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Diagnosis and Typology of Living-Area Spatial Imbalance from a Proximity
Perspective: The Case of Gumi City
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Abstract
This study diagnoses the spatial inequality of living zone structures in Gumi City from a proximity perspective
and proposes planning strategies tailored to each identified type. Using a 100m x 100m grid-based spatial
analysis, indicators for accessibility, diversity, and ubiquity were calculated. A composite living zone index
integrating these measures was categorized into five tiers using the Natural Breaks classification method.
Results show that Gumi exhibits a concentric structure in which living-area conditions decline sharply from the
southern urban core toward the periphery, with industrial complexes and eup/myeon (township) areas identified
as living-area blind spots. K-means cluster analysis derived four living-area types (Living + Complementary,
Urban Core + Smart, Center + Business, and Mixed + Central), each displaying clear differences in levels of
accessibility, diversity, and ubiquity as well as in spatial functional arrangement. Type-specific policy directions
are proposed : a Green Life strategy for the Living + Complementary type, a Smart Safe strategy for the Urban
Core + Smart type, an Urban Life strategy for the Center + Business type, and a Walkable Life strategy for the
Mixed + Central type, with application measures for Gumi concretized by reference to overseas cases such as
Boston, Barcelona, and Singapore. The study has academic significance in capturing intra-urban spatial hetero-
geneity through fine-grained grid analysis and empirically demonstrating that living areas in an urban-rural
composite city are differentiated into multi-layered structures; it also carries policy relevance by offering
differentiated strategies that provide practical directions for living-area planning in urban-rural composite
cities.
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Table 1. Indicators for Diagnosing Neighborhood Spatial Structure

Dimension Sub-Indicator Measurement Method Data Source
e o Average network distance from Ministry of the Interior and
Facility Proximity . . s . .
grid centroid to facilities (m) Safety business license data
. Number of accessible facilities Road network data (National
e Cumulative o . . ; :
Accessibility " within a 15-minute walking Geographic Information
Opportunities . o
catchment Institute)+facility data
Transit Stop Network distance to the nearest

National T t DB
Proximity bus stop (m) ational Transpor

Number of facili t i
umber of facility categories Ministry of the Interior and

Facility Di i ithin a 15-minut
actlity Diversity Wln;izsbor}?(l);n; € Safety business license data
Diversity Building-Use Mix Sh.an_non Index base(_i .on National F}eograp.hi? Information
building-use composition Institute building data
Land-Use Mix Shannon Index baste_d on National Ge_ographic Information
land-use composition Institute land data
Reachable Total population within a

Population 15-minute walking catchment SGIS population grid statistics

Ratio of neighborhood SOC
supply to population

Ubiquity Service Adequacy SGIS facility statistics

Jobs-Housing  Ratio of employees to residential ~ SGIS business and population
Balance population grid statistics
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Table 2. Cluster Validation

Number of Clusters (k) Silhouette Coefficient

Davies-Bouldin Index SSE

Cluster Size (n)

2 0.4405 0.8175 53.94 24/14

3 0.3502 0.9786 40.03 17/11/10

4 0.3456 0.9149 29.20 13/10/8/7
5 0.3626 0.9082 24.88 15/9/6/5/3
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100m x 100m Grid Generation (Urban Grid Framework)
Spatial Analysis Urit:Grid cels created across the urbanized area

+

Population &

Land Use & Buildings Employment

- Resident population
- Employment stats
-GS data

THREE CORE INDICATORS FOR SERVICE AREAS

Diversity (D) Ubiquity (U)

COMPOSITE SCORE

STANDARDIZATION Service Area Index (SAI)
re Normalzation

Aggregation
Grid Level Deta — Administrtive Units (Dong/Eup/Myeon)

L

Clustering Analysis
Kemeans Algorithm

Validation
Silhouette Test (k=4)
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Derivation of Four Service Area Types
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Urban + Smart Type
(Gore + Technology)
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Fig. 1. Research Flow
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Table 3. Mean Values of Accessibility, Diversity, Ubiquity, and Composite Index by Cluster Type

Cluster n  Accessibility Diversity Ubiquity Composite Index Type
1 13 0.733 0.736 0.573 0.681 Urban+Smart Type
2 10 0.287 0.233 0.105 0.208 Living+Supplementary Type
3 8 0.529 0.537 0.197 0.421 Mixed+Central Type
4 7 0.584 0.371 0.612 0.522 Central+Employment Type
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