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Analysis of Climate Characteristics Observed over the Korean Peninsula
for the Estimation of Climate Change Vulnerability Index
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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

o
el ol g ANSYR, dESEE
elufet 71l AR S 75 on
& Bhoz So AyE BEY Aol 43
Al W A e Ak

ﬁ
;5
+
<
E
+
=<,
$
+
g
S
+
=,
S
[
S~
%
=
xR
o
)

714 r& 0.7
< 10014 44 X*‘*'J *‘EH¢E~ LERdTE Table 1

oA 2F AEH AES2 A 3047 AT, &
7HA Wsks A7) flsto] 7 23E WMo 3
. F7Fk(median), 21831 5, 25, 75, 954 AlE}
U(percentile; %ile)e] Al7te] w2 A3 F=AEA]
et #EE A 309 vl 1004 0] $-9f 7]
T AR oo wE FIHEEE AT E QT
7+ 715559 AEFZkannual mean)d] Al
| ©E APy = apx + b)) FAIE oL} 2ol
7t Hpe F28tete] ALt AlZHAstH alet| g
M= o, ob&e| 3 WEEe] A7E
s RGN ke i B o e 22 IR o [ )
2 2L7 0] 95%iled} 5%ile?] Zol(d)E T3t
A g9 7|5 Rsto] whE A HIEA (= ax +

.

ru}& ne,

lOH

b)2HE SR} gt E(©)E ofefje ol A
oJ3hsict.
S —
O_]()year
B mSOyear

ot A7 foseuire Tt fuirets IL78E

o oA 71T eE &, 95%iledt
5%iles UEHH W54 AR E 242 vehdith, o)
A A)ZEASE ket E(T)= 7] S Hs7t Aia o s
AL 712 EEEALe} thulsto] 2 7|3 HS}
Zeygo] wet dupd 1 Habh igevke] A
w=7h ww, SEARE gebE (S)= 73St w)
N49) 71 ool oy A
Gl {7t He. o v AlZF wisk sief

=2 3l
R LL
= s
49



oc
N
H
0\.1
oi
DS
Z
:

BME F57] $ig 3k P 22 104970
AT 1981d~19909)9] BFHAE AR
09‘1 =4 2718 75t gl A(E2

L) 7|71e2 712Eta. o)E v|Re g AHT|E

i

2. A8E X2

2 AFofA= 713 eE e
U] 7|&9] 7|53} A5
Agateth E8 ko] A8 7hsd
HE&Hs-E A6 H’E}Oﬁ T3
(1981~20109) 71443 4bst 6171 At7148=
A - (Fig. 2)00A B=3t <
o}, 7t W5 AN BEE 7)1
HE5e 59 71 71 9 7S Haess
J—’r °4°1 AESHAY, E 2
ARgH AAm & ARS8

FF 10099 v7|F Ayl e AlRe THe
Aol A st CCGIS(Climate Change
adaptation toolkit based on GIS)2] A¥E A&
SFTE CCGIS T2+ 20204, 20504,
210019} diste] F 67]2] TPCC 7] F-Rig) Alnte]

9(SRES A2, AIB, AIT, AIFL, Bl @ B2 AU

ox!

("]
ol
—

ot

@ 4
Ao e

i‘—f*l rﬂ

Mo o
N
P

"
I

4y 2 ooz 2 b A v 2

N

Jr

Ol
(]
s

Station Location

Lat.

Fig. 2. Location of 61 observation stations used in this study.

Q) A7t FEEol glom, & dAFtoA= o] A

= FolAl AIB Alu] 2.9 7|5 Al AIE A=
£ ARgSET). CCGIS A+ 717} o718 |
718 Atge] sl AtEE=, 71 AT
715289l CCSM3(Community Climate System
Model version 8) A& the-AA| L& (down—scaling)
skl o] ARE A 97| TR IY(RCM; Regional
Climate Model)l MM5 ZF5 7|4 REe] 9]
ArE ARgote] 2E AYARRE A Eo o= e 1}
H, 2008, 2009, 2010).

m. 7 =t

1. 27 3042t 7|Z & CHEHL,O| A[ZZH Hs}
B oA 1A 307t 7|3 I} o= A
T AeE Ao g 7hEste] 1 EAE sty X
SO —3:#% 1 Aol Aste Aoz 7Hgste
715 89 FolE A5kt Fig. 3
SHIFE 617) ﬂé«iﬂ 7|15 g8 A A d
o, A BEa Haga Ag 39 B4 A9
5%ile, 95%ile®] A% 3|9 A3 el Ao

g

*ﬂ M"‘ de 0431 Ao i 5 A7kl BE3

S0l A 95%iledt 5%ile2] Afo]E Hetct 7

£(9010)2 shbE o] Ay 7H4eke T 35

Z7kehe Aol glom, T7l<6~9%> 34291
_/,:

vizand

gi
FﬂJ

B rr r:'_ 10_4'
olX

_O‘L
rlr
o,

&%
5
ne
+
r
d

“Q
ey

o Kooy {omoR

iy
N
re
b
2
ro.
-d
oN
4
e
1o
ﬂ
=
£
tlo
o[\
N
>
I



896  EAIYHI} M20H M 6Z
50 3’ b) 186 c’
— y=-0.079x+28.85 sin — y=0.015x+273.23 — y=0023x+542
. — y=0.002x+17.04 —— y=0.337x+134.23 1 —— y=0.025x+2.07
40 —— y=0.283x+65.76 iz —— y = 0.006x+0.08
400 * -
® @
gw § g
B 2% k-1
= z o
E 20 g E
e
10 . - * 100
a 0 . . . . . .
1080 1885 1890 1985 2000 2005 20m0 1980 1985 1800 1085 2000 2005 2010 1980 1885 1990 1985 2000 2005 010
year year f year
d) e)
24 50
—— y=0.147x+14.78 0 —— y=0.243x+15.60
% Y= 003181711 & L T y=00Mnsd . —— y=0.067x+4.79
— y =0.0365x+14.90 iy —— y =-0.004x+0.27 %0 —— y=-0.004x+0.27
g™ g® &
g g g
£ 5 5
;‘15 g 20 E 20
3 [ 15
T £ 2
0
14 o o
12 . . : 3 3 . =
1980 1885 180 1985 2000 2005 2010 1980 1985 1980 1895 2000 2005 2010 1980 1985 1990 105 2000 2005 2010
year year N year
1] h) i)
30
140 —— y=-0.333x+81.66 —— y=-0.367x+18.59 120 — y=157x+1541
— y =-0.392x+46.70 25 . — y =0.358x+1.42
w —— y=-0.052x+2.53 . 100 { —y=0
Z 1. . *e . : E) ? : . g e Al .
§ & ET ¥ § 15 § . al
i~ Tl wodl e |1
3 B 3 e .o 3 . . L= .
£ IIII'!"-I ..|||||"|1”f 1' B £ ol e .
2 o U wiap-ra et ALl AR AT L" 2 2 - " . it
= U |||l!| | e % oo el T
- bt L L rTITT =1 sl TR
I 5 Ty HHTP‘:HHI\‘!‘H_-:FT < R ClzlllaTrte
i oL . |

1980 1985 1990 1995

year

2000

1985 2000 2005 2010

year
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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 5

exceeding 1nvs -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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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] Bx(Fig. 5i)= St A GofA ek 71% - o713 BRAILES A AR
=2 2 Yepl 713 el 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
© A AFte] 715 REghs R S (down-
scaling)ste] At mEllo] ol 22 & Algst
18kme] AAZIA o= AbE glholth, [PCColA
Algste 6712 wiEwF AlUE] 2(SRES) ZollAl

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°]
A o 4 glzol ulele] 7 Fied Yans 5 71e
I AT W] AHHS Aok A 7E HAKd)
B kA 3099 Azt A eF(Fig. 3 A=
SARA UERtou 1 Mskg 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
e ® - g9 8 | L=
2 T O 0 % ¥ i 2 s L I
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2 a) 25| 60
20 & 204 e) 50 f)
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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
oHA] ok AatelA ofafd 4= Qlth(Colman, A B HAY 71&71E AFTFoRN T HFS
2004; Soden and Held, 2006; Wentz and gl o= 9lo], CCGIS7) o] g3t A|9d F3F ZJo]
Schabel, 2000: Trenberth et al., 2005; Dai, £ BARRL Yl Aer & 4 ook o Y 7
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,
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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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