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ABSTRACT

The purpose of this study was to evaluate climate change vulnerability over the agricultural infrastructure in terms of flood and
drought using principal component analysis. Vulnerability was assessed using vulnerability resilience index (VRI) which combines
climate exposure, sensitivity, and adaptive capacity. Ten flood proxy variables and six drought proxy variables for the vulnerability
assessment were selected by opinions of researchers and experts. The statistical data on 16 proxy variables for the local governments
(Si, Do) were collected. To identify major variables and to explain the trend in whole data set, principal component analysis (PCA)
was conducted. The result of PCA showed that the first 3 principal components explained approximately 83 % and 89 % of the total
variance for the flood and drought, respectively. VRI assessment for the local governments based on the PCA results indicated that
provinces where having the relatively large cultivation areas were categorized as vulnerable to climate change.
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Table 1 The proxy variables selected for the agricultural infrastructure vulnerability assessment over the flood and drought
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Fig. 1 Calculation process of VRI (Yoo et al,, 2008)
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Table 2 The proxy variables lists and their codes for flood and drought

Factor Flood proxy variable Factor Drought proxy variable
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Table 3 Correlation matrix between flood proxy variables

Factor] FSO1 | FS02 | FSO3 | FEO1 | FEO2 | FEO3 | FAOL | FAOZ | FAO3 | FAO4
FS01| 1.00p 0.78] 0.83] 0.10] 0.48/—0.15 0.14] 0.38 0.02|—0.24
FS02 1.00| 0.77-0.07 0.38]—0.25 0.11] 0.58—0.14{—0.30
FS03 1.00—0.24| 0.20|—0.14|—0.13] 0.08]—0.36|—0.15
FEO1 1.00| 0.75-0.09] 093] 053 090 0.11
FEO02 1.00—-0.19] 0.63] 0.78] 0.48—0.22
FEO3 1.00|— 0.22|— 0.16|— 0.11|— 0.22
FAO1 1.00] 052 0911 0.22
FAO2 1.00| 0.42)—046
FAO3 .00 017
FAO4 1.00

Table 4 Correlation matrix between drought proxy variables

Factor]  DSO1 DS02 DEO1 DEO2 DAO1 DAO2
DS01 1.00 —0.23 -012 —0.08 —-0.15 -0.20
DS02 1.00 —0.06 -013 —0.04 0.25
DEOL 1.00 0.97 1.00 0.41
DEO2 1.00 0.94 0.34
DAO1 1.00 0.42
DAO2 1.00

4% Uik,

7+ W40 AAE (367, Communality)®] 548 53l =
AE B4 E ARSI Ao] 7SR E ddet A, Adnb oz

[e] )
24250 2 S e A0 Ueht 4 B4 A8



Table 5 Eigenvalues and total variances explained by components

Component Initial eigenvalues Extraction sums of squared loadings Rotation sums of squared loadings
Total % of variance | Cumulative % Total % of variance | Cumulative % Total % of variance | Cumulative %
1 4.01 40.09 40.09 4.01 40.09 40.09 3.83 38.26 38.26
2 2.99 29.89 69.99 2.99 29.89 69.98 3.08 30.81 69.07
3 1.34 13.43 83.42 1.34 13.43 83.42 1.44 14.35 83.42
4 0.82 8.21 91.63 - - - - - -
5 0.36 3.59 95.21 - - - - - -
Flood
6 0.33 3.31 98.52 - - - - - -
7 0.13 1.32 99.85 - - - - - -
8 0.02 0.15 100.00 - - - - - -
9 0.00 0.00 100.00 - - - - - -
10 0.00 0.00 100.00 - - - - - -
1 3.18 53.03 53.03 3.18 53.03 53.03 3.12 52.02 52.02
2 1.38 22.93 75.96 1.38 22.93 75.96 1.44 23.93 75.95
3 0.80 13.25 89.21 - - - - - -
Drought
4 0.60 9.91 99.12 - - - - - -
5 0.05 0.88 100.00 - - - - - -
6 0.00 0.00 100.00 - - - - - -
st=d REj7) ¢S Aow #dslgion Qol7ke] 183k A Table 6 Factor loading by principal components
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FAO2 0.69
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FS03 0.90
f2lof gk AgEE =ol7] 98l shte] allol] =2 AA 301 0.90
U AeF ohal YA addsoe W2 AARE A 8 FAO4 0.87
13% (Factor rotation) W& 288921, Varimax 4] FE03 —0.60
2 Agsie] ZAHRS 22590 (Kim, 2010). ol 2217H) DAOI 0%
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H] 30.81 %, #l 3?*&%—8 TGA] 144, BAH] 14.35 %2
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Bt 7HAR AgsH HER A adAAgE 27 Vulnerability Index, RADVD®} sjA% oM #4988 59
of wet LAdE A28ttt (Table 6). 7H2 #eFA  R|4=  (Componential Agricultural Drought
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Fig, 2 Classification of comprehensive regional vulnerability

Il Most wul bl
JB‘"?DBDM igavammaplmmca 0 25 50 100 o “:Srl;:::maeevs MSMM Iymngplwmcg
(a)
Vulnerability

Index)®] 7NE& 2853
Z

[e]
(Component score)®] AH92 72 FAHES

FE R dRdeRtE AR A2 ded 22 A4

=
A BE ege AN

oz BREY /190 et A APy Wl ke
A F0 gEAlsh AFEEAA RS Fepdo] vhe R0 1}
ehkon], A 13482) 71547} 27 we] TBH Hepy
WA ehHom 32 Wajol g MFe] thpk 4
ool £& Ao BRHYL. Fig 29 (), ()= olefd
24 A% 54 % 7Rl e T2H Hepy Wt Anz
A R Q1o (0 FTH SR A FHory

%7} Ak Akl Uehi Aol
V.2 Z

2 Aol 715l o AN FHePdE B

36

7¥el7] ffal ek 7kl izt A HoPdE el £
Faste] WE, =F 9 A5 37 7hElazee] o
Sroll weE 10719 izt 7haol wed 6719 die
+E AAst] 7 Al SRR S IRPEIALY S
ALE S& Fatsto] 7|z $A EolEHE skt e
o FARtEE A=t Al SAUES SsolEsAelA
ke AR RPRIA] SAIGES v o= 253l
FARS A4S A= 8170 7V dAPE AARE Bl
= 2AJegle). Bt w4419 Beilee FAEALE 55 ©]
83l 75313

FHepd-g=EA A (VRDE 35171 $18f o1& M8k Wit
= A5 (8D, =% A5 (BD ® A58 A (ACDHY 9At

Q4 o) M4Ee BESR & waslE Wese Asdes)

i)
oE
N
=
=
D)
rlr
of
ot
o
offt
ne
&)
P
tle
™~
2
it
ofl,
N
i
o)
o2
Oft
ol
N

o bl
web 7 ol FRES Tt e WA 4
Sl thilak B4 HHQ AR WS H851] darln
2 et Fo 5T APISIATE 2AE BA) Hgut
HE A4 2 2480 Ao o A= vmshd 4
& ZFsole, AR 4T o183 4 AEEe) H4E ke 3
He 7t A YH4E BE YR MBS, AR



294 B
Aggsto] 7F 29 QIAHFE Loto] FE 49 et £ A REFERENCES
FZ dsto ARG ARE B7F AxE 71| $ARA
A7 74 AAZE 2514 ko BEAAurE Foju|siE 1. Brooks, N., W. N. Adger, and P. M. Kelly, 2005. The
2 HFEA] asfjof gk B qtof|A] AAE A 3o thst Al determinants of vulnerability and adaptive capacity at
B Aak o 7Zeeko] 80 mm oAkl Yol B 1W = A the national level and the implications for adaptation.
7F0] 80 mm oAl & A 1Y FHo| ek 0.77~0.83 Global Environmental Change 15: 151-163.
off o]2 ] FUHAIE Uetlglar, AdA i EA S s 2. Chung, J. W, W. K. Lee, G. Cui, S. C. Lee, S. Choi,
&, Hiez dolet BRI WA 1he] A= 242 0.78, and H. A. Choi, 2010. Application study of vulnerability
0.919] =2 ko] AREAZ} Yepon 2o FH84E assessment models for water resources to climate
SEoks PO oE WA Aow weE 9], HAHA change by spatial and watershed scales. Jowrnal of
I eQPAE WA Zhofl= 1.009] S &Fe) AitA 15 7} the Korean Society of Climate Change Research 1(1):

Ale AR et ] A7)0 whet 2o
ZlI etk 548 2w @ Aow s
So] 59 ARHA Y AL — 046~ —0.159] He=
UEAE LERH
7} wipo) AeHmo] 242 &
A0l 7HsTAE Bt Az Avbgow
TRE A0R Usht 4R BN Fgettd Rt 9IS
AoR Wasigon a9l m #3k Aolet 7k agle] w4k
o gt AHATES ulgR Bhot 78 TR diE) 229 2
A 220}04 *WQ *JLL T 2ol T W] 834 2,
7 Z W= 76.0 %5 AYsiia HEHor T4
Sge 49 37H B FHS A9 21 FeEE Mol
Aol ePgAel Ao vergty, 1 A3, F4 iRt Al 1574
TA ZRAZE 7P A7) tige] AR Al 15NN w2
kg e Uerl Aejo] 2l Foby HrlME Fekol
e AR eiort A 274t Aozt del A g
of AYEE A9 A Al 2 B 3FER0NM TEHeR H
ofgo] tre Foz Uehton] muxel Foby B} Ao
/\11— _;Hok/do] Lo x]crl o7 HEE]oqq 7].%01] 1:].]-6]— __\7:311-;(-]
o] ZokA J:17} At A 29 frA|et AFEEAR L
Hepdo] we Ao Uthton], 4| 1345e] 7157} 27|
th2o] E224<l ek WloWE yefon R Wl

F_EL

_EL
AT B X
flo 4> <

He (95| R Hepyol £ Aejor B,
5 ES SN ROl B B clel

of A 7|22 do] 44 9 BekS F 44 A7 2
W)L, Thoket W7k 7o) e Blol TR g
YA Sl Al e sl A1 Vel 2

uic)
=
1z
SE
r-{o
of
é
N M
2
et -
2
?9
o
paty
|o
X
i
c
i o
i

)
=
=

£

1o

l—uO

ok
i
ofr

P

[

o{oiv

.E

—Ll

E

ﬁ

rie
=2

1o 2

:?:

_l

Journal of the Korean Society of Agricultural Engineers, 55(1), 2013. 1

21-30 (in Korean).

3. Fissel, H M. and R. J. T. Klein, 2006. Climatic change
vulnerability assessments: An evolution of conceptual
thinking. Climatic Change 75: 301-329.

4. Gbetibouo, G. A. and C. Ringler, 2009. Mapping South
African farming sector vulnerability to climate change
and variability. IFPRI Discussion Paper 00885.

5. Go, J. K., 2009. A study on vulnerability assessment
to climate change in Gyeonggi-Do. Gyeonggi Research
Institute (in Korean).

6. IPCC, 2007. Climate Change 2007: Impacts, Adaptation,
and Vulnerability. Fourth Assessment Report. Cambridge,
University Press. Cambridge, UK.

7. Jang, M. W., 2004. Development of regional vulnerability
assessment methodology for agricultural drought using
GIS. Ph. D. diss., Seoul: Seoul National University (in
Korean).

8. Jang, M. W., 2006. County-based vulnerability evaluation
to agricultural drought using principal component analysis
- The case of Gyeonggi-do -. Rural Planning 12(1):
37-48 (in Korean).

9. Kim, C. L., 2010. PASW data analysis. 21* company
(in Korean).

10. Kim, D. U, Y. Jung, M. J. Park, J. Y. Yoon, S. D.
Kim, and M. H. Choi, 2011a. Vulnerability analysis of
water resources considering climate change. Korean
Wetlands Society 13(1): 25-33 (in Korean).

11. Kim, E. H,

vulnerability indicator using routine meteorological data.

2010. Estimation of climate change
Master thesis, Busan: Busan National University (in

Korean).
12. Kim, S. J., T. Y. Park, S. M. Kim, and S. M. Kim.

37



dr
i

AR BAL o8

=

A7) A FHobd Bl wet A+

13.

14.

15.

16.

38

2011b. The proxy variables selection of vulnerability
assessment for agricultural infrastructure according to
climate change. Journal of Korean National Committee
on Irrigation and Drainage 18(2): 33-42 (in Korean).
Lee, M. H., 2010. Korean flood vulnerability assessment
on climate change. Master thesis, Seoul: Sejong
University (in Korean).

Ministry of Land, Transport and Maritime Affairs, 2008.
Planning research of flood defence technology for next
generation (in Korean).

Moss, R. H., E. L. Brenkert, and A. L. Malone, 2001.
Vulnerability to climate change: a quantitative approach.
Prepared for the U. S. Department of Energy.
Myeong, S. J., J. Y. Kim, S. H. Shin, and B. O. An,
2010. Assessing vulnerability to climate change of

the physical infrastructure and developing adaptation

17.

18.

19.

20.

measures in Korea II, Korea Environment Institute
(in Korean).

NIMR (National Institute of Meteorological Research),
2009. Understanding Climate Change 2 — Climate
Change of Korean Peninsula: Present and Future (in
Korean).

Park, K. W., J. T. Kim, and J. N. Lee, 2006. Evaluation
of the drought indicator for regional drought assessment.
Proceeding of Korean Water Resources Association:
214-220 (in Korean).

UNDP, 2005. Adaptation policy frameworks for climate
change’ Developing strategies, policies, and measures.
Cambridge University Press.

Yoo, G. Y. and . A. Kim, 2008. Development and
application of a climate change vulnerability index,
Korea Environment Institute (in Korean).

Fasotel=ad A55d A1, 2013



