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Abstract: Coastal areas, as the interface where land meets the sea, play a vital role in national and
local communities. With the increasing damage from coastal disasters due to sea-level rise and
abnormal climate phenomena caused by climate change, establishing an effective coastal disaster
response and management system has become an urgent challenge. Therefore, this study classifies 74
coastal municipalities in South Korea using Latent Profile Analysis (LPA) with 34 indicators related
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to urban, economic, and disaster damage characteristics. It then identifies the determinants of each

type using binary logistic regression with seven disaster management indicators. The Latent Profile

Analysis identified three distinct types of coastal areas in Korea: ‘Urban-type coastal areas’ (23 regions),

‘Industrial / port-type metropolitan coastal areas’ (22 regions), and ‘Rural/nature-oriented coastal

areas’ (29 regions). Furthermore, the logistic regression analysis revealed the key disaster management

factors for each type. Accessibility to fire stations significantly increased the probability of a region

being classified as ‘Urban-type,” while accessibility to outdoor earthquake evacuation shelters was a

significant predictor for the ‘Industrial / port-type.” Accessibility to fire stations and interchanges (ICs)

was found to significantly increase the probability of a region belonging to the ‘Rural / nature-oriented’

type. The significance of this study is its empirical demonstration that disaster damage patterns and

necessary management strategies are structurally different for each coastal type. This suggests an

urgent need for differentiated disaster management policies: life-protection measures tailored to

high-density environments for the industrial/ port-type where human casualties are concentrated,

expansion of basic disaster prevention and transport infrastructure for the rural-type which suffers

great economic damage, and strengthening existing safety systems for the urban-type.

Keywords: Coastal classification, Climate Change, Disaster management, Coastal management, Latent
profile analysis, Binary logistic regression analysis
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Table 1. Variable for coastal region clustering analysis
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Category Variable Source Period
Resident population kosis 2020
Population Elderly rate kosis 2020
Youth rate kosis 2020
Total number of employees kosis 2020
Light manufacturing kosis 2020
Heavy manufacturing kosis 2020
General construction kosis 2020
Wholesale & merchandise brokerage kosis 2020
Economic Retail trade kosis 2020
Transport and warehousing kosis 2020
Accommodation kosis 2020
Restaurants & bars kosis 2020
Finance kosis 2020
Real estate kosis 2020
P o Dt
Education services kosis 2020
Healthcare servieces kosis 2020
Social Social services kosis 2020
Doctor ratio kosis 2020
GRDP per capita kosis 2020
Volunteer rate Volunteer statistics yearbook 2020
Farmland rate LX Urban planning status 2020
Farm population rate Local government statistics 2020
Number of tourists at the beach MOF Beach visitor status 2019
Urban Old housing units LX Urban planning status 2020
Port facilities area LX Urban planning status 2020
Area of fishing port facilities LX Urban planning status 2020
Rural Fish population rate Local government statistics 2020
Urban area rate kosis 2020
Road rate kosis 2020
Coastal New housing units kosis 2020
Forest rate kosis 2020
. Disaster damage cost(1000won) National disaster and safety portal 2010~2020
Disaster damages : - ;
Number of casualties National disaster and safety portal 2010~2020
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Table 2. Variable for Binary Logistic Regression

Category Variable Source Period

Prevention P1.1blic order and safet.y budgn.et kos?s 2020

Oil storage and detention basin kosis 2020

Preparedness Accessibility to earthquake evacuation shelters Geospatial Information Platform 2020

Accessibility to fire stations Geospatial Information Platform 2020

Response Accessibility to police stations Geospatial Information Platform 2020

Accessibility to emergency medical facilities Geospatial Information Platform 2020

Recovery Accessibility to interchanges Geospatial Information Platform 2020
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Keyvanfar etal., 2021; Cho & Choi, 2021; Lee et al., 2019). A1, 274, 37 )| B8, B4 2o £ &
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Table 3. Results of Latent Profile Analysis

Latent Profile Analysis
Category
2 3 4 5 6 7
AlC 28497.33 | 28307.16 | 28186.21 28130.1 27960.7 | 2792791
(AkaikeInformation Criterion) ’ ’ ’ ’ ’ ’
Information _ BIC ) 873465 | 28625.12 | 28584.81 | 28609.34 | 28520.59 | 28568.44
criteria (Bayesian Information Criterion)
SABIC 28410.06 | 28190.23 | 28039.62 | 27953.85 | 27754.8 | 27692.35
(Sample-size Adjusted BIC) ' ’ ’ ’ ’ ’
¥* chi square
difference test BLRT (p) 0.01 0.01 0.01 0.01 0.01 0.01
Classification Entropy 0.99 0.99 0.99 0.98 1.00 0.99
quality
Cluster 1 0.59 0.31 0.30 0.31 0.04 0.04
Cluster 2 0.41 0.30 0.01 0.01 0.01 0.01
Classification Cluster 3 0.39 0.30 0.28 0.26 0.26
accuracy Cluster 4 0.39 0.38 0.30 0.28
(%) Cluster 5 0.01 0.38 0.38
Cluster 6 0.01 0.01
Cluster 7 0.01

The trend of information criteria with increasing number of latent profiles

29000

N \\,_’——\/"
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27500
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A5, =8 A4, AER Y] A5F ZRISHH.
2] A B 2]4=Q1 AIC, BIC, SABIC= L gfo] &&=
2o Ade Tt £ A gtk T gt
0 2 BT 47} 57F4E 1 3ol Fashs
F= Hol7| o] T RS AT R 7|2
717} @ure A= A AT 5 24D 5
AH(No & Hong, 2012; Kim & Homg, 2021). & 1
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(0}
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XM Ay A
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6‘(]:.__ Ho] 7 9lth,
A=z xR
AICHT} BICPJ /\}%—g -'{‘J_LOV]E S} (Hagenaars &
McCutcheon 2002; Magidson & Vermunt 2004). = -
o A= Aol 27001 A 37 2 F7Fok= 7ol A
BIC 7 H.A| = gho] &aksA| 3L 9152 gheldh = Qlet
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Table 4. Latent profile and regional classification

Cluster Region
Gangwon-do(3) Gangneung-si, Donghae-si, Sokcho-si
Gyeongsangnam-do(1) Tongyeong-si
Busan Metropolitan City(9) %i?;%ﬁ;;ﬁ;i?ong_gu’ Saha-gu, Seo-gu, Suyeong-gu, Yeongdo-gu,
Cluzst3er ! Ulsan Metropolitan City(1) Nam-gu
@) Incheon Metropolitan City(4) | Dong-gu, Michuhol-gu, Yeonsu-gu, Jung-gu
Jeollanam-do(2) Mokpo-si, Suncheon-si
Jeollabuk-do(1) Gunsan-si
Jeju(2) Seogwipo-si, Jeju-si
Gyeonggi-do(5) Gimpo-si, Siheung-si, Ansan-si, Pyeongtaek-si, Hwaseong-si
Gyeongsangnam-do(3) Geoje-si, Sacheon-si, Changwon-si
Gyeongsangbuk-do(2) Gyeongju-si, Pohang-si
Cluster 2 | Busan Metropolitan City(1) Gangseo-gu
(22) Ulsan Metropolitan City(3) Dong-gu, Buk-gu, Ulju-gun
Incheon Metropolitan City(2) | Namdong-gu, Seo-gu
Jeollanam-do(3) Gwangyang-si, Yeosu-si, Yeongam-gun
Chungcheongnam-do(3) Dangjin-si, Seosan-si, Asan-si
Gangwon-do(3) Goseong-gun, Samcheok-si, Yangyang-gun
Gyeongsangnam-do(3) Goseong-gun, Namhae-gun, Hadong-gun
Gyeongsangbuk-do(3) Yeongdeok-gun, Ulleung-gun, Uljin-gun
Cluster 3 | Incheon Metropolitan City(2) | Ganghwa-gun, Ongjin-gun
29 Jeollanam-do(11) Gangjin-gun, Goheung-gun, Muan-gun, Boseong-gun, Sinan-gun, Yeonggwang-gun,
Wando-gun, Jangheung-gun, Jindo-gun, Hampyeong-gun, Haenam-gun
Jeollabuk-do(3) Gochang-gun, Gimje-si, Buan-gun
Chungcheongnam-do(4) Boryeong-si, Seocheon-gun, Taean-gun, Hongseong-gun
T2 &, - H] A ofl 7]WHE BLRT 42 Y 7HA & N
gnFosujtes sopigen, dezn Aae A
A B= oA 08013 2= HEh E72] Hol & ”
AL LS Uk v TOE BESE el 5 .
£ ofnjst], ol s%0]4o]ofof sk, kx|
212 ke 3)4jo] of 2o glo] ARBHA) ert

(Kim & Sin, 2021). ©wh2}A] 2 AJLo| A= BICE 7]&
O 8 JHA571 ANeA 051, Jdt RFE0]
5% o]/F%1 FLOE o] FolA o H = A H o] 371
ol 2 Y-S Aot gt

Aol 37X &2 4 H B oA A=
A= o33} 2 TH(Table 4, Figure 1).

1742 5 23719 A9 o & FLAg = o] Qlom, 7
T(3), BAFE(), FARFHAL(9), SARFG A1), /1
A (@), A= (2), AR ), AF5EAA]
T(2)& o] FolA Utk BT AL Al BHA,

Legend

Cl .
N

Cluster 3

25250 25 50 75 10
P e Gl et rs

Figure 1. Cluster mapping according to latent profile analysis
outcomes



£249) 37 AL ZFHH, B REE FYA 17
Az FA4Elo] Itk AN 7S B
BT, 57 AR AT 297 =T BT e
T2 119 23t 48] F7 BT SAG A
B V)T AAFGAL B, S BT AT F
T4} 22 TR0} Uk AR BEAG EH
A 2 A, RS 4] 1 A, AR A =
L AAZA G AFA 27 A7 mF
2242 % 279 A 02 F4E|o] 900, 57]
S(65), A ), AREQ), FAFAA (), 24
AN @), ARFHHN @), AFEE), FHEEE),
HAEG), B GEE), FPREQ)E o|F014 ek
A7 GEA, AFA, A, BEA, A 5
ST A, A REE AR, ARA, FUA 374 A,
AREL A7, P ] A, BAFG AL 3A
F 1A 2ABANE 57, 57, 8529 2 79t
VR, ARFAA L G, AT ) 7, b EL
YA, of A, I 27 A2 2 SR
AL, AT, OPAEA ] 37] A, B U T, A
HA], P 27 F 17 A, AL
s, sH59 ) 2, BB EE 3
Q29] 37 20 & o] 2oi A e
32HL 529709 4902 o] glop, A
%@1 A1), ARPFE(), ARREE), 3L, 3
20), AYHEQ), BHREQR ol Fol A itk
A 7ok, SAF ) 2 Hehg s 7
o, oK, BAE, AI9hE, 9, BET,
B N5 1 2 AR
(ROHEY 7] 23t 1 A, BB E
b, 4791 27 A2 oAl 2,
A A, FpEe] 2 234 174 A,
ol e 3 2, 3%
2279 37} 0.2 A=l

o

Fl

~

al

rir

>

1 oox
Y
o ol o

HJ
E]jo

>

Y
OL
18

jl

oor
I
e oo
1

£

o
e
oy,
N
>

rlr ki
:

ol
i e
Hoox
or
el

O HT ot o rlr K1 o X o

H

of, o,

Hin) >

fusz

o 2

ot RY

Fd

Lo o e

ATYE A, T T A 2ol 3
ow L 2 4UAS 95
q_

_\,1
L
_,d
E
Ju ©
fr 2
olrt
o2k
"
a0
1o

A FA R BAS 3l EE&t Ao OE
71 & EA L t}-S3k 2t Table 55 37) Atat TA]
2 A o] s EAJof| et FAREA] Aitoltt.,

A+ 542 oo é*ﬁ‘r 17y g Q=

215,771%, 231 9] Wt Q114 369,079, 374 9]
Bt A 511495 02 H’E]-L]- 270 7w
/TS HA3te} g3 &-2 2230] 0.248% 71
1L, 1740] 02192 7Hg Rt} fadHle2 Al &
Y B A 2 20|17 e A] et 272 /1
Z7FEI QI 2T 7Y 1A = ERlth A
A EAo tho 3} 2t 22 277 0] 189,695
WO 2 7P w357 0] 22,2579 0 &2 71A At} 7
SAA 2 G A2 3o A 7 sk, 5
SpetE AAE QT SEAAL = 27 oA F A E
Holoh =i A &S0, 2, & 9 F1d,

289,44 9 A HExlo] =0 151%0] 2.9

of St Sakehs A £ 49| BF- 272410 32.62, 3
A2 44002 3 Zhof] v 2 AAR7F e T AR
9 B4 vt 2o 33 3E =T R AR
333o] 8.772 v 553'_, T70] 2,572 It WA
HlAY, HAY, A AEE2 1530] 7HE w2,
AFS] B A A H] A ] 34@ oA FEHUS. AAT
GRDP:=27+70] 57,8855 37 73] 7h--d] H 1130t}
AHH S 3750] 26242 YA O & £ BA &
3 T e S7HRIFE[ 2 3T O A 224.32
EAEH 07 ol EAGLE W& 2 0% Uit

sS4 W3 e 17240] 2,175,630 2= 7H
B3, =3 ASESY FUAEHA 2 254 0] 7H
Wt of A A2 35150 0] 1,366,441 & -0 31
o5& EA2 e 2 o7kl Hl e 37 o]
38602 7P &1, AIA GH| &L 178 0] 5898
7V &=t 3282 wol& 4 Aol HiS- s, 17
A2 TA A Ao FEFA L)

AFEARL E}%ﬂ 2} E2HE-E 174401 10.02
27 EoH, e 27 oA, dofrleS
37RO 242} 7}%} ETAE 7| ST AT 54
< T gt WA, A A mle = A 304 7+

c



304 SFEISEIL M34E MpE

Table 5. Descriptive statistics of variables by cluster

LPA (n=74)
Category Variable Cluster 1 (n=23) Cluster 2 (n=22) Cluster 3 (n=29)
Mean SD Mean SD Mean SD
Resident Population 215770.61 126041.64 | 369079.00 | 255073.21 51148.72 22204.32
Population Elderly rate 0.22 0.09 0.25 0.09 0.22 0.09
Youth rate 0.11 0.04 0.11 0.03 0.11 0.03
Total number of employees 94976.04 50764.04 189694.64 130878.52 22256.69 10354.90
Light manufacturing 3.37 1.98 3.49 1.99 6.51 2.85
Heavy manufacturing 7.54 7.36 32.62 10.18 4.40 3.50
General construction 2.05 1.22 2.00 1.29 3.39 226
Wh"lesﬂfoi‘e‘r‘;egfha“dis" 5.81 2.09 453 2.34 414 1.49
Economic Retail trade 9.12 1.92 6.14 131 8.34 2.07
Transport and warehousing 8.92 7.08 4.73 2.26 3.14 1.46
Accommodation 1.68 1.87 0.64 0.66 3.56 3.59
Restaurants & bars 10.01 291 7.08 1.38 8.82 2.16
Finance 1.04 0.49 0.65 0.18 1.46 0.51
Real estate 2.54 0.79 1.81 0.64 0.93 0.54
Public administration &
Defence and social security 4.18 1.28 2.57 0.89 8.77 247
administration
Education services 6.92 2.39 5.39 0.90 6.29 1.38
Healthcare servieces 5.55 3.52 3.11 1.29 3.40 1.06
Social Social services 5.70 1.67 414 104 788 3.03
Doctor ratio 3.45 2.58 2.01 0.63 2.09 0.43
GRDP per capita 36107.17 21397.60 57885.41 24319.46 35268.93 8318.37
Volunteer rate 1.04 0.62 0.89 0.57 1.01 1.65
Farmland rate 8.64 9.37 22.28 10.50 26.24 11.66
Farm population rate 32.43 4331 63.29 59.80 224.25 65.64
N“mbt;reobfet;’:lfm A1 217563048 | 388050599 | 9413032 | 15347995 | 671471.72 | 1503351.90
Urban 0ld housing units 4325544 | 2425611 | 5411896 | 4114342 | 1499386 | 5945.00
Port facilities area 1509849.52 | 2552643.45 | 2962487.09 | 4976266.61 | 719247.59 | 1446025.88
Area of fishing port facilities | 497640.87 | 1112198.27 | 49735532 | 2253183.35 | 1366441.41 | 2412644.13
Rural Fish population rate 6.87 10.16 4.67 5.68 38.60 38.92
Urban area rate 58.87 33.26 45.78 28.35 4.75 292
Road rate 10.02 6.15 6.42 3.63 3.39 1.17
Coastal New housing units 11215.00 8624.50 27366.18 27669.62 2304.69 1484.07
Forest rate 37.74 24.58 43.86 18.68 57.86 17.36
Disaser Disas(t%gg\‘jgf)e Cost 11434897852 | 16987406.96 | 18332153.50 | 22150047.46 | 31917836.24 | 22555433.93
Number of casualties 541.83 761.22 618.50 678.21 436.24 786.78
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Table 6. Descriptive statistics of Disaster Characteristics

LPA (n=74)

Category Variable Cluster 1 (n=23) Cluster 2 (n=22) Cluster 3 (n=29)

Mean SD Mean SD Mean SD
Prevention Public order and safety budget 0.0259 0.03315 0.0342 0.03064 0.0316 0.02065
Oil storage and detention basin 13.2387 8.09037 10.7106 7.38726 6.779 4.80705
Preparedness Acc:is;z‘lgz);"siﬁ};?:ake 4467 | 458102 | 38686 | 2.6019 | 10.6003 | 9.90327
Accessibility to fire stations 3.8474 2.49057 6.5055 2.84206 9.7855 2.52408
Response Accessibility to police stations 3.249 2.05423 4.5376 1.45063 5.8716 1.43834
Accefggzllilé;y] ;Zgiﬁ:femy 138187 | 755886 | 104486 | 145063 | 6779 | 480705
Recovery Accessibility to interchanges 10.4435 7.86024 11.6455 6.41378 27.8045 19.77541
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Table 7. Logistic Binary Regression Analysis Results for Class 1 Characteristics (Class 2 & Class3=0/Class 1 =1)

Category Variable B(p) wald Exp(B)
. Public order and safety budget -7.633 0.455 0
Prevention - - -
Oil storage and detention basin 0.025 0.034 1.025
Preparedness Accessibility to earthquake evacuation shelters 0.118 1.766 1.125
Accessibility to fire stations -0.905 * 7.686 0.404
Response Accessibility to police stations 0.412 1.111 1.509
Accessibility to emergency medical facilities -0.079 0.264 0.924
Recovery Accessibility to interchanges -0.055 1.917 0.947
p<0.001:*** p<0.01:** p<0.05:*
UERt A2 BT 4 AU IEBARLS 8 BT S Amet g Aol 4 Ao 94
OFSIAPE 3T AL THRE TS A olof 12,2 AS AU YSL etk B EAL 1730 T
ZYY o] S Fe SELAZAT YA A LA B4 S0 glo] A B Amet
Sl 4584 4S S sh= AvE 28
0o A A v g WA 12" 0% A
23THS PR I o FRALE ALY hSOF 27N B BHL 95 270 L 7
2 UNFIGH(Table7). 38 B4 AT TheB 2T PO, 12MT 3L L YR O 4
At 891 5 hSHF LA FLAol Y 5to] oG A AE I ARA S A A 5HF TH(Table 8
SHA SAXNOE FORt R UEH (B =-0905, &4 A3 At 291 5 dijHHal A 2Qf
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Table 8. Logistic Binary Regression Analysis Results for Class 2 Characteristics (Class 1 & Class 3=0/Class 1 =2)

Category Variable B(p) wald Exp(B)
. Public order and safety budget 7.844 0.657 2550.094
Prevention - -

Oil storage and detention basin 0.078 0.475 1.081
Preparedness Accessibility to earthquake evacuation shelters -0.160 * 2.197 0.852
Accessibility to fire stations 0.341 0.720 0.461
Response Accessibility to police stations 0.201 0.632 1.222
Accessibility to emergency medical facilities -0.075 0.350 0.928
Recovery Accessibility to interchanges -0.049 1.816 0.953

p<0.001 : *** p<0.01: ** p<0.05:*



Table 9. Logistic Binary Regression Analysis Results for Class 3 Characteristics (Class 1 & Class 2 =0/ Class 3 = 2)

Category Variable B(p) wald Exp(B)
Prevention Public order and safety budget -1.179 0.006 0.308
Oil storage and detention basin -0.206 2.166 0.814

Preparedness Accessibility to earthquake evacuation shelters 0.039 0.261 1.040
Accessibility to fire stations 0.721 ** 8.586 2.057

Response Accessibility to police stations -0.089 0.087 0915
Accessibility to emergency medical facilities 0.267 2.720 1.306

Recovery Accessibility to interchanges 0.077 * 4283 1.080

p<0.001:*** p<0.01:** p<0.05:*
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Table 10. Disaster Damage and Response Characteristics across Coastal Cluster Types

Urban characteristics and Disaster

Disaster management policy

(Gl damage characteristics Disaster response recommendations
* The area of oil storage and retention
basins is the largest among the
« Commerce, service industries, cluste?s, providing strong preve;ntive
transportation, tourism, and capacity. However, the propo rtion of | | Strengthening non-physical
financial sectors are well the budget a Hlocated to public order preventive measures, in
Cluster 1 developed and saff:ty s the 10west._ addition to physical ,
. * Accessibility to fire stations and Lo .
(Urban-type * Educational and healthcare prevention, is required.

coastal areas)

infrastructure is favorable.

* Economic and human losses
caused by natural disasters are
relatively low.

police stations is the highest among
the three clusters, ensuring superior
access to emergency safety services,
whereas accessibility to emergency
medical facilities is the poorest.

* Accessibility to interchanges (IC) is
relatively good.

* Improvement in accessibility
to medical and healthcare
infrastructure is necessary.

Cluster 2
(Industrial and
port-type
metropolitan
coastal areas)

* Industrial agglomeration is
centered on heavy and chemical
industries, with a high per capita
GRDP and well-developed port
infrastructure.

* Large-scale population and
strong economic capacity,
accompanied by an aging
demographic structure.

* High risk of human casualties
from natural disasters.

« Accessibility to fire stations, police
stations, emergency medical
facilities, outdoor earthquake
shelters, and interchanges (IC) is
favorable.

« The proportion of the budget
allocated to public order and safety is
the highest among the clusters.

* Policies are required to reduce
human casualties from natural
disasters in densely populated
urban environments.

Cluster 3
(Traditional rural
and nature-oriented
coastal areas)

* Development is centered on light
industries, lodging businesses,
fisheries, and social welfare
services.

* Less urbanized, with a
predominantly rural and fishing
population, representing
traditional rural and nature-
oriented coastal areas.

* Economic losses from disasters
are significant, while human
casualties are relatively low.

* Accessibility to fire stations and
police stations is the poorest among
the three clusters, and infrastructure
accessibility-such as emergency
medical facilities and outdoor
earthquake shelters-is generally
weak.

* Accessibility to interchanges (IC) is
considerably poorer compared to
Clusters 1 and 2.

« Strengthening IC accessibility
is necessary to enable rapid
recovery from economic
damages.
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