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The Impact of Land Use Deregulation on Coastal Sprawl

: Focusing on Fragmentation Index and Climate Risk
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Abstract

Climate change has exacerbated extreme weather events, making coastal cities more susceptible to flooding, erosion,
and related disasters. Since the mid-2000s, development pressures have been concentrated in coastal zones with high
amenity and commercial value, resulting in high-density residential expansion on reclaimed land and within buffer zones
designed for disaster mitigation. This study investigates how land-use deregulation affected development patterns and
fragmentation in Busan, South Korea, from 2000 to 2023. Fragmentation indices were created on a 200x200 m grid
framework (19,340 cells), and multiple regression and MANOVA analyses were used to assess the impacts of zoning
changes on development density and disaster exposure. The results show that deregulation rate and area significantly
increased patch number and density while decreasing average patch size, indicating increased fragmentation. Disaster
exposure indicators, including population and impervious surface ratio, also increased with deregulation. The effects of
deregulation were significantly stronger in coastal areas than in inland areas, indicating spatially uneven risk accumulation.
These results show that deregulation facilitated urban expansion while also increasing vulnerability by concentrating high-
density development in flood-prone areas. The study highlights the importance of land-use planning as a structural tool for
addressing climate risks and guiding sustainable coastal development.
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Table 1. Variables and data sources used in the analysis
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= wesiginh, 2 A9 7Hd A5 2000897 202349 F AlH
9] A E Hlasle] Ex|ol8+1A| 43R Qg S A=
"o g o|fojRtt, o, ol 7t Fafo] WAEHA H A=A -F
7HA AL A7) 9180, 20009014 20239 717F B9t 1
AE A AsF AR ER]) 9 AsE Tl s vt
toleE 38k 24 GER Al A 48kE, A
A5} A4, A A5F HAE APFSIT

EZH £ Aol IR pEEE Hsh AEAY, &
g QAEE 5 vhgslr] Hste, YRbA e R she] 558
EFE 4 9 200m x200m 2719] ZALE B4 G = dAs)
gct, olof wet 19,34071) AAjof disf dlojelE 5319
o, BE3H AR (F 1o AAISHEAT

2000138 2023'A7HA] =€ Ho|H & vl ez FARAA|
9] Ex|ol- g4 3] ©E AddE WIS A% A9
a9 DI 2, WEAYoAE F2 oA ©919 Y 7fdol
go1E BHH QIR o)A AEA] FFEO] Ato] HFHoR
UERT, o1& 202399 S EE AR (2E )9 v]s)
B i 5e] AR e o 21 20000 o] Hef| AtEle] FE5
g Uesk glo] RAIEAL Sl Wh, ek %2 20004 ©]
3] At NS B3l RS- A Y F95ka 3 89l
Lgail= )

FEUSE F 7R REY A WA F5840 aus)
A= {7 A 20 AlF8H= 5m =] FEF
EXTEAE (20044, 20239)E 7IRte g 1319 FER
EXEA = AFAgtel vs] BAIEZE fEo] Bt AlEs)
H EF AAE 23 Slo], BAIST s BAS BRoE g

Type Variable Description Source
Deregulation_Rate Ratio of deregulated area within each 200 m grid
Lr;?g;ﬁgdent Deregulation_Area Sum of deregulated area within grid Lascal r(\sﬂgrg:;\men t
Deregulation_Count Number of deregulation actions within grid
Fragmentation index
(NP, PD, AREA, CONTIG, Computed using FRAGSTATS based on built-up raster layer MOE
Dependent _ CONTAG, SHAPE, FRAC, PERI)
variable . ; ; . ; : o MOE
Hazard exposure Population assigned to grids with residential buildings (POP) MOIS
(POPR. IMP) Impervious surface ratio (IMP) 36IS

Note: MOLIT (Ministry of Land, Infrastructure and Transport); MOE (Ministry of Environment); MOIS (Ministry of the Interior and Safety); SGIS (Statistical

Geographic Information Service)
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Figure 2. Development density (2023)
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Table 2. Land-cover reclassification for fragmentation and

impervious analysis

Land cover classes

Reclassified
Level-1 code Level-2 code category
Residential 110 Impervious
Industrial 120  Impervious
) Commercial 130  Impervious
Built-up 100 - -
Recreational 140 Impervious
Transportation 150  Impervious
Public facilities 160  Impervious
Rice fields 210 Pervious
Crop fields 220 Pervious
Agriculture 200  Green house 230  Impervious
Orchard 240 Pervious
Others 250 Pervious
Broadleaved 310 Pervious
Forest 300 Coniferous 320 Pervious
Mixed 330 Pervious
Natural 410 Pervious
Grassland 400 e .
Artificial 420 Pervious
Inland 510 Pervious
Wetland 500 :
Coastal 520 Pervious
Natural 610 Pervious
Bareground 600 — :
Artificial 620 Pervious
Inland 710 Water
Water 700
Coastal 720 Water
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Table 3. Definitions, interpretations, and value ranges of fragmentation indices

i . Value
Category Index Definition Interpretation range
NP Total number of built-up Higher NP — -0
(Number of patches) patches more fragmented =
gze PD Number of patches per Higher PD — -0
Nt (Patch density) unit area finer-grained fragmentation =
AREA Average area of built-up Smaller AREA— -0
(Mean patch size) patches prevalence of small-scale development =
) CONTIG Spatial connectedness of Higher CONTIG — 0~
Isolation (Contiguity index) cells more spatially contiguous patches
&
Connectivi CONTAG . ngher CONTAG — s
o (Contagion index) Blegeer b atjacenty more aggregated spatial pattern D=6
SHAPE Average complexity of patch Higher SHAPE — 21
(Area weighted mean shape) shapes more irregular patch shape =
gompiemy FRAC Shape complexity across Higher FRAC — 12
Shape (Fractal dimension index) scales more complex patch geometry
PERI Ratio of patch perimeter Higher PERI — -0

(Mean perimeter-to-area ratio)

to area

more complex edges relative to area
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Table 4. Descriptive statistics of variables (200 mx200 m grid)

Variable (n=19,340) Description Mean  Std. Dev. Min Max  Skewness Kurtosis
Deregulation_Area Area of deregulation (m?) 1483 4872 0 40,000 6.351 29477
Deregulation_Rate Deregulated proportion of grid 0043 0122 0 1 2864 6233
Deregulation_Count  Number of deregulation cases 0073 0416 0 6 4872 5387
NP Number of patch 6.874 3.220 1 24 0373 2.890
PD Patch density 0183 0133 0.01 0725 0677 3876
AREA Mean patch size 1425 2923 58 40,000 5.087 19.812
CONTIG Contiguity index 0424 0211 0.038 0982 0593 4016
CONTAG Contagion index 4813 1327 10.81 80.164 -0.088 3.169
SHAPE Area weighted mean shape index 1352 0538 1 5853 1121 4895
FRAC Area weighted mean fractal dimension 10092 0.054 1.083 1418 0249 3121
PERI Mean perimeter-to-area ratio 0.076 0.049 0.011 0.264 3426 5933
POP Population in hazardous area 2164 88314 0 4816 8314 78523
IMP Impervious surface ratio (%) 38142 24180 0 100 0728 3644
Note: Variables exhibiting substantial non-normal distribution due to strong right-skewness and high kurtosis.
[Deregulation_Area, AREA, POP] were log-transformed using a natural logarithmic form of log (x+1)
Table 5. Normality diagnostics for regression residuals
Category Model 1 (Fragmentation) Model 2 (Hazard exposure)
Sample size 19,340 19,340
Jarque-Bera statistic 2840 3122
p-value 0.091 0.078
Skewness 0120 0.1563
Kurtosis 3.083 3116

Normality decision

No significant deviation from normality

No significant deviation from normality
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3] At & fH%:} Aolol FBAH(EEA)Y LC&EH
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2007; FEIFE, 2010: G 2, 2012).
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Table 6. Results of multiple regression analysis

Type Variable mf;:',(‘:;’“t t statistic R2 Adj. R F statistic
NP (Number of patches)
Deregulation_Rate 0.387** 3422
Deregulation_Count -0.142* 2281 0212 0.202 1,456.3
Deregulation_Area QPG 3.544
PD (Patch density)
Deregulation_Rate 0.573™* 4883
Deregulation_Count -0.376™* -3.983 0271 0.261 19827
Deregulation_Area G 4061
AREA (Mean patch size)
Deregulation_Rate -0.488** -4792
Deregulation_Count 0.364** 3479 0.309 0298 23479
Deregulation_Area -0.451* -4 977
CONTIG (Contiguity index)
Deregulation_Rate -0.332%* -3.386
Deregulation_Count -0.189* -2.033 0.092 0.082 567 4
Fragmentation Deregulation_Area -0179* -1.896
index CONTAG (Contagion index)
Deregulation_Rate -0.183* -1.978
Deregulation_Count -0.323"* -3618 0.131 0121 7932
Deregulation_Area 0.288* 3.006
SHAPE (Area weighted mean shape index)
Deregulation_Rate -0.096™ -1.383
Deregulation_Count 0139 1516 0010 0.003 478
Deregulation_Area 0.084 1.298
FRAC (Fractal dimension index)
Deregulation_Rate 0272* 2052
Deregulation_Count -0.184 -1597 0.028 0019 1216
Deregulation_Area -0.232 -2.041
PERI (Mean perimeter-to-area ratio)
Deregulation_Rate 0.196* 2316
Deregulation_Count 0418* 4377 0183 0172 11184
Deregulation_Area 0.344* 3833
POP (Population in flooded area)
Deregulation_Rate 0.364* 3761
Deregulation_Count 0.410™* 4.066 0.264 0.253 19465
iazard exposure Deregulation_Area 0.613™* 4712
IMP (Impervious surface ratio)
Deregulation_Rate 0.463** 4681
Deregulation_Count 0.339%* 2101 0.301 0290 23387
Deregulation_Area 0442 4769

*p<0.1; #p<0.01; #¥p<0.001
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Table 7. Fragmentation indices: formulas and conceptual effects of land use deregulation

NP (Number of patches)

1.
PD=""
NP=n, A

n,= number of patches

PD (Patch density)

n; = number of patches
A =total landscpae area (m*)

AREA (Mean patch size)

AREA=a, ( )

710,000
a; = area (m*) of patch ij

E] Density increased Patch

Impact of Deregulation_Area

Impact of Deregulation_Count
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Table 8. Results of Levene's test for equality of error variances

Ash= Adfolet,
2. 7k4 32| A3 XS 77

o3 A F-o5A vehd sbEsE 25=(NP, PD,
AREA, CONTIG, CONTAG, PERDe A#=E Z|<(POP,
IMP)E Ao sihAY {5l g ZolE AAsH7] A3l
MANOVA 242 53830, 2400 oA 7 5000 52
A3 BRI317) 913 Levene AAE AAIE Fif, BE W]
A FeJ2hE©] 0.05 oo & Ve Fth 7 EAF 2ol 7k SA1F
O FOl5iA] gigko, webh G4t 7HYo] SFEE AlE
SRRIE]UTHIE 8).

£ dAFoME BAEZE 28] wEs i AleE 5
o] AZ ohE e &AL 18t F 71R] WFEE o]
MANOVAE 43315t} A WA 4ol 4= whHSt 2]<=(NP,
PD, AREA, CONTIG, CONTAG, PERDE F&5H,2 44
ShaL, sqHiellAl 1km o] 9] SIQEA| A WA & -8t
A 7 2ol 53t B4 23 2E o 34 3A%
oA p<0.019] FEL 2 F-5HA Ueht, stz o1t Y52
Afolol= B3} 2|4= Hute] A FAF o2 {23 o7} &
o] FRI= AR 9),

Dependant Variable F statistic p-value Homogeneity assumption

NP (Number of patches) 096 032 Not violated

PD (Patch density) 084 0.42 Not violated

AREA (Mean patch size) 11 032 Not violated

CONTIG (Contiguity index) 087 0.37 Not violated

CONTAG (Contagion index) 112 028 Not violated

PERI (Mean perimeter-io-area ratio) 1.07 030 Not violated

POP (Population in hazardous area) 1.01 032 Not violated

IMP (Impervious surface ratio) 072 044 Not violated

Table 9. MANOVA results for fragmentation and hazard exposure indices by coastal area

Dependent variable set Effect Value F statistic (df1, df2) p-value
Pillai's trace=0212 F(6,19,333)=4.215 0.002*

Fragmentation indices Wilks' lambda=0.661 F(6,19,333)=4.322 0.001™

(NP, PD, AREA, CONTIG, Coastal area

CONTAG, PERI) Hotelling's trace=0.251 F(6, 19,333)=4 287 0.007*
Roy's largest root=0.233 F(6,19,333)=5.021 0.002*
Pillai's trace=0.231 F(2,19,335)=4.037 0.002*

Disaster exposure indices Wilks' lambda=0.764 F(2,19,335)=4.362 0.002**

(POR. IMP) Coastal area Hotelling's trace=0.253 F(2,19,3365)=4.555 0.002**
Roy's Largest root=0 206 F(2,19,335)=5.087 0.002*

#0<0.01
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Table 10. Follow-up univariate ANOVAs for fragmentation indices by coastal area

Dependent variable F(1,19,338) p-value Partial n?
NP (Number of patches) 741 0.006™ 0.011
PD (Patch density) 9.84 0.001* 0.014
AREA (Mean patch size) 1168 <0.0071* 0.015
CONTIG (Contiguity index) 438 0035 0.007
CONTAG (Contagion index) 582 0016 0.008
PERI (Mean perimeter-to-area ratio) 841 0.004* 0.011
**p<0.07; **p<0.001
Table 11. Follow-up univariate ANOVAs for hazard exposure indices by coastal area
Dependent variable F(1,19,338) p-value Partial n?
POP (Population in hazardous area) 14.42 <0.007%* 0.019
IMP (Impervious surface ratio) 16.70 <0.007%* 0.022

520,001
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