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Abstract

In this study, we propose a regression model for estimating damage amounts of natural disasters based
on the quantitative data provided by public institutions. Based on quantitative data for 225 primary local
governments during the years of 2001 to 2014, we define a regression model to have 14 independent variables
by applying variable selection methods to the variables from 32 sub-indexes used in Natural Disaster Risk
Index(NDRI). For verifying the proposed regression model, we compare the estimates from the model with
NDRI, Regional Safety Grades(RSG), and actual amounts of damages from natural disasters. From the
analysis results, we can find the regression model give better estimates for the amounts of damages than
NDRI and RSG. If we utilize the proposed model, we can estimate the future changes in the amounts of
damages using the changes in natural disasters and improve the performance of NDRI using the standard
regression coefficients from the regression analysis.
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Figure 1. Damage and restoration costs from natural disasters in the recent 10 years
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Figure 2. Research methodology
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Table 1. Calculation equations, units, and sources of the data for Natural Disaster Risk Index

=70l X ¥ Q) 7t

43R AL ojufr

Area Num Sub-Index D?rec Calculation Equations of the Unit Data Source
ber tion Sub—Indexes
1 |Heavy Rain Frequency 4+ |Number of Annual Heavy Rain Occurrences| number/year
2 |Heavy Rain Strength + |The Maximum Annual Rainfall mm
3 |Typhoon Frequency + |Number of Typhoon Rain Occurrences| number/year Korea )
The Maximum Annual Typhoon Wind Meteorological
g 4 |Typhoon Strength + P m/second Administration
@ Speed
[}
§ 5 |Heavy Snow Strength + Number of Annual Heavy Snow number/year National Climate
= Occurrences Data Service System
i 6 |Heavy Snow Frequency + |The Maximum Annual Snowfall cm
7 Heavy Wind and Storm + Number of Annual Heavy Wind and number/year National Typhoon
Frequency Storm Occurrences Center
. The Maximum Annual Heavy Wind and
+
8 |Heavy Wind and Storm Strength Storm Wind Speed m/second
9 |Greenhouse Density + |Greenhouse Area / Total Area m’/m’
o 10 |Road Density + |Road Length / Total Area m/m’
3 11 |House Density + |Number of Houses / Total Area number/m’
0§ 12 |School Facility Density + [School Facility Area / Total Area m'/m’ Korean Statistical
=x 13 |River Density + |River Area / Total Area m’/m’ Information Service
Q
=2 14 |Trrigation Facility Density + |Irrigation Facility Area / Total Area m’/m’
s 15 |Railroad Facility Density + |Railroad Facility Area / Total Area m’/m’ Primary Local
E 16 |Water Pipe Density + |Water Pipe Facility Area / Total Area m'/m’ Government
g 17 |Pen Density + |Pen Area / Total Area m'/m’ Statistics Yearbook
E 18 |Aquafarm Density + |Aquafarm Area / Total Area m'/m’
19 |Farmland Density + |Farmland Area / Total Area m'/m’
20 [Ship Density + |Ship Tons / Total Area ton/m’
- 21 |Population Density — |Population / Total Area man/m’
o + ..
%- 22 |Vulnerable Population Ratio + (Less than 0 Grea‘Fer than 64) man/man Korean Sta‘mstwal
: Population / Population Information Center
 Basic Livi -
% 23 |Recipient of Basic Living Ratio| + Number o, asic Living Recipients man/man .
8 / Population Primary Local
] . .
o . . . _ |Number of University Graduates Government
= 24 |Higher Education Ratio / Population man/man Statistics Yearbook
<
25 |Foreigner Ratio — |Registered Foreigners / Population man/man
26 |Per Capita GDP — |Regional GDP / Population million won/man| Korean Statistical
? o7 Disaster Prevention _ |Disaster Prevention Budget won/won Information Center
S-S Budget Ratio / Total Budget
< @ udget ha g
[e] .
22 | 28 |Road Ratio — |Road Length / Total Area m/m’ Primary Local
® 2| 29 Population per Policeman + |Population / Number of Policemen man/man Qox./ernment
S e - - - - Statistics Yearbook
o= 30 [Population per Fireman + |Population / Number of Firemen man/man
5 31 |Population per Sickbed + |Population / Number of Sickbeds man/bed National Disaster
32 |Population per Shelter + |Population / Number of Shelters man/shelter Safety Portal

¥ Source: A Quantitative Data based Natural Disaster Risk Index Model in South Korea(2016: 173).
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Table 2. Importance weights from NDRI" and MLR™

Sub—Index Weight Sub—Index Weight
NDRI MLR NDRI MLR
Heavy Rain Frequency 0.0380 0,0468 || Pen Density 0,0112 0.0082
Heavy Rain Strength 0.0380 0,0886 || Aquafarm Density 0.0059 0,0310
Typhoon Frequency 0.1026 0,0425 || Farmland Density 0.0120 0,0083
Typhoon Strength 0.1026 0.1014 || Ship Density 0.0007 0.0551
Heavy Snow Frequency 0.0201 0,0917 || Population Density 0,0966 0,0196
Heavy Snow Strength 0.0201 0,0561 || Vulnerable Population Ratio 0.0520 0.0195
Heavy Wind and Storm Frequency 0,0007 0.,0503 || Recipient of Basic Living Ratio 0.0223 0,0289
Heavy Wind and Storm Strength 0.0007 0.0036 | Higher Education Ratio 0.0297 0.0376
Greenhouse Density 0.0153 0.0097 || Foreigner Ratio 0.0149 0.0678
Road Density 0.0272 0.0001 || Per Capita GDP 0.0379 0.0383
House Density 0.0028 0,0212 | Disaster Prevention Budget Ratio 0.0474 0.0204
School Facility Density 0.0008 0.0184 || Road Ratio 0.0285 0.0001
River Density 0.0587 0,0155 || Population per Policeman 0.0379 0.0001
Irrigation Facility Density 0.0173 0.0269 | Population per Fireman 0.0474 0.0584
Railroad Facility Density 0,0025 0.0026 || Population per Sickbed 0.0759 0,0097
Water Pipe Density 0.0038 0,0214 | Population per Shelter 0.0285 0.0001

* NDRI: Natural Disaster Risk Index, =~ MLR: Multiple Linear Regression
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Figure 4. Relationship Between NDRI and MLR and damage averages in years 2001 to 2014
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Figure 7. Relationships among MLR, NDRI, regional safety grades, and amounts of

damages in years 2011 to 2014
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