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ABSTRACT

In modern days, a sustainable urban planning system requires a balance of vegetation,
water, and settlement. The proportions of these surface features directly influence the land
surface temperature (LST) in an urban area. LST primarily depends on the emittance of land
use/land cover (LULC) categories. In an urban area, changes in LULC categories as well as
local warming are the prime regulators of LST change. The study analyses the LULC change
and its impact on LST in Imphal City, India. Landsat satellite data for the summer season and
winter seasons for 1991, 2001, 2011, and 2021 have been used in this study. Results show
that the mean LST of the study area increased at >1% rate/decade. The green area and water
area decreased the LST values whereas the built-up area and fallow lands increased the LST
values. The study indicates the consequences of proper land conversion to regulate the LST
change. Moreover, the influence of population on LST is also determined. The continuous
rising trend of population is a positive factor of increasing LST. The study may help the town
and country planners to generate sustainable urban land.

Keywords: Land surface temperature; Land use/land cover, Sustainable urban planning.

INTRODUCTION

Urbanization and land surface temperature (LST) can be considered a cause-and-effect
relationship. Urban expansion leads to a rise in LST in almost all global cities. The rapid
change in land surface material is a trademark signature of urban agglomerated landscape
(Mushore et al., 2021; Guha et al., 2022). Influence of climate change also modifies the
environmental status in a significant ratio (Kundu et al., 2015, 2018; Mondal et al., 2015,
20164, 2016b, 2018). In an urban area, the land is mainly converted from the natural surface
(vegetation, water, bare soil, or rock) into an artificial surface (road, building, factory,
airport, car parking places, etc.) (Wiesner et al., 2018; Karakus, 2019). This type of land
conversion accelerates the LST in mixed urban land and develops urban heat islands inside
an urban body (Zhao et al., 2016; Zhou et al., 2019). Moreover, different categories of
built-up surfaces generate different amounts of LST (e.g., a metalled surface can generate
higher LST than an unmetalled surface like brick or glass material) (Balew & Korme, 2020).
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Thus, analysis of land surface materials and their changes may be considered a crucial factor
for LST rise in urban land (Peng et al., 2016; Tran et al., 2017; Guha & Govil, 2021).

Nowadays, many statistical algorithms describe the relation between LST and land surface
indexes. For example, Feyisa et al. (2016) showed the impact of urban expansion and land
cover mapping on the thermal condition of Addis Ababa city. Deilami & Kamruzzaman
(2017) reviewed the impact of Land surface materials as a controlling factor of LST.

Derdouri et al. (2021) reviewed the interaction between land surface materials and the
intensity of LST over two decades in urban landscapes. Dutta et al. (2020) tried to find the
effect of land use change on urban heat islands for a long period in an industrial city in
eastern India. Hashim et al. (2020) analysed the LST trend in Baghdad city and stated that the
area of high LST has low vegetation coverage and vice versa. Alexander (2020) showed that
the spectral indices formed by infrared bands generate better correlations with LST than the
conventional NDVI or other vegetation indexes. Ayanlade (2016) investigated the seasonal
impact of daytime and night-time LST on different land surface materials.

For sustainable town and country planning, the LST-LULC relationship is required as the
various LULC types can directly influence the variation of LST. Hence, this LULC-based
study is important in determining the stability of LST on any urban land surface (Guha &
Govil, 2022). However, this type of analysis is rarely found in northeast India. Kalota (2016)
and Mondal et al. (2021) investigated the characteristics of the surface temperature of
Manipur State and Imphal City, respectively. Among the recent significant studies, Pandey
etal. (2022a, 2022b, 2023a, 2023b) analyzed the relationship of LST with land surface
indices in Imphal City. On this context, the current study analyzes the spatial distribution of
the components which are used in determining the LST and the decadal information of
population of the city. The study also attempts to evaluate the seasonal impact of different
LULC categories on LST.

MATERIAL AND METHODS

Study area

The study area (Imphal city) extends from 24°53'47"N to 24°41'43"N and from 93°51'00"E
to 94°01'00"E (Figure 1) and covers 420 km? surface area (Mondal et al., 2021). The average
elevation of the undulating surface of the city is approximately 800 m. The northwest portion
reflects the higher relief whereas the southern part is characterised by the lower relief. The
city is under a humid subtropical climate with warm humid summer and cool dry winter
(https://mausam.imd.gov.in/). The maximum and minimum temperature of summer and
winter is 30°C and 5°C, respectively. The mean temperature and the mean annual rainfall of
the city are 20°C and 1450 mm, respectively. The nature of the soil is acidic alluvial and the
vegetation types are moist evergreen and temperate (Mondal et al., 2021). With many
beautiful spots like Keibul Lamjao National Park, Imphal is considered a notable tourist
place in northeast India (https://imc.mn.gov.in/). According to the 2011 census, the city has
0.27 million population (https://censusindia.gov.in/).
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Fig. 1: Imphal city and adjacent area in SRTM DEM and Google image
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Data

Four summer and four winter Landsat satellite data were obtained from the Earth Explorer
website (http://earthexplorer.usgs.gov/) (Table 1). Shuttle Radar Topographic Mission
Digital Elevation Model data was also downloaded for determining the surface elevation
(http://earthexplorer.usgs.gov/). Here, this surface elevation map is shown for visualisation
and understanding of the nature of LULC types. It is not used for determining LST or LULC
types. The map and the necessary information about the city were taken from Imphal
Municipal Corporation. Moreover, the Google Earth Image software was used to check the
classified LULC map (https://earth.google.com/web/). ArcGIS and ERDAS Imagine
software are used for various image-processing tasks. The data on weather conditions have
also been provided here to compare the results (Table 2). The weather data for 2011 and 2021
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are available but for 1991 and 2001 are not available (https://mausam.imd.gov.in/). As there
are all cloud-free data, no record of precipitation is observed on these specific dates.

Table 1: Specification of the used Landsat satellite images

Landsat scene ID Date of Time Path/Ro Sun Sun Clou Earth-Sun
acquisitio  (UTC)” w  elevatio  azimut d distance
n n(°) h(°) cover (astronomica
(%) | unit)
Summer season
LT51350431991108BKTO  18-Apr-91  03:34:0  135/043 56.09  108.42 7.00 1.00
0 0
LT51350432001135BKTO 15-May-0 03:52:1 135/043 64.13 97.29 5.00 1.01
1 1 2
LT51350432011099BKTO  09-Apr-11  04:01:5  135/043 59.68  119.96 0.00 1.00
1 1
LC81350432021110LGNO  20-Apr-21  04:11:4  135/043 64.64 116.66 9.64 1.00
0 2
Winter season
LT51350431991028ISP00 28-Jan-91  03:32:3  135/043 34.42  137.09 1.00 0.98
7
LT51350432001039BKTO  08-Feb-01  03:52:0  135/043 39.76 13859 0.00 0.99
0 5
LT51350432011035BKTO 04-Feb-11 04:02:0 135/043 40.21 142.28 0.00 0.99
0 1
LC81350432021014LGNO0  14-Jan-21  04:12:1 135/043 37.97  149.60 7.94 0.98
0 4
*IST=UTC+05:30 (IST=Indian standard time, UTC=Coordinated universal time)
Table 2: Weather conditions for specific dates
Date Air Wind Relative Precipitation Weather
temperature velocity humidity (mm) condition
(9]
09-Apr-11 21.6 4km/h 34% 0 Scattered clouds
20-Apr-21 24.4 5km/h 78% 0 Fog
04-Feb-11 16.5 1km/h 61% 0 Sunny
14-Jan-21 15.1 3km/h 68% 0 Fog

Methods

The study computes the LST of eight satellite data. Moreover, the maximum likelihood
supervised classification method with accuracy assessment is used to obtain the classified
LULC maps. At the same time, the minimum, maximum, and mean values of annual AT and

precipitation are also determined for the study period.

LST computation

LST computation sequentially follows some algorithms. These algorithms are as follows:
At first, spectral radiance is calculated by Equation 1 (Artis & Carnahan, 1982):

L, = RadianceMultiBand x DN + RadianceAddBand

L2 = the spectral radiance in Wm2sr-imm.
Thereafter, the at-sensor brightness temperature is calculated by Equation 2:

K2

Te=———"—
In((K+/L1)+1)

€

(2)

23



Pandey A. et al.: Analysis of the variability in land surface temperature due to land use/land cover change for
a sustainable urban planning

Where, Ts = brightness temperature in Kelvin (K), L. = spectral radiance in
Wm2srimm?; K2and Ki= calibration constants.

Thereafter, fractional vegetation is calculated by Equation 3 (Carlson & Ripley, 1997):

( NDVI — NDV Imin jz 3)
NDV |max—NDV |min

Where, NDV Imin = minimum NDVI, NDV Imax = maximum NDVI. Fv =

fractional vegetation.
Thereafter, land surface emissivity €, is calculated by Equation 4 (Sobrino et al., 2001,

2004):
£=0.004*F, +0.986 4)
Where, & = surface emissivity.
Finally, LST is calculated by Equation 5 (Weng et al., 2004):

Ts
1+(40Te/ (hc))ine 5)

LST =

Where, 4 = effective wavelength, O = Boltzmann constant (1.38x10% J/K),
h' = Plank’s constant (6.626x10% Js), C = velocity of light in a vacuum (2.998x10°
m/sec), € =emissivity.

Supervised classification
Landsat data from four years have been classified by applying the maximum likelihood

supervised classification method. 120 sample points are used in this classification process.

The final classes are water, forest, settlement, agriculture, and fallow land.
After that, overall accuracy and the Kappa coefficient techniques are used to determine the

accuracy of the classification. The overall accuracy is determined by Equation 6:
Number of correctly classified sample classes
Overall accuracy = - (6)
Number of reference sampling classes

The kappa coefficient is determined by Equation 7:
Observed accuracy — Chance assessment 7
1 — Chance agreement )

Figure 2 represents the whole methodology of the study through a flow diagram.
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Fig. 2: Methodology of the study
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RESULTS AND DISCUSSION

Accuracy assessment of LULC classification

Table 3 represents the overall accuracy and Kappa coefficient values of five LULC classes.
The overall accuracy values are 92 %, 92 %, 88 %, and 86 % in 1991, 2001, 2011, and 2021,
respectively. Kappa coefficient values are 0.88, 0.88, 0.83, and 0.79 in 1991, 2001, 2011, and
2021. These results show that the classified LULC maps are almost accurate.

Table 3: Overall accuracy and Kappa coefficient values

Type 1991 2001 2011 2021
Overall accuracy  92% 92% 88% 86%
Kappa 0.88 0.88 0.83 0.79

25



Pandey A. et al.: Analysis of the variability in land surface temperature due to land use/land cover change for
a sustainable urban planning

Changing scenario of LULC types

Fig. 3: Changing scenarios in various LULC categories
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Decadal changes in LULC types are shown in Figure 3. In this figure, five no-change
classes (original classes found in supervised classification) have been presented. Besides,
seven changed classes (forest-agriculture, water-agriculture, agriculture-forest,
forest-settlement, water-settlement, fallow land-settlement, and agriculture-settlement) have
also been presented. The highest number of changed pixels is observed in the settlement.
Thus, a separate map of the changed settlement class has been shown in this figure (right
bottom). Forest and agricultural land classes have been changed most (in terms of area) into
settlement classes.

Changing scenario of NDVI, fractional vegetation (FV), and emissivity in the city

Fig. 4: Spatial distribution of NDVI (1991, 2001, 2011, 2021).
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Figure 4 represents the spatial distribution of NDVI in the last 30 years. The green and
water surface is decreased due to the expansion of built-up surface. The value and
distribution of NDVI1 has been changed according to this type of change in surface area. The
higher NDVI value (< 0.3) is found along the northern and eastern parts of the area. The
summer season has more NDVI value than the winter season. LST than winter.
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Fig. 5: Spatial distribution of FV (1991, 2001, 2011, 2021).
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Fig. 6: Spatial distribution of emissivity (1991, 2001, 2011, 2021).
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Figure 5 represents the spatial distribution of FV in the last 30 years. The higher
concentration of vegetation reflects the higher values of FV (> 0.6). This scenario is observed
in the norther and eastern portions of the study area. The summer and winter seasons show
almost same value of FV.

Figure 6 shows the spatial distribution of emissivity during the period. Emissivity depends
on the surface materials. Some built-up surface reflects higher emissivity that are visible in
the central parts of the area. The summer and winter images have different status of
emissivity. LST of any area directly proportionate to the values of emissivity.

Changing LST scenario in the city

Figure 7 represents the spatial LST distribution in the last 30 years. The total area under the
green area and the water surface is reduced whereas the built-up surface areas are increased.
The LST has been changed according to this land use change. The central and the northeast
segments of the city gain more LST with time. The summer season witnesses more LST than
winter. The middle part of the city became hotter after 2001. Both summer and winter season
depicts the same picture.

Fig. 7: Spatial distribution (A) and decadal changes (B) of LST in summer.
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Figure 8 shows the decadal changes in LST difference in Imphal. LST increased a little bit
in the central part between 1991 and 2001. However, during 2001-2011, the outer part
experienced more LST. During 2011-2021, the central parts became warmer than the early
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phases. From 2011-2021, the southern and central portions are substantially heated. This
continuous warming is the consequence of fast land conversion in the area.

The decadal changes of LST (%) have been shown in Table 4. The highest increase (63 %
and 42 % in summer and winter, respectively) has been noticed in the minimum LST values.
Land conversion is the main factor for this decadal change in LST. During the entire summer
season, LST rises 8°C, 6°C, and 3.5C (approximately) on the minimum, maximum, and mean
LST values. In the entire winter season, LST rises 3.5°C, 3°C, and 3°C (approximately) on the
minimum, maximum, and mean LST values.

Fig. 8: Spatial distribution (A) and decadal changes (B) of LST in winter

1991 2001 2011 2021
z z z z
5 5 5 5
5 b 3 3
-
< E g g g
- &t et gt g
a I 3 B 1
] ;
.E i *
s A I o £ S
3T Ry 1 3k } - s ‘, IF
s 3 SR Bt 3
: A - ot 25 .n B NG : e I L
3°520"E 93°56'0'E S4°00'E 3°520"E 93°56'0'E S4°00°E 3°52'0"E 93°56'0"E S4°00'E 33°52'0°E 93°56'0"E 84°00'E
——sllNT | [ T e —— | G| (°0)

10 12 14 16 18 20 22 24 26 28 30

1991-2001 2001-2011

e

2011-2021 1991-2021

24°520°N
2°520°N
24°52°0°N

24°48'0°N
24°480'N

Winter (B)

24"440°N
24°44°0'N
20°44°0°N

7 . ..
.} ¥ 3o
gt ot 5
P FRe N A ? B A
93'520°E 93"56'0°E 94°00°E 93"520"E $3"56'0E S400E 93°520°E 93'56'0°E 94°00°E
I I ——— | ST (°C)
0 1 2 3 4 5 6 7 8

T e

Table 4: Decadal changes (in %) of LST (°C)

Summer
Year LST(Min) LST(Max) LST(Mean)
1991-2001 27.81 -1.29 3.19
2001-2011 21.15 10.02 8.52
2011-2021 5.04 -1.44 2.16
1991-2021 62.73 7.02 14.39
Winter
Year LST(Min) LST(Max) LST(Mean)
1991-2001 24.47 891 21.15
2001-2011 -5.82 -11.04 -6.76
2011-2021 21.30 12.11 5.62
1991-2021 42.20 8.62 19.67
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Impact of different LULC on LST generation

The minimum, maximum, median, upper quartile and lower quartile values of LST on
separate LULC categories have been shown by box plot graphs (blue colour for summer and
red colour for winter) in Figure 6. The highest and the lowest LST values (minimum,
maximum, and mean) are observed on settlement and forest, respectively. The maximum
range of LST is observed on fallow land and in the winter season. The median LST on fallow
land is low in winter and high in summer. The median LST on settlement is high in summer
and high to moderate in winter. The median LST in forest is low in summer and winter both
seasons. The median LST on water bodies and agricultural land is moderate in summer and
moderate to low in winter. The gradual increase of LST on every LULC type may be
considered an indicator of constant local warming.

Fig. 9: Box plot graphs of LST on different LULC types
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LST-population relationship during the study period

Figure 10 and 11 describe the relation of population with the summer LST and winter LST,
respectively. Population of Imphal city rises abruptly from 1991 to 2021
(https://www.ceicdata.com/en/india/census-population-by-towns-and-urban-agglomerations
). A lot of fluctuation is observed in the winter LST than summer LST. One of the interesting
facts is that the trend of rising LST in the summer season is almost similar with the increasing
trend of population. It clearly indicates that the significant rise of population increases
a number of activities in domestic, commercial, industrial and transport sectors of the city
those are directly responsible for the increase of LST in the city.
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Fig. 10: LST-population relationship in summer
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CONCLUSION

The present study determines the variation of LST and LULC for the last three decades in
anortheast Indian city, Imphal. In summer and winter, LST increased at a rate
of >1°C/decade. Except for the northern part, LST rises significantly over the entire city.
A constant rapid urban expansion has been seen in recent years in Imphal and it affects the
LST of the city directly. The areas having a significant amount of green vegetation witness
low LST and the areas other than green vegetation have high LST values. Land conversion
may be considered the main factor for LST fluctuation. Mostly the vegetation surface has
been converted into the fallow or barren land surface and LST varies significantly in those
particular areas. Proper sustainable urban planning requires land conversion in a reverse way.
The barren lands should be converted into agricultural land, grassland, or plantation
cropland. It will check the LST status in the city. Moreover, the study also reflects the status
of LST-population relationship in the city. The study is based on the summer and winter
satellite data of four decades and other seasonal responds have not been recorded. It can be
extended by investigating the satellites of other seasons maintaining a small interval of less
than five years.
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