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ABSTRACT 

Rain enhancement, also known as cloud seeding, is a weather modification technique 

that utilises materials such as silver iodide or hygroscopic salts to stimulate artificial 

precipitation in hazy or drought-affected regions. Low-level cloud and atmospheric 

conditions, such as cloud cover and wind speed, are essential factors in cloud seeding 

operations (CSOs). However, CSOs have often yielded only limited success, primarily 

due to the variability of weather patterns, unsuitable cloud types, and unfavourable 

atmospheric conditions. To address this challenge, integrating satellite remote sensing 

data with machine learning and GIS techniques offers a promising approach to optimise 

CSOs. This study aims to determine clouds and the atmospheric conditions in 

Peninsular Malaysia using the Terra Moderate Resolution Imaging Spectroradiometer 

(MODIS) with Fuzzy Logic classification and GIS-based interpolation methods for 

rainfall enhancement. To achieve the aim of the study, the objectives of this study are: 

i) to classify the MODIS cloud threshold and  Fuzzy Logic techniques, ii) to determine

the atmospheric conditions based on cloud cover and wind speed related to rainfall

formation, and iii) to evaluate clouds and atmospheric conditions for potential rain

enhancement. There were five (5) datasets of Terra MODIS remote sensing satellite

imagery and ground wind speed from previous CSOs, covering the years 2019, 2020,

2022, and 2023.  A Fuzzy Logic System (FLS) approach was used to classify the cloud

threshold of Terra MODIS data based on cloud top height (CTH), cloud top pressure

(CTP), and cloud top temperature (CTT) as input variables. Cloud cover was computed

by rescaling images into percentage units and mapping the estimated cloud cover.

Kriging interpolation was then applied to estimate wind speed patterns at the seeding

height of 2 km. The potential CSO areas were mapped by integrating cloud

classification results with cloud cover estimation and wind speed patterns. The findings

showed that MODIS cloud threshold data combined with the Fuzzy Logic technique

classified the potential of low-level clouds across the study area. Cloud cover estimates

of 50 to 100 percent indicate a high potential for successful seeding and could increase

precipitation. All wind speeds observed over the dam areas were suitable for seeding,

which remained below 11.1 m/s at the target seeding height. By integrating cloud

classification with atmospheric conditions, five (5) potential areas were identified,

including KADA (Kelantan), Ahning and Muda Dams (Kedah), and Air Itam and Teluk

Bahang Dams (Pulau Pinang). These areas fall within previously seeded regions

operated by MET Malaysia. In addition, several other suitable dams across Peninsular

Malaysia were identified. While some dams consistently met the CSO criteria, others

displayed year-to-year variability, highlighting the importance of real-time weather

monitoring and adaptive strategies to enhance the effectiveness of CSOs. Overall, this

study demonstrates the potential of combining satellite remote sensing with machine

learning and GIS analysis to assess cloud characteristics and atmospheric conditions for

rainfall enhancement.
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CHAPTER 1  

INTRODUCTION 

1.1 Research Background 

Climate change has a significant impact on temperature and precipitation. 

According to Lu (2024), some areas may experience prolonged drought, while others 

may face continuous rainfall and flooding disasters. A drought is a prolonged dry period 

that results in a water shortage exceeding the average volume of water available on the 

land surface (Hasan et al., 2021). Estrela et al. (2024) discuss long-term changes in 

rainfall patterns and drought affecting a recharge area of the hydrological system. Yang 

et al. (2023b) reported that drought conditions are likely to persist and intensify over 

time, with the affected area projected to expand from about 1 percent to 30 percent 

during the 21st century.  

 In Southeast Asia, droughts have frequently led to crop damage, forest fires, 

and the depletion of water supplies (Suhana et al., 2023). Throughout the dry period of 

the Southwest Monsoon, from May to September in Peninsular Malaysia, increased 

water demand and rising drought occurrences have raised concerns about a water 

shortage. Dąbrowska et al. (2023) stated that prolonged water supply disruptions during 

severe drought events will impact many settlements in urban areas, resulting in 

scheduled water rationing. Therefore, rain enhancement, also known as cloud seeding 

operations (CSOs), must supply the dams with sufficient raw water. This is essential to 

meeting human water demands and preserving the river system and dams (Angelakis et 

al., 2024; Deng et al., 2025). 

Rain enhancement involves dispersing ice nuclei materials such as silver iodide 

(AgI) and potassium iodide (KI) into supercooled clouds. These compounds serve as 

cloud condensation nuclei (CCN), thereby altering the microphysical processes within 

the targeted cloud (Essien, 2023; Azeez et al., 2024). In the past, rain enhancement was 

even used as a weapon. Sudhinaraset (2024) and Angalapu et al. (2025) report that the 

United States military used weather modification by seeding clouds over Laos and areas 

along the Ho Chi Minh trail to extend the monsoon season to damage and disrupt those 

regions. Today, weather modification is a sophisticated meteorological technique used 

to increase rainfall, reduce hail, and disperse fog (Jung et al., 2022).  




