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Estimation of Snow Damages using Multiple Regression Model
- The Case of Gangwon Province -

ABSTRACT

Due to the climate change, damages of human life and property caused by natural disaster have recently been increasing consistently.
In South Korea, total damage by natural disasters over 20 years from 1994 to 2013 is about 1.0 million dollars. The 13% of total damage
caused by heavy snow. This is smaller amount than the damage by heavy rainfall or typhoon, but still could cause severe damage in
the society. In this study, the snow damage in Gangwon region was estimated using climate variables (daily maximum snow depth,
relative humidity, minimum temperature) and scoio-economic variables (Farm population density, GRDP). Multiple regression
analysis with enter method was applied to estimate snow damage. As the results, adjusted R-square is above 0.7 in some sub-regions
and shows the good applicability although the extreme values are not predicted well. The developed model might be applied for the
prompt disaster response.
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Fig. 1. Gangwon Province in South Korea
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Table 1. Total Property Damages in Gangwon Province (Year : 1994~2015)

AL Slat chzaly) mael 484 Wb - 4= A

Facilities Public facilities Private facilities Total Snow Damages
Regions (million won) (million won) (million won)

@ Cheorwon-gun 0.00 1,515.67 1,515.67
@ Chuncheon-si 151.48 4,207.28 4,358.76
® Donghae-si 2,529.96 2,954.66 5,484.62
@ Gangneung-si 2,991.88 20,410.79 23,402.67
® Goseong-gun 490.52 2,559.73 3,050.25
® Hoengseong-gun 0.00 3,819.80 3,819.80
@ Hongcheon-gun 0.00 8,164.93 8,164.93
® Hwacheon-gun 0.00 4,447.34 4,447.34
©) Inje-gun 0.00 890.26 890.26
© Jeongseon-gun 0.00 1,842.31 1,842.31
) Pyeongchang-gun 33.68 7,496.57 7,530.25
® Samcheok-si 5,329.62 7,183.90 12,513.52
® Sokcho-si 0.00 398.45 398.45
® Taebaek-si 0.00 996.39 996.39
® Wonju-si 0.00 3,476.89 3,476.89
® Yanggu-gun 36.46 3,174.51 3,210.97
(W) Yangyang-gun 459.26 2,681.00 3,140.26
Yeongwol-gun 0.00 3,783.08 3,783.08

Total 12,022.86 80,003.57 92,026.43
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Fig. 2. Total Snow Damages in Gangwon Province (Year : 1994~2015)
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Table 2. Definitions of the Independent Variables Applied in This Study

og3ke] 20008 ol A58 Fstel AHgSkck SIshelt
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715 A %S Table 30)] HojFar
1 2070 = 7Kg A3
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Independent variables Definitions(unit) Sources
Daily Maximum Snow depth Cumulative snowfall depth for 24 hours (cm)
Climate . - . .
variables Relative Humidity The ratio of the actual water vapor pressure to the saturation vapor pressure (%)| http://sts.kma.go.kr
Minimum temperature | This is the lowest temperature recorded during a specified period of time (°C)
Socio-economic| Farm population density Estimated farm population density (Farm persons / knr) .
. - - — http://www.kosis.kr
variables GRDP Growth Regional Domestic Product (million won)
Table 3. Statistics of Independent Variables in Sub-Regions
tandard tandard
N | Average Maximum Minimum S .. N | Average Maximum Minimum S .
deviation deviation
Daily maximum [, | ¢ 183 11 52 Daily maximum | e |y 5 300 02 83
snow depth snow depth
Relative | | 759 89.1 56.0 8.8 Relaive | oo 1 708 97.8 605 82
Humidity Humidity
D — ® —
D Minimum o o5 03 268 89 @l Minimum o 1 g 06 -199 58
Temperature Temperature
Farm Population |- |5 5 209 119 31 Farm Population |- o |1 ¢ 218 137 30
density density
GRDP 20 | 1,876,844.8 | 2.278,7160 | 1,117,157.6 | 346,031.4 GRDP 28 | 6,963,597.5 | 8,585,071.1 | 4,497,0462 | 1,740,305.7
Daily maxdimum [ |+ ¢ 5 102.9 00 320 Daily maximum | -5, 1|5, 110.0 02 320
snow depth snow depth
Relative Relative
.1 A 1. 17. 1 X X .1 16.
Humidity 40 75 97.9 31.5 7.8 Fumidity 5 76.8 99.6 35 6.6
/BN . ) .
@] Minimum g 15 97 26 @1 Minimum g g 20 107 3.0
Temperature Temperature
Farm Population 34.0 389 313 3.1 Farm Population |, ) § 255 167 3.1
density density
GRDP 40 |4,610,816.7 | 5,994,377.8 | 3,255,809.1 | 1,036,807.6 GRDP 51 |5,545,187.4 | 6,796,102.2 | 3,823,944.8 | 1,118,304.7
Daily maximum |- (515 5 835 0.0 263 Daily maximum | ) |- g 5 166 09 52
snow depth snow depth
Relaive | 551 50 97.4 209 279 Relave | ) | 16 915 518 9.4
Humidity Humidity
©| Mnimm | o) o 09 131 3.1 @] Minimam )1 g 07 194 6.0
Temperature Temperature
Farm Population | .| o ¢ 106 8.1 10 Farm Population | ) |5 ¢ 17.5 135 1.6
density density
GRDP 55 11,162,396.2 | 1,275,601.0 | 803,045.3 169,681.7 GRDP 22 |2,244,6144 | 2,721,402.1 | 1,822,207.8 | 330,253.1
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Table 3. Statistics of Independent Variables in Sub-Regions (Continue)
. . Standard . . Standard
N | Average | Maximum | Minimum deviation N | Average | Maximum | Minimum deviation
Daily maximum [ g o 360 01 95 Daily maximum | 155 300 02 88
snow depth snow depth
Relative Relative
gy | 3| ™ 925 494 10.7 iy | 2| 78 97.8 468 11.0
& : ® ,
@ Minimum g g 16 239 67 @1 Minimum g6 06 -19.9 56
Temperature Temperature
Farm Population | o | 152 95 22 Farm Population | -, 69 84 52 13
density density
GRDP 37 |3,168,8942 | 3,659,994.8 | 2,035,851.0 | 597,585.8 GRDP 24 | 1,080,6085 | 1371,687.9 | 762,9935 | 2532322
Deily maximum |- 76 319 03 9.0 Daily maximum |0 |5, ¢ 110.1 00 299
snow depth snow depth
Relative | 31 05 905 540 99 Relative | G 1 773 95.6 56.6 120
Humidity Humidity
5 — @ —
@ Minimum 15 4182 54 W Minimum o0 g 35 240 64
Temperature Temperature
FaJmPo;).ulatlon 23 54 6.1 48 05 FarmPoptulanon 9 70 74 66 03
density density
GRDP 23 | 1,493,370.6 | 1,9352192 | 1,076,4545 | 358,540.2 GRDP 69 | 1,972,302.9 | 24623164 | 1,316,8706 | 329,296.1
Daily maximum |, 1) 1262 02 287 Daily maximum |50 o 102.9 00 293
snow depth snow depth
Relative | 1 g3 9.6 58.1 96 Relative | 501 34 979 315 19.7
Humidity Humidity
@ i ® i
W Minimum | 17 240 6.1 @1 Minimum g ¢ 33 97 27
Temperature Temperature
Farm Population | -, ¢ 5 94 80 05 Farm Population | 51 ¢ ¢ 131 8.1 13
density density
GRDP 74 | 1,667,6989 | 2,086,545.3 | 1,132,286.0 | 335,987.0 GRDP 56 | 2,602,277.0 | 3,069,5852 | 1,742,5912 | 455,580.8
Daily maximum | oo |y o 83.5 00 05 Daily maximum |0 1 g 945 00 246
snow depth snow depth
Relative Relative
gy | | % 97.4 345 19.0 i N 920 348 164
® j @ i
B Minimum | 1.5 90 28 W1 Minimum 0 g 45 4188 43
Temperature Temperature
Farm Population | - |, 275 23.0 16 Farm Population | 56 69 39 10
density density
GRDP 37 | 1,667,881.8 | 1,986,819.1 | 1,249311.8 | 312,743.8 GRDP 49 [ 1,188,190.9 | 1,456,5983 | 804329.1 | 2742657
Deily maximum | 83 166 02 54 Daily maximum || 319 05 9.1
snow depth snow depth
Relative | 31 o7 91.5 51.8 92 Relative =1 1 o34 %05 540 106
Humidity Humidity
@ | Mnimum oo 07 -19.4 6.0 o | Minimum o gy 16 28 75
Temperature Temperature
Farm Population | 1 ¢ ¢ 321 253 21 Farm Population | | 1.7 74 17
density density
10,478,151,
GRDP 3 p 12,657,921.9 | 77854224 | 1,516,487.5 GRDP 24 | 8578455 | 10750785 | 598,0062 | 197,843
Daily maximum |, s 5 8.5 00 244 Daily maximum | ) 5 247 03 89
snow depth snow depth
Relative | o 75 974 345 183 Relative | 733 958 519 124
Humidity Humidity
. — B —
W0 Minimum g 15 90 27 19 Minimum o, 19 27 59
Temperature Temperature
Farm Population | 5 7 165 121 16 Farm Population | 1, | 124 79 17
density density
GRDP 46 | 1,141,940.1 | 1,406,6393 | 811,9342 | 230,800.1 GRDP 26 | 1,779,6352 | 1,969,859.8 | 1,395,578.5 | 241,864.7
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= FF3KNormalization)= 2} AFg§E0] 7FR+= ©H9)7} 23
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Oyl sfslel S gle) AT FEE SPAFES 1w
TR} 27k Agolely] whiel, Amel weleh wiele] e wxp 32 SEE 24
2Al2 48] ) Basl BRS Sasieitt B o= UElHhEol o Sl SEatte) o
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Table 4. Correlation Coefficients of Dependent Variable between an Independent Variable
Daily maximum snow depth | Relative humidity | Minimum temperature | Farm population density | GRDP
D Dependent variable 0.449 0.237 0.481 0.069 0.214
(P-value) (0.021) (0.244) (0.013) (0.738) (0.295)
) Dependent variable -0.096 -0.018 0.396 0.170 -0.169
(P-value) (0.589) (0.920) (0.020) (0.337) (0.339)
Dependent variable . .307 -0. -0. .
® pend: iabl 0.669 0.30 0.363 0.199 0.340
(P-value) (0.000) (0.054) (0.021) (0.219) (0.032)
Dependent variable . .307 -0. -0. .
@ pend: iabl 0.669 0.30 0.363 0.199 0.340
(P-value) (0.000) (0.054) (0.021) (0.219) (0.032)
Dependent variable . .5 . -0.321 -0.
) pend: iabl 0.892 0.506 0.162 0.32 0.620
(P-value) (0.000) (0.000) (0.197) (0.009) (0.000)
Dependent variable . 31 . . -0.
® pend: iabl 0.144 0.318 0.182 0.281 0.391
(P-value) (0.522) (0.149) (0.418) (0.205) (0.072)
Dependent variable .597 307 . 135 -0.
@ pend: iabl 0.59 0.30 0.204 0.13 0.086
(P-value) (0.000) (0.065) (0.226) (0.427) (0.614)
Dependent variable .17 41 . -0.07 .097
® pend iabl 0.170 0.410 0.623 0.073 0.09
(P-value) (0.428) (0.047) (0.001) (0.734) (0.650)
Dependent variable 0.962 -0.298 -0.213 0.538 -0.484
©® pend iabl
(P-value) (0.000) (0.167) (0.329) (0.008) (0.019)
Dependent variable 0.664 0.519 0.277 0.045 0.060
© pend iabl
(P-value) (0.000) (0.000) (0.021) (0.711) (0.622)
Dependent variable 0.100 0.282 0.334 0.056 0.164
o pend iabl
(P-value) (0.395) (0.015) (0.004) (0.634) (0.162)
) Dependent variable 0.600 0.256 -0.369 -0.081 0.050
(P-value) (0.000) (0.057) (0.005) (0.554) (0.713)
® Dependent variable 0.562 0.425 -0.141 0.601 -0.363
(P-value) (0.000) (0.009) (0.404) (0.000) (0.027)
i) Dependent variable 0.706 0.120 0.084 0.323 -0.251
(P-value) (0.000) (0.413) (0.565) (0.024) (0.082)
) Dependent variable 0.248 0.335 0.102 0.745 -0.810
(P-value) (0.254) (0.118) (0.643) (0.000) (0.000)
® Dependent variable 0.474 0.191 0.287 -0.099 -0.018
(P-value) (0.019) (0.372) (0.174) (0.644) (0.934)
i) Dependent variable 0.477 0.365 -0.138 -0.334 -0.537
(P-value) (0.001) (0.013) (0.359) (0.023) (0.000)
® Dependent variable 0.449 0.237 0.481 0.069 0.214
(P-value) (0.021) (0.244) (0.013) (0.738) (0.295)
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Table 5. Result of Multi-Collinearity

@ ® ®
Tol. VIF Tol. VIF Tol. VIF Tol. VIF Tol. VIF Tol. VIF
Daily maximum Snow depth | 0.36 2.75 0.56 1.77 0.42 2.36 0.50 1.98 | 0.620 1.61 0.64 1.56
Relative Humidity 0.42 2.40 0.72 1.40 0.48 2.06 0.70 1.41 0.560 1.79 0.64 1.56
Minimum Temperature 0.37 2.72 0.60 1.66 0.62 1.60 0.67 149 | 0.839 1.19 0.53 1.88
Farm Population density 0.04 | 27.14 | 0.12 8.22 0.44 2.23 0.53 1.86 | 0.892 1.12 0.12 8.71
GRDP 0.03 | 2954 | 0.14 6.99 0.55 1.82 0.75 1.32 | 0.720 1.39 0.13 7.68

@ @
Tol. VIF Tol. VIF Tol. VIF Tol. VIF Tol. VIF Tol. VIF
Daily maximum Snow depth | 0.62 1.61 0.59 1.71 0.59 1.69 0.62 1.60 0.79 1.27 0.62 1.61
Relative Humidity 0.50 2.00 0.49 2.05 0.26 3.77 0.54 1.86 0.70 1.43 0.79 1.27
Minimum Temperature 0.65 1.54 0.51 1.97 0.45 2.19 0.77 1.29 0.91 1.11 0.72 1.38
Farm Population density 0.05 18.91 0.02 | 47.65 | 0.10 10.00 | 0.55 1.82 0.61 1.63 0.82 1.21
GRDP 0.05 19.59 | 0.02 | 5524 | 0.15 6.81 0.50 1.98 0.65 1.55 0.74 1.35

® @
Tol. VIF Tol. VIF Tol. VIF Tol. VIF Tol. VIF Tol. VIF
Daily maximum Snow depth | 0.74 1.34 0.69 1.44 0.65 1.54 0.77 1.30 0.59 1.70 0.58 1.74
Relative Humidity 0.75 1.33 0.71 1.41 0.74 1.36 0.24 4.17 0.78 1.29 0.78 1.28
Minimum Temperature 0.82 1.23 0.87 1.16 0.62 1.62 0.26 3.87 0.77 1.30 0.41 2.46
Farm Population density 0.49 2.04 0.63 1.58 0.15 6.88 0.02 | 49.03 0.71 1.40 0.14 7.32
GRDP 0.50 2.00 0.76 1.31 0.15 6.50 0.02 | 60.90 | 0.81 1.24 0.13 7.64
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Table 6. Multiple Linear Regression Equation using Enter Method

w3 o] Frhu BRI of@Aek $HBHAGT} 0.7
oPel A T T EAlekck

Regression equation

(@ Chuncheon-si

Y= 0.349X, —0.177.X, +0.531.X; —0.464.X, —0.851.X; —0.001

@ Donghae-si

Y= 0.739.X, +0.069.X, —0.110.X, —0.204.X, —0.170.X; —0.001

@ Gangneung-si

Y= 0.426X, +0.247X, —0.288.X, —0.013.X, +0.117.X; +0.001

(® Goseong-gun

Y= 0.737X, —0.120X, +0.003X, —0.111.X, —0.353.X; +0.016

® Hoengseong-gun

Y'=—0.011X; +0.254., +0.046.X; — 0.320.X, — 0.680.; — 0.001

@ Inje-gun

Y= 1.004X, —0.127X, +0.004X, —0.295.X, —0.196.X; +0.001

@0 Jeongseon-gun

Y=0.594X, +0.107X, +0.317X; +0.018X, +-0.017.X; +0.044

@ Pyeongchang-gun Y=—0.027X, +0.201.X, +0.294.X, +0.121.X, +0.334X; +0.056
@ Samcheok-si Y'=0.415X, +0.078X, — 0.063.X, +0.499.X, —0.001.X; +0.071
@ Sokcho-si Y=0.415X, +0.078.X, —0.063.X; +0.499.X, +0.001.X; +0.001
([ Tabaek-si Y=0.776.X, —0.069.X, +0.074.X; +0.105.X, —0.511.X; +0.001
@ Wonju-si Y=—0.056.X, +0.252.X, —0.114X, +0.141.X, —0.667.X; —0.001

@ Yangyang-gun

Y=0.293X, +0.027.X, —0.086.X; —0.302.X, —0.612.X; —0.001

@® Yeongwol-gun

Y'=0.649X, —0.058X+,0.522.X; +0.303.X, +0.113.X; +0.001
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Table 7. Statistical of Occurrence and Estimation Damages

Pearson coefficient | Adjusted coefficient| Root Mean Square Pearson coefficient | Adjusted coefficient| Root Mean Square
of correlation of determination Error of correlation of determination Error
@ 0.684 0.346 157,703.81 ©) 0.766 0.526 153,258.88
@ 0.703 0.438 613,550.59 ® 0.968 0.931 21,461.05
® 0.512 0.032 230,256.88 0.972 0.929 13,457.95
© 0.724 0.487 23,430.19 ) 0.506 0.202 146,702.32
®@ 0.676 0.402 287,450.01 ® 0.769 0.525 8,900.74
® 0.907 0.801 27,039.90 ® 0.888 0.727 123,813.63
@ 0.773 0.548 55,669.54 ® 0.792 0.535 162,004.15
582 Apde] A% 2l 9 ARE vheo R sislelg 4] ol
(NDML 2013). Z, @) Asfeino] =8 sjsjele 24} @
£ dyrolrte Al 715 vydalele] 4E 21l 24 ZARR}e] S]] o) ofEslal Q7] wielt): 35 s 4Fge]
AL, HA7|L, Higs AGTE s=A9NTEE T g SEE 915k o] Jasirk wgh Asle] whe e
SRS SHHTE o83t SAINEY] tEslHRgs A e FHPREFo] B ofFd T ok AEEY] =53t
% Aele] 147 A8 dpFo R TSIk AE wel 9 Alge] Beor ool gole] efs ol 4 glo] Aol
e} AR SlefAte] FA e AREATE F viduel<y gk pml o] wet g7t Solg vk ol2ld 712AtR S

4

=

o] Slob] THENRS mRe) 489S W Ak e
o] Q= Aol AFHL T AU Fake
ol sgton), SAAAAGT} 0.7 bl Al e
EAlshick

A eine] e slsiete Bgstel el sk Ae
TEA9] SIS 7R Qi) &, AR T) 1970WdRE 2
Hglork, 2 71k sl et e it sl
APl digk 7t AR ol @Al bl Al
Sl AskE AR Asieel 19043 AT 910,
o] 57} $Esleh wo 2] Ao ek = glek
S8 Eol, Aseuo] 2 ssfel AAPL A WAL BE
Sjsie EYFIChL 1] ofels ¥ ik of= sl ks

SJ8) FEAPAS) BS Hwe] WIS ste] sk, Ak

il

E

BARES PEdes dds] 44 2k

e, ] Ao B ) Ee AR e BEs
et we] 9 WIS Wels AR glor] B oirel 283
B4, HA7120] A HAREFo! AT dle] st 2]
7102 Bl ofe] uhzel] BEe] Agge ok St
gk Wb 2121 Sl ek gk lelel) SRS T
Sleiie Afeiene] ekt B B Wl 2 AR Bl 44
5 710 BEshe AWSSE 2 ARl B A Ausy
PEARE TEIP) A, W E8Ao] B o] 5
9 o gtk 2 ool Ak RS BETT, 35
A A @ EA] B A S ST g A

Vol.37 No.1 February 2017 71



e G

2k

1) Teg T 5 Qs BAVIES vl

B Qs AREHRIA)] Al Aokl
o] A21g ol S ATYMPSS-2-2015-79).

References

Cavallo, E. and Noy, I. (2010). “The economics of natural disasters:
A Survey.” IDB Working Paper No. 124, Washington, DC: Inter-
American Development Bank.

Jeong, J. H. and Lee, S. H. (2014). “Estimating the direct economic
damages from heavy snowfall in Korea.” Journal of Climate
Research, Vol. 9, No. 2, pp. 125-139 (in Korean).

Kim, H. S., Song, Y. I., Kim, I. J. and Lim, Y. S. (2007). “Linking
environmental assessment and sustainable development indicators.”
RE-08, Korea Environment Institute (in Korean).

Kim, S. B., Shin, H. J., Lee, J. W., Kim, K. S., Yi, J. E. and Kim, S.
J. (2011). “Regional risk analysis of heavy snowfall using
meteorological data and GIS technique in South Korea.” Korea
Water Resources Association Annual Conference Proceedings,
pp. 357-357 (in Korean).

Kim, Y. S., Kang, N. R., Kim, S. J. and Kim, H. S. (2013). “Evaluation
for snowfall depth forecasting using neural network and multiple
regression models.” Journal of Korean Society of Hazard Mitigation,
Vol. 13, No. 2, pp. 269-280 (in Korean).

Koo, Y. S., Lee, S. H. and Jung, J. C. (2013). “Selecting and

72 Journal of the Korean Society of Civil Engineers

assessing vulnerable zones of snow damage in urban areas.”
Journal of the Korean Society of Civil Engineers, Vol. 33, No. 3,
pp. 1077-1086 (in Korean).

Kwon, S. H., Kim, J. H., Park, H. S. and Chung, G. H. (2016). “Snow
damage estimation of gangwon province damages using regression
analysis.” Journal of Korean Society of Hazard Mitigation, Vol.
16, No. 2, pp. 437-443 (in Korean).

Lee, H. S. and Lim, J. H. (2005). SPSS 12.0 manual, Bobmunsa.

Ministry of Public Safety and Security (MPSS) (2015). “The 2015
Annual Natural Disaster report.” Ministry of Public Safety and
Security (in Korean).

National Disaster Management Institute (NDMI) (2013). “Development
of Regional Loss Function Based on Scenario.” National Disaster
Management Institute.

Oh, S. M., Kim, G. H., Jung, Y. H., Kim, D. H. and Kim, H. S. (2015).
“Risk assessment of heavy snowfall using PROMETHEE - The
case of gangwon province.” Journal of Korean Society of Hazard
Mitigation, Vol. 15, No. 1, pp. 87-98 (in Korean).

Park, H. S., Lee, S.J., Yu, I. S., Jeong, S. M. and Chung, G. H. (2014).
“Snow disaster risk index in the ulsan metropolitan city.” Journal
of Korea Society of Hazard Mitigation, Vol. 14, No. 2, pp. 97-106
(in Korean).

Park, S. H. (2007). “Regression Analysis.” The third Edition,
Minyoungsa (in Korean).

Toya, H. and Skidmore, M. (2007). “Economic development and
the impacts of natural disasters.” Economic Letters, Vol. 94, pp.
20-25.

Xingpeng, L., Jiquan, Z., Zhijun, T., Yulong, B. and Danhong, Z.
(2014). “Grid-Based multi-attribute risk assessment of snow disasters
in the grasslands of xilingol.” Inmer Mongolia, Human and Ecological
Risk Assessment, Vol. 17, No. 3, pp. 712-731.





