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Abstract: Problem statement: Many studies have been devoted to establish the methodology for
retrieval of LST from single channel algorithm by utilizing Landsat satellite images. However, this
method required many atmospheric parameters to retrieve LST. Thus, it is very difficult to acquire the
complete information for atmospheric parameters. Approach: While for ATCOR3 T, this method can
be used to retrieve LST without any historical atmospheric parameters like transmittance and mean-
atmospheric temperature. In this study, the retrieval of LST value from ATCOR3 T method was
compared with the NDVI method, in order to calculate the average percentage of error. Results: The
obtained result showed that the LST value retrieved from ATCOR3_T can be used to generate the LST
map in equatorial region, such as Penang Island. The average percentage of error for 40 points of LST
gives the percentage of 5.13%. Conclusion/Recommendations: Both of these methods can be used to
estimate LST value in the study area. In addition, the retrieval of LST value from multi-temporal

satellite images is useful to study urban heat island effects in Penang Island for future study.
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INTRODUCTION

Land Surface Temperature (LST) controlled by the
surface energy balance, atmospheric state, thermal
properties of the surface and subsurface media, is an
important factor controlling most physical, chemical and
biological processes of the Earth (Becker and Li, 1990).
However, the radiance converted from digital number
does not represent a true surface temperature but a
mixed signal or the sum of different fractions of energy.
The methods that are popularly used in correction of
satellite observations of surface radiance for
atmospheric effects fall into two categories, the direct
methods which use atmospheric soundings of
temperature and moisture from balloon-borne sonde
and the indirect approaches which attempt to
accomplish atmospheric corrections with satellite
observations only (Norman et al., 1995). Direct
methods combine in situ measurements of temperature
and moisture with atmospheric radioactive transfer
models, such as LOWTRAN and MODTRAN, which
calculate the atmospheric transmittance and path
radiance as a function of wavelength. Indirect methods
derive vertical soundings of the atmosphere from
satellite observations and use atmospheric radioactive
transfer models (Yang and Wang, 2002).

LST is a key parameter in the physics of land
surface processes because it is involved in the energy
balance as well as in the evapotranspiration and
desertification processes. LST is a good indicator of
land degradation and climate change and may be used
for drought detection and impact assessment based on
the estimation of indices of vegetation stress, especially
designed to monitor vegetation health, moisture and
thermal conditions (Peres and Dacamara, 2004).

The remote sensing of LST became an important
topic especially in academic for research purpose since
last two decades. This is due to the extensive
requirement of LST in management activities of
Earth’s resources and the environmental studies (Qin
and Karnieli, 1990). LST plays main role in the
equilibrium, which in thermodynamic state. Therefore,
its affects the energy balances of the fluxes, between
the Earth’s surface, atmosphere and subsurface
(Schmugge et al., 2002).

There are few methods to retrieve LST using
remote sensing technique, such as mono-window
algorithm, split-window algorithm (Jiang and Li, 2008).
All of these methods utilized multi-temporal satellite
images to retrieve LST. Furthermore, they require the
exact atmospheric profiles to successfully determine the
historical LST value. Hence, lack of the atmospheric
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parameters for the particular day of satellite image
acquisition may affect the result of LST retrieval. While
for in-situ measurement to acquire ground-truth data, it
is very time-consuming, constraint laborious and
difficulties in data processing. In addition, the
availability of the historical data also restricted for
certain period. Besides that, in-situ measurement can be
done only for point measurement; therefore it is only
restricted to study for small study area. Inversely,
satellite measurement can provide quantitatively data
with high spatial resolution or temporal-resolution
(Dousset and Gourmelon, 2003).

The objective of this study was to retrieve the
LST values from Landsat 7 ETM+ thermal band (10.4-
12.5 pm) data. In this study, two methodologies for the
LST values retrieval are discussed. The first technique
employs ATCOR3_T image correction software and the
other one uses the NDVI method. ATCOR3 T is one
method to retrieve LST, which was introduced by
Richter (1990). ATCOR3 T generates the surface
thermal map using elevation data. It considers the slope
and aspect images to retrieve accurate LST values over
high mountain terrain. ATCOR3_T is useful to retrieve
LST in 3D because DEM need to be used to generate
LST map (Richter, 1990). It is not require the
atmospheric parameters, like transmittance and mean-
atmospheric temperature, in order to retrieve LST using
satellite image. Besides that, this method can remove
atmospheric and topographic effects efficiently. It’s
also generates the three-dimensional atmosphere by
considering the transmittance and radiance functions of
different height, included atmospheric conditions
alteration in horizontally. Consequently, it is able to
solve the problem of haze through the statistical
algorithm, which helps to manipulate the optical depths
in different altitude.

Study area and data acquisition: The study area is the
Penang Island, Malaysia, located within latitudes
5°12°N-5°30’N and longitudes 100°09’E-100°26’E.
The map of the study area is shown in Fig. 1.

The government-owned Landsat 7 was successfully
launched on April 15, 1999 from the Western Test
Range of Vandenberg Air Force Base, California, on a
Delta-II expendable launch vehicle. The Earth
observing instrument on Landsat 7, the Enhanced
Thematic Mapper Plus (ETM+) replicates the
capabilities of the highly successful Thematic Mapper
instruments on Landsats 4 and 5. On May 31, 2003, the
Scan Line Corrector (SLC), which compensates for the
forward motion of Landsat 7, failed.
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Fig. 2: The raw satellite image, Landsat ETM+ image
(path 128/row 56) with band combination RGB
= 321 for the study area

Subsequent efforts to recover the SLC were not
successful and the failure appears to be permanent.
Without an operating SLC, the Enhanced Thematic
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Mapper Plus (ETM+) line of sight now traces a zig-zag
pattern along the satellite ground track (Fig. 2). As a
result, imaged area is duplicated, with width that
increases toward the scene edge. And the satellite scene
downloaded from US.

Geological Survey website was SLC-off image.
But, fortunately, the cropped satellite image used in
this study area was located centrally of the full
satellite scenes that escape of the SLC-off problem
(NASA, 2010).

The satellite image was acquired on 23 January
2010 (Fig. 2). The satellite track in path and row is
128/56. Penang Island is located in equatorial region
and enjoy a warm equatorial weather whole the year.
Therefore, it is impossible to get the 100% cloud free
satellite image over Penang Island. But, the satellite
image chosen must have cloud coverage as less as
possible.

MATERIALS AND METHODS

All image-processing tasks carried out using PCI
Geomatica version 10.3.1 digital image processing
software. LST were retrieved from the radiometrically
and geometrically corrected images using ATCOR3 T,
in the PCI Geomatica version 10.3.1 image processing
software. ATCOR3 T generates the surface thermal
map using elevation data. It considers the slope and
aspect images to retrieve accurate LST values over high
mountain terrain. ATCOR3_T is useful to retrieve LST
in 3D because Digital Elevation Model (DEM) needs to
be used to generate LST map. Therefore, in this study
the reference DEM model, which is Advanced
Spaceborne  Thermal Emission and Reflection
Radiometer (ASTER) have been used to retrieve LST.

Secondly, NDVI was calculated as the ratio
between measured reflectance in the red band (R) and
Near Infrared (NIR) based on following formula (Xiao
and Weng, 2007):

NDVI = (p (band 4)-p (band 3))/ (p (band 4)
+p(band3)) (1)

where, p are the surface reflectance for band 3 and
band 4 respectively.

Since Penang Island is located at the equatorial
region, the cloud coverage becomes major obstacle in
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image processing. We need to mask out all the cloud
area in the entire satellite image. The cloud mask calls
the gross cloud check technique, required brightness
temperature value, in order to determine the cloud area.
The conversion of brightness temperature from at-sensor
radiance is given by (Chander et al., 2009a; 2009b):

T= 2
LN{K‘}LI
L?L
Where:
T = Effective at-sensor brightness temperature (in

Kelvin)

K, = Calibration constant 2 (in Kelvin) [1260.56 for
Landsat 5 TM and 1282.71 for Landsat 7 ETM+]

K, = Calibration constant 1 [W/ (m?® sr pm)], [607.76
for Landsat 5 TM and 666.09 for Landsat 7
ETM+]

L, = Spectral radiance at the sensor’s aperture [W/
(m® sr um)]

LN = Natural logarithm

The other method proposed by (Sobrino et al.,
2004), in order to retrieve LST, which is called LST
retrieval from emissivity value estimated by NDVI
method.

The LST were derived from the corrected ETM+
and TM of TIR band (10.44-12.42 pm). The LST were
computed as following the equation (Weng et al., 2004):

T

S, = — (13)
1+ (A—)ine
p

Where:

T = brightness temperature (obtain from Eq. 2)

A = wavelength of emitted radiance (for which the
peak response and the average of the limiting
wavelengths)

p = hxc/o (1.438x1072 mK)

6 = Boltzmann constant (1.38x107> J K™

h = Planck’s constant (6.626x107>* Js)

¢ = velocity of light (2.998x10* m sec™")

The corrections for spectral emissivity () became
compulsory due to the natural properties of land cover.
The study has been carried out to obtain emissivity
from the NDVI method through the method proposed
by (Sobrino et al., 2004).
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Fig. 3: The generated of LST map using ATCOR3 T
method
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Fig. 4: The NDVI map generated from Landsat 7
ETM+, on 23 January 2010

Data analysis and result: An instrument malfunction
occurred onboard Landsat 7 on May 31, 2003. The
problem was caused by failure of the Scan
Line Corrector (SLC), which compensates for
the forward motion of the satellite. Subsequent
efforts to recover the SLC have not been
successful and the problem is permanent. The Landsat 7
Enhanced Thematic Mapper Plus (ETM+) is still
capable of acquiring useful image data with the SLC
turned off, particularly within the central portion of
any given scene. Landsat 7 ETM+ will therefore
continue to acquire image data in the “SLC-off” mode
(NASA, 2009).
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Fig. 5: The generated of LST map using NDVI method

As the Landsat 7 ETM+ faced the problem of
malfunction due to the reason of SLC-off, the full scene
of the raw satellite for the study area, Penang Island
also affected by this problem. But, fortunately the study
area of Penang Island, Malaysia was located within the
central portion of the full satellite Landsat scene. And
the problem of malfunction due to the reason of SLC-
off just covered a small part of the study area
(northwest of the study area). Hence, the study area
with this problem was masked out and become null in
this study. In addition, LST values retrieved by using
both of the proposed method should not include in the
data analysis. Example of the study area affected by
SLC-off problem showed in Fig. 3-5 (with the red
arrow). However, the study area, which was not affected
by this problem, can be used to retrieve LST value.

Many factors affect the retrieval of LST from
satellite thermal infrared data but some of them, such as
transmittance, air moisture, downwelling and upwelling
radiance, are usually difficult to obtain, especially from
satellite observations (Yang and Wang, 2002). The
generated of LST map through retrieval from
ATCOR3_T showed in Fig. 3. From the map, there is a
significant difference in terms of the value for LST
between the left and right side of the generated map.

Figure 4 showed the NDVI map, computed based
on Eq. 1. As compared with LST map (Fig. 3), when
the LST wvalue is increasing, the NDVI value is
decreasing, or vice-versa. From the NDVI value, we
use it to generate LST wvalue, where this method
proposed by (Sobrino et al., 2002). In order to evaluate



Am. J. Applied Sci., 7 (5): 717-723, 2010

the value of LST retrieved from ATCOR3 T and NDVI
method, every single point need to calculate the error
based on the following equation (Sobrino et al., 2002):

Error(%) ‘ skl SThov  maed 4)
0) =
NDVI method

The method proposed obtains the emissivity values
were obtained from the NDVI as follow:

NDV1<0.2: In this case, the pixel is considered as bare
soil and the mean emissivity value used in this study
was 0.97 (Sobrino et al., 2004).

NDVI>0.5: Pixels with NDVI values higher than 0.5
are considered as fully vegetated and then a constant
value for the emissivity is assumed, typically of 0.99.

0.2<NDVI<0.5: In this case, a mixture of the bare soil
and vegetation composes the pixel and the emissivity is
calculated according to the following equation:

e=gyPy +e5(1-Py)+de 4)

Where:

g, = The vegetation emissivity and

& = The soil emissivity,

P, = The proportion of vegetation obtained according
to other studied (Sobrino et al., 2004):

2
NDVI-NDVI_.
Py = o (6)
NDVIpay ~NDVI_.
NDVI = 0.5
NDVI i, = 0.2

The term in Eq. 1 includes the effect of the
geometrical distribution of the natural surfaces and also
the internal reflections. For plain surfaces, this term is
negligible, but for heterogeneous and rough surfaces, as
forest, this term can reach a value of 2%. A good
approximation for this term can be given by:

de =(1—-¢4)(1-Py)Fey @)

where, F is a shape factor whose mean value,
assuming different geometrical distributions, is 0.55
(Sobrino et al., 1990).

Figure 5 showed the LST map generated from
NDVI method. The obtained result from NDVI (Fig. 4)
used to retrieve LST value. The same colour indicator
was utilized to generate the LST maps, which is in
Fig. 3 and 5. Both of these maps basically are different
in terms of LST wusing both of these methods.
Therefore, Eq. 4 was being used in order to evaluate the
errors among both of these methods. There are many
factors affect the value of LST. Hence, it will bring an
error or uncertainty while using satellite image to
retrieve LST. The retrieved LST values may be higher
than the actual values because the effect of surface
roughness is not taken into account when retrieving
LST values (Weng, 2001). In addition, LST is also
influenced by the land surface structure, water content
and chemical composition (Snyder et al., 1998).

Table 1: Comparison between LST retrieved from ATCOR3 T and
NDVI method for 23 January 2010

ILSTATCORQT

LSTarcors 1 LSTNDVI method -LSTNDVI method Error (%)
27.25 30.93 3.68 11.90
33.00 32.99 0.01 0.02
35.00 35.02 0.02 0.05
31.75 32.48 0.73 225
31.75 31.97 0.22 0.07
33.00 34.51 1.51 4.39
28.25 30.93 2.68 8.67
28.50 30.93 243 7.86
29.75 31.97 2.22 6.93
31.75 32.48 0.73 225
33.00 33.50 0.50 1.50
34.00 34.01 0.01 0.03
36.25 35.02 1.23 3.52
37.25 35.52 1.73 4.87
38.25 35.52 2.73 7.69
39.25 37.01 2.24 6.05
35.00 34.01 0.99 291
36.25 36.52 0.27 0.73
37.25 35.52 1.73 4.87
37.25 36.02 1.23 342
29.75 32.48 2.73 8.41
31.75 33.50 1.75 522
27.50 30.93 343 11.09
26.25 29.89 3.64 12.18
28.50 31.97 3.47 10.85
29.75 31.97 2.22 6.94
36.25 34.51 1.74 5.04
37.25 35.02 2.23 6.37
36.25 35.52 0.73 2.06
33.00 35.02 2.02 5.77
37.25 36.02 1.23 3.41
39.25 36.02 3.23 8.97
31.75 32.99 1.24 3.76
35.00 35.02 0.02 0.06
34.00 33.50 0.50 1.49
36.25 34.51 1.74 5.04
34.00 35.52 1.52 4.28
33.00 34.01 1.01 2.97
27.25 30.93 3.68 11.90
28.50 31.45 2.95 9.38
Average of the total error (%) 5.13
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From Eq. 4, the average of all 40 points has been
calculated by considering the value of LST from low to
high. Table 1 shows the obtained result for all 40 points
used for validated for every single satellite images. The
average percentage of total error is 5.13%.

This means that LST wvalue generated from
ATCOR3 T is suitable to generate LST value in
tropical region using satellite image. From both of the
generated map of LST, there are obvious that LST
values are different using both different methods to
retrieve LST. The range of LST for verification covered
the LST value from low to high range in order to cover
all the LST as much as possible. There are many factors
bring to this effect, especially the noise created by
sensor. However, the error is in the acceptable range
and less than 10%.

CONCLUSION

The study on the comparison of LST using
different proposed methods showed that both of these
methods successfully retrieve LST value in tropical
region, especially in Penang Island. The verification of
average of total error for LST value using ATCOR3 T
with the NDVI method is 5.13%. Thus, both of these
methods can be used to retrieve LST for future study. In
addition, the comparison of LST value from historical
data can give significant view on the changing of LST
value in the desired study area. Besides that, in order to
improve the results obtained from LST, the temperature
of every part in the vegetation-ground system must be
taken into consideration (Cassels et al., 1992a; 1992b).
Furthermore, the effects of different canopy structures
may also affect surface temperature. Thus, for future
study, all these factors should taking into consideration,
in order to retrieve LST value in the same study area
and may improve the obtained results.
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