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Establishing rainfall Evacuation Criteria for residents of steep slopes

Chang Woo Seo, Ki Bum Park’
Department of Disaster Mitigation for Infrastructure of Kyungil University, Gyeongsan 38428, Korea

Abstract

In this study, not only the increase in rainfall for a short period of time but also the increase in rainfall for a longer
duration is frequently occurring according to climate change. Changes in rainfall patterns due to climate change are
increasing damage to steep slopes. The Ministry of Public Administration and Security has been operating the criteria for
evacuation of residents in steep slopes since 2015. However, the damage to steep slopes due to torrential rains in 2020
has been increasing. In this study, rainfall data from areas affected by steep slopes from 1999 to 2020 were collected and
compared with the existing criteria(2015) for evacuation of residents at steep slopes of the Ministry of Public
Administration and Security, and the status of the issuance of resident evacuation forecast was compared. Through this
study, the rainfall criteria for each region were calculated and presented by reflecting the rainfall characteristics of the
steep slope destruction area due to climate change, and it is believed that it can be used as a standard rainfall to reduce
human casualties in the steep slope area in the future.
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Table 1. Steep slope damage(1999~2020)

Year Zonel Zone2 Zone3 Zone4 Zone5 Sum

1999 4 0 2 2 0 8
2000 0 0 5 0 0 5
2001 2 0 3 0 0 5
2002 4 0 0 5 0 9
2003 0 0 0 1 0 1
2004 2 0 0 0 0 2
2005 0 0 0 1 0 1
2006 11 0 2 0 0 13
2007 3 1 0 0 2 6
2008 2 1 2 1 0 6
2009 2 91 4 6 13 116
2010 7 9 50 4 32 102
2011 1 36 92 47 13 189
2012 7 128 2 29 21 187
2013 52 0 2 0 0 54
2014 0 0 0 0 0 0
2015 0 0 0 0 0 0
2016 0 4 0 0 0 4
2017 0 0 0 3 0 3
2018 0 2 4 3 2 11
2019 1 0 0 0 1 2
2020 24 11 13 34 42 124
Sum 123 285 184 140 131 848
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Fig. 1. district classification at study area.
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Table 2. Steep slope evacuation rainfall criteria

(Units : mm)
Zonel 1hr 24hr 48hr
Attention 17 34 63
Alert 21 55 81
Warning 27 104 149
Evacuation 38 148 218

Table 3. Steep slope evacuation rainfall criteria

(Units : mm)
Zone2 1hr 24hr 48hr
Attention 13 74 88
Alert 15 85 94
Warning 24 129 153
Evacuation 34 166 210

Table 4. Steep slope evacuation rainfall criteria

(Units : mm)
Zone3 1hr 24hr 48hr
Attention 19 24 34
Alert 25 48 79
Warning 40 143 181
Evacuation 60 203 266

Table 5. Steep slope evacuation rainfall criteria

(Units : mm)
Zone4 1hr 24hr 48hr
Attention 17 22 74
Alert 20 41 92
Warning 34 88 118
Evacuation 44 120 155

Table 6. Steep slope evacuation rainfall criteria

(Units - mm)
Zone5 1hr 24hr 48hr
Attention 17 53 76
Alert 20 70 98
Warning 32 131 150
Evacuation 45 169 213
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Fig. 2. Normal probability distribution at Zonel(1hr).
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Fig. 3. Normal probability distribution at Zonel(24hr).
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Fig. 4. Normal probability distribution at Zonel(48hr).
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Fig. 5. Normal probability distribution at Zone2(1hr).
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g. 6. Normal probability distribution at Zone2(24hr).
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Fig. 7. Normal probability distribution at Zone2(48hr).
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Fig. 8. Normal probability distribution at Zone3(1hr).
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Probability

Fig.

Probability

Fig.

Probability

Fig.

Probability

Fig.

0.0035
0.003
0.0025
0.002
0.0015
0.001 . L

0.0005 |*

500 600 700 800

Rainfallimm)

10. Normal probability distribution at Zone3(48hr).
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11. Normal probability distribution at Zone4(1hr).
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12. Normal probability distribution at Zone4(24hr).
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13. Normal probability distribution at Zone4(48hr).
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14. Normal probability distribution at Zone5(1hr).

0.005
0.004
0.003
0.002

0001 | w

0.0005 -

o 100 200 300

Rainfallimm)

15. Normal probability distribution at Zone5(24hr).
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Fig. 16. Normal probability distribution at Zone5(48hr).
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Table 7. Comparison of steep slope evacuation rainfall

criteria(24hr) (Units : mm)
Zonel 2015 2020 This Study
Alert 39 89 55
Warning 88 131 104
Evacuation 145 186 148

Table 8. Comparison of steep slope evacuation rainfall

criteria(24hr) (Units : mm)
Zone2 2015 2020 This Study
Alert 88 112 85
Warning 141 146 129
Evacuation 174 181 166

Table 9. Comparison of steep slope evacuation rainfall

criteria(24hr) (Units : mm)
Zone3 2015 2020 This Study
Alert 84 131 48
Warning 184 170 143
Evacuation 203 245 203

Table 10. Comparison of steep slope evacuation rainfall

criteria(24hr) (Units : mm)
Zone4 2015 2020 This Study
Alert 35 102 41
Warning 84 118 88
Evacuation 106 157 120

Table 11. Comparison of steep slope evacuation rainfall

criteria(24hr) (Units : mm)
Zone5 2015 2020 This Study
Alert 55 102 70
Warning 115 118 131
Evacuation 155 213 169




Table 12. Comparison of forecast warning result

Zonel 1hr 24hr 48hr
Attention 2 2 -1
Alert -1 2 3
Warning -5 4 3
Evacuation 3 -8 -6

Table 13. Comparison of forecast warning result

Zone2 1hr 24hr 48hr
Attention -26 -27 -37
Alert -59 -7 18
Warning 20 -5 7
Evacuation 25 42 12

Table 14. Comparison of forecast warning result

Zone3 1hr 24hr 48hr
Attention -3 -3 0
Alert -11 -8 -9
Warning -5 -11 1
Evacuation 22 25 13

Table 15. Comparison of forecast warning result

Zone4 1hr 24hr 48hr
Attention -13 10 -6
Alert 0 2 -3
Warning -4 2 2
Evacuation 20 -7 -2

Table 16. Comparison of forecast warning result

Zone5 1hr 24hr 48hr
Attention -5 0 -1
Alert -5 4 5
Warning 7 1 1
Evacuation 3 -8 -8
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