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Abstract:

Dhaka, one of the fastest-growing megacities in the world, faces intensifying urban heat island (UHI) effects due
to rapid, unplanned urbanization diminishing green spaces, and heat-retentive infrastructures. This study examines
the viability of rooftop urbanism as a strategic response to these challenges, where limited ground-level open space
and rising temperatures threatens environmental and public well-being. Focusing on a neighborhood of Shonir
Akhra as a pilot site, the research employs a design-based methodology combining spatial analysis, environmental
assessment, and modular prototyping to examine how underutilized rooftops can be transformed into climate-
resilient public infrastructures. A key innovation lies in the integration of context-specific modular systems,
ranging from green roofs and rainwater harvesting to solar integration and social programming. The findings reveal
that these interventions can significantly lower rooftop surface temperatures, enhance biodiversity, improve
microclimates, and foster social inclusivity. Furthermore, adaptable economic models, including rooftop farming
and corporate-sponsored public leasing strategies, demonstrate both feasibility and scalability. The study concludes
that rooftop revitalization, when guided by modular flexibility and policy support, offers a replicable framework
for sustainable urban development and climate resilience in Dhaka and other rapidly urbanizing cities.

Keywords: Rooftop Urbanism; Urban Heat Island; Climate Resilience; Green Infrastructure; Modular Design
Strategy.

1. Introduction

The Urban Heat Island Effect can be described as a phenomenon that occurs when the temperature of an urban
area is hotter than its surrounding rural areas, depending on local climatic conditions caused by the urban area's
surface characteristics and the heat released by anthropogenic activities.

1.1 Rapid Urbanization + UHI Threats in Dhaka

As Dhaka rapidly urbanizes, it faces growing environmental and social issues, particularly the Urban Heat Island
(UHI) effect and a severe shortage of accessible public space. The city’s dense urban fabric leaves few
opportunities for public life, especially for middle- and lower-income communities. Dhaka’s lack of green and
public spaces isolates residents and worsens heat stress. Rooftops, though underused, offer a powerful solution. A
connected rooftop network—aligned with the Detailed Area Plan 2022—can transform these spaces into vibrant,
climate-resilient public realms, turning vertical density into an urban advantage.
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1.2 Past Global and Local Sustainable Urbanism Strategies:
Table 1. Case Studies for Green Roofs, Pavement, and Urban Forestry
Green Research Findings Inferences
Roofs (Case
Studies)
(Yoshinobu A rooftop garden with 43 plant species at the Green roofs significantly
Harazono, University of Osaka reduced indoor lower indoor air
1990) temperatures by 2°C, showcasing the cooling temperatures, enhancing
benefits of rooftop greenery. building thermal comfort
and energy efficiency.
(Jaekyoung An ENVI-Met simulation at Seoul National Extensive roofs have
Kim, 2020) University showed that extensive green roofs greater cooling capacities
reduced temperatures by 0.3°C and intensive than intensive roofs.
roofs by 0.2°C, emphasizing the cooling impact
of green rooftops.
Pavements (GE. In Western Athens, cool reflective pavements Reflective pavements can
Kyriakodisa, applied over 37,000 m? of roadway reduced result in a reduction in
2018) surface temperatures by 6.1-7.5°C in summer | surface temperatures, which
compared to conventional pavements, can further cause the
demonstrating their effectiveness in mitigating cooling of stormwater.
urban heat.
(Yong Liu, Evaporation-enhancing permeable pavement Permeable Pavements can
2018) could contribute substantially to UHI contribute to UHI
mitigation, and was a maximum 9.4 °C cooler mitigation by lowering
than conventional permeable pavement (Yong temperatures.
Urban (T Elmgvist, | A 10% increase in urban tree cover can lower Tree-induced air
Forestry 2015) ambient air temperatures by 3-4°C, leading to | temperature reductions help
reduced air conditioning use, lower fossil fuel mitigate the Urban Heat
consumption, and improved urban air quality. Island effect and contribute
to significant energy
savings in urban areas.
(Wang Y, Roadside tree planting can mitigate the Urban Roadside tree plantations
2016) Heat Island effect, improve pedestrian thermal | can reduce temperatures on
comfort, and lower temperatures in city center roads.
areas.

2 Methodology

This research employs a Design-Based Approach to investigate the potential of modular green roof systems in
mitigating Urban Heat Island (UHI) effects in Shonir Akhra, Dhaka. A combination of spatial, environmental, and
prototyping methods has been used to develop, assess, and contextualize the intervention strategies.

2.1 Simulations for Design Strategies

This study used ENVI-met, a microclimate simulation tool, to analyze outdoor temperature conditions and the
Urban Heat Island (UHI) effect in Shonir Akhra—an ideal pilot site due to its high visibility, accessibility, flat-
roofed buildings, and minimal green cover. A 3D neighborhood model featuring two-storied buildings, open
spaces, and roads was created for simulation.
Two scenarios were tested: Model 1 with conventional design strategies and Model 2 with UHI-mitigating
interventions, and their temperature outputs were compared to assess the impact of sustainable design.
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Figure 3. Model 1 With Conventional Design Figure 4. Model 2 With Sustainable Design

2.2 Input Data for Simulations

The following input parameters were fed into the model. The simulations were run for a time period of 10 hours
(7 AM-5 PM) on 24 June 2025.

Table 2. Input Data for Simulation. Source: En Climate, Wind Finder, and Weather Statistics

Parameter Model 1 Model 2
Simulation Date And Time 24 June 2025, 7 AM-5 PM 24 June 2025, 7 AM-5 PM
Simulation Interval And Duration 1 hour and 10 hours in total 1 hour and 10 hours in total
Wind Speed And Direction 13 km/h and South-East 5km/h and West and South-East
Minimum And Maximum 24°C and 34°C 24°C and 34°C

Temperature Values

2.3 Results

The simulation results were obtained in the form of hourly potential air temperature graphs. As the simulations
were run for 10 hours, 10 graphs were obtained for each model individually.

Figure 5. Graph for Model 1 (8 AM-9 AM) Figure 6. Graph for Model 2 (8 AM-9 AM)
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Figure 9. Graph for Model 1 (4 PM-5 PM)
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Figure 10. Graph for Model 2 (4 PM-5 PM)

2.4 Inferences Obtained from Potential Air Temperature Graphs

The temperature graphs indicated that reflective pavements significantly lower air temperatures compared to dark-
colored asphalt surfaces. Incorporating landscaping features, such as grass around buildings, rather than using
concrete paving, can also contribute to cooling at the neighborhood scale. Additionally, integrating green roofs
and living walls in place of traditional materials, such as bricks, can help reduce surrounding air temperatures.

3 Proposition of Modular Solution

Based on the findings regarding the effectiveness of sustainable building features, we have developed a modular

solution for the city that is simple to implement and install.

Table 3. Roof Modules Toolkit

Properties #
P
Energy Flooding Herbs Herbs & Herbs, Bushes
Transition Bushes & Pave
Water 0 mm 70-300 mm 18 mm 25 mm 110-160 mm
Storage
Substrate 0mm 0 mm 30 mm 60 mm 230-400 mm
Layer
Weight >6 kg/m”"2 70-300 kg/m~"2 55 kg/m”"2 90 kg/m”"2 320 kg/m"2
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Vegetation No No Vinca (Herbs Herbs & Herbs, Bushes,
& Bushes Pave
Grasses
Suitable Commercial High-rise Mid-rise Boutique Luxury
for Buildings Residential Residential Hotels Apartments
(Offices, malls) Buildings Buildings Cultural or
Educational Hospitals Community Centers Condominiums
Institutions, Public Institutions Centers Mixed-use Corporate
Government (e.g., Museums, Schools Developments Headquarters
Buildings, Libraries) High-end
Industrial Commercial
Buildings Complexes
Table 4. Facade Toolkit
Type Photos System/ Heat Cost Maintena | Key Materials Ideal
Description | Mitigation or Plants For
Efficiency
Green Plants climb Moderate Very Very Low | Money Plant, Houses,
Planter directly or via Low vy, Alleys,
Shelves/ support onto Bougainvillea | Schools
Boxes wall surfaces
Green . Vertical Moderate | Medium [ Medium | Edible Greens, | Cafes,
Facade T stacks Ornamentals | Balconie
(Climbing Ti‘“ of planters in s,
Plants) ! | I bamboo or Rooftops
steel
frames
Terracotta Perforated High Medium | Very Low Terracotta, Climate
[Jaali clay Clay Panels | Responsi
Facade screens for ve
shading and Facade
air (East/So
ventilation uth
Sides)
Rain B Vertical Very High | High Needs Cultural
Curtain ' water-flow Recycled Centers,
Facade panels to cool Water Source High
air Traffic
Public
Zones
Double Two-layer Very High High Planters, Commer
Skin facade with Bamboo, cial/Instit
Buffer air Metal Mesh, utional
Wall cavity, plant Ventilation Walls
or Gap Facing
material Strong
filled Sun
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4 Project Expansion Policy

To enable large-scale adoption, the design includes a flexible implementation model:
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Figure 11. Public-Private Implementation Toolkit
5 Conclusion

Dhaka faces critical urban challenges, including the Urban Heat Island effect, flash flooding, and a shortage of
green space. This study proposes a modular rooftop design framework to enhance climate resilience, using
Shonir Akhra as a pilot site. The design integrates green roofs, rainwater harvesting, solar panels, vertical
greening, and social spaces into adaptable modules for diverse buildings. Outcomes include reduced rooftop
temperatures, increased biodiversity, and new communal spaces. The research emphasizes rooftops as part of the
urban commons, offering a scalable, site-sensitive strategy for sustainable development and urban
transformation—highlighting that climate resilience can begin by reimagining existing city layers.

Reference:

A Synnefa, M. S. (2009). Promotion of Cool Roofs in the EU — The Cool Roofs Project. Lawrence Berkeley
National Laboratory, 2nd International Conference on Countermeasures to Urban Heat Islands. California
Lawrence Berkeley National Laboratory.

Agency, U. S. (2020, November 13). Using Cool Pavements to Reduce Heat Islands. Retrieved from United
States Environmental Protection Agency: https://www.epa.gov/heatislands/using-cool-pavements-reduce-
heat-islands

Ahmad, S., Matloob, H., Warsi, T. R., & Khan, M. D. (2011). The evaluation of heat island effect in various
cities in Ganga—Yamuna Doab region using MODIS land surface temperature product. Asian J. Environ. Sci.
6(2), 185-190.

Akbari H, L. R. (1999). Characterizing the Fabric of the Urban Environment: A Case Study of Sacramento,
California. California, United States of America: Lawrence Berkeley National Laboratory.

Akbari, H., & Levinson, R. (2009). Global Cooling: Policies to Cool the World and Offset Global Warming from
CO02 Using Reflective Roofs and Pavements. Lawrence Berkeley National Laboratory, 2nd International
Conference on Countermeasures to Urban Heat Islands. California, United States.

Alexandri E, J. P. (2008). Temperature decreases in an urban canyon due to green walls and green roofs in
diverse climates. Building and Environment 43, 480- 493.

Ambinakudige, S. (2011). Remote sensing of land cover’s effect on surface temperatures: a case study of the
urban heat island in Bangalore, India. Applied GIS 7(1), 1-12.

Amirtham, L. R. (2016). Urbanization and its impact on Urban Heat Island Intensity in Chennai Metropolitan
Area, India. Indian Journal of Science and Technology, 1-8

2614



