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PEMODELAN SPASIAL PREDIKSI BENCANA KEKERINGAN 

BERBASIS MACHINE LEARNING DI KOTA KUPANG 

ABSTRAK 

Kekeringan merupakan bencana hidrometeorologi yang berdampak luas pada 

ketersediaan air, lingkungan, dan kondisi sosial ekonomi, terutama di wilayah 

beriklim semi-arid seperti Kota Kupang. Penelitian ini bertujuan 

mengidentifikasi tingkat kekeringan menggunakan indeks NDDI, 

menganalisis dampaknya pada aspek fisik, sosial, ekonomi, dan lingkungan, 

serta menyusun model simulasi dan prediksi spasial kekeringan untuk tahun 

2030 dan 2040. Pendekatan yang digunakan meliputi analisis spasial, analisis 

statistik zonal, dan pemodelan Machine Learning (Random Forest, SVM, dan 

ANN) dengan evaluasi akurasi menggunakan nilai R². Hasil penelitian 

menunjukkan bahwa  kekeringan terkonsentrasi pada wilayah padat penduduk 

seperti Oebobo, Oetete, Airnona, Bakunase, dan Kelapa Lima akibat 

tingginya nilai NDDI, tekanan penduduk, serta dominasi area terbangun, 

sementara wilayah seperti Naioni, Manulai II, dan Fatukoa menunjukkan 

kerentanan rendah yang stabil. Random Forest menghasilkan akurasi terbaik 

(R² = 0.9871) dan digunakan untuk proyeksi, yang memperlihatkan 

peningkatan signifikan hingga 2040. Temuan ini memberikan dasar penting 

bagi strategi mitigasi, adaptasi, dan perencanaan tata ruang yang lebih 

responsif terhadap risiko kekeringan di Kota Kupang. 

 

Kata Kunci: kekeringan, NDDI, pemodelan spasial, Machine Learning, 

Random Forest, Kota Kupang. 
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MACHINE LEARNING-BASED SPATIAL MODELING FOR 

DROUGHT DISASTER PREDICTION IN KUPANG CITY 

ABSTRACT 

Drought is a hydrometeorological disaster that has widespread impacts on 

water availability, environmental conditions, and socioeconomic systems, 

particularly in semi-arid regions such as Kupang City. This study aims to 

identify drought severity using the Normalized Difference Drought Index 

(NDDI), analyze its impacts on physical, social, economic, and environmental 

aspects, and develop spatial simulation and prediction models for drought 

conditions in 2030 and 2040. The methods employed include spatial analysis, 

zonal statistics, and Machine Learning modeling using Random Forest, 

Support Vector Machine (SVM), and Artificial Neural Network (ANN), with 

model accuracy evaluated using the coefficient of determination (R²). The 

results show that drought vulnerability is concentrated in densely populated 

areas such as Oebobo, Oetete, Airnona, Bakunase, and Kelapa Lima, driven 

by high NDDI values, population pressure, and the dominance of built-up 

areas. In contrast, areas such as Naioni, Manulai II, and Fatukoa 

demonstrate consistently lower levels of vulnerability. Random Forest 

achieved the best predictive performance (R² = 0.9871) and was therefore 

selected for future projections, which indicate a significant increase in 

drought vulnerability by 2040. These findings provide an important basis for 

developing drought mitigation and adaptation strategies, as well as more 

responsive spatial planning policies in Kupang City. 

Keywords: drought, NDDI, spatial modeling, Machine Learning, Random 

Forest, Kupang City.
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