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Abstract

Urban Heat Island (UHI) effects significantly influence thermal comfort and urban livability in cities, prompting
urban designers to explore streetscape interventions aimed at mitigating such impacts. This study comparatively
evaluates the effectiveness of recent streetscape redesign projects implemented after 2021 in Rajshahi, Bangladesh,
against their previous configurations. Specifically, two major streets, Shaheb Bazar Road and City Bypass Road,
which underwent substantial modifications including widened lanes, increased vegetation, and upgraded street
design, are analyzed. The methodology combines land surface temperature (LST) and UHI mapping using ArcGIS
Pro with detailed outdoor thermal comfort simulations conducted via Ladybug Tools in Grasshopper. 3D mass
models representing pre- and post-2021 street conditions were developed and analyzed. Findings from this
comparative assessment offer evidence-based insights into the role of streetscape redesign in urban climate
resilience.
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1 Introduction

Urban thermal comfort has become a growing concern in the discourse of sustainable urban development,
particularly in the context of climate-vulnerable cities. As urban populations expand and impervious surfaces
replace natural land covers, city centers often experience significantly elevated temperatures compared to their
rural counterparts, a phenomenon widely recognized as the Urban Heat Island (UHI) effect (Oke, 1988). The
implications of this are not merely environmental but deeply social: elevated daytime and nighttime temperatures
reduce pedestrian comfort, strain energy systems, and exacerbate heat-related health risks, especially for vulnerable
populations (Zhu et al., 2006). At the microclimatic level, streetscapes serve as the frontlines of human interaction
with urban form. The materials, geometry, vegetation, and spatial configuration of streets directly affect solar
exposure, air movement, and surface temperatures, making them central to the discourse on outdoor thermal
comfort (Jamei et al., 2016; Rehan, 2013). Streets that fail to provide shade, ventilation, or breathable surfaces
often discourage walkability and intensify the thermal burden on pedestrians (Trivedi et al., 2018).

In Bangladesh, the urgency of integrating thermal comfort into urban design is heightened by high humidity, dense
development, and limited vegetation cover in cities such as Rajshahi. Recognizing this, recent public investment
since 2021 has targeted the transformation of several major streets through widening, greening, and pedestrian-
friendly enhancements. Yet, the effectiveness of these interventions in terms of mitigating UHI or improving
outdoor comfort remains under-evaluated.

This paper investigates two such case studies; Shaheb Bazar Road and City Bypass Road by examining their
thermal performance before and after their redesigns. Using remote sensing analysis via ArcGIS Pro and
microclimate simulations in Ladybug Tools, this study seeks to assess how specific design changes influence UHI
intensity and pedestrian thermal comfort. Post-2021, Rajshahi initiated several street redesign projects aiming to
improve mobility, aesthetics, and potentially thermal comfort. However, empirical assessment of these
interventions remains scarce. This study investigates how recent changes in two major streets; Shaheb Bazar Road
and City Bypass Road have affected urban thermal conditions, specifically in mitigating UHI effects and enhancing
outdoor comfort.

2 Literature Review

The relationship between urban form and thermal behavior is central to climate-responsive design. The Urban Heat
Island (UHI) effect, where urban areas exhibit elevated temperatures relative to rural surroundings, arises from
concentrated heat storage in built materials, reduced evapotranspiration, and altered wind regimes (Oke, 1988).
City-scale landscape change amplifies these patterns, underscoring the value of thermal mapping to support
planning decisions (Zhu et al., 2006). At the street scale, thermal comfort is shaped by canyon geometry
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(height-to-width ratio, sky view factor), surface materials, and vegetation, which regulate solar access, longwave
exchange, and airflow. Reviews consistently report that shading, tree canopy, and balanced street proportions lower
surface and radiant temperatures and improve pedestrian comfort (Jamei et al., 2016; Shafaghat et al., 2016).
Streetscape quality also bears on perceived safety and well-being, reinforcing the public-realm case for climate-
aware design (Ewing et al., 2015; Trivedi et al., 2018; Harvey & Aultman-Hall, 2015). LST-based UHI indicators
provide spatial diagnostics of heat exposure across districts, while parametric tools resolve pedestrian-level metrics
such as solar exposure and mean radiant temperature (MRT) given 3D morphology (Pena Acosta et al., 2024;
Jamei et al., 2016). Applications in comparable climates show that redesigns combining carriageway reallocation,
vegetated medians, and wider sidewalks can moderate streetscape heating and reduce hot-spot persistence (Rehan,
2013; Pattisinai & Widayanti, 2021). These insights frame the present assessment of Rajshahi’s post-2021 corridor
upgrades.

3 Methodology

This research combined satellite-based LST and UHI analysis with outdoor thermal comfort simulations to
evaluate the thermal performance of redesigned streetscapes. Landsat imagery from May 2019 and May 2023 was
processed to derive LST and UHI maps representing pre- and post-redesign conditions. Spectral bands 4, 5, and
10 were used, with Bands 4 and 5 supporting vegetation-based emissivity estimation and Band 10 providing
thermal information. Meteorological records were taken from the EnergyPlus SWERA weather station dataset for
Ishurdi to drive the simulations. Geometry and spatial data were sourced from ‘google street view’ and validated
through field observation. Simplified 3D models reflecting existing configurations were developed in Rhino 3D,
and outdoor thermal behavior was simulated in Ladybug Tools using consistent inputs across scenarios. Two case
streets in Rajshahi were selected for their extensive physical transformations during 2021.

4 Study Area

The analysis focuses on Shaheb Bazar Road and City Bypass Road in Rajshahi, both of which underwent
significant infrastructural renovations during 2021. The street structures were comprehensively redesigned,
involving the conversion into double-lane carriageways, the introduction of median dividers, footpath
modifications, and increased allocation for green buffers and organized vehicular movement. Representative
segments of these streets were modeled to compare thermal performance before and after the redesign based on
available planning documents, field observation, and satellite imagery.
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Figure 2: Shaheb Bazar Road  Figure 3: Shaheb Bazar Road  Figure 4: City Bypass Road  Figure 5: City Bypass Road

(Source: Google StreetView  (Source: Google StreetView  (Source: Google StreetView  (Source: Google StreetView
2015) 2023) 2015) 2023)
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Figure 6: Streetscape Configuration of Shaheb Figure 7: Streetscape Configuration of Shaheb Bazar Road after
Bazar Road before 2021; P1-Plan, S1-Section 2021; P2-Plan, S2-Section (Source: Author)

(Source: Author)

Shaheb Bazar Road was previously a single-lane road with a total width of 5.5 meters and no designated sidewalk.
Following its redesign, the road now comprises two lanes, each 6 meters wide, with a 1-meter-wide green divider
and 1.5-meter sidewalks on both sides.

City Bypass Road originally consisted of a single 8-meter-wide lane with a 1-meter sidewalk. Post-redesign, it has
been upgraded to two 6-meter-wide lanes, a 1-meter green divider, and 2.5-meter sidewalks on both sides. These
updated configurations reflect improved provisions for vehicular circulation and pedestrian comfort, aligning with
goals of climate-responsive urban design.
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Figure 8: Streetscape Configuration of City Bypass Road Figure 9: Streetscape Configurat_ion of City Bypass Road
before 2021; P3-Plan, S3-Section (Source: Author) after 2021; P4-Plan, S4-Section (Source: Author)

6 Thermal Assessment

6.1 Land Surface Temperature (LST) Mapping

Land Surface Temperature (LST) was derived from Landsat imagery using bands 4, 5, and 10. Bands 4 and 5 were
used to calculate vegetation indices and estimate surface emissivity, while band 10 provided the thermal data
required for brightness temperature. The data were processed in ArcGIS Pro with atmospheric correction and
emissivity adjustments based on NDVI-derived values. The calculation followed this formula:

BT
1+(xx%)x Ine
Where, BT is the brightness temperature in Kelvin, A is the wavelength of emitted radiance (typically 10.8 pm for
Landsat 8), p is a constant (1.4388 x 102 m-K), and ¢ is the surface emissivity. This section presents LST maps
for 2019 and 2023, showing surface temperature distributions before and after streetscape redesign interventions.
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Figure 10: LST map of Rajshahi City durirTg Figure 11: LST map of Rajshahi City during
2019 (Source: Author) 2023 (Source: Author)
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6.2 Urban Heat Island (UHI) Mapping

The UHI index represents localized deviation from the average LST, revealing relative thermal stress across urban
fabric. It is computed using the standardized formula:

LST-LST(mean)

UHI = LST(std)

Where, LST(mean) is the mean surface temperature of the study area and LST(std) is the standard deviation of the
LST values.
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Figure 12: UHI map of Rajshahi City during 2019 Figure 13: UHI map of Rajshahi City during 2023
(Source: Author) (Source: Author)

The UHI index for Rajshahi city was calculated for both 2019 and 2023 to assess the impact of streetscape redesign
on thermal conditions. In 2019, the UHI index showed a maximum value of 4.74 and a minimum of -1.35,
indicating significant thermal stress, particularly along the streetscape. However, by 2023, after the redesign, the
maximum UHI value dropped to 2.89, and the minimum decreased to -0.9, reflecting a notable reduction in heat
intensity. The UHI maps for both years, generated for areas alongside Shaheb Bazar Road and City Bypass Road,
reveal a decrease in thermal stress post-redesign. The 2019 graphs showed higher peaks, signifying more intense
UHI effects, while the 2023 graphs demonstrated lower peaks, suggesting an improvement in the thermal
environment due to the interventions. This comparison backs the effectiveness of the streetscape redesign in
mitigating the UHI effect, leading to better outdoor thermal comfort.

UHI index of Shaheb Bazar Road UHI index of City Bypass Road
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Figure 14: UHI Index Graphs for Shaheb Bazar Road Figure 15: UHI Index Graphs for City Bypass Road
during 2019 & 2023 (Source: Author) during 2019 & 2023 (Source: Author)
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6.3 Outdoor Thermal Comfort Simulation
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Figure 16: Grasshopper Script for Outdoor Thermal Comfort Using Ladybug Tools (Source: Author)

Thermal comfort was simulated using Ladybug Tools in Grasshopper, with models representing 2019 and 2023
conditions of both roads. The simulations evaluate solar radiation, surface temperature, and mean radiant
temperature (MRT) to assess comfort levels. Prior to visualizing the results, this section will present an overview
of outdoor thermal comfort parameters, referencing MRT and heat exposure as key performance indicators. A
schematic diagram of the Grasshopper simulation workflow will be included, followed by comparative heatmaps
of each street's condition before and after redesign.

Outdoor thermal comfort conditions were evaluated using Ladybug Tools within the Grasshopper plugin for Rhino.
Simulations were performed to assess sun hour exposure, mean radiant temperature (MRT), and surface
temperatures over the selected models of Shaheb Bazar Road and City Bypass Road. Both pre- and post-redesign
models were analyzed using consistent meteorological inputs to maintain comparable simulation conditions across
temporal scenarios.
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Figure 17: Outdoor Thermal Comfort Simulation using Ladybug Tool, Visualized in Rhinoceros 3D for
City Bypass Road (Source: Author)
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Figure 18: Outdoor Thermal Comfort Simulation using Ladybug Tool, Visualized in Rhinoceros 3D for
Shaheb Bazar Road (Source: Author)
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7 Conclusion

The analyses conducted for 2019 and 2023 indicate that thermal stress along Shaheb Bazar Road and City Bypass
Road decreased following their 2021 redesigns. UHI indices in 2023 showed smaller deviations from area-wide
means compared to 2019, and 2019 profiles exhibited markedly higher peaks characteristic of pronounced
heat-island segments. LST ranges corroborate this pattern, with cooler distributions apparent in 2023. Consistently,
Ladybug simulations yielded lower MRT and surface temperatures in 2023 models, plausibly reflecting the
influence of new streetscape elements and vegetation introduced during redesign. Together, the satellite-based
diagnostics and pedestrian-level simulations support the inference that Rajshahi’s corridor upgrades contributed to
improved outdoor thermal comfort. Future work should integrate higher-resolution thermal sources, seasonal
analyses, and field measurements of air temperature and humidity to validate modeled comfort indices and
strengthen causal attribution.

References

Ewing, R., Hajrasouliha, A., Neckerman, K. M., Purciel-Hill, M., & Greene, W. (2015). Streetscape Features
Related to Pedestrian Activity. Journal of Planning Education and Research, 36(1), 5-15.
https://doi.org/10.1177/0739456x15591585

Harvey, C., & Aultman-Hall, L. (2015). Measuring Urban Streetscapes for Livability: A Review of Approaches.
The Professional Geographer, 68(1), 149-158. https://doi.org/10.1080/00330124.2015.1065546

Jamei, E., Rajagopalan, P., Seyedmahmoudian, M., & Jamei, Y. (2016). Review on the impact of urban geometry
and pedestrian level greening on outdoor thermal comfort. Renewable and Sustainable Energy Reviews,
54, 1002-1017. https://doi.org/10.1016/j.rser.2015.10.104

Mansi, N. M. M., Elkhateeb, S., & Khalifa, M. (2025). Significance of implementing Climate Responsive
Streetscape in Cairo Neighborhoods. Engineering Research Journal (Shoubra), 0(0).
https://doi.org/10.21608/erjsh.2025.337159.1376

Oke, T. R. (1988). The urban energy balance. In Applied climatology: Principles and practice (pp. 1-24).

Pattisinai, A. R., & Widayanti, F. R. (2021). Investigating the sans pareil streetscape configuration for creating
thermal comfort urban place in Surabaya. IOP Conference Series: Materials Science and Engineering,
1098(2), 022021. https://doi.org/10.1088/1757-899x/1098/2/022021

Pena Acosta, M., Santos, J., Vahdatikhaki, F., & Dorée, A. G. (2024). UHI Street Typology Based on
Seasonality: A Case Study from Apeldoorn, Netherlands. ISPRS Annals of the Photogrammetry, Remote
Sensing and Spatial Information Sciences, X-4/W5-2024, 255-261. https://doi.org/10.5194/isprs-annals-
X-4-w5-2024-255-2024

Rehan, R. M. (2013). Sustainable streetscape as an effective tool in sustainable urban design. HBRC Journal,
9(2), 173-186. https://doi.org/10.1016/j.hbrcj.2013.03.001

Shafaghat, A., Manteghi, G., Keyvanfar, A., Bin Lamit, H., Saito, K., & Ossen, D. R. (2016). Street Geometry
Factors Influence Urban Microclimate in Tropical Coastal Cities: A Review. Environmental and
Climate Technologies, 17(1), 61-75. https://doi.org/10.1515/rtuect-2016-0006

Sharifi, E., & Lehmann, S. (2015). CORRELATION ANALYSIS OF SURFACE TEMPERATURE OF
ROOFTOPS, STREETSCAPES AND URBAN HEAT ISLAND EFFECT: CASE STUDY OF
CENTRAL SYDNEY. Journal of Urban and Environmental Engineering, 9(1), 3-11.
https://doi.org/10.4090/juee.2015.v9n1.003011

Trivedi, K., Soma Anil Mishra, & Kunika Gehlot. (2018). IMPACT OF STREETSCAPING ON HUMAN
PSYCHOLOGY. International Journal of Research - Granthaalayah, 6(10), 158-168.
https://doi.org/10.29121/granthaalayah.v6.i10.2018.1173

Zhu, M., Xu, J., Jiang, N., Li, J., & Fan, Y. (2006). Impacts of road corridors on urban landscape pattern: a
gradient analysis with changing grain size in Shanghai, China. Landscape Ecology, 21(5), 723-734.
https://doi.org/10.1007/s10980-005-5323-z

2855


https://doi.org/10.1177/0739456x15591585
https://doi.org/10.1080/00330124.2015.1065546
https://doi.org/10.1016/j.rser.2015.10.104
https://doi.org/10.21608/erjsh.2025.337159.1376
https://doi.org/10.1088/1757-899x/1098/2/022021
https://doi.org/10.5194/isprs-annals-x-4-w5-2024-255-2024
https://doi.org/10.5194/isprs-annals-x-4-w5-2024-255-2024
https://doi.org/10.1016/j.hbrcj.2013.03.001
https://doi.org/10.1515/rtuect-2016-0006
https://doi.org/10.4090/juee.2015.v9n1.003011
https://doi.org/10.29121/granthaalayah.v6.i10.2018.1173
https://doi.org/10.1007/s10980-005-5323-z

