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A R T I C L E  I N F O                              

INTRODUCTION 
 

In the recent decades, industrial and service based economic 
developments along with corresponding increase of population 
have rapidly changed the Land-use and Land
composition in the urban area. Urbanization is one of the most 
important processes for the human needs which lead to losses 
of vegetation cover, agricultural area and habitat destruction 
(Balcik, 2013; Dewan and Yamaguchi, 2009;
2016). More than half (54%) of global population live in urban 
area or cities, which cover less than 3% of total earth’s land 
surface area (Liu et al., 2014;United Nation 2014). The 
increasing pace of global urbanization influences the net 
productivity, biodiversity, weather and climate at local, 
regional and global arena (Han and Xu, 2013;
2012; Mohan and Kandya, 2015; Vorovencii 2015; Yin 
2010). The conversion of one type of LULC to another affects 
the process of energy exchange between the terrestrial land 
and the atmosphere (Wang et al., 2016). Expansion of urban 
areas in developing countries in recent decades prompted the 
scientific community to identify and quantify the changes in
 
 
 LULC over the period of time.  
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The current study analyses the satellite retrieved Land Surface Temperature (LST), LULC 
change in the National Capital Region (NCR) of India. 
Maximum Likelihood Classifier algorithm (MLC) was employed for supervised spectral 
signature extraction of all Landsat images for five LULC classes such as Built
Water body, Green vegetation, Rocky area and Bare land. After post
showed significant increase in area has been noticed from 2003 to 2009 with 75.68, a
26.72 % for Built-up area and Green vegetation, respectively while the Rocky area and 
Bare land decreased by 35.25% and 03.73%, respectively. In between 2009 to 2014 Built
up area and Green vegetation area cover further increases by 14.81 and 34.20% 
respectively while the Rocky area decreases by 50.17%. The mono
been used to retrieve LST map from the thermal band of Landsat level 1 data. The local 
pattern of LST was classified into four broad class (Lower, Moderate, High and Extreme)
based on standard deviation. Results showed significant spatio
relation to different LULC types. Green vegetation, Built
to Lower, Moderate and High LST class respectively. Similarly increasing tren
observed for Built-up area and Green vegetation with area covered under Lower and 
Moderate class during studied period in NCR.  
 
 
 
 
 

In the recent decades, industrial and service based economic 
developments along with corresponding increase of population 

use and Land-cover (LULC) 
composition in the urban area. Urbanization is one of the most 

sses for the human needs which lead to losses 
of vegetation cover, agricultural area and habitat destruction 

Dewan and Yamaguchi, 2009; Ward et al., 
). More than half (54%) of global population live in urban 

ess than 3% of total earth’s land 
United Nation 2014). The 

increasing pace of global urbanization influences the net 
productivity, biodiversity, weather and climate at local, 
regional and global arena (Han and Xu, 2013; Lasanta et al., 

Vorovencii 2015; Yin et al., 
2010). The conversion of one type of LULC to another affects 
the process of energy exchange between the terrestrial land 

., 2016). Expansion of urban 
in developing countries in recent decades prompted the 

scientific community to identify and quantify the changes in 

LULC composition has changed during rapid expansion of 
urban area at the cost of natural LULC
meteorological and climatological parameter such as Land 
Surface Temperature (LST) and air temperature 
2013;Feizhang et al.,2016;Jones 
,2016; Weber et al., 2014;Zhang 
considered as one of the key tools in order to study climatic 
variability and other environmental parameters (
2016; Feng et al., 2014; Nguyen 
2014). The changes in LULC influence the LST due to
partitioning of sensible and latent heat flux of different LULCs
(Dubreuil et al., 2011).  
 

The enhancement in scientific development of remote sensing 
techniques by different national and international agencies 
provides an approach for precise spatio
of land surface phenomenon. Many researchers have employed 
remotely sensed images such as Landsat TM/ETM
Mapper and Enhanced Thematic Mapper), MODIS (
Resolution Imaging Spectro-radiometer) spatial resolution 1 
km and ASTER (Advanced Spaceborne 
Reflection) spatial resolution 90 m to retrieve LST (Brabyn
al., 2013; Ding et al., 2013;
Kloog et al., 2012; Liu et al
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The current study analyses the satellite retrieved Land Surface Temperature (LST), LULC 
change in the National Capital Region (NCR) of India. A well-known parametric 
Maximum Likelihood Classifier algorithm (MLC) was employed for supervised spectral 

re extraction of all Landsat images for five LULC classes such as Built-up area, 
Water body, Green vegetation, Rocky area and Bare land. After post-classification, results 
showed significant increase in area has been noticed from 2003 to 2009 with 75.68, and 

up area and Green vegetation, respectively while the Rocky area and 
Bare land decreased by 35.25% and 03.73%, respectively. In between 2009 to 2014 Built-
up area and Green vegetation area cover further increases by 14.81 and 34.20% 

pectively while the Rocky area decreases by 50.17%. The mono-window algorithm has 
been used to retrieve LST map from the thermal band of Landsat level 1 data. The local 
pattern of LST was classified into four broad class (Lower, Moderate, High and Extreme) 
based on standard deviation. Results showed significant spatio-temporal change in LST in 
relation to different LULC types. Green vegetation, Built-up area and Rocky areas belong 
to Lower, Moderate and High LST class respectively. Similarly increasing trend has been 

up area and Green vegetation with area covered under Lower and 

LULC composition has changed during rapid expansion of 
urban area at the cost of natural LULC and influenced the local 
meteorological and climatological parameter such as Land 
Surface Temperature (LST) and air temperature (Ding et al., 

2016;Jones et al., 1990; Wang et al. 
., 2014;Zhang et al., 2013). LST is 

one of the key tools in order to study climatic 
variability and other environmental parameters (Ayanlade, 

., 2014; Nguyen et al., 2015; Pichierri et al., 
2014). The changes in LULC influence the LST due to the 

atent heat flux of different LULCs 

The enhancement in scientific development of remote sensing 
techniques by different national and international agencies 
provides an approach for precise spatio-temporal assessment 

e phenomenon. Many researchers have employed 
remotely sensed images such as Landsat TM/ETM+ (Thematic 
Mapper and Enhanced Thematic Mapper), MODIS (Moderate 

radiometer) spatial resolution 1 
Advanced Spaceborne Thermal Emission and 

Reflection) spatial resolution 90 m to retrieve LST (Brabynet 
., 2013; Jimenej-Munoz et al., 2003; 

et al., 2006; Sobrino et al., 2004; 
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Tomlinson et al., 2012). Many studies reported that TM/ETM+ 
data set is one of the best data available to study the 
association between LULC composition and LST because it 
has fine spatial resolution and delivers multiple spectral range 
band data simultaneously (Ding et al., 2013;Fenget al., 
2014;Sobrinoet al., 2004).  
 

Landsat project is a joint initiative between USGS and NASA, 
which provides calibrated high spatial resolution data of world 
for 42 years to the scientific community, national security 
agencies and academia. LULC composition changes and its 
corresponding LST is derived from Landsat level 1 image 
dataset which is processed according to information provided 
in metadata file and Landsat data user Handbook. 
Geographical information system (GIS) like ArcGIS 
{Environmental Systems Research Institute (ESRI), 380 New 
York Street, Redlands, CA} and Environment for Visualizing 
Image Software {(ENVI) Exelis Visual Information solution 
Inc, Boulder CO, USA} are efficient tools to visualize, analyze 
and for data interpretation to establish relationship, pattern and 
trend of satellite dataset (Dewan and Yamaguchi, 2009). 
 

Most of the previous studies revealed that spatial and temporal 
change of LULC had a predominant effect on LST because 
each and every land cover type has distinct emissivity (Carlson 
et al., 1997;Ding et al., 2013;Mallicket al., 2008;Rozensteinet 
al., 2015). Numbers of studies have been carried out in order 
to evaluate the variability and relationship of LULC change 
with LST in past decade (Han and Xu, 2013;Jimenej-Munoz et 
al., 2003; Liu et al., 2006; Wang et al., 2016). The recent 
urbanization and industrialization phenomenon have 
encouraged scientists, academicians, policy makers and city 
planners to assess the magnitude of LST change with different 
LULC types.  
 

The present study tries to find out the LULC composition 
changes and its influence on spatio-temporal LST which 
occurred during 2003 to 2014 in National Capital Region 
(NCR) of India. Three prominent objectives of the present 
study are: firstly, quantification of spatio-temporal changes of 
five classified major LULC types occurred during 2003 to 
2014 from multispectral band data of Landsat images. 
Secondly, spatio-temporal changes of LST over stipulated time 
period which is retrieved from Thermal infra-red band has 
been also analyzed. Thirdly, relationship has been investigated 
between spatio-temporal LULC composition changes due to 
urbanization with LST class. 
 

METHODOLOGY 
 

Study area 
 

The study area, National Capital Region (NCR) of India is 
located between latitude 280 10’ 00”N to 290 00’ 00” N and 
longitude between 760 50’ 00” E to770 35’ 34” E (Fig. 1) and 
altitude lies between 213 and 305 m above msl. NCR is 
surrounded by Indo-Gangetic alluvial plain in east and north, 
Thar Desert in west and by Aravalli Hill range in south. It lies 
in composite climatic zone with annual rainfall of 714 mm, 
mostly 3/4thrainfall occurs in July to September months. 
During the summer months, temperature ranges between 40-45 
°C whereas winter temperature falling to 4-5 °C in months of 
December-January. In recent years, NCR is one of the fastest 
expanding cities in India in terms of population growth. 
According to Census conducted in 2011, decadal population 
growth rate is 20.96 % in between 2001 to 2011. The rapid 

population growth has accelerated urbanization which resulted 
in intensive changes of LULC types which has ledto change in 
local meteorological parameter such as LST. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Data Source 
 

Three different Landsat L_1T data [(Path146/Row040) 
(Landsat 7 ETM+ (10 May 2003), 5 TM (18 May 2009) and 8 
OLI (16 May 2014)] have been taken from USGS online 
archived GLOVIS (http://glovis.usgs.gov/) for NCR of India. 
Landsat 5 TM data consist of six bands in the Visible Region 
(VR) and Near Infrared Region (NIR) with 30 m spatial 
resolution and one Thermal Infrared Region (TIR) with 120 m 
(resembled 30 m) spatial resolution. Landsat 7 provides eight 
bands, i.e. six each in the VR and NIR with 30 m spatial 
resolution, one TIR with 60 m (resampled 30 m) spatial 
resolution and one panchromatic band with 15 m spatial 
resolution 
(http://LANDSAT.usgs.gov/band_designations_LANDSAT_s
atellites.php). The OLI sensor gathers image of eight VR, NIR 
and short wave infra-red (SWIR) with a 30 m spatial 
resolution, one 15 m panchromatic and two 100 m (30m 
resampled) TIR bands (Landsat 8 
data users’ handbook). Landsat images are one of the most 
suitable data for LST analysis with LULC composition 
changes over time because fine spatial resolution in VR, NIR, 
SWIR and TIR spectral bands. The toposheets of Delhi-NCR 
region having 1:50000 scales have taken from Survey of India 
(SOI) outlet for year 2005. 
 

Preprocessing of Image data  
 

We have selected those image data which were acquired 
during no cloud cover (0-2 %), so minimize the atmospheric 
anomaly due to cloud. Landsat images are processed as 
absolute radiance using 32-bit unit floating point then convert 
to 16-bit integer (Digital Number unit) value in level 1 product 
(Landsat 7 and 8 Handbook). The conversion of integer value 
to original 32-bit unit floating point spectral radiance has been 
done by scaling factor allocated in metadata file of each band 
data in ENVI (Band Math tool) software using following 
equations. 
 

Spectral radiance (Lλ) has been calculated using Digital 
Number (DN) of each band for ETM+ and TM Image Band by 
 

Lλ =
LMAXλ − LMINλ

QCALMAX − QCALMIN
∙ (QCAL − QCALMIN)

+ LMINλ	(1) 
 

where Lλ is Spectral radiance at the sensor's aperture in 
W/m2.sr.µm, QCAL is the quantized calibrated pixel value in 
DN, LMINλand LMAXλ are the Spectral radiance that is scaled 

 
 

Fig 1 Map showing the NCR of India (FCC image of Landsat 8 ) in May 
2014 
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to QCALMIN and QCALMAX respectively, in W/m2.sr.µm. 
QCALMIN means the minimum quantized calibrated pixel 
value corresponding to LMINλ in DN which is 1 for LPGS 
(Level 1 Product Generation System) and NLAPS (National 
Landsat Archive Production System) products processed after 
4/4/2004 is zero for NLAPS products processed before 
4/4/2004, QCALMAX (the maximum quantized calibrated 
pixel value corresponding LMAXλ) in DN is 255.  
 

These spectral radiance (Lλ) is converted to spectral 
reflectance (Pp) at top of the atmosphere (TOA) by using the 
eq: 
 

Pp =
π. Lλ. d

�

ESUNλ. cos	Θ�

																																																																					(2) 

Here, Pp(TOA Planetary Spectral Reflectance), d2 is distance 
between Earth and Sun in astronomicalunits, ESUNλ (Mean 
Solar Exo-atmospheric irradiances) and  
Θs is solar zenith anglein degrees (Landsat 7 Handbook, 
Chander et al., 2003).  
 

For Operational Land Imager (OLI) 16-bit spectral radiance 
unit is directly converted to TOA reflectance by 
 

P� =
M�. Q��� + A�

sin	(Θ)
																																																																					(3) 

 

MP is reflectance multiplicative scaling factor for the band; AP 
is reflectance additive scaling factor for the band and Θ is solar 
elevation angle (Landsat 8 Handbook). 
 

Image classification and accuracy assessment 
 

A well-known parametric Maximum Likelihood Classifier 
algorithms (MLC) was employed for supervised spectral 
signature extraction of all images. In each composite bands, 
image 100 ROI (Region of Interest) were chosen for each 
LULC type having all spectral signature adequately 
represented in the training statistics. Different band 
combination (R.G.B) was employed for distinct LULC for ROI 
selection in Arc-GIS image classification tool (training sample 
manager) detail given in Table 1. 
 
 
 
 
 
 
 
 
 
Five significant distinct LULC types (Built-up area, Water 
body, Green vegetation, Rocky area and Bare land) were 
identified in all three images acquired at above prescribed date 
(Table 2). 
 
 
 
 
 
 
 
 

 
The Built-up area (urban areas) is composed of road, building 
and all types of impervious surfaces. Water body class 

included River, Ponds and Drainage system in NCR. Forest, 
Farmland tree, Roadside tree and Vegetation around water 
bodies were lie under Green vegetation class of LULC. The 
Rocky area situated at south to central ridge covered by sparse 
scrub vegetation showed distinct spectral signature identified 
in individual LULC. The Bare land included dry land, semi-
dry agricultural land and barren land in urban area in study 
area. 
 

Assessment of classification accuracy is indispensable for 
accurate estimation of change detection in each classified 
images. Accuracy assessment procedurehas been carried out 
with assigned ancillary data such as digitized toposheet of 
NCR for 2005 and field data collected for different LULC in 
2014 as reference. Firstly, 200 random points were created 
from subset image of study area and then assigned each 
random point a value from digitized toposheet (for TM and 
ETM+) and field collected data for OLI image. Extracting the 
value of each LULC type and to this assigned a random value 
from classified image has been done. Accuracy assessment 
was done to create confusion matrix between assigned point 
and extracted value of each LULC type. It was observed that 
the overall accuracy with Kappa coefficient for corresponding 
three classified images ETM+, TM and OLI are 0.91, 0.83, and 
0.95, respectively. The detection of LULC changes over the 
studied time period has been carried out using a post-
classification differentiation method by randomly selecting 
10000 points in classified image.  
 

Retrieval of LST and local pattern  
 

The thermal Infrared band (10.4-12.4 µm) for TM and ETM+ 
band no. 6 (low gain) data and band 10 were used for OLI data 
for retrieval of LST. The extraction of LST has been carried 
out by using mono-window algorithm (Qin et al., 2001) and 
conversion pathway described in Handbook of Landsat 7 and 
8. Eq. 1 has been used for derivation of spectral radiance for 
TM and ETM+ band whereas for OLI band DN value was 
converted to spectral radiance by using following Eq. 4. 
 

Lλ = M�. Q��� + A�																																																																							(4) 
 
 

where Lλ is Spectral radiance in W/m2.sr.µm, Qcal is level 1 
pixel value in DN, ML and AL are multiplicative and additive 
scaling factor for the band 10th of OLI. 
 

Further, the Brightness Temperature (BT) has been retrieved at 
TOA in Kelvin from spectral radiance using Eq. 5 under 
assumption of unity emissivity. 
 

BT =
K�

ln	(
K�

Lλ
+ 1)

																																																																									(5) 

 

where K1 and K2 are thermal conversion constant consisting of 
metadata file whose values are 660.76 and 1260.56 for TM 
band, 666.09 and 1282.71 for ETM+ band, and 774.89 and 
1321.08 for OLI band in Wm−2 sr−1 µm−1, respectively. The 
above derived BT does not reflect the LST value because each 
LULC has distinct emissivity. Therefore, the BT of black body 
should be translated into emissivity corrected LST by the 
following equation (Ding et al., 2013) 
 

LST =
(BT)

1 +
λ(BT)

ρ
. ln	ε

																																																																(6) 

 

Table 1 RGB bands combination for ROI selection. 
 

Landform 
R.G.B bands 

combination for TM & 
ETM+ Image 

R.G.B bands 
combination for 

OLI Image 
Built-up Area 7.5.3 7.6.4 
Water Bodies 4.5.3 5.6.4 

Green Vegetation 4.5.1 5.6.2 
Rocky Area 5.4.3 6.5.4 
Bare Land 4.5.3 5.6.4 

 

Table 2 Landform types for classification 
 

LULC Abbreviations Descriptions 
Built-up Area BA Road, Building and Residential area 
Water Bodies WB River, Ponds and Drainage system 

Green 
Vegetation 

GV 
Forest, Farmland tree, Roadside tree and 
Vegetation around water bodies. 

Rocky Area RA Rocky area and Sparse scrub vegetation 

Bare Land BL 
Dry desert land, Open un-vegetated land, 
Bare soil and Sandy area 
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Where ԑ is the Land Surface Emissivity (LSE), λ (11.5 µm for 
TM/ETM+ and 10.6 µm for OLI) is wavelength of emitted 

radiance,ρ =
��

κ
	= (1.438 × 10��	mK),κ is Stefan-Boltzmann 

constant, h is Planck’s constant and c is the velocity of light. 
LSE with corresponding LULC type were estimated through 
relationship between emissivity and Normalized Difference 
Vegetation Index (NDVI). Empirical approaches applied to 
established relationship between NDVI and LSE reported by 
Eq. 7 (Ding et al., 2013). 
 

ε = 0.004P� + 0.986																																																																					(7) 
 

where ԑ is surface emissivity and PV is the vegetation 
proportion. PV was computed from NDVI using following Eq.8 
(Carlson et al., 1997). 
 

P� = �
(NDVI) − (NDVI)���

(NDVI)��� − (NDVI)���

�

�

																																														(8) 

 

where NDVI, NDVImax[(ETM+=0.54) (TM= 0.60) and (OLI= 
0.52)] and NDVImin[(ETM+= -0.05) (TM= -0.15) and (OLI= -
0.12)] computed from spectral reflectance of band 4 (NIR) and 
3 (red) in ETM+ and TM image. In OLI image, band 5 (NIR) 
and 4 (red) reflectance have been used for NDVI calculation in 
ArcGIS software. 
 

NDVI =
Γ(NIR) − Γ(R)

Γ(NIR) + Γ(R)
																																																													(9) 

 

Local pattern of LST is determined by using classification 
technique in Arc-GIS software from above derived LST into 
four classes (Lower, Moderate, High and Extreme) based on 
one standard deviation from the mean shown in Table 3. The 
spatial distribution of LST closely associated with LULC 
stabilized through overlay (intersect tool) technique in Arc-
GIS software by randomly selected 10000 points in each 
images (LULC type and LST images). 
 

RESULTS AND DISCUSSION 
 

Spatial and temporal change of different LULC 
 

For the present study, May month has been selected because in 
this month, generally cleaner (cloud free) atmosphere and high 
air temperature exists which is suitable for studies related to 
surface phenomenon via satellite observation. Spatial pattern 
of distinct LULC type in between three different dates is 
shown in Fig. 2 & 3 within NCR. On the analysis, it was found 
that during the period 2003 and 2009, the built-up area 
expands from 5.84% to 10.26% (almost double) this expansion 
has occurred in periphery of the city mainly in east, north-
west, south-west and south-east direction.  
 

 
Fig. 2(a) Spatial pattern of LULC in May 2003 

 

 
 

 
Fig 2 b Spatial pattern of LULC in May 2009. 

 
Fig. 2(c) Spatial pattern of LULC in May 2014. 

 

The Green vegetation area has grown from 8.72 to 11.05 % 
primarily in central and south ridge area during the period 
2003 to 2009. Rocky area has decreased from 12.99 to 8.41 % 
in between 2003 to 2009 period because of rapid expansion of 
urban Built-up area and conversion of sparse scrub vegetation 
into Green vegetation due to artificial plantation and natural 
process in studied area. Bare land and Water body contribution 
were 72.04 % and 0.39 %, respectively during 2003 which 
changed to 69.35 % and 0.91% during 2009, correspondingly. 
Bare land has been converted into Built-up area in periphery 
mainly in east and north-east direction which is mostly 
agricultural land and fallow land. In south, south-west and 
west direction Built-up area has developed at cost of Rocky 
area (ridge area) and dry non-arable land (desert land). Also 
there has been slight increase in Water body area due to 
increase in average rainfall from 6 mm in May 2003 to 65.8 
mm rainfall occurred in 2009 (SA Delhi 2012). Due to this 
instantaneously rainfall most of the dry pits and dried ponds 
were full with water in 2009 which is detected as Water body 
area rather than Bare land detected in 2003. 

 
Fig. 3 Area covers under different LULC type in percentage during 2003-2014 
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In 2014, Built-up area, Water body, Green vegetation, Rocky 
area and Bare land contribution were observed to be 10.78, 
0.51, 13.83, 3.19 and 71.67 %, respectively. It was found that 
Built-up area expansion rate in period between 2009 and 2014 
reduced in comparison to 2003-2009 period. This was due to 
slow and stagnant economic growth and strict enforcement of 
government rules and regulations related to construction 
activities in these ecological sensitive zones such as ridge area 
in the foothills of Aravalli hill (SA Delhi 2012, 2014). Green 
vegetation zone has expanded in Rocky area due to conversion 
of scrub vegetation into Green vegetation in central and 
southern ridge area of NCR. Composition of LULC in north-
eastern part has been gradually changed from sparse scrub 
vegetation in 2003 to Built-up area, Bare landand green 
agricultural land area during 2009. Overall, significant 
increase has been noticed from 2003 to 2014 with 101.00, 
70.00 and 30.00% for Built-up area, Green vegetation and 
Water body, respectively. The Rocky area and Bare land 
decreased by 67.00% and 4.00%, respectively. These LULC 
change has highly influenced by population density change in 
NCR during 2000-2015. Spatial and temporal changes in 
satellite derived population density has followed similar 
pattern to spatio-temporal pattern of Built-up area during 
2003-2014 (Kumar 2017).  Summary of the composition of 
major LULCs change occurred over past 11years is depicted in 
Fig. 4. 

 
Fig. 4 Area cover change in different LULC in % age in during 2003-2009 and 

2003-2014. 
 

Spatial and temporal pattern of LST  
 

The Spatial and temporal pattern of LST over Delhi-NCR for 
the months of May 2003, 2009 and 2014 respectively are 
shown in Fig.5 (a-c). It is observed that during May 2003, the 
LST ranged from 26.36 to 49.36oC with mean value of 
39.65oC. While the corresponding LST ranges were observed 
to be 18.22 to 40.93oC (mean 31.44oC) and 24.30 to 44.58oC 
(mean 33.66oC) in the months of May 2009 and 2014 
respectively. From the statistical parameters, it is observed that 
the month of May, 2009is found to be cooler with minimum 
temperature of 18.22oCas compared to those for the months of 
May, 2003 for which the minimum temperatures were found to 
be 26.36oC. It is mainly due to the change in LULC pattern 
(Green vegetation area cover increase during 2003-2009) over 
the Delhi-NCR. The calculation of LST statistics for Delhi-
NCR for the months of May 2003, 2009 and 2014 are shown 
below (Table 3). 
 
 
 
 
 
 

 

Spatial pattern of LST was determined by classifying above 
derived LST in four classes on the basis of standard deviation 
(Low, Moderate, High and Extreme) as shown below (Table 
4). The results of LST have been classified by adding and 
subtracting the standard deviation from the mean LST value 
using GIS software. 
 
 
 
 
 
 
 
 

 
The LST classification (namely, Lower, Moderate, High and 
Extreme) of the study area are shown in Table 4. In the month 
of May 2003, it is observed that LST ranged in various classes 
i.e. Lower (26.00-36.00oC), Moderate (36.00-40.00oC), High 
(40.00-45.00oC) and Extreme (>> 45.00oC). Further, in the 
month of May 2009, the corresponding values of LST ranged 
from 18.00-28.00oC for Lower, 28.00-32.00oC for Moderate, 
32.00-37.00oC for High and for Extreme >> 37oC. In addition, 
in the month of May 2014, the LST values observed in 
different classes were found to be Lower (24.00-32.00oC), 
Moderate (32.00-35.00oC), High (35.00-38.00oC) and Extreme 
(>> 38oC) respectively. 
 

The spatio-temporal maps of LST are shown in Fig 6 (a-c) 
which describes the distribution patterns of different LST 
classes over the national capital region of India. Distinct 
temperature ramp was observed among LULC types perceived 
on the LST maps. It can be seen from the LST maps that the 
moderate to high scale LST expanded from center to periphery 
during the years 2009 and 2014 as compared to that of year 
2003 because of increased built-up area at that region. Extreme 
LST range was shrinking gradually in western and southern 
part of the study area in stipulated time period because of the 
conversion of sparse scrub vegetation land (rocky area and 
desert area) into either green vegetation covers or built-up 
area. Lower and Moderate LST range cover was expanded 
from the central part of Delhi and north-eastern region lying to 
Delhi’s surroundings (along the bank of Yamuna River) to the 
north region in the surroundings of Delhi from May 2003 to 
May 2009. While in the month of May 2014, Lower and 
Moderate LST range cover were found to be further expanded 
towards south-west region in Delhi’s surroundings. 
 

Association of LST with LULC 
 

In this section, association of LST with different LULC has 
been evaluated. Many studies have reported that LST is closely 
associated with different LULC types such as built-up area, 
vegetation area, moist soil (agricultural land) and dry land 
(desert and rocky area) (Jones et al., 1990,Pichierriet al., 2012, 
Zhang et al., 2013). Therefore, it is important to investigate the 
relationship between different LULC and LST distribution 
pattern in the rapidly expanding NCR region of India. The 
spatial distribution of LST closely associated with LULC in 
the present study. This association was established through 
overlay (intersect tool) technique in Arc-GIS software by 
randomly selected 10000 points in each images (LULC type 
and LST images). Average LST of different LULCs and 

Table 3 Statistics of LST classification during 2003-2014 
 

Classification 
statistics 

10 May 
2003 

18 May 
2009 

16 May 
2014 

Max Temp (oC) 49.36 40.93 44.58 
Min Temp (oC) 26.36 18.22 24.30 

Mean±SD 39.65±3.79 31.44±3.18 33.66±1.87 

 

Table 5 Mean LST of different LULC types in May month 
in year 2003, 2009 and 2014 

 

LULC 
10 May 2003 

(oC) 
18 May 2009 

(oC) 
16 May 2014 

(oC) 
Built-up area 37.37 29.93 34.85 
VWMA area 35.07 27.95 31.69 

Rocky area with scrub 
vegetation 

40.10 32.84 35.12 

Dry Bare land 45.14 35.56 38.83 
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corresponding classes of LST are shown in Table 5 and Table 
6 respectively.  
 
 
 
 
 
 
 
 
 

 
In the month of May 2003, the mean LST were found to be 
37.37oC, 35.07oC, 40.10oC and 45.14oC for built-up area, 
Green vegetation area including water bodies and Moist 
Agricultural land (VWMA area), Rocky area and dry Bare 
land respectively, which suggested that Built-up area, VWMA 
area, Rocky area and dry Bare land comes under Moderate, 
Lower, High and Extreme LST Class range respectively. 

 
Fig. 5(a) LST during May 2003 in Delhi-NCR 

 

 
Fig. 5(b) LST during May 2009 in Delhi-NCR 

 
Fig. 5(c) LST during May 2014 in Delhi-NCR 

 
 
 
 
 

 
 

Fig 6 (a) Spatial pattern of LST class in 2003. 
 

 
 

Fig. 6(b) Spatial pattern of LST class in 2009 
 

 
 

Fig 6(c) Spatial pattern of LST class in 2014. 

 
Fig. 7 LST area covers in percentage by different LST class during 2003-2014 

 

 
Fig. 8(a) A trend showing percentage of area cover by moderate LST class 

with built-up area cover during 2003-2014 
 
 

Table 6 LST class with different LULC types in May 

month in year 2003, 2009 and 2014. 
 

LST 
Class 

10 May 2003 18 May 2009 16 May 2014 

Lower VWMA area VWMA area VWMA area 
Moderate Built-up area Built-up area Built-up area 

High 
Rocky area with 
scrub vegetation 

Rocky area 
with scrub 
vegetation 

Rocky area with 
scrub vegetation 

Extreme Dry Bare land Dry Bare land Dry Bare land 
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Fig. 8(b) A trend showing percentage of area cover by lower LST class with 

Green Vegetation cover during 2003-2014 

 
Fig. 8(c) A trend showing percentage of area cover by high LST class with 

Rocky area cover during 2003-2014 
 

The results were found to be similar for the month of May 
2009 as compared to those of May 2003. The Built-up area 
belong to moderate LST Class with mean temperature 29.93oC 
and other LULC types VWMA area belonged to lower (mean 
LST 27.95oC), rocky area belonged to high (average LST 
32.84oC) and desert area belonged to high (average LST 
35.56oC) LST Class respectively.  Further, it can be observed 
during 2014, built-up area (mean LST 34.85oC) LST belonged 
to Moderate class, Rocky area belonged to high class (mean 
LST 35.12oC), VWMA area belonged to lower class (mean 
LST 31.69oC) and dry Bare land (mean LST 38.83oC) 
belonged to extreme LST Class respectively. 
 

The percentage of area cover by different LST class is shown 
in Fig. 7. In 2003, the percentage of area cover for different 
LST class cover comprise Lower (14.08%), Moderate 
(33.64%), High (40.50%) and Extreme (11.77%) over the 
study area. In the year 2009, dynamic changes were observed 
in the area cover of different LST class i.e. Lower (15.16%), 
Moderate (44.54%), High (33.67%) and Extreme (6.62%) 
respectively. In the year 2014, total 70.83% area lied under 
two LST class i.e. Lower (19.33%) and Moderate, (50.80%), 
as compared to other two class i.e. High (28.01%) and 
Extreme (1.86%). It is observed that during the study period, 
area cover by Lower and Moderate class of LST is expanding 
while area cover by High to Extreme class decreases during 
this period (2003, 2009 and 2014). 
 

From Fig. 2, it is clearly observed that the built-up area 
expanding the region lying north of Delhi and in eastern region 
of Delhi’s surroundings which is dominated by agricultural 
land that leads to rise in average LST. Further, built-up 
expansion also occurred in south-west part of the city which 
was primarily covered by ridge and dry Bare land that leads to 
decrease in average LST over this region. Overall the mean 
LST for the entire NCR follow decreasing LST trend because 
of increased level of green vegetation cover during the months 
of May 2003, 2009 and 2014. 
 

Overlaying (intersection) technique has been adopted to 
estimate the pattern of LST with LULC type’s i.e. Built-up 
area, Green vegetation and Rocky area changes using ArcGIS 
software over the study area. From Fig.8 (a, b and c), it is 
clearly observed that the Moderate LST class pattern during 
2003, 2009 and 2014 is closely associated with Built-up area 
pattern. The area by Moderate LST class was changed from 
33.64% to 50.80%, which is followed by similar trend as of 
urban Built-up area that changed from 5.84% to 11.78% in 
between 2003 to 2014. It can be observed that urban area 
expansion highly influences the local LST dynamics.  
 

Green vegetation area cover expands from 8.72% to 14.83% 
followed by similar increasing trends with Lower LST class 
from 14.08% to 19.33% between the years 2003 to 2014. The 
area cover by High LST class shrinks from 40.50% to 28.01% 
followed by similar decreasing trend to that of Rocky area 
which decreased from 12.99% to 4.19% in Delhi-NCR during 
2003-2014. 
 

Our study designated to the spatial and temporal role of LULC 
change on LST dynamics for rapidly expanding urban area 
(NCR) located in Indo-Gangetic region of India. Our study 
quantify of LST differences among different LULC types 
corroborate finding with other study carried out in different 
region of the world. Many studies showed in past that 
developed urban area (Built-up area) have higher temperature 
than adjacent open and green vegetation space area (Weng et 
al., 2004;Bowler et al., 2010;Lin and Lin, 2010;Cavan et al., 
2014). Our results showed that green area is increases during 
study period decipher increases the area of lower LST class  
provide an indicator by green infrastructure delivered a 
sustainable climate and economic realities and improving 
human well-being (Cilliers et al., 2012; Schaffler and 
Swilling,2013).  
 

CONCLUSIONS  
 

LULC composition change in recent decade due to fast 
expansion of Built-up area in peripheral part of NCR had 
influenced the spatio-temporal pattern of local meteorological 
component. To stabilize a relation between different LULC 
compositions with spatio-temporal pattern of LST Landsat 
satellite images were used. LULC maps havederived through 
supervised classification (MLC) technique from multi spectral 
bands of Landsat image data. However, LST maps were 
derived from mono-window algorithm from thermal band of 
Landsat data. 
 

From the present study, many conclusions are derived; Firstly, 
notable changes occurred in spatial pattern of LULC 
composition in the studied area during period between 2003 to 
2009, 2003 to 2014 and 2009 to 2014. It is found that there is 
coherent increase in Built-up area and Green vegetation area 
due to conversion of ridge area (rocky area) and Bare landarea. 
Secondly, prominent change occurred in pattern of different 
class of LST in the studied time period. Spatio-temporal 
distribution of Extreme to high class of LST was dominant 
during 2003 in south-western and southern part of the NCR 
whereas moderate to high LST class in eastern and southern 
part during 2014. Area covered by Lower and Moderate class 
LST has increased by 37.28 and 25.43% respectively, whereas 
High and Extreme LST class cover area has decreased by 
30.83 and 84.17% during 2003-2014 in NCR. Finally, LULC 
composition changes are predominant factor in LST anomaly 
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in stipulated time period has also been observed. Built-up area 
has expanded more in northern and eastern part of the city 
which leads to shifting of LST from lower to higher class. 
Urban Built-up area expansion follows similar increasing trend 
as Moderate LST class during study period. Lower LST class 
corresponding to Green vegetation concentrated in the central 
to northeast area of NCR during 2003 which gradually 
expanded to southern direction in later years due to conversion 
of scrub vegetation cover in ridge area into Green vegetation. 
The present study is the first comprehensive work which 
comprises both LST and LULC composition analysis in the 
NCR of India. It may provide better understanding of 
urbanization phenomenon with corresponding change in 
LULC composition and LST to policy makers and urban 
planners. For future studies, there is need for the availability of 
long term data with higher resolution for LULC composition 
and LST analysis for better understanding of urbanization 
process and its impact on environment. 
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