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ABSTRACT

This study aims to project the number of trail closure days in 18 mountainous national parks across South Korea based
on climate change scenarios. Using SSP2-4.5 (intermediate scenario) and SSP5-8.5 (high-emission scenario), closure days
caused by heavy rainfall, heavy snow, heatwaves, and cold waves were analyzed for the period from 2026 to 2100. Under
SSP2-4.5, rainfall-induced closures gradually increased or remained steady, whereas SSP5-8.5 showed a more pronounced
long-term increase. Snow-related closures remained constant under SSP2-4.5 but showed a mid-term rise followed by a slight
decrease under SSP5-8.5, ultimately resulting in a net increase. Heatwave-induced closures increased under both scenarios,
with a significantly sharper rise under SSP5-8.5, emphasizing the urgency of climate mitigation. Cold wave-related closures
decreased overall, with a steeper decline under SSP5-8.5, indicating differentiated impacts depending on the climate pathway.
Among the four climate hazards, heatwaves had the most notable influence. The average number of closure days due to
heatwaves was projected to be 8.9, 13.8, and 16.4 days for the periods 2026 - 2050, 2051 - 2075, and 2076 - 2100 under
SSP2-4.5, and 10, 22, and 42.8 days under SSP5-8.5, respectively. These findings highlight the need for proactive management
strategies, including the establishment of preemptive closure criteria to prevent heat-related casualties. Additionally, as
precipitation patterns show increasing variability rather than a steady rise, enhancing early warning systems and disaster
infrastructure becomes essential. This study provides quantitative insights into climate-driven disaster risks, offering practical

baseline data for scientific trail management, early warning improvements, and visitor safety enhancement in national parks.

Key words : Climate Change, Korea National Parks, Trail Closure Days, Disaster Management, Heavy Rainfall, Heavy
Snowfall, Heatwaves, Cold Waves
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Fig. 1. Recent trend in special weather advisories (2020-2024)

Meteorological warning criteria (Korea Meteorological Administration)

Type

Advisory

Warning

Heavy

Rain

When the accumulated rainfall over 3 hours is expected to
exceed 60mm, or when the accumulated rainfall over 12 hours

is expected to exceed 110 mm

When the accumulated rainfall over 3 hours is expected to
exceed 90mm, or when the accumulated rainfall over 12 hours

is expected to exceed 180 mm

Heavy

Snow

When the snow accumulation over 24 hours is expected to

exceed 5cm

When the snow accumulation over 24 hours is expected to
exceed 20 cm. However, in mountainous areas, when the snow

accumulation over 24 hours is expected to exceed 30cm

Cold
Wave

Between October and April, when any of the following occurs:

(O When the morning low temperature is expected to drop by
more than 10°C compared to the previous day, and is
expected to be 3°C or lower, and more than 3°C below the
normal value

(@ When the morning low temperature is expected to be below
-12°C for more than two days

(® When a severe cold wave is expected to cause significant

damage

Between October and April, when any of the following occurs:

(D When the morning low temperature is expected to drop by
more than 15°C compared to the previous day, and is
expected to be 3°C or lower, and more than 3°C below the
normal value

@ When the morning low temperature is expected to be below
-15°C for more than two days

(® When a sudden cold wave is expected to cause significant

damage over a wide area

Heat
Wave

When a heat wave is expected to cause any of the following:

(D When the daily maximum perceived temperature is expected
to exceed 33°C for more than two days

@ When a rapid increase in perceived temperature or

prolonged heat wave is expected to cause significant

damage

When a heat wave is expected to cause any of the following:

(D When the daily maximum perceived temperature is expected
to exceed 35°C for more than two days

(@ When a rapid increase in perceived temperature or prolonged
heat wave is expected to cause significant damage over a

wide area
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Table 2. List of study areas
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No. National Park No. National Park
1 Jirisan National Park 10 Chiaksan National Park
2 Gyeryongsan National Park 11 Woraksan National Park
3 Seoraksan National Park 12 Bukhansan National Park
4 Sokrisan National Park 13 Sobeksan National Park
5 Naejangsan National Park 14 Wolchulsan National Park
6 Gayasan National Park 15 Byeonsanbando National Park
7 Deogyusan National Park 16 Mudeungsan National Park
8 Odaesan National Park 17 Taebaeksan National Park
9 Juwangsan National Park 18 Palgongsan National Park
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Fig. 2. Location of the study areas
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(1990)2] W14 BARFE ol8siol AT B N Seeniobas T
(SR, Snow Rate=Snow Depth /Precipitation Depth)E A} ~ ’Data provided
a= ].Oﬂ‘:_E'ﬂ 9 /R]-X%/\L% /5_], (1)311— {__]_q_ : :, (heawy rainfall, heatwaves, coldwaves)
Projection and
Analysis of Future |«
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1+exp[T] Fig. 3. Research procedure
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Table 3. Criteria for calculating control days

Category Heavy Rain Heavy Snow Heat Wave Cold Wave
Heavy Rain Advisory issued Heavy Snow Advisory
(When the accumulated rainfall issued Decided based on Decided based on
Current Control | over 3 hours is expected to exceed (When the snow comprehensive judgment comprehensive judgment
Criteria 60mm, or when the accumulated | accumulation over 24 considering the situation considering the situation
rainfall over 12 hours is expected | hours is expected to on-site on-site
to exceed 110 mm) exceed 5cm)

When the minimum

Preceding Considered heavy rain when the When the daily maximum |temperature is expected to be
Research accumulated rainfall exceeds - temperature exceeds 33°C, | below -12°C for more than
Analysis 80 mm fatalities rise sharply two days according to the

weather advisory

Control Days . . . Number of days with | Number of days with daily | umber of days with daily
K Number of days with daily rainfall . . .
Calculation . snow accumulation maximum temperature minimum temperature below
o exceeding 80 mm . .
Criteria exceeding 5 cm exceeding 33°C -12°C

Journal of Climate Change Research 2026, Vol. 17, No. 2
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717y Z47F 2039, 23.99Y, 22.59F YERY, 1.2 1uﬁ
B2 oA SAILT7T 37114 O VIRt & oi HAa
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(Unit: Days)

SSP2-4.5 SSP5-8.5

The 2026 2051 2076 Number of days of The 2026 2051 2076 Number of days of

Park Name ~ ~ ~ increase ~ ~ ~ increase

Present] 5050 | 2075 | 2100 PrESntl 5050 | 2075 | 2100

I e O e I I R CE N O o B B U IR R
Jiri 5.6 6.2 6.4 6.9 0.6 0.8 1.3 5.6 5.7 6.7 7.1 0.1 1.1 1.5
Gyeryong 0.8 1.4 1.7 1.7 0.6 0.9 0.9 0.8 1.3 1.4 1.7 0.5 0.6 0.9
Seorak 3.7 4.1 4.6 4.8 0.4 0.9 1.1 3.7 3.6 3.8 5.0 -0.1 0.1 1.3
Sokri 1.8 2.6 3.1 2.8 0.8 13 1.0 1.8 2.7 2.4 2.9 0.9 0.6 1.1
Naejang 3.0 3.1 3.8 3.9 0.1 0.8 0.9 3.0 3.1 3.6 3.8 0.1 0.6 0.8
Gaya 4.2 3.8 4.1 4.3 -0.4 -0.1 0.1 4.2 3.6 3.9 4.2 -0.6 -0.3 0.0
Deogyu 2.6 2.6 2.6 2.5 0.0 0.0 -0.1 2.6 2.4 2.5 2.7 -0.2 -0.1 0.1
Odae 2.5 3.5 34 3.5 1.0 0.9 1.0 2.5 2.7 3.1 3.6 0.2 0.6 1.1
Juwang 1.4 1.9 23 24 0.5 0.9 1.0 1.4 1.8 2.0 2.4 0.4 0.6 1.0
Chiak 2.7 3.7 3.6 34 1.0 0.9 0.7 2.7 3.0 3.1 3.5 0.3 0.4 0.8
Worak 1.6 3.0 3.5 3.1 1.4 1.9 1.5 1.6 1.9 2.3 3.5 0.3 0.7 1.9
Bukhan 2.6 3.8 3.8 3.7 1.2 1.2 1.1 2.6 3.2 3.5 3.6 0.6 0.9 1.0
Sobek 3.9 43 5.0 4.7 0.4 1.1 0.8 3.9 3.8 43 5.1 -0.1 0.4 1.2
Wolchul 2.7 34 4.0 4.4 0.7 1.3 1.7 2.7 3.2 3.7 4.0 0.5 1.0 1.3
Byeonsan 1.6 1.9 2.5 2.5 0.3 0.9 0.9 1.6 1.8 2.1 2.2 0.2 0.5 0.6
Mudeung 2.5 2.5 2.7 3.0 0.0 0.2 0.5 2.5 2.4 2.8 3.0 -0.1 0.3 0.5
Taebaek 2.4 2.7 33 34 0.3 0.9 1.0 2.4 2.4 2.9 3.7 0.0 0.5 1.3
Palgong 2.0 1.7 1.9 2.0 -0.3 -0.1 0.0 2.0 2.0 2.2 2.1 0.0 0.2 0.1
Average 2.6 3.1 3.5 3.5 0.5 0.8 0.9 2.6 2.8 3.1 3.6 0.2 0.5 0.9
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Fig. 4. Increase in the number of closure days due to heavy rainfall warnings relative to the present

Table 5. Control days due to heavy snow
(Unit: Days)

SSP2-4.5 SSP5-8.5

The 2026 2051 2076 Number of days of The 2026 2051 2076 Number of days of

Park Name ~ ~ ~ increase ~ ~ ~ increase

Presentl 2050 | 2075 | 2100 present| o050 | 2075 | 2100

S N BT BTN Mt ol A O B O B T B Bt
Jiri 185 | 266 | 251 | 266 | 81 | 66 | 81 | 185 | 259 | 205 | 267 | 74 | 110 | 82
Gyeryong | 9.1 | 139 | 142 | 149 | 48 | 51 | 58 | 91 | 122 | 166 | 166 | 31 | 75 | 75
Seorak | 9.0 | 225 | 220 | 196 | 135 | 130 | 106 | 90 | 163 | 179 | 168 | 73 | 89 | 78
Sokri 132 | 228 | 228 | 222 | 96 | 96 | 90 | 132 | 206 | 256 | 248 | 74 | 124 | 116
Najang | 199 | 285 | 279 | 275 | 86 | 80 | 76 | 199 | 272 | 310 | 280 | 73 | 111 | 81
Gaya 132 | 201 | 196 | 213 | 69 | 64 | 81 | 132 | 199 | 241 | 218 | 67 | 109 | 86
Deogyu | 248 | 284 | 277 | 294 | 36 | 29 | 46 | 248 | 272 | 307 | 277 | 24 | 59 | 29
Odac 103 | 223 | 220 | 204 | 120 | 117 | 100 | 103 | 196 | 221 | 200 | 93 | 118 | 106
Juwang | 115 | 178 | 180 | 176 | 63 | 65 | 61 | 115 | 168 | 202 | 192 | 53 | 87 | 77
Chiak 132 | 198 | 199 | 199 | 66 | 67 | 67 | 132 | 184 | 221 | 222 | 52 | 89 | 90
Worak | 112 | 238 | 234 | 233 | 126 | 122 | 121 | 112 | 220 | 262 | 247 | 108 | 150 | 135
Bukhan | 126 | 151 | 153 | 147 | 25 | 27 | 21 | 126 | 137 | 171 | 173 | 11 | 45 | 47
Sobek | 132 | 238 | 233 | 228 | 106 | 100 | 96 | 132 | 219 | 256 | 242 | 87 | 124 | 110
Wolchul | 166 | 262 | 266 | 272 | 96 | 100 | 106 | 166 | 246 | 283 | 264 | 80 | 117 | 98
Byconsan | 125 | 280 | 286 | 284 | 155 | 161 | 159 | 125 | 27.5 | 318 | 289 | 150 | 193 | 164
Mudeung | 123 | 200 | 202 | 211 | 77 | 79 | 88 | 123 | 183 | 223 | 218 | 60 | 100 | 95
Tacback | 122 | 219 | 211 | 205 | 97 | 89 | 83 | 122 | 180 | 209 | 192 | 58 | 87 | 7.0
Palgong | 117 | 174 | 174 | 178 | 57 | 57 | 61 | 117 | 145 | 188 | 178 | 28 | 71 | 6.1
Average | 13.6 | 222 | 220 | 220 | 86 | 83 | 83 | 136 | 203 | 239 | 225 | 66 | 103 | 89
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Fig. 5. Increase in the number of closure days due to heavy snow warnings relative to the present
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Table 6. Control days due to heat wave
(Unit: Days)

SSP2-4.5 SSP5-8.5

2026 2051 2076 Number of days of 2026 2051 2076 Number of days of

Park Name The ~ ~ ~ increase The ~ ~ ~ increase

present 2050 | 2075 2100 present 2050 2075 2100

(a) ) © @ (b-a) (c-a) (d-a) (a) ) © @ (b-a) (c-a) (d-a)
Jiri 0.1 0.4 1.1 1.1 0.3 1.0 1.0 0.1 0.4 2.5 7.6 0.3 2.4 7.5
Gyeryong 1.7 7.3 12.6 15.5 5.6 10.9 13.8 1.7 9.4 234 51.3 7.7 21.7 49.6
Seorak 0 0.9 1.9 2.4 0.9 1.9 24 0 1.1 4.0 9.3 1.1 4.0 9.3
Sokri 5.4 12.3 19.8 23.9 6.9 14.4 18.5 5.4 14.8 32.7 63.0 9.4 27.3 57.6
Nacejang 7.0 20.3 28.6 33.9 13.3 21.6 26.9 7.0 21.6 42.9 77.4 14.6 359 70.4
Gaya 0.7 1.2 22 2.7 0.5 1.5 2.0 0.7 1.1 4.5 12.2 0.4 3.8 11.5
Deogyu 0.1 1.4 2.7 3.5 1.3 2.6 3.4 0.1 1.6 5.9 16.8 1.5 5.8 16.7
Odae 0.1 0.7 1.8 22 0.6 1.7 2.1 0.1 0.9 34 8.7 0.8 33 8.6
Juwang 11.3 24.6 323 37.7 13.3 21.0 26.4 11.3 24.1 44.1 74.0 12.8 32.8 62.7
Chiak 0.8 4.5 9.3 10.1 3.7 8.5 9.3 0.8 6.4 17.4 393 5.6 16.6 38.5
Worak 43 5.4 10.4 11.5 1.1 6.1 7.2 43 18.2 37.5 69.3 13.9 332 65.0
Bukhan 5.4 20.0 30.9 345 14.6 25.5 29.1 5.4 23.8 46.7 81.9 18.4 413 76.5
Sobek 0.3 1.7 3.9 4.6 1.4 3.6 43 0.3 2.4 8.1 21.8 2.1 7.8 21.5
Wolchul 7.8 19.3 28.2 34.7 11.5 20.4 26.9 7.8 20.5 435 77.8 12.7 35.7 70.0
Byeonsan 5.7 19.6 30.9 37.0 13.9 252 31.3 5.7 22.5 46.0 80.1 16.8 40.3 74.4
Mudeung 0 7.2 11.9 14.7 7.2 11.9 14.7 0 2.0 7.3 21.8 2.0 7.3 21.8
Taebaek 0.3 2.8 49 5.7 2.5 4.6 5.4 0.3 2.8 8.2 18.7 2.5 7.9 18.4
Palgong 0.5 10.6 15.8 18.8 10.1 153 18.3 0.5 6.9 18.1 39.0 6.4 17.6 38.5
Average 2.9 8.9 13.8 16.4 6.0 11.0 135 29 10.0 22.0 42.8 7.2 19.2 39.9
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m 55P2-4.5Changeinclosuredays (2026—-2050 vs present)m S5P2-4.5 Change inclosure days (2051-2075 vs present)
55P2-4.5 Changeinclosure days | 2076-2100 vs present)m 55P5-8.5 Change inclosure days (2026—-2050 vs present)
o5

W 55P5-8.5 Changeinclosure days (2051-2075 vs present)m S5P5-8.5 Changeinclosure days (2076—-2100 vs present)

Fig. 6. Increase in the number of closure days due to heat wave warnings relative to the present
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Table 7. Control days due to cold wave
(Unit: Days)

SSP2-4.5 SSP5-8.5

The 2026 2051 2076 Number of days of The 2026 2051 2076 Number of days of

Park Name ~ ~ ~ increase ~ ~ ~ increase

present! 2050 | 2075 | 2100 present| 050 | 2075 | 2100

(@ ) © ) (b-a) | (c-a) | (da) (2) ) © @ (b-a) | (c-a) | (d-a)
Jiri 25.3 14.6 8.5 3.8 -10.7 | -16.8 | -21.5 253 9.2 4.0 0.4 -16.1 213 -24.9
Gyeryong 13.3 9.5 4.6 1.6 -3.8 -8.7 -11.7 13.3 5.3 1.9 0.0 -8.0 -11.4 -133
Seorak 39.8 325 24.1 16.9 <713 -15.7 | 229 39.8 25.4 15.5 6.8 -144 | 243 -33.0
Sokri 453 33.7 25.0 17.9 -11.6 | 203 | -274 453 26.4 16.2 6.8 -189 | -29.1 -38.5
Nacjang 11.4 6.0 2.4 0.9 -5.4 -9.0 -10.5 11.4 3.5 1.0 0 -79 -10.4 -11.4
Gaya 19.6 14.7 8.7 3.9 -4.9 -109 | -157 19.6 9.3 4.1 0.4 -103 | -155 -19.2
Deogyu 434 31.2 22.4 15.4 -122 | -21.0 | -28.0 43.4 23.9 13.8 4.6 -19.5 | -29.6 -38.8
Odae 57.6 439 34.8 26.5 -13.7 | -22.8 | -31.1 57.6 36.2 24.2 14.1 214 | -334 -43.5
Juwang 18.7 17.0 11.3 6.1 -1.7 -7.4 -12.6 18.7 11.6 5.8 1.1 -7.1 -12.9 -17.6
Chiak 42.1 35.1 26.4 19.2 -7.0 -15.7 | 229 42.1 27.8 17.4 8.1 -143 | 247 -34.0
Worak 23.9 27.6 19.7 13.1 3.7 4.2 -10.8 23.9 14.5 7.4 1.4 9.4 -16.5 225
Bukhan 10.9 9.6 49 1.7 -1.3 -6.0 9.2 10.9 5.6 2.1 0.1 -5.3 -8.8 -10.8
Sobek 25.1 22.7 15.6 9.5 2.4 9.5 -15.6 25.1 15.7 8.6 23 9.4 -16.5 -22.8
Wolchul 2.5 1.0 0.3 0.1 -1.5 2.2 2.4 2.5 0.4 0.1 0 2.1 2.4 2.5
Byeonsan 0.8 0.3 0.1 0.0 -0.5 -0.7 -0.8 0.8 0 0 0 -0.8 -0.8 -0.8
Mudeung 12.5 1.9 0.7 0.2 -10.6 | -11.8 | -12.3 12.5 3.0 1.0 0 9.5 -11.5 -12.5
Taebaek 315 23.7 16.7 10.4 -7.8 -14.8 | -21.1 31.5 17.8 10.4 3.8 -13.7 | 211 -27.7
Palgong 12.9 7.3 3.6 1.2 -5.6 9.3 -11.7 12.9 5.4 2.0 0.1 -7.5 -10.9 -12.8
Average 24.3 18.5 12.8 8.2 -5.8 -11.5 | -16.0 243 13.4 7.5 2.8 -109 | -16.7 -21.5
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B 55P2-4.5Changeinclosuredays (2026—2050 vs present)m 55P2-4.5 Changeinclosure days (2051-2075 vs present)
58P2-4 5 Changeinclosure days (2076—-2100 vs present)® 55P5-8.5 Change inclosure days (2026—-2050 vs present)
o5

W 55P5-B.5Changeinclosuredays (2051-2075 vs present)m $5P5-8.5 Changeinclosure days (2076—2100 vs present)

Fig. 7. Increase in the number of closure days due to cold wave warnings relative to the present
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