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2010 2011 2012
| \
Adoption and communication of the
National Adaptation Strategy by the NCC

Mandate to develop
a National Adaptation Plan

Development of the regional
adaptation plans

‘Merged’ national Adaptation plan (including
federal input and identification of gaps & synergies)

Stakeholder consultation and continued
interregional and federal communication
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O German Strategy for Adaptation to Climate Change, 2008
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O Vancouver Climate Change Adaptation Strategy, 2011
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Climate
attribute

Time

—— Time series of climate attribute

= = Trend in mean value of climate attribute
Coping range (before/after adaptation)

O Exceedance of coping range (vulnerability)
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[7|=3} 2|2k (Vulnerability to Climate Change)]

2447 91(2009) 7| S8} HOPO|ZH Bt AIARIO| 7| 50| BH0[Q FekAbAITE 212 | ste| STl Bt
off £ kS WAL HHS| CiASHA| Rote HEES Q|0jshe 222, EH Al

e 8 X539l a2t HO|(IPCC, 2001b)

, 7|2t F|ofdo| 2 7| T HEE Qs BRI upot SIS W o|of| FES Hhe R EEOl0| CHSE

He o
HAT ©

ox

I
o

x 2ok = fed, UgE, Hwe)

Exposure | Sensitivity |

P ——
Potential Adaplive
impacts capacity

s <. sl

Vulnerability to
climate chanage

(&4 : IPCC, 2001; 844 £, 2010)

B AT A AR 7158t 23R o] W Hobg AuTh e sk 314
NS A%E Ei AL -BAGSl] W A] whet Mok Wehe Alwmgi, 712
B34o] £ uklo] ofafsl] of2ie Wel /¥ @A) 2ok Wkl F36] 715
S, 715ste) @agol W2 Bk 7Hde) A%ES RSl tho R e Al

}gbck mreb) 2Iop AT Slat 2L that o] ek

TN Bz vieh o] 2 -2luzhe 1€ 300mm o1, AIRFe 50mm o1
A HS27H A= 71178 76 H FERAAEE - SAE B 19009 7E A7
A S71Al0TH, F2 3092 1L 375 Stal o). of ek B s] 71472 2017

2) CRED (2016), The Human cost of Weather Related Disasters 1995-2015, UNISDR, pp.13-14
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200mm °Vd F-97 W] B2 siE Y. 7142 X 7| eHstE Qlsf 59
30~50=9] %H AEZ|77F AA 0 & dolel A A]] 5-9-5 FHEo] WL itk
Argsta o).

a3l 2= (3])
71zt 1AZE Hd | 19 Ay e

Sommeld | 300mmel 1 .
1900~1910 0 0 . i
1910~1920 0 0 B H
1920~1930 1 4 TN %’
1930~1940 2 0 - ;
1940~1950 5 1 L4 s
1950~1960 8 0 3 -
1960~1970 11 1 0 :
1970~1980 32 7 F \e“; \9: »ﬁbﬁ““ 9 "‘“\ﬁ“ﬂ‘“ﬁf a““ M@”ﬁ\“
1980~1990 66 14 L
1990’“;0?3 86 20 B |7 A gsommoly T 12 HCE300mmol
2000~ 5 111 18

[23 3-1] 212 LSS Wy F0|

EX : 8Z7 (2011.10), S St AIE|01M 7H0|=2t1 O A7, p19

(73 3-2] 2011 72 9 ME7 IR0 2fst =X 52 2R
(EX : 4R0| (2011.8), #LFOIS L2 HET|T, 2SS0} 20111 8ES, p 68)

3) 4% (2011.10), HhS st AlEH 014 7Hol =Rl vl A, p19
4) 71 BERRE (2017.8.3.) 20179 AulEA
5) 281 (2011.8), #HAIE RaL AEVF FekEol 20119 893, pp 66-71
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SfjQlof| A= 2o ofst 45 A 5&1—’?—(Surface water flooding)2F A3t Q)

oli= 53] AR oA TAT= Bt 7P 2] B0l AR, A o] g EH o
WIS} H 31 i}, A H 0] S-S A EH, EAIA| Qof| A EAYsk= F-9-0 ofjt
e B ARHOA AT A REFE TEo] YW, ole 2 AxTATY
HRlo] Ht} (Hurford et al., 2012; Ka ~zmierczak et al., 2011; Falconer et al.,

ARG T= AEHL T HEo] EFFHQ ZAA HF559-9] ARt A9 &5
Alof] 9hB51 | 2|4:A)7ko] Bl =R o]t Golding, 2009). 41291 ¥hAY HlAU S
2 Ao vi7|REA A &2 fQ)Els AHSY] figo] BT |9kAE ] & &5 o
A 77t AIRE| 2L on] 23HE EA| A 3#O] WRSTHIUHA HH FA4m]shE P o7
7] AR @it Sl e Al A2 A &4A 0 2 Aol Qs Aol R g 7

H3E=7EE0lS0] A1 HA BH’\/\V*E SoVhe wUEel Ecled dddie
EUA =t o] 432 SFFolA EFokaL e Wi AlA ol ofgt Hapet A3
FEFON o3t M) AL A Zsh= AHgelt
£ Aol A TR} sk F o AR AR 50mm o1 290l 2R A
TG T EAIA FollA HIHSHA S e A B Frdde HFaA . o
= 7|58} Rt Aol AHef g AR Sfmieitt
80 350|
20100921 Fiooding avent 20100921
20110727 2aeimhe 20110727
7 —t 300
o Flooding event B <
Flooding event 2 \E
= B 2185mm §
E 200] §
3w iH i
g SEEREFEEEELEEE N
S 30 é
$ 5 1oo§
wl 11 181 1 f 111y 8 50
0 . REEF PN EEEEEENE &Y . A0 00 00000 0. 000, . lo
1234567 89101112131415161718192021222324 1234567 89101112131415161718192021222324
hour hour
(A (B)

[72) 3-4AH2A| 20104 9% 212(HA), 201141 78 27U(K{M) Wast LSS Yato| HEAIZHL B2

(A), X220l HIm(E)

(EX: Lee, E.S,, Lee, D.K., Kim, S.H. and Lee, K.C. (2016), Design strategies to reduce surface water flooding in
a historical district. J Flood Risk Management. doi:10.1111/ifr3.12268)
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oli AAHE 87k AR +4 F=2 APgsk= 2ol Sa% W ol sty
Rolling Ball Method €} o]& GISO 2-&-A17] Surface Water AnalysisS A2t
ek t9] XSS A&l vEhd A - A Aake] B4 ol n 24 A
= Wast7| 91t SHEA R = A

O Rolling Ball Method

GISOll*= Rolling ball method (Prodanovic, 1999)5 -85t Catchment area 2HMJ™
(Jenson & Domingue,1988; Boonya-aroonnet et al.,2007; Maksimovi¢ et
al.,2009;Zhou et al.,2010; Leitao, 2013)°] 7] g2 A= o] 3t} Rolling ball
method= A Y E & LI} HAE 83t 1 Blsf T ert 7 =
2 gheo] A= BrdE A0, 7Y B2 il ik e AEste] A4
& WA H= =gAAo]tiBoonya-aroonnet et al.,2007 ; Maksimovic et al.,
2009;Leitao, 2013). Rolling ball method®] A2+ Jenson&Domingue (1988)2] +=
Zolebn ¥ % ek

1= FORTRANZ = T3 Z-85to] FAEQt HlE S7HEA S 57 s -5
125 B O & ZEE A4 SRt del= Thdsitt R0 FARFE Q] o]
o] S0l gol st 501 U= AEolA 23t 32 £ 2vlstd, 50|
7 g 00 #EHETE MR E RO R J O HAR 2 X, 32 3Lo] A
Al ZE el QY S5 AARE et R 2o EEA H=t] 3o] AR
o] BEA{ U7} 00] B 11 32 BARE et W2 3] ARt IS o KAA]
H, O 2 AR &2 XA olFs & HS9 Fo] HolA Hot
(Jenson&Domingue, 1988; Prodanovic,1999). FARE et Z2lol= &2 o] ¥
£ A9 R0l wet Z=stste] 0/ (FAD 1 (EA), 1P| AL o] ghEe] A1B Y
gof| et AtEl = AAE 39 22 doll FF5 ZF3t et Zoloh

TAAN 2-sA| A= e Ao &o] EAste] ‘1'gk& 1124 Zh= oA &8st

o S BAEE 7I1Eo R S T 1 8719 HAS 29 AlEE 2= 1(20)
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ol FE 128(28)71A] F4-F FootH, ol w2t 87 ®9IE Direction -
SHA Eot.

o] Direction®] @ZAAJo]| 2J3) 7|24 0 & 7} WAlnjr} 7|EA 0 & QlglElo] 9l ‘1’
Zko] ol =3gtito] =k & B E DEMY cellS A2 ZFH 17]19] cell S 4102 CE@
St 8719 cello]l Eo] EA5HH 1, EASHA] 9201 0 olghe 24 41& Fofeitt. flow
direction code #F& 71522 |G cello] TH celld} 2 AZ=H FH elli—.—Ei
135S Egdtol =4 3to] "} tiat flow direction codegte] 28 AA =] F=r}
W 132 EoF0 A5 08 Bo| ZX5HA] ¢A| HlE& 00 & vl

o] dito] BHEA 0 & ZIYE|HA A DEM cellofi= X @of| 23t &2] 4 glo] A
Fot. 2atA o 2 g do] AA| o]ofAHA sidal=r 2 HAY o F o]
T A g AR A . o] A g2 205 A 1ol HAE o ® R T
Alo]| AP o] =H O 2 HAHT (Jenson&Domingue, 1988).

wlw| o
oc|l&a|lw|o

v

[

0
1|24
214|735

0
1
7
0
0

oloc|lo|o|lo| e
wmlo|l=|oc|loc| e

0
1
3
0
0
2

Flow direction Flow accumulation

Direction coding

Determining the accumuiation of flow

[22! 3-8] Rolling Ball Method?| &t& aFgut BMZNE MEE X[E4 UEYT 0f|A|
£X :Jenson&Domingue (1988), ArcGIS 10.1 Help

O

A F4 FA (Surface Water Analysis)
H Ao A A ESEAES Y9l DEM(Digital Elevation Model)& 7-=517] 95 &
A

d, B3 5 s ARy APE A2 S 2831 TING 755111 DEM TH=:
3L RBME &85t Surface water hydrology s &-8-0k= W o2 FEETH

s
=

jus
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DEMZ 750k B2 844 02 514 T 2178 A=) GISY| Create TIN
PolE ARESto] 53t 7Hd9] A B= BlAEo|n| A 2 HEksto] 25k 1ol o
HEAo]t}, TINS HEHs DEM& AH/d5taL, o & A g H|o|8 2 A/ 8)| A|# 240]| 7]
ZHE ARRITE ArcGISolli= RBM =8|2& 7|¥H2& 3t Hydrology toolset<
718 ggo] T2 GAskal itk o] Toolsets €85t EA4% 4= Q1= A #50HA
Y= vl (Basin), A@HE ] HA(Fill), A ESFSEFH(Flow Accumulation),
F513F (Flow Direction), A|E4 A& (Flow Length), A1 AY(Stream Link),
A|3=A| AF(Stream order) 5°1TH| B A&AIAHE, 2011).

W

N

o] Toolset?] 7|5 38510 L X9 Extension® & Arc Hydro7} £A|E0] B
T} Network, Drainage, Channel, Hydrography, Time series@} &3t A3 24
o] 7Fs5HH, GISE ARERE thE 4 2t T8k 9ol §-8-51tt. 53] Arc Hydro &
A7 ] £9] 555 EAISh=T S3lE 0] 3lo] Ao T ok AHE
= f-8oct. wakA 2 AFE B9 JHdshe 282 Hydrology toolsetdt Arc
Hydrooll 7550 Q= HEolE £adsto] /4451 et

Flow

e

Time
"

—_—

Time Series

£X : Arc Hydro for ArcGIS 10.1 help
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DEMZ 93 o= 3d}o] Hydrology ¥ HHoQl flow direction(FDR), flow
accumulation value(FAC)S ARESF Ay} Zh Z35HH watershed, Catchment,
watershed linkages, drainage networks, overland path& X #4& FA|Z St =&
&S 49t 115 79 £42 flow direction data set3} raster image (DEM)S
28519 Flow accumulation valueZt 091 cell&& A0 & HZsto] Y92 WA &
o, A7} AH threshold 82 Y5t drainage flowgt o2 G99 9715 AT

o

| Pond bouﬁdsry‘
mnimn] I'\DD\VB,B

; Catchment boundary
Exit
N g %ir‘ecnon @

Exit point

100 | fog100/100|10.0 100)

100 100}
| 10.0)
100
100

100

Manhole
to‘u\mcim.o\mn 10,010

1 exit point

[22 3-10]Rolling ball method2| &% 7HEH2 2 pondE Sall HZEE= AL LSt shM:
(£X : Boonya—aroonnet et al.,2007)

AR A7ISRR| H o] S A gholot, e oA At =g, T

A7t ",
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olr 2
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2
ol
ofl
ol
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rir
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=
of
)

32l
54 oottt 222 SYS HeE tid o s ZAte] @ 7E F|49) sk SHAIA}
2 (Spatial lag model) = F7FQ X (Spatial error model)& &850 ZEx}9]
QFE FARE 3| AHAS =S HIEA] AHapE R AoE| o] Q= SR
WS FE07] A3 S E (Spatial weight matrix) & 2H/sto] 312l HEY
o] g3ttt S| AFA 9] FFHEE Wstr] 913k 3Rl Lag W 4 E=
Error ¥4 12 @t HASAFHONA HHEA] B219] S 1 do] Al e=
Moran's | 74& &l &RIsk= IS Aok gt 24 0 = A #pHS FHIS
1371 s AS S AlrH A s AF 3H4s AT Aest E 1370
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climate change, including climate variability and extremes. Vulnerability is a function of the
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SUMMARY OF OUTPUT: ORDINARY LEAST SQUARES ESTIMATION
Data set : 08_RESULTO1

Dependent Variable : RA_FLD_A Number of Observations:541278
Mean dependent var :  0.11449 Number of Variables : 11

S.D. dependent var : 0.315205 Degrees of Freedom :541267

R-squared : 0.074474 F-statistic © 4355.37
Adjusted R-squared : 0.074456 Prob(F-statistic) : 0
Sum squared residual:  49773.1 Log likelihood T -122172
Sigma-square : 0.0919567 Akaike info criterion: 244365
S.E. of regression : 0.303244 Schwarz criterion : 244488

Sigma-square ML : 0.0919548
S.E of regression ML:  0.30324

Variable  Coefficient ~ Std.Error t-Statistic Probability

CONSTANT  0.0675777 0.00171944 39.3021 0.00000
BC_RAT 3.40805e-006 2.19841e-006 1.55024 0.12232
VL_RAT -1.66069e-007 4.29031e-007  -0.38708 0.68795
FMLY_CNT 1.85072e-005 2.66023e-005  0.695696 0.48665
GRND_FLR_C -0.00623862 0.000249049  -25.0498 0.00000
UGRND_FLR_ 0.0311546 0.00079836 39.0232 0.00000
BD_AGE -0.00025114 2.10741e-005 -11.917 0.00000
JIGA -8.98663e-009 1.87446e-010 -47.9426 0.00000
MHD_PLAR  1023.78 19.0012 53.8797 0.00000
FAC_PLAR 8.93581e-005 2.76831e-006 32.2789 0.00000
ELEV_GAP -0.00367368 2.20309e-005 -166.751 0.00000

REGRESSION DIAGNOSTICS

MULTICOLLINEARITY CONDITION NUMBER 11.222857
TEST ON NORMALITY OF ERRORS

TEST DF VALUE PROB
Jarque-Bera 2 629861.3337 0.00000

DIAGNOSTICS FOR HETEROSKEDASTICITY

RANDOM COEFFICIENTS

TEST DF VALUE PROB
Breusch-Pagan test 10 14886.1855 0.00000
Koenker-Bassett test 10 5828.8525 0.00000

DIAGNOSTICS FOR SPATIAL DEPENDENCE
FOR WEIGHT MATRIX : 08_RESULTO1
(row-standardized weights)

TEST MI/DF VALUE PROB

Moran's | (error) 0.9495 786.4225 0.00000
Lagrange Multiplier (lag) 1  623878.8228 0.00000
Robust LM (lag) 1 6003.6196 0.00000
Lagrange Multiplier (error) 1 618441.2017 0.00000
Robust LM (error) 1 565.9985 0.00000

Lagrange Multiplier (SARMA) 2 624444.8213 0.00000
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A Research of the Vulnerability Diagnosis
Method for Buildings on the New International
Climate Change Agenda

SUMMARY

Chapter 1: Introduction

For the long time we have prepared social, physical and institutional measures for
climate disasters. When a disaster occurs, people try to find a safe place. In the
urban area, the built environment including the typical buildings becomes the
refuge. Indoor space is especially expected to be safe. The climate disasters,
however, frequently exceeds the expectations of those measures and the limits
been prepared for the past. This means that built environment such as buildings

and facilities is no longer considered as safe space.

After the Paris Agreement of 2015, Korea signed the Paris Agreement on Climate
Change on April 22, 2016 with 168 participant countries. This means that Korea
needs to follow the direction of the next climate change policy of the international
community. Korea also has to establish a national target and an operating system

that is practicable for local governments.

Climate change policy needs to include requirements for cities and buildings
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separately. However, Korean policies and measures to deal with climate change do

not consider with buildings and the urban environment.

The research questions of this study are as follows: First, this research identifies
characteristics of the buildings that are repeatedly affected by specific natural
disaster. Second, after the explanatory characteristics of an individual building are
identified, this research reveals how buildings with similar characteristics are

distributed in the surrounding area.

Chapter 2: The Trend of Climate Change Adaptation Policy and Research

In the climate change adaptation policy, the overall climate change vulnerability
diagnosis for buildings does not represent significant difference from other
subjects’ climate change vulnerability diagnosis except for differences in the types
of climate change adaptation strategies for primary industries such as agriculture

and fisheries.

Major overseas adaptation policies have provided detailed strategies in terms of
increasing resilience, partnerships between governments and regions, utilization
of scientific technologies and data, and enhancing community sustainability. In
Korea, the risk of residential areas to flooding and coastal structures has been
assessed. Climate change impact and vulnerability assessment systems for large

industrial complexes have also been prepared.

Assuming the disaster caused by climate change as an event and the buildings as
the social space, the social complexity and the physical, natural, and built
environment are necessarily considered with the minimization of the risks and

damages.

The climate change vulnerability diagnosis methods currently applied for domestic
climate change adaptation policy use the administrative district for their spatial
range. Actual impact and effect of climate change, however, cross the range of the
administrative area so to be limited to have effective diagnosis results.
Assessment of the vulnerability, therefore, necessarily considers the minimization
of the basic analysis unit, understanding the social condition of the analysis unit.

The climate change vulnerability diagnostic modeling for buildings is to explain the
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exposure, sensitivity, social response and resilience, identifying the social

elements buildings represent.

Chapter 3: Establishment of Climate Change Vulnerability Analysis System

Spatial vulnerability diagnosis with a high resolution can be accomplished not by
considering the administrative district as a spatial unit but by taking a facility, a
parcel or a building where citizens actually live as a spatial reference unit. When
this spatial reference units are distributed in a certain area, it represents a climate
change vulnerable area. As a result, this type of vulnerability diagnosis takes a

bottom—up approach.

This research takes heavy rainfall as the subject phenomenon of climate change
vulnerability diagnosis for buildings. Among various weather phenomena caused
by climate change in Korea heavy rainfall accompanies many casualties such as
deaths and life damages. The subject of vulnerability diagnosis applied to this
study is, therefore, flooding due to heavy rainfall. Residential and non—residential
buildings, where most people spend their time for habitation and production
activities, are the main spatial extent of this research. This research also focuses
on the buildings in the damaged areas that have experienced repeated floods due to

heavy rainfall.

The basic concept of surface water flood building analysis is to find the spatial
distribution of building that is characterized through the standardized explanatory
variables of buildings in the flooded area. In case of several buildings in a parcel,
this research apply the characteristics of the main building of a parcel to that parcel
in order to have effective modeling to diagnose the influence of the surface water

flood on buildings.

Among the least degree of missing information in the building register, this
research selected indicators applicable to climate exposure, sensitivity, and
adaptive capacity. An explanatory indicator of building location environment for
flooding is included. The surface water density, adjacent manhole density, and
elevation of the average sea level are included to represent the influence of surface
water flood in urban areas. The officially assessed individual land price is also

added as a social indicator related to adaptation capacity.
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Chapter 4: Analysis of Risk and Vulnerability of Buildings

A basic database was constructed for Seoul Metropolitan Government. A basic
database consists of the building register, social data, and geographical data to
consider explanatory information of climate change vulnerability such as climate

exposure, sensitivity, and adaptation capacity.

Characteristics of the buildings in flooded areas affected by climate exposure are
extracted through spatial regression analysis. The spatial regression model uses

the OLS(Ordinary Least Square) method.

The spatial regression analysis based on the relationship between building
information reveals that buildings located in Seoul with high risk of repetitive
flooding damage have greater climate change vulnerability when the building
coverage ratio is higher, the floor area ratio is lower, the number of households is
larger, the number of floors is lower, the number of underground floors is larger,
the period of building use is shorter, the official land price is lower, the adjacent
manhole density is higher, the surface water concentration is higher, and the

average sea level of parcels is lower.

Buildings are complex combination of physical, economic, social, institutional, and
environmental factors. The type of climate change vulnerability diagnosis and
assessment model to deal with buildings, therefore, should select the social
vulnerability model. The social vulnerability model suggests that the general
public can analyze and utilize climate change vulnerability maps more easily using
GIS. Since the spatial information based on a certain spatial unit includes various
socioeconomic information and its distribution can be identified, it is very useful
for analyzing the vulnerability by enabling spatial statistical processing through

sharing of spatial information.

Buildings in the parcel with high vulnerability should have the ability to secure
resilience through the form and composition of the building, considering the
elements of climate change ‘adaptation’ and the minimization of ‘loss and damage’
by exposure. The climate change vulnerability diagnosis model of this research has

the advantage in selecting parcels where vulnerable buildings to heavy rainfall and
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at the same time in deriving safe parcels. Since the diagnosis results based on the
parcel unit and the high spatial resolution, the policy utilization by local

governments can be various.

The policy related to the vulnerability diagnosis model of this research can be the
urban planning and the detailed planning for the climate change adaptation when
they focus on climate change vulnerability, and can be the low impact development
project and the water circulation improvement project for climate change

prevention when they focus on derived safe areas.

[The vulnerable area(red: HH) and safe area(blue: LL) as the result of LISA analysis]

Keywords

Repetitive disaster risk by climate change, big data related to buildings, spatial regression modeling, climate
change adaptation policy, GIS
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