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Abstract

As industrialization and urbanization progress extensively, climate change is intensifying due to greenhouse gas
emissions. In Korea, the average temperature increased, and the annual precipitation also increased due to climate
change. In addition, the meaning of the solar term, which expresses seasons according to the movement of the
sun, is also being overshadowed. Therefore, this study investigated the seasonal changes and solar—term changes
of average temperature and precipitation observed in the past as well as simulated for future RCP climate change
scenarios for five major regions (Capital Region, Gyeongsang, Chungcheong, Jeolla, and Gangwon). For the
seasonal length, the length of summer became longer, the length of winter became shorter nationwide, and the
precipitation in summer generally increased compared to the past. In the Chungcheong area, under the RCP 8.5
scenario, the length of summer increased by 46%, precipitation increased by 16.2%, and the length of winter
decreased by 31.8% compared to the past. For the solar term, the temperature rose in all seasons. In the
Chungcheong area, under the RCP 8.5 scenario, the temperature of major heat increased by 15.5%, and the
temperature of major cold increased by 75.7% compared to the past. The overall results showed that the
hydrological characteristics of the season and solar term were identified by region, which can be used as basic
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data to prepare policies to respond to climate change.
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Fig. 1. Study area
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Table 1. Overview of RCP scenarios

Type Definition CO, Concentration in 2100
RCP 2.6 Carbon dioxide emissions start declining by 2020 and go to zero by 2100 420 ppm
Carbon dioxide emissions start declining by approximately 2045 to reach
RCP 4.5 roughly half of the levels of 2050 by 2100 540 ppm
RCP 6.0 Carbon dioxide emissions peak around 2080, then decline 670 ppm
RCP 8.5 Carbon dioxide emissions continue to rise throughout the 21st century 940 ppm
Table 2. Meanings of seasons
Season Meaning
Spring The first day when the average daily temperature rises above 5 degrees and never drops again
Summer The first day when the average daily temperature rises above 20 degrees and never drops again
Autumn The first day when the average daily temperature falls below 20 degrees and then never falls again
Winter The first day when the average daily temperature falls below 5 degrees and then never falls again
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Table 3. Meanings of 24 solar terms

Season Name of Solar term Date Season Name of Solar term Date
Start of spring 2/3~4 Start of autumn 8/7~8
Rain water 2/18~19 Limit of heat 8/23~24
) Awakening of insects 3/5~6 White dew 9/7~8
Spring - Autumn -
Vernal Equinox 3/20~21 Autumnal equinox 9/22~23
Clear and bright 4/4~5 Cold dew 10/8~9
Grain rain 4/21~21 Frost descent 10/23~24
Start of summer 5/5~6 Start of winter 11/7~8
Growing grain 5/20~21 Minor snow 11/22~23
Awned grain 6/5~6 . Major snow 12/7~8
Summer - Winter - -
Summer Solstice 6/21~22 Winter Solstice 12/21~22
Minor heat 7/7~8 Minor cold 1/5~6
Major heat 7/22~23 Major cold 1/21~21
Table 4. Calculations of two—way ANOVA
Factor Sum of squares Dgress of Mean squares F ratio
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Fig. 3. Analysis of winter length (days)
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Table 5. ANOVA results for season length
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_,_094 ———7]-El=_Q_ u—t! ]oﬂo] 7:]&1—:.14 x{a}-ﬂoﬂ/\-] 42% o]ﬂ-
oz Yepom RCP 4.5 AU 99 A9 22% ooz
e

J

AL O34 1974~2099¢ 2] 5¢ o] WA H 7]|&
Zhié 01%5}04 71778 A AAgE ZF A719] dte] ohet
A7l 1A 309 7]2Hct *Jﬂ?fghi 7]-20]

£ mdsts tidolA 94 4 LE, oq °] z47] EAs}
£ tAelA A Hls)] mFele 7ol F7lehe AoR
Uitk T3 RCP 8.5¢ wff A7]¢] 7122 RCP 4.5¢ uj
°of Hlg} =5 %—Ol I Zo= Yehdt AsEo] Ad 2
RCP 8.591419] thAjell digt B2t mjef $57] 7]2 2jo]

o] AL, Swd, AW, 237, A, F9Y 2o=

LIl S L

Season Scenario Variable Factor p—value .F ra o) Il pretiesity
F rejection value result
period 1.46.E-03 2.31 rejection
Summer RCP 4.5 region 1.99E-06 5.96 rejection
b RCP 8.5 period 2.29E-07 8.31 rejection
) region 3.06E-06 5.64 rejection
RCP 45 per'lod 2.30.E-02 1.25 re].ect%on
Winter region 4.19.E-11 20.81 rejection
RCP 8.5 period 3.26E-05 4.30 rejection
) region 7.64E-12 24.98 rejection
Table 6. ANOVA results for precipitation
Season Scenario Variable Factor p—value .F ra o) il oyt
F rejection value result
period 1.26.E-05 492 rejection
RCP 4.5 - .
region 5.56.E-07 7.01 rejection
Summer - —
period 1.60.E-05 476 rejection
RCP 8.5 - —
region 1.78.E-06 6.05 rejection
Table 7. ANOVA results for solar term
Solar term Scenario Variable Factor p—value .F r.atlo/ Nl Lot
F rejection value result
period 1.10.E-03 2.43 rejection
RCP 4.5 - -
Major region 1.13.E-04 3.40 rejection
heat period 2.70.E-10 18.17 rejection
RCP 8.5 - —
region 3.31.E-06 5.58 rejection
period 6.89.E-03 1.68 rejection
RCP 4.5 - —
Major region 6.04.E-13 32.68 rejection
cold period 3.13.E-08 10.56 rejection
RCP 8.5 - -
region 7.58.E-13 31.91 rejection
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