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A Study on the Vulnerability Assessment of Solar Power Generation Facilities
Considering Disaster Information
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Abstract
This study aims to develop an evaluation method for solar power facilities considering disaster impacts and to
analyse the vulnerabilities of existing facilities. Haenam-gun in Jeollanam-do, where the reassessment of
existing facilities is urgent, was selected as the study area. To evaluate the vulnerability from a more objective
perspective, principal component analysis and entropy methods were utilised. Seven vulnerability assessment
indicators were selected: maximum hourly rainfall, maximum wind speed, number of typhoon occurrence days,
number of rainfall days lasting more than five days, maximum daily rainfall, impermeable area ratio, and
population density. Among these, maximum hourly rainfall, maximum wind speed, maximum daily rainfall, and
number of rainfall days lasting more than five days were found to have the highest weights. The overlay of the
derived weights showed that the southeastern regions of Haenam-eup and Bukil-myeon were classified as
Grade 1 and 2, whereas the northern regions of Hwawon-myeon, Sani-myeon, and Munnae-myeon were
classified as Grade 4 and 5, indicating differences in vulnerability. Of the 2,133 facilities evaluated, 91.1% were
classified as Grade 3 or higher, indicating a generally favourable condition. However, there were more Grade 1
facilities than Grade 2, highlighting the need for countermeasures. This study is significant in that it evaluates
solar power facilities considering urban disaster resilience and is expected to be used as a basic resource for the
installation of new facilities or the management and operation of existing ones.
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Table 1. Damage to Solar Power Generation Facilities by the State Over the Past Five Years

Classification Year Number of Classification Year Number of
Damages Damages
Seoul 2019 1 2018 1
2019 3 Jeollabuk-do 2020 12 N
Busan r’&
2020 7 2022 5
Daegu 2022 2 2018 1
2019 1 2019 7
Incheon
2020 2 Jeollanam-do 2020 3
2020 2 2021 10
Gwangju
2022 2 2022 31
Ulsan 2022 2 2018 1
2019 1 2019 4
Gyeonggi-do Gyeongsang
2020 4 buk-do 2020 9
2018 1 2022 13
Gangwon-do 2020 4 2019 3
2022 5 Gyeongsang 2020 15
Chungcheong 2018 3 nam-do 2021 1 X By
buk-do 2020 14 2022 12 W g
2019 3 2018 1 yo. o
2020 7 2019 5
Chungcheong Jeju-do = Ny
nam-do 2021 2020 16 L
2022 3 2022 3
Subtotal 69 Subtotal 153
Total 222

Source: Authoring Based on Lee (2022) (in Korean)
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Title Methodology Application Region Reference
A Study of P_V System F;.ialltles Using AHP-GIS Busan Lee ar_ld Kang (2010)
Geo-Spatial Information System (in Korean)
An Evaluation and Suggestion of
Photov.oltalc Power Plant L..ocatlons Based ANP-GIS Jeollanam-do Park z?nd Kim (2012)
on Environmental and Social Impacts, and (in Korean)
Sustainability
A Stud GIS Based Suitability Analysi
uayon ased sultability Analysis Correlation Park etal. (2012)

of Solar Photovoltaic Power Generation
Using Correlation Analysis

Analysis, GIS Jeollanam-do

(in Korean)

Solar Power Plant Location Analysis Using Daegu and Lee and Lee (2015)
R AHP-GIS .

GIS and Analytic Hierarchy Process Gyeongsangbuk-do (in Korean)
Study for Planmn_g Opth:?\l LOCE-ltlon of GIS Nationwide Yun_ etal. (2019)
Solar Photovoltaic Facilities Using GIS (in Korean)

Exploring Flood and Erosion Risk Indices
for Optimal Solar PV Site Selection and Mentes, e district
Assessing the Influence of Topographic AHP-GIS of tiirkiye Yilmaz etal. (2023)
Resolution
Solar PV Power Plant Site Selection Using Full
a GIS-Based Non-Linear Multi-Criteria Consistency Pakistan Khan et al. (2023)
Optimization Technique Method-GIS
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Table 3. Summary of Variables Exploited in the Previous Studies

Category Title

Kim and Kim
(2010)
(in Korean)

Factors

* (Population and economy) population density, number of disaster
victims, employment density

* (Landuse) park and forest area, land area, river area

* (Environment) embankment area, ditch area, maintenance area

* (Etc) sewage coverage rate, precipitation amount, precipitation days

Kim and Kim
(2012)
(in Korean)

* (Social&economy) population density, employment density, rate of
disaster victims

* (Landuse) green area, land area, river area

* (Disaster prevention facilities) embankment area, sewage rate,
catchment area

* (Natural environment) precipitation, precipitation days, wind speed

* (Disaster occurrence index) number of disasters by grade over the
past 10 years
* (Disaster vulnerability index; social) population density, proportion

Flood Risk Joo etal. of dependent population, casualty
Assessment (2012) . e s . . .
(in Korean) * (Disaster .vulnerabluty 1nde?<; topography) landslldeg disaster risk
areas, drainage density, semi-basement households, vinyl house area
* (Disaster damage analysis index) average disaster damage by
disaster level
* (Climate) rainy days, typhoon
Kim and Yoon * (Human) exposed people, vulnerable people
(2023) * (Urban infrastructure) semi-basement building, old building,
(in Korean) impermeable area, underground road, no sewerage
* (Environment) river, flood prone river area
* (Vulnerability) water structures (drainage culverts and channels,
Park pump stations, reservoirs), storm and flood risk sections, stormwater
(2015) pipe penetration rate, river opening rate, disaster warning facilities
(in Korean) * (Risk) property damage over the past 10 years, human casualties
over the past 10 years, impermeable area ratio
Lee and Kang * Places under construction
(2010) * Historic places
(in Korean) * Reserved land
Park and Kim * National environmental assessment rating (level 1 and 2)
(2012) * Distance from livestock facilities (within 1 kilometer)
(in Korean) * Densely populated areas
Park etal. * National environmental assessment rating (level 1 and 2)
Solar (2012) * Urban area
Power (in Korean)
L(f)cl:jgtm Le((ezaonldsliee . Dist'ance of the historic site/cultural assets
Analysis (in Korean) * Residence

Yilmaz et al.

* (Risk) flood hazard index, erosion risk index
* (Distance) distance from densely populated areas, distance from

(2023) roads, distance from transmission lines and transformation centers
* Landuse
Khan et al. . ‘(Al;ll(t):fbs(;lds;esptibility criteria) distance to water ways, distance to
(2023)

* (Economic criteria) distance to populated area, distance to roads
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Table 4. Candidate Influencing Factors for Vulnerability Assessment of Solar Power Generation Facilities

Classification Factors Definition Unit Data
Number of days with ~ Average number of days 10 mm/day over Da
rainfall of 10 mm or more the past 10 years (2013-2022) Y
Number of days with ~ Average number of days 25 mm/day over Da
D rainfall of 25 mm or more the past 10 years (2013-2022) Y
isaster
Frequency Number of days with ~ Average number of days 20 mm/day over Day
rainfall of 20 mm or more the past 10 years (2013-2022)
Number of times the maximum wind
Number of typhoon .
o occurrence davs speed was 17 m/s or more in the Number
2 ¥ past 10 years (2013-2022) Korea
2 n ber of d E——— Meteorological
o Number of rainfall days verage number of days with rainfa Administration
lasting more than five davs exceeding 5 days over the past 10 years Day
8 Y (2013-2022)
) Maximum dailv rainfall Average maximum daily precipitation mm
Disaster y over the past 10 years (2013-2022)
Intensity n - — N
. . verage maximum precipitation per hour
Maximum hourly rainfall over the past 10 years (2013-2022) m
. . Average daily maximum wind speed
Maximum wind speed over the past 10 years (2013-2022) m/s
Number of people aged Number of people aged 65 to 14 as of o
Population 65 to 14 2022 Person St;“S“CS
orea
Population density Population density as of 2022 Person/m?
National
. . . . Institute of
Soil drainage grade Maximum level of drainage class Class .
Agricultural
. b Sciences
opogra
PogTaphy Korea Institute
Wind impact index Wind exposure index of terrain of Geos.c1ence
and Mineral
Resources
Areas susceptible to Area of areas susceptible to landslide as ?
landslide of 2022
Natural disaster prone  Area of natural disaster prone areas as of 2
m
areas 2022 Haenam-gun
Area of risk area according to local
Land Use Area of risk area comprehensive plans for storm and flood m?
damage reduction of 2016
Environmental
Impermeable area ratio Percentage of impervious surface area in % Geographlc
2022 Information
Service

Note 1) The impervious surface area is based on the calculation method of environmental spatial information service,
and is divided into single residential facilities (111), communal residential facilities (112), industrial facilities
(121), commercial/office facilities (131), and mixed in the land cover map. Region (132), culture, sports, and
recreation facilities (141), airport (151), port (152), railroad (153), road (154), other transportation and
communication facilities (155), basic environmental facilities (161) Extracted from the area of educational/
administrative facilities (162), other public facilities (163), facility cultivation areas (231), and ranches/fish
farms (251).

Note 2) Grade 1 (very good), Grade 2 (good), Grade 3 (slightly good), Grade 4 (slightly poor), Grade 5 (poor), Grade
6 (very poor)
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Factors Communalities Component

2 3
Maximum Hourly Rainfall 952 935 -219 -077
Maximum Wind Speed 902 -933 011 -.145
Number of Typhoon Occurrence Days 927 -920 -119 -.033
Number of Rainfall Days Lasting More than Five Days .834 .879 244 .041
Maximum Daily Rainfall .684 .816 a21 .059
Impermeable Area Ratio 929 .641 -378 -137
Population Density 861 .545 -.265 -196
Number of Days with Rainfall of 25 mm or More .892 -012 963 .025
Number of Days with Rainfall of 10 mm or More 406 .252 936 112
Number of Days with Rainfall of 20 mm or More 572 -.209 927 -014
Soil Drainage Grade .861 -151 .015 916
Wind Impact Index 906 247 -.148 .907
Area of Risk Area .545 -078 .368 .635
Eigenvalues 4934 3.169 2.168
Proportion of Variance 37956 24.375 16.680
Cumulative Proportion 37956 62.331 79.011

KMO=.665, Bartlett's 22=2674.08 (p<.001)

Note 1: Factor extraction method: principal component analysis

Note 2: Rotation method: Varimax with Kaiser normalization
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Table 6. Weights of Evaluation Factors Applying the

Entropy Method
Evaluation Factors Weight
Maximum Hourly Rainfall 0.202
Maximum Wind Speed 0.198
Number of Typhoon Occurrence Days 0.137
Number of Rainfall Days Lasting More
than Five Days 0.159
Maximum Daily Rainfall 0.170
Impermeable Area Ratio 0.113
Population Density 0.021
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Fig. 2. Procedure for Entropy Weight
Source: Ha and Chung (2019: 189), Kim et al. (2019: 445) (in Korean)
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Fig. 3. Analysis Results
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Table 7. Analysis Results by Administrative District
in Haenam-gun

Level Number of

Eup/M
Output Area up/Myeon

Haenam-Eup (8),
Bukil-Myeon (5),
Hyeonsan-Myeon (2),

Level 1 16

Samsan-Myeon (1)

Haenam-Eup (33),

Samsan-Myeon (5),

Level 2 41 Bukpyeong-Myeon (1),
Songji-Myeon (1),

Hyeonsan-Myeon (1)

Bukpyeong-Myeon (11),
Hwasan-Myeon (8),
Okcheon-Myeon (6),

Haenam-Eup (6),
Hwangsan-Myeon (5),
GyeGok-Myeon (4),
Masan-Myeon (4),
Hyeonsan-Myeon (3),

Level 3 52

Songji-Myeon (3),
Bukil-Myeon (2),

Songji-Myeon (15),
Munnae-Myeon (12),
Hwangsan-Myeon (9),
Level 4 42 Hwawon-Myeon (2),
Sani-Myeon (2),
Masan-Myeon (1),

Hwasan-Myeon (1)

Level Hwaw.on-Myeon 9,
Sani-myeon (7)
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Level Number of Facilities (Proportion)
Level 1 142 (6.7%)
Level 2 47 (2.2%)
Level 3 919 (43.1%)
Level 4 953 (44.7%)
Level 5 72 (3.4%)

Fig. 4. Vulnerability Assessment Results of Solar
Power Generation Facilities in Haenam-gun
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