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Vulnerability

EMISSIONS
and Land-use Change

Risk as a function of hazard, exposure
(IPCC, 2012 & 2014)

SOCIOECONOMIC
PROCESSES

Socioeconomic
Pathways

Adaptation and
Mitigation
Actions

Governance

and vulnerability

Mitigation
(GHG
Reduction)

A

Exposure (E)

Across all scales and
systems: for example, number of
people in floodplain; % of
imported food; and so on

Hazard (H) o Adaptztion
i an
resilience

Acute and chronic
weather climate events

Vulnerability (V)

for example, Marginalised
individuals and
communities

conceptual representation climate risk as a function of
hazard, exposure and vulnerability based upon the IPCC

SREX definition of risk (Viner et al., 2020)
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Finding key vulnerable areas by a climate change
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Extreme climate events such as typhoons, heat waves, and floods have
increased in frequency with climate change. Many municipalities within the Republic of
Korea (ROK) have experienced damage from these events, necessitating countermeasures.
Vulnerability asse sted in the implementation of a national plan for
reducing damage resulting from climate change. Thus, in this study, we assess the vul-
nerability of the ROK and identify key vulnerable municipalities in suppon of the national
adaptation plan. We create a framework for assessing the vulnerability of all 232
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{o  The concept of valnerability i defined
{¢  The optimal processes for determining vulnerability assessment are given.
\ 4
| 1-2. Selection of fields and items |

I H I-_O_I AI‘AI‘ EH ;I o—lrko.| 'l'_éq 7 I- {e  Seven fields including health, forests, ccosystem, agriculture, water management, fisheries, and

disaster are sclected conssdering the national climate change adaptation plan
(o Thirty-two items are selected by considening the Jevel of importance, which was decided by experts,

» OlJlHIH - 52 L
L0 —H

¢ G118 E =25 PART 1. | (1-3. Establishment of variables list, actual data, and weights |
fo A list of variables for 32 items was prepared on the basis of literuture reviews and in-depth

Vulnenb““y ‘ interviews with experts.

ie  Actual data for selected vanables are established

e 11 iI OFA{ I 7|- assessment {o  Weights for each item are set on the basis of 3 Delphi survey of 70 experts.
. THE 2 : SHAl X|OF K| EbAY [ 1-4. Establishment of data |
— e |10 TIM b B = B | {e  Data for vulnerability assessment are collected and modified consadering the scope and units of the
study.

{e  Only climate data are established for the future years (2046-2055; RCP 8.5 scenano)
[1-5. Assessing vulnerability ]
le  Vanables are standardized

e Vanables of climate exposure, sensitivity, and adaptation capacity are combined.
o Vulnerability for 32 items is mapped

[2-1. Classification of vulnerability grade |

{e  The vulnerability level s classified into five grades according to the vulnerability index of
municipalities. The value in parentheses represents the vulnerability index.

First grade: Very high (0.5-1)
Second grade: High (0.6-0.8)
Third grade: Medium (0.4-0.6)
Fourth grade: Low (02-0.4)

PART 2. Fiflh grade: Very low (0-0.2)
v
Finding key [2-2. Creation of vulnerability maps based on field scale ]

vulnerable {* First-grade maps are synthesized by simple sums for each ficld.
areas (e The distribution of key vulnerable arcas is compared between present and future years: only climate
‘ condition was changed.

4
[2.3. Key vulnerable areas of the seven fields are identified ]

| y - - -
{e  Key vulnerable areas are determined by aggregating the first-grade areas of the seven fields.

fo A variation map is created to identity areas in which the vulnerability index increased owing to
’ chmate exposure

(e Qualitative valnerability will be an useful tool to support decision makers by providing a good basis
| for relative vulnerability

{e  Especially, Information on key vulnerable areas will be particularly helpful in determining the

‘ priority cases for finuncial support on the national scale,

Conclusions
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1 ) J__é‘:ljl_xl 7 I I:||_I-—o—| IA_I.AI_EH ',|F'I o_lré;' %7'_ I'able 1 List of items considered for vulnerability assessment
No. Field No. Item
Q:Q E;I:cll'l:lu'l : %7'._5_0': nil @-% 1 Health : Health vu]nerah?]?ty due to floods
2 Health vulnerability due to typhoons
3 Health vulnerability due to heat waves
= 4 Health vulnerability due to cold waves
° 77H E_OI:, 327” ol'% 5 Health vu]nerahi]it; due to ozone enhancement
= 6 Health vulnerability due to fine dust
y ?_17°|" ﬂEﬂ'l, AOHEH71I9 Ca% _JFxl.-?l;a _JFlA—I‘%’ xHOH 7 Health vulnerability due to air pollutants
=i — & Health vulnerability due to infectious diseases
* ﬂ-EnJ _EO LH01| “le '?'0" 9" ol—l. IA_I-AI-EH” ioﬂll 9 Health vulnerability by waterborne epidemics
2 Forests 10 Landslides due to heavy raintfall
11 Vulnerability of trails due to landslides
12 Vulnerability to forest fire
13 Vulnerability of pine trees to disease and pests
14 Vulnerability of pine trees to pine fungi
15 Vulnerability of forest productivity
16 Vulnerability of vegetation due to drought
3 Ecosystem 17 Vulnerability of vegetation growth
18 Vulnerability of insects
19 Vulnerability of management of protected areas
4 Agriculture 20 Vulnerability of farmlands to erosion
21 Vulnerability of cultivation facility
22 Vulnerability of productivity of rice crops
23 Vulnerability of productivity of apple crops
24 Vulnerability of productivity of livestock
5 Water management 25 Vulnerability of flood regulation
26 Vulnerability of water utilization
27 Vulnerability of water quality
6 Fisheries 28 Vulnerability of fisheries due to change in water temperature
7 Disaster 29 Vulnerability of infrastructure to floods
30 Vulnerability of infrastructure to heat waves
31 Vulnerability of infrastructure to heavy snow

32 Vulnerability of infrastructure to sea level increase
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Table 2 Method of setting weights Table 3 Variables and weights for landslide vulnerability due to heavy raintall
Item Variable First Sum of Specific Second Sum of  Item Wariable First Specific variable Second
welghts welghts variable welghts welghts Weight wei ght
Ttem A Climate exposure FWce 1 Variable a SWa 1 Landslide due Climate 040 Numhf:r_nf_dates: with more than 80 mm of (.24
Variable b SWh tn' _ exposure precipitation
Variable c SWe :‘::‘g” Daily maximum precipitation {mm) 0.39
. . Summer daily precipitation {mm) .21
Variable d Swid . ) . .
. . . Five days of maximum precipitation {mm) (.16
Sensitivity FWs Variable e SWe 1 e . - ..
Variable £ SWE Sensitivity 037 Average slope of regional forest (%) 0.35
ariable ’ Area of coniferous forest (ha) .24
Foprn o o W7
v dr?dhle g SWg Average height of regional forest (m) 0.12
Variable h SWh Denuded area (ha) 0.29
Adaptation capacity FWac Variable i SWi I Adaptation 023 Government officials per population 0.20
Variable j SW] capacity Area of preventing forest destruction (ha) 0.24
Variable k SWk GRDP (trillion won) 0.18
Variable | SWI Financial independence (%) 0.38
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Fig. 2 Maps of vulnerability to landslides due to heavy rainfall
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Fig. 3 Distribution of the first-grade areas for the seven fields in the present and future
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Evaluating landslide hazards using RCP 4.5 and 8.5 scenarios

Ho Gul Kim * Dang Kun Lee * Chan Park -
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Abstract  Recently, extreme meicorological events have
occumed frequendy owing o climate change and s

influcnce. Impacts of concentrated precipitation evenis

include the damage caused by landslides. Many areas in
Gangwonda (Korea) are located at high elevation and have
large elevation differences: these areas are thus at high risk
of landslides. The purpose of this study was to evaluste the
landslide hazard of the province usin
centration pathways (RCP) scenarios 4.5 and §5 and to
compare results. This siudy produced an optimal landslide
model for the province through snalysis of variables and

ints of landslide origin. Estimates indicate thal the
landslide hazard arca will increase to 154 km?. The RCP

represcntative con-
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8.5 scenario showed 3 larger (by shout 50 km) landslide
hazard area than the RCP 4 i

climaie change scenarios was alsa explored using staistical
values of each scenario period. An overlay analysis
(overlay of landslide hazard areas and land cover map)
showed that 40.6 % of farmlands would be suscepiible 1o
landslides in 2070-2099 (RCP 8.5). Additionally. damage
ulture due to landslides was also identi-
al area. In the RCP 8.5 scenario, the land-use:
types that oceupy more than 20 % of the landslide hazand
area are transportation, recreational Facilifics, and vinyl
house for farmin ests tha casualies from
landslides will increase in future. It also high Iuck of
policies {0 mansge development. Thercfore, the local
government of Gangwondo should consider landslide
hazard areas when planning future land uses.

The uncestainty of

This su

eywords Climate change scenatio - Maximum entropy
model - Landslide suscepbility map - Gangwondo

Introduction

The Witseorcum arca of Jeju Iskind recorded precipitation
of 810 mm on May 27, 2013 This cvenl constituied @
record for single-day rainfall in May and is the second

of singl nfall on an annual basis.
surpassed only by the 785 o precipilation received

004 (Korea Meteorological Administration

|-<)L4mm of people owing to fooded valleys, and blocked
. The significance of this rainfall event becomes

okt when s consdrs tht sve
Kasea is approximately 1300 mm.

e annual rainfall in
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Estimating landslide susceptibility areas considering the uncertainty
inherent in modeling methods

Ho Gul Kim' - Dong Kun Lee™> - Chan Park* - Yoonjung Ahn® - Sung-Ho Kl® - Sunyong Sung” -
Gregory S. Biging®

© Springer-Verag GnoH Gemary, pan of Spinger Mo 2018

Abstract
Landslides ars onc of the most cangerous types of natural disssters, and damage due to landslides has been increasing in
certain regions of the world hecuuse of inereased precipitation. Policy docision makers reguire reliable informatien that can

be used 10 cstablish spasial adaptation plans to protect people from landslide hazards. Researchers presently idemify arcas
However, such data ars associated with a high umount of
he uncertainty of several spatial distribution models snd ident fying the

uncertainty. This stody focus

oo quanify
efiectiveness of various crsemble methods that can be used to provide reliabie informution to support policy decisions. The.
area of study was Inje-gun, Republic of Korea. Ten modls ware sclected to usess lundslide susceptibility. Morcover, five

srix map was created u:
demifid the aess s s most v 10 s sceorling o e enaemble mockl it s ow ety Ths

the ensemble model can be 4 useful tool for support The framewark of this study can also be cmployed

to support the establishment of landslide adaptation plans in other areas of the Republic of Korea and in other countrics.

Keywords Spatial distribution medel - Ensembl model - Coeflicient of variation - Adaptation plans

1 Introduction sion makes are atiempling to esablish disasier prevention

zones in ordkr to reduce landslide damage, These zones
Ectemme v o, mch 2 by kb ppdocos, bt macon ehices in v mepdhie o
heat waves, and cold waves, have incrased becanse landslides and specify safe separation distances for devel-
climate change and inthe  opment (Chiou et al. 2015). In addition, government offi-
Republic of Korea (ROK) (Boo et al. 2006; Sung et al.  cials of the ROK ure utiempting to establish climate

2012) Landslides caused by heavy ranfall represcntone of  adaptation plans that will prevent future losses of life and
the warst types of disasters, and local governmenial decic  proteat propertics from landslides.
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Abstract: The amount of damage caused by landslides has increased due to climate change.
Adaplation plans h landslid d of the damage.
sl Haaant analysi can Belp creste Adapiation plans. Aslyziag the cost of damage o and the
effect of adaptation to landslides is an effective way to support decision makers. The cost of damage
is calculated using the costs of damay

rred in residential and transportation areas in the past
based on data from annual reports. Spatial distribution models are used to analyze landslide hazard
areas in the present and U

future. Future or potential landslide hazards are estimated by using

gh thways. The effects of adaptation

bles and a cost-benefit analysis. The uncertainty of the cost

measures are assessed using modified vas
of damage is considered using average, minimum, and maximum values. As a result, the methods
he effects of adaptation are analyzed.
The future cost of damage is calculated for every climate change scenario. The effect of adaj
analyzed and areas with a reduced risk of landslides are identified, reducing the cost of damage and
adaptation costs, as well as the costs and benefits of adaptation measures. Improving soil drainage is

used to estimate future costs of damage are develope

the most effective measure among

costs of damage and analyze the

the four measures analyzed. This study can help estimate future
fect of adaptation in creating effective adaptation plans.

Keywords: ad: i . king; shallow landsl

benefit and cost analysis for adaptation

1. Introduction

Negative impacts of climate change have been on the rise [1]. The most common natural disaster
in the Republic of Korea (ROK) is landslides [2]. ROK has suffered significant damage to human
life, property and infrastructural facilities due to landslides [3]. Reducing the damaging impacts
of landslides is one of the most important objectives of creating adaptation plans related to climate
change. However, adaptation budgets are limited, and thus, effective adaptation plans should be
established within limited means.

Analyzing landslide hazard areas is a good way to support the creation and implementation
of adaptation measures. Several studies have focused on finding landslide hazard areas [+-5]
Those studies were largely centered round analyzing spatial information from areas vulnerable to
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Landslide suscep y analysis of photovoltaic power
stations in Gangwon-do, Republic of Korea

Ho Gul Kim* and Chae Yeon Park®

“Department of Human Environment Design, Cheongju University, Cheonaju, Republic of Korea;
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T ARTICLE HISTORY
in the Republic of Korea (ROK), photovoltaic power stations (PPSs)  Recsived 18 March 2021
are typically installed in mountainous areas because of the low  Accepted 26 June 2021
levelized cost of electricity values. However, intensified precipita-
tion due to climate change has increased landslide occurrence,
threatening PPSs installed in mountainous areas. Previous studies
have focussed on the possibility of landslide occurrence consider-
ing specific years, which could not generate general landslide SUs-  remematle eneray
ceptibility areas [LSAs). Therefore, this study aimed to analyze the
general LSAs and compare it with PPS-installed areas to identify
the potential landsiide damages to the PPSs. Gangwon-do was
el el e e
e S ol e 25 TS o

2030 The resuts showsd thar 32-108% of PLSs ar located &
1541 duing 2013-2020, Conscring the govemment PPS intala
tion regulations, 45% of installable aress were identified as LSAs,
suggesting that new criteria are required for future PPS installa-
tion. We propase that PPS installation should be prohibited in
very shallow soil, very deep soi area, areas with good drainage
capacity, a slape between 10 and 307, north aspect, and conifer-
©us forest area. Our results can help in Improving the: reguiatory
plans and prevent reckless development of PPSs in suscep-
tible regions.

KEYWORDS
Srallow landide: Marent
solar power station;. rult

1. Introduction

Globally, efforts to mitigate climate change are intensifying, with many countries
adopting the objective of attaining net-zero emissions (Darby and Gerretsen 2021}
Consequently, research and investment in eco-friendly energy sources are increasing
worldwide (Koutra et al. 2018; Harkouss et al. 2019; Kim et al. 2019). As the govern-
ment of Republic of Korea (ROK) is implementing a policy of reducing nuclear
power generation, photovoliaic power generation has expanded more rapidly in the

last decade.
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Step 1: Ecological
. understanding, assumptions ey
! and problem formulation [
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1 Step 2: Data collection and preparation !
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. Step 3: Model choice, model S, -
I==* tuning and parameterisation B i
i i
i i
1 ‘ 1
: Step 4: Model evaluati - |
| p 4: Model evaluation & i
1
: i
't i
Step 5: Implementation A !
and use \ } ¥
Reseri

EX:
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Data references

Observation data (Korea

Meteorological
Administration 2011)

References
Kim and Chae (2009), Choi et al. (2011) and Yoo

Table 1 Input variables for SDMs
Category Variables Code name
Climate (1) Number of days with X011_100mm
factor over 100 mm of rainfall et al. (2012)
(2) Number of days with X012_120mm
over 120 mm of rainfall
(3) 3 days of maximum X021_3days Guzzetti et al. (2008, Kim and Chae (2009) and
rainfall (mm) Choi et al. (2011)
(4) 5 days of maximum X022 _5days
X060_3day
Kim and Chae (2009 and Yoo et al. (2012)
Digital elevation model
(DEM) (KME 2008)

rainfall (mm)

(5) Number of days with
over 150 mm for 3 days of
maximum rainfall
X070_dailymax
Ayalew and Yamagishi (2005, Ermini et al.
(2005), Kim and Chae (2009), Oh (2010), Choi
et al. (2011) and Yeon (2011)

(6) Daily maximum rainfall
slope
Ayalew and Yamagishi (2005, Oh (2010), Choi

et al. (2011) and Kim et al. (2011a, b)
Soil map (WAMIS 2006)

(mm)
Topography  (7) Slope (degrees)
factor
(8) Altitude (m) altitude
Ground (9) Soil depth soildepth_km Pradhan and Lee (2010), Oh (2010) and Yeon
material (10) Soil drainage soildrain_km (201D
(11) Soil type soiltype_km
ageclass Yeon (2011) and Oh (2010) Map of forest type (KME
diamclass Kim et al. (2011a, b) and Yeon (2011) 2005)
23

Vegetation (12) Age of forest
(13) Class of diameter at
breast height

factor
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Table 3 Ensemble methods to integrate results of SDMs Thuiller et al. (2015)

Abbreviation Description
PM Mean of probabilities. The PM ensemble model calculates the mean of probabilities for the selected models
PCI Confidence interval. The ensemble model for PCI is the confidence interval for the probability of the mean. This model is a
(upper and good complement for the probability of means. Two ensemble models are constructed using this model:
lower) 1. The upper model (there is less than a 100 x PCI/2% chance to obtain probabilities higher than the ones given)

2. The lower model (there is less than a 100 x PCI/2% chance to obtain probabilities lower than the ones given)

PME Median of probabilities. The PME ensemble model is the same as the probability of the median for the selected models. The
median is better than the mean for assessing the impacts of outliers

CA Models committee averaging. The CA ensemble model first transforms the probabilities of selected models into binary values
by using the cutoff value of each model. After transformation, the model calculates the average of binary values

PMW Weighted mean of probabilities. The PMW calculates the relative importance of the weights by using the proportion of
evaluation scores. Therefore, the results of “good™ models are discriminated from those of “bad™ models

24



Table 4 Average importance of
variables for 100 evaluations

N
=
il
=
nE
Ha
o
1o
rx

Variables Average of a hundred evaluations

MAX ENT CTA SRE FDA MARS RF GLM GBM GAM ANN
X012_120mm 0.198 0.159 0.021 0.155 0.175 0.065 0.197 0.043 0.184 0.103
X022_5days 0.213 0.173  0.182 0.235 0208 0.187 0.133 0.131 0.144 0.586
X060_3day 0.167 0316 0.163 0.049 0056 0266 0.064 0.063 0.064 0.360
X070_dailymax  0.500 0516 0231 0645 0590 0434 0.644 0450 0.631 0.366
ageclass 0.038 0.026 0.036  0.001 0.005 0.023  0.008 0.002 0.029 0.027
altitude 0.345 0450 0330 0411 0401 0.279 0401 0403 0.354 0417
slope 0.088 0.023  0.064 0.001 0.001 0.011 0.002 0.002 0.004 0.036
soildepth_km 0.055 0.002 0.147 0.001 0002 0006 0.005 0.002 0.059 0.005
soildrain_km 0.001 0.002 0.103 0.001 0.003 0.002 0.003 0.000 0.039 0.007
soiltype_km 0.034 0.002 0.139 0.000 0.000 0.003 0.003 0.000 0013 0.010

Table 5 Results of the evaluation of the landslide models

Model AUC value (average of 100 run) Rank
MAXENT 0.861 9
CTA 0.925 6
SRE 0.812 10
FDA 0.929 4
MARS 0.930 3
o e e
7 N
GLM 0.922 7
[ e e
S R T
GAM 0.926 5
ANN 0.908 8
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Table 6 Results of the
evaluation of the ensemble
models

290000 300000 319000

Abbreviation Cutoff Sensitivity Specificity AUC Rank

PM 568.500 93.200 06.149 0.986 2

PCI (lower model) 463.500 93.600 95.764 0.985 3

PCI (upper model) 668.000 93.200 96.021 0.986 2
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Figure 1. Framework for assessing landslide hazard, damage cost, and adaptation effect and benefit
per cost.
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Table 6. Future landslide hazard areas.

Target Year Landslide Hazard Area (ha)  Area Ratio Comparing Present Hazard Area (%)

Present (2001-2010) 1,334,600 .

2040s 175,400 13.14%

RCP26 54908 439,700 32.95%

2040s 744 600 55.79%

RCP45 50005 1,653,300 123.88%

 2040s 551,100 41.29%

RCP6.0 54908 1,927 400 144.42%

2040s 255,400 19.14%

RCP85 g0, 2,901,700 217.42%
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Table 7. Cost of damage per unit area [3].

Year 1997 1998 1999 2000 2001 2002 2003 2004 2005
Costofdamageperl 00 o0 117 157 2 133 200 483 209
ha (million won)
Year 2006 2007 2008 2009 2010 2011 2012 2013 2014
Costofdamageperl o0 510 156 247 154 176 193 186 198

ha (million won)
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Table 8. Estimated cost of damage by using landslide hazard model and past cost of damage per unit.
(Unit: Million Won)
Estimated landslide Cost of Damage
Target Year Minimum Average Maximum
(90.75 Million Won per 1 ha) (169 Million Won per 1 ha) (483.78 Million Won per 1 ha)

2001-2010 64,886 120,878 345,903
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Table 10. Estimation of future landslide cost of damage.

(Unit: Million Won)

Cost of Damage

Target Year Minimum Average Maximum
(90.75 Million Won per 1 ha) (169 Million Won per 1 ha) (483.78 Million Won per 1 ha)
Present 64,886 120,878 345,903
RCP  2040s 12,514 23,312 66,710
2.6 2090s 53,763 100,156 286,605
RCP  2040s 93,158 173,546 496,617
45 2090s 219,223 408,395 1,168,657
RCP  2040s 82,498 153,688 439,791
6.0 2090s 218,759 407,531 1,166,186
RCP  2040s 21,320 39,717 113,654
8.5 2090s 279,938 521,502 1,492,323
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- Table 11. Results of adaptation effect analysis.
o] i _ = LFO O T
v QiE 2| - MALE] 2HE0| H2 YEo =R 2|
Adaptation Measure
A - o | = A
v EQ Hljlg= 22 JHM - LEALERO B TIZet X0 = JM No s s s .
Measure
v OF O] 11 — A} = O|Zts} OF OS{O i Target Year Ratio Ratio Ratio Ratio
Eo T o '—I‘EI '—AI‘EHOI" = -0 Eo WO_E '—I‘El Hazard Hazard Compare  Hazard Compare hazard Compare  Hazard Compare
Area (ha) Area (ha) to No Area (ha) to No Area (ha) to No Area (ha) to No
Measure Measure Measure Measure
RCP  2040s 175,400 118,500 67.56% 139,400 79.48% 154,400 88.03% 133,100 75.88%
2.6 2090s 439,700 320,600 72.91% 357,500 81.31% 383,100 87.13% 343,400 78.10%
o N[ A2 &3 B 747 RCP  2040s 744,600 501,100 67.30% 568,600 76.36% 622,800 83.64% 545,000 73.19%
_'OEH s g =4 24 45  2090s 1,653,300 1236500  7479% 1366500  8265% 1,449,900  87.70% 1,333,000  80.63%
o = = = RCP  2040s 551,100 429,300 77.90% 463,600 84.12% 478,500 86.83% 447,500 81.20%
v 74' AI I'E.lQOﬂ I—]'SEHx—I.'l 47 I'xlﬁ 1—1-8-0}01 |*_I'A|'EH I|:|_|7:||'x|g|| E 60 2090s 1927400 1613500  8371% 1,711,000  88.77% 1746600  90.62% 1,657,700  86.01%
_ RCP  2040s 255,400 191,100 74.82% 208,500 81.64% 227,600 89.12% 204,600 80.11%
x_-Ilg'l 7ﬂl-—+—El.®'l: zlc_xo-I 85 2090s 2,901,700 2,300,800 79.29% 2,466,900 85.02% 2,547,200 87.78% 2,394,700 82.53%
T‘"‘]‘lﬂeg]“]‘;ed 1,937,200 1,366,600 1,038,500 1,589,600
(=] X (o, 1L o — o area (ha
v M SC{A0| gi= 40 Cib[olo, LEALEH QIZFX[SH MHA Zt4 P
- 4.79% 32.42% 87.61% 79.71%
I reduced ratio 7479 8
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Table 12. Reduced cost of damage by adaptation measures.

(Unit: Million Won)

Adaptation Measure

Target Year
No Measure 1 2 3 4
RCP 2.6 2040s 23,312 14,678 18,132 19,859 17,268
iy 2090s 100,156 76,844 86,341 91,522 75,980
RCP 4.5 2040s 173,546 116,561 125,195 133,829 113,971
FE2 20908 408,395 281,473 311,692 309,102 296,151
RCP 6.0 2040s 153,688 120,878 128,649 126,058 115,697
e 2090s 407,531 315,146 339,322 325,507 307,375
RCP 8.5 2040s 39,717 26,766 30,219 31,083 29,356
- 2090s 521,502 379,039 417,029 412,712 391,126
Table 13. Estimated adaptation cost for adaptation measures.
(Unit: Million Won/ha)
Adaptation Measure Minimum Average  Maximum
1 (Managing forest type) 416,069 456,464 513,017
2 (Managing age of forest) 452,994 496,974 558,546
3 (Improving soil drainage) 3,641,040 5,461,560 7,282,080
4 (Managing type of soil) 777,828 875,057 972,285
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o HE: MSjX0 AQK|= H|E Table 15. BC based on average of adaptation cost.
) arget Year
.+ HIZC{H| BOl(B/C)0] £ 2AME “MuUQEBE|(1)-YuB|(D)-E 1 2 ; !
UR B (4)-ELUSZANHE) 22 Lt kepae DM 01901000l 0w
. EHASHARAE] DIZEX) BN ZHA AME “MRQETE|(1)-ELRH e 13 0w oo oes
nlF] —olaiqg —EOFHHA X H THA »0loiX|OF H|L CHH| mol RCP 4.5 2090s 2.78 1.95 0.18 1.28
22| (4)-LF@ 22| (2)-ELH +=Z 2474 M(3) | AX[2E, H|Z CHH] HQ
B _ 2040s 0.72 0.50 0.05 043
= 1Egt 32 A7t 2t RCP6.0 509ps 2.02 1.37 0.15 1.14
- ESXoz AElQsina|(1), Y=22|(2)7} H|E CHH| 07t E2 N RCP 8.5 2040s 0.28 0.19 0.02 0.12
- 2090s 3.12 2.10 0.20 1.49
S[HZHO 2 M}OHES
St e | Average 1.36 0.93 0.09 0.69
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Part 1. LS analysis

based on e

Part 2. Analysis of PPS-installable areas

xisting regulations

Landslide occurrence points for
four target years
(2006, 2013, 2019, and 2020)

Correlation analysis of variables
(Exciuding variables with high coefficient)

GPS data of PPSs
(2006, 2013, 2019, and 2020)

Searching regulations of
PPS installation in study site

o

Environmental variables
(Ranfall, topography. vegetation, and landuse)

l

Result 1

Maxent modeling

LSAs
for four target years

Result 2 l Comparing maps

GIS geocoding

Establishment of relevant data
(Road, land cover, protection area, and etc.)

Overlaying analysis

~
. PPS installable areas based on
PPSsin LSAs existing regulations
J J
Result 3 Comparing maps Discussion 1
e N

Evaluate existing PPS installation W

regulations

Suggest new criteria for PPS installable areas
based on LS analysis

\ v,
Discussion 2
g N
Support decision making and planning of
PPS site based on LS analysis
S J
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Figure (from Swiss Re publication "Natural catastrophes and reinsurance"): Using risk assessment
tools to calculate event damage. Let's assume a hypothetical portfolio containing 1000 assets
(buildings). For the sake of simplicity, let us assume that the risk assessment tocl only contains 12
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potential events over a projected period of 200 years. The following calculations would be performed:
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Fig. 10 Mean factor of safety,
#r, map of the study area: (a)
before and (b) after the rainfall
event using the 3DPLS model;
(c) before and (d) after the rain-
fall event using the Cell-based
model

Fig.1 (a) 3D illustration of the landslide body and (b) a single grid
column with the forces inside the ellipsoidal sliding surface = i i

Bishop 3d(Hungr, 1987)2 &&3510] 3x1& E 2 7|8t Mist B 7| XE 3DPLS 24 Z1i(a, b) vs ZAXt 7|t EA Zi(c, d)






o AR 7 W0 M2 S4(Y/2H)S 123 ¥ UL

— O

© ZHYEo| ENS T25H0) DM W= W Eo| Mo WL
- HHES Z0|Lt M2 YEES 7T =3 T2
£8 ks £hy
+ 7S HE : GlO|E{F SEEHX| QOLL, BAE AZNS F - PO SAK| B 51 : BA MO} X|E 75 TIYY(FE
o sH= 220 Xt S700)0) SHREI0] FAIHQ! AALE] LAX|of EH0] Ofal2
= XAE W} IE S WYTHER SUS WA TWILR NTY - AN HIHLIS B 37| : ALAE] 2 2ol RS Do) B
Mol @MAQ| Bt Ths S51 HHats 210] 01212
o TLH|TOI HIAHX|Q! EFM 7S : ZAXIERQ| O] TIIT} TS50 LA
ROl APALEN SHAUX|S] EAMO] THs « ALAFE HI7{LIZ HHY 317 : ALAEY SHAY 11T} TPHS DS
coomoay ¢ IS EM HO I MEXI0IN 27t B0 0I2TIK WS B Ssp Bl 20) Of2i
SUTERE  o'un7ls HE T « S7/3E0 S : IO AN WY 7|28 HIEO R SA KO
. HOJE| 75 80| : Cils B7|TOIN FEH BABVUEE 2 oA B2 S&0(0l AL/ FHoks ZHO| LIER 4 US
50| 758
« FHTOI SIS EM JEs : AREIIO] WYL HSEH0l TH - B2 BA S| 2N Jhs MYt SRS 05t T2 FOm,
s a)os ROl ARAFEN 2HAUX|%] EfA0] Ths 9IS WE B2 Cast 71xo| TR
SETT . AR S LSOl B AN 01T} TS oz - HIOJE| P& S04 1 21 Al AT EASIALE TEHOF B MlERel

of 4fstd E“'Oﬂ 2ot HE[H0| =5 ZE/2=0| BS



TERE

xH
S

Ao| M2

HZATHE| Mo B4

=
=]

foll 71018t 4 S

Z|AS

off

~NE g

SkA
<

12l d= 39

A
(hi.

752 53 97l

b Cf| O] E{ 1| O] &

n;
ool






