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temperature variations are demonstrated.

ABSTRACT

The increased surface temperature in metropolitan regions relative to surrounding areas is referred to as an
Urban Heat Island (UHI). Aim of the study is to find out the relationship of UHI effect (E) factors and
temperature on streets of Pune. The objectives include providing a quantitative assessment of outdoor
thermal comfort through empirical measurements. The hypothesis of the study was that there will be
temperature variations observed in all three seasons of India considering high solar radiations in summer
with humidity and rainfall in monsoon and low air temperature in winter. The objectives of the study are
to understand factors impacting UHIE and to do comparative analysis of temperature for all three seasons.
The methodology includes analysing urban streets of Pune taken as case study and documentation. The
outcome of analysis of the two streets has been documented with the help of graphs and factors leading

Key words: Surface temperature, Factors, Quantitative assessment, Variations.

Introduction

The urban heat island effect (UHIE) is a recognized
phenomenon of heat accumulation, prominently
characterized by urban climate resulting from urban
expansion and human activity. In the early nine-
teenth century, researcher Lake Howard quantified
and examined the urban heat island effect in Lon-
don for the first time. Since then, numerous re-
searchers throughout the world have undertaken
extensive studies on the features of the UHI effect,
concluding that the UHI effect is closely related to
urban heat release, underlying surface attributes
and structure, plant covering, population density,
and meteorological conditions. Meanwhile, as ur-
banization continues, the extent and severity of the
UHI effect will become more severe. The energy
balance centre of the urban surface, particularly sur-

face temperature, is one of the most significant vari-
ables influencing urban climate, regulating and
managing numerous ecological processes. However,
rising urbanization has resulted in a continual in-
crease in surface temperature, indefinitely changing
urban resource and energy flow. More crucially, the
structure and function of the urban ecological sys-
tem will be altered, harming the health of city dwell-
ers. Furthermore, urban meteorologists have paid
close attention to the UHI impact. However, due to
the complexity of the research object, few studies on
the ecological and environmental implications of
UHI have been done from the perspective of the eco-
system. This temperature rise was notably notice-
able in Pune’s outskirts.

A temperature difference of 4-5 degrees Celsius is
feasible between urban and rural locations
(Nesarikar, et al., 2012) It has been discovered that
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vegetation, spatial layout to produce visuals indicat-
ing the presence of manmade and natural features
on roadways impacts the Pune city’s UHI. The
UHIE causes higher temperatures in cities due to
factors like buildings, vehicles, and human activities
that produce and retain heat. This has implications
for the environment, health, and energy use, so it’s
important to study and find ways to mitigate its
impacts.

Literature Review

Urban Heat Island

The term “urban heat island” refers to the observed tem-
perature difference between urban environments and the
surrounding rural areas (Jain, et al., 2017). The Urban
Heat Island (UHI) describes the variation in air tem-
perature from suburban regions. Degradation of
urban environmental quality is occurring as a result
of significant variations in air and surface tempera-
tures as well as an increase in pollutants in the wa-
ter, air, and soil. (Gupta, et al., 2009). UHLI if it is
found significantly warmer than its surrounding
rural areas. Luke Howard (1810s) was the first to
investigate and describe this phenomenon of UHL
Over the past decade, the presence of UHI has been
studied and documented in several cities around the
world (Heidorn, 1999). A metropolis with a million
people or more may have a temperature difference
of 1-3°C from the surrounding rural areas, according
to Akbari 2005. The climate and habitable environ-
ment are negatively impacted by the UHI phenom-
ena (Sharma, et al., 2015). UHI is more significant
than the surrounding metropolitan region in terms
of space heating. This thermal energy is produced
by urban residents, homes, businesses, vehicles,
buses, trains, industrial zones, etc. In addition to
having a direct and indirect impact on the urban
population, the UHI is an essential feature of the
urban environment (Gazi, et.al., 2018)

Heat Absorption and Retention

The UHI effect is caused, in part, by the heat that is
absorbed and retained by hard urban surfaces like
concrete and asphalt (Haddad, et al., 2023). The
UHIE is exacerbated by these surfaces because they
collect sun energy and reradiate it as heat. The de-
velopment of mitigation techniques to deal with this
issue has been the subject of research. The use of
pervious concrete, reflecting pavement, and water-
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retentive pavement are a few of these tactics that
have demonstrated promise in enhancing the hydric
and water retention qualities of urban surfaces
(Chen, et al., 2023).

An efficient metric for characterizing the possible
contribution of paving materials to the creation of
UHI is the Solar Reflective Index (SRI). The material
stays cooler during the day when the SRI is higher.
Based on statistical analysis, which revealed that
yellow-colored thin-layer asphalt samples exhibit
lower surface temperatures than normal asphalt, the
decision to use yellow paint was made. (Maria, et al.,
2013). A material’s propensity to retain heat and ra-
diate it back into the atmosphere or into the building
through its walls and roof decreases with increasing
reflectivity (albedo) and emissivity (Paroli, et al.,
2008; Synnefa, 2007). To reduce heat accumulation
and maintain low surface temperatures, albedo
should be raised on roofs and pavements. Higher
albedos than typical materials make high-perfor-
mance roof coating products like elastomeric and
polyurea membranes, light-colored tiles, and gravel
more appropriate for flat roofs (Akbari et al., 2006).
Reflective pigments can be added to concrete and
asphalt to boost the pavement’s albedo. Typically,
materials used to make pavement have extremely
low albedo or reflection. Albedo is defined as the frac-
tion of the incident radiation that is reflected from a sur-
face (Dobos, 2003). Most radiation that comes into
contact with surfaces is typically absorbed by them
(Calkins, 2012). As a result, the pavement material
warms up and radiates the heat, raising the ambient
air temperature nearby. The uppermost layer of
pavement structures is the only surface that influ-
ences albedo.

Sky view factor (SVF)

When describing the urban climatology at scales less
than 100 meters, the Sky View Factor (SVF) is cru-
cial. The surrounding obstructions’ height affects
this proxy for net radiation. A rasterized point cloud
height dataset (containing 6/-/10 points per m2)
was used to compute the SVF. Grid resolution,
search radius, and number of directions all affect the
final SVF. Prior studies have linked the diurnal tem-
perature range, solar irradiance, wind speed, veg-
etation percentage, and SVF to the daily maximum
UHI of the canopy layer. A 70 km? test area in the
Netherlands was chosen, containing urban areas,
meadows, and woodlands. Grid resolution has a
great sensitivity. According to the results, Utrecht,
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the fourth-largest city in the Netherlands, has a
mean diurnal maximum UHI of 3.1 °C when utiliz-
ing a 1m SVF resolution. However, the UHI is re-
duced by 0.6 °C on average when using a 3m SVF
resolution. The importance of having a fine grid
resolution that can catch trees, alleyways, and
homes is shown by this (Pagani, et al, 2019).

Factors contributing of Urban Heat Island

Urban Sprawl and Loss of Green Cover

Dense built-up regions, more impermeable surfaces
(such as roofs, asphalt roads, and paved pave-
ments), a decrease in green and soft areas, and an
unparalleled rate of urbanization are all contribut-
ing to lower water penetration. In urban areas, the
percentage of precipitation that infiltrates the soil is
just 15%, while in natural settings, around 50% of
precipitation infiltrates the soil and 10% flows off
towards watercourses (USEPA, 2007; Cyr et al.,
1998). Natural cooling processes like soil moisture
evaporation and plant evapo-transpiration are hin-
dered and unable to counteract urban warming
when water supply is restricted in metropolitan set-
tings.

Albedo and Thermal Emissivity of Building
Materials

Urban surface materials and buildings absorb a lot
of heat during the day and release it back into the
environment at night, which contributes to the ur-
ban heat island effect (UHIE).

Urban Morphology

The three-dimensional shape, placement, and spac-
ing of buildings inside a city are referred to as urban
morphology, and they are crucial in the develop-
ment of UHI (USEPA, 2008). Densely populated ar-
eas with tall buildings and winding streets can im-
pede ventilation and air flow by creating urban can-
yons where heat from the sun and human activity
builds up and becomes trapped. As a matter of fact,
the SVF decrease restricts the net radiative losses of
streets and buildings.

Anthropogenic Heat

The creation of anthropogenic heat, which includes
heat released by air conditioners, cars, and indus-
trial processes, is another element that leads to the
formation of heat islands, especially in densely
populated places where a concentration of activity
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occurs (USEPA, 2008). Urban activities and infra-
structure have an impact on anthropogenic heat
generation; more energy-intensive structures and
modes of mobility produce more heat.

Geographic Location and Weather

An urban area’s geographic location affects the gen-
esis of UHI and dictates its climate and terrain.
Winds that carry heat away from cities and lower
temperatures are beneficial to metropolitan areas
that are close to major bodies of water. Similar to
this, mountain ranges in a hilly area can either cause
wind patterns to travel through a city or prevent
wind from ever reaching it.

Effects of Building Density and Height

The UHIE is influenced by tall buildings and high
building densities. Elevated near-surface air tem-
peratures in urban areas, or UHIEs, can cause sig-
nificant heat stress for city people, particularly dur-
ing heat waves. The intensity of the UHI is depen-
dent on the size, density, and structure of urban ar-
eas. Research has demonstrated that an increase in
building height necessitates the use of additional
resources per floor space in order to withstand seis-
mic and wind loads, which raises greenhouse gas
emissions. Furthermore, higher temperatures, more
air pollution, and higher energy consumption are
caused by dense structures’ surface materials” abil-
ity to retain energy. Thus, by magnifying the impact
and raising energy consumption and greenhouse
gas emissions, both high building density and tall
buildings contribute to the UHI (Guldmann, et al,
2011). Surface temperature variations across urban
surfaces are mostly caused by the influence of urban
geometry on radiation with regard to surface energy
balance. Numerous earlier research works have ex-
amined the connection between street temperature
as measured by measurement or numerical model-
ling and urban geometry as reflected by the SVF or
the building height to street width ratio. There are
several methods for measuring the surface tempera-
ture in the field, such as using airborne infrared
thermographs. Since the net loss of longwave radia-
tion decreases with a drop in the SVF, the results
indicate that the street geometry alone has a consid-
erable influence on cooling rates (Yang, et al, 2015).

Microclimate variability

A microclimate is a collection of meteorological pa-
rameters recorded in small regions close to the sur-
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face of the planet. These climatic factors, which in-
clude humidity, temperature, light, and wind speed,
are useful indications for choosing habitats and
other biological processes. (Robert J., et.al, 2005).
Urban heat island effect (UHIE) causes localized in-
creases in air temperature in urban contexts in addi-
tion to climate change (Oke, 2002). Because of fac-
tors like building density, thermal capacity, and op-
tical qualities of buildings and urban materials, as
well as the absence of vegetation and water and hu-
man heat generation from HVAC systems and mov-
ing vehicles, urban areas absorb and store heat more
efficiently than rural ones. This results in an increase
in temperature (Giridharan, 2008). The qualities of
the urban fabric determine how intense the UHI is
in a certain metropolis. Denser urban regions with
tall structures and smaller canyons have larger tem-
perature increases because of the high concentration
of vertical surfaces that absorb solar radiation, re-
strict infrared exchange with the sky, and slow
down wind and convective heat losses (Young-Hee,
et al., 2012) (Yang, et al., 2015). The density of the
urban fabric within a city determines the degree of
temperature fluctuation, which in turn impacts the
energy effect of the UHI. (Xiaoma Li, et al., 2019)

Wind direction and speed are also influenced by
urban settings. When travelling from the country-
side to the city, the roughness of the urban surface
reduces wind speed by 20 to 30% and increases tur-
bulence intensity by 50 to 100% (Ghiaus, et al., 2005),
changing the free stream velocity above the build-
ings. In densely populated locations, the drop in
mean wind speed at the pedestrian level might be as
high as 60%. Numerous factors, including urban
design and geometry, density, vegetation, water lev-
els, and surface characteristics, affect the microcli-
mate of urban open areas.

Traffic-Related Heat Emissions

The UHIE in cities is partly caused by heat emis-
sions from traffic. The degree of pollution in the ur-
ban atmosphere, which causes heat transmission
and radiation between the air and the soil surface, is
mostly determined by weather patterns and auto-
mobile exhaust emissions. Heat islands are the out-
come of this exchange, which causes an excess of air
temperature to form between the city and its sur-
roundings. The intensity and extent of the UHIE are
significantly influenced by automobile traffic, with
particular locations having vehicular flows that are
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the primary influencing factor that contribute to the
phenomenon’s extraordinary nature (Guilbert et al,
2017). For urban microclimate models, the pace at
which anthropogenic heat, particularly that from
motorized traffic, is released is critical. Although it
is challenging to quantify, measures of the concen-
tration of urban air pollutants, such as volatile or-
ganic compounds, can be used to infer traffic-related
anthropogenic heat. The UHIE is exacerbated by the
morning and evening peaks shown in daily profiles
of traffic-related heat release rates. An urban
canyon’s thermal profile can change due to vehicu-
lar generated heat, depending on variables like
wind speed and canyon direction (Rosado, et al,
2022).

Impact on Pedestrians and Residents

Because walking is a weather-exposed activity that
is heavily influenced by meteorological conditions,
UHI has a detrimental effect on how walkable cities
are (Bocker et al., 2019). Improved people’s physical,
social, and mental health has been strongly corre-
lated with higher walkability levels in metropolitan
neighbourhoods (Yuxiao 2021). UHI reduction is
therefore essential for enhancing thermal comfort
and creating more lively, livable, and healthier soci-
eties. Mitigation strategies such as urban greening
and high-albedo surface materials are crucial for re-
solving these kinds of environmental problems
(Taleghani, 2017). Urban greening is widely seen to
be the most effective approach to cool the surround-
ing region since it creates shade, evaporation, and
evapotranspiration (Morakinyo, 2017). The impacts
of the UHI-caused temperature rise are numerous
and include energy usage, public health, the envi-
ronment, and pedestrian comfort. The number of
fatalities will increase in response to rising air tem-
peratures, as several studies have already shown.

Mitigation and Adaption Strategies

The local and global climates are positively im-
pacted by a variety of UHI mitigation techniques.
The four areas that these mitigations fell under
were: reduction of anthropogenic heat, stormwater
management and soil permeability, greening mea-
sures, and measures connected to urban infrastruc-
ture. The use of vegetation and cooling, urban
greening, planting trees and other vegetation selec-
tively, greening parking lots, vegetation surround-
ing buildings, green walls, green roofs, sustainable
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urban infrastructure, airtightness and insulation of
buildings, a variety of shading devices, cooling cen-
ters, water and aquatic installations, reflective walls,
sustainable stormwater management, etc. are some
approaches.

Limitations of the study

The case of UHI is limited only to Pune city. Due to
the availability of a smaller number of instruments
the readings were taken on three different represen-
tative days of summer and monsoon and winter in
the months of March April and August, October and
January.

Methodology: Selection of Cases

There are Smart city initiatives and beautification
done at some streets in Pune, climate response still
needs to be given attention. The research utilizes a
combination of surveys, interviews, and field trips to
gather information. Stratified random sampling is
done in Pune city while choosing streets. Two North
South and two east west streets are selected. Four
different locations from Pune have been chosen for
the mapping and analysis. So out of those two
Streets have been selected representing one axis as
case examples.

The research study includes measuring surface
temperatures (LST) and air temperatures of streets
in Pune with different orientation has been mea-
sured with the help of Infrared Thermometer mea-
surement tool three times a day, as a longitudinal
study during summer, monsoon and winter season.
Tools used are Infrared Gun and Multifunction al-
timeter. Selection of streets as per different orienta-
tions and measurement protocol for the 1.5 km
stretch of the road. The locations seek to investigate
the role of trees and materials on the thermal perfor-
mance of the streets. For easy of representing and
documenting readings they are nomenclature as
side “A” and side “‘B.” Climate determinants that
were analysed were LST, air temperature, air pres-

Tools and Techniques used for study area

Tool Name Tool Used

IR Gun (.

Multifunction Barometer

Fig. 1. Tools used for measurements (Source: Author)
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sure, cloud cover, rainfall, wind direction and wind
speed. With change in these climate factors, micro-
climate determinants responsible for change in
UHIE such as material properties (albedo, finishes,
colours) presence or absence of trees, type of trees,
sky view factor, built to unbuilt ratio.

Objectives of the study are as follows: To under-
stand factors impacting UHIE on streets and to es-
tablish a relation with microclimate drivers found
out from field data collection. To study three types
of surfaces namely, road (vehicular area), concrete
paver blocks (pedestrian area) glass, and brickwork
(adjacent building facade). To conduct a compara-
tive analysis of LST for three seasons is documented.

Case Studies
Case 01- DP Road, Pune

The street is oriented in an East-West direction and
has a width of 21 meters. The typology of buildings
includes residential, commercial, recreational, and
institutional types, with an average height of 15
meters. The density of vehicles is moderate to el-
evate. The materials used on vertical surfaces in-
clude glass, plastered walls, RCC, and GI sheets.
There are various types of horizontal surfaces, in-
cluding paving blocks, concrete roads, asphalt
roads, pedestrian paths, and open ground. The
types of vegetation include evergreen trees, decidu-
ous trees, and shrubs.

Fig. 2. Landuse plan and points of measurements
(Source: Author)

The same colour coding as indicated in the leg-
end has been shown in the tables.

Monsoon readings analysis

Surface Temperature of Fagade: Hottest tempera-



PLAN AT 4PM

Fig. 3. Shadow analysis of street (Source: Author, Stu-
dents study Report, 2023)

ture at specific points is seen on only one side due to
absence of trees. Least temperature is recorded at
the points with presence of trees with good foliage
though fagade of building is glassed. Generally hot-

Table 1. Summer 4 April 2023 readings DP road
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test temperatures were recorded at 12 pm. Fluctua-
tions in the temperature were either due to presence
or absence of trees and tall buildings. Though the
trees are present but due to less foliage, hottest tem-
peratures are recorded. Temperature at certain
points is less due to presence of rainwater puddles.
Surface temperature of footpath: Overall tempera-
ture range is between 20-30 °C due to very a smaller
number of trees. At the junction of two roads pave-
ment material is flexible hence it didn’t absorb wa-
ter. Anthropogenic activities: At the time of signal at
the junctions of two or more roads (pt. 26) the gas
that vehicles emit mixes in the air which is also one
of the reasons for increasing the Air temperature.
The temperature is hottest at 4 pm as there is no
shading on footpath due to a smaller number of
trees and hard paving materials.

Time
Priniz 200 12:00 16:00
A B A [ B A [ B
Eoad | Footpath | Foad | Footpetk | Road | Foowpath | Foad | Footpath | Foad | Footpeth | Road | Foodpath
350 336 311
33.0 234 | 311 232 20| 333 247

5.2

30.4

FERS
304

6.5

] I IR ]

338

240
171

176

11
245

240

350

330

90

260

302

30.0

380
30.0
210
0.0

313
300

30.1
5.0

10

250

12 310

7.0
30.0
30.0

350

300
300
T

200
310
310

21
23

30.0
30.0

290
0.0
186

270
2658
40

101
313
303

M I EE

(=N T g

gol o !

=]

Legend- Temperature °C

Above 20
Above 25
Above 35
Above 40
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Table 2. August 2023 readings DP road

Time
Faint B0 12:00 16:00
- A B ) B A B
ROAD FaCa FOOT|ROAD FACA FOOT [ROA FAC FOOT | ROW Faca FOOT| ROA FACA FOOT |ROAD FACA FOOT
DE  PATH DE PATH | 0 ADEPATH] D ODE WPAT| O DE  PATH DE  PATH
H
i ¥ 22.3' ¥ rae) 235| :pa|isd)IT]l ipE) :RT) 260) 2T.7| 15T 23-.IZ'I 3.3) 270 24.2' 24.3)
o rpd] s x| aof pxa] molamafzra] zea] 3as] 5] raof 64 233 3] 23] 23s] 2anq)
3| Ixgl 215§ rx¥l 30| 38| 3a2nT|387]| 2a4) 53] 243 235 IRg) 1rs) 30| 6T M0 249
al | :nof X3 25| 20| :25|283)263] V1) 310) 267] 273 0.5 2x5) 2a4] e Mol 265
S| x5| 2raf ngl :ao| 35| 1E|280)36.3] 353) RET) 24| 2T.H 17| 2] oM 373 m43f IR
el 32y 2x3f Mooy 26| 275] 225|20.7]|24.3] 237) 25.2] 213 x| 313 x5y 23] 45 23] 244
¥l m3g] 2raf ng| :aal a3s| :3I|3005|33.3] e6) :38) 230] 2ri) ITa) 0y 247 4B 4.5 155
8] mal aTof gy 235] 235 23G|2E5|zia] 2i6] 230] 208] 195 Ml 220 230] 254 M3l 232
9l I:af 308f rig) 3R] s4) m0|ivaliEa] pav| 250 2ral aT.5) ra&f na5) 2ia| R 159 2AT
0] 3oy aTof 2oy 245 24.1] 23902531715 211) 262] 246] 391 X3a) 08 5] e Mol 206
11] 55§ 2xaf rioy 251) 265) I3E|4E|ILEl 5] 22Of 215) 21.1f 24) 2159 e8] 259 M4.7] 281
1] M| :raf MM 2E0| 234 239|256)z33] 224 255] 213 ATV WAl o) 2a9] 48 237 244
13 13sf 22s5f ria) 4B 215 A0|aFOfEl) :az] 290f 238) 2rsi DaG) 2159 30008 265 252) 251
14] 3] 2i5f 333) 243) 24.4] a4|326)26.8] 3007] e8] 214] 05 MY ) ] 5 Mol 244
15] I33f araf riaf :AT| 251) iag|303):e8) :RT) RRO) 23] 2@ 2700 213y :al) 279 24.4) 258
6] a4l 2§ X3y 2] 3ri1] 23e|2E00zi1] 2005] 2LF] 2rOl AT XRSY d10f 219] e 235 259
17| I5a4f 225§ rig] 45| 232 Ia3ie6lE03) o] o] 193] 1904 243) 211) ILE] 260 24.3) ZE3
18] rmal 2raj gy 248 213 23e|213)zis| 197] 281) 19] e8] X v 230] dE =1l 23]
19] 1aBf araf riof 250] 215) as)iagfild) iad4l a4l 19af 19 2328 21a4) 4.2] 233 2oy 218
N Mol 231f o) 50| 224 50f2E2|zzs] 22| 29.0] 218 05 X32f 213) 238] 257 3] 39
1] I50f 3oy ris) 250) 218 50| FQEET] :39] :0S] 204 1T.F| 245) 217Q i) 253 235) 243
FEl BFEE] BFER] IFEE] IFER IFET] IFEET FRF] T IFET BFTE] IFFET IFSS IFEE IFST] IFFE] BT IFET BFER]
23| rxaf axaf rp3) 2i4l 216] I16|2EEQ13.7) 19.5] zBS] 194] 197 4] 203§ 2 E) 251] 2ro) 229
) M0 ME] ] 233] 44| 230f2e206] 2009] 20.0] 214] 2y ] 06 19.7] 449 220 18]
5] I55f 2650 r3l) 24| 248 44 30JIE5) i4.4] 305] 2iS5] 2eoy 230f 211§ :2S) 26.1) 233} 234
M) MG 258) ap) 55| 254] a44|27E|Fza] 222 24.0] 215 253 x:S5) 2004 204] 265 2304 232
7| ITE] 4.6] Fea) Z2eE| 218 440056 4] 19.8] 225] 190y 35.1) 212§ :20f 265 21.3) 263
I I 265) X1 24| 48] a4l23z18] 230] 224] 206 216 X3S 2104 21.7] 257 233] 259
| ITE] 4.6] Xea) 2EE| 218 a4|:E00E56 4] 19.8] 225] 190y 240) 2104 :20f 240 233) 213
| Me 11.1' o) 250] 215 a89)2a6)zial 224 a4 193] 2§ 1Y) gy 1) 201) 201 2[‘.5'

Table 3. Readings Comparative Analysis DP Road (Source-Author)
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Summer (March and April)

Monsoon (August)

Overall temperature fluctuation range is more
(20-40 °C) due to clear sky the radiation falls

directly on the surface.
In summers the foliage of trees is usually less

hence shading on surface of road is less

Clear sky conditions and direct radiations

Shadow of trees and buildings is variable factor

Overall temperature fluctuation range is more (25- 30 °C)

as there was sky cover due to rainy season and the
moisture in the atmosphere.

In monsoon trees have comparatively good foliage and

hence provides good shade
Sky covers due to monsoon clouds
Here due to less sun radiations shadow lengths are

very less

Analysis of Winter- January readings

In January, it was noted that the sky conditions were
clear. The temperature range for the 8 am observa-
tions on the left side was 16-35 °C. The recorded
temperature for the facade was 35°C, attributed to

the use of galvanized iron sheets and the absence of
trees. The lowest recorded temperature at 8 AM was
16.6 °C (road temperature), attributed to the pres-
ence of trees with dense foliage. The temperature of
the footpath was lower than that of the concrete
footpath. The temperature rise of the road and
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Table 4. Sample of Readings of Footpath, Road and Facade DP Road (Source-Author)

Typology Time Maximum Rainfall Reason Reason (August + No
of built and in (August + Rainfall) rainfall)
environment Minimum August
Temperature
in August (°C)
Footpath 8 am 22-26 Yes As there were dense
trees with good
foliage and it
had a cloud cover
inmorning.

12 pm 20-30 No Sky was clear. Less
humidity and less number
of trees.

4 pm 19-30 No Less humidity in
atmosphere.

Facade 8 am 22-25 No No creepers and material
used in facade was glass

12 pm No Clear sky and foreground

4 pm No Clear sky conditions

Road 8 am 22-28 Yes Presence of trees and

cloud cover.

facade was distinctly observed on the opposite side
of the facade. The maximum fagade temperature
recorded was 39.7 °C, but the walkway temperature
reached 43.3 °C, attributed to the absence of trees in
the vicinity of that measurement location. The un-
shaded glass registered a temperature of 27.2 °C.
The peak temperature for the road, footpath, and
facade was documented at 4 PM. The maximum
temperature recorded on the footpath was 48.9 °C
on concrete, coinciding with increased vehicular
traffic during that period.

Case 02 : ITI Road, Pune

The road is oriented in a North-South direction and
has a width of 30 meters. The typology of buildings

includes commercial, recreational, and institutional
categories. Vehicular density ranges from low to
medium. The average height of a building is 10

1]
"‘.H
‘I]

Fig. 5. Plan ITI Road showing temperature of August
month
(Source: Author, Students study Report, 2023)

-

Fig. 4. Plan ITI Road showing land use and points of measurements

(Source: Author, Students study Report, 2023)
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Table 5. October 2023 Readings DP Road (Source-Author)
E
Eime
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Fig. 6. Shadow pattern in August throughout the day

meters. The types of facing materials utilized in-
clude glass, plastered walls, reinforced cement con-
crete (RCC), galvanized iron (GI) sheets, stone walls,
and metal installations. Materials utilized on hori-
zontal surfaces include paving stones, asphalt roads,
pedestrian pathways, and open ground. The types
of vegetation included evergreen trees, deciduous
trees, and bushes.

(Source: Author, Students study Report, 2023)
Analysis
Surface wise analysis of ITI road

Analysis of Surface Temperature — Footpath
(August 2023)

At 8:00 AM, the surface temperature at Point A18
varies from 23 to 32°C because there are no nearby
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Table 6. January 2023 Readings DP Road (Source-Author)
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Table 7. ITI road April 2023 readings (Source-Author)
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Table 8. August 2023 readings ITI road (Source-Author)
Time‘
points | 8:00 1:00 4:00
A B A B A B
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trees. At 1:00 PM, the surface temperature varies
Road Temperature

between 24 and 37 °C. The highest recorded tem-
perature is 37.6 °C at position B4, which is due to the
distance between the buildings and the type of ma-
terial used for the pathway. At 4:00 PM, the surface
temperature varies between 28 and 38 degrees. The
highest temperature is recorded at point B4, which
can be attributed to the fewer buildings in that vicin-
ity. This leads to less shading and the use of hard
paving materials.
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Fig. 7. Graph footpath temperature (Source: Author)

Analysis of surface temperature - Road (August
2023)

At 8:00 AM, the surface temperature at Point A 21 is
between 25 and 33 degrees Celsius, which is attrib-
uted to the lack of nearby trees. At 1:00 PM, the sur-
face temperature ranges from 29 to 40 °C. At point
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Fig. 8. Graph Road temperature (Source: Author)

A7, it peaks at 40.5 °C due to the fewer buildings in
that area, leading to reduced shading. At 4:00 PM,
the surface temperature at point A 17 ranges from
27 to 39 °C. This is due to the fewer buildings in that
area, leading to reduced shading.

Facade temperature
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Fig. 9. Graph Facade Temperature (Source: Author)
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Analysis of surface temperature — Facade (August

2023)

At 8:00 AM, the surface temperature varies. The
temperature at Point A ranges from 21 to 29 degrees

Eco. Env. & Cons. 31 (April Suppl. Issue) : 2025

Celsius. 19. One o’clock in the afternoon. The surface

temperature ranges from 21 to 32 degrees Celsius,

with a peak value of 32.6 degrees Celsius observed
at point A. Fourteen o’clock, four PM. The surface
temperature at point A ranges from 23 to 34 degrees

Table 9. Understanding of factors responsible for temperature variations (Source: Author)

Time  Monsoon Summer Temp. FACTOR- 1 FACTOR- 2
[August] [April] Difference

8AM 25-35 25-38 0-3 The Surface temperature ranges  In April it is 25-38 degrees
Between 25- 33 degrees at Point ~ because of summer its high
A 21 in august due to absence of ~ temperature.
trees nearby

1PM 29-40 31.5-57.1 25-17.1 The surface temperature Comparatively in April 31.5-57.1
between 29 — 40 degrees at degrees due to sun at its highest
some points it reaches at elevation.
peak value i.e. 40.5 degrees
at point A7 because there are
less number of density
buildings at that point which
results in less shading

4PM 27-39 34-48.5 795 The surface temperature 34 - 48.5 degrees at point B18.
between 27 — 39 degrees at density wind flow direction
point A 17 because there are Analysis of Surface Temperature
less number of buildings at —Footpath
that point which results in
less shading and in summer

8AM 23-32 24 -37 1-5 The Surface temperature In April it ranges between 24- 37
ranges Between 23 - 32 degrees.
degrees at Point A18, because
no treesnearby,

1 PM 24 -37 28 -57 4-20 The surface temperature April 28- 57 degrees due to
between 24 — 37 degrees at concrete surfaces as these
some points it reaches at materials absorb and retain heat
peak value i.e. 37.6 degrees at leading to significantly high
point B4 because Building temperature.
placed are distant from each Values market survey
other and the footpath
material is composite

4PM 28 -38 32 -43.5 4-5.5 The surface temperature Paving material, in April it is
between 28-38 degrees the 32- 43.5 degrees because nearby
peak value is at point B4 buildings are providing some
because there are a smaller relief, but footpaths with
number of buildings concrete and asphalt surfaces

may remain hot in evenings.

8 AM 21-29 28 -48 7-19 The Surface temperature
ranges Between 21-29
degrees at Point A 19.

1 PM 21-32 30 -40 7-6 The surface temperature
between 21-32 degrees at
some points it reaches at
peak value i.e. 32.6 at point A 14.

4PM 23 -34 36 -42 15 -10 The surface temperature

between 23— 34 degrees at
point A 14.
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Celsius. Fourteen.

Factors influencing the surface temperature at the
facade. The highest temperatures at certain locations
are observed solely on one side, specifically side A,
because of the lack of trees and the presence of ex-
posed concrete on the fagade. The least temperature
is observed at specific locations because of the pres-
ence of trees with dense foliage, even though the
building’s fagade is glazed.

Inferences

The variations in temperature are also caused by
changes in weather conditions. It is observed that
the surface temperature and air temperature show
lower temperature levels when there is presence of
moisture in it. The presence of the river contributes
to lower temperature readings along the bridge.
Trees along the footpath contribute in reducing the
surface temperature of the footpaths. Asphalt roads
and rigid materials show higher surface tempera-
tures. Flexible materials show comparatively lower
surface temperatures as they reflect more heat.
Shaded areas show lower temperatures as direct
sunlight does not reach the surface. Surface areas
coming under trees with dense foliage have lower
surface temperatures as compared to the area under
trees with sparse foliage.

Conclusion

The study elaborates the importance of understand-
ing climatic variables and urban morphology to
comprehend the factors influencing UHI. Shaded
areas with trees had lower temperatures, trees along
footpaths reduced surface temperatures, vehicular
traffic influenced temperature values, different foot-
path materials resulted in varying surface tempera-
tures, asphalt had the highest surface temperatures,
minor changes in material color had minimal impact
on temperature readings, and the presence of a river
lowered air temperatures along the bridge. Also, the
presence of trees, dry and wet conditions of paver
blocks, and patches of vegetation cover on paver
blocks were responsible factors. As per the observa-
tions in change in temperature nature-based design
guidelines for streets is suggested. The research pa-
per can be taken ahead by offering recommenda-
tions tailored to specific local streets, highlighting its
practical implications for urban planning and miti-
gation strategies.
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