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ABSTRACT

Satellite data is used to assess the urban land cover and its thermal characteristics through
mapping sub-pixel impervious surface and assessing thermal infrared images. The study aims to
calculate urban imperviousness using linear spectral unmixing technique. ASTER dataset were
used to estimate land surface temperature (day and night time) over National Capital Delhi using
the surface emissivity information at pixel level. The result suggests that the methodology is
feasible to estimate NDVI, surface emissivity and surface temperature (with an error of 3 degree)
with reasonable accuracy over heterogeneous urban area. Spatial and diurnal distribution of surface
temperature associated with ISA (impervious surface area) is studied. The lower imperviousness
has low night time surface temperature because of the predominance of non-imperviousness (such
as vegetation, soil, pasture lands etc). In contrast, the higher ISA coverage associated with high-
density urban areas such as high-density residential, commercial and industrial possessed higher
imperviousness values. The relationship between day and night time surface temperature with
impervious surface indicated that night time surface temperature has a strong positive correlation
(0.82) with impervious index as compared to day time temperature. The results suggests that
night time surface temperature gives more information in understanding UHI phenomena than
day time due to radiative cooling differences are maximized between urban and surrounding rural

locations at night.

INTRODUCTION

In urbanization process removal of pervious (natural
land cover) land cover types such as water, soil, and
vegetation and their replacement with impervious
materials such as concrete, asphalt, stone, brick and
metals have significant environmental implication.
This leads to reduction in evapotranspiration,
promotion of more rapid surface runoff, increase
storage and transfer of sensible heat and reduction of
air and water quality. The result of this change can
have significant effects on local weather and climate
(Landsberg 1981). The interactions of urban land
surfaces with the atmosphere are governed by surface
heat fluxes, the distribution of which is significantly
modified by urbanization.

Impervious surface is a key indicator of urban
environmental quality and degree of urbanization
(Weng 2007). The estimation and mapping of urban
impervious surface by using satellite images has paid
lot of attention to the researches. Impervious surfaces
can lead to severe environmental problems and are
recognized as an important indicator of environmental

quality (Arnold & Gibbons 1996). The increase in
imperviousness surface can lead to increase the
volume of surface runoffs (Weng 2001). Impervious
surfaces can also disrupt the recharge of underground
water and increase the frequency of flooding (Brun &
Band 2000). Because impervious surfaces replace the
natural vegetation, and other biophysical variable, they
can cause environmental degradation and negative
effects on atmospheric carbon cycling. Moreover,
impervious surfaces are strongly associated with urban
heat Islands (UHIs) (Weng et al., 2006).
Significant research has performed in using
remotely sensed information to detect thermal
characteristics of urban surfaces. Some studies used
measurements of temperature using temperature
sensors mounted on car, along various routes
(Yamashita 1996). These methods are both expensive
and time consuming and lead to problems in spatial
interpolation. Satellite borne instruments can provide
quantitative physical data at high spatial, temporal
resolutions with repetitive coverage and capability of
measurements of earth surface conditions (Owen et
al., 1998). Voogt & Oke (2003) reviewed the use of
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thermal remote sensing for the study of urban
climates with respect to the heat islands and
described the distinction between the atmospheric
and the surface UHIs. The use of satellite infrared
remote sensing in estimating the surface physical
properties and variables has been investigated e.g.
Carlson et al., (1981), Balling & Brazel (1988),
Dousset (1989, 1991), Roth et al., (1989),
Quattrochi & Ridd (1994), Owen et al., (1998),
Voogt & Oke (1998), Lo & Quattrochi (2003);
Dousset & Gourmelon (2003). Luke Howard, a
pioneer in urban climatology, first measured
temperature differences across London as early as
1809 (Chandler 1968). But our understanding of
urban effects on local climate is still unsatisfactory
due to several difficulties: 1) the inherent complexity
of the city-atmosphere system, 2) lack of a clear
conceptual theoretical framework for inquiry, and 3)
the high expense and enormous difficulties of
acquiring a sufficient quantity of high-quality, high-
resolution (both spatially and temporally) observations
in cities.

This paper presents a methodology that is
based on emissivity factor and correction of
atmospheric effect for estimating the urban surface
temperature and UHI intensity of urban areas
using ASTER thermal images and estimation of
impervious surface using linear spectral unmixing
technique. Various image masks were developed by
using land use/land cover and water bodies
(including river beds) and applying them to linear
spectral mixing analysis (LSMA) — derived
impervious surface image in order to improve the
accuracy of impervious surface mapping. The study
also evaluates statistically the relationship between
day-time, night-time surface temperature with
impervious surface.

STUDY AREA

The capital city of India, New Delhi is geographically
situated between latitude 28° 23' 17" to 28° 53' 00"
North and Longitude 76° 50' 24" to 77° 20' 37" East
lies at an altitude between 213 and 305 m and covers
an area of 1,483 km?. It is situated on the bank of
river Yamuna and is bordered in the east by the state
of Uttar Pradesh and on the north, west, and south
by the state of Haryana. The climate of Delhi is
influenced by its remote inland position and
prevalence of air of continental character, which is
characterised by extreme summer heat in June (48
°C), alternating with severe winter cold December (3
°C). Only during the three monsoon months of July-
September, oceanic air penetrates the country deep
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to the Northern region. The climate of Delhi is of
semi-arid nature due to marked diurnal differences
in temperature, high saturation deficit and low/
moderate annual average rainfall (60 mm). The
desert area of Rajasthan is to the west, south-west
and the Gangetic plains of Uttar Pradesh to the east,
across which the monsoon air travels and reaches
Delhi, have their respective shares in affecting the
climate of this region. Extreme dryness with an
intense hot summer and cold winter are the features,
which are associated with sweep of air from westerly
or north-westerly direction, while the influx of air
from the easterly or south-easterly directions usually
causes increased humidity, cloudiness and
precipitation. The urban population of Delhi
increased at 3.87% annual growth rate during 1991-
2001. The latter is influenced by the gradual shifting
of the rural area and its merger with urban area. With
the continuation of the present population trend, the
total population of National Capital Territory (NCT)
Delhi by the year 2011 and 2021 would be 18.2
million and 22.5 million respectively. As per Census
2001, NCT Delhi had a population of 13.78 million
and 46.28 percent decennial population growth
during 1991-2001.

METHODOLOGY

Image Pre-Processing

Satellite datasets of Terra ASTER level-1B (Level 1-
B product contains radiometrically calibrated and
geometrically co-registered data for all ASTER
channels) over Delhi area of October 07, 2001 (night
time) of path/row 13/204 and October 18, 2001 (day
time) of path/row 146/40 have been used for
estimation and mapping of impervious surfaces using
linear spectral unmixing and estimation of surface
temperature. DN values were converted to at sensor
radiance, for ASTER using L, = (DN-1) X UCC
UCC is unit conversion coefficients from HDF
file. The unit conversion coefficients that are used for
different bands and for different gain settings are given
in ASTER User Handbook. ASTER level-1B was
geometrically corrected data sets. For standardization,
ASTER 15 m data (VNIR) and Landsat -7 ETM+
Panchromatic data (15 m resolution) both were
compared to each other and was noticed that
geometrical accuracy was low. Also the GPS readings
in the ground did not match with these locations.
Hence there was a need to further rectify and
standardize all the datasets. All the image were
geometrically rectified to a common Universal
Transverse Mercator (UTM) WGS84 coordinate
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system and were resampled to its spatial resolution
using the nearest- neighborhood algorithm.

After applying the radiometric and geometric
corrections, the subset images of radiance were
created for the study area, both for visible and near
infrared bands of the ASTER datasets. Standard
atmospheric and geometric parameters were
estimated using the ENVI FLAASH (Fast line-of-sight
atmospheric analysis of spectral hypercubes) software.
The FLAASH models include a method for retrieving
an estimated aerosol/haze amount from selected
“dark” land pixels in the scene (Kaufman et al.,
1997). These parameters along with the geometric
parameters for each of the images were used together
for atmospheric correction.

The following land use/ land cover classification
scheme has been adopted:

High dense built-up, low dense built-up,
commercial /industrial area, dense vegetation (forest),
sparse vegetation (including parks), water bodies,
fallow land, waste land/bare soil and agricultural
cropland.

A total of nine land use/land cover classes were
considered to represent the major LU/LC of the study
area. An extensive field visit had been conducted
during October 3-8, 2005 for ground truth collection.
Sample points were selected, so as to cover all the
major LU/LC classes in the area. Also measurements
pertaining to emissivity and surface temperature on
various LU/LC feature were taken using the
emissivity box and infrared thermometer.

ESTIMATION OF IMPERVIOUS SURFACE
USING LINEAR SPECTRAL MIXTURE
ANALYSIS (LSMA)

To characterize and study at sub-pixel level of
impervious surface, linear spectral mixture approach
(SMA) is used. The linear SMA approach assumes
that the spectrum measured by a sensor is a linear
combination of the spectra of all the components
within the pixel (Weng & Schubring 2004). The
mathematical model of linear SMA can be expressed
as,
R = 2[R +¢ (1)
k=1
Where,
i = the number of spectral bands used
k = 1,....,n (Number of endmembers)
R, = the spectral reflectance of band i of a pixel, which
contains one or more endmembers
f, = the proportion of endmember k within the pixel
R, = known as the spectral reflectance of
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endmember k within the pixel on band i
And g is the error for band i

To solve f, , the following conditions must be
satisfied
e Selected endmembers should be independent of
each other
* The number of endmembers should be less than
or equal to the spectral bands used
* Selected spectral bands should not be highly
correlated

Estimation of an endmember fraction image with
linear SMA involves the following steps: (i) image
processing; (ii) endmember selection and (iii)
unmixing solution and evaluation of fraction image.
Of the above steps, selecting of suitable endmember
is the most critical to achieve a high quality fraction
image (Weng & Schubring 2004). Two types of
endmembers can be applied, such as image
endmembers, and reference endmember. Image based
endmembers are preferred because they can be easily
obtained from the image feature space and no
calibration is needed between selected endmembers
and the spectra measured. This method uses high-
resolution digital imagery (IKONOS) to develop
training data for representing urban land cover
heterogeneity, and medium-resolution ASTER
imagery to extrapolate impervious surface area (ISA)
over large regions. Prior to derivation of the fraction
image, the Minimum Noise Fraction (MNF)
transformation was performed. Three types of
endmembers were selected: vegetation, soil and built-
up (concrete and asphalt). Vegetation was selected
from the areas of dense vegetation and dense
grassland. Different types of impervious surface from
image were selected from buildings roofs, airport
runways, highways intersection etc. Soils were
selected from bare ground surface. These
endmembers were compared with those selected
from image scatter plots (using MNF components).
The endmembers with similar MNF components
spectra located at the extreme vertices of the scatter
plots were finally selected.

The information on vegetation and soils should
not be contained in the impervious images. Hence
image masks were developed based on land use/land
cover and water bodies (including river beds) in order
to improve the accuracy of impervious surface
mapping

Estimation of surface temperature using tempera-
ture emissivity separation (TES) algorithm

Temperature Emissivity Separation (TES) algorithm
was applied to Terra-ASTER datasets for estimation
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of surface temperature. TES attempts to compensate
for reflected downwelling irradiance and estimates the
absolute spectral emissivity. The additional
constraint to overcome the under-determination
comes from the regression of the minimum
emissivity of spectral contrast (calculated from
laboratory spectra), used to equalize the number of
unknowns and measurements, so that the set of
Planck’s equations for the measured thermal
radiances can be inverted. ASTER has 14 spectral
bands, out of which 5 thermal bands 10-14 operate
between 8-12 wm. In this study, five emissivity and
one surface temperature maps were produced using
the TES algorithm. It not only estimates the
temperature of homogeneous areas of known
emissivity, such as water bodies, but also for
heterogeneous areas of unknown emissivity. The
spectral radiance of thermal bands at the sensor is
calculated using the following equation (Gillespie et
al., 1998)

LS, = [eL™(T) + (1-g)L*¥] x ¢ + L= (2)
Where,

LS, = spectral radiance observed by the sensor,

¢, = surface emissivity at wavelength j,

LBB (T) = spectral radiance from a blackbody at
surface temperature T,

L“ky = spectral radiance incident upon the surface
from the atmosphere (downwelling), from
MODTRAN,

Lom = spectral radiance emitted by the atmosphere
(upwelhng), from MODTRAN

T = spectral atmospheric transmission, from
MODTRAN.

The pixels are often mixed in vegetation regions,
which complicates the measurement of mean pixel
emissivity. In this study, the Normalized Difference
Vegetation Index (NDVI) information of each pixel
in conjunction with proportional vegetation cover was
used to approximate the mean pixel emissivity (Kant
& Badarinath 2000).

The at-sensor radiance data were corrected for
atmospheric effects to obtain the radiance emitted by
the surface (Lj), using the MODTRAN radiative
transfer model. The standard atmospheric parameter
(tropical climate) has been considered. The retrieved
output parameters were used to estimate the radiance
using following equation:

= [LS L™ + 7] - (1-g)L = & L (T)  (3)

BB _ Cl
Where, A7) % EXP@Z/%T)-IJ
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C
L =¢ X— !
Hence, % =&, 2 xpC /AT 1] (4)
where,
C, = First radiation constant = 3.74151x10¢

1

C, = First radiation constant = 0.0143879 (mk)
A, = Wavelength of channel j,
T= Temperature

In the above equation, if the surface emissivity is
known, it is possible to correct for the reflected sky
radiation. The surface temperature then can be
calculated using

1=l crnan] g

The above equation shows that for radiance
measured in ‘n’ spectral channels, there will be n+
1’ unknowns, ‘n’ emissivities and one surface
temperature. In TES (Gillespie et al., 1998;
Schmugge et al., 1998) the estimated kinetic
temperature is taken to be the maximum
temperature, estimated from the radiance for the five
ASTER TIR spectral bands, computed from equation
(5), and using an assumed emissivity value (typically
0.97) in order to be within = 0.03 for typical land
surfaces (heterogeneous lands). The relative
emissivities (‘B/) were computed by the following
equations:

B, = (L;/]:)X @/ BBQ‘/:T))‘ (6)

where,

L=(/5)31, 7)

BB _ Cl
()= 7oA T ] (8)
(1) = (1/5)]24-33(7 ) (9)

For emissivities between 0.7 - 1.0, the ratios B,
are generally within 0.7 — 1.4

The maximum-minimum difference between the
emissivity ratios is given by MMD = max (B)) - min
(B). It was observed that MMD ranges from 0.0 to
40 at most. An empirical relation between
minimum emissivity and MMD is:

e =0.994-0.687x (MMDY "’ (10)

Therefore, the revised emissivity can be computed
using the beta (B) spectrum as shown below:

SJZB]'@min/min(ﬁj)j (11)

Beta (B is determined from the measured surface
radiance (surface); new emissivity (¢] and surface
temperature can be obtained. The resultant maps
were fed into equation (2) and all the process until
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Figure 1. Flow Chart for deriving surface temperature (TES) using ASTER data.

equation (11) where repeated so as to arrive at an
acceptable emissivity measurement, which is further
used. Based on the above procedure, a detailed model
was developed in the ERDAS Imagine to automate
the calculation of the surface temperature and five
emissivity maps (as the TES algorithm generate).
Figure 1 shows the methodology adopted for
estimating surface temperature using TES algorithm.

RESULTS AND DISCUSSION

Analysis of impervious surface estimation

Figure 2 shows the spatial distribution of impervious
surface estimation using LSMA of ASTER, dated
October 18, 2001. The fraction cover (FC) values
are estimated in range of 0 to 1, having a mean value
of 0.452 and standard deviation of 0.103. High
fraction covers of impervious surface (red areas) are
observed in the eastern, central and south-east region
of the image. Low fraction cover values are observed
mostly in suburb central region. Overall, the fraction
image shows the spatial pattern and abundance of
each surface material (used in endmembers).
However fraction cover features namely water and
shade areas are problematic for estimation of
impervious surface. To reduce the impact of non-
impervious surface, image masks (LULC together
with water/river beds) are applied to the original
impervious surface to refine the results.

Analysis of Surface Emissivity

An attempt has also been made in this study to
measure the emissivity using the emissivity box (Kant
& Badarinath 2002). All the measurements of
temperature were done using TELATEMP infrared
radiometer which operates in the 8-14 pm waveband
with an instantaneous field of view (IFOV) of 2° with
an accuracy of 0.1 © C. The measurements were made
using Emissivity box during October 4 to 7, 2005 at
various places taking different features of interest on
all sunny days at different hours of the day. This is
achieved in the field by exposing the hot lid to direct
solar radiation for 15 minutes so that the thermal
equilibrium can be attained. To reduce the effect of
noise in the final result, the value is taken after
averaging over 10-15 successive measurements. The
emissivity values presented here are the results of in
situ measurements in and around Delhi area. The
measurements could not be done on all the sample
features of the area but only carried out over some
selected (dominant) features representing that LU/LC
class. The measurements were carried on soil (for
wasteland/bare soil), dense vegetation (Prosopis
juliflora, Bougainvillea in forest), sparse vegetation
(grass, Azadirachta indica A. Jurr), agricultural crop
(paddy), and urban (concrete, asphalt roads and
sandstone). To determine the sample emissivity, the
hot lid temperature must be higher than the sample
temperature (15-20 ° C) and remain constant during
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Figure 2. Spatial distribution of impervious surface Fraction cover estimation using LSMA (ASTER, October 18,

2001).

the time necessary for making L! and L?
measurements. The emissivity measurement is
rapidly made (within 2 minutes) in order that the
temperature variation of the hot lid can be negligible
when it is introduced in the box. The emissivity
measurement was carried out during the middle of
the sunny day when the stability of the system is
greater. The value of the emissivities measured over
soil and vegetation by the box method using the
radiometer is shown in table 1. It can be concluded
that there is not much variation in emissivity values
neither through the day nor between the clear days

224

of the period. Hence, the average of the
measurements can be taken as the values of the
respective samples. The mean can be considered as
a representative value that can be used in practice
whereas standard deviations show the variability in
emissivity values. The measured emissivity values
were compared with those measured by Owe &
Griend 1994 in Botswana campaign (tropical area) for
bare soil in 8-14 um region (¢ =0.914) which agrees
well with the measured value over soil (¢ = 0.923)
and open grass (partly covered) (e = 0.949) with the
measured value over grass in parks (¢ = 0.9668).
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Table 1. Field measurements of emissivity in the 8-14 um band for different samples.

Agricultural
. Sparse Dense Urban gricuitura
Date Soil vegetation Vegetation (concrete) cropland
" " (Paddy)
October 4, 2005 | 0.923 +0.013 | 0.9560 + 0.015 - 0.9156 + 0.012 -
October 5, 2005 - - 0.9810 + 0.006 - 0.9850 + 0.013
October 6, 2005 - 0.9775 +0.016 | 0.9807 +0.012 | 0.9378 +0.014 -
MEAN 0.923 + 0.013 | 0.9668 + 0.015 | 0.9808 + 0.09 | 0.9267 + 0.013 | 0.9850 + 0.013

ANALYSIS OF SURFACE TEMPERATURE

The surface temperature is estimated for ASTER
datasets (day time —October 18, 2001) and night
time (October 7, 2001). The spatial distribution of
surface temperature of ASTER, dated October 18,
2001 at 11:18 hrs (local time) is shown in figure
3(a). It is inferred that the estimated land surface
temperature ranges from 24.35 °C to 54.29°C (mean
value of 37.83°C with standard deviation of 4.235).
It is also observed that, west and south-west part of
the image exhibits maximum surface temperature
due to fallow land and waste land/bare soil; surface
temperature in eastern part ranges from 36 to 40°C
and in the range of 32 to 36°C in central part of the
image. water bodies exhibit lowest surface
temperature values (ranges from 27.96 to 32.86°C).
Over vegetated areas, agricultural cropland has lowest
values (ranges from 28.93 to 32.94°C) as compared
to dense vegetation and sparse vegetation (ranges from
29.57 to 35.02°C). This may be due to the fact that
the surface temperature (crop temperature) is in
equilibrium with air temperature. In urban areas,
commercial/industrial land use (ranges from 35.17
to 43.93°C) has high surface temperature values than
low dense and high built-up. This may be due to the
commercial/industrial activities compounded with
the building structures. The highest surface
temperatures are observed over fallow lands (ranges
from 41.16 to 53.09°C).

Figure 3(b) shows the night time surface
temperature of ASTER night time data (October 7,
2001) at 22:35 hrs local time. The estimated surface

temperature ranges from 23.90 to 40.01°C (mean
value of 31.40°C and standard deviation of 1.863).
It is inferred that central and eastern part of the image
exhibits maximum surface temperature range (32 to
36°C) that corresponds to built-up areas. It is
observed that some parts of north-west have lower
surface temperature corresponding to wasteland/bare
soil and fallow land. Water bodies exhibits maximum
surface temperature during night due to high thermal
capacity.

The day and night time mean thermal gradient
of surface temperature over different land use/ land
cover for the two Aster datasets is depicted in figure
4. The thermal gradient during day time increases
from water bodies to fallow land, whereas in the
night time, mean thermal gradient decreases from
high dense built-up to fallow land. In the surface
temperature statistics of night time data the highest
surface temperature is observed over high dense built-
up, followed by water bodies, commercial/industrial
and low dense built-up. Fallow land and waste land/
bare soil due to low thermal capacity cools down
faster than other land use/land cover features. Hence
fallow land, waste land/bare soil and sparse vegetation
are cooler as compared to other land use/land cover
features during night time.

Figure 5 shows the spatial distribution of surface
temperature over impervious surface of Delhi
(aforesaid LU/LC mask applied to impervious
surface). An image masks have been applied to the
surface temperature images (day time-night time) in
order to understand the relationship with impervious
surface.
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Figure 3. Spatial distribution of surface temperature of Delhi (a) ASTER data of October 18, 2001 (day time) and
(b) ASTER data of October 7, 2001 (night time).

55
o
e 501
2
- e
= 15
—
=
& g
e 4
E
&
= a5
©
L2
L]
T a0
S
w
25 1
= . —&— NMean temp (day time) - - e - - e temg (night time)
20 'y & & pr
o = ] = = = w s
: 8 o : Z : z ; 3
; S S : : : : i
= 2 R 0 L = - = ®
z @ 5 = £ i
i a & L = E o
< & z

Land used Land cowver

Figure 4. Surface temperature over different Land use/ land cover features over Delhi.

226



Assessment of diurnal urban surface temperature and impervious surface of Delhi and

Burlsce Termparsiurs on mpervicus warfece of CaR”i-301 (Day Timefp =~
Ocichar 17, 2889 {H:81 Local timaj J

(a)
Figure 5. Spatial distribution of surface temperature over impervious surface of Delhi (a) ASTER data of October 18,
2001 (day time) and (b) ASTER data of October 7, 2001 (night time).

COMPARISON OF OBSERVED
ESTIMATED SURFACE TEMPERATURE

AND

All the satellite datasets taken for this study is for the
month of October. In order to compare the satellite
estimated surface temperature values with the field
measurements, a field campaign from October 2 -7,
2005 was carried out. All the measurement of
temperature were done using TELETEMP infrared
radiometer which operates in the 8-14 um waveband
with an instantaneous field of view (IFOV) of 2° with
an accuracy of 0.1°C. During the campaign surface
temperature measurements were taken during day
and night time over different features. In the absence
of field measurement in year 2001, the estimated
surface temperature values have been compared with
those of the year 2005, maintaining the same period
of season. Table 2 shows the comparison of day and
night time surface temperature values from observed
field data with estimated satellite derived surface
temperature. The satellite (ASTER night time, dated
October 7, 2001) derived surface temperature are
found to be in close agreement with the ground
measured values with errors within + 3° C. To find
out the difference between the temperatures on
October 7, 2001 and October 7, 2005 ambient air
temperature measurement were collected from India
Meteorological Department (IMD) at Sufdarjung

its relationship using Multi-Spectral satellite data

siriace of Dulki-2308 [Hight Thead & |
Ocicher B, 301 {23:12 Locsl srma) .I
i

ramamm

(b)

monitoring station, Delhi. The maximum and
minimum temperature on October 7, 2001 were
34.8°C and 22.8°C, while on October 7, 2005 were
34.6°C and 21.5°C respectively which were
appreciably close. The comparison of field measured
surface temperature values with night time ASTER
data October 7, 2001 reveals that the error in surface
temperature estimation is within range of + 3°C.

Relationship between impervious surface and di-
urnal land surface temperature

This section deals with the relationship between day
and night time surface temperatures and impervious
surface. The Pearson’s correlation coefficients were
computed between surface temperatures with fraction
cover for imperviousness. Imperviousness values
ranges from 0 to 1 (mean value of 0.388 and standard
deviation of 0.241), indicating the surface covered by
building roofs, roads, airport runways and pavements
abundance. The mean surface temperature for each
imperviousness category is taken into account. Table
3 shows the Pearson’s correlation between day and
night time surface temperature with impervious
surface cover, for the entire image. During night time
it is inferred that surface temperature has a strong
positive correlation with impervious index while
during day time surface temperature has a low
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Table 2. Comparison of satellite derived night time surface temperature with field measurement.

*In the field, observation Satellite observation (ASTER
on October 7, 2005 in °C October 7, 2001)
Features (10.30 to (21.30 to Day time Night time | UTM Coordinates
12.00 Hrs 23.00 Hrs (10.351IST) in | (22.351ST) in

local time) | local time) °C °C
Dense Vegetation 33.20 28.50 32.58 29.64 718935 /3159479
Dense Vegetation 34.52 28.00 32.36 28.95 717613 /3160398
Sparse Vegetation 36.25 29.00 33.59 30.25 719570 /3169243
Sparse Vegetation 36.45 29.30 33.88 30.67 718365 /3167032
Average 35.11 28.70 33.10 29.88 -
Bare soil 46.15 28.50 49.52 30.88 700395 /3158756
Bare soil 47.25 30.42 50.13 31.03 701456 / 3162141
Average 46.70 28.33 49.83 30.95 -
Concrete (Low 34.60 31.10 37.32 32.90 719871 / 3168740
dense built-up)
Concrete (High 35.80 31.65 38.79 33.72 717812/3169034
dense built-up)
Average 35.20 31.38 38.14 33.31 -

*This measurement is the mean value of 5 to 10 readings

Table 3. Pearson’s correlation between surface temperature (day time, dated 18th October 2001and night time,
dated 07th October 2001) with impervious surface cover of ASTER (at resolution of 90 meter).

Night time ST Impervious surface
ST (surface temperature) Night time 1.000 0.816%*
Impervious surface Fraction cover 0.816%* 1.000

Day time ST Impervious surface
ST (surface temperature) Day time 1.000 0.159%*
Impervious surface Fraction cover 0.159%* 1.000

** Correlation is significant at the 0.01 level (1-tailed)

correlation. This may be due to the impact of soil
and vegetation portion (fraction cover) that has low
thermal capacity. While at night, radiative cooling
differences are maximum between urban and
surrounding rural locations and high imperviousness
reveals high thermal capacity than lower impervious
surface. Hence night time surface temperature data
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reveals good correlation with imperviousness.

The graphical representation of linear regression
coefficient between surface temperature and
impervious surface is depicted in figure 6. Regression
coefficient between surface temperature with
imperviousness is found to be high at night time
(0.810) and low (0.159) during day time. It is noticed
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Table 4. Statistical values of surface temperature over each imperviousness category.

Imperviousness Mean Ts Mean Ts

surface (fraction) | (night time) in °c S.D (day time) in °c S.D
0.001 - 0.10 31.440 1.565 35.058 9.718
0.11 -0.20 31.482 1.535 34.604 9.783
0.21 -0.30 31.692 1.555 35.255 8.364
0.31-0.40 31.949 1.579 35.565 7.292
0.41 - 0.50 32.220 1.628 35.398 7.198
0.51 - 0.60 32.421 1.617 35.777 6.155
0.61 -0.70 32.622 1.619 35.929 5.459
0.71 - 0.80 33.077 1.574 36.104 4.242
0.81 -0.90 33.250 1.528 35.992 4.366
091 -1.00 33.524 1.486 36.172 3.580

Surface Temperature Vs Impervious
Surface (Night time)

36,00

L ]
35.00 .

[ ]
3400 - e
e V=0.740x+29.03
e Rim D 216
32.00 =
- -
31.00 I*ﬁ " ®
,«’f} . &  Value
30.00 ]
- “ ——— Lirvzar | alue)

2904

0.000 0200 0400 0600 080 1O

Surface Temperature Vs Impervious

4500 Surface {Day time)

43.00

L]
L]
41.00 .
y=-3.861¢+ 38.83
¥
it 4 _';&" . RT=0.150
37.00 N >

15.00 . ’ e
33.00
3104
29.00
D.000 0200 0400 0600 0800 1000

& Value

Linvear | alue)

Figure 6. Linear regression coefficient between surface temperature and impervious surface.

that at night time, magnitude of imperviousness lead
to increases in surface temperature. The mean
surface temperature (day and night time) over
impervious surface categories is given in table 4. It
is inferred that an increase in imperviousness also
enhances the surface temperature. Hence, conversion
of natural surface with urban concrete structure leads
to an increases in surface temperature and in turn
effect the local climate of the city. Low
imperviousness has low surface temperature due to
the predominance of non-imperviousness features
(such as vegetation, soil, pasture lands etc). In
contrast, the higher ISA coverage associated with
high-density urban areas such as high-density
residential, commercial and industrial land possessed
higher imperviousness values.

CONCLUSIONS

Urban development intensity and spatial extent can
be characterized by using satellite remote sensing data
through mapping the impervious surface
distributions. The diurnal temperature patterns over
the impervious surface have been studied. It is
concluded that during day time the most dominant
surface elements contributing heat are building roofs,
streets and artificial pavements that are exposed to
solar radiation and there is no evaporative cooling
effect over these surfaces. Moreover, impervious
surface generate long wave radiation than non-
impervious surface. As a result, not only do large
asphalt and concrete paved surfaces have high
temperatures but they are also expected to influence
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the temperatures of the near-surface air layer. The
overall behaviour of night time surface temperature
over impervious surfaces reveals that the
temperatures are high in comparison to non-
impervious surfaces. Low imperviousness fraction has
low night time surface temperature because of the
predominance of non-imperviousness (such as
vegetation, soil, pasture lands etc.). In contrast, the
higher ISA (Impervious Surface Area) coverage
associated with high-density urban areas such as high-
dense residential, commercial and industrial land
possessed higher imperviousness values. During night
time it is found that surface temperature has strong
positive correlation with impervious index than
during day time mainly due to cumulative impact of
soil (fraction cover) which attributes low thermal
capacity. Hence, it is concluded that understanding
UHI phenomena using night time surface
temperature is better and is more informative than
day time as during night radiative cooling differences
are maximum between urban and surrounding rural
locations.
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