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 Southeast Asia, home to a population of 691.97 million people, 
faces significant challenges related to rainfall patterns. This study 
critically reviews 40 articles to explore the intricate rainfall 
patterns across 11 Southeast Asian countries, examining seasonal 
variations, impacts, influencing factors, and mitigation strategies. 
The objective is to develop a comprehensive understanding of 
rainfall dynamics in the region, particularly its influence on the 
region’s ecosystem and livelihoods. The analysis reveals distinct 
seasonal periods, with June to September marking the peak 
rainfall period due to the summer monsoon season, while 
November to April signifies the onset of dry seasons in several 
countries. Rainfall impact range plays a crucial role in the 
economies of nations, particularly in the agricultural sector, 
where it serves as a vital source of sustenance. However, it also 
poses risks, including flooding, landslides, and drought. The 
study emphasizes the significant role of the El Niño Southern 
Oscillation (ENSO) in influencing rainfall variability across 
Southeast Asia, with El Niño events often associated with drier 
conditions and La Niña events with wetter conditions.  To 
mitigate these challenges, Southeast Asian nations have 
implemented various strategies, including infrastructure 
development, community-based initiatives, and awareness 
campaigns.  Further research is needed to explore specific factors 
influencing rainfall in each country, develop more accurate 
forecasting models, investigate innovative mitigation strategies, 
and evaluate the effectiveness of existing measures.  
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1. INTRODUCTION 

The rainfall patterns in Southeast Asia play a pivotal role in shaping the region's ecosystem and livelihoods. 

This sub-tropical area, located east of India and bordered by Korea, Japan, China, Australia, and Papua 

                                                           
1* Corresponding author. E-mail address: ceanas@uitm.edu.my  

http://uppp.uitm.edu.my/
mailto:ceanas@uitm.edu.my


92 M. F. M. Iskandar et al. / ESTEEM Academic Journal, Vol. 21, March 2025, 91-105 

https://doi.org/10.24191/esteem.v21iMarch.4892.g3087

 

 ©Authors, 2025 

New Guinea, encompasses 11 countries (Fig. 1), including Brunei, Cambodia, Indonesia, Laos, Malaysia, 

Myanmar, Philippines, Singapore, Thailand, Timor-Leste, and Vietnam. With a population of 691.97 

million (Fig. 2), Southeast Asia accounts for 8.52% of the global population and ranks as the third most 

populous subregion in Asia. Notably, 52.2% of the population resides in urban areas, reflecting a growing 

trend of urbanization. The median age in Southeast Asia stands at 30.5 years, showcasing a relatively young 

population demographic (The World Bank, 2024). 

 

Fig. 1. Southeast Asia map 

Source: Vectorstock.com 

 

Fig. 2. Southeast Asia Population 

Source: The World Bank, 2024 
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1.1 Rainfall pattern 

In rainfall pattern, ‘persistence’ signifies a tendency for current rainfall trends to continue, while ‘anti-

persistence’ indicates a reversal in the direction of rainfall from the previous period. The region's rainfall 

patterns are influenced by the monsoon and El Nino Southern Oscillation (ENSO) extremes, resulting in 

diverse climatic characteristics. Research by [1] reveals a mix of anti-persistence and persistence features 

in Southeast Asia's rainfall patterns. While countries like Cambodia, Laos, Myanmar, and Vietnam 

experience erratic rainfall distribution characterized by anti-persistence, others demonstrate predictable 

trends based on historical data, indicating long memory. This variability data poses significant challenges 

for climate monitoring agencies and governments in Southeast Asia, impacting socioeconomic activities 

and the well-being of the population. 

An in-depth analysis focusing on the Lao People's Democratic Republic (Lao PDR), Thailand, 

Vietnam, Cambodia, and Myanmar by [2] using Climate Hazards Group InfraRed Precipitation with Station 

Data (CHIRPS) from 1981 to 2021 reveals an increasing trend in rainfall across these countries and major 

river basins. Vietnam exhibits the highest annual rainfall trend at 5.63 mm/year, while Lao PDR shows the 

lowest trend at 3.16 mm/year. This research highlights the critical role of rainfall as a key climate change 

indicator, influencing sectors such as agriculture, urban planning, and disaster management in Southeast 

Asia. 

2. METHODOLOGY  

For this review paper, a narrative and systematic review was adopted to analyse 40 research papers. This 

follows the recommendation of [3] which advocates for a minimum of 30 papers for a robust Literature 

Review Paper (LRP) while cautioning against exceeding 100 papers. This study focuses on analysing 

research papers concerning rainfall patterns, effects, influencing factors, and mitigation actions across 11 

Southeast Asian countries: Thailand, Lao PDR, Myanmar, Philippines, Singapore, Brunei, Malaysia, 

Indonesia, Timor Leste, Vietnam, and Cambodia. The analysis aimed to delve into rainfall trends, patterns, 

seasonal variations, effects on the environment and society, factors influencing these patterns, and diverse 

mitigation strategies implemented within each country. By conducting a country-specific assessment for 

each nation, this methodology aims to capture the unique nuances of rainfall dynamics in Southeast Asia, 

tailoring responses to the distinct characteristics of each country. The study primarily analyses data from 

2020 to 2022, aligning with the 2023 IPCC press release. Since, 2018, the IPCC has emphasized the urgent 

challenges of global warming reaching 1.5 °C, which has led to increased extreme weather events globally, 

potentially impacting Southeast Asia's rainfall patterns. By illustrating the amount of rainfall in Southeast 

Asia as an indicator of the impact of rising temperatures, based on the IPCC press release, aims to provide 

a comprehensive understanding of rainfall dynamics in the region for policymakers, researchers, and 

stakeholders involved in managing and adapting to changing precipitation patterns, offering valuable 

insights tailored to the region's unique context. 

3. DISCUSSION 

3.1 Rainfall pattern and trend 

In Southeast Asian countries, the timing of peak and low rainfall periods is crucial to understand the 

seasonal variations and impacts of precipitation. Research by [1] stated in Fig. 3 reveals a mix of 

antipersistence and long memory features in Southeast Asia's rainfall patterns.  

Fig. 3 provides graphical representations that offer valuable insights into the rainfall patterns of various 

countries (1901 to 2016), highlighting seasonality, persistence, and erratic rainfall trends. Brunei (BRU) 

displays a relatively consistent level of rainfall throughout the year with minor fluctuations, indicating a 
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stable and predictable rainfall regime. Cambodia (CAB) shows a pronounced seasonality with distinct 

periods of high and low rainfall, likely influenced by the monsoon season. Indonesia (IND) exhibits a 

somewhat consistent rainfall pattern with a slight inclination towards higher rainfall during specific periods, 

possibly linked to its tropical rainforest location. Laos (LAS), on the other hand, portrays an erratic rainfall 

pattern, oscillating between high and very low rainfall periods, hinting at an unpredictable regime 

influenced by factors like monsoons and ENSO. 

 

 

Fig. 3. Time series plot for rainfall data [1]  

Malaysia (MAL) experiences relatively consistent rainfall, with slightly higher levels during certain 

months, suggesting a stable pattern. Myanmar (MYA) showcases a more pronounced seasonality, 

characterized by distinct periods of high and low rainfall, likely due to the monsoon influence. The 

Philippines' (PHL) rainfall pattern combines consistent and pronounced seasonal fluctuations, reflecting a 

regime influenced by stable and variable factors. Singapore (SIG) exhibits a relatively consistent pattern 

with a slight tendency towards higher rainfall during specific periods, indicating stability. Thailand (THA) 

displays a pronounced seasonality with distinct high and low rainfall periods, likely driven by monsoon 

impacts. Timor-Leste (TML) experiences an erratic and unpredictable rainfall pattern, influenced by 

monsoons and ENSO, while Vietnam (VTM) shows pronounced seasonality, reflecting the monsoon's 

influence. 

Through the review from various articles, Figure 4 presents a comprehensive summary of recent rainfall 

patterns in Southeast Asian countries, where a rainfall amount of 300mm is considered substantial as 

indicated by [4]. The categorization of rainfall by BMKG includes four distinct categories: 0 – 100 

mm/month classified as low, 100 – 300 mm/month as medium, 300 – 500 mm/month as high, and >500 

mm/month as very high. Notably, the analysis reveals diverse peak periods of rainfall which exceed 
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300mm, with a particular emphasis on the summer monsoon season from May to August, during which six 

out of the eleven countries studied exhibit high levels of rainfall, namely Thailand, Lao PDR, Myanmar, 

Cambodia, Vietnam, and the Philippines. 

 

 

Fig. 4. Rainfall amount in Southeast Asia (a year) 

On the other hand, Thailand experiences strong interannual variation in summer rainfall, with peaks 

occurring during the summer monsoon season from June to September, making the country vulnerable to 

floods and droughts [5]. Likewise, Laos PDR sees increased rainfall during the rainy season from May to 

September, coinciding with the southwest monsoon. However, it also experiences a distinct dry season 

from November to April [6]. Myanmar's southwest monsoon season from May to October witnesses heavy 

rainfall, largely influenced by the positive correlation between sea surface temperature and rainfall 

variability [7]. 

Indonesia's rainfall pattern features distinct wet and dry seasons, with the wet season typically from 

December to February during the southern hemisphere summer monsoon [8]. Cambodia experiences a wet 

season from May to October, with significant trends in extreme rainfall events and fluctuations in 

precipitation intensity between the wettest and driest months [9]. In Vietnam, the rainy season varies 

regionally, with the northern and southern parts experiencing tropical westerly winds from mid-May to 

September, while central Vietnam encounters a dry season due to the Foehn effect from the Truong Son 

Mountain range [10]. 

Brunei Darussalam is experiencing an increasing trend in annual rainfall, with peak precipitation 

occurring from late October to early January during the northeast monsoon and from May to July in the 

southwest monsoon season [11]. The Philippines anticipates a rise in extreme rainfall events by 2100, with 

the wet season from June to September being the peak period for heavy precipitation in different regions 

of the country [12]. Singapore reports an increase in rainfall frequency and intensity, with its wet season 

during the northeast monsoon from the end of October to early March and the southwest monsoon from 

June to September [13-14]. 
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Timor-Leste experiences a decreasing trend in annual rainfall, with its rainy season from December to 

May showing reduced precipitation over the years [15]. In Peninsular Malaysia, the period between 

November to February marks the northeast monsoon with high rainfall, while the southwest monsoon from 

May to August exhibits lower precipitation levels, emphasizing the seasonal variations in rainfall across 

the country [16]. These distinct patterns in peak and low rainfall periods reflect the diverse climate 

dynamics and seasonal fluctuations observed in Southeast Asia, influencing the vulnerability and resilience 

of these nations to changing precipitation patterns. According to [17], East Malaysia receives an average 

annual rainfall of 2,550 mm per year due to the presence of yearly monsoon seasons. The southwest 

monsoon season starts in April and lasts until October, while the northeast monsoon season starts in October 

and lasts until February. Additionally, Sabah experiences an annual rainfall ranging from 1,920 to 3,190 

mm, while Sarawak sees rainfall levels ranging from 3,300 mm near the coast to 4,600 mm further inland. 

Across Southeast Asian countries, Table 1 explains the dynamics of rainfall patterns, revealing distinct 

seasonal variations impacting the region's vulnerability and resilience to precipitation fluctuations. The 

analysis indicates that June to September is a crucial period for most nations, marked by the peak of heavy 

rainfall during the summer monsoon season. In contrast, November to April stands out as a time of reduced 

precipitation levels, reflecting the onset of dry seasons in several countries. Notably, this seasonal contrast 

underscores the importance of understanding peak and low rainfall periods in shaping the region's climate 

dynamics and responses to changing precipitation patterns. Such insights are essential for improving 

preparedness, mitigating risks, and fostering sustainable adaptation strategies in the face of evolving 

climatic conditions in Southeast Asia. 

Country Rainfall Season Author 

Thailand Summer Rainfall Season: June, July, and August [5] 

Lao PDR Rainy Season: May to September [6] 

Myanmar Southwest Monsoon Season: June to September (JJAS) [9] 

Indonesia Wet Season: December to February 

Dry Season: May to September 

[10] 

Cambodia Rainfall Season: May to October [9] 

Vietnam North and South Vietnam Rainy Season: Mid-May to September 

Central Vietnam Rainy Season: September to October 

[10] 

Brunei 
Darussalam 

Rainfall Season: Late October to early January (Northeast 
Monsoon) 

Rainfall Season: May to July (Southwest Monsoon) 

[18] 

Philippines Rainfall Season: June to September [12] 

Singapore Northeast Monsoon: End of October to early March 

Southwest Monsoon: June to September 

[13-14] 

Timor Leste Rainfall Season: December to May [15] 

Peninsular 
Malaysia 

Northeast Monsoon (NEM): November to Feb 

Southwest Monsoon (SWM): May to Aug 

[19] 

East Malaysia Southwest Monsoon Season: April to October 

Northeast Monsoon Season: October to February 

[17] 

3.2 Rainfall impact 

In analysing the impact of rainfall, it is essential to consider both its positive and negative aspects. On 

the positive side, rainfall plays a crucial role in the economies of nations, particularly in the agricultural 

sector, serving as a vital source of sustenance [20]. However, the focus primarily shifts towards addressing 

the negative repercussions to implement adequate mitigation measures. These adverse consequences 

include heightened risks of flooding due to increased rainwater, periods of drought resulting from low 

Table 1. Southeast Asia’s Country Rainfall Season 
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rainfall levels, potential losses of infrastructure, threats to livelihoods, and economic downturns. 

Addressing these negative impacts becomes imperative to enhance policy formulation and strengthen 

community preparedness initiatives.  

Rainfall patterns in Southeast Asia are highly variable and influenced by factors like the monsoon and 

ENSO events. This variability can lead to significant negative impacts, including an increased risk of 

flooding (Thailand, Lao PDR, Myanmar, Indonesia, Cambodia, Vietnam, Brunei, Philippines, Singapore, 

Timor-Leste, Malaysia), landslides (Indonesia, Cambodia, Philippines, Singapore, Timor-Leste, Malaysia), 

and drought (Thailand, Lao PDR, Myanmar, Indonesia, Cambodia, Vietnam, Brunei, Philippines, Timor-

Leste, Malaysia). Accurate analysis of rainfall data is crucial for implementing early mitigation measures, 

such as improved forecasting models (Thailand, Vietnam), water resource management (Lao PDR, 

Indonesia, Cambodia, Timor-Leste, Malaysia), flood control infrastructure (Myanmar, Indonesia, 

Cambodia, Vietnam, Brunei, Philippines, Singapore, Timor-Leste, Malaysia), and community-based 

disaster preparedness (Myanmar, Indonesia, Cambodia, Vietnam, Brunei, Philippines, Malaysia, Timor-

Leste). Table 2 presents case studies highlighting the impacts of rainfall events in various Southeast Asian 

countries.  

Table 2. Case study of effect of rainfall event in Southeast Asia’s country 

Country Case study Author 

Philippines 
Super typhoon Haiyan (known as Yolanda in local) hit Samar and Leyte, 
killing at least 6,300 people. Super typhoon Goni in 2020 surpassed 
Haiyan in strength. 

[12] 

Timor Leste 
Rainfall-induced slope failures were observed in roadways constructed 
around 2012 due to severe weather conditions. 

[21] 

Malaysia 

 

Landslide incidents occur in 2017, 2018 at Pulau Pinang and 2020 at 
Perak due to rainfall. 

[22] 

Flash floods have been reported in 2017, 2018, and 2019. This situation 
causes many problems for residents as property damage occurs every time 
a flood occurs (Pulau Pinang) 

[23] 

Thailand 
Severe 2011 floods due to record-breaking rainfall, and devastating 
droughts occur every 6 years in northeastern Thailand. 

[5] 

Singapore 
Eleven landslides in 2006/2007 due to above-average monthly rainfall, 
affecting stability of low-conductivity slopes. 

[24] 

Vietnam 
Heavy rainfall in Hanoi in 2008 caused by interaction between cold surges 
and tropical disturbances. 

[10] 

Brunei Over 115 flooding cases and 105 landslides were reported in 2014. [18] 

Indonesia 
In 2021, Batu City experienced a total of 78 landslides, with the majority 
taking place in Songgokerto Village, accounting for 15 incidents. 

[11] 

3.2 Factor of anti-persistence rainfall 

Monsoon 

Fig. 5 displays the directional movement of winds during the northeast (winter monsoon) and southwest 

(summer monsoon) episodes in Southeast Asia. During the northeast monsoon, prevailing winds originate 

from the northeast, travelling towards the southwest direction, while in the southwest monsoon, winds move 

from the southwest towards the northeast direction. These seasonal wind patterns play a pivotal role in 

shaping the region's climate and precipitation dynamics. On the other hand, Fig. 6 illustrates the 

intermonsoon periods, showcasing the transition from winter to summer and summer to winter exchange 

periods. These transitional phases mark shifts in wind circulation and atmospheric conditions as the region 

transitions between monsoon seasons. Understanding these wind patterns and transitional phases is 

essential for comprehending the intricate mechanisms driving monsoons and climate variations in Southeast 

Asia. 
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Fig.5. Northeast Monsoon (DJF); Southwest Monsoon (JJA) [25] 

 

 

Fig. 6. Intermonsoon (MAM); Intermonsoon (SON) [25] 

The monsoon winds in Southeast Asia play a crucial role in the region's water supply, agriculture, and 

overall climate. These winds shift direction twice a year, creating distinct wet and dry seasons in different 

parts of the region. For example, in Thailand, the southwest monsoon brings heavy rainfall from June to 

October, while the northeast monsoon brings drier conditions from November to February. This seasonal 

wind shift is crucial for agriculture, providing essential moisture for rice cultivation and other crops.  

However, the monsoon can also bring extreme weather events, such as floods and droughts, which can have 

devastating impacts on communities and economies. 

Researchers have identified several factors that influence the monsoon patterns and rainfall in Southeast 

Asia, leading to variations in the strength and timing of the monsoon. One crucial factor is the interaction 

between the complex terrain and the annual reversal of the surface monsoonal winds [25]. The monsoon 

winds are influenced by the difference in air pressure between the land and the ocean, and the topography 

of Southeast Asia, with its mountains and valleys, can significantly alter the wind patterns. 
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Global warming is another factor that is impacting the monsoon patterns and rainfall in Southeast Asia 

[26]. The increase in global temperatures has been linked to an increase in precipitation anomalies, 

particularly after the 1970s. The westward shift of the Indian summer monsoon and the Western Pacific 

Subtropical High (WPSH) also influence rainfall patterns and the onset of monsoons in the region. 

Additionally, the El Niño Southern Oscillation (ENSO), a climate pattern that involves the periodic 

warming and cooling of the central Pacific Ocean, can influence the variability of monsoon rainfall in 

Southeast Asia.  

El Niño Southern Oscillation (ENSO) 

Rainfall patterns in Southeast Asia are complex and influenced by a variety of factors, including the 

monsoon system, the Intertropical Convergence Zone (ITCZ), and the El Niño Southern Oscillation 

(ENSO). ENSO plays a significant role in influencing rainfall variability across the region. El Niño events 

are often associated with drier conditions, while La Niña events are associated with wetter conditions. 

Understanding this relationship is crucial for predicting and managing the impacts of ENSO events on 

agriculture and other sectors in the region. Climate change is also expected to significantly affect rainfall 

patterns in Southeast Asia, with many studies predicting an increase in the frequency and intensity of 

extreme rainfall events. Nino Index or regions are specific areas in the tropical Pacific Ocean where SST 

anomalies are measured. These regions are used to monitor ENSO events and predict their impacts. Niño 

1+2, located in the eastern equatorial Pacific Ocean, from 0° to 10°S and 90°W to 80°W. Niño 3,  in the 

central equatorial Pacific Ocean, from 5°N to 5°S and 150°W to 90°W. Niño 4, in the eastern equatorial 

Pacific Ocean, from 5°N to 5°S and 160°E to 150°W and Niño 3.4, located in the central equatorial Pacific 

Ocean, from 5°N to 5°S and 170°W to 120°W as shown in Fig. 7. 

 

 

Fig. 7. Nino Index [27] 

The El Niño Southern Oscillation (ENSO) is a significant climate pattern that exerts a considerable 

influence on Southeast Asian weather patterns, as evidenced by numerous studies within the document. It 

is characterized by fluctuations in sea surface temperatures in the central and eastern Pacific Ocean, 

oscillating between three phases: El Niño, La Niña, and a neutral phase [28] (Fig. 8). El Niño events, marked 

by warmer-than-average sea surface temperatures in the central and eastern Pacific, often lead to drier 

conditions in Southeast Asia, while La Niña events, characterized by cooler-than-average sea surface 

temperatures, tend to bring wetter conditions [28]. It highlights the specific impacts of ENSO on various 

Southeast Asian countries, such as the Philippines, Cambodia, Indonesia, and Malaysia, noting that these 

impacts vary depending on the specific phase of ENSO and the geographic location within Southeast Asia.  

For example, El Niño events are associated with drier conditions in the Philippines, while La Niña events 

bring wetter conditions [29].  Similarly, El Niño events typically provide warmer and drier temperatures in 

Southeast Asia than average, while La Niña episodes usually bring lower temperatures [9]. These climate 

variations have profound implications for agriculture, fisheries, and other sectors in Southeast Asia, 

highlighting the importance of understanding ENSO's influence on regional weather patterns.  
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Fig. 8. ENSO phase (a) Neutral; (b) El-Nino; (c) La-Nina [28] 

El Niño-Southern Oscillation (ENSO) significantly impacts tropical cyclone activity in the Philippines 

by changing the conditions that cyclones need to form and grow. When the Pacific Ocean is warmer than 

usual (El Niño), it weakens the winds that typically bring cyclones, leading to fewer cyclones. However, 

these cyclones might be stronger. Conversely, when the Pacific Ocean is cooler than usual (La Niña), the 

winds that bring cyclones become stronger, resulting in more cyclones, but they might be weaker. This 

means there's a trade-off: more cyclones but less intense, or fewer cyclones but more intense [30]. 

Diverse climatic phenomena play a crucial role in shaping precipitation patters across Southeast Asia. 

Various atmospheric and oceanic interactions contribute to regional rainfall trends, with distinct influences 

observed in different countries. Thailand exhibits a notable correlation between observed rainfall anomalies 

and the Niño3.4 index, with the IAP model replicating this correlation while underestimating the observed 

negative correlation [5]. Lao PDR's rainfall trends are significantly impacted by Greenhouse Gas Emissions 

(GHGs) and climate change (CLiM), with projections indicating an increase in rainfall under different 

emission scenarios, emphasizing the influence of GHG levels on precipitation variations [6]. Factors such 

as sea surface temperature (SST) and ocean-atmosphere interactions are found to strongly influence the 

average trend of June to September (JJAS) rainfall in Myanmar, highlighting the impact of these 

interactions on precipitation variability [7]. Indonesia's rainfall patterns are notably shaped by the Indian 

Ocean Dipole (IOD), with regions like southern Sumatra and southern Java Islands exhibiting positive 

correlations with the negative IOD, while northwestern Sumatra displays positive correlations with the 

positive IOD, elucidating the significant role of IOD in modulating rainfall distributions [31], [8]. 

Cambodia's rainfall variability is influenced by the southwest monsoon, with the El Niño Southern 

Oscillation contributing to interannual fluctuations in monsoon patterns, underscoring the importance of 

these climate drivers in shaping seasonal precipitation trends [9]. These factors collectively illustrate the 

complex interplay of climatic elements in dictating rainfall dynamics across Southeast Asia, highlighting 

the multifaceted nature of regional precipitation trends and the diverse influences that govern seasonal 

variations in rainfall patterns. 
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Indian Ocean Dipole (IOD) 

Other climate patterns, such as the Indian Ocean Dipole (IOD) and the Madden-Julian Oscillation 

(MJO), also impact rainfall in Southeast Asia [32]. These factors, along with the influence of tropical 

cyclones, create a complex and dynamic system that shapes the monsoon patterns and rainfall in Southeast 

Asia. 

The Madden-Julian Oscillation (MJO) and the Indian Ocean Dipole (IOD) are significant climate 

patterns that contribute to the variability of rainfall in Southeast Asia [32]. The MJO, an eastward-

propagating wave of atmospheric disturbances, can enhance rainfall in the region when it is in a strong 

phase, but suppress it when it is weak, leading to short-term fluctuations in precipitation [32]. The IOD, 

characterized by differences in sea surface temperatures between the western and eastern Indian Ocean, 

influences rainfall distribution over a longer period, with positive IOD events leading to increased rainfall 

in eastern Indonesia and decreased rainfall in western Indonesia. These two climate patterns, along with 

other factors like topography and global warming, create a complex and dynamic system that shapes the 

monsoon patterns and rainfall in Southeast Asia [32]. 

4. MITIGATION 

Southeast Asia nations are actively engaging in infrastructure development and management to mitigate 

the adverse effects of increasingly erratic rainfall patterns.  A key strategy involves the construction and 

maintenance of flood control systems, with countries like Thailand [5], Lao PDR [16], Myanmar [7], 

Indonesia [31], Cambodia [9], Vietnam [10], Brunei [18], the Philippines [12], Singapore [24], Timor-Leste 

[15], and Malaysia [33] investing in dams, levees, and drainage systems to manage extreme rainfall events.  

Additionally, Brunei [18] and Malaysia [33] are prioritizing the improvement and maintenance of their 

drainage systems, particularly in urban areas, to handle excess rainwater and prevent flooding.  Singapore 

[24] has implemented slope stability management strategies to mitigate landslide risks, which intensify 

during periods of heavy rainfall. 

Beyond infrastructure, Southeast Asia nations are adopting community-based initiatives and awareness 

campaigns to bolster resilience against rainfall-related hazards.  Myanmar [7], Indonesia [31], Cambodia 

[9], Vietnam [10], Brunei [18], the Philippines [12], Timor-Leste [15], and Malaysia [33] are actively 

promoting community-based disaster preparedness programs, educating residents about flood risks and 

empowering them to take appropriate action.  Brunei [18] is raising awareness among residents about flood 

risks and educating them on preparedness measures, such as evacuation procedures and emergency 

supplies.  Indonesia [34] is taking a leadership role in capacity building, providing training and knowledge-

sharing programs to other ASEAN countries in areas like climate change adaptation and mitigation 

strategies.  These efforts highlight the important role of a comprehensive approach, combining 

infrastructure development, community engagement, and policy changes to effectively address the 

challenges posed by changing rainfall patterns and climate change.  

5. CONCLUSION 

As a conclusion, this comprehensive study explores the complex nature of rainfall in Southeast Asia, 

encompassing its patterns, trends, impacts, contributing factors, and mitigation strategies. The analysis 

focuses on eleven countries within the region, employing a critical review method by country to understand 

the unique characteristics and challenges faced by each nation on rainfall. The study reveals distinct 

seasonal periods, with June to September marking the peak rainfall period due to the summer monsoon 

season (Lao PDR), while November to April signifies the onset of dry seasons in several countries 

(Thailand, Myanmar, Vietnam North and South, and Timor Leste).  
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This study enhances the significant role of the El Niño Southern Oscillation (ENSO) in influencing 

rainfall variability across Southeast Asia. El Niño events are often associated with drier conditions, while 

La Niña events are associated with wetter conditions. This study emphasizes the importance of 

understanding ENSO's influence on regional weather patterns and its implications for various sectors, 

particularly agriculture and fisheries. Furthermore, explores mitigation strategies implemented by 

Southeast Asian nations, including infrastructure development, community-based initiatives, and 

awareness campaigns. These efforts aim to enhance resilience against rainfall-related hazards and highlight 

the need for a comprehensive approach to address the challenges posed by changing rainfall patterns and 

climate change. This research serves as an important awareness for Southeast Asia nations to prioritize 

preparedness measures and invest in comprehensive mitigation strategies to address the complex and 

evolving rainfall dynamics within the region. Further research is essential to delve deeper into the factors 

influencing rainfall in each country, develop more accurate forecasting models, investigate innovative 

mitigation strategies, and evaluate the effectiveness of existing measures. 

6. ACKNOWLEDGEMENTS/FUNDING  

The authors would like to acknowledge the support of Universiti Teknologi Mara (UiTM Cawangan Pulau 

Pinang, Permatang Pauh Campus, Pulau Pinang, Malaysia and National Water Research Institute Malaysia 

(NAHRIM) for providing the facilities and financial support through a national grant (100-TNCPI/GOV 

16/6/2/ (034/2021) to undertake and complete such interesting research project. 

7. CONFLICT OF INTEREST 

The authors agree that this research was conducted in the absence of any self-benefits, commercial or 

financial conflicts and declare the absence of conflicting interests with the funders. 

8. AUTHOR’S CONTRIBUTION 

Anas Ibrahim and Muhamad Faizal Pakir Mohamed Latiff: Conceptualization, supervision, formal 

analysis, investigation, and review; Muhammad Fahmi Muhammad Iskandar: Conceptualisation, 

methodology, and paper writing; Mohd Zul Azmi Mokhtar: Conceptualisation, supervision, writing- 

review and editing, and validation. Nasehir Khan E. M. Yahaya. Writing- review and editing, and 

validation. 

9.  REFERENCES  

[1]  O. O. S. Yaya and X. V. Vo, “Statistical analysis of rainfall and temperature (1901–2016) in south-

east Asian countries,” Theor. Appl. Climatol., vol. 142, pp. 287–303, 2020. Available: 

https://doi.org/10.1007/s00704-020-03307-z 

[2]  M. Edirisinghe, N. Alahacoon, M. Ranagalage, and Y. Murayama, “Long-Term Rainfall 

Variability and Trends for Climate Risk Management in the Summer Monsoon Region of 

Southeast Asia,” Adv. Meteorol., vol. 2023, no. 1, 2023. Available: 

https://doi.org/10.1155/2023/2693008 

[3]  B. Van Wee and D. Banister, “How to Write a Literature Review Paper?,” Transp. Rev., vol. 36, 

no. 2, pp. 278–288, 2016. Available: https://doi.org/10.1080/01441647.2015.1065456 

[4]  A. Sofro, R. A. Riani, K. N. Khikmah, R. W. Romadhonia, and D. Ariyanto, “Analysis of Rainfall 

in Indonesia Using a Time Series-Based Clustering Approach,” BAREKENG: J. Ilmu Mat. 

https://doi.org/10.1007/s00704-020-03307-z
https://doi.org/10.1155/2023/2693008
https://doi.org/10.1080/01441647.2015.1065456


103 M. F. M. Iskandar et al. / ESTEEM Academic Journal, Vol. 21, March 2025, 91-105 

https://doi.org/10.24191/esteem.v21iMarch.4892.g3087

 

 ©Authors, 2025 

Terapan, vol. 18, no. 2, pp. 837–848, 2024. Available: 

https://doi.org/10.30598/barekengvol18iss2pp0837-0848 

[5]  K. Torsri, Z. Lin, V. N. Dike, H. Zhang, C. Wu, and Y. Yu, “Simulation of Summer Rainfall in 

Thailand by IAP-AGCM4.1,” Atmosphere, vol. 13, no. 5, 2022. Available: 

https://doi.org/10.3390/atmos13050805 

[6]  N. Senganatham, V. Souvannasouk, and H. Moonphoxay, “Optimal Long-term Rainfall Trends 

Prediction under Climate Change Scenarios in Small Basin: Case study Sedon Basin, Lao PDR,” 

Maejo Int. J. Energy Environ. Commun., vol. 3, pp. 70–73, Aug. 2021. 

[7]  K. T. Oo, “Inter-Annual Variability of Southwest Monsoon Rainfall in Myanmar: Insights from 

Ocean-Atmosphere Interactions,” Terr. Atmos. Ocean. Sci., 2023. Available: 

https://doi.org/10.21203/rs.3.rs-3240726/v1 

[8]  H. S. Lee, “General Rainfall Patterns in Indonesia and the Potential Impacts of Local Seas on 

Rainfall Intensity,” Water (Switz.), vol. 7, no. 4, pp. 1751–1768, 2015. Available: 

https://doi.org/10.3390/w7041751 

[9]  S. Pen, S. Rad, L. Ban, S. Brang, P. Nuth, and L. Liao, “An Analysis of Extreme Rainfall Events 

in Cambodia,” Atmosphere, vol. 15, no. 8, 2024. Available: 

https://doi.org/10.3390/atmos15081017 

[10]  C. Thanh, Q. V. Doan, D. H. Quan, and D. A. Tuan, “Relationship Between Intraseasonal 

Oscillations and Abnormal Rainfall in Vietnam,” EGUsphere, vol. 15, pp. 37–48, 2024. Available: 

https://doi.org/10.5194/egusphere-2024-2219 

[11]  M. F. R. Hasan et al., “Assessment and simulation of potential landslide caused by the rainfall 

intensity in Batu City during 2021,” IOP Conf. Ser.: Earth Environ. Sci., vol. 1314, no. 1, 2024. 

Available: https://doi.org/10.1088/1755-1315/1314/1/012017 

[12]  J. Hong, W. Agustin, S. Yoon, and J. S. Park, “Changes of extreme precipitation in the Philippines, 

projected from the CMIP6 multi-model ensemble,” Weather Clim. Extremes, vol. 37, 2022. 

Available: https://doi.org/10.1016/j.wace.2022.100480 

[13]  X. Li, X. Wang, and V. Babovic, “Analysis of variability and trends of precipitation extremes in 

Singapore during 1980–2013,” Int. J. Climatol., vol. 38, no. 1, pp. 125–141, 2018. Available: 

https://doi.org/10.1002/joc.5165 

[14]  M. Mubarak, R. Rifardi, A. Nurhuda, R. F. Syahputra, and S. F. Retnawaty, “Sea Surface 

Temperature (SST) and Rainfall Trends in the Singapore Strait from 2002 to 2019,” Indones. J. 

Geogr., vol. 54, no. 1, pp. 55–61, 2022. Available: https://doi.org/10.22146/IJG.68738 

[15]  A. M. Takeleb and M. A. Ximenes, “Trend Analysis for Annual Rainfall Data in Dili, Timor-Leste 

using Mann Kendall Method,” J. Eng. Sci., vol. 1, no. 1, pp. 1–10, 2020. Available: 

http://tljes.org/index.php/tljes/data 

[16]  A. H. Syafrina, M. D. Zalina, and L. Juneng, “Historical trend of hourly extreme rainfall in 

Peninsular Malaysia,” Theor. Appl. Climatol., vol. 120, no. 1–2, pp. 259–285, 2015. Available: 

https://doi.org/10.1007/s00704-014-1145-8 

[17]  M. H. Rosly, H. M. Mohamad, N. Bolong, and N. S. H. Harith, “An Overview: Relationship of 

Geological Condition and Rainfall with Landslide Events at East Malaysia,” Trends Sci., vol. 19, 

no. 8, 2022. Available: https://doi.org/10.48048/tis.2022.3464 

[18]  D. S. N. A. B. P. A. Hasan, U. Ratnayake, and S. Shams, “Evaluation of rainfall and temperature 

trends in Brunei Darussalam,” AIP Conf. Proc., vol. 1705, no. 1, 2016. Available: 

https://doi.org/10.1063/1.4940282 

[19]  M. F. Hanif, M. R. U. Mustafa, M. U. Liaqat, A. M. Hashim, and K. W. Yusof, “Evaluation of 

Long‐Term Trends of Rainfall in Perak, Malaysia,” Climate, vol. 10, no. 3, pp. 1–20, 2022. 

Available: https://doi.org/10.3390/cli10030044 

[20]  S. Sangkhaphan and Y. Shu, “Impact of Rainfall on Agricultural Growth in Thailand: Evidence in 

Farming and Fishing Activities,” J. Econ. Sustain. Dev., vol. 10, no. 16, pp. 162–174, 2019. 

Available: https://doi.org/10.7176/jesd/10-16-19 

https://doi.org/10.30598/barekengvol18iss2pp0837-0848
https://doi.org/10.3390/atmos13050805
https://doi.org/10.21203/rs.3.rs-3240726/v1
https://doi.org/10.3390/w7041751
https://doi.org/10.3390/atmos15081017
https://doi.org/10.5194/egusphere-2024-2219
https://doi.org/10.1088/1755-1315/1314/1/012017
https://doi.org/10.1016/j.wace.2022.100480
https://doi.org/10.1002/joc.5165
https://doi.org/10.22146/IJG.68738
http://tljes.org/index.php/tljes/data
https://doi.org/10.1007/s00704-014-1145-8
https://doi.org/10.48048/tis.2022.3464
https://doi.org/10.1063/1.4940282
https://doi.org/10.3390/cli10030044
https://doi.org/10.7176/jesd/10-16-19


104 M. F. M. Iskandar et al. / ESTEEM Academic Journal, Vol. 21, March 2025, 91-105 

https://doi.org/10.24191/esteem.v21iMarch.4892.g3087

 

 ©Authors, 2025 

[21]  K. C. Chao and J. D. Nelson, “Effect of Climate Change on Rainfall Induced Failures for 

Embankment Slopes in Timor-Leste,” Int. Conf. Soil Mech. Geotech. Eng., 2022. Available: 

https://www.researchgate.net/publication/364327564 

[22]  S. Ligong, L. M. Sidek, G. Hayder, and N. Mohd Dom, “Application of Rainfall Threshold for 

Sediment-Related Disasters in Malaysia: Status, Issues and Challenges,” Water (Switzerland), vol. 

14, no. 20, p. 3212, 2022. Available: https://doi.org/10.3390/w14203212 

[23]  M. H. M. Saad et al., “Analysis of the Flash Flood Event and Rainfall Distribution Pattern on 

Relau River Basin Development, Penang, Malaysia,” Planning Malaysia, vol. 21, no. 1, pp. 58–

71, 2023. Available: https://doi.org/10.21837/PM.V21I25.1224 

[24]  C. Kristo, H. Rahardjo, and A. Satyanaga, “Effect of variations in rainfall intensity on slope 

stability in Singapore,” Int. Soil Water Conserv. Res., vol. 5, no. 4, pp. 258–264, 2017. Available: 

https://doi.org/10.1016/j.iswcr.2017.07.001 

[25]  C. P. Chang, W. Zhuo, M. John, and C.-H. Liao, “Annual Cycle of Southeast Asia—Maritime 

Continent Rainfall and the Asymmetric,” J. Climate, vol. 18, no. 2, pp. 287–301, 2005. Available: 

https://doi.org/10.1175/JCLI-3257.1 

[26]  Y. Y. Loo, L. Billa, and A. Singh, “Effect of climate change on seasonal monsoon in Asia and its 

impact on the variability of monsoon rainfall in Southeast Asia,” Geosci. Front., vol. 6, no. 6, pp. 

817–823, 2015. Available: https://doi.org/10.1016/j.gsf.2014.02.009 

[27]  C. C. Ibebuchi, S. Rainey, O. A. Obarein, A. Silva, and C. C. Lee, “Comparison of machine 

learning models in forecasting different ENSO types,” Phys. Scr., vol. 99, no. 8, p. 086007, 2024. 

Available: https://doi.org/10.1088/1402-4896/ad65c5 

[28]  M. Adnan, “Impacts Of El-Nino Southern Oscillation (ENSO) On Fisheries And Impacts Of El-

Nino Southern Oscillation (ENSO),” in CMF Conf. SAU, Sylhet Agric. Univ., 2023. Available: 

https://doi.org/10.13140/RG.2.2.19633.35682 

[29]  M. Q. Villafuerte, J. Matsumoto, and H. Kubota, “Changes in extreme rainfall in the Philippines 

(1911–2010) linked to global mean temperature and ENSO,” Int. J. Climatol., vol. 35, no. 8, pp. 

2033–2044, 2015. Available: https://doi.org/10.1002/joc.4105 

[30]  I. L. Corporal-Lodangco, L. M. Leslie, and P. J. Lamb, “Impacts of ENSO on Philippine tropical 

cyclone activity,” J. Climate, vol. 29, no. 5, pp. 1877–1897, 2016. Available: 

https://doi.org/10.1175/JCLI-D-14-00723.1 

[31]  M. Putra, M. S. Rosid, and D. Handoko, “A Review of Rainfall Estimation in Indonesia: Data 

Sources, Techniques, and Methods,” Signals, vol. 5, no. 3, pp. 542–561, 2024. Available: 

https://doi.org/10.3390/signals5030030 

[32]  M. A. Islam, A. Chan, M. J. Ashfold, C. G. Ooi, and M. Azari, “Effects of El-Niño, Indian Ocean 

Dipole, and Madden-Julian Oscillation on surface air temperature and rainfall anomalies over 

Southeast Asia in 2015,” Atmosphere, vol. 9, no. 9, pp. 1–14, 2018. Available: 

https://doi.org/10.3390/atmos9090352 

[33]  M. E. Toriman and M. B. Gasim, “Floods in Malaysia: Historical reviews, causes, effects and 

mitigations approach,” Int. J. Interdiscip. Res. Innov., vol. 2, no. 4, pp. 59–65, 2014. Available: 

http://eprints.unisza.edu.my/id/eprint/4945 

[34]  H. Hartanto, “The Role of Indonesia in Leading Efforts to Mitigate Climate Change in ASEAN in 

2023,” JDKP J. Desentralisasi Dan Kebijakan Publik, vol. 5, no. 1, pp. 62–69, 2024. Available: 

https://doi.org/10.30656/jdkp.v5i1.8456 

[35]  Climate Risk Country Profile: Timor-Leste, The World Bank Group and the Asian Development 

Bank, 2021. 

[36]  A. R. As-syakur, T. Tanaka, T. Osawa, and M. S. Mahendra, “Indonesian rainfall variability 

observation using TRMM multi-satellite data,” Int. J. Remote Sens., vol. 34, no. 21, pp. 7723–

7738, 2013. Available: https://doi.org/10.1080/01431161.2013.826837 

https://www.researchgate.net/publication/364327564
https://doi.org/10.3390/w14203212
https://doi.org/10.21837/PM.V21I25.1224
https://doi.org/10.1016/j.iswcr.2017.07.001
https://doi.org/10.1175/JCLI-3257.1
https://doi.org/10.1016/j.gsf.2014.02.009
https://doi.org/10.1088/1402-4896/ad65c5
https://doi.org/10.13140/RG.2.2.19633.35682
https://doi.org/10.1002/joc.4105
https://doi.org/10.1175/JCLI-D-14-00723.1
https://doi.org/10.3390/signals5030030
https://doi.org/10.3390/atmos9090352
http://eprints.unisza.edu.my/id/eprint/4945
https://doi.org/10.30656/jdkp.v5i1.8456
https://doi.org/10.1080/01431161.2013.826837


105 M. F. M. Iskandar et al. / ESTEEM Academic Journal, Vol. 21, March 2025, 91-105 

https://doi.org/10.24191/esteem.v21iMarch.4892.g3087

 

 ©Authors, 2025 

[37]  Z. Azmi, A. Shukri, and F. Ahmad, “Rainfall erosivity estimation for Northern and Southern 

peninsular Malaysia using Fourneir indexes,” Procedia Eng., vol. 125, pp. 179–184, 2015. 

Available: https://doi.org/10.1016/j.proeng.2015.11.026 

[38] M. E. E. Hassim and B. Timbal, “Observed rainfall trends over Singapore and the Maritime 

Continent from the perspective of regional-scale weather regimes,” J. Appl. Meteorol. Climatol., 

vol. 58, no. 2, pp. 365–384, 2019. Available: https://doi.org/10.1175/JAMC-D-18-0136.1 

[39]  S. J. I. Ignacio-Reardon and J. J. Luo, “Evaluation of the Performance of CMIP6 Climate Models 

in Simulating Rainfall over the Philippines,” Atmosphere, vol. 14, no. 9, p. 1459, 2023. Available: 

https://doi.org/10.3390/atmos14091459 

[40]  Z. A. Mohtar, A. S. Yahaya, F. Ahmad, S. Suri, and M. H. Halim, “Trends for Daily Rainfall in 

Northern and Southern Region of Peninsular Malaysia,” J. Civ. Eng. Res., vol. 4, pp. 222–227, 

2014. Available: https://doi.org/10.5923/c.jce.201402.38 

[41]  Nurdiati, S., Sopaheluwakan, A., & Septiawan, P. (2022). “Joint Pattern Analysis of Forest Fire 

and Drought Indicators in Southeast Asia Associated with ENSO and IOD.” Atmosphere, Vol. 13, 

Issue 8, Page 1198. Available: https://doi.org/10.3390/atmos13081198 

[42] Raghavan, S. V., Vu, M. T., & Liong, S. Y. (2017). “Ensemble Climate Projections of Mean and 

Extreme Rainfall Over Vietnam.” Global and Planetary Change, Vol. 148, Page 96–104. 

Available: https://doi.org/10.1016/j.gloplacha.2016.12.003 

[43]  Schlör, J., Strnad, F., Capotondi, A., & Goswami, B. (2024). “Contribution of El Niño Southern 

Oscillation (ENSO) Diversity to Low-Frequency Changes in ENSO Variance.” Geophysical 

Research Letters, Vol. 51, Issue 14. Available: https://doi.org/10.1029/2024GL109179 

[44]  Sein, Z. M. M., Ullah, I., Saleem, F., Zhi, X., Syed, S., & Azam, K. (2021). “Interdecadal 

Variability in Myanmar Rainfall in the Monsoon Season (May–October) Using Eigen Methods.” 

Water (Switzerland), Vol. 13, Issue 5. Available: https://doi.org/10.3390/w13050729 

[45]  Setiyono, H., Bambang, A. N. B., Helmi, M., & Yusuf, M. (2022). “Effect of Rainfall Season on 

Coastal Flood in Semarang City, Central Java, Indonesia.” International Journal of Health 

Sciences, Vol. 6, Issue 1, Page 7584–7595. Available: https://doi.org/10.53730/ijhs.v6ns1.6618 

[46]  Vance, W. H., Bell, R. W., & Seng, V. (2004). “Rainfall Analysis for the Provinces of Battambang, 

Kampong Cham and Takeo, The Kingdom of Cambodia.” School of Environmental Science, 

Murdoch University, WA. 6150, Australia. 

[47]  Zhang, C., Adames, F., Khouider, B., Wang, B., & Yang, D. (2020). “Four Theories of the 

Madden-Julian Oscillation.” Reviews of Geophysics, Vol. 58, Issue 3. Available: 

https://doi.org/10.1029/2019RG000685 

 

 

 

© 2025 by the authors. Submitted for possible open access publication under the terms and 

conditions of the Creative Commons Attribution (CC BY) license 

(http://creativecommons.org/licenses/by/4.0/). 

 

 

https://doi.org/10.1016/j.proeng.2015.11.026
https://doi.org/10.1175/JAMC-D-18-0136.1
https://doi.org/10.3390/atmos14091459
https://doi.org/10.5923/c.jce.201402.38
https://doi.org/10.3390/atmos13081198
https://doi.org/10.1016/j.gloplacha.2016.12.003
https://doi.org/10.1029/2024GL109179
https://doi.org/10.3390/w13050729
https://doi.org/10.53730/ijhs.v6ns1.6618
https://doi.org/10.1029/2019RG000685

	1. INTRODUCTION
	1.1 Rainfall pattern

	2. METHODOLOGY
	3. DISCUSSION
	3.1 Rainfall pattern and trend
	3.2 Rainfall impact
	3.2 Factor of anti-persistence rainfall
	4. MITIGATION
	5. CONCLUSION

	6. Acknowledgements/Funding
	7. CONFLICT OF INTEREST
	8. AUTHOR’S CONTRIBUTION
	9.  REFERENCES

