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ABSTRACT

Satellite remote sensing is an essential technique for estimating land surface albedo at various spectral,
spatial and temporal resolutions. It has continuously improved during the past three decades, and many
satellite products are now available for modelling surface albedo. In this paper surface albedo was
computed from OLI-TIRS Landsat 8 data products in Lalgudi block of Tiruchirapalli district, Tamil
Nadu, India. The study was conducted for two growing seasons (2017-19) with eleven Landsat 8 images
that were downloaded from USGS earthexplorer website. In the scenes having cloud cover, the maximum
surface albedo values (0.7 to 0.8) were found. The values obtained for surface albedo of sand in river
bed was around 0.4 and for water was around 0.03. The surface albedo for barren land and lush
vegetation present in northern part ranges from 0.2 to 0.3 and 0.12 to 0.23, respectively. Results
indicated that, surface albedo values for settlements varied between 0.12 to 0.23. The surface albedo
gave a clear indication of sand, water, settlements and cultivated lands which helps in demarcation and
differentiation of different land uses.
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obtaining surface albedo from different satellite
images (Hong et al., 2009). Remote sensing based
algorithms with multi-spectral high-resolution
satellite data has become a strong tool for estimation
of spatial and temporal variation in surface albedo.

Remote sensing and GIS techniques helps in
arriving at an action plan for sustainable
development. Kar et al. (2019)  stated that remote
sensing and GIS techniques are employed to assess
impact of technology over large areas and remote
sensing images can be compared before and after
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Introduction

Land surface albedo is widely used in climate
and environment applications. It is the proportion of
solar energy reflected back by the earth’s surface.
There is an increasing need for albedo data to be
available for use in wide applications that require a
fine spatial resolution of satellite images. The main
way to obtain continuous surface albedo for large
areas is satellite remote sensing. Researchers started
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the technological interventions. Kar et al. (2020)
demonstrated the capability of remote sensing and
GIS techniques for developing sustainable land use
system on watershed basis.

Seleveral studies had been presented for surface
albedo estimation from different satellite data using
different methodologies. Schaaf et al. (2000)
presented the algorithm and preliminary results of
the Moderate Resolution Imaging Spectroradiometer
(MODIS) bidirectional reflectance distribution
function (BRDF). Liang (2000) obtained equations
that allow calculating the albedo through the linear
combination of the monochromatic reflectivity of
each one of these bands in the solar radiation domain
for various orbital sensors. Liang (2003) presented a
direct algorithm for estimating land surface
broadband albedos from MODIS imagery. Mokhtari
and Busu (2011) explored the capability of advanced
spaceborne thermal emission and reflection
radiometer‘s (ASTER), VNIR (visual and near
infrared) and SWIR (shortwave infrared) spectral
bands (except thermal bands) in estimating surface
albedo using statistical approach. da Silva et al.
(2016) presented an elaborate procedure for
computing surface albedo from Landsat 8
Operational Land Imager (OLI) images. The albedo
obtained with OLI images provides more significant
degree of differentiation in land use/cover
classification due to increased radiometric resolution

of sensors in Landsat 8 (da Silva et al., 2016).

Landsat 8 is a science mission satellite that
carries two sensors namely: Operational Land Imager
(OLI) and Thermal Infrared Sensor (TIRS) launched
on February 11, 2013 by NASA (National
Aeronautics and Space Administration). This
incorporates improved performance of Landsat 8
over the other Landsat missions (Roy et al., 2014).
Due to free access to Landsat data and recent
technical advancements in data processing, there is
the potential for albedo data to be used in different
applications, such as calculation of earth’s surface
energy (Liaqat and Choi, 2015), water balance studies
(Semmens et al., 2016) and helps in identifying land
use/cover changes, urban environmental assessment
(Zhou et al., 2012), agricultural monitoring (Gao et
al., 2014; Li and Fang, 2015), forestry management
(Kuusinen et al., 2014; Vanderhoof et al., 2014), and
ecosystem functioning evaluation (Lagomasino et al.,
2015). Surface albedo cannot be directly obtained
from the Landsat 8 image.

Hence to explore the potential of surface albedo
applications that was determined using recent images
from OLI, this study was taken up. This study aimed
to compute surface albedo for different land use/
cover from OLI-TIRS Landsat 8 data products in
Lalgudi block, Tiruchirapalli district, Tamil Nadu,
India.

Fig. 1. Study area – Lalgudi block of Trichy district, Tamil Nadu
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Materials and Methods

Study area

Lalgudi block, located at Tiruchirapalli District,
Tamil Nadu, India was selected for this study. The
geographical location of Lalgudi block is shown in
Fig. 1. Lalgudi block is situated between 10°59′1.83′′
N and 10°50′22.94′′ N latitudes and 78°42′50.19′′
E and 78°57′39.95′′ E longitudes and located 70 m
above mean sea level. The northern part of Lalgudi
block has dense vegetation and barren lands. The
southern part is bounded by the river Coleroon.
Panguni river and Pullambadi canal flow through
Lalgudi block. The total geographical area of the
block is 20558 hectares. Lalgudi town is located at
the central part of the block. Agriculture is the main
occupation of Lalgudi block. Around 45 percent of
area in Lalgudi block is used for agriculture. Most
of the inner part of the Lalgudi block has cultivated
areas where paddy, sugarcane, banana and other
vegetables are grown. In Lalgudi block, 90 percent

of the crop production is done by irrigation and the
remaining 10 percent is under rainfed cropping.

Selection of landsat 8 images
The study was conducted for two growing

seasons (2017-19). Hence, eleven Landsat 8 images
were acquired over the growing seasons. Landsat
images were downloaded from USGS website
(https://earthexplorer.usgs.gov/). The image
acquisition date, solar elevation angle and zenith
angle for the Landsat 8 data products used in this
study are given in Table 1. The images were selected
such that there is no or minimum cloud cover in order
to avoid error in calculation.

Estimation of surface albedo (ααααα)
Surface albedo (α) is defined as the amount of

radiation reflected back by the surface. It was
estimated as the ratio of difference between planetary
albedo (αtoa) and atmospheric albedo (αatm) of each
pixel to the square of atmospheric transmittance (τ).

Table 1. Multiplicative and Additive factors used in calculation of radiance

Date Variables Band 2 Band 3 Band 4 Band 5 Band 6 Band 7

2017-08-07 Multrad 1.25E-02 1.15E-02 9.71E-03 5.94E-03 1.47E-03 4.98E-04
Addrad -62.5126 -57.6048 -48.5756 -29.7258 -7.3925 -2.4916

2017-10-10 Multrad 1.28E-02 1.18E-02 1.00E-02 6.13E-03 1.52E-03 5.13E-04
Addrad -64.4722 -59.4106 -50.0983 -30.6577 -7.6242 -2.5697

2017-12-29 Multrad 1.33E-02 1.23E-02 1.03E-02 6.32E-03 1.57E-03 5.30E-04
Addrad -66.4792 -61.2600 -51.6579 -31.6121 -7.8616 -2.6497

2018-01-30 Multrad 1.33E-02 1.22E-02 1.03E-02 6.30E-03 1.57E-03 5.28E-04
Addrad -66.2511 -61.0498 -51.4807 -31.5036 -7.8346 -2.6407

2018-03-03 Multrad 1.30E-02 1.20E-02 1.01E-02 6.22E-03 1.54E-03 5.21E-04
Addrad -65.4237 -60.2874 -50.8377 -31.1101 -7.7368 -2.6077

2018-05-22 Multrad 1.25E-02 1.15E-02 9.75E-03 5.96E-03 1.48E-03 5.00E-04
Addrad -62.7401 -57.8144 -48.7524 -29.8340 -7.4194 -2.5007

2018-09-11 Multrad 1.26E-02 1.16E-02 9.85E-03 6.03E-03 1.50E-03 5.05E-04
Addrad -63.4195 -58.4406 -49.2804 -30.1571 -7.4998 -2.5278

2018-11-14 Multrad 1.31E-02 1.21E-02 1.02E-02 6.24E-03 1.55E-03 5.23E-04
Addrad -65.6678 -60.5123 -51.0274 -31.2262 -7.7656 -2.6174

2019-01-01 Multrad 1.32E-02 1.22E-02 1.03E-02 6.32E-03 1.57E-03 5.30E-04
Addrad -66.4871 -61.2673 -51.6640 -31.6158 -7.8625 -2.6501

2019-03-06 Multrad 1.30E-02 1.20E-02 1.01E-02 6.21E-03 1.54E-03 5.20E-04
Addrad -65.3292 -60.2003 -50.7643 -31.0652 -7.7256 -2.6039

2019-05-09 Multrad 1.26E-02 1.16E-02 9.80E-03 6.00E-03 1.49E-03 5.02E-04
Addrad -63.0908 -58.1376 -49.0249 -30.0008 -7.4609 -2.5147
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A detailed representation of atmospheric and
planetary albedo is shown in Fig. 2. The equation is
as follows:

…(1)

The atmospheric transmittance is a function of
elevation and was computed using the following
equation (Waters et al., 2002):

…(2)

Where z is the elevation raster extracted for the study
area from digital elevation model (DEM). The Shuttle
Radar Topographic Mission (SRTM) DEM
downloaded from the USGS EarthExplorer website
was used in this calculation.

The atmospheric albedo ranges from 0.025 to
0.040. An average value of 0.03 was taken for the
atmospheric albedo i.e. three percent of solar
radiation is reflected back by the atmosphere
(Bastiaanssen et al., 1998).

The planetary albedo or albedo without
correction was estimated from the six different bands
(2, 3, 4, 5, 6, 7) of Landsat 8 dataset. Firstly, the
radiance (ñb) was calculated from the pixel values of

different bands (DNb) using the following equation:

…(3)

where Addrad,b is additive and Multrad,b is
multiplicative terms related to different band
radiance. The values were obtained from the
metadata text file downloaded along with each
dataset and presented in Table 1.

Then, the reflectance of each band was obtained
from the following equation:

…(4)

where Addref,b is additive and Multref,b is multiplicative
terms related to different band reflectance obtained
from the metadata text file. The angle z is called sun
zenith angle which is 90 minus sun elevation angle.
The elevation angle was obtained from the metadata
text file.

The dr corresponds to the correction of the
eccentricity of the terrestrial orbit, which is given
by

 …(5)

Fig. 2. Representation of atmospheric and planetary albedo
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Table 2. Variables used in albedo calculation

Acquisition Date Solar Zenith Angle Multref Addref dES

(yyyy/mm/dd) (degrees) (AU)

2017-08-07 26.30 0.00002 -0.1 1.01408
2017-10-10 28.46 0.00002 -0.1 0.99855
2017-12-29 42.92 0.00002 -0.1 0.98336
2018-01-30 40.61 0.00002 -0.1 0.98505
2018-03-03 33.62 0.00002 -0.1 0.99126
2018-05-22 25.25 0.00002 -0.1 1.01224
2018-09-11 25.22 0.00002 -0.1 1.00680
2018-11-14 36.47 0.00002 -0.1 0.98942
2019-01-01 42.99 0.00002 -0.1 0.98330
2019-03-06 32.94 0.00002 -0.1 0.99198
2019-05-09 24.36 0.00002 -0.1 1.00942

where dES is the Earth-to-Sun distance in astronomic
unit (AU) for each selected days which was
also obtained from the meta data test file. The
Addref,b, Multref,b, solar zenith angle and Earth to Sun
distance of different Landsat 8 dataset is listed in
Table 2.

Next, the solar constant Kb (W m-2 µm) for each
bands was calculated from the following equation:

…(6)

where all the terms were estimated in the earlier steps
for each bands. Then the albedo weights (pb) were
obtained from Kb raster by using the following
expression:

 …(7)

where Ksum is the sum of Kb values of different bands
used in calculation. Finally, the planetary albedo was
estimated as the summation of product of albedo
weight and reflectance of the different bands used in
the calculation. The expression for planetary albedo
estimation is given by

 …(8)

By substituting in Eq. (1), the surface albedo
raster was obtained. All the calculations were done
using Raster Calculator tool in ArcGIS 10.2.

Results and Discussion

The spatial and temporal variation of surface
albedo in the study area were obtained from SEBAL
model for the eleven selected scenes (Fig. 3). In the
scenes having cloud cover, the maximum surface
albedo values (0.7 to 0.8) were found. In scene taken
during 01-01-2019, the patches of dense cloud has
very high surface albedo value (1.42) whereas the
shadow of the clouds had very less value (0.07).
Similarly, da Silva et al. (2016) also reported that in
the pixels corresponding to the clouds, the albedo
was generally higher than 80% and, in areas shaded
by the clouds, the values were lower than those of
water, which is due to the method of calculation of
the incident solar radiation in each pixel.

The surface albedo values obtained in the south-
eastern part of the study area ranges from 0.20 to
0.37. This indicates the presence of dry sand in River
Coleroon. Similarly, the surface albedo values of
south-western part varied from 0.05 to 0.10 which
indicates the standing water in the flow path of River
Coleroon. The values obtained were consistent with
those values reported in literature for surface albedo
of sand (0.4) and water (0.03). Faris et al. (2016)
also reported a mean value of 0.05 for water bodies.

The surface albedo for barren land and lush
vegetation present in northern part ranges from 0.2
to 0.3 and 0.12 to 0.23, respectively. Allen et al.
(1998) also reported average albedo values for
vegetation as 0.23. The image acquisition dates
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Fig. 3. Variation of surface albedo of Lalgudi block

(g) (h)

(i) (j)

(k)
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falling in initial stage of samba season showed
surface albedo values around 0.05 which indicates
the puddled paddy fields with standing water that
has less surface albedo. The images of further dates
showed increasing trend in albedo due to the
coverage of crops. The settlements and buildings is
clearly demarcated in the central part of the town
with surface albedo values ranging from 0.15 to 0.20
which is similar to the results reported in Spångmyr
(2010). Faris et al. (2016) also reported mean value
of 0.15 for builtup areas. The results were consistent
with that of surface albedo values reported by Salifu
and Agyare (2012) for water bodies, barren lands,
built up area and farm lands. The surface albedo gave
a clear indication of sand, water, settlements and
cultivated lands which helps in demarcation and
differentiation of different land uses.

Conclusion

Surface albedo is an important parameter for
controlling the surface energy budget. Satellite
albedo products at fine resolution allow for
applications such as agricultural monitoring, urban
environment assessment, and forest management;
therefore, the demand for these products is
increasing. Hence the surface albedo maps generated
in this study for the block will be highly useful in
studying the relation between surface albedo, land
use, climate, soil and water resources.
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