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Abstract

Climate vulnerability index is usually defined as a function of the climate exposure,
sensitivity, and adaptive capacity, which requires adequate selection of proxy variables of each
variable. We selected and used 9 proxy variables related to climate exposure in the literature,
and diagnosed the adequacy of them for application in Korean peninsula. The selected proxy
variables are: four variables from temperature, three from precipitation, one from wind speed,
and one from relative humidity. We collected climate data over both previous year
(1981~2010) and future climate scenario (A1B scenario of IPCC SERES) for 2020, 2050, and
2100. We introduced the spatial and temporal diagnostic statistical parameters, and evaluated
both spatial and time variabilities in the relative scale. Of 9 proxy variables, effective humidity
indicated the most sensitive to climate change temporally with the biggest spatial variability,
implying a good proxy variable in diagnostics of climate change vulnerability in Korea. The
second most sensitive variable is the frequency of strong wind speed with a decreasing trend,
suggesting that it should be used carefully or may not be of broad utility as a proxy variable in
Korea. The A1B scenario of future climate in 2020, 2050 and 2100 matches well with the
extension of linear trend of observed variables during 1981~2010, indicating that, except for
strong wind speed, the selected proxy variables can be effectively used in calculating the
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vulnerability index for both past and future climate over Korea. Other local variabilities for the

past and future climate in association with climate exposure variables are also discussed here.

Keywords : Climate change, Climate vulnerability index, Climate exposure, Proxy variables,

Variabilities of climate variables
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Table 1. List of climate variables and proxy variables of climate change exposure

Variable ‘ Proxy variables of climate change exposure
1) Temperature
Number of days with minimum temperature over 25 deg. of
« Heat wave Daily maximum t'empera' ture i o
Number of days with maximum temperature over 35 deg. X
Number of days with maximum temperature over 33 deg. (o)
Number of days with mean temperature of sub-zero deg. o
« Cold wave Number of days with average of below -5 deg. X
Number of days with average of below -10 deg. X
2) Precipitation
. Number of days with daily precipitation over 80mm (0]
« Heavy rain . IS
Maximum precipitation o
« Drought Maximum number of days of consecutive non-precipitation (0]
3) Wind speed
Number of days with maximum wind speed exceeding 5m/s X
« Wind wave Number of days with maximum wind speed exceeding 10m/s X
Number of days with hourly maximum wind speed exceeding 14m/s (0]
4) Relative bumidity
« Forest burning ‘ Number of days with effective humidity under 35% ‘ (o)

 (O) indicates variables used here, and (X) not used in this study
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Fig. 3. Time variations of climate exposure proxy variables: a)maximum number of days of consecutive non-precipitation, b)daily
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Table 2. Time variational sensitivity of climate change exposure proxy variables
Climate exposure proxy variables a b, Orogear | IT1X10007 | rank

Maximum number of days of consecutive non-precipitation | 2.3 X 10° 17.04 2.28 1.01 9
Maximum precipitation 3.4x10" 134.23 23.35 14.42 7
Number of days with daily precipitation over 80mm 25107 2.07 0.86 28.49 5
Daily maximum temperature 3.19% 10” 17.11 0.51 625 3
Number of days with maximum temperature over 33 deg. 14x10° 6.37 3.75 3.79 8
Number of days with minimum temperature over 25 deg. | 6.76 X 10” 479 243 27.41 6
Number of days with mean temperature of sub-zero deg. 39%10" 46.70 10.65 36.79 4
Number of days with hourly maximum wind speed 2

exceeding 14nvs -6.4%10 2.68 0.81 78.40 2
Number of days with effective humidity under 35% 365%10" 1.42 1.66 215.66 1*
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Table 3. Spatial variational sensitivity of climate change exposure proxy variables

Climate exposure proxy variables a, M50 0ar ISI 10" | rank

Maximum number of days of consecutive non-precipitation -0.10 16.70 0.06 5
Maximum precipitation -0.27 203.32 0.01 9
Number of days with daily precipitation over 80mm 0.02 5.60 0.03 7
Daily maximum temperature 0.01 3.92 0.05 8
Number of days with maximum temperature over 33 deg. 0.15 16.87 0.09 4
Number of days with minimum temperature over 25 deg. 0.24 19.30 0.13 3
Number of days with mean temperature of sub-zero deg. -0.28 7477 0.04 6
Number of days with hourly maximum wind speed exceeding 14m/s -0.37 12.90 0.28 2
Number of days with effective humidity of under 35% 1.57 39.77 0.40 1*
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maximum wind speed exceeding 14m/s and i)number of days with daily averaged effective humidity under 35%.

A ofAl A, 183 UBH FstL4(Fig. Sghe= 2. 0j24 100E7te] 7|S & hi8MH4o| AISZt
e A dolA] WA et A 219e] 7123t 2z

galo] A og nzst Ao Ueyth 1 9 nEe] 2|9 7|5 eE 8 &5 9
ARE H3LEE0] 14m/s o149l &9 3l4+(Fig. 5h) af 3tk A e 71 - d713E &
© A AYoA AdHor @A AagErt TA|2HL] & A2ER] CCGISY ZIHE o]83
35% ©15kl F] Bp(Fig, 5= St A GoA ek 71% - o713 BRAIAES A AR
=2 2 Yepl 713 melo] CCSM3(Collins et al, 2006)2} 73}
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Fig. 5. The same as Fig. 4, except for the changing rates relative to averaged values.

3} dlo] GEOS-Chem(Bey et al., 2001), A9t
ol 7154 5% 3 sk= MM5(Grell et al.,
1995)¢F Aot tf7]d =l CMAQ(Byun
and Ching, 1999; USEPA, 1999)0.& LA %o
ek 2 Aol AREE ulE 7] eE ofERS
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18km9] AAZFA SR AYAHE Frolrk, IPCCOlAl
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A1B(A balanced emphasis on all energy
sources) AU 2.9] 7|32 tf@8i40] F7HE
22 gmngi

Fig. 63 Table 40l A1B AlU=22] 20204,
20501, 210099 4H&ghe el it Fig. 6°]
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B 37 3099 AlZEHst AeFFig. 3 A=
SARBA UERRoU T wskg e A ey
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Table 4. Climate exposure proxy variables in 2020, 2050 and 2100 (A1B Scenario)
2020 2050 2100
Climate exposure proxy variables I Stan.d:%rd - Stan.dgrd Sy Staqda.lrd
Deviation Deviation Deviation
Maximum of continuous non-precipitation days 10.29 1.60 9.64 1.18 11.04 1.58
Daily maximun precipitation 82.71 13.41 99.95 10.69 98.78 17.87
Number of days with precipitation over 80mm 0.79 0.51 1.20 0.44 1.34 0.03
Daily maximum temperature 15,57 1.42 17.24 1.34 17.72 1.36
Days with maximum temperature over 33 deg. 0.22 0.34 1.72 227 0.39 6.03
Days of minimum temperature over 25 deg. 1.24 2.08 9.31 9.81 15.08 12.89
Average of Sub-zero temperature days 52.71 24.20 31.37 18.42 30.05 18.04
Numbe'r of days with maximum wind speed 352 586 3.19 5. 424 6.07
exceeding 14m/s
Days with effective humidity of under 35% deg. 10.93 14.48 11.03 13.27 9.91 12.80
th & 5ol ¥ FHa7]2o] 33T ol g 8l FoflA= F3igt W) e YERA] oot ARt
2o o] H77] 0] 95C ool o] Rrt T HTELo] 14m/s o141 Y] Rt T 304
309 &% F7hsle At g2 1 Hekeo] Ao A et e 3% 4 (Fig. 3h)ol &
o 27 ey, £3] wredo] veols Aol 7o) YehA]
T AIZE HnFGe] lm/s ool 9l B gk AO2 wekHd, AESwe] Wak AL 3t
o} ARGEI 35% of5tel O Bk vl 7] A BE AR A A e, 177
16 180 as
a) 160 b) 30 °)
9 " : 140 v 25 3
g 12 T -, % 120 . ° ;-: 22 * '
e = 515
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Fig. 6. Same as Fig. 3. except for CCGIS result of 2020, 2050 and 2100,
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FrdoA A A izt o5t 7| 257-4% A(F7hat Fallt A FE) A B3 11 wishEEF
71577340 gho] AdiEEE 94 o) 1Y o] sk AL &I 4 gl ol Fig. baol
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2006). wfzbA otddy 715 ol ek ofe] £9 5 S (Fig. o) ¥ Aol 80mm o}l Ee
< EQE Aasret dud v 713 eE W Sl5=(Fig. Tc) T3 A A GofA a7 A2
of thgh 744l 7 Do Ao wekEch stiie A 3049 7|$eE d&H4(Fig
Fig. 72 n|g 21004 A1B Alvtg] 2042 7] 4b~c)9F FARES EIE 4= QglaL, A

248 7282 3AA 7187] Folo] TEE
(Fig. 5b~c)o A= gHeldt 4= 91T,

7123 P A FHar|&(Fig. 7d), ¥ FiLv]
£0] 33 o]Ake Fig. 7o), & 2472

o v

ue,
1o
et
j\).

25

Fig. 7. Same as Fig. 4, except for CCGIS result of climate exposure proxy variables for A1B Scenario in the year 2100.
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