Assessing the Potential Use of Porous Asphalt Pavements under Timor-Leste's Climatic Conditions


Abstract
Timor-Leste experiences a tropical climate characterized by high temperatures, intense solar radiation, and seasonal heavy rainfall. These climatic conditions present significant challenges to pavement performance, including rutting, moisture damage, and accelerated aging of asphalt materials. Porous asphalt pavements have been increasingly adopted in tropical and subtropical countries due to their superior drainage capacity and potential environmental benefits. This paper assesses the potential applicability of porous asphalt pavements under the climatic conditions of Timor-Leste through a review of evidence reported in tropical regions. The study examines the climate characteristics of Timor-Leste, the performance of porous asphalt in tropical environments, and the potential benefits and limitations associated with its implementation. The analysis suggests that porous asphalt could contribute to improved stormwater management and thermal performance; however, durability, clogging, and maintenance issues should be carefully considered before large-scale adoption.
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1. Introduction
Road infrastructure is essential for supporting economic growth and social development in Timor-Leste. As urbanization increases, the demand for durable and sustainable pavement systems becomes increasingly important. However, the tropical climate of Timor-Leste presents several challenges for conventional asphalt pavements. High temperatures accelerate asphalt aging and rutting, while intense rainfall may increase moisture-related pavement deterioration.
Porous asphalt pavements have attracted considerable attention as an alternative pavement technology capable of enhancing stormwater management and improving driving safety during rainfall events (Ahmad et al., 2017). Unlike conventional dense-graded asphalt mixtures, porous asphalt contains interconnected air voids that facilitate rapid infiltration of rainwater through the pavement structure (Zhou et al., 2025).
Several studies have reported additional environmental benefits associated with porous asphalt, including reduced splash and spray, improved surface drainage, and potential reductions in pavement surface temperatures (Joumblat et al., 2026). These characteristics are particularly relevant for tropical countries where high temperatures and intense rainfall frequently occur.
Despite these advantages, concerns remain regarding durability, clogging, maintenance requirements, and economic feasibility. Therefore, assessing the suitability of porous asphalt under the climatic conditions of Timor-Leste represents an important preliminary step toward identifying its potential role in future road infrastructure development.

2. Climate Characteristics of Timor-Leste
Timor-Leste is located in Southeast Asia and experiences a tropical monsoon climate characterized by relatively high temperatures throughout the year and distinct wet and dry seasons (Molyneux et al., 2012. Average annual air temperatures generally range from 25°C to 35°C in lowland regions, while pavement surface temperatures may substantially exceed ambient temperatures during periods of intense solar radiation (Bacon et al., 2016).
The country experiences a wet season typically extending from November to April and a dry season from May to October. Annual rainfall generally varies between 1,000 and 2,500 mm depending on geographical location and elevation (Timor-Leste Climate and Weather, 2024; Kalma & Franks, 2003).
These climatic conditions create several challenges for pavement infrastructure. Elevated temperatures may soften asphalt binders and accelerate oxidative aging, while intense rainfall can increase moisture-induced damage and surface water accumulation. Consequently, pavement technologies capable of simultaneously improving drainage and mitigating thermal stresses may provide important benefits under Timor-Leste's environmental conditions.
Urban areas, particularly Dili, have also experienced increasing concerns regarding heat accumulation associated with conventional asphalt surfaces (Ximenes et al., 2026). The dark color and low albedo of conventional pavements contribute to the absorption and storage of solar energy, potentially increasing urban surface temperatures (Watson, 2011).
The table 1 below shows that Timor-Leste has climatic conditions similar to other tropical countries where porous asphalt has already been applied, particularly in terms of high temperatures and significant rainfall. However, unlike countries such as Malaysia, Indonesia, and Singapore, its application in Timor-Leste remains very limited. This indicates that while the climatic suitability appears comparable, the level of implementation is still at an early stage, suggesting potential for further exploration based on experiences from other regions.
Table 1. Comparison of Climatic Conditions between Timor-Leste and Selected Tropical Countries Where Porous Asphalt Has Been Applied
	Country
	Climate Type
	Average Temperature (°C)
	Annual Rainfall (mm)
	Porous Asphalt Applications
	Main References

	Timor-Leste
	Tropical Monsoon
	25–35
	1,000–2,500
	Limited documented implementation
	Weather Atlas (2025); Timor-Leste Climate and Weather (2024)

	Malaysia
	Tropical Rainforest
	24–34
	2,000–3,000
	Urban roads and parking areas
	Shahnewaz et al. (2021)

	Indonesia
	Tropical Monsoon
	24–33
	1,500–3,500
	Urban roads and permeable pavement systems
	Chen & Yang (2020)

	Thailand
	Tropical Savanna
	24–35
	1,200–2,500
	Drainage-oriented pavement applications
	Chen & Yang (2020)

	Singapore
	Equatorial Tropical
	25–33
	2,200–2,800
	Urban stormwater management systems
	Chen & Yang (2020)

	Northern Brazil
	Tropical Wet-Dry
	24–34
	1,500–3,000
	Sustainable pavement projects
	Joumblat et al. (2026)



3. Porous Asphalt Performance in Tropical Regions
The performance of porous asphalt pavements has been extensively investigated in tropical and subtropical countries. Research conducted in Malaysia, Indonesia, Thailand, Singapore, and Brazil has demonstrated that porous asphalt can effectively improve pavement drainage by rapidly removing rainwater from the surface (Chen & Yang, 2020).
One of the principal advantages of porous asphalt is its hydraulic performance. According to Jiang et al. (2022). The interconnected pore structure facilitates infiltration and reduces surface runoff, thereby minimizing water accumulation and reducing hydroplaning risks during heavy rainfall events. These characteristics are particularly beneficial in tropical regions where short-duration, high-intensity storms are common.
In addition to hydraulic benefits, porous asphalt has demonstrated potential thermal advantages. According to Joumblat et al. (2026), porous pavement systems may contribute to lower pavement surface temperatures through enhanced evaporative cooling and reduced heat storage. Such properties could potentially contribute to mitigating localized urban heat accumulation.
However, porous asphalt typically exhibits lower mechanical strength than conventional dense-graded asphalt due to its high air-void content. As a result, researchers have explored the use of polymer-modified binders, fibers, and various additives to improve resistance to ravelling, cracking, and aging (Shahnewaz et al., 2021).
A significant concern associated with porous asphalt is clogging. Fine particles transported by traffic and runoff may gradually obstruct the pore network, reducing permeability over time. Therefore, regular maintenance operations such as vacuum sweeping and cleaning are essential to preserve long-term hydraulic functionality (Chen & Yang, 2020).
Experience from tropical countries indicates that porous asphalt performs best when supported by appropriate maintenance programs and quality construction practices. Consequently, successful implementation depends not only on climatic suitability but also on institutional capacity and maintenance management.
Table 2. Expected Performance of Porous Asphalt under Timor-Leste Climatic Conditions
	Climatic Factor
	Timor-Leste Condition
	Expected Impact on Porous Asphalt
	Supporting Literature

	High temperature
	25–35°C
	Increased binder aging and ravelling risk
	Chen & Yang (2020); Shahnewaz et al. (2021)

	Intense rainfall
	Seasonal monsoon rainfall
	Improved drainage performance and reduced runoff
	Chen & Yang (2020)

	Long dry season
	May–October
	Reduced moisture-related deterioration
	Weather Atlas (2025)

	Dust accumulation
	Common during dry season
	Increased clogging potential
	Joumblat et al. (2026)

	High solar radiation
	Strong year-round exposure
	Potential reduction in pavement surface temperatures
	Joumblat et al. (2026)



4. Potential Benefits and Limitations for Timor-Leste
The implementation of porous asphalt pavements in Timor-Leste could provide several important benefits. Enhanced drainage performance may reduce water accumulation during intense rainfall events, thereby improving traffic safety and reducing hydroplaning risks.
Porous asphalt may also contribute to improved stormwater management by promoting infiltration and reducing surface runoff. Such characteristics are particularly valuable in urban environments where drainage systems may experience capacity limitations during heavy storms.
Another potential benefit relates to thermal performance. Research has suggested that porous pavements may reduce pavement surface temperatures through evaporative cooling processes and improved heat dissipation (Joumblat et al., 2026). This characteristic may help mitigate localized heat accumulation in urban areas.
Despite these advantages, several limitations should be acknowledged. High temperatures may accelerate binder aging and increase susceptibility to ravelling. Furthermore, maintenance requirements may represent a significant challenge due to the need for regular cleaning to prevent clogging.
Economic considerations are equally important. Porous asphalt pavements generally involve higher construction costs compared with conventional asphalt mixtures. Therefore, future studies should investigate life-cycle costs and long-term economic feasibility under local conditions.
5. Conclusions
This study assessed the potential applicability of porous asphalt pavements under the climatic conditions of Timor-Leste. The country's tropical climate, characterized by high temperatures and seasonal heavy rainfall, presents both opportunities and challenges for the implementation of porous asphalt technology.
Evidence from tropical countries suggests that porous asphalt can improve drainage performance, enhance road safety during rainfall events, and potentially reduce pavement surface temperatures. These benefits may contribute to the development of more sustainable and climate-resilient road infrastructure in Timor-Leste.
However, durability concerns, clogging risks, maintenance requirements, and economic feasibility remain important considerations. Further research involving local materials, laboratory testing, and field evaluations is recommended to determine the long-term suitability of porous asphalt under Timor-Leste's specific environmental conditions.
Overall, porous asphalt appears to be a promising pavement technology for Timor-Leste, provided that appropriate design, construction, and maintenance strategies are adopted.
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