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A SYSTEMATIC REVIEW OF COMPUTATIONAL TOOLS USED IN URBAN HEAT 

ISLAND EFFECT RESEARCH 
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ABSTRACT  

The Urban Heat Island (UHI) effect, a growing concern in urban areas 

due to rapid urbanization and climate change, poses significant 

challenges to sustainability and public health. In response, 

computational tools have emerged as essential resources for simulating 

urban microclimates and evaluating UHI mitigation strategies. This study 

employs the PRISMA methodology to systematically review 

computational tools used in UHI research. From an initial pool of 245 

Scopus-indexed articles, 55 studies published between 2014 and 2024 

were selected for in-depth analysis. ENVI-met emerged as the most 

frequently used tool (65.45%), demonstrating strong capabilities for 

micro-scale UHI modeling, particularly in assessing vegetation effects 

and pedestrian thermal comfort. Many studies also employed multi-

model integration, combining ENVI-met with CFD tools or urban canopy 

models to enhance spatial and temporal analyses. Notably, the 

reviewed studies employed these tools to evaluate various mitigation 

strategies, including green infrastructure, high-albedo materials, and 

water-sensitive urban design. The findings emphasize that no single tool 

is universally optimal for UHI mitigation, and tool selection should be 

strategy-specific and scale-dependent. By systematically evaluating 

computational tools and their integration potential, this study provides 

actionable insights for urban planners, policymakers, and researchers in 

developing evidence-based, climate-resilient urban environments. The 

review contributes to the growing body of knowledge supporting 

sustainable urban planning through advanced simulation-based 

decision-making frameworks. 

Keywords: Urban Heat Island; Computational Tools; PRISMA 

Methodology; Heat Mitigation Strategies; Sustainable Urban Planning. 
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INTRODUCTION  

In recent decades, the rapid growth of urban populations and 

urbanization has heightened the urban heat island (UHI) effect, which 

has become one of the most pressing environmental challenges 

(Tanoori et al., 2024). This effect occurs when urban areas become 

significantly warmer than their rural counterparts, leading to various 

environmental issues such as increased energy use, air pollution, and 

health problems related to heat, all of which threaten urban 

sustainability (Kotharkar et al., 2020; Chatterjee et al., 2019). The UHI 

effect is a critical issue for cities worldwide, making it vital to understand 

its causes, impacts, and possible solutions to enhance urban livability 

and promote sustainable development  (Battista et al., 2022). 

Consequently, effectively addressing UHI effects has become a key 

focus in sustainable urban planning (Yue et al., 2024; Li et al., 2024; 

Battista et al., 2023).  

Several strategies have been investigated to lessen the impact of Urban 

Heat Island (UHI) effects. One effective method is the addition of urban 

green spaces. These areas provide shade, absorb heat, and promote 

evaporation, which together help to lower surface temperatures in 

cities. The cooling benefits of these green spaces vary based on factors 

such as their size and density (Xu & Rui, 2024). Vegetation on impervious 

surfaces can significantly reduce Land Surface Temperature (LST) 

compared to areas with less greenery (Wu et al., 2024). Water bodies 

also play a crucial role in cooling urban areas (Jang et al., 2024). Designs 

that are sensitive to water not only help lower surface temperatures but 

also address urban flooding challenges  (Probst et al., 2022). Another 

approach is to use light-colored materials for covering impervious 

surfaces like roofs and roads. These materials have a higher albedo, 

meaning they reflect more sunlight and absorb less heat than darker 

surfaces, thus helping to mitigate UHI effects (Shi et al., 2023). Beyond 

these strategies, there are additional methods to combat UHI. For 

example, green roofs and walls effectively integrate vegetation into 

buildings, helping to reduce temperature increases in urban settings 

(Susca et al., 2024). Furthermore, urban ventilation corridors link parks, 

waterways, and green spaces, enhancing airflow and cooling. These 

corridors are typically characterized by minimal airflow resistance, 

allowing air to circulate freely through urban areas (Wang et al., 2020), 

which contributes to lowering overall urban temperatures (Fang & Zhao, 

2022).  

Computational tools have become essential in the development, 

testing, and implementation of strategies to mitigate urban heat islands 

(UHI) by simulating various scenarios and predicting their effects on 
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urban microclimates (Aydin et al., 2024; Stavrakakis et al., 2021). This 

study aims to review the use of computational tools in UHI research.  

METHODOLOGY 

In this study, the PRISMA (Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses) methodology is adopted. Scopus, 

recognized as the largest scientific knowledge base (Rahman et al., 

2023; Barros Moreira de Carvalho & Bueno da Silva, 2023), served as the 

primary source for identifying relevant studies, ensuring a broad and 

reliable dataset. The references were gathered, stored, and organized 

using Mendeley, a reference management software. Mendeley’s 

organizational capabilities enabled systematic tracking of the articles 

for further evaluation and facilitated efficient citation management (Ali 

et al., 2023). 

The keywords for the literature search included: Urban heat island AND 

mitigation strategies OR cooling strategies OR heat mitigation AND 

simulation OR Geographic Information Systems (GIS) OR remote sensing 

OR Artificial Intelligence OR climate modeling OR numerical modeling 

OR urban heat mapping OR prediction models AND urban 

microclimate. This initial search yielded 245 documents. To capture the 

latest advancements, the search focused on studies published between 

2014 and December 31, 2024. Additionally, the search was limited to 

studies categorized under Environmental Science and Computer 

Science and restricted to peer-reviewed journal articles. This refined 

approach resulted in 89 documents. A systematic filtering and screening 

process was then applied to refine the dataset further (Figure 1). This 

process involved two key stages: title and abstract screening, followed 

by a full-text eligibility check. During the title and abstract screening, 4 

articles were excluded as they did not constitute empirical research. 

Consequently, 85 articles were selected for full-text review. The full-text 

screening further refined the selection, focusing on studies that 

systematically analyzed computational tools used in UHI mitigation, 

particularly in simulations and the implementation of mitigation 

strategies.  

Out of the 85 studies, 30 were excluded during the full-text review for the 

following reasons: not implementing mitigation strategies or scenarios 

and instead focusing on analyzing the current situation; a narrow focus 

on courtyard dynamics; a lack of broader urban-scale applications; or 

a concentration on building-level energy impacts rather than urban-

scale mitigation efforts. These exclusions were due to the studies not 

meeting the criteria for evaluating or implementing UHI mitigation 

strategies. Ultimately, 55 studies met the inclusion criteria and were 
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selected for detailed analysis. These articles were thoroughly evaluated 

and examined.  

 
Figure 1. Reviewed studies selection procedure.  

FINDINGS 

The studies examined are categorized based on their focus on different 

mitigation strategies, and the computational tools used to model these 

effects are highlighted. As shown in Table 1, each study is associated 

with specific UHI mitigation strategies and the corresponding 

computational tools that have been applied to evaluate their impact. 

The findings have been listed below. 

• ENVI-met emerged as the most frequently employed, appearing 

in 65.45% of the reviewed studies, due to its strong capabilities in 

micro-scale modeling, particularly in assessing vegetation 

interactions, pedestrian thermal comfort, and localized cooling 

strategies.  

• CFD tools, such as ANSYS Fluent, excel in wind flow modeling, 

urban ventilation analysis, and vegetation-induced cooling, 

making them valuable for street- and district-scale assessments.  

• GIS-integrated tools, including QGIS, ArcGIS, SOLWEIG, and UMEP, 

facilitate large-scale spatial analysis, helping researchers map 
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land surface temperatures, urban greening potential, and heat 

exposure patterns.  

• Urban canopy models (BEM-UCM, TEB-ISBA, UWG) enable city-

wide UHI simulations, offering insights into how urban morphology 

and anthropogenic heat influence urban climates. 

Table 1. Categorization of Studies Based on UHI Mitigation Strategies 

and Corresponding Computational Tools.  

Main 

Category 

Study Computational 

Tools Used 

Mitigation 

Strategies/Scenarios 

Urban 

Greening 

Strategies 

(Flohr et al., 

2024) 

SOLWEIG's QGIS 

Plugin 

Baseline (2010), Future 

Climate (2050 projection), 

Future Loss (24% tree cover 

decline), 50% Tree Cover, 60% 

Tree Cover. 

(Abdelmejeed & 

Gruehn, 2024a) 

ENVI-met (Version 

4.4.5) 

Greenery coverage (35% & 

50%), street alignment, height-

to-width ratios. 

(Kim et al., 2024) ENVI-met 

5.0.3/RayMan Pro 

2.1/Biomet 

Linear Park extension, tree-

grass-water ratio adjustments, 

park orientation to wind. 

(Abdelmejeed & 

Gruehn, 2024b) 

 ENVI-met (V5.6.1) Current vs. increased tree 

density, interaction with urban 

geometries. 

(Ananyeva & 

Emmanuel, 

2023) 

ArcGIS Pro/ENVI-

met 

v4.4.5/LEONARD

O/BIO-met v4.4.5 

Street trees, alternative 

species, +20% & +50% trees, 

grass/shrubs, green roofs. 

(La Rosa & Li, 

2023) 

Urban Multi-scale 

Environmental 

Predictor (UMEP) 

Model, 

specifically its 

SOLWEIG 

module/QGIS 

Tree planting in public and 

private areas, targeting high 

Tmrt (Mean Radiant 

Temperature) zones. 

(Ge et al., 2023) ENVI-

met/EnergyPlus/G

rasshopper 

Platform with 

Ladybug & 

Honeybee Plug-

ins 

Low-rise scattered greenery, 

high-rise centralized greenery, 

high-rise scattered greenery. 

(Zeeshan et al., 

2023) 

ANSYS FLUENT 

(Version 

16.2)/Pointwise 

V18.1/QGIS 2.18 

Tree species selection, 

canopy morphology, leaf 

area density. 

(Dong et al., 

2023) 

ENVI-met 

5.1.1/EnergyPlus 

22.2.0/Grasshopp

Tree species selection, 21% 

tree coverage, different Local 

Climate Zones (LCZs). 
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er (Ladybug Tool 

Plug-in) 

(Abdelmejeed & 

Gruehn, 2023) 

ENVI-met V5.1 Tree Density Scenarios (0%, 

20%, 50%) 

(Erell & Zhou, 

2022) 

CAT Model 

(Canyon Air 

Temperature 

Model)/EnergyPlu

s with ENERGYui 

interface/R 

software/ArcGIS 

10.6 

Increased vegetation (50% 

cover), current condition 

(12%), and no vegetation. 

(Teichmann et 

al., 2022) 

uhiSolver v2106-

0.21 

Vertical greenery systems 

(living walls) and a green 

pergola for shading. 

(Abu Ali et al., 

2021) 

ENVI-met Landscaping with trees 

(Poinciana, Ghaf, Temple 

trees), grass-only, and no 

vegetation. 

(Ouyang et al., 

2020) 

ENVI-met Version 

4.3 

Tree coverage ratios (TCR) in 

low-, mid-, and high-density 

areas, with greenery 

coverage ranging from 2% to 

56%. 

(Petri et al., 2019) ENVI-met Tree removal, strategic tree 

planting in streets, i-Tree 

recommended planting in 

parks. 

(Ebrahimnejad 

et al., 2017) 

ENVI-met Intensive and extensive green 

roofs on the Nature Bridge. 

(Alves & Lopes, 

2017) 

Surfer 13 for: 

Semi-variogram 

analysis - Kriging 

interpolation of 

UHI intensities 

Increasing normalized 

difference vegetation index 

(NDVI) by 20%, 40%, 60%, 80%, 

and 100%. 

Water-

Based 

Cooling 

Strategies 

(Fei et al., 2022) ENVI-met Water widths (40–100 m), 

green space layouts, 

riverbank geometry, platform 

integration. 

(Ulpiani et al., 

2019) 

LabVIEW/ANSYS 

Fluent 

Fuzzy logic-controlled water 

nebulization vs. traditional on-

off control. 

(Daniel et al., 

2018) 

Town Energy 

Balance 

(TEB)/Interaction 

Soil Biosphere 

Atmosphere 

(ISBA) Model: 

Simulated urban 

microclimate and 

evapotranspiratio

n 

Vegetation watering 

(unrestricted, realistic), 

pavement watering, 

combined watering. 
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processes/NEDU

M-2D Model 

High-

Albedo 

and 

Reflective 

Materials 

(Donthu et al., 

2024) 

EnviBatE 

Microclimate 

Simulation Tool, 

Integrated with 

SOLENE and 

QUIC-URB for 

detailed 

microclimate 

simulations. 

Cool roofs (albedo 0.8), cool 

roads (albedo 0.6), cool walls 

(albedo 0.8). 

(Giorio & 

Paparella, 2023) 

ENVI-met 

5.1.1/Grasshoppe

r Plugins 

(Ladybug, 

Honeybee, 

Dragonfly, and 

Urbano plug-ins) 

Cool pavements (white 

topping, colored asphalt, 

permeable concrete blocks). 

Green 

Infrastruct

ure-

Based UHI 

Mitigation 

(Maggiotto, 

2022) 

ENVI-met 4.0 Soil moisture management 

using irrigation (critical crop 

humidity vs. field capacity). 

(Perera et al., 

2022) 

ENVI-met version 

4.4.5 

Green belts, roadside and 

curbside vegetation. 

Hybrid 

and 

Combine

d 

Strategies 

(Elnabawi & 

Saber, 2023) 

DesignBuilder/EN

VI-met 5 

Cool roofs, green roofs, light-

colored gravel roofs. 

(Sayad et al., 

2023) 

ENVI-Met Urban greening (trees) and 

water bodies, tested 

individually and combined. 

(Zheng et al., 

2023) 

Core Software 

(Building Energy 

Model (BEM), 

Urban Canopy 

Model 

(UCM))/Additiona

l Tools (Energy 

Plus, UTCI 

Universal Thermal 

Climate Index),  

Street orientation, window-to-

wall ratio, Building-Integrated 

Photovoltaics glazing, 

reflective materials, roadside 

trees. 

(Cho et al., 2023) Agisoft 

Metashape 

1.8.1/ArcGIS/Urba

n Multi-Scale 

Environmental 

Predictor (UMEP) 

Urban Green Spaces (UGSs), 

Ground-Based Albedo 

Modification (GBAM), 

Shadow Zones. 

(Zeeshan & Ali, 

2022) 

ANSYS Fluent 16.2 Cool materials, vegetation, 

water bodies, combined 

measures. 

(Pezzuto et al., 

2022) 

ENVI-Met/Urban 

Weather 

Generator (UWG) 

Vegetation cover (0%, 20%, 

60%), high-albedo surfaces, 

combined strategies. 
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(Zheng et al., 

2022) 

ENVI-Met (version 

5.0.1) 

Cool pavements, cool roofs, 

increased vegetation, 

integrated strategies. 

(Teshnehdel et 

al., 2022) 

ENVI-met Version 

4/RayMan Model 

Trees, water bodies, 

pavement types, and 

combined strategies. 

(Tan et al., 2022) ENVI-met Version 

4 

3-m and 6-m building 

setbacks, roadside tree 

planting. 

(Cortês et al., 

2022) 

ANSYS 

Workbench 2019 

R3/DesignBuilder 

Cork-based living walls with 

evaporative cooling and 

shading effects. 

(Ciacci et al., 

2022) 

ENVI-met Cool pavements, tree 

planting, and green walls 

applied to an industrial district. 

(Tamaskani 

Esfehankalateh 

et al., 2021) 

ENVI-met (Version 

4.4.5) 

Tree coverage (20–60%), Leaf 

Area Density (LAD), and 

surface albedo modifications. 

(Detommaso et 

al., 2021) 

ENVI-met Cool Scenario (high-albedo 

materials) and Green 

Saturation Scenario (green 

roofs, trees, grass). 

(Jia & Wang, 

2021) 

ENVI-

met/AnyLogic 

Extensive and intensive green 

roofs, green façades, street 

trees, cool pavements, and 

permeable pavements. 

(Wang et al., 

2021) 

ENVI-met Green infrastructure 

scenarios: grove and street 

trees (10% GS), green roofs 

(10% GR), and combined 

strategies (20% GS+GR). 

(Loibl et al., 

2021) 

Ladybug and 

Honeybee plug-

ins for 

Grasshopper/Arc

GIS/STAR-CCM+ 

Green roofs, green facades, 

street trees, vertical 

densification, shading 

systems, cross-ventilation. 

(Mosca et al., 

2021) 

ENVI-met (Version 

4.4.5) 

Trees, grass, green facades, 

green roofs, shrubs, shelters 

with climbing plants, high-

albedo pavements, water 

mirrors/ponds. 

(Zhang et al., 

2019) 

ANSYS Fluent Vegetation layouts (small 

units, centralized, between 

buildings), wind corridors, 

elevated spaces. 

(Makido et al., 

2019) 

ENVI-met Green roofs, increased 

albedo (roads and roofs), 

added vegetation, combined 

strategy. 

(Chatterjee et 

al., 2019) 

ENVI-met V 4.0 Cool pavements, cool roofs, 

urban vegetation, combined 

mitigation (Cool City). 
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(Straka & 

Sodoudi, 2019) 

MUKLIMO_3 White coating, green roofs, 

hybrid strategies, vertical & 

horizontal compactness. 

(Herath et al., 

2018) 

ENVI-met (Version 

4) 

Trees along curbsides, 100% 

and 50% green roofs, 50% 

green walls, combined 

strategy. 

(Jiang et al., 

2018) 

ENVI-met Riparian green corridors, high-

albedo materials, green 

patches, rooftop vegetation, 

east-west and north-south 

vegetation corridors. 

(Tsiros et al., 

2018) 

ENVI-met 3.1 Vegetation (dense trees, 

grass), courtyard shading, 

semi-open spaces (galleries), 

ground materials. 

(Taleghani et al., 

2016) 

ENVI-

met/RayMan 

model  

Green Roofs, Cool Roofs, Cool 

Pavements, Additional Trees 

(Djedjig et al., 

2016) 

TRNSYS (Transient 

System Simulation 

Tool) 

Green Walls, Green Roofs, 

Street Canyon, Configurations 

(narrow, wide, secluded) 

(Perini & 

Magliocco, 

2014) 

ENVI-met 3.1 Green areas (trees, shrubs, 

grass), Green roofs, No green, 

green A (moderate 

vegetation), and green B 

(higher vegetation), Urban 

configurations with varying 

densities and heights 

(Saneinejad et 

al., 2014) 

ANSYS-Fluent 12.0 

- BE-HAM (Building 

Envelope Heat 

and Moisture 

Model)/Radiation 

(RAD) model 

Evaporative cooling (water-

saturated urban surfaces), 

High albedo surfaces, 

Shading (global shading 

device reducing solar 

radiation intensity by 50%) 

(Ambrosini et al., 

2014) 

ENVI-met (v3.1) Standard albedo values (roof: 

0.3, walls: 0.2), High-

reflectance roofs (albedo: 

0.9), Green roofs (50 cm grass 

layer) with standard albedo 

values for walls 

Energy-

Efficient 

Strategies  

(Heusinger et al., 

2023) 

ENVI-met (Version 

5.0.3) 

Building retrofitting: No 

insulation, KfW 40, KfW 100 

energy efficiency standards. 

Urban 

Morpholo

gy 

Strategies 

(Nice et al., 

2022) 

 

VTUF-3D 

(Vegetation-

Terrain Urban 

Fluxes in 3D) 

Modifying land cover 

fractions (grass, trees, streets, 

buildings) and adjusting 

heights (buildings up to 50 m, 

vegetation up to 20 m). 

CONCLUSION 
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This systematic review underscores the pivotal role of computational 

tools in mitigating the urban heat island (UHI) effect, a growing 

environmental challenge exacerbated by rapid urbanization and 

climate change. By analyzing 55 selected studies from a broader pool 

of 245 articles, this research provides a structured evaluation of how 

various computational tools model urban microclimates and assess 

mitigation strategies. A key takeaway from this study is that no single 

computational tool is universally optimal for all UHI mitigation analyses. 

Tool selection should be strategy-specific and context-dependent.  

Despite the valuable insights provided, this study has certain limitations. 

Although this review exclusively relies on Scopus-indexed literature, 

which may have excluded relevant studies from other databases such 

as Web of Science, Google Scholar, or PubMed, the inclusion of 55 

studies provides a robust and representative dataset for analyzing 

computational approaches in UHI mitigation. Expanding future 

systematic reviews to incorporate multiple databases could further 

enhance the comprehensiveness of the findings.  
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