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ANALISIS SPASIAL PERKEMBANGAN KAWASAN PERMUKIMAN DI
KAWASAN PERKOTAAN KECAMATAN BATUAN KABUPATEN SUMENEP
MENGGUNAKAN CELLULAR AUTOMATA

ABSTRAK

Perkembangan permukiman di wilayah peri-urban dapat mendorong perubahan
penggunaan lahan dan membentuk pola spasial. Penelitian ini bertujuan menganalisis
perubahan pola ruang permukiman Kecamatan Batuan tahun 2019-2025, hubungan
perkembangan permukiman dengan faktor jarak terhadap jaringan jalan, permukiman
eksisting, dan kemiringan lereng, serta memprediksi perkembangannya hingga 2031.
Penelitian menggunakan pendekatan kuantitatif-spasial berbasis SIG dengan metode
Post-Classification Comparison, overlay, Frequency Ratio (FR), dan Cellular
Automata-Markov (CA-Markov).Hasil penelitian menunjukkan luas permukiman
meningkat dari 162,61 ha pada 2019 menjadi 275,20 ha pada 2025, bertambah 112,59
ha (69,24%). Faktor spasial yang memiliki hubungan relatif kuat dengan perkembangan
permukiman adalah jarak 0-100 m dari permukiman eksisting (FR 2,01), kemiringan
2-8% (FR 1,64), dan jarak 0—100 m dari jaringan jalan (FR 1,51). Model CA-Markov
memprediksi tambahan permukiman sebesar 183,15 ha pada 2025-2031 sehingga luas
permukiman diperkirakan mencapai 458,35 ha pada 2031. Perkembangan cenderung
membentuk pola perluasan tepi, penguatan permukiman eksisting, perkembangan linear
mengikuti jaringan jalan, dan infill. Hasil penelitian dapat menjadi informasi
pendukung dalam pemantauan perkembangan permukiman dan pengendalian
perubahan penggunaan lahan di Kecamatan Batuan.

Kata Kunci: Analisis Spasial, Pola Ruang Permukiman, Frequency Ratio, Cellular
Automata, CA-Markov.
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SPATIAL ANALYSIS OF
SETTLEMENT AREA DEVELOPMENT IN THE URBAN AREA OF BATUAN
DISTRICT, SUMENEP REGENCY USING CELLULAR AUTOMATA

ABSTRACT

Urban expansion in peri-urban areas can drive land-use changes and shape
evolving spatial patterns. This study aims to analyze changes in settlement
spatial patterns in Batuan District during 2019-2025, examine the
relationship between settlement development and spatial factors including
distance to road networks, existing settlements, and slope conditions, and
predict future settlement growth until 2031. The study applies a quantitative-
spatial approach based on Geographic Information Systems (GIS) using Post-
Classification Comparison, overlay analysis, Frequency Ratio (FR), and
Cellular Automata-Markov (CA-Markov) methods. The results show that
settlement areas increased from 162.61 ha in 2019 to 275.20 ha in 2025,
representing a net increase of 112.59 ha (69.24%). The spatial factors with
the strongest relative influence on settlement development were distance of 0—
100 meters from existing settlements (FR 2.01), slope of 2-8% (FR 1.64), and
distance of 0-100 meters from road networks (FR 1.51). The CA-Markov
model predicts an additional settlement expansion of 183.15 ha during 2025—
2031, resulting in an estimated settlement area of 458.35 ha by 2031.
Spatially, settlement development tends to form patterns of edge expansion,
strengthening of existing settlements, linear growth along road corridors, and
infill development. The results of this study can support settlement growth
monitoring and land-use change control in Batuan District.

Keywords: Spatial Analysis, Settlement Spatial Pattern, Frequency Ratio,
Cellular Automata, CA-Markov.
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