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Abstract

The urban heat island (UH]I) refers to the phenomenon of higher atmospheric and surface temperatures occurring
in urban areas than in the surrounding rural areas. Urban expansion is accompanied with a change in land
surface characteristics that influences the urban thermal environment. It has been observed that spread of urban
landscape and replacement of open land and vegetation cover within the city by built up structures may further
intensify the UHI effect that will exacerbate the health impacts of the higher temperatures that are already
common in urban areas.In such scenario, it seems that planning the urban growth so as to bring down the
adverse impacts of urbanization is what is required rather than to consider the adverse impacts as inherent,
inevitable and hence accepted price of urbanization. LANDSAT imageries of November 1990 and December
2014for Allahabad were used to compare the change in land cover of and the impact of such change on the
thermal environment of the city.Supervised fuzzy technique of land cover classification was used to generate
membership value of different land covers within each pixel for the two images while mono-window algorithm
was used to generate Land Surface Temperature (LST) for the two images. Land cover classification indicated
that there had been a substantial increase in urban built area along the urban fringe as well as a high degree of
urban infilling had taken place throughout the city right from the core to the fringe in the north east. Image of
LST for 1990 and 2014 indicated that temperatures within the city have increased by 4 °C to 6 °C indicating
phenomenal increase in UHI effect during the period. Rapid and unplanned urbanization characterized by
ignorance for land cover change and its impact on thermal environment were the major cause behind
intensification of UHI effect in the city.

"*Corresponding author:
Vijay Shanker Pandey - Tel: +91-8826644115
Email Id: vspandey@gmail.com

Key Word: LANDSAT-8, Land cover, urban expansion, Land Surface Temperature, Landscape Index
Abbreviations: UHI Urban Heat Island

LST Land Surface Temperature

© Association of Academic Researchers and Faculties (AARF)
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories.

Page | 247


mailto:vspandey@gmail.com
http://www.aarf.asia/
mailto:editor@aarf.asia
mailto:editoraarf@gmail.com

Introduction

The Urban Heat Island (UHI) is designated as an urban space within which surface
temperatures are higher than those of the surrounding rural landscape (Pinho andOrgaz2000;
Shenlai X 2009). Urban expansion is accompanied by a phenomenal alteration of the land
cover, as natural vegetation is removed and replaced by non-evaporating, non-transpiring
surfaces, (Park 1986; Eliasson 1996; Montavezet al. 2000)which is one of the major cause of
UHI effect (Oke 1982; Quattrochi et al. 2000). The other important cause for UHI formation
is the direct release of anthropogenic heat released by human activities that includes heat
escaping from cars, homes from within the city (Magee et al 1999). Ideally, an UHI is the
difference in temperature recorded within a city from which is subtracted the temperature that
would be measured at that same location without the presence of the city. As such
measurement is not possible; the UHI intensity can be calculated by taking the temperature
difference between an urban location and any nearby rural location with similar geographic
features (Magee et al 1999).Urban areas have marked effects on environmental conditions at
both local and global scales (Herold et al. 2003; Liu and Lathrop 2002) including climate
change (Grimm et al. 2000). The effect of urban expansion is particularly significant as the
global urban population is projected to almost double by 2050 (UN 2008)which is expected
to bring about unprecedented changes in urban micro-climate. As the UHI typically exhibit a
positive relationship with urban population size, the urban climate, particularly the heat island
effect is expected to intensify further(Yamashita 1996).

The conversion of rural landscape into urban areas through development is currently
occurring at an unprecedented rate that has a marked effect on the natural functioning of
ecosystems (Turner 1994). Alteration of the earth's land cover in the process of urban
expansion has be dramatic as large areas of natural vegetation have been removed and
replaced by impervious surfaces, such as metal, asphalt, and concrete. Impervious surfaces
are surfaces where water cannot infiltrate and are associated with transportation and building
rooftops. The amount of impervious surfaces is related to population size and degree of
urbanization (Stankowski 1972). It is an important indicator of environmental quality (Arnold
and Gibbons 1996) and hence analysis of the relationship betweenthe LST and percent
impervious surface area in anurbanized environment provides an alternative for studies
ofurban expansion and related surface UHI phenomena. Previousstudies have shown that the
higher the urban intensity or imperviousness,usually the higher the LST(Oke 1976;

Weng2001). One of the prominent out-come of urban expansion is increase in intensity of
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UHI effect that has numerous environmental, social and economic consequences (Bristow
and Mullens 1995). Urban expansion is accompanied with a change in land surface
characteristics that influences the UHI as the city spreads along its fringe and open lands are
replaced by buildings within the city itself. It has been observed that conversion of new area
into urban landscape adds to the areal extent of UHI while urban infilling tends to further
intensify the UHI effect.

The UHI effect has been the subject of numerous studies in recent decades as it is exhibited
and documented in many major cities around the world (Wang et al. 1990; Taha 1997; Kim
and Baik 2004;Kikegawa et al. 2003; Huang et al. 2005;Giridharan 2004). An understanding
of an UHI is central to urban micro-climatology and human environment interactions as UHI
causes environmental discomfort and has many adverse affect on health (Voogt 2002; Huang
et al. 2005). Higher urban temperatures also mean increased consumption of energy, mostly
for air conditioning(Akbari et al. 2001; Assimakopoulos et al. 2007; Kolokotroni et al. 2007)
and as power plants burn more fossil fuels, they drive up the pollution level that further leads
to degradation of green spaces (Driscoll 1985; Myer 1991).1t has been suggested that the
impact of urbanization and land cover change on surface climate is not negligible as
compared to atmospheric greenhouse effect (Kalnayet al. 2003; Zhouet al. 2004). In most
cities around the world, the effect of urbanization on local climate, especially on outdoor
temperature is alarming (Oke 1982; Rosenfeld et al. 1995; Sailor 1995; Taha 1997; Atkinson
2003; Giridharan et al. 2004) and is considered one of major problems in twenty first century.
Out of the growing concern and response related to UHI effect, the relationship between
urban land cover and UHI effect has been investigated extensively but the impact of urban
expansion which includes urban infilling within the city besides the spread of urban areas
along the urban fringe has received limited attention. The present work intends to identify
areas of urban infilling and expansion and analyze their impact on UHI effect in Allahabad
City.

As our cities will continue to grow, it is required that the adverse impacts of anthropogenic
modification of environment in and around our urban centers be curtailed rather than to
consider those adverse impacts as inherent, inevitable and hence accepted price of
urbanization.Many UHI analyses treat the quantitative description of land cover type as an
end in itself and fail to correlate the variation in intensity of the UHI with different
components of land cover due to highly heterogeneous urban land cover (Karl et al. 1988;
Magee et al. 1999; Pinho and Orgaz 2000; Streutker 2002;Potchterand Sofer2006).1t has been
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observed that simply comparing the temperature within an urban area to that in the
surrounding rural area is not adequate in itself. Sustainable urban design and planning
requires identification of land cover change at the fringe areas as well as within the city. To
identify urban expansion and associated change in land cover LANDSAT imageriesof the
study area for November 1990 and December 2014 have been used. Supervised fuzzy
technique of land cover classification was used to generate membership value of different
land covers within each pixel for the two images while mono-window algorithm was used to
generate LST for the two images. The membership image of settlements from the two images
was compared so that addition of built up surface within the city in form of urban infilling
and transformation of urban fringe areas to urban landscape was identified. Information
relating to thermal environment generated from the two images were also compared so that
change in intensity of temperature was identified which was subsequently used to establish
relationship between change in urban land cover and its impact on UHI effect.

Method and materials

Study area

Allahabad, located between 24° 15°N -24° 30°N and 81°30°E-81° 45°E is one of the oldest
urban center in middle Ganga plains of northern India (Fig.1). The city covers an area of 120
km? and has a population just over one million. Allahabad lies on flat alluvial plain that is
bordered in North and East by river Ganges while river Yamuna forms its Southern border.
Since 1950 the city had experienced enormous growth in population size and areal extent and
at present stretches well beyond the rivers that once formed its natural boundary. Since last
two decades, the city has witnessed a trend for infilling of open land within the citydue to
which the city presents an ideal opportunity to study the impact of urban infilling and
expansion. The methodology worked out in assessment of impact of urban expansion on
UHI’seffect in Allahabad city can be applied for monitoring, planning and management of

UHTI’s in other cities of the Ganga plains as well.
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Fig.1Location of Allahabad City

Data

UHI had long been studied by ground-based observations but it had proved difficult to
monitor and measure UHI solely with in-situ instruments as such observations lacked
simultaneity and even large number of observations required interpolation and estimation.
Temperature measurements from satellites, on the other hand, have higher spatial coverage
and can be carried on simultaneously over a large area. Satellite thermal data can effectively
depict the patterns of the thermal environment of extensive urban areas(Streutker 2002)and
with the advent of thermal remote sensing technology, remote observation of UHIhad became
possible and hadalso provided new avenues for the observation of UHI (Voogt and
Oke2003). Multi-sensor datasets, higher resolution and new processing techniques, had
improved the accuracy of satellite thermal sensing, allowing new applications to studies
focusing on urban climatology (Los et al. 1997; Christopher 2002; David 2003). In recent
years, with the advance of the study on algorithm and the improvement of sensor, remotely
sensed data is being used extensively in the field of urban climate and UHI(Aniello et al.
1995;Dousset and Gourmelon 2003; and Lo and Quattrochi 2003). Landsat Thematic Mapper
(TM) and LANDSAT-8 thermal infrared (TIR) data with 120 m and 60 m spatial resolutions,
respectively, had also been used for micro level studies of UHI (Chen et al. 2002; Weng
2001, 2003).To identify different land covers that form basis for detecting urban expansion
and to quantitatively measure the LST, LANDSAT imageries(Path 143/Row042)acquired on
mid morning of 17 November 1990 and 09 December 2014 were analyzed.Although the mid-
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morning timing of the LANDSAT- 8overpass was not ideal for analysis of the UHI, it was
feasible without major loss of information.The imageries were acquired through the USGS
Earth Resource Observation Systems Data Center, which had corrected the radiometric and
geometrical distortions of the imageries. The LANDSAT imageries were further rectified to a
common Universal Transverse Mercator coordinate system based on 1:24,000 scale
topographic maps, and were resampled using the nearest neighbor algorithm with a pixel size
of 30 m by 30 m for all bands including the thermal band. The resultant RMSE was kept less
than 0.5 pixel.

Land Cover classification

Urban land cover represents one of the most challenging areas for remote sensing analysis
due to the high spatial and spectral diversity of surface materials (Maktav et al. 2005). Land
cover classes are mapped from remotely sensed data through digital image classification
where all pixels are categorized into land cover classes (Lillesand et al. 2008). As the spatial
resolution interacts with the heterogeneous urban land cover a special problem of mixed
pixels is created, where several land cover types are contained in one pixel. Mixed pixels
have been recognized as a major problem affecting the effective use of remotely sensed data
in urban land cover classification and change detection (Fisher 1997). Traditional classifiers
are per-pixel based, and cannot effectively handle the mixed pixel problem (Cracknell 1998).
Use of high spatial resolution image data does not lead to high accuracy of classification
(Clapham2003) and as per-pixel based classification loses both spatial resolution and
statistical information; supervised fuzzy approach for land cover classification had been
applied in the present study. Thapa and Murayama (2009) have shown that classification
results can be improved using fuzzy supervised approach as it considers that each pixel might
belong to several different classes without definite boundaries. The fuzzy supervised
classification approach works using a membership function, where a pixel’s value is

determined by whether it is closer to one class than another (Jensen 2005; Wang 1990).

Homogeneous sample pixels were identified as training pixels in the image that were used as
representative samples for each land cover category to train algorithm and to locate similar
pixels in the image. In all four major land cover type were identified and five to ten region of
interest were prepared that were used as signatures of training samples for different land
covers. The ground reference data were used to prepare the training signatures. For

supervised fuzzy classification of satellite data, PARBAT software had been used and for
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identification of different land covers, region of interest had been created using ENVI
software. The fuzziness parameter was set between 1.5 and 2.0 as proposed by Zhang and
Foody(2001). Fuzziness parameter with value 2.0 along with Euclidean distance was taken as
it forms an ideal combination for lower resolution data like LANDSAT (Gopal and
Woodcock, 1994). The membership value in fuzzy classified data pixels gives their degree of
affinity with the centroid of the optimal class. Membership p of the i™ object to the ¢ cluster
of n number of classes in ordinary fuzzy c-means, with d the distance measure used for

similarity, and the fuzzy exponent q determines the amount of fuzziness, is defined as:

-2
. (di)T1
”I.C — c -

Yo o(dic)®?
In the supervised fuzzy c-means, the class centroid is determined from the training data.
Output of the supervised fuzzy classification had been used for further analysis.Land covers
in Allahabad city for 1990 are depicted in Fig. 2 and for 2014 in Fig. 3 where as the
membership images for settlements are shown in Fig. 4 and Fig. 5 for 1990 and 2014

respectively.
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Fig.2Land cover, Allahabad City (1990)
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Fig.3Land cover, Allahabad City (2014)

Land cover maps generated for 1990 (Fig. 2) and 2014(Fig. 3) imageries indicated that there
had been a substantial increase in urban area during the period. Open areas in the Western
fringe of the city had registered significant increase in area under settlements while the other
major area of urban expansion had been the South Eastern corner of the city across the river.
Areas along the urban fringe to the North East of the city had also registered significant
expansion. It is interesting to note that the patches of open land within the central core of the
city had also been replaced by built up surface indicating urban infilling in the central core of
the city. To quantify the degree of urban infilling, membership image of settlement had been
generated using supervised fuzzy technique for classificationthat gives percentage of built up
land cover in each pixel. Comparing the membership images for settlement for 1990 (Fig. 4)
and for 2014 (Fig. 5) it is evident that a high degree of urban infilling had taken place even in
areas of high density of built up surface as the extent of bright areas that indicate high
percentage of settlements had increased significantly in the central part as well as the in the

fringe areas to North East of the city.
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Fig.4Membership image for Settlements, Allahabad (1990)
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Fig.5Membership image for Settlement, Allahabad (2014)
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Land Surface Temperature Generation

Estimating LST at sensor Brightness temperature was derived from LANDSAT band 6 (with
an effective wavelength of 11.457um). The Land Surface emissivity was derived by NDVI
technique proposed byJime 'nez-Mun“oz and Sobrino (2003); Kant and Badrinath (1998)
using derived NDVI (NDVI = NIR — R/ NIR + R) and vegetation cover (p,) image. Using
this information, LST had been derived with help of Mono — window Algorithm as proposed
by Qin et al. (2000).

Algorithm for LST estimation:

Te=[ag(1—Cs—Dg) + (bg(1—Cs—Dg)+ Cs+ Dg)Tg — DgT]Cs
Where:

asandp, are the coefficients. For the possible temperature range 0 — 70°C (273 — 343 K) in

most cases,

e = -67.355351

bs = 0.458606

C=e¢r

D=0A-7[1=>1-¢r1]

¢ = Land surface emissivity

T = Total atmospheric transmissivity
Tsensor = (Tj) at sensor brightness temperature
T ,= Mean atmospheric temperature
T,=16.0110 + 0.92621 T,

T,= near surface air temperature

© = 0.974290 — 0.08007w (highT, )

7 =0.982007 — 0.09611w (lowrT,)

w = atmospheric water vapor content for the range 0.4 — 1.6 gm/cm?
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Value of Land surface emissivity had been taken from derived emissivity image. The
computation of LST from band 6 data is depended on determination of atmospheric

transmittance ts and effective mean atmospheric temperature(T,).

Based on the above mentioned algorithm, LST image was generated for study area for
November 1990 (Fig. 6) and December 2014 (Fig. 7). Comparing the LST map generated for
November 1990 (Fig. 6) with the land cover map for November 1990 (Fig. 2) it is clear that
the highest temperatures where around 26°C and were associated with the open land in the
South Western part of the city and across the river in the South. Patches of open lands with
similar high LST were also present in the Eastern and Northern parts of the city. LST over the
water surface and large vegetation patches in the Northern part of the city were comparatively
cool with temperatures of around 20°C to 22°C while the central core of the city had
temperatures around 24°C to 25°C (Fig. 6). Thus the range of temperature over Allahabad
city in 1990 was between 20°C to 28°C. LST map for Allahabad in December 2014 indicate a
marked rise in temperature with the temperature range between 21°C to 32°C (Fig. 7). Large
parts of central city that had temperatures around 24 to 25°C in 1990 had in 2014,
temperature of around 27°C to 30°C proving that temperatures of urban areas had increased
substantially. Temperatures over river in 2009 were around 21°C which was similar to what it
was in 1990 (20°C).Due to loss of vegetation patches in the Northern part, large parts that had
temperatures similar to river in 1990 had in 2014, temperatures similar to urban areas
indicating that with loss of vegetation and subsequent urbanization, areas in Northern parts of
the city had become part of UHI. Open lands associated with river bed in South West and in
small patches in East and North remained the hottest parts of the city (Fig. 7).
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Fig.6Land surface Temperature, Allahabad (1990)
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Fig.7Land surface Temperature, Allahabad (2014)
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Results and discussions

Directly comparing the temperature maps of 1990 and 2014 had not been attempted at, as that
required to ensure that the weather conditions over the study area were exactly the same on
the two dates when the satellite data was acquired. To compare the temperature of November
1990 and December 2014, the LST over water bodies that was lowest and almost similar in
both LST generated maps was used as it provided an ideal location on basis of which
intensity of temperature over city could be calculated and compared between 1990 and 2014.
Initially the average temperature over river was observed to be 20 °C in 1990 and 21°Cin
2014.The average value of temperature over river for 1990 and 2014 were subtracted from
the respective LST image that gave the intensity by which other parts of the city were hotter
as compared to the river in 1990 and 2014.Subtracting 20°C from the entire LST image of
1990 provided the intensity of UHI over Allahabad city that ranged between 0°C to 6.5°C
(Fig. 8). Large vegetation patches in the northern part of the city had similar cooling effect as
was observed over river water while open lands associated with sand on the either side of the
river were hottest and had temperature around 5 °C to 6.5°C higher. Temperatures over the
central core of the city were 3°C to 4°C higher than the river waters indicating a pronounced
heating effect due to urbanization. Intensity of heat island over Allahabad city in 2014(Fig. 9)
indicated a marked increase as parts of the city were up to 11°C hotter than the river waters.
Patches of high temperature as observed in the central part of the city in 1990 had coalesced
into a prominent UHI over city that had temperatures over 6°C to 7°C higher than the river
waters. Comparing the land cover maps of 1990 (Fig. 2) and 2014 (Fig. 3) and the heat
intensity maps for the two years, it is clear that the change in land cover with associated loss
in vegetation cover had played a major role in increasing the intensity of UHI over Allahabad

city.
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Fig.9Intensity of Urban Heat Island, Allahabad (2014)

As stated earlier, transformation of open land and area under vegetation cover into built up
surface within the city is accompanied withurban expansion along the fringe. As the city
expands along its fringe the thermal environment of the new areas is modified and gradually
they become part of already present UHI in the already urbanized part of the city. Within the
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city as open areas are replaced by built up surface, the already present UHI tends to intensify
further making the urban thermal environment even worse.To analyze the impact of urban
infilling on heat island effect, a line ‘AB’ (Fig. 2) is selected that runs from the northern edge
of the city to the southern part passing through the central core of the city and the river. A
profile is generated along line ‘AB’ on the membership imagesfor settlement for 1990 and
2014which when plotted as graph (Fig. 10a ) indicates the measure of urban infilling that had
taken place within the city between 1990 and 2014. To analyze the impact of urban infilling
on thermal environment of the city, another profile was generated along line ‘AB’ on the
images for heat island intensity for 1990 (Fig. 8) and 2014 (Fig. 9) and plotted on a graph
(Fig. 10b). Comparing the two graphs for change in membership value for settlements (Fig.
10a) and change in intensity (Fig. 10b), it is evident that substantial urban infilling has taken
place not only at the fringes but also in the central core of the city. Impact of urban infilling is
reflected by increase in intensity of UHI as the difference in temperature between river water
(Pixel 150 to 175 on Fig. 10b) and intensity of UHI for 2014 has increased by 2°C to 4°C as
compared to intensity of UHI for 1990. The only area where there was no change in intensity
in temperature between 1990 and 2014was over river water.Similar temperatures over river
water in 1990 and 2014 while a marked increase in other parts prove that urban expansion

had led to phenomenal rise in temperatures within the city.
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Fig.10(a) Comparison of membership value for settlements, (b) Comparison of Urban Heat
Island Intensity, Allahabad
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Conclusions

It was observed that land cover and LST information can be derived from remotely sensed
data, which provides a powerful way to monitor urban environment. Problem in classification
of land cover due to mixed pixels could be handled using supervised fuzzy technique for
classification of and different land covers. Presence of a major river in close proximity of
urban core of Allahabad city provided an ideal condition to compare intensity of UHI effect
for two images separated by a gap of 19 years. Land cover classification for the LANDSAT
imageries from 1990 and 2014 indicated that there had been a substantial increase in urban
built area along the urban fringe during the period.Membership imagesfor settlement
indicatedthat a high degree of urban infilling had taken place throughout the city right from
the core to the fringe in the north east. Image for LST for 1990 and 2014 indicated that
although the temperatures over river water has remained almost constant, temperatures within
the city have increased by 4°C to 6°C indicating phenomenal increase in UHI effect. The
major cause behind increase in UHI effect was attributed to conversion of open land to built-
up surfaces which otherwise should have been replaced by vegetation cover as it had been a
cooling factor along with water surface.Thus land cover change due to urban expansion not
only modifies the heat balance within the city but also has a negative effect on landscape
aesthetics, energy efficiency, and human health and quality of life as pointed out by
McPherson et al.(1997) and Yueetal.(2007). Study of the impact of sand associated open land
along the flood plains of rivers on UHI effect is recommended as the areas with highest LST

were associated with open lands close to the river.
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