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Abstract In this study, we present an algorithm that analyzes the risk by reflecting regional
characteristics for factors affected by direct and indirect damage from heavy-snow. Factors
affected by heavy-snow damage by 29 regions are selected as influencing variables, and the
concept of sensitivity is derived through the relationship with the amount of damage. A snow
damage risk prediction model was developed using a machine learning (XGBoost) algorithm by
setting weather conditions (snow cover, humidity, temperature) and sensitivity as independent
variables, and setting the risk derived according to changes in the independent variables as
dependent variables.
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A Study on the Real-Time Risk Analysis of Heavy-Snow according to the Characteristics of Traffic and Area
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Table 1 Region—-Sensitivity Independent Variable

Construction Environmental

Geographical

Social Eonomy

Old-building
High-rise building
Empty house
Rooftop garden
Bridge

Vinyl greenhouse
Ginseng houses
Orchard
Ranch land
Forest area

Field

GRDP
Aging population
Qualified recipient

Company
Farming population

Population
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RS : Region Sensitivity (X 9®17%)
FP : Forest Area (AFgw %))

EH : Empty House (¥1%)

GH : Ginseng Houses (14w 2])
RP : Rice Paddy (= H#)

RL : Ranch Land (&573-8X])

OH : Orchard (¥=¢1)

VG : Vinyl Greenhouse (H]
FD : Field (& W34)
GRDP :
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Gross Regional Domestic Product
CERE R Ry

Table 3 Region—Sensitivity Correlation Coefficient
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Table 4 Region-Sensitivity High Rank

. Region
Country City .
Sensitivity

Jeju—do Seogwipo—si 1

Jeju—do Jeju—si 092
Jeollabuk-do  Gochang—-gun 041
Chungcheong L

buk—do Cheongju-si 0.39
Chungcheong Geomsan—gun 0.35

nam-do
Gyeongsang .

buk—do Andong-si 0.33
Jeollanam-do  Haenam-gun 0.32
Gyeonggi—do Yangpeong™ 0.31

gun

Independent Correlation
. p-value .
Variable Coefficient
Farming Population 1.741e-35 0.3

8.014e-24 0.39
6.814e-16 0.43
2.982e-10 0.44

Forest Area
Empty House

Ginseng Houses

Rice Paddy 1.186e-18 04
Ranch Land 0.0002 0.39
Orchard 1.512e-11 0.61
Vinyl Greenhouse 0.0217 0.46
Field 4.418e-16 0.58
GRDP 1.495e-33 -0.11

Table 5 Region-Sensitivity Low Rank

) Region
Country City .
Sensitivity
Seoul Jung-gu 0
Seoul Gangnam-gu 0.01
Seoul Jongro-gu 0.01
Seoul Youngdengpo 0.01
~gu
Seoul Yongsan-gu 0.18
Seoul Dongzak-gu 0.19
Seoul Dobong-gu 0.02
Seoul Gangseo—gu 0.02
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FW : Freight Worker (3}&3]|AF FAMAF &)
NC : The Number of Cars Registered (A}
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Correlation
Coefficient
0.29
0.55
0.3
0.61
0.46
0.33
0.26
0.38

-35
-33

p—value

8.826e

7.103e

1.223e-26
1.241e-20
6.471e-18
8.122e-05
5.841e-06
3.859e-06

Independent
Variable
City—Bus User
Bus Worker
Freight Worker
The Number of
Cars Registered
Estimated
Bus-Traffic
Estimated
Car-Traffic
Bridge
Underpass

Table 6 Traffic-Sensitivity Correlation Coefficient
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Table 7 Traffic-Sensitivity High Rank

C Ci Traffic
ountry ity Sensitivity
Gyeonggi—do Suwon-si 1
Gyeonggi—-do Seongnam-—si 0.86
Gyeongsang Changwon-si 0.79
nam-do
Gyeonggi-do Hwaseong-si 0.7
Gyeonggi—-do Goyang-si 0.69
Gyeonggi—do Yongin-—si 0.66
Chmecheong ¢y ongiusi 061
buk-do
Seoul Songpa-pu 0.58

Ao A 4apd o2 B )
9o AEs Alaz <l
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Table 8 Traffic-Sensitivity Low Rank

C Ci Traffic
ountry ity Sensitivity
Incheon Ongjin—-gun 0
Gyeongsang . 1 he gun 0.001
buk-do
Jeollanam-do Jindo—gun 0.01
Chungcheong Jeungpyeong 0,01
buk-do -gun '
Jeollanam-do  Sinan-gun 0.01
Gangwon-do Yanggu-gun 0.01
Jeollanam-do  Wando-gun 0.01
Gangwon-do L1 vacheon 0.01
gun

Ap2|g b

=4

A

Wi
EHIR L TARNS

. B85 EERs(AEES

Fig. 3 Traffic-Sensitivity
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Table 9 Heavy-Snow High Rank

Heavy-Snow

Country City Sensitivity

Jeju-do
Jeju-do
Gyeongsang
nam-do
Gyeonggi—do
Chungcheong
buk-do
Gyeonggi—do
Gyeonggi—do
Gyeonggi—do

Jeju-si 1
Seogwipo—si 0.77

Changwon-si 0.75
Suwon-si 0.74
Cheongju-si 0.69

Goyang-—si 0.63
Hwaseong-—si 0.61
Seongnam-si 0.6

W, S °]
AF2AL A5 9 FA4 Ao mpEw Ao A
AT 71 E7F Zb vk b B A9
AFA = A7 k. s Fdrle] F
$ A9 ugm=rF 2297 Al 7)ol A 139
AR =1 2% APREE 2AAE Zol fgiAvl
#EOEI w2 A3tE BTk Fig 4= diAdw
Table 10 Heavy-Snow Low Rank
. Heavy-Snow
Country City Sensitivity
Gyeongsang B
buk-—do Ulleung—gun 0
Chungcheong Gyeryong-si 0.01
nam-—do
Incheon Ongjin—gun 0.01
Incheon Dong-gu 0.02
Chungcheong Jeungpyeong
0.03
buk-do -gun
Gangwon-do Sokcho-si 0.03
Gyeonggi—do Dong(jlslicheon 0.04
Busan Seo—-gu 0.04

T

( s

7w

¥ T
1 A Ea : "y
"~ Fpm HWED |
GRS L IARRD

HAREL] Bam kean] AFET

Fig. 4 Heavy-Snow Sensitivity
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Heavy-snow damage costs

5.3cm
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snow damage costs
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Heavy
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B Heavy-snow damage costs

2.4 3t o olE{ M (dolE2a) Fig. 5 Hapcheon—gun Heavy-Snow Damage
Costs
APEE =F37] 98 A wE 93
Table 11 Training Data—Set
. . Heavy—snow
Country City Temperature Humidity Snowfall sensitivity Hazard
Gyeongsang
Ulleung— -36 87 9.8 0 9
buk-do eun
Jeollanam-do  Gochang—gun -10.07 % 29.36 03 7
Chungcheong 5 B
namdo Seocheon—gun 114 PN 25 011 6
Daejeon Dong—gu -12.42 87 12 0.14 3
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Table 12 Parameter Set Value K
L
Hyper Parameter Set Value
Base_score 0.5
colsample_bylevel 1
max_depth 6
n_estimators 100
random_state 5488
tree_method auto
use_label_encoder True
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Table 14 Gyeongsang, Jeollabuk—-do Heavy-Snow
Hazard (01-25-2016)

Heavy—-Snow

Country City Sensitivity Hazard
Gyeongsang ~ Ulleung— 0 9
buk-do gun
Jeollabuk-  Gochang— 03 3
do gun
Jeollabuk- Jeong.eup 024 7
do —si

Fig. 8% 20184 11¥ 249 <A 10A] 22974
Ao Pd=E AlZtsist Azo|t}. Table 15
o} 2ol MEEHAIY HdFgo] 88cm=E 7

=

o L e o EE
TEk Eﬁ,ﬁ R,
T lawe Axke— AT
e AREE

Fig. 8 Heavy-Snow Hazard (11-24-2018)
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Table 15 Seoul, Gyeonggido Heavy-Snow
Hazard (11-24-2018)

Heavy-Snow
Sensitivity
Seoul  Angnam 027

Hazard

Seoul Seocho—gu 034
0.03
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Fig. 9 Seoul, Gyeonggido Heavy-Snow Hazard
(11-24-2018)
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Fig. 10 Heavy-Snow Hazard (2015-11-26)
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Table 16 Chungcheonnam-do Heavy-Snow
Hazard (11-26-2015)

Heavy-Snow
. Heavy-Snow
City . Hazard Damage
Sensitivity Costs

Asan-—si 0.25 6 302,349
Chezrilan_ 053 6 341,008
Seocheon- 0.11 4 260,341
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