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Urbanization and land-use changes in developing countries have intensified Urban Heat
Islands (UHIs), particularly due to climate change. UHIs raise urban temperatures, energy
demand, and pollution levels. One effective solution is the development of Urban Green
Spaces, which function as Urban Cooling Islands (UCIs), reducing surface temperatures
and improving environmental conditions. UCIs, created through green and blue
infrastructures, regulate microclimates, support biodiversity, and enhance urban
health.This study investigates the role of green spaces in reducing heat and electricity use
in District 5 of Tabriz. Using remote sensing data, GIS tools, and the INVEST Urban
Cooling Model, the research analyzes the spatial impact of vegetation on surface
temperature. Results show that dense urban parks like Arpadarresi and Roshdiyeh,
covering over 77% of green space in the district, significantly lower surface temperatures
compared to built-up zones.Electricity usage for cooling has risen by 46 million kWh
over two decades due to green space loss. The findings stress the importance of
preserving urban vegetation. Strategic planning of green infrastructure can mitigate
UHIs, conserve energy, and support sustainable and climate-resilient urban development
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Introduction

Developing countries face rapid urbanization and land-use changes, intensifying Urban Heat Islands
(UHIs) due to climate change (Oke, 1982). Urban green spaces mitigate UHIs by creating urban cold
islands (Novak & Dwyer, 2007), improving air quality, regulating thermal balance, enhancing
biodiversity, and elevating residents' quality of life (Tzoulas et al., 2007). Growing urbanization
heightens environmental challenges and energy consumption (Seto et al., 2014), making green spaces
vital for energy management and livability (Jim & Chen, 2003). Studies show green infrastructure
reduces local temperatures, improves air quality, and lowers cooling energy demand (Santamouris et
al., 2001; Bowler et al., 2010), promoting sustainability (Azizi et al., 2013). In Tabriz's District 5,
accelerated construction and insufficient green cover have exacerbated UHI effects. This study
examines green spaces' role in reducing electricity consumption and improving environmental
conditions, proposing cost-effective strategies for green infrastructure optimization and sustainable
development. Neglecting UHIs risks public health (e.g., stress, respiratory/cardiovascular diseases)
(Sharma et al., 2020), necessitating impact assessment and mitigation planning. Green spaces offer low-
cost, high-impact cooling potential for sustainability (Vogel et al., 2020), yet urban expansion constrains
their growth (Giles-Corti et al., 2022), demanding precise management.

Materials and Methods

The research methodology provides a systematic framework using validated approaches to investigate
unknowns and achieve solutions (Creswell, 2023). A clear scientific structure based on objectives
enhances goal attainment (Babbie, 2016). This applied, empirical study combined library and field
research. Primary objectives were examining green space changes in Tabriz's District 5 and their impact
on energy consumption, assessing urban cooling via the Urban Cooling Model (UCM). District 5, in
northwest Tabriz, features a temperate mountainous climate and diverse demographics (Hassanzadeh,
2022).

Data Sources and Materials: Multi-temporal Landsat 5 (1984, 2002) and Landsat 8 (2022) imagery
generated land use classifications, UHIs, and evapotranspiration. Surface albedo data came from
Copernicus EU Global Land Service. Supplementary data included Tabriz's 2019 comprehensive plan
(population, density, infrastructure), a 2016 land use map, municipal construction permits (20 years),
meteorological records, and urban development archives. Analyses used ENVI and ArcGIS.

Land Use Classification: Imagery processed in ENVI 5.8 and GIS classified land into: built-up,
agricultural, barren, green spaces/gardens, rangelands.

Evapotranspiration (ET) Mapping: The ASCE-standardized Penman-Monteith equation estimated
reference ET (ETo) (Monteith, 1965; FAO standard). Inputs included net radiation (Rn), soil heat flux
(G), psychrometric constant (y), mean temperature (T), wind speed (U:), vapor pressures (e, €.), and
constants (C,, Cd). District 5 average ETo was 294.4 mm/year (1984), 266.258 mm/year (2002),
253.275 mm/year (2022).

Urban Heat Island (UHI) Definition: UHIs are urban zones significantly warmer than surroundings
due to construction, lack of greenspace, fossil fuels, and human activity. UHI intensity quantifies this
warming relative to rural areas (Kim & Baik, 2002; Memon et al., 2009). Negative impacts include
increased energy use, pollution, health risks, and altered weather (NASA, USEPA). Mitigation involves
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expanding greenspace and reflective materials. District 5 UHI intensity was 3.2°C (1984), 4.2°C (2002),
5.2°C (2022) above rural baselines (28.1°C, 27.2°C, 29.2°C respectively).
Results and Discussion

Land Use Change (1984-2022): Built-up area surged ~80-fold (17.37 ha — 1693.23 ha). Green
spaces/orchards declined 69.25% (149.58 ha — 45.99 ha). Agricultural land decreased 42.20% (258.66
ha — 149.49 ha). Barren land reduced 37.84% (2679.48 ha — 1665.51 ha). Rangeland decreased
68.15% (659.7 ha — 210.12 ha).

Urban Heat Island Reduction Index: Values ranged 0.09 (poor reduction) to 0.82-0.83 (better
reduction) across all years (1984, 2002, 2021).

Energy Consumption: No data for 1984 (insufficient development). Consumption was 5,148,763 kWh
(2002). By 2022, it rose dramatically to 51,264,871 kWh — a 9-fold increase (+46,116,108 kWh). This
surge, concentrated in summer, correlates directly with green space decline. Residences near large green
spaces consistently showed the highest energy savings. Disrupted ecosystem services from urban
expansion drove this massive increase in energy demand.

Conclusion

Land use maps (1984, 2002, 2022) were analyzed using post-classification change detection. The Urban
Cooling Ecosystem Services (UCES) model quantified electricity consumption, demonstrating that
disrupted ecosystem services from residential expansion caused a ninefold increase in electricity use
(+46 million kWh over 20 years), highlighting green spaces' critical role in urban energy dynamics.
This study innovatively applied InVEST software to assess urban green infrastructure impacts — a novel
approach in Iranian research and rare internationally. Given the importance of connected green
infrastructure for UHI mitigation, urban planners must prioritize expanding and linking green spaces.
Continuous monitoring of land use changes using advanced methods is essential for improving green
space management and addressing related urban challenges.
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