Preprints are preliminary reports that have not undergone peer review.

6 Research Sq uare They should not be considered conclusive, used to inform clinical practice,

or referenced by the media as validated information.

Impact of Parks Cool Island Effect on Urban Heat
Islands and Public Health on Jabalpur City (2015 -
2025)

Pradyut Kumar Mondal
pradyut1211@gmail . com

Banaras Hindu University

Rambooshan Tiwari
Banaras Hindu University

Research Article

Keywords: Land surface temperature, Park cooling Island Effect, Public health, Urban green spaces,
Jabalpur city

Posted Date: September 29th, 2026
DOI: https://doi.org/10.21203/rs.3.rs-11004626/v1

License: €© @ This work is licensed under a Creative Commons Attribution 4.0 International License.
Read Full License

Additional Declarations: No competing interests reported.


https://doi.org/10.21203/rs.3.rs-11004626/v1
https://doi.org/10.21203/rs.3.rs-11004626/v1
https://doi.org/10.21203/rs.3.rs-11004626/v1
https://creativecommons.org/licenses/by/4.0/

Impact of Parks Cool Island Effect on Urban Heat Islands and Public Health on
Jabalpur City (2015 - 2025)

Pradyut Kumar Mondal* & Rambooshan Tiwari
Department of Geography, Institute of Science, Banaras Hindu University,

Varanasi, Uttar Pradesh — 221005 (India)

Email:

pradyut1211@gmail.com, rbtiwari@bhu.ac.in

*Corresponding Author

Pradyut Kumar Mondal (pradyut1211@gmail.com)

Orcid:

https://orcid.org/0009-0006-3357-1514 [P.K.M], https://orcid.org/0000-0002-2411-9474
[R.T.]



Abstract

Unpredictive growth of urbanization and resultant urban expansion is a commonly observes
phenomenon in the contemporary world. Asphalt, concrete, and buildings infrastructural
materials of cities has become obstacle in the balancing of heat budget of cities for the result
of temperatures in these cities can climb 2-10°C higher than in nearby rural areas known as an
urban heat island (UHI). This study (2015-2025)assesses the thermal dynamics and cooling
potential of 14 major urban parks in Jabalpur, Madhya Pradesh. Using Landsat 8(OLI/TIRS)
satellite imagery, this study analyzed land surface temperature (LST) and normalized difference
vegetation index (NDVI) to calculate park cooling island (PCI) effect. The urban green spaces
especially parks on significant as they negotiate the UHI. The study reveal that in 2020, urban
parks significantly reduced summer peak heat, with temperatures in May decreasing by up to
8°C at urban 44.31 °C and at parks is 36.36°C. However the analysis of data of 2015 and 2025
indicates the same trends in cooling effectiveness. The correlation between park size and PCI
has noticed from 0.664 in 2020 to 0.435 in 2025. With the providing thermal comfort urban
green parks are able to improve public health. Various kind of physical and recreational
activities are beneficial for mental health as well as physical public health. The findings of the
correlation indicate geographical relative location is the major determinant rather than size of
urban green parks for produce cooling intensity. This study highlights the crucial need for
strategic urban planning and eco-friendly infrastructure.

Keywords Land surface temperature - Park cooling Island Effect - Public health - Urban green

spaces - Jabalpur city



1 Introduction

In recent years populations are huge migrating to cities. For results of it there is rapidly
urbanizing and modern urban lifestyle making cities warming up fast. So the temperatures in
these cities can climb 2—10°C higher than in nearby rural areas. These kind of effect known as
an urban heat island (UHI). Urban areas of India experience higher temperatures compared to
their rural surroundings resulting Urban Heat Islands (UHI). The major causes of urban heat
island is to unplanned rapid urbanization. (Varughese et al., 2025). Because whenever cities
expands the built -up areas are built not only in vacant land they also built in vegetation areas
and cultivated areas and natural areas also. So as cities expand mostly times natural landscapes
are replaced by built environments. For this result the temperature increases to the normal
temperature which is above the surrounding rural areas. This differences are observed between
5 to 10°C differences from mean temperature. Main reason behind that the replacement of
vegetation with impervious surfaces such as concrete and asphalt. These impervious surfaces
absorb and retain solar radiation (Asfiya & Indah, 2024; Akkurt & Nkte, 2026). These materials
consume heat during the day and release it slowly. In rural areas the concreate impervious
surfaces are comparatively very less than urban areas in India. Cities are hotter than rural areas
due to the replacement of grass, soil, and trees with asphalt, concrete, and buildings
(Candraningtyas et al., 2025). Vegetation cools surfaces through moisture evaporation and
shade, but paving eliminates these processes (Wali et al., 2025). Concreate impervious surfaces
such as buildings get worse the condition by trapping warm air between them. and without
trees or soil to provide moisture, cities cannot cool down properly even after sunset (Asfiya &
Indah, 2024; Haeffelin et al., 2024). Urban materials intensely absorb sunlight and retain heat
summer concrete reaches 40-50°C versus 20-25°C on vegetated surfaces nearby (Phelan et al.,
2015). Dense built-up zones trap heat between structures, obstructing airflow (Tian et al., 2021;
Zhao et al., 2023), while industrial surfaces hit 60-70°C (Sun et al., 2024). Stored heat elevates
city centers 6—8°C above surroundings (Wali et al., 2025; Athukorala & Murayama, 2021).
Vehicles and air conditioners exacerbate the warmer air boosts for cooling demand and that
consequences excess heat emissions (Tian et al., 2021). So the difference of temperature of
urban and rural areas seen urban areas higher. As result there is create the widening of the
urban-rural divide. For example Hisar, a city in western Haryana illustrates the difference of
the normal temperature. Because the land surface temperature rose from 17.02°C in 1991 to
37.40°C in 2022. There is a huge increase of 20°C in just three decades. The main reason

behind these anomalies is green spaces are converted to built-up areas in city areas and



alongside (Kumar & Singh, 2025). This occurrences happening not only in the city Hisar but
also cities across India show the same pattern. Where the temperatures rising consistently with
all seasons.

All cities have a common incidence that is Natural areas are converted to built-up areas
due to urban expansion. As a result for these kind of incidence overrides the natural cycles and
temperatures become unstable (Shukla et al., 2024). Research estimates that urbanization is
responsible for 61 percent of observed urban warming globally, making the way we build our
cities the single largest contributing factor (Guo et al., 2022). The consequences of urban heat
and pollution together are increasing annual mortality rates by 2 percent. Senior citizen and
outdoor workers faces most problems regarding this kind of problems (Qureshi et al., 2025).
Low-income areas, with minimal green cover and ventilation, suffer most 72% of residents
report worsening heat. Such climate change like issues increases further pressure, merging with
urbanization can unhealthy to physical environment but also residence along with flora and
fauna (Candraningtyas et al., 2025). For India, where cities are still growing rapidly, this is not
a warning about the future and it is a description of the present.

Urban expansion is responsible for the increasing temperature of urban areas and the
impact of urban heat islands. And with growing urbanization the urban expansion may remain
continuous in the future. In this situation urban parks play a significant role as a solution to
such a huge problem. Because parks play a major role in cooling the surrounding areas of urban
areas. And this cooling process depends on the size, shape and location of urban parks.
Generally, the cooling process can be observed in parks of 19-20 hectares (He & Yang, 2024).
Because the more green plants there are, the greater the possibility of cooling. The reason for
this is the shade provided by the plants. Although small parks also give good results if there is
a good amount of green plants. In summer season, urban parks larger than 1.55 hectares in
Delhi reduce the temperature by 4.28°C. 56% plant covers urban parks are able to provide
sufficient shade and moisture for cooling (Jha et al., 2024). Generally, urban green parks help
reduce 0.67°C per 100 meters (Quan et al., 2023). This helps maintain a strong cooling effect
up to about 300 meters away and the intensity is not seen after 500 meters away (Wang et al.,
2022; Cai et al., 2023; Song et al., 2025). That is, it can be clearly said that connected urban
green parks spread the cooling around the city through air and moisture circulation. In this way,
it helps to cool the entire city. For example, 369 green areas of Jinan have been able to provide
cooling in this way and are able to reduce 11.28% of carbon emissions (Ghale et al., 2025;
Jiang et al., 2021; Qin et al., 2025; Yu et al., 2025). That is, it can be clearly said that urban

parks are able to manage the sustainable climate very well.



Urban parks not only reduce heat and but also improve public health. Along with the
support of government the involvement of communities should be essential for protection and
preservation of green spaces in urban areas (Mondal et al., 2025; Priyadarshni & Pandey, 2026).
For the purpose of builds local ownership and encourages maintenance there also generate
green spaces employment (Dhumketu et al., 2025). Cities therefore need integrated approaches
that include minimum green space standards and protections for heat-exposed workers (Ullah
et al., 2025). With this approach there include requires different sectors such as health,
planning, and environment. They work together and supported by economic frameworks that
benefits of green spaces to justify investment. In this regards the Heat Action Plans in cities of
India which draw on lessons from Japan, Germany, the USA, Hong Kong, and Singapore (Lau
et al., 2025). Cooling infrastructure must also be accessible to everyone and make as an
inclusive manner so that special abled person easily access to urban parks. Ultimately, urban
heat mitigation should be embedded within broader climate action (Torreblanca et al., 2025).
This study also focus on local as well as global agenda such as sustainable development goals
(Lin et al., 2025; Dhumketu et al., 2025). In SDGs there is clearly mention the preservation and
protection of urban green spaces such as urban green parks with the goals such as SDG 11
mandates park access within 500 m, SDG 13 targets 1-2°C achieving measurable urban cooling
by 2035, and SDG 3 reducing heat-related deaths through better access to green spaces.(]
Sustainable Development, n.d.)

In Jabalpur city is significantly hotter than surrounding rural areas and the LST reaching
higher during certain seasons due to the creation of Urban Heat Island (UHI) effect. This mainly
for rapid urbanization has replaced vegetation covers and agricultural lands with concrete,
roads and others built-up infrastructures of Jabalpur city (Yadav & Singh, 2024). Jabalpur city
remains largely unexplored regarding urban heat island effects in urban heat related research.
Urban expansion pressure cities likes China and Indian cities like Delhi as existing studies have
focused on urban heat islands, land surface temperature (LST), and park cooling intensity (PCI)
mainly on these major cities. In Jabalpur city there is rapid urbanization and significant
population growth that result to expanding built-up area relates to rising LST. Even there is no
multi-temporal LST study has examined how thermal patterns of Jabalpur city change across
different season. The location of Jabalpur city is a semi-humid tropical climate. At the heart of
the country make this study more important as the monsoon season significantly influence heat
patterns. While Delhi records PCI values between 0.75°C and 6.84°C but in Jabalpur city there
is no equivalent assessment exists for Jabalpur's parks. Optimal park sizes for cooling range
widely from 1.55 to 30.24 hectares on various climate yet these thresholds remain unquantified
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for Jabalpur. These kind of information very helpful for urban planners for making evidence-
based planning. Furthermore the policymakers without the data needed to anticipate and
respond to escalating heat trends. For this reason in Jabalpur city we performed a dedicated
study which could identify the key drivers of urban cooling across various part of Jabalpur city.
This study will provide actionable and geospatial perceptions to guide urban planning and

climate adaptation.



2 Study Area

Jabalpur is a third largest metropolitan city of Madhya Pradesh located at the center of the state.
It was the 39th largest city among India's 53 million cities. Jabalpur is the largest urban centre
along the bank of river Narmada and third largest urban centre of the state. It is the most
important and industrial Centre of the Centre India. The city is well known for its geological
diversity and pictures landscapes dominated by hills, ridge, water bodies and fertile farmland
formed by Narmada river and its tributaries. The green space of the city well reflects in the
tropical deciduous vegetables formed in the hills like Kariapather, Sita Pahad, Kandhari,
Madan Mahal, and Gurandi. River Narmada forms the southern boundary of the city and its
tributaries and sub-tributaries like Gaur and Pariat. The Narmada flows southeast to southwest,
while Gaur flows along the southern edge and Pariat flows east to west along northern
boundaries. Major water bodies include Khandari and Pariat reservoirs. Water bodies are
Natural wet lands and some others are made by human creation. The city has a humid
subtropical climate with summers from March to June, reaching 40°C in May. Monsoon occurs
June to October with 889 mm rain, while winter spans November to March, averaging 15°C in
January.

India's Central Plateau & Hills region, including Madhya Pradesh and Jabalpur, shows
consistent increasing trends in both maximum and minimum temperatures across all months,
as confirmed by trend analyses like ITA and IPTA from 1951-2022 data. Western and central
India exhibit progressive monthly temperature rises indicative of climate warming, with
significant Sen’s slope increases up to 2.912°C/100 years. March-June represents the peak heat
stress period, with heat waves exceeding 40°C in these areas, heightening public health risks
amid ongoing warming.

Insert figure 1 here

Insert figure 2 here

Insert table 1 here



3 Materials and Methods
3.1 Data used

Satellite imagery for this study was obtained from the United States Geological Survey (USGS)
via Earth Explorer. Landsat 8 OLI/TIRS images were used for their high spatial resolution and
accuracy in measuring Land Surface Temperature (LST) and it also validated with MODIS
data. Images were collected across the months of February, May and November for the years
2015, 2020, and 2025 covering a range of climatic conditions to capture seasonal variations.
We excluded the month around on July due huge cloud cover which not suitable for LST and
other calculation from the data sources. All images were selected for being cloud-free at 30-
meter resolution, ensuring clarity and reliability for thermal analysis. Google Earth software
was also used to identify and visually validate park boundaries and green cover. To ensure
accuracy, the study's results were validated against previous research on Jabalpur's LST related
study using Landsat data. The findings on NDVI and LST cross-checked using comparable
methodologies. Aligning with these established studies strengthens the reliability of the data
and provides a significant for understanding UHI effects and public health in Jabalpur city. Full
details of the satellite imagery used are provided in Table 1.

3.2 Sample selection

This study examined at 14 major urban parks in Jabalpur city. There are many parks in the city
but the chosen parks based on urban green spaces criteria that their ecological importance
influence across various parts of the city. The size of the Parks are large enough to produce
measurable cooling effects on surrounding areas. The study aims to understand how these green
spaces are distributed across the entire urban area. And their contribution into the reduction of
urban thermal heat. Which are to be benefits for public health and recreation. Ultimately, the
findings are intended to guide improvements to Jabalpur's urban green infrastructure as the
city's population continues to grow.

3.3 Data validation

Satellite-based Land Surface Temperature (LST) calculation often occurs some limitations.
The moderate spatial and temporal resolution of satellites can skip a little fractional temperature
variation and few local heat anomalies. The cloud cover and atmospheric instability obstacle
for measurement reliability. The algorithms used to process the data introduce also some
uncertainty, especially across complex urban landscapes differ to place to place. Calibration is
also challenging due to daily and seasonal temperature discrepancies. But the satellite sensor
deprivation over time and high computational demands. LST is also highly sensitive to exactly
when a satellite passes over an area. This is the common problems as temperatures can shift
rapidly with changing weather and atmospheric conditions. Despite these limitations, previous

research has confirmed that satellite based temperature estimation is an effective measures for
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estimating LST. In this study, LST was derived from Landsat 8 and OLI data and also cross
validated with MODIS data at 500 m resolution for improve accuracy and ensure the reliability

of the results of study in Jabalpur city.



Insert figure 3 here
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3.4 Retrieval of land surface temperature (LST) and normalized difference vegetation
index (NDVI) calculation

In this study, the mono-window algorithm was used to retrieve LST. The retrieval of LST from
Landsat 8 images involves the following steps: Conversion to Radiance (LA), followed by
Conversion to Reflectance with Atmospheric Correction, emissivity correction through NDVI,
which includes the calculation of the proportion of vegetation (Pv), and finally retrieval of LST
(Jha et al., 2024; Mustafa et al., 2020; Shahfahad et al., 2023) .

3.4.1 Conversion to Radiance
The first step converts the raw digital number (DN) values from the satellite image into
spectral radiance using Equation (1):

Li=[(L max-L min)/(QCAL max - QCAL min)] x (DN - QCAL _min) + L _min

where:
» LA is the spectral radiance at the sensor’s aperture in W/(m? sr um),
* QCAL max and QCAL min are the highest and lowest rescaled radiance values in DN
respectively (1 for LPGS, 0 for NLAPS),
* L max and L _min are the top-of-atmosphere (TOA) radiance values scaled to QCAL max
and QCAL _min in W/(m? sr pm).
3.4.2 Conversion to Reflectance with Atmospheric Correction
3.4.2.1 Planetary Reflectance
Spectral radiance values were then converted to atmospherically corrected planetary
reflectance using Equation (2):
pp=[nx(Li-L _h)*xd’]/[ESUNJ. % cos(@_s) x 7]

where:
* p_p is the atmospherically corrected unitless planetary reflectance,
» LA is the spectral radiance at the sensor’s aperture,
* L h is the radiance resulting from the interaction of electromagnetic radiation with
atmospheric molecules and aerosols,
* d 1s the Earth-sun distance in astronomical units,
« ESUNA is the mean solar exo-atmospheric irradiance,
* 0 s is the solar zenith angle in degrees,
* tis the atmospheric transmissivity.
3.4.2.2 Atmospheric Path Radiance (L_h)
The atmospheric path radiance was calculated as the difference between the dark object
radiance and the theoretical dark object radiance using Equation (3):
L h=L m-L 1%

3.4.2.3 Dark Object Radiance (L_m)
The dark object radiance was derived from the minimum DN value in the image using
Equation (4):

L m=L min+ DN _min X [(L_ max - L _min) / QCAL max]

3.4.2.4 Theoretical Dark Object Radiance (L_1%)
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L 1% represents 1% of the theoretical radiance of a dark object and was calculated using
Equation (5):
L 1% =[0.01 x cos(0_s) x T x ESUNA]/ [ x d*]

3.4.2.5 Atmospheric Transmissivity (1)
Atmospheric transmissivity was estimated using Equation (6):
T =cos(0_s)

3.5 Calculation of NDVI
The Normalized Difference Vegetation Index (NDVI) was calculated from the
atmospherically corrected reflectance values of the near-infrared (Band 4) and red (Band 3)
channels using Equation (7):

NDVI = (p_band4 - p_band3) / (p_band4 + p _band3)

3.6 Vegetation Cover Fraction (P_v)
The vegetation cover fraction was derived from the NDVI values using Equation (8):
P_v=[(NDVI - NDVI_min) /(NDVI_max - NDVI_min)|*
3.7 Land Surface Temperature (LST) Calculation
Land surface temperature was calculated from the surface-leaving radiance using Equation
9):
L T=[Li-L u-t(1-¢L d]/(t%¢

where:

» L T is the surface-leaving radiance in W/(m? sr um),

» LA is the space-reaching or TOA spectral radiance,

* L uis the upwelling or atmospheric path radiance,

* 1 is the atmospheric transmission,

+ ¢ is the land surface emissivity,

* L dis the downwelling or sky radiance.

3.8 Park Cooling Intensity (PCI)

3.8.1 Cooling Intensity (AT)

The Park Cooling Intensity (PCI) was measured as the temperature difference between the
urban area surrounding the park (T u) and the LST recorded within the park boundary (T p)
using Equation (Algretawee, 2022; Cao et al., 2010; Jha et al., 2024) (10):

PCIAT)=T u-T p

where:
* T uis the LST of the urban area outside the park,
* T pisthe LST within the park boundary,
» AT is the resulting temperature differential, expressed as cooling intensity in °C.
3.8.2 Park Cool Island (PCI) Effect
The Park Cool Island effect was quantified by comparing the average LST of the entire study
area with the average LST of each individual green park using Equation (Jha et al., 2024)
(11):
PCI =LST(Ave) EA- LST(Ave) EGP
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where:
» LST(Ave) EA is the average LST of the entire Jabalpur city area,
* LST(Ave) EGP is the average LST of each individual green park.
3.8.3 Average LST of the Entire Area — LST(Ave)E4
The average LST of the entire Jabalpur city area was calculated by averaging LST values
across four months representing different seasons using Equation (12):
LST(Ave) EA= (LST f+LST m+LST n)/3

where:
» LST fis the average LST in February (winter),
* LST m is the average LST in May (summer),
* LST n is the average LST in November (autumn).
2.6.4 Average LST of Each Green Park — LST(Ave)E¢N
The average LST for each individual green park was calculated using the same four seasonal
months as Equation (13):
LST(Ave) EGP = (LST f+ LST m + LST n)/3

The PCI formula subtracts the average LST of each green park from the average LST of the
entire Jabalpur city area. This calculation quantifies the cooling effect of green parks relative
to the broader urban area, showing how much cooler parks are compared to the city
surroundings (Jha et al., 2024) .
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4 Results And Discussion
4.1 Spatial distribution of LST and NDVI

In 2015 urban heat island effects were evident across the city, particularly during summer
months when green parks provided substantial cooling. May saw urban extreme temperatures
reach highest temperature in city is 45.58°C but 40.98°C in parks a 4.6°C difference due to
canopy shade, evapotranspiration, and reduced heat absorption in vegetated areas. This cooling
was more pronounced during extremes than averages urban mean 34.50°C and park 33.77°C.
In the month February showed a 5.76°C gap in city highest temperature is 29.06°C and while
in park 24.36°C. At November had a difference 5°C as the highest temperature in city 32.97°C
while park represented 27.25°C. These established the role of parks for greatest reduction of
heat during peak May enhanced efficacy against extremes heat and improved cooling in
warmer months. In 2020, urban heat island effects were evident across the city, particularly
during summer months when green parks provided substantial cooling. In the month February
showed a 6°C gap in city highest temperature is 40.78°C and while in park 34.29°C. At
November had a difference 8°C as the highest temperature in city 32.94°C while park
represented 25.00°C. May saw urban extreme temperatures reach highest temperature in city
is 44.31°C but 36.36°C in parks an 8°C difference. In 2025 also provides as similar to the
previous years in the month of February 2025 showed a 6°C gap in city highest temperature is
33.48°C and while in park 26.14°C. At November had a difference 5°C as the highest
temperature in city 31.20°C while park represented 26.00°C. May saw urban extreme
temperatures reach highest temperature in city 1s 44.31°C but 36.36°C in parks a 8°C difference

Analysis of NDVI data from 2015, 2020, and 2025 shows a consistent decline in
vegetation cover across the study area. Maximum NDVI values ranged from 0.44 to 0.59 from
2015 to 2025, indicating some pockets of moderate to dense vegetation persisted, while
minimum values dropped from -0.07 in 2015 to -0.17 in 2025, motioning expansion of non
vegetated surfaces like concrete and bare soil. Mean NDVI (0.19-0.25) reflected moderate
cover but temporal instability. In February, maximum NDVI rose slightly from 0.54 to 0.59
due to post-monsoon soil moisture, yet minima reached -0.17 and means fell from 0.24 to 0.21
by 2025, showing built-up areas displacing green space. May exhibited high variability from
pre-summer heat stress, peaking in 2020 (max 0.59, mean 0.25) but declining to mean 0.23 by
2025. November values were stable but lower (max 0.44-0.48, mean 0.19-0.20), indicating
moderate post-monsoon recovery yet insufficient regeneration. The 2015-2025 trend reveals
disturbing urban green space loss, with vegetation increasingly replaced by impervious
surfaces driven by urbanization, which reduces park cooling effects and weakens ecosystem
services for urban climate regulation.
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Insert figure 4 here
Insert figure 5 here
Insert figure 6 here

Insert figure 7 here

4.2 Park cool island effect of urban parks

This dataset shows Land Surface Temperature (LST) and Park Cooling Intensity (PCI) for 14
parks. It highlights changes in park size effects on cooling compared to 2015 and 2020. May
in the year 2025 has the highest temperatures it is around 31.8°C to 34.83°C while November
is coolest about 21.3°C to 25.59°C. The average yearly LST is lowest found at Khamaria park
25.16°C and highest at Nehru park and the temperature is 28.42°C. From the major 14 urban
green parks there is six urban green parks represented highly PCI values. From the six urban
green parks Khamaria park cools most 1.95°C cooler at 37,886 m? while Nehru park shows the
temperature of -1.31°C at the area of the park is 5,345 m?. In 2020 the size of urban green park
explained 66.4% of PCI variation, but in 2025, factors like ecological quality are more
important, similar to 2015. In 2020, parks cooled significantly, with temperature differences up
to 8°C in May and 6.5°C in February. In 2025 reduce thermal heat by urban green parks such
as temperature of 43.18°C of city and 37.73°C of parks. In May, but average park LST 33.53°C
exceeds the city average 33.12°C. The variation of reducing extreme heat also noticed with
Dumna park showing 0.84°C PCI despite being largest at 622,083 m? including on the parks
are vegetation covers, paved areas, maintenance, and edges. Larger sized parks like Khamaria
1.95°C PCI and Kings way garden 1.11°C PCI generally cool better than smaller ones.
November temperatures in 2025 the temperature at 23.62°C of city and 23.70°C in parks reflect
cooling. The average yearly LST remains 25.16°C at Khamaria and 28.42°C at Nehru park.
Khamaria parks is located in the relatively greater area of urban periphery where Nehru parks
is in the proximity to the CBD of the city. Table no 2 is added to show park area, location and
PCI values etc. This pattern resembles 2015, where park size explained 33.5% of cooling. In
2020, parks cooled efficiently showing approximately 8°C difference in May 44.31°C of city
and 36.36°C of parks and 6.5°C. On the other hand in February 40.78°C in city and 34.29°C
in the parks. The city average was 34.05°C, while parks were 32.05°C in May, a 2°C cooling
differentiation. In 2025 parks still reduced extreme heat 43.18°C city and 37.73°C parks in
May.
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Insert table 2 here

16



The maximum LST of the city with May recorded the highest values across all years 45.58°C
in 2015, 44.31°C in 2020, and 43.18°C in 2025 reflecting intense heat while February and
November remain comparatively cooler. A notable anomaly is noticed in February 2020 at
40.78°C compared to 2015 at 29.06°C and in 2025 the temperature is 33.48°C. These findings
is similar to the studies demonstrating that urban areas routinely experience elevated LST due
to the replacement of physical features with impermeable features (Raynolds et al., 2019; Yuan
& Bauer, 2020). While on the other hand the maximum LST of green parks observed a
comfortable heat influence to the city. The month of May recorded the values across the years
are 40.98°C in 2015, 36.36°C in 2020, and 37.73°C in 2025. while February and November
temperature of green parks follows in the same decreasing trends. In February 2020 shows a
notable values at 34.29°C compared to 2015 at 24.36°C and in 2025 at 26.14°C. May values
show a decline from 2015 to 2020 (40.98°C to 36.36°C) before slightly rising again in 2025 at
37.73°C while November remains relatively stable across the years 27.25°C, 25.00°C and
26.54°C indicating that green parks maintain fairly consistent thermal conditions in the entire
city area. A consistent reduction compared to the broader urban area was demonstrated by
Algretawee et al. (2022) demonstrated that park landscapes significantly reduce internal and
surrounding LST with cooling effects strongly influenced by park area, perimeter, and green
canopy cover. The impact of urban green parks on cooling role was also evident in the average
LST differential between urban green parks. The cooling role of urban green parks are also
clearly noticed on average LST of urban green parks and entire city area. In the month of
February consistently provide thermal comforts across the years of 1.765°C in 2015, 1.295°C
in 2020 and 1.370°C in 2025. November shows the highest early difference at 3.115°C in 2015
reflecting a strong cooling effect in the city region while this declines sharply by 2020 at the
temperature of 2.910°C and by 2025 at the temperature of -0.0795°C May turns respectively
in 2025 at -0.410°C. suggesting a gradual erosion of the parks cooling capacity during peak
summer likely attributable to increasing urbanization pressure and declining vegetation quality
(Yang et al., 2025; Liu et al., 2024).

The NDVI analysis for 2015, 2020, and 2025 shows that vegetation is getting
decreasing trends Maximum NDVI values were between 0.44 and 0.59 showing areas with
moderate to dense vegetation. However, minimum values of NDVI dropped from -0.07 in 2015
to -0.17 in 2025 indicating more non-vegetated areas. signifying the progressive expansion of
non-vegetated built-up surfaces (Verma et al., 2024). Average NDVI values of 0.19-0.25
showed moderate vegetation. In February there was more flattening despite some recovery
after the monsoon. Maximum NDVI went up from 0.54 in 2015 to 0.59 in 2025, showing
healthy vegetation, but minimum NDVI fell from -0.07 to -0.17, and average NDVI went down
from 0.24 to 0.21. This means more built-up areas are replacing green spaces. This pattern is
consistent with findings from Indian cities where rapid urbanization has been associated with
significant NDVI declines and elevated LST (Singh et al., 2020; Rogan et al., 2013). May
showed the most seasonal change, with the best conditions in 2020 when maximum NDVI was
0.59 and average NDVI was 0.25. By 2025, maximum NDVI dropped to 0.55 and average
NDVI to 0.23, showing weaker vegetation covers under summer heat. November NDVI stayed
low, with maximum values between 0.44-0.48 and average around 0.19-0.20, showing limited
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recovery after the monsoon. It is mostly seen in rapidly urbanizing Indian cities where
vegetation loss alongside rising LST (Chauhan & Bhatt, 2019; Patil & Patil, 2020).
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Insert figure 8 here

Insert figure 9 here

A simple regression of the size of the park with the PCI of 14 parks has been
done for the years 2015, 2020 and 2025. Where R2 is seen as 0.664 in 2020, 0.435 in 2025 and
0.335 in 2015. That is, it can be said from these results that the size of the park plays an
important role in thermal heat comfort to a large extent. Because the PCI of all the parks whose
size is larger is generally seen to be higher. And it is seen as one of the tools in solving the
Urban Heat Islands problem. These values are also noticed with prior research such as Feyisa
et al. (2014) and Cao et al. (2010) demonstrated that larger parks generally exhibit higher PCI.
The PCI of these three months of February, May and November has been averaged annually in
the year 2015,2020 and 2025. From the simple correlation of the PCI and the size of the park
in 2015, it was seen that the highest PCI 3 d ¢ whose park size was close to 40000 square
meters. further substantiating the positive size—cooling relationship, though with non-linearity
at larger scales (Algretawee, 2022; Liu et al., 2024). The simple correlation between PCI and
park size in 2020 shows that the 12 value is 0.664. 2020 year mostly time in lock down due to
covid period. Green spaces were very good for the covid period in 2020 because at one time
the value of NDVI was seen to be relatively positive. The 2025 analysis of 14 urban parks in
Jabalpur noticed an observable in the relationship between park size and Park Cooling Intensity
(PCI) 43.5% of the variation in cooling performance, compared to 66.4% in the year 2020.
Hence it can be clearly said that Urban green parks are Urban Heat Islands and play a
supporting role despites its size but it matters for the geographical relative location. Urban Heat
Island effects though their performance depends on a combination of spatial and ecological

factors rather than size alone (Spronken-Smith & Oke, 2009; Shah et al., 2021).

Insert figure 10 here
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Among the parks studied, May records the highest temperatures while
November is the coolest. The Khamaria park maintaining the lowest yearly surface temperature
and Nehru park recording the highest. Green parks consistently reducing maximum
temperatures of the city, While larger parks generally perform better, Dumna park carries only
modest cooling. Substantial cooling through canopy shade, evapotranspiration, and reduced
heat absorption, most notably during May and February, though this cooling benefit. Some
cooling differences confirm that urban green spaces are gradually losing their ecological
performance due to increasing urbanization. Studies from various Indian cities have similarly
results of green space effectiveness with increasing fragmentation and reduction in vegetated
cover driving up LST (Singh & Bhatt, 2020; Frontiers, 2023). This declining trend suggests
that ecological quality, geographical relative location. Because the substantial cooling was
achieved through canopy shade, evapotranspiration, and reduced heat absorption
(Gunawardena et al., 2022; Zhang et al., 2022). and park management are increasingly
determining cooling outcomes, confirming that urban green parks remain an effective tool
against urban heat islands though performance depends on a combination of spatial and
ecological factors rather than size alone. however performance depends on a combination of
spatial and ecological factors rather than park size alone (Spronken-Smith & Oke, 2009; Yang
et al., 2025). Simple regression analysis also confirms positive relationship that park size
meaningfully influences but also indicate the geographical relative location for the cooling
performance. As the relative location emerges as an equally significant contributing factor

(Verma et al., 2024; Shah et al., 2021).
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This heating anomalies not only effected the local climates but also creates serious
health risks which people does not noticed. As a result it contributes to heat-related deaths,
illnesses, mental health problems, interrupts the healthy sleep of 40-60% of city residents. The
excess temperatures disrupt deep sleep, leading to problems with memory, low mood, a
weakened immune system and poor metabolic health, with illness rates running 15-25% higher
in chronically hot urban areas. Depression, anxiety and stress disorders also increase. Vector
borne diseases like dengue fever spread easily in the 25-30°C temperatures as it helps
mosquitoes more (Islam et al., 2024; Piracha and Chowdhury, 2022). During heatwaves there
is higher mortality risk . Because heatwave results severe dehydration problems which can
damage the kidneys. The breathing problems are common as heat and air pollution together.
Elderly women over 60, outdoor workers, slum residents, and young children are facing big
trouble of these kind of burden with no proper shade, and no access to air conditioning. And
the risk of mortality from heat is 26—45% higher for these vulnerable groups (Zheng et al.,
2026; Brown et al., 2024). As a preventive measure there should be through smarter urban
design. The urban green parks are one of the strongest solution from these kind of problems.
In urban green parks tree canopies block 70-90% of incoming solar heat which keeps 2-4°C
cooler than the streets around them. The risk of heat stroke by 40-60% break down by green
trees and helping maintain temperatures below 33.8°C (Zheng et al., 2026). These cooling
benefits matter most for women over 60 as they stay indoors and enclosed in overheated homes
with little relief. The shaded urban green park reducing heat-related deaths in this group by 45—
60% and also reduce hospital visits by 15-25% over the warm summer months (Kumar and
Kole, 2025; Zheng et al., 2026). Not only cooling, these urban parks also protect mental health.
Participation in green spaces lowers stress hormone levels by 20-30% which in results the
symptoms of depression reduced by 25-40%. With this the social isolation also removed
during heatwaves. For women who are largely confined to their homes. In parks there are
various opportunity for gentle exercise can physical fitness and wellbeing (Fritz, 2025; Khaiwal
et al., 2026). In terms of disease control, parks disrupt the mosquito life cycle by cooling
dengue-prone temperature zones, improving drainage, and managing water flow to eliminate
breeding sites. This kind of solution are more sufficient for cost and environmentally friendly
rather than chemical spraying. In these way it play a vital role for supporting local biodiversity
(Sureshkumar and Shekhar, 2025; Kaur et al., 2025). For improving air quality parks play an
important role. Trees in parks refined fine particles and absorb harmful gases and reducing
PM2.5 and PM10 levels by 5-10%. Also can disintegrate nitrogen dioxide by 2—5 ppb per 100
square meters of tree cover. For healthy respiratory system clean air produced by urban green
parks helps (Ullah et al., 2025; Piracha and Chowdhury, 2022). People can spend more time if
there is cleaner air and be physically active such as reducing obesity by 25-35%. Proper
physical exercise can help diabetic patients stabilize their blood sugar, and lowering the risk of
heart disease by 20—-30% over time. Even many parks are capable to regulate physical exercise.
This creates a positive comfortable environment leads to better health and improved wellbeing
(Dhumketu et al., 2025). From the above evidences the urban parks can be as a core public
health strategy (Jha et al., 2024; Dhumketu et al., 2025; Khaiwal et al., 2026; Islam et al., 2024).

Insert figure 11 here
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5 Conclusions

This study provides a comprehensive analysis of the Park Cooling Island effect within major
urban green parks in Jabalpur city. In this study we focusing on the spatial and temporal
variations of Land Surface Temperature influenced by rapid urbanization and urban green
plants along with green spaces dynamics. Our findings empirically evaluate the cooling
potential of 14 urban parks which demonstrated their critical role in mitigating the Urban Heat
Island effect. The urban green parks significantly reduced extreme temperatures by cooling
efficacy to the analysis of LST, NDVI and PCI. The cooling capacity of these urban green parks
also correlated to park size. However the correlation between size and PCI significantly seen.
Furthermore the broader implications for public health are substantial with urban parks
potentially reducing extreme heat. The dense canopy cover of Urban parks play a role for
sustaining thermal relief. As also it able to reduce heat-related mortality by 45-60% for
vulnerable groups of people and decreasing summer hospital admissions by 15-25%. It can be
concluded that urban green parks play an essential role for climate resilience and public health.
So it can be also a tool for sustainable urban design elements. Urban planning must therefore
prioritize the restoration and preservation of green infrastructure such as urban parks. Various
kind of policies and programmes should introduce such urban parks to maintaining sufficient
vegetation covers. And also strategies should focus on equitable distribution and ecological
maintenance to ensure that parks continue to provide sustainable ecosystem balance. Future
research should integrate urban geography and public health studies to further explore the
intricate links between urban parks characteristics and long-term socio-economic outcomes in
rapid urbanization of Indian cities.
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Fig. 1 Study Area
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SL NO Parks Name SLNO Parks Name
1 Nehru park 8 Tagore garden park
4 Rajul children park 2 9 Kings way garden park
3 Rajul City park 10 Khamaria park
4 Dumna nature reserve park 11 Fawan park
5 Shalkti park 12 Hussaini Garden park
] JDA ground Shanti Nagarpark | 13 Shivnagar park
7 Civic Centre park 14 Manmohan Nagar park

Fig. 2 Spatial distribution of urban green parks (UGPs) in the study area.
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Correlation Between Park Size and Cooling Effects in Urban Parks

Fig. 3 Methodology flowchart
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Fig. 4 Land Surface Temperature (LST) Analysis of Jabalpur city’s Major Green Parks in February, May and

November(2015 and 2020)
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NDVI, February 2015
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Fig. 5 Land Surface Temperature (LST) Analysis of
Jabalpur city’s and Major Green Parks in February, May and
November(2025)

Fig.6 (NDVI) Analysis of Jabalpur city’s in February,
May and November(2015)



NDVI, February 2020

NDVI, February 2025
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Fig.7 (NDVI) Analysis of Jabalpur city’s in February, May and November (2020 and 2025)




Seasonal Variation of LST (°C)
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BLST (min) of city 16.76 2341 2331 23.99 23.78 18.49 15.68 23.06 16.03
®LST (max) of Green parks 2436 4098 27.25 3429 36.36 25.00 26.14 37.73 26.54
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BLST (avg) of City 2291 34.50 28.14 32.39 34.05 25.72 24.58 33.12 23.62
BLST (avg) of Green parks 21.15 3377 25.03 31.09 3205 22.81 2321 33.53 23.70

Fig. 8 Seasonal Variation of Land Surface Temperature (LST) of Urban Areas and Urban green Parks in Jabalpur
city.

Seasonal Variation of NDVI
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Fig. 9 (NDVI) of Urban Areas in Jabalpur city.
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PCI *Cin 2015
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Fig. 10 Linear Correlation Between Urban Park Area and Park Cool Island (PCI) Effect
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Health Benefits
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Fig. 11 Health Benefits of Urban Green Parks
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