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Abstract

In this study, robustness index and uncertainty analysis were proposed to quantify the risk inherent in the process of climate change
vulnerability assessment. The water supply vulnerability for six metropolitan cities (Busan, Daegu, Incheon, Gwangju, Daejeon, and
Ulsan), except for Seoul, were prioritized using TOPSIS, a kind of multi-criteria decision making method. The robustness index was
used to analyze the possibility of rank reversal and the uncertainty analysis was introduced to derive the minimum changed weights of
the criteria that determine the rank reversal between any paired cities. As a result, Incheon and Daegu were found to be very vulnerable
and Daegu and Busan were derived to be very sensitive. Although Daegu was relatively vulnerable against the other cities, it can be
largely improved by developing and performing various climate change adaptation measures because it is more sensitive. This study can
be used as a preliminary assessment for establishing and planning climate change adaptation measure.
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Fig. 1. Location of six study cities
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Table 1. Criteria for assessment of water supply vulnerability (NIER,
2011)

Criteria Reference

Climate Exposure

Maximum number of continuous
non-rainy days (days)

Precipitation (Dec, Jan, and Feb) (mm)

Precipitation (Mar, Apr, and May) (mm)

Evapotranspiration (Dec, Jan, and Feb)
(mm)

Evapotranspiration (Mar, Apr, and May)
(mm)

Underground outflow (mm)

Sensitivity

Population density (persons/km?)

Total population (persons)

Water supply (L/person/day)

Groundwater withdrawal (m*/year) Chung and Lee (2007)

River water withdrawal (m*/year) Koh (2009)

Son et al. (2011)

3
m’/year) Jung et al. (2011)

Agriculture water usage (10°

Industrial water usage 10’ m3/year) Jun et al. (2011)

Household water consumption
(10° m*/year)

Grain production per area (ton/km?)

Livestock production per area (EA/km?)

Adaptive Capacity

Financial independence (%)

GRDP (10° Korean won)

Civil servants (person)

Water supply distribution ratio (%)

Groundwater capacity (10° ton/year)

Recycled water usage per area
(10° ton/year)

Number of civil servants related to water
(person)
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o]-&3FATHNIER, 2011). 7| Fr2(0.31) 7 HAH A FE OJ5HH, 751 (M02 and M05) 2] 77374 2|57}0.034 2 7?”
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]14-3]201] o= 2g 2, ALl B7keell-o Yzt Table 3. Detail results of robustness index
(0.222), 12~2E9 7355H0.182), 3~5E 7F52H0.212), 12~2¢Y Initial Changed
%gﬂ-%]:(o 101), 3~5% %131:_1-/\]-31:(0 131), 2|58 i(o 152) No. | Altl | Alt2 RI  [Criteria| Criteria Criteria
o ofe] g elrt. 55, S elLtete] 715 S up e Sl e
SRR & ARl AR Rl gt
ol Bt AH o it SRS o 8okt vkt 1 038 0.366
T(03)e THAE A B2 §5go] 9EotA] o2 7+ CE 031 0328
off a7t ol == & %i A= e m, /I (0.11), 2 | M02 [ M03 | 0059 | S 031 0.328
F940.10), &7 %H0.07), A5 ©]-85K0.08), 5} AC 0.38 0.402
A 01-85K0.09), —‘ﬂﬁﬂT AHEH0.13), T H-8F AHETF CE 031 0336
(0.14), S84 AFEEH0.15), HAT FE4 L( 07), "3 3 | MOl | M06 | -0.087 | S 031 0.336
o =X /\HA}(O 06)0] oo g H-e= E—.(0.38)374'3ﬂ' AC 0.38 0.412
dg 2 FEL g5 Fo] Hofst Ao Aok 9l A} CE 031 0.356
3. AA A @ AET} S HEo| HIdE @ 457 AL 4 | MO1 | MO2 | -0.151 N 0.31 0.356
o], AR E(0.14), S ZAAHGRDP, 0.105), & AC | 038 0437
TU0.058), BT AEEO.174), X571 0. 244), 5 | MO02 | M06 | 0.164 CSE 2;: gizz
A G B2 0]-§2H0.174), B¢E] FFEH 50.105)7F o] ’ < | o3 T
el CE 031 0.257
6 | MO3 | MO5 | 0.168 | S 031 0.257
AC 0.38 0316
4, AAn CE 0.31 0.388
7 | MOI | MO5 | -0255 | S 031 0.388
4.1 ZHMd 2| AHE Ao} Aac 0.38 0.476
671 FAAN S Tt o 2 = LA 7he] A4 A4 Eq. (2) CE 031 0.395
= =5)] AArs 4= 9190 W, 7 A= Table 204 8Holst 8 | MO1 | MO3 | -0.274 S 0.31 0.395
% 9ICt T3, Egs. (32) and (3b) & MF0.2 I A 1] <29 Ac | 0% | o
#5o] MAYSHE W7 715410l tfe A2 TS Table 3 R
o] S0t 5= QILk 15550 79 Zol 4 = 4] 0003 9 | M0O5 | MO6 | 0313 | S 031 0.213
and M04, M04 and M0S)7} 12+-19] 3714 A1+5 ZH= 20S é; gi? 2?3;
AL = YA LT, 7S HSkE Folle °u =AY 10 | M03 | M06 | 0427 | S 031 0.177
o= =950l YojubA] o4& A 2 LFERSITE. Table 3] AC 038 0217
CE 031 0.175
Table 2. Robustness index among six metropolitan cities
11 | MO1 | M04 | 0434 | S 031 0.175
MO1 MO02 MO03 Mo04 MO5 MO06 AC 038 0.215
MO1 - -0.151 | -0.274 | 0.434 | -0.255 | -0.087 CE 0.31 0.510
M02 - -0.059 | 0.992 | 0.034 | 0.164 12 | Mo4 | M06 | -0.646 | S 031 0.510
M03 - 1.000 | 0.168 | 0.427 AC 0.38 0.625
Mo04 - | -1.000 |-0.646 CE 0.31 0.002
MO5 - 0313 13 | M02 | M04 | 0992 | S 031 0.002
MO06 - AC 0.38 0.003
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1 FE ol om™, M047H 7 FoFolA] 92 A 0= LrER
T}, Table 4914 N/A (M03 and M04, M04 and M05)+= Eqs
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255 Fol BA S 7o FE2 790 ol A = 91RE

o] E7Fs-2 ou|3it}. Table 5= TOPSISE &85 =34
A B A A HolSa Qo 7Y 22 min d, =
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T o= otk A& 50, 910014 A M022FMO5
O =915 GAAIZ17] SlolM= 271 7EsAl o A2 715 e
(CE)+0.001, WZ=(S) —0.004, 2-353(4C) +0.004 T
O HslE 1 Foh, 3k, 24 Ao k= 792 (M02
and M06)7} 5 A 2 252 min d, %1 0.0332 Ho|Z]gt
7374 A4 AN Table 2)0fl T2 H A M022F M06-S THA
A= 22 Zhs B3l o]eh o], TopsIse] g2
24 AL min d, 7 ARSE S HES R 7SR RISt
7ot 224 R 24 Aot H|SRt ATHE Hol= R,
HEH 752 9] o] 7] 71| 9] - F LA A==

Table 4. Closeness coefficients of all pairs for rank reversal

MO1 | M02 | MO3 | M04 | MO5 | M06 | Rank
MO1 - 0.043 | 0.082 | 0.149 | 0.059 | 0.062 5
MO02 - 0.039 | 0.832 | 0.006 | 0.033 2
MO03 - N/A | 0.069 | 0.093 1
Mo04 - N/A | 0.230 6
MO5 - 0.049 3
MO06 - 4

Table 5. Detail results of uncertainty analysis

HT
8

[e)

t}. 78R 2 oAAA B o) A HhEl B
171 STl 7 7HA] 7= 27 E-g-sliof it

Initial | Optimized
No. | Altl | Alt2 | min d, |Criteria| Criteria | Criteria Aw,,
Weight | Weight
CE 0.31 0.309 0.001
1 |MO02|MO5 | 0.006 S 0.31 0.314 -0.004
AC 0.38 0.375 0.004
CE 0.31 0.295 0.014
2 |MO02 | MO06 | 0.033 S 0.31 0.336 -0.026
AC 0.38 0.368 0.011
CE 0.31 0.304 0.005
3 |M02 [MO03| 0.039 S 0.31 0.285 0.024
AC 0.38 0.409 -0.029
CE 0.31 0.285 0.024
4 |MO1|MO02| 0.043 S 0.31 0.344 -0.034
AC 0.38 0.370 0.009
CE 0.31 0.278 0.031
5 |MO05 | MO06 | 0.049 S 0.31 0.304 0.005
AC 0.38 0.417 -0.037
CE 0.31 0.265 0.044
6 |MO1 [MO5 | 0.059 S 0.31 0.317 -0.007
AC 0.38 0.417 -0.037
CE 0.31 0.259 0.050
7 |MO1 [MO06| 0.062 S 0.31 0.340 -0.030
AC 0.38 0.400 -0.020
CE 0.31 0.281 0.028
8 |MO03 | MO05 | 0.069 S 0.31 0.36 -0.056
AC 0.38 0.351 0.028
CE 0.31 0.244 0.065
9 |MOI1 [MO03 | 0.082 S 0.31 0.353 -0.043
AC 0.38 0.402 -0.022
CE 0.31 0.236 0.0738
10 [M03 | MO06 | 0.093 S 0.31 0.363 -0.053
AC 0.38 0.400 -0.020
CE 0.31 0.431 -0.121
11 |MO1 | M04 | 0.149 S 0.31 0.238 0.071
AC 0.38 0.329 0.050
CE 0.31 0.497 -0.187
12 | M04 | MO06 | 0.230 S 0.31 0.211 0.098
AC 0.38 0.291 0.088
CE 0.31 0.009 0.300
13 (M02 |MO04 | 0.832 S 0.31 0.987 -0.677
AC 0.38 0.003 0.376
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