 135 | Chupungryeong | 36°13° | 127°59" | 244.7 Ch““gfzi?“gb“k
o 221 Jecheon 37°09° | 128°11° | 263.6
0 10 20 40 60 §
Kilsieters 226 Boeun 36°29° | 127°44° | 175

Fig. 1. The weather stations within the study area
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Fig. 2. Annual average meteorological data and PET

Table 2. Occurrence frequency (%) of climate conditions based on UNEP-MP index during 1973-2020 for the selected weather stations

St Climate Condition
HA A SA SH H

Seosan 1.56 7.99 19.97 10.76 59.72
Cheonan 1.22 7.81 2222 9.20 59.55
Boryeong 1.04 7.99 19.27 9.55 62.15
Buyeo 1.04 5.56 18.58 7.64 67.19
Geumsan 0.87 5.21 16.84 9.20 67.88
Chungju 1.39 7.99 20.49 10.59 59.55
Cheongju 1.56 9.03 21.88 9.72 57.81
Chupungyeong 1.74 8.51 26.74 12.33 50.69
Jecheon 0.87 5.73 18.06 11.81 63.54
Boeun 1.22 5.38 20.66 8.68 64.06

Note: HA = Hyper arid, A = Arid, SA = Semi-arid, SH = Sub-Humid, H = Humid

Table 3. Occurrence frequency (%) of climate conditions based on MDM index during 1973-2020 for the selected weather stations

S Climate Condition
HA A SA M SH H HHA HHB
Seosan 3.99 5.21 12.33 6.60 6.25 9.55 23.61 32.47
Cheonan 3.30 5.90 14.58 5.90 5.38 11.63 20.66 32.64
Boryeong 2.78 6.25 13.37 6.42 6.60 10.07 22.57 31.94
Buyeo 3.65 4.86 14.41 5.03 3.99 8.33 2222 37.50
Geumsan 2.60 3.82 12.50 6.77 4.86 8.33 25.69 35.42
Chungju 3.30 5.56 15.10 6.77 6.08 9.90 22.05 31.25
Cheongju 3.30 7.12 14.06 5.73 6.42 9.55 22.74 31.08
Chupungyeong 3.13 4.17 14.76 6.42 6.60 8.16 26.56 30.21
Jecheon 2.43 3.13 13.37 4.51 5.38 10.94 20.31 39.93
Boeun 2.26 3.82 14.24 6.42 4.51 9.20 22.40 37.15

Note: HA = Hyper-arid, A = Arid, SA = Semi-arid, M = Mediterranean, SH = Sub-humid, H = Humid, HHA = Hyper humid Type A, HHB =
Hyper humid Type B
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Fig. 4. Komologorov-Smirnov test results for UNEP-MP index
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Table 4. P-Values for monthly climate indices based on the Komologorov-Smirnov test (o = 0.05)

oo Chungju Seosan Cheongju Chupungryeong Jecheon
U-MP | U-PM | MDM | U-MP | U-PM | MDM | U-MP | U-PM | MDM | U-MP | U-PM | MDM | U-MP | U-PM | MDM
Jan. | 0.013 | 0.000 | 0.013 | 0.081 | 0.099 | 0.081 | 0.035 | 0.107 | 0.035 | 0.054 | 0.132 | 0.054 | 0.012 | 0.000 | 0.012
Feb. | 0.271 | 0.177 | 0.271 | 0.542 | 0.549 | 0.542 | 0.255 | 0.347 | 0.255 | 0.375 | 0.850 | 0.375 | 0.105 | 0.251 | 0.105
Mar. | 0369 | 0.680 | 0.369 | 0.199 | 0.374 | 0.199 | 0.543 | 0.594 | 0.543 | 0.489 | 0.649 | 0.489 | 0.330 | 0.186 | 0.330
Apr. | 0.618 | 0.699 | 0.618 | 0.454 | 0.370 | 0.454 | 0.376 | 0.506 | 0.376 | 0.350 | 0.378 | 0.350 | 0.146 | 0.295 | 0.146
May. | 0916 | 0.963 | 0.916 | 0.669 | 0.926 | 0.669 | 0.888 | 0.561 | 0.888 | 0.568 | 0.499 | 0.568 | 0.941 | 0.768 | 0.941
Jun. | 0.207 | 0.251 | 0.207 | 0.245 | 0.345 | 0.245 | 0.257 | 0.308 | 0.257 | 0.143 | 0.538 | 0.143 | 0.119 | 0.236 | 0.119
Jul 0.533 | 0.546 | 0.533 | 0.925 | 0.929 | 0.925 | 0.286 | 0.531 | 0.286 | 0.379 | 0.643 | 0.379 | 0.297 | 0.408 | 0.297
Aug. | 0.197 | 0.206 | 0.197 | 0.172 | 0.179 | 0.172 | 0.251 | 0.503 | 0.251 | 0.524 | 0.766 | 0.524 | 0.053 | 0.062 | 0.053
Sep. | 0.461 | 0.591 | 0.461 | 0.380 | 0.451 | 0.380 | 0.572 | 0.656 | 0.572 | 0.190 | 0.400 | 0.190 | 0.381 | 0.328 | 0.381
Oct. | 0.111 | 0.111 | 0.111 | 0.057 | 0.067 | 0.057 | 0.152 | 0.161 | 0.152 | 0.142 | 0.268 | 0.142 | 0.090 | 0.078 | 0.090
Nov. | 0.228 | 0.467 | 0.228 | 0.121 | 0.371 | 0.121 | 0.052 | 0.169 | 0.052 | 0.136 | 0.275 | 0.136 | 0.091 | 0.246 | 0.091
Dec 0317 | 0.671 | 0.317 | 0.205 | 0.074 | 0.205 | 0.800 | 0.627 | 0.800 | 0.445 | 0.940 | 0.445 | 0.330 | 0.197 | 0.330
Note: U-MP is UNEP-MP, U-PM is UNEP-PM, and the gray background shows normality is not satisfied
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Fig. 8. Comparison of past and recent monthly variations in UNEP-MP index for the Chungcheong-do
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