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Abstract : VRI(Vulnerability-Resilience Index), which is defined as a function of 3 variables: climate
exposure, sensitivity, and adaptive capacity, has been quantified for the case of Typhoon which is one
of the extreme weathers that will become more serious as climate change proceeds. Because VRI is

only indicating the relative importance of vulnerability between regions, the VRI quantification is
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prerequisite for the effective adaptation policy for climate in Korea. For this purpose, damage statistics

such as amount of damage, occurrence frequency, and major damaged districts caused by Typhoon

over the past 20 years, has been employed. According to the VRI definition, we first calculated VRI

over every district in the case of both with and without weighting factors of climate exposure proxy

variables. For the quantitative estimation of weighting factors, we calculated correlation coefficients

(R) for each of the proxy variables against damage statistics of Typhoon, and then used R as weighting

factors of proxy variables. The results without applying weighting factors indicates some biases

between VRI and damage statistics in some regions, but most of biases has been improved by applying

weighting factors. Finally, due to the relations between VRI and damage statistics, we are able to

quantify VRI expressed as a unit of KRW, showing that VRI=1 is approximately corresponding to 500

hundred million KRW. This methodology of VRI quantification employed in this study, can be also

practically applied to the number of future climate scenario studies over Korea.

Keywords : Climate change vulnerability index, Vulnerability-Realliance Index, Severe weather,

Typhoon, Climate exposure
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Figure 1. Categorized variables required to identify the
climate change vulnerability index defined by
IPCC (2007).
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Table 1. List of proxy variables for climate exposure, sensitivity, and adaptation capability used in this study.

Climate exposure proxy variables

Occurrence frequency of Typhoon (Occurrences/year)
Daily mean precipitation by Typhoon

Maximum precipitation by Typhoon

Number of days with daily precipitation over 80mm
Maximum hourly wind speed

Number of days with hourly maximum wind speed exceeding 14m/s

Sensitivity proxy variables

Percentage (%) of riverbank area to total

Products of agriculture and livestock industry

Total population in agricultural industry

Percentage (%) of agricultural area to total

Lower part of area (%) than 10m level

Number of household with location of lower than 10m
Farming population

Adaptation Capability proxy variables

Percentage (%) of products (primary+secondary) industries

to (primary+secondary+tertiary) industries
Percentage (%) of school attendance

Percentage (%) of cost of schooleducation to GRDP(Gross Regional Domestic Product)

GRDP (Gross Regional Domestic Product)
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Figure 2. Schematic diagram of quantification of climate change vulnerability index in this study.
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Table 2. List of typhoons, their occurrence dates and
durations observed over Korean Pheninsula

since 1990.
Year | Name of Typhoon | Occurrence Date Dg:;}:n
1990 ROBYN 7111~12 2
1990 ABE 9/1~2 2
1991 CAITLIN 7/28~30 3
1991 GLADYS 8/22~26 5
1991 MIREILLE 9/27~28 2
1992 TED 9/22~26 5
1993 PERCY 7/29~30 2
1993 ROBYN 8/8~12 5
1994 BRENDAN 7/31~8/1 2
1994 DOUG 8/9~12 4
1994 ELLIE 8/14~16 3
1994 SETH 10/10~12 3
1995 FAYE 7/23~24 2
1997 WINNIE 8/19~21 3
1997 OLIWA 9/15~17 3
1998 YANNI 9/29~10/1 3
2000 SAOMAI 9/12~16 5
2002 RAMMASUN 7/5~6 2
2002 RUSA 8/30~9/1 3
2003 SOUDELOR 6/18~19 2
2003 MAEMI 9/12~13 2
2004 MEGI 8/17~19 3
2004 SONGDA 9/6~7 2
2006 WUKONG 8/17~21 5
2006 SHANSHAN 9/16~18 3
2007 MAN-YI 7/13~16 4
2008 KALMAEGI 7/119~21 3
2010 DIANMU 8/9~12 4
2010 KOMPASU 9/1~3 3
2010 MALOU 9/5~7 3

.
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Figure 3. Location of 61 meteorological stations used in
this study.

Table 3. Monetary value conversion factors to the base
year of 2010 (National Emergency Management
Agency, 2012).

Year Values
1990 1.874
1991 1.694
1992 1.658
1993 1.634
1994 1.591
1995 1.519
1996 1472
1997 1.418
1998 1.264
1999 1.290
2000 1.264
2001 1.270
2002 1.274
2003 1.247
2004 1.176
2005 1.151
2006 1.141
2007 1.125
2008 1.036
2009 1.038
2010 1.000
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Table 4. List of typhoon, and their statistics of damaged districts with the amount of damage (expressed as K million KRW)

since 1990.
Max. Damage Area 2" Damage Area
Year Typhoon - :
Region Amount of Damage’ Region Amount of Damage*

1990 ROBYN Jeonnam 42,937 Gwangju 2,061
1990 ABE Gangwon 137,633 Gyeonggi 25,011
1991 CAITLIN Gyeongnam 42,535 Jeonnam 11,784
1991 GLADYS Gwangju 20,923,537 Gyeongnam 4,216,981
1991 MIREILLE Gyeongbuk 6,761 Gyeongnam 3,736
1992 TED Jeonnam 11,360 Gangwon 4,759
1993 ROBYN Gyeongbuk 6,140,735 Gangwon 2,388,030
1994 BRENDAN Jeonbuk 2,100,530 Chungnam 1,372,343
1994 DOUG Gyeongnam 83,538 Jeonnam 49,724
1994 SETH Gyeongnam 477,730 Jeonnam 136,571
1995 FAYE Gyeongnam 47,499,188 Jeonnam 3,252,988
1997 OLIWA Jeonnam 7,572 Jeju 6,373
1998 YANNI Gyeongbuk 12,039,532 Gyeongnam 3,122,193
2000 SAOMAI Gyeongnam 11,923,153 Busan 860,930
2002 RAMMASUN Jeonnam 85,563 Gangwon 78,654
2002 RUSA Gangwon 356,123,031 Gyeongbuk 124,246,578
2003 SOUDELOR Gyeongbuk 187,663 Ulsan 113,155
2003 MAEMI Gyeongnam 204,609,041 Gyeongbuk 64,170,239
2004 MEGI Jeonnam 13,094,094 Gyeongnam 1,614,915
2006 WUKONG Ulsan 26,888 Gyeongbuk 6,588
2006 SHANSHAN Busan 217,656 Gyeongbuk 25,771
2008 KALMAEGI Chungnam 44,627 Gyeonggi 25,726
2010 DIANMU Jeonnam 71,129 Gyeongnam 12,305
2010 KOMPASU Chungnam 40,342,457 Gyeonggi 12,734,427

T expressed as a unit of (1000 KRW)
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Table 5. Correlation coefficients of climate exposure proxy
variables with amount of damage by typhoon,
and the resultant weighting factors used in this
study for the calculation of vulnerability index.

. . . | Weighting
Climate exposure proxy variables R factor
Daily mean precipitation 0.20 24
Maximum precipitation 0.15 18
Number of days with
daily precipitation over 80mm 0.12 1
Maximum hourly wind speed 0.008 1
Numbe_r of days with ho_urly maximum | 1oe0 11
wind speed exceeding 14m/s
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Figure 6. Scatter diagrams of damaged statistics against VRI (Vulnerability-Resilience Index) calculated a) without, and
b)with applying weighting factors of climate exposure proxy variables.
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Table 6. Quantified climate change vulnerability index, and its grades estimated by damaged amount (expressed as 00

million KRW) due to typhoon in South Korea.

Grade VRI Range of VRI Range of Damaged Amount (DA) | Adaptation actions needs
Grade | Low VRI<0.6 DA<90 Not Necessary
Grade Il Moderat 0.9<VRI<1.3 90<DA<160 Moderately necessary
Grade 1 High 0.9<VRI<1.3 160<DA<1200 Necessary
Grade IV Extremely High VRI>13 DA> 1200 Urgently necessary
T expressed as a unit of (100 million KRW)
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