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RINGKASAN 

KIKI. Karakteristik dan Mekanisme Pembentukan Puting Beliung di Indonesia 

Berbasis Data Observasi dan Simulasi Model Numerik. Dibimbing oleh YONNY 

KOESMARYONO, RAHMAT HIDAYAT, DONALDI SUKMA PERMANA dan 

PERDINAN. 

 

Di Indonesia, puting beliung menjadi ancaman hidrometeorologi yang sulit 

diprediksi karena skala ruangnya yang lokal dan durasi hidup yang singkat. 

Dinamika atmosfer kepulauan yang kompleks, interaksi angin darat-laut, serta 

pengaruh orografis menciptakan ketidakstabilan udara yang memicu pertumbuhan 

awan konvektif penghasil pusaran vertikal merusak. Kurangnya pemahaman 

mengenai mekanisme pembentukan serta keterbatasan resolusi pengamatan 

konvensional menjadi tantangan utama dalam pembangunan sistem peringatan dini 

yang akurat. Penelitian ini bertujuan untuk menganalisis pola distribusi spasial 

temporal dan tren PB secara nasional, mengidentifikasi pola khas pada berbagai 

instrumen observasi, serta menjelaskan mekanisme pembentukannya melalui 

integrasi pemodelan numerik resolusi tinggi. Database kejadian PB periode Januari 

2011 hingga Desember 2025 dari BNPB, BMKG, dan Kemenkes RI diintegrasikan 

dan dianalisis nilai statistiknya sementara tren menggunakan uji Mann-Kendall. 

Analisis signature PB diidentifikasi pada data data radar cuaca BMKG, satelit 

Himawari-9, AWS/AAWS, dan radiosonde BMKG. Model Weather Research and 

Forecasting (WRF) resolusi tinggi dengan input data reanalisis ERA5 diaplikasikan 

untuk merekonstruksi mekanisme pembentukan pada studi kasus Rancaekek 

(Februari 2024). 

Penelitian menunjukkan frekuensi kejadian PB secara nasional memiliki rata-

rata 101 kejadian per tahun, dengan adanya tren peningkatan secara nasional, 

terkonsentrasi di Pulau Jawa akibat dinamika atmosfer lokal dan faktor 

antropogenik. Temuan baru menunjukkan bahwa PB di Indonesia umumnya 

bersifat non-superseluler (landspout) dengan mekanisme bottom-up yang tumbuh 

dari awan Cumulonimbus bersuhu puncak -60°C hingga -80°C tanpa harus 

bergantung pada fitur overshooting top (OT). Secara temporal, fenomena ini 

memuncak pada pukul 15.00 LT dengan pergeseran tren bulan puncak dari Oktober 

ke Januari-Februari dalam 15 tahun terakhir. Karakteristik radar mengidentifikasi 

nilai reflektivitas maksimum 35–60 dBZ dengan variasi pola echo khas seperti hook 

echo, bow echo, v-shape, dan line-shape. Analisis termodinamika menunjukkan 

anomali suhu permukaan yang tinggi, indeks stabilitas udara yang labil moderat 

hingga kuat. Simulasi numerik kasus Rancaekek menunjukkan bahwa fenomena PB 

terbentuk dari proses vortex stretching akibat konvergensi angin kuat di lapisan 

bawah atmosfer. Keunikan karakteristik awan penghasil PB Indonesia yang 

memiliki siklus hidup relatif singkat (30–40 menit) menuntut penguatan sistem 

peringatan dini berbasis regional yang lebih responsif. Temuan ini 

merekomendasikan perlunya transformasi infrastruktur pengamatan, termasuk 

penggunaan radar dengan resolusi temporal lebih tinggi (1–5 menit) di wilayah 

hotspot, guna meningkatkan akurasi nowcasting dan resiliensi masyarakat terhadap 

ancaman cuaca ekstrem. 
 

Kata kunci: karakteristik, mekanisme, puting beliung, simulasi, model WRF. 



SUMMARY 

KIKI. Characteristics and Formation Mechanisms of Puting Beliung in Indonesia 

Based on Observational Data and Numerical Model Simulations. Supervised by 

YONNY KOESMARYONO, RAHMAT HIDAYAT, DONALDI SUKMA 

PERMANA and PERDINAN.  

 
In Indonesia, tornado-like vortices (locally known as puting beliung) pose a 

hydrometeorological threat that is difficult to predict due to their localized spatial 

scale and short lifespans. The complex atmospheric dynamics of the archipelago, 

land-sea breeze interactions, and orographic influences create extreme instabilities 

that trigger the growth of convective clouds, producing destructive vertical vortices. 

A lack of understanding regarding their formation mechanisms, combined with the 

limited resolution of conventional observations, remains a major challenge in 

developing accurate early warning systems. This study aims to analyze national 

spatiotemporal distribution patterns and trends, identify distinctive signatures 

across various observational instruments, and explain formation mechanisms 

through high-resolution numerical modeling. The research integrates a database of 

PB events from January 2011 to December 2025, sourced from BNPB, BMKG, and 

the Ministry of Health, utilizing the Mann-Kendall test for trend analysis. PB 

signatures were identified using BMKG weather radar, Himawari-9 satellite, 

AWS/AAWS, and radiosonde data. Furthermore, high-resolution Weather 

Research and Forecasting (WRF) simulations with ERA5 reanalysis as input were 

used to reconstruct the mechanisms of formation for the Rancaekek case study in 

February 2024. 

The study reveals that PB frequency nationwide averages 101 events per year, 

indicating an increasing national trend, concentrated on Java Island driven by local 

atmospheric dynamics and anthropogenic factors. New findings indicate that PB in 

Indonesia is generally non-supercellular (landspout), driven by a bottom-up 

mechanism originating from Cumulonimbus clouds with cloud-top temperatures 

between -60°C and -80°C, without necessarily depending on overshooting top (OT) 

features. Temporally, these phenomena peak at 15:00 LT, with a shift in peak 

occurrence months from October toward January-February over the last 15 years. 

Radar characteristics indicate maximum reflectivity values of 35–60 dBZ, with 

distinctive echo patterns including hook, bow, v-shapes, and line-shapes echoes.  

Thermodynamic analysis reveals high surface-temperature anomalies and 

moderate-to-strong atmospheric instability. Numerical simulations of the 

Rancaekek case demonstrate that the PB phenomenon was formed through a vortex 

stretching process resulting from strong wind convergence in the lower atmospheric 

layers. The unique characteristics of Indonesian PB-producing clouds, which have 

a relatively short lifecycle (30–40 minutes), necessitate the strengthening of more 

responsive, region-based early warning systems. These findings recommend 

transforming observational infrastructure, including deploying radars with higher 

temporal resolution (1–5 minutes) in hotspot areas, to improve nowcasting accuracy 

and community resilience against extreme weather threats.  
 

keywords: characteristics, mechanism, tornadoes, simulation, WRF model. 
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