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Abstract

IPCC showed that calculation of climate vulnerability index requires standardization process
of various proxy variables for the estimation of climate exposure, sensitivity, and adaptive capacity.
In this study, four different methodologies of standardization methods: Z-score, Rescaling,
Ranking, and Distance to the reference country, are employed to evaluate climate vulnerability-
VRI (Vulnerability-Resilience Indicator) over Korean peninsula, and the error ranges of VRI, arising
from employing the different standardization are estimated. All of proxy variables are provided
by CCGIS (Climate Change adaptation toolkit based on GIS) which hosts information on both past
and current socio-economic data and climate and environmental IPCC SRES (A2, B1, A1B, A1T,
A1FI, and A1 scenarios) climate data for the decades of 2000s, 2020s, 2050s, and 2100s. The results
showed that Z-score and Rescaling methods showed statistically undistinguishable results with
minor differences of spatial distribution, while Ranking and Distance to the reference country
methods showed some possibility to lead the different ranking of VRI among South Korean
provinces, depending on the local characteristics and reference province. The resultant VRIs
calculated from different standardization methods showed Cronbach's alpha of more than 0.84,
indicating that all of different methodologies were overall consistent. Similar horizontal
distributions were shown with the same trends: VRI increases as province is close to the coastal
region and/ or it close toward lower latitude, and decreases as it is close to urbanization area. Other

characteristics of the four different standardization are discussed in this study.
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Fig. 1. Categorized variables required to identify the
climate change vulnerability index defined by IPCC
(2007)
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Table 1. Employed minimum data set with proxy variables for the calculation of vulnerability index in this study.

Category Subtleties Proxy variables in CCGIS Sign*
+ Distribution rate of water supply (%) ©)
+ Distribution rate of sewerage (%) )
| ' + Levee area (%o) )
Human settlements :
Infrastructure « Water supply per capita (/day) )
« Rate of reservoir water (Jan.~Dec.) [%] )
» Rate of reservoir water (Mar.~Oct.) [%)] )
o + Rate of reservoir water (Apr.Jun.) [%] )
Sensitivity
« The percentage of land managed (%) ()
Ecosystem + The percentage of forest area (%) )
» Forest stock per unit area (m) ©)
« Birthrate )
« Life 1 -
Health/Welfare ! e. expee ancy — ©
+ Ratio of health insurance beneficiaries )
» Ratio of the elderly living alone (total population) ()
+ Gross regional domestic product (GRDP) ()
. 0, +
' ' Adaptation The percentage of school attendance (%) ()
Adaptive capacity + (Primary industry+Secondary industry)/(Primary industry+Secondary A
industry+Tertiary industry)x100 (%)
Environment capacity | « SOx(Emission except residential heating) + SOx(Industrial Emission) )
Flood + Number of days with precipitation over 80mm (days) ()
00
+ Daily maximum precipitation (mm) )
Climate exposure + Days with maximum temperature over 33 deg. (days) ()
Intense heat ———
+ Days with minimum temperature over 25 deg. (days) ()
Drought + Maximum of continuous non-precipitation days (days) ()
* Sign of correlation between subtleties and proxy variables.
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Table 2. Summary of normalization methods.

Method Equation
1. Ranking T = Rank(x}c)
2. Standardization (or z-scores) Ihe= M
Gje-c
Xge—mine(x§)

3. Re-scaling

,__ XgemMil(Xg)
L= max/(xq) —mindxy)

4. Distance to a reference country

t
= o _ Xae Xz
qc 17 qc to
Xge=¢ Xge=¢

5. Logarithmic transformation

L=In(x})

6. Categorical scales

if x4 in the upper 5 — th percentile then y§. = 100
if xke in the upper 15 — th percentile then 4. = 80
if xke in the upper 35 — th percentile then yj. = 60

7. Indicators above or below the mean

if XGe XGe=c > (14p) then IL.= 1
if Xge XGe=c < (1=p) then It.=—1
if (1=p) < Xfe Xge=z <(1+p) then It =0

. . Xhe — Ei(xhe)
S i A—
8. Cyclical Indicators (OECD) 1 E (i — EGch))
.. . 100 ¥
9. Balance of opinions (EC) L= ngne(er —Xg
10. Percentage of annual differences 1= Xhe—x'32
over consecutive years * X

Notes:xg. is the value of indicator ¢ for country ¢ at time . ¢ is the reference country. The operator sgn gives the sign of the argument
(i.e. +1 if the argument is positive, —1 if the argument is negative). Ne is the total number of experts surveyed (Nardo et a/.2005)
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Table 3. Relationship between subtleties and VRI (Vulnerability-Resilience Indicator) in 4 different standardization methods

Subfleties Standardization method
Z-score Ranking Rescaling Disttr
Climate exposure -) ) O] -

Health ) () ) ©)
Settlements -) (+) ) ()
Ecosystem ) () ) ©)
Adaptation +) ) € )

Environmental Capacity ) ) (+) +)
U A+ B, ES O R 7|EAATY Ato) Absto] Zh sk W Ao WRAAEE 4
WS ARt 7719 - R1of(2008)8] Aol A= A S5kt
AA 5ol 7HE w2 AEA 9 7|5-HSte] tist
o] SolXo] LS Ao F B AL SEslgon, 2. AF8E xI=
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T2 A9 delis g A2 Hagrel % 2012)9) HAE ARES Tk AHg ST OCAIS
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’ ’ to 2100 in the absence of additional climate
%o, Cronbach® &ulgH(Nunnally, 1978) Al policies (IPCC, 2007)
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Table 4. Results of VRI (Vulnerability-Resilience Indicator) over South Korea calculated by employing Z-score method.

Sensitivity Adaptive capacity
Rank Province* Clisaariz Human . Environ- VRI
exposure Health Setflements Ecosystem | Adaptation mentffll
Capacity
1 D -0.68 -0.55 -0.50 -0.05 -0.22 0.13 0.24
2 B -0.07 -0.59 -0.08 -0.08 0.24 0.13 0.17
3 J -0.35 0.09 -0.17 -0.34 0.06 0.12 0.17
4 L -0.41 0.74 -0.01 -0.91 0.01 0.05 0.13
5 E -0.80 0.15 0.17 -0.69 -0.57 0.02 0.09
6 A 0.59 -1.01 -0.74 1.90 0.80 0.18 0.08
7 K 0.21 -0.60 1.15 -0.12 0.34 0.07 0.02
8 H -0.34 0.69 0.39 -0.10 -0.22 0.15 -0.01
9 C -0.06 -0.69 -0.75 1.05 -0.29 0.01 -0.02
10 G 0.05 -0.31 -0.21 0.20 -0.51 0.21 -0.06
11 I -0.11 1.28 0.43 -0.27 0.11 -0.09 -0.09
12 M 0.32 0.35 0.03 -0.91 -0.22 -0.04 -0.10
13 F -0.51 043 0.89 0.03 -0.40 -0.17 -0.13
14 P 1.17 0.10 0.10 -0.29 0.24 0.02 -0.22
15 (0] 1.22 -0.65 -0.56 0.36 -0.21 -0.23 -0.34
16 N 0.31 -0.48 -1.01 -0.61 -0.67 -1.46 -0.44

* Province indicates A: Seoul, B: Gyeonggi-do, C: Incheon, D: Daejeon, E: Chungcheongbuk-do, F: Chungcheongnam-do, G: Gwangju,
H: Jeollabuk-do, I: Jeollanam-do, J: Gangwon-do, K: Daegu, L: Gyeongsangbuk-do, M: Gyeongsangnam-do, N: Ulsan, O: Busan, P: Jeju.

Table 5. Results of VRI (Vulnerability-Resilience Indicator) over South Korea calculated by employing Ranking method.

Sensitivity Adaptive capacity
Rank Province* Gl Human . Environ- VRI
exposure Health Setflements Ecosystem | Adaptation mentz.il
Capacity
1 B 113.30 98.62 -90.46 -42.65 22.00 -114.71 48.63
2 L 144.17 -14.04 -103.84 35.86 31.33 -105.96 47.86
3 A 68.39 118.17 -68.92 -135.44 0.33 -147.92 46.81
4 H 137.66 -14.19 -132.48 -36.43 25.00 -130.07 4542
5 D 147.96 6747 -63.37 -58.80 66.67 -114.50 4439
6 J 153.26 30.78 -94.64 -35.24 35.00 -90.97 44.05
7 I 121.76 -38.80 -127.96 -15.32 28.33 -138.80 42.88
8 M 90.57 9.78 -106.54 35.78 34.00 -120.40 39.16
9 K 103.35 72.00 -129.80 -34.33 17.33 -86.56 3547
10 C 107.74 88.33 -54.56 -115.70 50.00 -106.65 3427
11 N 96.56 9527 -58.97 340 79.67 -105.20 33.83
12 F 143.96 7.38 -157.90 -68.94 50.00 -100.44 30.31
13 (0] 49.90 75.02 -79.83 -85.00 4333 -143.28 29.98
14 E 170.28 31.42 -125.01 5.83 98.67 -73.71 29.02
15 G 95.80 55.07 -98.91 -60.20 85.00 -130.40 26.63
16 P 83.30 17.83 -123.43 -18.83 35.00 -61.75 17.14

* Note; Province indications are the same as in Table 4.
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Table 6. Results of VRI (Vulnerability-Resilience Indicator) over South Korea calculated by employing Rescaling method.

Sensitivity Adaptive capacity
Rank Province* Gl Human . Environ- VRI
exposure Health Setflements Ecosystem | Adaptation mentz.il
Capacity
1 A 0.50 -0.27 -0.60 -0.25 033 -0.01 0.05
2 B 0.33 -0.21 -0.51 0.29 0.19 -0.02 -0.01
3 C 0.32 -0.21 -0.66 -0.02 0.01 -0.03 -0.01
4 D 0.24 -0.18 -0.63 0.28 0.02 -0.02 -0.01
5 ] 0.24 -0.00 -0.54 0.35 0.11 -0.02 -0.02
6 K 0.42 -0.16 -0.32 0.31 0.19 -0.02 -0.05
7 L 0.26 0.19 -0.49 0.51 0.11 -0.03 -0.06
8 H 0.28 0.15 -0.42 0.30 0.03 -0.02 -0.07
9 G 0.36 -0.09 -0.57 022 -0.07 -0.01 -0.07
10 E 0.19 0.01 -0.45 0.45 -0.07 -0.03 -0.07
11 I 0.33 0.33 -0.35 0.34 0.13 -0.04 -0.09
12 F 0.25 0.08 -0.26 0.26 -0.02 -0.06 -0.09
13 P 0.54 -0.02 -0.49 0.35 0.16 -0.03 -0.09
14 (0] 0.58 -0.16 -0.62 0.18 0.03 -0.04 -0.10
15 M 0.41 0.07 -0.47 0.51 0.04 -0.04 -0.11
16 N 0.41 -0.19 -0.69 043 -0.09 -0.20 -0.14

* Note; Province indications are the same as in Table 4.
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Table 7. Results of VRI (Vulnerability-Resilience Indicator) over South Korea calculated by employing Distance to the

reference country method.

Sensitivity Adaptive capacity
Rank Province* Cliiriris Human . Environ- VRI
exposure Health Settlements Ecosystem | Adaptation mentz?l
Capacity
1 A 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 G -0.20 0.17 0.16 1.04 -0.70 -0.87 -0.46
3 D -0.37 0.09 0.16 1.15 -0.60 -6.92 -1.90
4 (0] 0.12 0.20 0.19 0.86 -0.57 -7.68 -2.20
5 K -0.18 0.16 0.13 1.12 -0.66 -23.60 -6.14
6 H -0.30 0.93 0.18 1.11 -0.84 -2737 -7.16
7 B -0.27 0.09 0.22 1.10 -0.75 -28.92 -747
8 C -0.29 0.08 0.12 0.42 -0.88 -29.45 -7.56
9 J -0.37 0.59 0.21 0.99 -0.73 -36.59 -9.39
10 E -0.45 0.55 0.23 143 -1.02 -36.89 -9.55
11 P 0.18 0.68 0.29 131 -0.72 -41.65 -10.83
12 L -0.35 0.98 0.22 1.56 -1.05 -54.11 -13.93
13 1 -0.19 1.46 0.29 1.25 -0.96 -94.78 -24.14
14 M -0.12 0.71 0.19 1.62 -1.00 -100.17 -25.47
15 F -0.35 0.73 0.27 1.11 -0.99 -159.86 -40.30
16 N -0.14 0.12 0.16 1.39 -1.18 -423.60 -106.30
* Note; Provinces are the same as in Table 4.
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Table 8. Comparisons of VRI results produced by Z-score, Ranking, Rescaling, Distance to the reference country method.

Rank Z-score Ranking Rescaling Disttr
Province* VRI Province VRI Province VRI Province VRI
1 D 0.24 B 48.63 A 0.05 A 0.00
2 B 0.17 L 47.86 B -0.01 G -0.46
3 J 0.17 A 46.81 C -0.01 D -1.90
4 L 0.13 H 4542 D -0.01 (0] -2.20
5 E 0.09 D 44.39 J -0.02 K -6.14
6 A 0.08 J 44.05 K -0.05 H -7.16
7 K 0.02 I 42.88 L -0.06 B -747
8 H -0.01 M 39.16 H -0.07 C -7.56
9 C -0.02 K 35.47 G -0.07 J -9.39
10 G -0.06 C 3427 E -0.07 E -9.55
11 I -0.09 N 33.83 I -0.09 P -10.83
12 M -0.10 F 30.31 F -0.09 L -13.93
13 F -0.13 (0] 29.98 P -0.09 I -24.14
14 P -0.22 E 29.02 (0) -0.10 M -25.47
15 (0] -0.34 G 26.63 M -0.11 F -40.30
16 N -0.44 P 17.14 N -0.14 N -106.30

* Note; Province indications are the same as in Table 4.
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Figure 3. Spatial distributions of calculated VRI by employing four different standardization methods;
a) Z-score, b) Ranking, c) Rescaling, d) Distance to the reference country.
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Figure 4. Comparisons of various VRI variables produced
by employing four different standardization
methods; Z-score, Ranking, Rescaling and
Distance to the reference country.



B7IE - g3 / ZES Yol TE 7| Fokd X|eol Ty e 689

Table 9. Comparisons of statistical distributions produced by Z-score, Ranking, Rescaling and Distance to the reference country.

Field

Standardization ;ﬁfﬁe Health Si}l;lf:; s Ecosystem Adaptation Emg;;ﬁg;f;tal VRI

Z-score 4.98 4.75 6.02 4.10 3.92 7.98 8.83

Ranking 4.14 3.57 4.54 3.68 425 4.18 4.85

Rescaling 4.67 4.15 4.60 4.06 3.80 7.80 6.38

Disttr 4.67 3.84 742 4.27 3.83 7.61 7.62

Average 4.61 4.08 5.64 4.03 395 6.90 6.92
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Table 10. Statistical summary of Z-score, Ranking, Rescaling, Distance to the reference country method.

Z-score Ranking Rescaling Disttr
Average 0 0 0 0
Standard deviation 1.00 1.00 1.00 1.00
Variance 1.00 1.00 1.00 1.00
Skewness -3.63 0.10 -0.08 -5.37
Kurtosis 20.35 -0.39 1.36 30.56
Range 8.83 4.85 6.38 7.62
Minimum -7.38 -2.24 -3.53 -7.32
Maximum 1.45 2.61 2.86 0.30
Percentile 50 0.09 0.06 -0.22 0.26
Cronbach's alpha 0.81
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Figure 5. Distributions of calculated VRIs by employing four different standardization methods; a) Z-score, b) Ranking, c)

Rescaling, d) Distance to the reference country.
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