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ABSTRACT
Land Surface Temperature depends on the nature of land surface. Water bodies, green fields remain cooler than
bare ground and built-up area. Kolkata New Town is emerging in agricultural area through filling of big water
bodies and converting cultivated lands into built up area. This study aims to analyse the changes in land
surface temperature with advent of the town. It is found that the land surface temperature is increasing sharply.
The mean temperature of the area was 22.8°C in 1996 which became 24.9°C in 2004 and 26.4°C in 2014.
Spatial variation was sharp during early stage of project i.e. 1996-2004. Besides The relation of built-up
(NDBI) and LST is found positively co-related with a r value of 0.76 in 2004 and 0.73 in 2014 and the relation
with vegetation (NDVI) is negatively related and the r value is -.0.35 in both the years of 2004 and 2014.
Several patches of heat zones are now being popped up these zones have been identified on the map of Kolkata
New Town. The study suggests toconsider the possible micro-climatic changes in town planning for the
sustainable development.
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I. INTRODUCTION
Land Surface Temperature (LST) means skin temperature of the surface. (Latif, 2014) LST depends on
insolation as well as nature of the surface or object material. Generally water bodies, vegetative area as well as
wet soil are cooler than bare soil, sand, metal, built up area. So there is a positive relation between LST with
urbanization.
Kolkata New Town is a planned project of the Govt. of West Bengal which is initiated in 1999. The
Development of Housing, Govt. of West Bengal constituted a Technical Committee in May 1993 for preparation
of a preliminary report of the New Town planning. In 1994 CMDA prepared a concept Plan for development of
Kolkata New Town. The master plan was made by Indian Institute of Technology in 1996. In 1999 the Master
Land use Plan and detail sector plan for township was prepared and West Bengal Housing Infrastructure
Development Corporation Limited (WB-HIDCO) started implementing the plan (Chakrabarty et. al, 2015). The
Town is now under development.
The study aims to estimate how far the expansion of the new town affects the land surface temperature of this
area. For this purpose LST is compare for the year of 1996, 2004, 2014.

I1. STUDY AREA
The Kolkata New Town area which is taken by the New Town development authority for the planning is
considered for the study. It is demarcated by HIDCO. Total area is 102 sq. km from which 60 sg. km is now
under planning.

DOI : 10.9790/1813-0601027181 www.theijes.com Page 71



Impact Of Urbanization On Land Surface Temperature - A Case Study Of Kolkata New Town

Map no. -1: Location Map

Location of Kolkata New Town
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I11. MATERIAL AND METHODS

For this study following steps have been followed.

i) Material

Landsat TM satellite images of 1996, 2004, 2011 and Landsat 8 images of 2014 are downloaded from ‘Earth
Explorer’ website of United States Geological Survey (USGS). The Landsat TM has a Thermal Infra-Red (TIR)
band (i.e. Band 6) and Landsat 8 has two Thermal Infra-Red (TIR) band (i.e. Band 10 & 11). Both the images
are processed in ArcGIS 10.2 to retrieve the Land Surface Temperature. The Landsat satellite image details are
given below (Table-1, 2, 3).

Table- 1: Detail of Landsat data used

Sl. No Satellite Sensor Date of acquisition Time (IST) Sun elevation
1 Landsat 5 ™ 30/11/1996 9:23 am 36.47°
2 Landsat 5 ™ 20/11/2004 9:46 am 41.37°
3 Landsat 8 OLI & TIRs 16/11/2014 10:02 am 45.35°
Table — 2: Band detail of Landsat TM5
Sl. No Band Type Spectral range (um) spatial resolution (m)
1 4 Red 0.76 - 0.90 30
2 5 NIR 1.55-1.75 30
3 6 TIR 10.40 - 12.50 120 (30 resampled)
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Table — 3: Band detail of Landsat 8

SI.No | Band type Spectral range (um) spatial resolution (m)
1 4 Red 0.64 - 0.67 30

2 5 NIR 0.85-0.88 30

3 6 SWIR 157 -1.65 30

4 7 SWIR 211-2.29 30

5 10 TIR 10.60 - 11.19 100 (30 resampled)
6 11 TIR 11.50-12.51 100 (30 resampled)

ii) Methodology:
A. The LST will be retrieved depends on the type of Satellite sensor.

a. Retrieval of LST from Landsat TM

Stepl. Using following formula, Spectral Radiance (L)) has been calculated through Conversion of the Digital
Number (DN)

Ly = (LMAX, - LMIN)/(QCALMax-QCALyN)) * (QCAL-QCALy ) + LMIN;,

where:

L, = Spectral Radiance at the sensor's aperture in watts/(sq.m)

LMAX;, = the spectral radiance that is scaled to QCALyax in watts/( sg. m)

QCALyn = the minimum quantized calibrated pixel value (corresponding to LMIN;,) in DN

QCALpax = the maximum quantized calibrated pixel value (corresponding to LMAX;) in DN

Step2. Next, Spectral Radiance has been converted to Temperature in Kelvin by following formula.

K2
T-=
In (£ + ])
L.\
Where:

T = Effective at-satellite temperature in Kelvin
K2 = Calibration constant 2 from metadata

K1 = Calibration constant 1 from metadata

L, = Spectral radiance in watts/(sg. m)

Step 3. Land Surface Temperature (LST) has been calculated using following formula
TK=T/(¢-4)
Where:

TK = Temperature in 0C

T = Temperature in Kelvin

b. Estimation of LST from Landsat 8
Stepl. Conversion of the Digital Number (DN) to Spectral Radiance (L)
L, = ML Qcal + AL
Where:
L, = TOA spectral radiance (watts/steradian/ sq.m),
ML = Band-specific multiplicative rescaling factor from the metadata,
AL = Band-specific additive rescaling factor from the metadata,
Qcal =Quantized and calibrated standard product pixel value (DN value),

Step2. Next, Spectral Radiance has been converted to Temperature in Kelvin by following formula.

K2
T =
In (£ + 1)
L)\
Where:

T = Effective at-satellite temperature in Kelvin
K2 = Calibration constant 2 from metadata

K1 = Calibration constant 1 from metadata
L, = Spectral radiance in watts/(sg. m)
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Step3. Land surface emissivity calculation
Land surface emissivity (€) has been calculated using following equation:
e =0.004 PV + 0.986
where,
PV = Proportion of vegetation, which is calculated by the following formula
PV = (NDVI — NDVlyin / NDVlyax — NDVIyin)2
where,
The NDVI is calculated from the equation
NDVI = (NIR — Red) / (NIR + Red)

Step4. Land surface temperature (LST) estimation
The land surface temperature (LST) has been estimated using the single window algorithm.
LST=BT/1+w™*(BT/P)*In(e)

where

LST = Land surface temperature (in Kelvin),

BT = At-satellite brightness temperature (in Kelvin),
W = wavelength of emitted radiance, (11.5 um),
P=h*c/s, (1.438*10"-2 mK)

where

h = Planck's constant (6.626 * 10"-34 Js),

s = Boltzmann constant (1.38 * 107-23 J/K),

¢ = Velocity of light (2.998 * 108 m/s)

Calculating the LST for both the Band 10 and 11 in kelvin and 273.15 is subtracted from the both raster to get
the temperature in OC. Finally average of the two bands temperature is taken for the study.

B. Normalized Differential Vegetation Index (NDVI) Normalized Difference Built up Index (NDBI) which has
been used for identifying the built up area and Normalized Differential Built up Index (NDBI) are estimated for
the year 2004 and 2014 using the following formulae (Liu & Zhang, 2011).

NDVI = (NIR — Red) / (NIR + Red)

Where,

NDVI= Normalized Differential Vegetation Index
NIR= Near Infra-Red Band, Red= Red Band

NDBI= (MIR — Red) / (MIR + Red)

Where,

NDBI= Normalized Differential Built up Index
MIR= Mid Infra-Red Band, Red= Red Band

C. The correlation coefficient between LST and NDVI and LST and NDBI is done for both the years.
D. Three profiles are drawn to show the distribution of LST of 2014 in different area.

IV. RESULTS AND DISCUSSION

i) spatial and temporal changes of LST:

LST Maps which have been prepared in this study have shown spatial as well as temporal changes in LST of
Kolkata New Town area.

In 1996 the LST maximum and minimum were 26.6°C and 19.9 °C respectively at the south-east part, thus
variation is 6.7 C. The mean LST was 22.8 °C with a standard deviation of 0.8°C. The warmer area was the
south eastern part of New Town project area in the then time (map no: 2). In 1996 the area was agricultural field.
The area was kept as seasonal fallow during image acquisition time for what it is found warmer. In 2004 it is
found that the warmer area was shifted to north-west and western side where the wetland like Chandibari Beel,
Ghuni beel once existed and now filled up marked as built-up area. The maximum and minimum LST was
28.3°C and 22.6°C respectively in this pocket. Hence the spatial range of temperature is about 5 c. The mean
LST increased from 22.8°C to 24.9°C where the standard deviation remain same i.e. 0.8°C. The LST further
increased in 2014. The maximum and minimum LST changed to 29.7°C and 24°C. The mean LST has increased
from 24°C to 26.4°C and the standard deviation has increased t01°C (table — 4). The most of the warm area
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retains at the same position in 2004 but several new patches of warmer zones have raised where the new built up
areas are emerging.
Table — 4: Changing LST in Kolkata New Town

Year Land Surface Temperature (LST) in °C
Maximum Minimum Range Mean Standard Deviation
1996 26.6 19.9 6.7 22.8 0.8
2004 28.3 22.6 5.7 24.9 0.8
2014 29.7 24 5.7 26.4 1

Map No. — 2: LST map, Nov, 1996

Land Surface Temperature Map of Kolkata Newtown, November 1996
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Map No. — 3: LST map, Nov, 2004
Land Surface Temperature Map of Kolkata Newtown, November 2004
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Land Surface Temperature Map of Kolkata Newtown, November 2014
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Map No. — 3: LST map, Nov, 2014

Temperature map clearly shows that LST has increased. These are mainly at built up area and urban fallow land
which is going to be built up.

ii) Relation among LST, NDVI and NDBI:

Relationship between LST and normalized difference built-up index (NDBI), is strongly positive (r=0.76 in
2004 & r=0.73 in 2014). The LST and Normalized Vegetation index (NDVI) have a weak but negative co-
relation(r=-0.35 for both 2004 &2014) (Table-5, 6)

Fig- 1: Correlation between LST & NDBI, 2004
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Table — 5: Co-relation (r) among NDVI, NDBI and LST, 2004

NDVI NDBI LST
NDVI 1
NDBI -0.31 1
LST -0.35 0.76 1
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Table — 6: Co-relation (r) among

NDVI, NDBI and LST, 2014

NDVI NDBI LST
NDVI 1
NDBI -0.66 1
LST -0.35 0.73 1

LST has increased in the area which is mainly built up area. It produces patchy temperature zones.
Changes in LST is maximum during the period of 1996-2004 i.e the main period of land acquisition and land
filling specially large water bodies (which are locally known as Bheri ). (map no: 4).

Map No. - 4: Change of LST from 1996 to 2004
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Land Surface Temperature Change of Kolkata Newtown, from 1996 to 2004
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Map No. — 5: Change of LST from 2004 to 2014
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Map No. — 6: Change of LST from 1996 to to 2014

Land Surface Temperature Change of Kolkata Newtown, from 1996 to 2014
85’2;‘:‘0"5 88"27"30”5 58“3?'0“5 88“32"30"5 85"3?’0”E
N i N -
z [~ Legend ;
£ 4 e Vi ahed. 1996 To 2014 | [5
g A b
B 3 Change in °C
§ I 03-08
/ B o0s-2
( 21-32
_ [J33-43
2 B [ 44-55 g
2 A f“ ‘ Bl ss-66 'f
8 S Bl -7s b
Z Z
g LS
21 5
8 §
0051 2 3 4 » Y g ! W
e —J— i rctors R NN
T T T T — — T
88°25'0"E 88°27'30"E 88°300°E 88°32'30°E 88°350°E
Projection: UTM WGS 1984, Datum: WGS 1984

The change of LST from 1996 to 2004 was -.04°C to 6.2°C. It was -1.4°C to 5.7°C from 2004 to 2014. In the
change map from 1996 to 2014 it is increased more than 1996 to 2004 and 2004 to 2014 map as cumulative
effect. It became -0.3°C to 7.8°C. Such a change in LST is creating urban heat island like other city. The change
of LST by 6°C and 7°C and location of urban heat island in 2014 are shown.

Table — 7: Changing pattern of Spatial Variation of LST (1996 to 2014)

Time Period Spatial Variation of Temperature in °C
Maximum Minimum

1196-2004 6.2 -0.04

2004-2014 5.7 -1.4

1196-2014 7.8 -0.3

Map No. — 7: Change of LST 6°C & 7°C, 1996-2014

Changing to Urban heat Island of Kolkata Newtown, from 1996 to 2014
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Map No. — 8: Urban Heat Island, 2014

Urban Heat Island of Kolkata Newtown, 2014
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To know the distribution of LST profiles of LST are drawn (Fig — 2) which also shows that the built up area like
roads, buildings are warmer than grassland, vegetation covered area and water bodies. Profiles lines are shown in
high resolution Google Earth images of 25/10/2014 (as Nov, 2014 image is not available.)

(Map No - 9).

Map No. — 9: Falls Natural Colour Composite of Landsat 8, Nov, 2014 and profile lines

Falls Natural Colour Image of Landsat 8

Showing the Position of LST Profile
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Building LST Profile 2014
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The profiles also show spatial irregularity of LST. It is understood that The LST on fallow is quite lower than
built-up and the water bodies remain coolest of all. (Profile — 1, 2, 3)

V. CONCLUSION

Analyzing all the maps and data, it is understood that development of Kolkata New Town is causing increase of
Land Surface Temperature. Felling of tree, conversion of wetlands and agricultural land for building up the new
town have adverse effects on micro-climate of the area, and several pockets of heat zones have sprout up. A
prior attention is needed to address the micro-climate changes of the area for a sustainable city development.
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