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Abstract Drastic changes at a global level in land
use and land cover are having a negative impact on the
environment, both directly and indirectly. One of the most
important factors contributing to global warming is rapid
urbanization, which is affected by surface temperature and
water resources. One of the primary contributors to
climate change and global warming is temperature. Rapid
urbanization, which results in polluted water and causes
other human activities in nearly every section of the
country, has a significant impact on surface waterbodies.
Land surface temperature can be determined using the
Landsat series’ thermal band. Temperatures have risen
from 2005 to 2020, according to image analysis. Land
surface temperature is directly affected by changes in land
use and land cover. According to the report, urban areas
and built-up regions should be developed in tandem with
additional plantings and vegetation; this will result in
keeping the temperature under control. The purpose of
this research is to identify how land surface temperature
changes over time, how it influences land use and land
cover changes, and how it affects surface waterbodies, as
turbid waterbodies have higher temperatures than clear
waterbodies. The time-series change in water spread area
over key waterbodies from 2005 to 2020 is also discussed
in this study. Long-term rainfall analysis (1984-2014) has

also been carried out to determine how drought affected
the study area during the year 2015.

Keywords Land Use and Land Cover, Land Surface
Temperature, Water Spread Area, GEE

1. Introduction

The deterioration of natural resources is mostly caused
by changes in land use and land cover (LULC) over time as
a result of increased human activity such as advanced
farming methods, deforestation, and so on. One of the most
major causes contributing to the rising land surface
temperature (LST) is increased urbanization [1]. Increased
urbanization, in turn, has an impact on surface water in
terms of turbidity. Consequently, surface water quality is
being deteriorated as a result of increased population and
urbanization [2].

The LST reflects a picture of the physical qualities of the
surface and climate, which are important in a variety of
environmental processes [3]. By 2050, it is expected that
around 70% of the world’s population will be living in
cities [4]. LULC change is a global phenomenon that is
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negatively impacting the environment and will continue to
do so both directly and indirectly in different parts of the
world. It has a negative impact on the availability of water.
Rapid urbanization is a key cause of land-use change,
which is one of the leading sources of global warming;
LULC change is a major source of concern around the
world [5].

For climatological and meteorological purposes, remote
sensing is a useful technique [6]. Various regional and
climate studies have employed satellite temperature data
based on satellite imageries.

LULC are crucial in studies of regional, local, and global
environmental change [7,8]. The way forests, marshes,
impermeable surfaces, agricultural, and other types of land
and water cover the Earth’s surface is referred to as land
cover [9]. Land use refers to how humans use the terrain for
development, conservation, or a combination of the two.
Recreational spaces, wildlife habitats, agricultural land,
and built-up land are all examples of land use [10].

The normalized difference vegetation index (NDVI) is a
combination of red and near-infrared (NIR) reflectance
measurements and is one of the most widely used
vegetation indices in the world. It has been used
extensively for vegetation over spatiotemporal resolution
[11]. Lakes and ponds connected with wetlands were
identified using the normalized difference water index
(NDWI) [12]. False readings from built-up land are also
included in the NDWI. In Landsat images, [13] proposed
modified NDWI (MNDWI), which substituted Band 4
(NIR) with Band 5, short-wave infrared (SWIR).
MNDWT’s threshold is more stable than that of other water
indices [14]. The MNDWI can improve open water
features while effectively suppressing and even eliminating
built-up land, vegetation, and soil noise. The automated
water extraction index (AWEI) was created to increase
classification accuracy in areas that had shadows and dark
surfaces, which were frequently misclassified by
conventional classification approaches [15].

Landsat series data were downloaded from the USGS
Earth Explorer and utilized to generate LST using the
thermal band, as well as to calculate LULC. The visual
interpretation technique was employed to analyze LULC.

The surface temperature was determined using the NDVI
and emissivity data calculated from the thermal band. In
addition, to determine the time-series change over
significant waterbodies, indices and band ratioing
techniques were employed to produce surface waterbodies.
Consequently, this study demonstrates that these strategies
can provide better answers for long-term development.

2. Objective of the Study

The goal of this study is to figure out what the LST is and

how it affects LULC. The following are the key goals:

® From 2005 to 2020, calculate the change in LST

® [ST’seffect on LULC features

® Changes in major surface waterbodies throughout
time, from 2012 to 2020

® Rainfall Analysis using CHIRPS PENTAD Data from
1984 to 2014 (2015 declared as drought / dry year)

3. Study Area

Mahabubnagar is one of Telangana’s districts. Palamoor
is another name for it. In honor of Nizam of Hyderabad,
Mir Mahbub Ali Khan Asaf Jah VI, the name was changed
to Mahabubnagar (1869-1911 AD). The district’s eastern
longitudes are 77° 15° and 79° 15’E, while its northern
latitudes are 15° 55” and 17° 20°N. It is 498 meters above
sea level on average (1,633 feet). The Mahabubnagar
district receives an average annual rainfall of 728.9 mm,
ranging from 438.1 to 1,316 mm. Figure 1 depicts the
location map.

Mahabubnagar is the southernmost district of Nizam’s
Hyderabad state, bounded on the south by the Krishna
River and on the east by the Guntur District of Andhra
Pradesh. To the north lie the Kurnool District of Andhra
Pradesh and the Nalgonda and Ranga Reddy districts; to
the west are the Karnataka districts of Gulbarga and
Raichur. The Jurala Project (Priyadarshini Jurala Project) is
the district’s primary irrigation project, built on the Krishna
River.
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Figure 1. Location Map of the Study Area
Table 1. Data used and their description
S.No. Date & Year Path — Row Satellite — Sensor
1. 14" March 2005 144/048-049 LANDSAT — 7 ETM+
2. 17" November 2005 144/048-049 LANDSAT -5TM
3. 2" April 2012 144/048-049 LANDSAT -7 ETM+
4, 14" December 2012 144/048-049 LANDSAT -7 ETM+
5. 19" April 2015 144/048-049 LANDSAT -8 OLI
6. 21% November 2015 144/048-049 LANDSAT -8 OLI
7. 16" April 2020 144/048-049 LANDSAT -8 OLI
8. 10™ November 2020 144/048-049 LANDSAT -8 OLI

4. Materials and Methodology

4.1. Materials

Landsat data were utilized to determine the LST and
LULC of Mahabubnagar District from 2005 to 2020, in
order to conduct this study. Cloud free Landsat data were

that were used.

4.2. Methodology
Figure 2 depicts the overall methods used in this

used for this study. Table 1 shows the specifics of the data

investigation. The purpose of this research was to examine
LULC change and its effects on LST as well as time-series
variations in significant surface water bodies.
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Figure 2. Flowchart for determining LST, LULC, and extraction of surface waterbodies

4.2.1. Estimation of Land Surface Temperature

The LST was estimated using the thermal infrared band
of Landsat 8 OLI, Landsat 7 ETM+, and Landsat 5 TM, by
following the image processing operations [16].

Step 1: Top of Atmosphere (TOA) Radiance

The digital number (DN) of the thermal band (Band 10
for Landsat 8, Band 6 for Landsat 5 and Landsat 7) is
converted to TOA radiance using an algorithm that uses
additive and rescaling factors allocated to specific bands,
as indicated in the metadata to calculate the radiance value.

For Landsat 8:
LA = ML* Qcal + AL— 0i 1)

where:

L represents TOA radiance in watts/ (m®*srad*pm),

ML represents the band-specific multiplicative rescaling
factor (taken from metadata file),

Qcal is the quantized calibrated pixel value in Band 10
image,

AL is the band-specific additive rescaling factor (taken
from metadata file),
and Oi is the correction for Band 10, which is 0.29.

While for Landsat 5 and 7:

LA= (LAmax — LAmin/ Qcalmax —Qcalmin) *

(Qcal — Qcalmin) + Limin (2),

where:

LA represents TOA radiance in watts/ (m2*srad*um),

QCAL — Qcal is the quantized calibrated pixel value in
Band 6 image,

LAmin — spectral radiance scales to QCALMIN (taken
from Metadata file),

Limax — spectral radiance scales to QCALMAX (taken
from metadata file),

QCALmin = minimum quantized pixel value (typically
= l)’
and QCALmax =
(typically = 255).

maximum quantized pixel value

Step 2: Radiance to At-Sensor Temperature Conversion

The thermal infrared sensor (TIRS) band data should be
converted from spectral radiance to brightness temperature
(BT), using the thermal constants provided in the metadata
file once the DNs have been translated to reflection. To
convert reflectance to BT, use the following equation:
Table 2 shows the metadata value for the band specifics.
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Table 2. Metadata for Landsat 5, 7 & 8:

Sensor K1 K2 Resca}:\r/ﬁ_;: actor Rescal(i'r;\gL)F actor Correction (Oi)
Landsat 8 OLI — (Band 10) 1321.08 777.89 0.000342 0.1 0.29
Landsat 7 ETM+ (Band 6) 666.09 1282.71
Landsat 5 TM (Band 6) 607.76 1260.56
For Landsat 5, 7 and 8: to measure the emitted infrared energy required to convert
BT = (K2 / In (K1/ LA +1)) — 273.15 3) BT readings to surface temperature, as shown in the

where:

K1 and K2 stand for the band-specific thermal
conversion constants from the metadata.

For obtaining the results in Celsius, the radiant
temperature is revised by adding the absolute zero (approx.
273.15<C).

Step 3: NDVI Method for Emissivity Correction

NDVI Calculation: The NDVI was calculated using the
visible and NIR bands of the Landsat dataset. NDVI is an
essential parameter since it is used to compute the
proportion of vegetation (Pv), which is connected to NDVI
and emissivity (g). The NDVI is calculated as follows:

NDVI = (NIR — Red) / (NIR + Red) 4)

Proportion of Vegetation (Pv) Calculation:
Proportional vegetation cover is calculated using the NDVI
values using the algorithm shown below:

Pv = ((NDVI — NDVIs) / (NDVIv — NDVIs))2 (5)

where:
NDVIv & NDVIs represents NDVI1 value for vegetation
and soil.

Step 4: Land Surface Emissivity (LSE)
The emissivity of any object can be defined as its ability

following algorithm:
LSE = €S (1 — FVC) + €V (6)

where:
€V represents emissivity of vegetation,
€S represents emissivity of soil,
and Pv (FVC) represents proportional vegetation cover.

Step 5: Land Surface Temperature

The LST is the relative temperature determined using the
following algorithm: BT, wavelength of emitted radiance
and LSE.

LST=BT /(1 + (4 * BT/C2) * In (LSE)) (7)
where:
BT represents TOA brightness temperature (degree
Celsius),

A represents wavelength of emitted radiance (for Band
10, it is taken as 10.8),

LSE represents land surface emissivity (from previous
step calculation),

C2=h*c/o=1438 x 10—2mK,
where ¢ is the Boltzmann constant (1.38 x 10-% JIK), his
Planck’s constant (6.626 x 10->* Js), and c is the velocity
of light (2.998 <108 m/s).

Figure 3 & 4, depicts the LST derived from above
mentioned steps for the study areas.
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Figure 3. Estimated Land Surface Temperature (a) March 2005 (b) April 2012 (c) April 2015 and (d) April 2020: Pre-Monsoon
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4.2.2. Validation of derived LST using MODIS Data in
Google Earth Engine

The validation of LST values in this study was done
using MODIS datasets. For the years 2005, 2012, 2015,
and 2020 MOD11A1 (1 km spatial resolution) was utilized
for Pre-Monsoon and Post-Monsoon. The derived LST
using Landsat was found to be co-related with MODIS
LST values after estimating the LST in Google Earth
Engine (Figure 5 and Figure 6).

Temperature was high for the month of April 2020 in
both cases of LST derived from Landsat and MODIS data.
In the year 2020, the majority of the Tehsils in the district
had high temperature (Pre-Monsoon). The rise in
temperature in recent years could be attributed to a lack of
rainfall and an increase in built-up.

However, due to the lack of rainfall in the year
2014-2015, majority of the tehsils recorded higher
temperature in December 2015 from both Landsat and
MODIS derived LST. (Figure 4c & 6¢). This was linked to
seasonal precipitation from June to September 2015, which
showed Moderate drought, Mild drought, and Normal
conditions (Figure 10) for the southern part of the district.

4.2.3. Land Use and Land Cover Classification

For the years 2005 and 2020, Landsat 5 (TM) and
Landsat 8 (OLI) were utilized to create LULC maps

(Figure 7). Supervised LULC classification was done in
Google Earth Engine and by visual interpretation technique
and assigning signature classes for each feature. The steps
followed for Supervised Classification in GEE are:

1. Create the training datasets for each feature.
Assemble features with a property that stores the
known class name and properties that store the
predictors' numeric values:

*  Hover over the '‘Geometry Imports' box next to
the geometry drawing tools and click 'Add
new layer' using the visual interpretation as a
guide. Each additional layer in the training
data represents a different class.

2. Train the classifier (viz. random forest, SmileCART):

*  Use ee.Classifier.randomForest()
or ee.Classifier.SmileCART() to create a
classifier and train it on the training data,
selecting the features to utilize (training) and
the landcover categories as the class.

3. Classify the image and sort them into groups:

* At this stage features showing similar textures,
patterns were categorized into one group. The
groups were waterbodies, vegetation, built-up,
fallow and dried river networks.
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Table 3 shows the results of the change detection
analysis for each class. The percentage change in various
LULC classes was calculated to determine the change that
occurred over time (Figure 8).

Table 3. Changes in different LULC Classes 2005 and 2020

Classes Perzcggéage Percentage 2020
Built-up 2.81 3.22
Dried River Networks 0.23 1.20
Fallow 28.57 18.64
Vegetation 65.93 73.48
Waterbodies 2.46 3.46

The above data show that built-up increased from 2005
to 2020. Both vegetation and waterbodies rose from 2005
to 2020, indicating a promising future. The increase in
vegetative areas is proportional to the increase in surface
temperature in inverse proportion.

4.2.4. Relationship between LULC and LST

A trial was conducted to determine the link between LST
and LULC (various types of characteristics). Different
features/classes respond to LST in different ways. This is

because the topographic parameter of an urban region
affects the spatial properties of the land surface [17].

Changes in LULC have a great impact on eco-systems
globally [18] which includes both environment and central
/ state planning [19]. The LST has an inverse relationship
with green cover, and vegetation can significantly reduce
LST in urban areas, making cities less vulnerable to climate
change [20].

Figure 9 depicts the change in mean LST in
Mahabubnagar District from 2005 to 2020. For the years
2005, 2016, 2017, and 2019, the mean land surface
temperature was above 40 degrees Celsius.

According to a report published at
https://sandrp.in/2016/05/18/telangana-drought-2016/ [21],
the year 2015 was deemed a drought year due to a lack of
rainfall throughout Telangana, which also affected
Mahabubnagar District.

Seasonal Rainfall (June to September) was examined in
GEE for the years 2014 and 2015, and the results are given
in Figure 10. It has been divided into three categories:
Moderate Drought (shown in orange), Mild Drought
(shown in yellow), and Normal (shown in green). The
influence of the dry spell has been apparent in LST
estimates, with the majority of tehsils reporting higher
temperatures in December 2015 (figure 4c & 6¢).
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Mean LST from 2005 to 2020
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Figure 9. Mean LST of Mahabubnagar District from 2005 to 2020 (April)
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Figure 11. Temporal Variations between LULC and LST

The LULC study reveals a consistent shift in
temperature from 2005 to 2020 for various land features
(Figure 11). The local climate has also been influenced by
these land-use changes. The change in LST is proportional
to the pace of change in urbanization. The use of change
detection techniques to create altered patches and change
attributes from multi-resolution satellite pictures is both
desirable and hard. The rise in temperature from 2005 to
2020 for various land features is approx. 2°C.

4.2.5. Extraction of Surface Waterbodies to determine
time-series change of Water Spread Area

Long-term surface water extent and occurrence were
taken from the Landsat series Global Surface Water
(1984-2020) [22]. Between 1984 and 2020, the Water

Occurrence map indicates where surface water occurred
and gives information on general water dynamics. Over a
37-year span, the Maximum Water Extent gives
information on all the areas that have ever been detected as
water. The Maximum Water Extent and Occurrence layer
were extracted in Google Earth Engine (Figure 12).

The Koil Sagar Reservoir and the Jurala Reservoir both
have permanent water (i.e. 100% occurrence), whereas the
other waterbodies had seasonal water (indicated in pink
shade in the Figure 12). Seasonal water can be found in
Mahabubnagar Old Lake, Bhoothpur Dam, and other water
sources.

To determine changes in the Water Spread Area (WSA)
over time, the maximum water extent layers were used as
the reference layer.
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th respect to Reference (1984-2020)
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Figure 13. WSA of major waterbodies of Mahabubanagar District with respect to Reference (1984-2020)
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Long Term Deviation from Long Term Mean (1984-2014) with respect
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Figure 14. Monthly Rainfall Deviation from Long Term Mean (1984-2014) of the study area

The reference Water Spread Area (WSA) indicated in
red dotted line on the above graphs (Figure 13) was
acquired from Global Surface Water Layer, Maximum
Extent (1984-2020). Since 2012, the WSA extracted has
been computed using a developed algorithm and several
indexes, and it has been uploaded to the NRSC's WBIS
BHUVAN portal at biweekly and monthly intervals.
Spectral characteristics of water pixels are analysed and
sensor specific automated water bodies extraction
algorithms are developed at NRSC /ISRO and being
utilized for quick processing of multi-sensor satellite data
that is acquired on daily basis as per the satellite coverage
of individual satellites / sensors.

4.2.6. Long Term Rainfall using CHIRPS PENTAD Data

CHIRPS  (Climate Hazards Group InfraRed
Precipitation with Station Data) is a 40-year quasi-global
rainfall dataset (1981-2021). For trend analysis and
seasonal drought monitoring, CHIRPS builds gridded
rainfall time series using 0.05 “resolution satellite imagery
and in-situ station data [23].

The percentage of monthly rainfall deviation was
estimated using CHIRPS PENTAD data in GEE from 1984
to 2014 with respect to 2015 (Figure 14), as 2015 was
declared a dry year. As a result, a rainfall graph was created
to verify this, and it was observed that the majority of the
months had insufficient rainfall. As a result of the lack of
rainfall, the surface temperature was affected as well, as
stated in the previous section.

5. Results and Discussions

For both Pre-Monsoon and Post-Monsoon, LST was
computed using Landsat series for the years 2005, 2012,

2015, and 2020. Because 2015 was considered a drought
year, temperatures were higher in some parts of the district
in December 2015, and rainfall was even lower. This was
validated using CHIRPS PENTAD Rainfall data from
1984 to 2014 with respect to 2015, which indicated a
negative percentage of deviation for practically every
month.

For the years 2005 and 2020, LULC was categorized,
and the percentage change in various land cover was
examined. The percentage of built-up area was 2.81% in
2005, but it went to 3.22% in 2020. Near Mahabubnagar
Old Lake, the growth in built-up areas was most noticeable.
From 2005 to 2020, vegetation increased from 65.93% to
73.48 %. Increased vegetation is a good sign because it will
help to keep the temperature rise under control for years to
come.

Seasonal Precipitation (June to September) was
evaluated in GEE for the years 2014 and 2015, and it
showed that a few tehsils in the district had experienced
moderate drought. The mean LST for various land cover
classes was estimated, and it exhibited approx. 2<C
increase in temperature in 2020 as compared to 2005.

Global Surface Water (1984-2020) in GEE was used to
obtain the maximum water extent and occurrence.
Permanent water was found in the Koil Sagar Reservoir
and the Jurala Reservoir, whereas the majority of the
waterbodies are seasonal and newly formed. The maximum
extent is used as a reference to evaluate the temporal
changes in water spread area (WSA) from 2012 to
September 2021. At NRSC, an algorithm for automatic
extraction of surface water bodies was established, and it is
published on the NRSC's WBIS Portal at fortnightly and
monthly intervals. This provides real-time data on surface
waterbodies, which can be utilized for irrigation,
agriculture, and drinking. This fortnightly and monthly
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data can aid in judicious water usage planning. Hence, temperature will be more in turbid water. In the

Finally, the NDWI and LST were compared, and it was near infrared wavelength range, pure water has a high
observed that turbid water has a higher temperature than  absorption and no reflectance, whereas turbid water has a
clear water. Turbidity is caused by particles suspended or larger reflectance in the visible region than clear water
dissolved in water resulting in cloudy or murky water. (Figure 15 & 16).

LST vs NDWI
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Figure 15. Relationship between NDWI & LST

Figure 16. Waterbodies extracted using NDWI (R) and LST and NDWI of the study area (L)
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6. Conclusions

In this study, remote sensing and GIS were combined to
analyze and explain LST changes in Telangana's
Mahabubnagar District over a 15-year period, from 2005 to
2020. The LST was computed using Landsat Thermal
Band data and validated using MODIS data. The LULC
was estimated with the help of multi-temporal satellite data,
and the impact of LST on land cover features was
examined. A rise in temperature was found in the land
cover features from 2005 to 2020. Turbid waterbodies have
a higher temperature than pure waterbodies. Waterbodies
should not be polluted since it will render the water dirty,
making it unfit for drinking, agriculture, or irrigation, and it
will also cause an increase in temperature.

Because 2015 was designated as a drought year, a
long-term rainfall study from 1984 to 2014 was done with
respect to 2015. The majority of the months had negative
deviation as rainfall was limited that year.

However, for the environment's long-term sustainability,
excessive temperature rises should be continuously
monitored and mitigated in the future by planting trees on
both sides of the road.
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