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Abstract

Coastal cities increasingly confront tensions between development pressure and land-use regulation as amenity-
oriented growth interacts with climate-related risk. Although the literature on amenities, development demand, and
deregulation has advanced largely in parallel, less is known about how amenity-related spatial conditions correspond
to the accumulated geography of land-use deregulation within coastal cities. This study addresses this gap by
treating deregulation not as discrete policy events but as cumulative spatial outcomes and by examining their spatial
correspondence with pre-existing amenity and structural conditions. Using Busan, South Korea, we construct grid-level (200
mx200 m) measures of deregulation accumulated over 2000—2023 and relate them fo scenic exposure, coastal and river
accessibility, green amenities, transportation accessibility, and urban-structural controls measured at the baseline period.
The results show that deregulation is spatially clustered rather than randomly distributed, with consistently higher levels
observed in locations characterized by stronger coastal accessibility, favorable scenic attributes, greater transportation
accessibility, and higher urban frontier pressure. Group comparisons further indicate statistically significant differences in
deregulation patterns between coastal and inland areas; however, the effect sizes suggest that derequlation reflects the
co-location of multiple spatial conditions rather than a single dominant driver. Overall, the findings clarify how amenity and
structural contexts are jointly associated with where deregulation repeatedly accumulates in an amenity-rich coastal city,
underscoring the need for anticipatory land-use planning that accounts for spatially uneven regulatory adjustments under
persistent development pressure.
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Figure 1. Study area and spatial units of analysis
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Table 1. Variables and data sources used in the analysis
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!

Type Variable Description Source
i Ao Angular extent of visible coastal landscapes from each grid, derived from
9 viewshed analysis based on a digital elevation model. Neil
; Composite index representing the overall visual openness and scenic quality
View_Score ; :
of coastal landscapes perceived from each grid.
Soust e chessnbillty to the coastline measured as the shortest distance from each MOLIT
grid to the coast.
. Proportion of green areas within a Tkm buffer from each grid,
Green_Ratio : :
representing surrounding green and landscape context.
Green_Acc Distance from each non-green grid to the nearest grid containing green.
Independent —— : : .
variable St A Accessibility to subway stations measured as the distance from each grid to
Y the nearest station.
: Accessibility to rivers or major waterways measured as the shortest distance
River_Acc :
from each grid. MOE
Accessibility to major road infrastructure measured as the distance from
Road_Acc ; ;
each grid to the nearest arterial road.
et ok Accgsab;hg to urban centers representing proximity to major activity or
business districts.
: Urban frontier pressure index representing proximity to the boundary
Frontier_Prs ; :
between built-up and non-built-up areas.
Deregulation_Rate Ratio of deregulated area within each 200 m grid
Dependent : P MOLIT
Serriabik Deregulation_Area Sum of deregulated area within grid G

Deregulation_Count

Number of deregulation actions within grid

Note: NGII, National Geographic Information Institute; MOLIT, Ministry of Land, Infrastructure and Transport; MOE, Ministry of Environment; LG, Local Gov-

ernment
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Figure 2. Spatial distribution of independent variables
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Table 2. Variable definitions and multicollinearity diagnostics (N=19,340)

Type Variables Interpretation Valuerange Tolerance VIF
View_Angle Higher value indicates broader visual openness 0-90 0.467 214
View_Score Higher value indicates better scenic quality 0-1 0433 231
Coast_Acc Higher value indicates better accessibility to coast 0-1 0.360 278
. River_Acc Higher value indicates better accessibility to rivers 0-1 0.426 261
REEAY Green_Ratio  Higher value indicates greater green coverage 0-1 0529 189
Green_Acc Higher value indicates better accessibility to green 0-1 0.408 245
Subway_Acc  Higher value indicates better subway accessibility 0-1 0382 262
Road_Acc Higher value indicates better road connectivity 0-1 0340 294
Center_Acc Higher value indicates greater centrality 0-1 0.389 257
=omol Frontier_Prs  Higher value indicates stronger frontier development pressure 0-1 0.320 312
Durbin-Watson statistic=1.98 (OLS residuals)
Table 3. Diagnostic tests for regression assumptions (normality and heteroskedasticity)
Test Model 1 Model 2 Model 3
Skewness 0.453 0711 0.626
Kurtosis 3217 3728 3431
Jarque-Bera 5742 6.118 4873
Breusch-Pagan 7426 6.784 5912
Note: Model 1, Deregulation Rate; Model 2, Deregulation Area; Model 3, Deregulation Count
200m x200m 7 H9IE 7IE02 SR 7|2 5AGE 4, G UHE

ANSETHE 4). YR W4t BEo v YA we Pt
P, o) Agk EAo|A ofs el 54 Bt W)
T 48 9 A £90] FHAOE WERE T2 SA
AT} Ve An2 SAE 4 k. oh & o] A%
£ 5% 2% ThgloA ARl 0-1 WSIZ EEBE] glo],
B Aol W40] 744 ol ANE WA 712 PR U
shgict.

Table 4. Descriptive statistics of grid-level independent variables

Variable

& 979 W ES TR S Aol Adshks 94
ool EUiE 24 B 74 AE8hs DAR o FofZi,
M A7)/ A=A 200m A7 S92 51 A=l
7 O E o5 Ajlste], ISR Y | 28 BegE
Askrt. olF, 37 44E A= tEARAt A 2 4
o] #4E dAToEH, o|F 1A g5l F1H §HE FE

3
3

(n=19,340) Description Mean Std. Dev. Min Max Skewness  Kurtosis
View_Angle Coastal viewshed angle 12.437 18921 = 89.411 2184 6742
View_Score Composite view index 0344 0228 0.003 0987 0681 2914
Coast_Acc Accessibility to coast 0.263 0.193 0.001 0996 1127 3612
River_Acc Accessibility to rivers 0.343 0273 0 0999 0617 2983
Green_Ratio Green coverage ratio (%) 0.218 0.207 0 0941 1498 4832
Green_Acc Green accessibility 0.409 0.241 0 0997 0382 0240
Subway_Acc Subway accessibility 0.318 0.257 52 0998 0566 2318
Road_Acc Road accessibility 0573 0176 0012 0999 -0.089 2167
Center_Acc Urban center accessibility 0.301 0236 =2 0995 0904 3048
Frontier_Prs Frontier development pressure 0472 0244 = 0999 0211 2286
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Figure 3. Moran's | scatterplots of OLS residuals
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Table 5. Result of multiple regression analysis on land use deregulation

Variables Deregulation count B(t) Deregulation area B(t) Deregulation rate B(t)
View_Angle 0.112(2.34)* 0.094(1.98) 0.136(2.71)*
View_Score 0.164(3.18)* 0.128(2.63)™ 0.171(3.44)"*
Coast_Acc 0.338(5.92)* 0.301(5.21)* 0.362(6.33)*
River_Acc 0.241(2.64)* 0.255(3.09)™ 0.206(2.64)*
Green_Ratio 0.049(0.97) 0.067(1.28) 0.041(0.84)
Green_Acc 0.091(1.86)* 0.126(2.47)* 0.083(1.73)*
Subway_Acc 0.121(2.09)* 0.169(2.88)** 0.147(2.61)*
Road_Acc 0.181(3.07)™ 0.214(3.61) 0.192(3.24)*
Center_Acc 0.097(1.73) 0.106(1.87)* 0.111(1.96)*
Frontier_Prs 0.226(3.91)** 0.248(4.23)™* 0.219(3.78)*
R? 0472 0498 0576

F statistic 141.8° 158.6™* 149 77
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Table 7. MANOVA results for deregulation indices by location
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Table 6. Test for homogeneity of covariance matrices

Deregulation_Rate

Deregulation_Area Coastal vs. Inland

Deregulation_Count

Test Value F df1 df2 p-value
Box's M 338 1356 6 16,200 0278
Value F (df1, df2) p-value
Pillai's Trace=0.184 F(3,19,336)=398 0.008*
Wilks' Lambda=0.816 F(3,19,336)=4.12 0.006™
Hotelling's Trace=0201 F(3,19,336)=4.26 0.005™
Roy's Largest root=0.173 F(3,19,336)=4.58 0.003*

#5<0.01.

Table 8. Follow-up univariate ANOVA results for deregulation indices by location

Dependent variable F(1,19,338) p-value Partial n?
Deregulation_Rate 1184 <0.007** 0.0M
Deregulation_Area 14.27 0.006™ 0.012
Deregulation_Count 963 0.004* 0.009

#0<0.01; *p< 0.007.
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