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Abstract
Currently, more than half of the world’s population is living in cities. Rapid and unplanned urbanization became a common

scenario in rapidly developing countries such as those in Asia. Decline in vegetation coverage and increase in local air and

land surface temperatures are among the adverse effects of unplanned urban growth. We used Landsat data for the period

1991–2017 to estimate the expansion of urban areas in terms of vegetation loss and the development of small-scale urban

heat islands in developing cities in Kerala state of India. For the last 27 years, unplanned urbanization in Kerala state has

increased and this resulted in the enhanced loss of vegetation and, possibly, resulted in the increase in land surface

temperature (LST). Our results indicate that vegetation coverage, particularly near the urban areas, has been decreased by

5.8%, 10.4%, and 9.6% in Ernakulam, Trichur, and Kozhikode districts, respectively. The land surface temperatures also

have been increased during the study period. It is interesting to note that higher increase in LST and higher reduction in

vegetation coverage were observed in Trichur and Kozhikode districts compared with highly populated and urbanized

Ernakulam district.
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Introduction

Since the nineteenth century, global mean temperature has

increased and major cities have been emerged as a conse-

quence of industrialization and rapid urbanization (Gron-

dona et al. 2013). Currently, more than half of the world’s

population is living in cities (Cohen 2003). Compared to

the developed countries in North America and Europe,

population living in urban settlements is smaller in Asia

(UN 2014, 2016). However, rapid urbanization is currently

undergoing in Asian region and the population in urban

areas in Asia is supposed to increase 64% by 2025 (UN

2014). Urbanization improves the quality of life and eco-

nomic growth in fast developing countries. On the other

hand, urban growth without proper planning has profound

impact on the environment (Ranagalage et al. 2014). Urban

sprawl in the suburban areas also possesses the same

adverse effects as urban growth on the environment. The

adverse effects of urbanization and urban sprawl on the

environment include loss of vegetation, microorganisms,

habitat and water bodies, pollution and greenhouse emis-

sion, formation of urban heat islands (UHI), biodiversity

degradation, influence on ecological and biogeochemical

cycles and spread of diseases (Estoque and Murayama

2014; Son and Thanh 2018).

The most visible effects of rapid urbanization are the

loss of vegetation cover and increase in concrete infras-

tructures (Carlson and Arthur 2000; Du et al. 2010). In

other words, changes in land cover and vegetation can be

used to monitor the growth of urban settlements.

Urban heat island can be defined as the appearance of a

higher atmospheric and land surface temperatures in urban

areas compared to the surrounding rural areas (Voogt and
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Oke 2003). Two types of UHIs observed are: surface urban

heat island (SUHI), which is observed based on LST and

atmospheric urban heat island (AUHI), which is normally

measured based on the air temperature (Ranagalage et al.

2014). It is observed by some researchers (e.g., Chen et al.

2006) that UHI is stronger in the autumn and winter than

the summer months.

The two major adverse effects of rapid urban growth

described above—vegetation loss (or formation of new

settlements) and SUHI formation—can be estimated

effectively using remote sensing data (Veettil 2012;

Grondona et al. 2013). In this study, we estimated the

expansion of urban areas by means of vegetation loss in

three populated districts in India and SUHI using multi-

spectral satellite imagery in the same area. Despite the

limitations due to spatial resolution of the data used,

remote sensing methods are still efficient by eliminating

the problems associated with multiple user data interpre-

tation and is faster compared to other traditional methods

for estimating LST (Grondona et al. 2013).

Study site

In this study, the growth of urban areas by means of veg-

etation cover changes in three highly populated districts in

Kerala state of India (Trivandrum, Ernakulam, and Koz-

hikode) for the period 1991–2017 was estimated using

Landsat image series. The Indian state of Kerala is con-

sidered as the fourth most urbanized state in India for the

period 2001–2011 (Sudhira and Gururaja 2012). Develop-

ment of small-scale UHIs associated with urban sprawl

during the same period was also analyzed using the same

satellite data (Fig. 1).

It has been reported that Kozhikode and Ernakulam

were ranked among the 20 most populated cities in India in

2011 (based on census 2011 data) and these two showed a

significant population rise rate during 2001–2011 (Sudhira

and Gururaja 2012). At the same time, overall population

rise in Kerala was very small (5%) compared with the

urban population growth (48%), and there was a significant

decline in rural population (25%) (Sudhira and Gururaja

2012).

Data and methods

Landsat image series (Thematic Mapper—TM, Enhanced

Thematic Mapper Plus—ETM?, and Operational Land

Imager—OLI) acquired between 1991 and 2017, having a

spatial resolution of 30 m in multispectral channels except

thermal wavelengths, were used for this research. Spatial

resolution of thermal bands in TM, ETM? and OLI are

120 m, 60 m and 100 m, respectively and are resampled to

30 m resolution. These images are available from the

United States Geological Survey (https://earthexplorer.

usgs.gov/) at no cost. All the images were taken from

similar months (winter and/or autumn as urban heat islands

(LST in this case) were observed to be stronger during this

period). Details of Landsat data used for this study are

summarized in Table 1.

Application of thermal imagery for estimating land

surface temperature has been known since the 1970s (Chen

et al. 2006). Since there is only one channel in the thermal

region (for TM and ETM?), it is difficult to apply common

temperature and emissivity retrieval methods using Land-

sat data (Liu and Zhang 2011). An alternative way is to

calculate the emissivity of the surface from the normalized

difference vegetation index (NDVI) and then use this

NDVI to calculate surface temperature. The NDVI has

been used very early as a major indicator of urban climate

(e.g., Gallo et al. 1993) and indicators of UHI formation by

urban researches (e.g., Yuan and Bauer 2007). The Landsat

images were used to generate NDVI, which is later used to

Fig. 1 Districts considered for study whose metropolitan regions

were investigated (1 Kozhikode, 2 Trichur, 3 Ernakulam). Geograph-

ical location of Kerala state in India is shown in the inset (blue

polygon)
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estimate emissivity (Sobrino et al. 2004) in the study area.

Some images used to calculate LST were not used for

estimating vegetation changes due to the presence of slight

cloud cover in the image. Using emissivity and thermal

infrared (TIR) bands of the satellite data, land surface

temperatures of the area of interest were calculated. The

entire process in detail with each step analyzed is shown in

the flowchart given below (Fig. 2).

In the first step, digital number (DN) of the original

images has been converted into the corresponding radiance

using the conversion parameters corresponding to each

sensor (i.e., TM, ETM? or OLI). Atmospheric correction,

which is used for attenuating the effects of atmospheric

scattering caused by aerosols and suspended particles, for

visible and shortwave infrared (SWIR) channels have been

done separately from thermal channels. For thermal bands,

major interference factor from the atmosphere is water

vapor than suspended particles. Due to the lack of radio-

sonde data, application of more accurate methods of

atmospheric correction such as FLASSH or MODTRAN

was not possible. In this way, for the atmospheric correc-

tion in visible and the SWIR, QUAC (Atmospheric Cor-

rection—ENVI 5.3) method was used. This method

performs the atmospheric corrections using the information

extracted from the image itself, observing the spectral

curve of each pixel for this, generating very accurate

results for any solar elevation angle. For the atmospheric

correction of the data in the TIR, the atmospheric param-

eters of upwelling radiation (Lu), downwelling radiation

(Ld) and transmittance (t) were calculated with the Atmo-

spheric Correction Parameter Calculator, which is a

MODTRAN online module for LANDSAT (https://atm

corr.gsfc.nasa.gov). These parameters will be used later for

the atmospheric correction of the data simultaneously with

the temperature calculation using a MATLAB script.

Once the atmospheric correction has been finished,

subsets of the area of interests from multispectral and

thermal images were created and the normalized difference

vegetation indices have been extracted (NDVI = [NIR -

RED]/[NIR ? RED]) using ENVI 5.3. As given in Zhang

et al. (2006) and later followed by Grondona et al. (2013),

emissivity estimation using NDVI is given in Table 2. To

perform the processing, a MATLAB algorithm was

implemented, which processes the pixel-by-pixel data,

determining the emissivity according to the NDVI value

and Table 2.

In order to extract the LST, the radiance measured by

the sensor in TIR (Chen and Cheng 2012) is given by

Eq. 1:

L k; Tð Þ ¼ ekB k; Tð Þ þ 1 � ekð ÞLd kð Þ½ �sþ Lu kð Þ ð1Þ

where k is the wavelength in lm, T is the temperature in

Kelvin, L(k, T) is the thermal radiance for the temperature

T in wavelength k, ek is the surface emissivity, B(k, T) is

the Planck function for the blackbody for the temperature

T in wavelength k, Ld(k) is the downwelling radiation for

wavelength k, Lu(k) is the upwelling radiation for wave-

length k, s is the atmospheric transmissivity for wavelength

k.

As the atmospheric parameters and emissivity have

already been calculated, to determine the temperature it is

enough to isolate the variable T that is on the right side of

Eq. 1 as:

Table 1 Details of Landsat data tested and used in this study

Sensor Date of acquisition Spatial resolution (m) Path/row Scene/product ID

OLI 02 February 2014 30, 100 (Thermal), 15 (PAN) 145/52 LC08_L1TP_145052_20140202_20170426_01_T1

OLI 27 December 2017 30, 100 (Thermal), 15 (PAN) 145/52 LC08_L1TP_145052_20171227_20180103_01_T1

OLI 25 October 2017 30, 100 (Thermal), 15 (PAN) 145/52 LC08_L1TP_145052_20171024_20171107_01_T1

OLI 18 January 2017 30, 100 (Thermal), 15 (PAN) 144/53 LC08_L1TP_144053_20170118_20170311_01_T1

OLI 13 January 2015 30, 100 (Thermal), 15 (PAN) 144/53 LC08_L1TP_144053_20150113_20170414_01_T1

ETM? 20 December 2000 30, 60 (Thermal), 15 (PAN) 145/52 LE07_L1TP_145052_20001220_20170208_01_T1

ETM? 26 October 2000 30, 60 (Thermal), 15 (PAN) 144/53 LE07_L1TP_144053_20001026_20170209_01_T1

ETM? 18 February 2002 30, 60 (Thermal), 15 (PAN) 144/53 LE07_L1TP_144053_20020218_20170201_01_T1

TM 10 March 1998 30, 120 (Thermal) 145/52 LT05_L1TP_145052_19980310_20161225_01_T1

TM 15 December 1995 30, 120 (Thermal) 145/52 LT05_L1TP_145052_19951215_20170105_01_T1

TM 03 February 1991 30, 120 (Thermal) 145/52 LT05_L1TP_145052_19910203_20170127_01_T1

TM 27 December 2008 30, 120 (Thermal) 144/53 LT05_L1TP_144053_20081227_20170111_01_T1

TM 11 March 2001 30, 120 (Thermal) 144/53 LT05_L1TP_144053_20010311_20161212_01_T1

TM 31 December 1992 30, 120 (Thermal) 144/53 LT05_L1TP_144053_19921231_20170120_01_T1
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T ¼ C1

k ln C2

k5 L k;Tð Þ�Lu�s 1�ekð ÞLdð Þ=sek
þ 1

� � W
�

m2 sr lm
� �

ð2Þ

Here, C1 (= 3.74151 9 10-6 Wm2) is the first radiation

constant and C2 (= 0.0143879 mK) is the second radiation

constant (Mohr et al. 2012; Yu et al. 2014).

One of the easiest and practical ways to map changes in

vegetation from optical satellite data is using vegetation

indices such as leaf area index (LAI) or NDVI (Fanfani et al.

2015; Gratani et al. 2015). Vegetation changes, which are

mostly associated with anthropogenic activities such as

urbanization or agricultural practices, during the study period,

have been estimated using NDVI (Gandhi et al. 2015). NDVI

images are easy to calculate and classify since the resultant

normalized images are having significant differences in the

DN values with different objects on the land surface. Change

detection techniques discussed in Veettil (2012) were also

applied to visually understand the growth of urbanization in

the study site. Vegetated areas can be extracted from NDVI

images by applying a suitable positive threshold value. Since

the discrimination of vegetation types were not necessary, we

used a minimum threshold value ([ 0.2) to separate ‘‘vege-

tation’’ and ‘‘not vegetation’’ classes only.

Fig. 2 Flowchart showing the

steps for estimating UHI using

Landsat data (QUAC Quick

Atmospheric Correction, NDVI

Normalized Difference

Vegetation Index, TIR Thermal

Infrared)

Table 2 Emissivity estimated from NDVI for Landsat data

NDVI Land surface emissivity (ei)

NDVI\- 0.185 0.995

- 0.185 B NDVI\ 0.157 0.970

0.157 B NDVI B 0.727 1.009 4 ? 0.047ln(NDVI)

NDVI[ 0.727 0.990
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Fig. 3 LST in Ernakulam: a 1992, b 2000 and c 2017
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Fig. 4 LST in Trichur: a 1992, b 2000 and c 2017
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Fig. 5 LST in Kozhikode: a 1991, b 2000 and c 2017
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Fig. 6 Vegetation changes for the period 1991/1992–2017 in a Ernakulam, b Trichur, c Kozhikode
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Results

Changes in land surface temperature
(1991–2017)

Estimated changes in land surface temperatures showed

that there was an overall increasing trend in the study areas

between 1991 and 2017 (Figs. 3, 4, 5). However, these

trends were not uniform. Highly urbanized regions in

Ernakulam maintained a high LST with a gradual rise

during the study period. However, rapidly urbanizing areas

of Trichur and Kozhikode districts showed a higher

increase in LST during the same period. It is also observed

that human settlements and paved areas with asphalt and

concrete showed a higher LST (more visible in Fig. 3) due

to low surface albedo compared to vegetated surfaces that

showed lower LSTs.

Changes in vegetation cover (1991–2017)

Estimated changes in vegetation showed a reduction in the

vegetation coverage for Ernakulam, Trichur and Kozhikode

districts as 5.8%, 10.38%, and 9.6%, respectively, for the

period between 1991 and 2017 (Fig. 6). Observed vegeta-

tion coverage was: Ernakulam (1992: 2120.7 km2, 2001:

2051.65 km2, 2017: 1996 km2), Trichur (1992: 2714.2 km2,

2001: 2537.2 km2, 2017: 2432.2 km2), and Kozhikode

(1991: 2134 km2, 2000: 2051.4 km2, 2017: 1927.35 km2).

Higher loss of vegetation in Trichur and Kozhikode districts

were due to rapid urban sprawl in the region compared to

already urbanized areas in Ernakulam district.

As seen from the results, it is believed that the differ-

ences in the increase rate of LST is related to the changes

in vegetation—higher loss of vegetation coverage was

associated with higher changes in LST in Trichur and

Kozhikode districts. The presence of vegetation reduces the

surrounding temperatures through evapotranspiration and

also due to shades by preventing solar radiation reaching

the land surface (Senanayake et al. 2013a, 2013b). Fig-

ures 3, 4, 5 and 6 show that higher LST changes occurred

near the areas were loss of vegetation occurs (i.e., build up

areas). However, further investigations may be necessary to

verify these changes using station data.

Last but not least, economic developments in Kerala,

particularly in Kozhikode and nearby districts, are highly

depending on immigrants to the Middle East (Zachariah

and Rajan 2015). As the number of immigrants to the

Middle East keep rising, economic growth since the 1980s

keep rising (even though dependent on global recession)

and have resulted in unprecedented increase in the number

of urban settlements and utility vehicles, even though the

state of Kerala is not considered as industrial friendly

(Zachariah and Rajan 2015). Other than urban growth rate,

negative growth observed in paddy cultivation also indi-

cates exploitation of agricultural lands for urban area

expansion (Karunakaran 2014). These factors needs to be

taken into account while considering the urban growth and

changes in LST in these regions.

Concluding remarks

This study was conducted to understand the vegetation

changes and the evolution of land surface temperatures in

three highly populated and rapidly urbanizing districts of

Kerala state in south India using Landsat imagery. Results

of this study derived the following conclusions:

• There was a gradual rise in the LST of Ernakulam

district (vegetation loss 5.8%), where the region was

already urbanized before the study period and still

continuing the process of building new settlements in

the suburban areas.

• In two districts (Trichur and Kozhikode), where

occurring a rapid and continuing urbanization, vegeta-

tion loss during the study period was 10.4% and 9.6%,

respectively.

• High rate of increase in the LST is believed to have

associated with rapid urbanization process occurring in

Kozhikode and Trichur districts whereas the gradual

changes in LST observed in Ernakulam district might

be due to the near saturation of or relatively slower

urbanization process.

• Increase in population density and economic develop-

ment in continuously urbanizing areas, particularly

from the immigrants to the Middle East countries, is

believed to be one of the reasons for urban growth in

these regions.

• The methodology used in this study can be applied for

any urban areas as it is easier implement and the data

used are available at no cost and hence affordable.
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