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Abstract Knowledge of variations in climate,
changes, and forecasts is critical for improved water
utilization and development in a region. Because the
water reserves of the Kaveri River basin in Manman-
galam Taluk, Karur District, are extremely suscep-
tible to a shifting climate, the current study utilized
31 years of information on climate data, including
the earth’s surface skin temperature (EST), tempera-
ture, and precipitation, and also analyzed human dis-
turbance score (HDS) that impacts land use and land
cover shifts. The HDS scores of water bodies are
further graded and categorized into low, middle, and
high impacts by the method (Gernes & Helgen, 2002)
with slight modification. Here is a statistically not sig-
nificant but positive correlation between the year and
earth’s skin temperatures (r=.152, N=27, p>.001).
Temperature and year exhibit a substantial, positive
link (r=.255, N=27, p>.001) and were statistically
connected. The association between the year and pre-
cipitation was non-significant and positive (r=.064,
N=27, p>.001). Also, the relationship between years
and human disturbance score levels was shown to
be significantly positive (r=.953, N=27, p>001).
HDS values are classified into three types. The mini-
mum ranges from 34 to 75. The least impacted (LI)
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was 7.40% from 1995 to 1997, the most impacted
(MI) was 51.85% from 1997 to 2010, and the most
impacted (HI) is presently 40.74% because nearby
counties gained a substantial number of people fol-
lowing the economic developments, resulting in an
abrupt shift in its LULC pattern. Also, the purpose
of this investigation is to examine the shifts in LULC
from 2004 to 2022 by using QGIS software. The find-
ings reveal major shifts, with a constant increase in
urban areas and open/fallow areas and a decline in
cropland and vegetation. Throughout the research
span, the residential area expanded by 15.24% and
open land grew by 3.94%, whereas farming surfaces
were reduced. The reduction of agricultural land for
cultivation and plant cover has significantly con-
tributed to the growth of built-up areas, while urban
sprawl has replaced foliage, ridges, and farms.

Keywords Earth’s surface skin temperature
Bhavani River - Soil organic carbon - NDVI - Land
cover change - Remote sensing

1 Introduction

Climate change is expected to have a greater impact
on biologically relevant river flow characteristics
worldwide by the 2050s. The worldwide hydrologi-
cal cycle has become much more intense over the
years as a consequence of economic development,
land use/cover variation, and changes in the climate,
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impacting water security, health of ecosystems, and
river diversity (Van vliet et al., 2013; Fugere et al.,
2016). Climate modification is one of the foremost
serious intimidations to aquatic life because it causes
significant, unpredictable environmental fluctua-
tion (Dudgeon et al., 2006; Woodward et al., 2010).
According to D6ll and Zhang (2010), inquiries of
how future warming might affect flow patterns and
aquatic habitats have mostly been carried out at the
basin level (Ahn et al., 2018; Gonzalez-Villela et al.,
2018; Thompson et al., 2021) or for smaller indi-
vidual sites (House et al., 2017; Thompson et al.,
2017). The interaction of hydrological and clima-
tological data and analytics provides a mature abil-
ity for assessing predicted land water flows. Rainfall
and temperatures are two climatic factors that must
be investigated to identify their effect on the envi-
ronment, farming, and humanity (Wang et al., 2016;
Yu et al., 2014; Chen et al., 2014; Piao et al., 2014;
Karl, 1998). The physical temperature of the earth’s
surface is known as skin temperature (Ts), as previ-
ously clarified by Norman and Becker (1995). It is
worth noting that the earth’s surface skin tempera-
ture is important in predicting future variation in
the floor and underneath hydrometeorological, land-
atmosphere, and ecological effect examinations, with
sunlight assisting as the main motivation (Himika
& Kaur, 2018; Endo et al., 2015). Alterations in the
atmospheric layers, such as temperature, precipita-
tion, and additional climatic variables, are examples
of climate change. Numerous studies have demon-
strated the influence of climate change on rainfall and
river flow. Morello et al. (2014), Trenberth (2015),
and Qin et al. (2018) indicated that the stagnation of
temperature global warming and variability in the cli-
mate (such as the occurrence of severe storms and the
pattern of spatiotemporal temperature shifts) result in
the spatial redistribution of watersheds and a spike
in the frequency of floods and droughts disasters.
River water’s physical qualities are affected by cli-
mate factors such as air temperature (Mohseni et al.,
1999; Webb et al., 2003) and rainfall (Sinokrot &
Gulliver, 2000). The environments of freshwater are
diverse, commercially significant, and rapidly threat-
ened by human impacts (Dodds et al., 2009; Dudg-
eon et al., 2006; Pimentel et al., 2005; Vitousek et al,
1997). LULC and soil loss have an adverse effect on
the ecology in the stream basin (Setegn et al., 2008;
Srinivasan et al., 2010). Increased urbanization and
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land use decisions across watersheds frequently pro-
duce significant variations in water flow speeds and
the quantity of silt carried (Pazir & Bolliger, 2017).
The mining creates additional land uses that change
the properties of the soil; it degrades the ecosystem
and changes the landscape. It is crucial to map this
degradation, particularly if it comes to ecological
preservation and studies on changes in the climate
(Cetin et al., 2023). Population growth and migration
from rural to urban areas have significantly increased
urban density, causing numerous problems (Adiguzel
et al., 2020, 2022; Bozdogan Sert et al., 2019, 2021;
Kilicoglu et al., 2021). LULC alterations are critical
for identifying spatiotemporal sustainability because
they are strongly linked to regional, national, and
global weather ailments: the carbon phase, ecological
diversity strength, water quality, sustainable farming,
and food availability (Meer & Mishra, 2020; Meshe-
sha et al., 2014). The primary source of organic car-
bon for terrestrial ecosystems is the soil. According
to Korkang et al. (2018), a decline in soil organic car-
bon (SOC) weakens ecosystem resilience, biological
diversity, and production. Increased urbanization and
land use decisions across watersheds frequently pro-
duce significant variations in water flow speeds and
the quantity of silt carried (Pazir & Bolliger, 2017).
The growth of residential areas globally has led to
an increase in environmental issues, particularly pol-
Iution. Heavy metals, particularly lead and copper,
pose a significant threat to human and environmen-
tal health due to their increasing concentration in the
environment. Soil, a crucial environment element, is
significantly impacted by pollution, providing plants
with nourishment and a living environment, while
topsoil is a significant indicator of air pollution (Cetin
& Jawed, 2022). Wang et al. (2016) denote that noise
pollution, bird and bat fatalities, greenhouse gas
emissions, and local climate are the most significant
environmental impacts of wind power. Landscape
engineering impresses the main ideas, concepts, and
techniques that cope with the functional, visual, and
ecological perspectives of grading and landform cul-
tivation. Air pollution poses a significant threat to
human health, particularly in urban areas, with 90%
of the global population breathing polluted air, caus-
ing approximately 7 million annual deaths (Cesur
et al., 2022). Wind power does not cause air pollution
or other forms of environmental degradation associ-
ated with fossil fuel technologies (Farfan et al., 2009).
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Soil organic carbon (SOC) can significantly affect
other soil physicochemical properties, water qual-
ity (Lal, 2003; Berhe et al., 2014), crop yield (Maia
et al., 2010), and climate change (Lal, 2004; Schar-
lemann et al., 2014). They can also alter humidity,
air, and surface temperatures (Armstrong et al., 2016;
Rajewski et al., 2020; Xia et al., 2016; Zhou et al.,
2012); however, this is not always the case (Moravec
et al., 2018). A few researches indicate that wakes
might affect the vegetation. Soil is the main mate-
rial used in the construction of building foundations.
In the last 30 years, with the advances in computer
technologies, Geographic Information Systems (GIS)
are a frequently used tool for storing, processing,
and analyzing spatial data (Simsek et al., 2018). The
atmosphere has been overrun by anthropogenic pol-
lutants over the last three to four decades, bringing air
quality to a dangerous level that jeopardizes human
health (Cetin & Abo Aisha, 2023; Cetin & Jawed,
2021, 2022; Cetin et al., 2023; Shahid et al., 2017).
Most of the world’s food supply depends on the exist-
ence of fertile soils.

One important aspect and result of global envi-
ronmental change is, in part, a change in land use
and land cover (LULC) (Song et al., 2018). Human
change of the earth’s terrestrial surface from one
usage to another is referred to as LULC (Meshesha
et al., 2012). Urban climate highlights the significant
changes brought about by various climatic elements
within the extremely complex built environment
of cities. The estimation and detection of the same
seasons for different years from LULC maps will
be highly beneficial, taking into account the pheno-
logical influence and seasonal adaptation (Lu et al.,
2019). The LULC matrix is a fundamental part of the
surroundings, and it is linked in either way to several
financial and geophysical characteristics. The phrases
“land cover” and “land use” may be utilized collec-
tively, yet each has distinct meanings (Alawamy et al.,
2020). A large number of researchers and academics
have also extensively studied changes in land cover/
use related to various issues, such as urbanization
(Abass et al., 2018; Abrantes et al., 2016; Aduah &
Baffoe, 2013; Dong et al., 2008; Tan et al., 2010),
agriculture (Baessler & Klotz, 2006; Borjesson &
Tufvesson, 2011; Futemma & Brondizio, 2003; Klink
et al., 1993; Liu et al., 2004; Walsh et al., 2003), and
tourism (Atik et al., 2010; Boavida-Portugal et al.,
2016; Dong et al., 2008; Mao et al., 2014; Stankov

et al., 2016; Xi et al., 2014). The impact of a shift in
LULC on a stream watershed is directly proportional
to the degree of changes occurring to natural land
cover caused by human influences, which depends on
the force, position, and sort of modification occurring
within a catchment (Warburton et al., 2012). There-
fore, a small watershed, less than 1 km?, replies extra
powerfully to land use changes than a large river
basin, which is greater than 100 km? due to the many
complex processes associated with it (Costa et al.,
2003). In a vast river region, distinguishing the influ-
ence of LULC shifts in all classes on the hydrological
response gets challenging. As a result, the combined
impacts of shifts in LULC on river flow are found at
the basin’s outflow. Multiple variables influence the
flow structure of significant river basins around the
world, namely changes in land use, world climate
variability, water route distractions, and riverside sei-
zures for temporary reserves. By 2025, the effects of
changing land cover brought on by increased land use
may surpass those of global warming (Vorosmarty
et al., 2000). Mapping and quantifying the status of
variations in LULC and the variables driving them
for those changes is important for assessing the criti-
cal areas of change and helps in designing sustain-
able ecosystem services. To detect land use, setting
of baselines with further surveillance is important,
as timely information is necessary to figure out the
present value of land and its type of usage, which
helps to average annual fluctuations in land utiliza-
tion (Twisa & Buchroithner, 2019). In past decades,
LULC’s changes have served as the most focused
and interesting area of research as these changes
affect runoff, sediment yield, evaporation, groundwa-
ter recharge, and water yield (DeFries & Eshleman,
2004). In countries with limited water resources and
rapid changes in underground use, there are water
shortage problems. In different parts of the country,
rapid urbanization and development have made mas-
sive changes in socioeconomic aspects, and in the
future, it is estimated to have further effects (Lambin
et al., 2003). Many studies on LULC changes were
done in the Karur District (Alaguraja Palanichamy,
2013; Suvetha & Maniyosai, 2018; Balachandar et al.,
2011; Ravichandran & Manonmani, 2021). Thirty-
one years of prior yearly climate information on
earth’s surface skin temperature, precipitation, tem-
perature, and human disturbance score were collected
from power.larc.nasa.gov and utilized to analyze its
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effect on LULC variations in the Kaveri River basin,
Karur. Land alterations in the Kaveri River basin are
still not being examined systematically, and efforts to
determine their scope are unusual. In addition, we use
Landsat images from 2004, 2014, and 2022 to map
and measure the region’s spatiotemporal LULC fluc-
tuations using GIS techniques and QGIS technology.

2 Study Area

Karur District (Lat 10° 57" 10.155" N, Lon 78° 4'
40.031" E) is bounded on the north by Namakkal, on
the southeast by Dindigul, on the east side by Tiruchi-
rappalli, and on the western side by Erode found in
the state of TamilNadu as shown in Figure 1. Karur
is located on the banks of the Amaravati River. Due
to Karur’s rain shade, the southwest monsoon, which
starts in June and endures until August, brings mini-
mal rain. The northeast monsoon, which usually
comes from October to December, brings most of
the rain over summertime (later April and May). The
district’s geography is generally flat, with the excep-
tion of the Rengamalai mountains in the southern-
most part of Karur Taluk. Kulithalai Taluk is home to
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the Tipasamymalai and Vellimalai hills. The Kaveri
River runs across its north and eastern boundaries in
the Karur District. The basin has a tropical climate
with a median yearly precipitation of 900 mm (Indian
Meteriological Department, 2001), 90% of which
falls around the southwest monsoon season. It is a key
source of water supply for domestic, agricultural, and
industrial purposes. Three small rivers, the Palar, the
Chennar, and the Thoppar, join the Kaveri as it flows
over Stanley reservoir in Mettur and continues into
the Erode district, where it unites into the Bhavani
River. The surrounding waters have been widely used
for manufacturing water usage and disposal of trash,
resulting in significant pollution from a huge num-
ber of fabric dying and bleaching plants, particularly
in the Karur area. The district covers 2586 km? and
has a population of 1,474,646 in 2023 (uidai.gov.in,
2023). Karur is defined by moderate rainfall and for-
ests covering 61.87 km? or about 15% of the region’s
geography median altitude of 101 m (331 ft). The cli-
mate is hot and dry during the summer months from
March to May, while winter is cold and misty, last-
ing from November to February. Temperature ranges
from a maximum of 102°F and minimum of 39’F
(Indian Meteriological Department, 2001). The most
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Fig. 1 Study area of Kaveri River, Karur District
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commonly grown crops include paddy, sorghum,
groundnut, green gram, black gram, maize, cotton,
and sugarcane.

Figure 1 represents the actual area of interest.

3 Methodology

We concentrate on the evaluation of LULC identifi-
cation by cartography for successful environmental,
land use, and hydrological regulations in the research
area. Bhavani River serves as one of the primary
branches of the Bhavai River, which runs into the
Manmangalam Taluk, Karur.

4 LULC Utilization

Landsat images (TM, ETM+, and OLIS/TIRS)
attained from the US Geological Survey (USGS,
https://www.usgs.gov/) were used to examine the
LULC of the study region (Mettupalayam Taluk,
Coimbatore district). All pictures were reserved
between 2014 and 2022 and were cloud-free. In the
Manmangalam Taluk, Karur District, QGIS is being
utilized to investigate variances in LULC classes.
The UGGS provided Landsat 8 thematic mapper

(TM) pictures for 2014 with a pixel firmness of
30-120 m and Landsat 8 in OLI operation land pho-
tos with nine spectral bands resolving 114,112 mm
for 2022. The photographs were all shot between
2014 and 2022 and were cloud-free (Fig. 2).

Previously, the level 1 bands were evaluated geo-
graphically at UTM zone 43N WGS84. For use with
the research area border shapefile, the images were
combined and removed in QGIS 3.30. Following
image improvements (usual distorted layout and
standard deviation extension) produced adequate
instructive polygons to state LULC types with QGIS
3.30°s training design manager (Lillesand et al.,
2015). The five images were classified into five land
use subgroups via the variational forest image clas-
sification system (water bodies, farming regions,
urban areas, and arid lands). Breiman (2001) antici-
pated unexpected forestry, which experts gradu-
ally accepted. This is because it outperforms older
picture-sorting techniques and achieves excellent
sorting precision when using limited and condensed
training information. To estimate the level of diverse
LULC variance, the quantity changeability (PC,
Eq. (1)) and conversion possibility strategies were
utilized (Fenta et al., 2017; Berihun et al., 2019;
Gashaw et al., 2018).

Fig. 2 LULC classification
methodology
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Ua — Ub
— X
a

PC = 100,

where PC is the LULC rate of change; Ua is the area
of start-date LULC type; and Ub is the area of end-
date LULC type.

A land use change matrix was utilized to display
how the trend and section of several LULC kinds vary
over time. This was done via crossover, overlay, and
overlap in QGIS3.30 software across various points
in time. The attribute stands gained from the revisions
were converted to Microsoft Excel in order to subtract
the area shift and frequency of variation over time. Exe-
cution grouping accuracy valuation (kappa coefficient
and overall accuracy) via ground visit, group debate,
aerial pictures, interviews with significant informants,
and image references corroborated with the precision

output map (Congalton, 1991a, 1991b). Table 1 shows
the Manmangalam Taluk LULC classes and their
definitions.

In 2023, the image was trained and validated using
information gathered from Google Earth, inquiries, and
observation trips. For each LULC group, 50 to 60 points
for ground truth and Google Earth-Pro photos were
attained in the field (Lillesand et al., 2015). Finally, using
the QGIS programme, the photos of the five LULC clas-
sifications, specifically lakes and rivers, forests, farm-
land, built-up regions, and barren land, were categorized.
All pictures filled the space between the Manmangalam
Taluk. Raster images were used to distinguish the sev-
eral study regions by the clip raster by mask layer in the
Raster extraction tool present in the processing toolbox.
The spread of area statistics is shown together with LULC
images in Fig. 8 and Table 1 respectively.

numberof correctlyclassifiedpixelsineachcategory

Useraccuracy =

100,

totalnumberofreferencepixelsinthatcategory(therowtotal)

numberofcorrectlyclassifiedpixelsineachcategory

x 100,

Produceraccuracy =

totalnumberofreferencepixelsinthatcategory

numberof correctlyclassifiedpixelsineachcategory

Total(overall)accuracy =

x 100.

totalnumberofreferencepixel

5 Meteorological Data

For our study area, River Kaveri, Karur, we used mete-
orological data from the forecast of Worldwide Energy
Resources (POWER) 2003 (power.larc.nasa.gov) web-
site, including average annual earth surface skin tem-
perature (Ts), temperature, and precipitation. Satellite
images and particular latitude and longitude coordinates
for the study area were provided (Fig. 1). Skin tempera-
ture (Ts) is the term used to describe the actual tempera-
ture of the earth’s surface. Data on the average annual

degree of earth skin temperature from 2005 to 2022
were collected from River Kaveri, Karuri, and Tamil
Nadu. For the study area, precise latitude and longitude
were provided, along with satellite images (Fig. 1).

6 Human Disturbance Score

Aquatic areas’ ecological and biological conditions
are assessed using techniques like interviews and

Table 1 The LULC
categories of Bhavani River

Class Description

basin, Mettupalayam, and

! P Water body
their descriptions

Forest land
Agricultural land
Built-up area

Barren land

All water bodies (lakes, rivers, streams, canals, and reservoirs)
Including all land areas such as dense forests, open forests, and shrubs
Vegetables, crops, fruits, tea plantation, and irrigated land

Together with all commercial, residential, and roads

All areas of non-usable land
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the human disturbance score. Water bodies are cate-
gorized into low, middle, and high impacts based on
protocol method with slight modification (Gernes
& Helgen, 2002). The data collected gathered vari-
ous quantifiable factors to calculate the human dis-
turbance factor. Features affecting wetlands include
critical zone disturbances (0—18 points), buffer zone
disturbances (0-18 points), habitat alteration (0-18
points), and hydrological alteration (0-21 points)
within 50 of the wetlands’ margin. QGIS yearwise
maps collect data on waterbody type, hydrological
conditions, land use patterns, ecological state, and
habitat assessment, categorized into four categories
ranging from best to poor. The human disturbance
gradient score for each wetland was determined by
squaring the scores from each factor. The definite
range of a wetland value falls within the ranges of
0-33, 33-67, and 67-100 (Gernes & Helgen, 2002).
It can be ranked as least impacted, mid-impacted,
and most or highly impacted, accordingly.

7 Results

The climate data average mean and standard deviation
are mentioned in Table 2. There has been a change
in the earth’s skin surface temperature between 1991
and 2021. We used the annual minimum of the earth’s
skin surface temperature, which ranged from 37.37
to 29.98 °C, with less than 28 °C including 19.35%
and above being 80.65%. There is a fluctuation in
their annual temperature throughout the seasons. The
minimum annual temperature was 26.55 °C, and the

maximum was 28.5 °C. 19.35% contained less than
26 °C, and 80.65% contained more than 26 °C. The
season varies in their annual precipitation. With a
maximum of 1129 mm, the minimum yearly precipi-
tation was 332 mm. Less than 600 mm was repre-
sented by 19.35%, 800 mm to 1000 mm by 74.19%,
and 1000 mm or more by 6.45%. Human disturbance
score values were categorized into three kinds. The
minimum was 34 and the maximum was 75. 0-33
were least impacted (LI) was 7.40%, mid-impacted
(MI) was 51.85%, and highly impacted (HI) was
40.74% in recent years.

Thirty-one years of historical data were used
to analyze the earth’s surface skin temperature
(AM=28.53, SD=0.598) and year-to-year variations
(AM=2008, SD=7.937). The correlation between
earth skin temperature values is 0.152 as seen in
Table 2 and Fig. 3. This suggests a marginally sig-
nificant yet positive connection. The p-value, which is
given as p 0.001, is 0.059 (cited under Sig. (2-tailed)),
which is less than 0.05. There was no statistical sig-
nificance and a positive correlation between the
year and earth skin temperatures (r=0.152, N=27,
p>0.001). The temperature fluctuates throughout the
course (AM=27.42, SD=0.459). The statistic table
indicates that the correlation between the temperature
measurements in this instance is 0.255. This indicates
a moderate positive association. The p-value, which
is written down as p 0.001 and is quoted under “Sig.
(2-tailed),” is 0.200, which is less than 0.05. Tem-
perature and yearwise had a significant, positive cor-
relation (r=0.255, N=27, p>0.001) and were sta-
tistically associated (Fig. 5). The yearwise changes

Table 2 The Pearson correlation coefficient variables of the study area

Yearwise Surface skin  Annual temperature  Annual HDS values Mean Std. deviation
temperature precipita-
tion

Yearwise 1 2008.00  7.937

Surface skin temperature  0.152 1 28.53  0.598
0.448

Annual temperature 0.255 0.990" 1 2742 0459
0.200 0.000

Annual precipitation 0.064 -0.711" —0.651™ 1 714.68 172.483
0.753 0.000 0.000

HDS values 0.953" 0.251 0.343 —0.046 1 5744 14.611
0.000 0.206 0.080 0.821

N=27, #p<0.1 (2-tailed)
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Fig. 3 Annual earth skin
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Fig. 5 Annual temperature
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and precipitation were examined (AM=714.68, association can be shown in Fig. 4. The p-value,
SD=172.483). In this instance, the correlation which is given as p 0.001, is 0.753 (cited under Sig.
of precipitation value is 0.064. A non-significant (2-tailed)), which is less than 0.05. The correlation

Fig. 6 HDS values
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Year wise

Surface skin
Temperature

Annual Precipitation  Annual Temperature

HDS values

Surface skin Annual Temperature

Temperature

Arnnual Precipitation

HDS wvalues

Fig. 7 Complex matrix

between the years and the precipitation was non-
significant and somewhat positive (r=0.064, N=27,
p>0.001) (Fig. 5). The correlation between the years
and the HDS values was a significant positive asso-
ciation (r=0.953, N=27, p>001). HDS levels were
associated with a substantial positive correlation
(r=0.953, N=27, p>001 (Fig. 6). The HDS scores
from 1995 to 1997 were least affected (LI) (0-33),
then mid-impacted (MI) up to 1997-2010 (33-67),
and then high impact (HI) (67-100) presently due to
several human actions. The overall matrix graph is
mentioned in Fig. 7.

8 Temperature Analysis

A temperature map is a type of thematic map that dis-
plays temperature data in a geographic area. Using
digital elevation models, temperature maps for two
different years, 2014 and 2022, have been obtained.
The results show the difference between the tempera-
tures of 2 years between the periods of 8§ years, 2014
to 2022. The map shows (Figure 28) the average tem-
perature for the year 2014 in the study area. In a blue-
to-red gradient, cooler temperatures are represented
by shades of blue and warmer temperatures are rep-
resented by shades of red. The map shows (Figure 19)

@ Springer

the average temperature for the year 2022 in the study
area. From this, the change in temperature over the
observed time period increased in 2022. According
to data obtained from https://weatherspark.com/h/
y/108544/2011/Historical-Weather during 2014 in
Karur, India, the average temperature of Manman-
galam Taluk for the year ranges from 31 to 41 °C,
whereas for 2023, the temperature ranges from 32 to
40 °C, thus experiencing very low and very high tem-
peratures comparatively. The difference in their tem-
perature ranges can also be obtained from Figs. 8 and
9, showing changes in their raster composition.

9 Land Use and Land Cover Analysis

The land use and land cover maps shown in Figs. 10,
11, and 12 were done by the following process: the
data were collected from the Landsat 8-9 OLI/TIRS
for 2005, 2014, and 2022. It was further processed in
QQGIS. The visible bands (red, blue, and green) are
composited, obtaining a multi-spectral image, and
then unsupervisedly integrated, obtaining the land
use and land cover image. The total area of Manman-
galam is 1781 ha, where LULC was performed for the
study area of 589.95 km?. According to an analysis of
land use and land cover classification, it was further
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Fig. 8 Land surface temperature of Manmangalam Taluk—2014

classified into four groups: water bodies, agricultural
areas, built-up areas, and barren lands The data that
has been collected from Landsat 8 has been analyzed.
Generally, it refers to the categorization or classifica-
tion of human activities and natural elements on the
landscape within a specific time frame. The major-
ity of the area has been covered by the built-up area.
The overall LULC map is mentioned in Figure 10
and Fig. 13 for 2005; the LULC map for 2014 is
mentioned in Figure 11 and Fig. 14; and the LULC
map for 2022 is mentioned in Figure 12 and Fig. 15.
The individual classifications of the LULC map in
the year 2005 are mentioned in Figure 17 for water
bodies, Figure 20 for agricultural land, Figure 23
for built-up areas, and Figure 24 for barren land.
The individual classifications of the LULC map in
the year 2014 are mentioned in Figure 18 for water
bodies, Figure 21 for agricultural land, Figure 24 for
built-up areas, and Figure 27 for barren land.
According to the analysis of LULC, we further
classified into five groups such as forest, water bod-
ies, agrarian land, built-up, and barren lands. From

1L UL

=

1ESULLOEL pRUKTRERRIH 105003, U ZUIU.LI0 2USLRIL

the data that have been collected from Landsat 5
and Landsat 8, the heterogenicity of land cover has
been analyzed. LULC is a generic term for the clas-
sification of human actions and usual phenomena on
the landscape inside a specific time scale. The over-
all LULC map is mentioned in Figure 10 and Fig. 7
for the year 2004, Figure 11 and Fig. 14 for the year
2014, and Figure 12 and Fig. 15 for the year 2022.
The individual classification of the LULC map in the
year 2022 is mentioned in Figure 19 for water bod-
ies, Figure 22 for agricultural land, Figure 25 for built
areas, and Figure 28 for barren land.

The outcomes of LULC categorization for the
Landsat 5 image show that all courses receive the
same amount of LULC. Agricultural areas cover
about 177.01 km? (30.01%) of the total study zone.
The next major area includes built-up land of 172.17
km? (29.18%), barren land area of 131.81 km?
(22.34%), and water bodies of 108.97 km? (18.47%).

The classification report for the year 2005 is
mentioned in Table 3 representing both the area
and their percentage. The total error matrix for the
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Fig. 9 Land surface temperature of Manmangalam Taluk—2022

year 2005 is mentioned in Table 4. The total error
matrix for waterbodies was 121,080; agricultural
areas 196,682; built-up lands 191,311; and bar-
ren land 146,448. The change matrix (Fig. 16) is
mentioned above. The area units were recorded in
square kilometers (km?); standard error (SE), con-
fidence interval (CI), producer’s accuracy (PA),
kappa efficiency, and user’s accuracy (UA) were
also observed for our study. The overall accuracy is
100.00%, the kappa efficiency of 1.00 was observed
in our study, and the data are mentioned in Table 5.

The LULC assessment outcomes for the Land-
sat 5 image for the year are determined accord-
ing to the data from 2014; the majority of LULC
in every level goes to the agricultural areas, which
cover about 209.94 km? (35.58%) of the full study
area. The next major area includes agricultural
lands covering 167.14 km? (28.33%). The barren
land covers an area of 142.79 km? (24.29%). Water
bodies cover an area of 70.08 km? (11.87%) which
majorly includes the river basins. The individual
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classifications of the LULC map in the year 2005
are mentioned in Figure 17 for water bodies, Fig-
ure 21 for agricultural land, Figure 23 for built-up
areas, and Figure 26 for barren land.

The classification report for the year 2014 is men-
tioned in Table 5 representing both the area and frac-
tion of kinds of land cover that exist in the studied
site. The total error matrix for the year 2014 is men-
tioned in Table 5. The total error matrix for waterbod-
ies was 77868, agricultural areas 185,713, built-up
lands 158,665, and barren land 233,274. The change
matrix is mentioned in Figs. 13 and 14. The indi-
vidual classifications of the LULC map in the year
2014 are mentioned in Figure 18 for water bodies,
Figure 21 for agricultural land, Figure 24 for built-up
areas, and Figure 27 for barren land.

The results of LULC classification for the Land-
sat 89 OLI/TIRS 2022 image show that the greatest
share of LULC from all classes goes to the built-up
areas, as an increase in settlement built-up covers an
area of 250.70 km? (42.49%), which is a tremendous
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Fig. 10 LULC of Kaveri River—2005

increase compared with the previous data of 2014.
The next major area includes open lands covering an
area of 168.93 km?® (28.63%). The agricultural area
covers an area of 148.67 km? (25.20%), which mostly
includes the river basins. The least area is being cov-
ered by the water bodies, which are about 21.64 km?
(3.66%) and mostly include the river basin. How-
ever, the comparative study shows that in the past 8
years, there has been a tremendous increase in set-
tlements by the human population, which has greatly
increased urbanization and reduced the natural land
area (Table 6).

The total error matrix for the year 2023 is men-
tioned in Table 7. The total error matrix for water
bodies was 24039, agricultural areas 164,816, built-
up lands 187,601, and barren land 278,458, which
were observed (Table 10).

165000.0C08

193000.0008 195000.000€ 200000.3C0€

The overall accuracy is 100.00% and the kappa
efficiency is 1.00, which was observed in our study.
The unit measure is mentioned in Table 8.

For LULC, we have classified four classes: water-
bodies, agricultural areas, built-up land, and barren
land. We also selected two different periods, 2005 and
2014, for change detection. Fig. 6 shows the results,
like the built-up area being the dominant class in our
study area. The results of LULC classification for the
Landsat 5 thematic mapper (TM) image show that
the greatest share of LULC from all classes goes to
the built-up areas, which cover about 172.01 km?
(29.18%) of the total study area. The next major area
includes agricultural lands covering an area of 177.01
km? (30.01%). Water bodies cover an area of 108.97
km? (18.47%), which mostly includes the river basins.
The barren areas cover an area of about 131.84 km?
(22.34%) (Tables 9, 10).
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Fig. 11 LULC of Kaveri River—2014

For LULC, we have classified four classes: water-
bodies, agricultural areas, built-up land, and barren
land. We also selected two different periods, like 2014
and 2022, for change detection. Fig. 16 shows the
results, like the built-up area being the dominant class
in our study area. The results of LULC classification
for the Landsat 5 thematic mapper (TM) image show
that the greatest share of LULC from all classes goes
to the built-up areas, which cover about 209.94 km?>
(35.58%) of the total study area. The next major area
includes agricultural lands covering an area of 167.14
km? (28.33%). Water bodies cover an area of 70.08
km? (11.87%), which mostly includes the river basins.
The barren areas cover an area of about 142.79 km?
(24.20%). The individual classifications of the LULC
map in the year 2023 are mentioned in Figure 19 for
water bodies, Figure 22 for agricultural land, Figure 25
for built-up areas, and Figure 28 for barren land.

10 Land Use Changes

The results of LULC classification for the Landsat
8-9 OLI/TIRS 2014 image show that the greatest
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share of LULC from all classes goes to the built-up
areas, which cover about 209.94 km? (35.58%) of the
total study area. The next major area includes agricul-
tural lands covering an area of 167.14 km? (28.33%).
Water bodies cover an area of 70.08 km? (1.857%),
which mostly includes the river basins. The barren
areas cover an area of about 6.850 km? (5.525%). The
results of LULC classification for the Landsat §-9
OLI/TIRS 2022 image show that the greatest share
of LULC from all classes goes to the built-up areas,
which cover about 209.94 km? (35.58%) of the total
study area. The next major area includes agricultural
lands covering an area of 167.14 km? (28.33%). Water
bodies cover an area of 70.08 km? (1.857%), which
mostly includes the river basins. The barren areas
cover an area of about 6.850 km” (5.525%). Accu-
racy evaluation is an important stage in evaluating
an individual’s performance in regard to how effec-
tively the classification was accomplished, as well as
a tool for analyzing the use of a categorized image. It
is a useful measuring parameter in change detection
(CD). Landsat pictures are categorized into different
land cover classes and then compared to reference
data. The visual analysis of initial Landsat visuals,
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Fig. 12 LULC of Kaveri River—2022
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Fig. 13 LULC of Kaveri River in 2005

photos from earth on Google at a high resolution, and
a physical examination of the research area were used
to provide reference data for each categorized LULC
class. The classified image and actual data are nearly

LULC CLASSIFICATION
2014

E Water bodies

E Agricultural
areas

B Built-up areas

EBarren Land

Fig. 14 LULC of Kaveri River in 2014

the same if the kappa coefficient is greater than 0.81.
The overall accuracy of our categorized images, as
well as the associated kappa coefficient of 85-90% for
LULC visualization, demonstrates that there is virtu-
ally full agreement between the classified picture and
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Fig. 15 LULC of Kaveri River in 2022

the source image, indicating that the LULC mapping
is better categorized. Finally, the post-classification
change identification technique is applied by compar-
ing classed photos, creating final LU/LC maps, and
analyzing the LULC trends along with its primary
moving elements in the study area.

Figures 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
and 28 represent the variations in the individual land
uses of the study area in Manmangalam Taluk in the
Karur District.

Average seasonal rainfall (mm) received in the
study area from 2001 to 2022.

11 Discussion

In climate research, scale is crucial. The character-
istics or even the indications may vary from a single
scale to the next. To acquire an entire perspective of
an issue, one must investigate it at many spatial or
temporal scales. The causes for the Tskin and Tair
variations vary in our research as well, which was
influenced by cloud cover, and the worldwide spread
of Tskin fluctuates with area heat based on the sun-
light zenith direction. The amount of surface heat
returns towards outer space influences skin tempera-
ture. The worldwide, year-averaged skin temperature
follows the same pattern as surface albedo, being hot
in July while cold in January and December. In our
investigation, we found that yearly, the earth’s skin
surface temperature increased from 23.33 to 25.99 °C
between 1991 and 2001. Their average temperature
varies during each year. The earth’s surface skin tem-
perature and year-to-year changes were studied using
31 years of historical data. There was no statistical
significance but a positive link between the year and
the temperature of the earth’s skin temperature was

Table 3 LULC classification and matrix table report for the year 2005

Class Water bodies Agricultural Built-up areas Barren lands Total Pixel sum Percentage, % Area, km?
areas

Water bodies 121,080 121,080 121,080  18.47 108.97

Agricultural 196,682 196,682 196,682  30.01 177.01

areas

Built-up areas 191,311 191,311 191,311  29.18 17217

Barren lands 146,448 146,448 146,448  22.34 131.81

Total 121,080 196,682 191,311 146,448 655,521

Tablf: 4 Area-base{d error Class Water bodies ~ Agricultural areas  Built-up areas  Barren lands  km?

matrix represented in 2005
Water bodies 0.18 108.97
Agricultural areas 0.3 177.01
Built-up areas 0.29 172.17
Barren lands 0.22 131.81
Total 0.18 0.3 0.29 0.22 589.96
Area 108.97 177.01 172.17 131.8 589.96
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Fig. 16 Change matrices of LULC classes between 2005-2014 and 2014-2022 in Bhavani River

Table 5 LULC classification and matrix table report for the year 2014

Class Water bodies Agricultural areas Open lands Built-up areas Total Pixel sum Percentage, % Area, km?
Water bodies 77,868 77,868 77,868 11.87 70.08
Agricultural areas 185,713 185,713 185,713  28.33 167.14
Open lands 158,665 158,665 158,665 24.2 142.79
Built-up areas 233,274 233274 233274  35.58 209.94
Total 77,868 185,713 158,665 233,274 655,521
Tablf: 6 Area—base.d error Class Water bodies  Agricul- Openlands  Built-up areas  Area (km?)
matrix represented in 2014 tural areas
Water bodies 0.11 70.08
Agricultural areas 0.28 167.14
Open lands 0.24 142.79
Built-up areas 0.35 209.94
Total 0.11 0.28 0.24 0.35 589.96
Table 7 LULC classification and matrix table report for the year 2022
Class Water bodies Agricultural areas Open lands Built-up areas Total Pixel sum Percentage, % Area, km?
Water bodies 24,039 24,039 24,045 3.66 21.64
Agricultural areas 164,816 164,816 165,197 25.2 148.67
Open lands 187,601 187,601 187,704 28.63 168.93
Built-up areas 278,458 278,458 278,563  42.49 250.7
Total 24,039 164,816 187,601 278,458 655,521
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Table 8 LULC area-based

. Class Water bodies ~ Agricul- Openlands  Built-up areas  Area (km?)
error matrix in 2022 tural areas
Water bodies 0.03 21.63
Agricultural areas 0.25 148.33
Open lands 0.28 168.84
Built-up areas 0.42 250.61
Total 0.03 0.25 0.28 0.42 589.96

Table 9 Change matrix of LULC between the years 2005 and
2014

Land use type 2005 2014  Change matrix

Area (km?) 108.97 70.08  38.89
% 18.47 11.87 6.6

Water bodies

Agricultural Area (km?) 177.01 167.14 9.87
area
% 30.01 28.33 1.68
Built-up areas  Area (km?) 172.01 209.94 —-37.93
% 20.18 3558 -—-64
Barren land Area (km?) 131.81 142.79 —10.98
% 2234 242 —1.86

Table 10 Change matrix of land use types for 2014 and 2022

Land use type 2014 2022  Change matrix

Area (km?) 70.08 21.64  48.44
% 1187 366 821

Water bodies

Agricultural Area (km?) 167.14 148.67 18.47
area

% 28.33 252 3.13

Built-up areas  Area (km? 209.94 250.7 —40.76

% 3558 4249 -6.17

Barren land Area (km?) 14279 168.93 —26.14

% 242 28.63 —4.43

observed. Temperature maps, which are thematic
maps that display temperature data in a geographic
area, are often used to visualize and analyze tempera-
ture changes over time. Using digital elevation mod-
els, temperature maps for two different years, 2014
and 2022, have been obtained for the study area. The
results show the difference between the temperatures
of the 2 years over the period of 8 years, from 2014
to 2022. In 2014 in Karur, the average temperature
for the year ranged from 31 to 41 °C. However, for

@ Springer

2023, the temperature ranges from 32 to 40 °C, indi-
cating a slight decrease in the temperature range. The
key physical factor influencing water’s temperature
(Gresselin et al., 2021) and in general (Caissie, 2006)
is shifts in the seasons. Our research also found that
temperature fluctuations occurred through both the
summer and winter seasons from February to May.
The temperature and yearwise data had a statisti-
cally significant, positive association. According to
Bal et al. (2016), the whole state of Tamil Nadu pro-
jection showed that the end of the century indicates
warmer summer, with maximum temperature increas-
ing by about 3.1 °C.

The rise in severe rainfall and the predicted reduc-
tion in total rainfall in dry places (Marvel & Bon-
fils, 2013; Tabari & Willems, 2018) reinforce the
“it rarely rains, but it showers” pattern (Trenberth,
2015). The shifts in their yearly rainfall were addition-
ally confirmed in our investigation. During the time
of the monsoons from June to August, a maximum
of 1383 mm was recorded, with an average of 450 to
1380 mm recorded. The link between the years and
precipitation was considerable, as evidenced by the
positive association displayed above. Modest flows
are expected to decrease with global warming across
a much greater area than average yearly runoff drops
(Doll & Schmied, 2012), whereas high drifts are
expected to raise extra than average annual drainage
(Arnell & Gosling, 2013). According to our research,
the rainy season has increased rain, notably from
June to September. Also, it stated that there is a slight
decrease in rainfall during the northeast monsoon
season (October—December) (Krishna Kumar et al.,
2011). The estimate for the last decade of the decade
implies a small drop in rainfall during monsoons across
all of Tamil Nadu. Human activities have an oppor-
tunity to increase stressors to river operative (Tickner
et al.,, 2020; Vorosmarty et al.,, 2010). However, in
recent years, the changes have been more pronounced
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Fig. 17 LULC representing
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due to an increase in settlements and changing agricul-
tural practices, which impact hydrological processes by
altering interception, eva-transpiration, and infiltration
rates, thus affecting water resources. The water flow in
rivers, lakes, and reservoirs differs critically seasonally
and year to year. The buffer bands’ preservation is a
significant aspect of determining their long-term nutri-
tional value.

According to the strong correlation between
past years’ data on the HDS scores, river change is

v

triggered by a variety of variables. In our research
area, hydrological change induced by size contrac-
tion, location, and dryness is an important cause of
aquatic decline in ecosystems. River basins, which
are essential components of the natural creation of
water resources, are facing an irreversible water crisis
(Zhang et al., 2018). Human activities can exacerbate
the shortage of water and alter flow patterns at the
local (Laizé et al., 2014) and world (Veldkamp et al.,
2018) scales, according to evidence. In our study,
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Fig. 19 LULC representing
water bodies—2022
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HDS scores 0-33 were classified as least influenced
(LI) at 70.96%, mid-impacted (MI) at 22.58%, and
highly impacted (HI) at 6.45% in the last few years
due to many anthropogenic activities. Because of sev-
eral anthropogenic activities, the correlation between
the years and the HDS values showed a substantial
positive association. Also, our research found that
greater HDS levels are triggered by human activities.
The LULC map provides information on the spread-
ing of diverse kinds of LULC in a particular area. It is
a central device for environmental monitoring, natural

@ Springer

source management, urban planning, and disaster
management. In this case, the LULC map was gen-
erated using Landsat satellite imagery for the years
2014 and 2022, covering an area of 589.95 km? in the
Manmangalam Taluk. The satellite imagery was pro-
cessed using QGIS software to generate a composite
of visible bands (red, green, and blue), which was
then classified into four major land use/land cover
types: water bodies, agricultural areas, built-up areas,
and barren lands. The results of the LULC classifica-
tion for 2014 and 2022 were compared to analyze the
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Fig. 21 LULC representing
agricultural areas—2014
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Fig. 22 LULC representing
agricultural areas—2022
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changes that occurred over time. The change matrix
shows the zone enclosed by respective land use type
in 2014 and 2022, as well as the change that occurred
in each category over the 8 years. Between 1991
and 2020, the built-up area rose dramatically. It has
more than doubled in size. It was 17% in 1991 and is
expected to reach 40% by 2020. This could be owing
to a rise in the textile sector, bus manufacturing, and
related businesses. In addition to this, the neighbor-
hood houses multiple government departments such
as the Collectorate, the Court, and the SP office, as
well as many private organizations. As a result of

this, the number of organizations and roadways has
grown (Ravichandran & Manonmani, 2021). In our
study, the analysis revealed that built-up areas are
the dominant land use type in the study area, cover-
ing 209.94 km? (35.58%) in 2014 and 250.70 km?
(42.49%) in 2022. Water bodies covered an area of
70.08 km? (11.87%) in 2014 and 21.64 km? (3.66%)
in 2022 due to less water holding capacity and block-
ing water channels. This shows that Karur town is a
fast-growing barren terrain, which is also being devel-
oped for additional uses such as settlement, industry,
and transportation. In 1991, 58% of barren land was
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Fig. 23 LULC representing
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barren, which decreased to 53% in 2000. Barren land
declined by 18% during the last four decades, from
1991 to 202 (Ravichandran & Manonmani, 2021).
Urbanization due to the rapid increase in popula-
tion causes severe problems with land use and land
cover changes in the river basin. This demonstrates
that Karur town has grown increasingly populated. In
recent decades, the Karur town has expanded in the
south and along the highways. The building of a flyo-
ver route from Trichi to Namakkal and from Dindigul
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to Namakkal or Salem is progressing quickly (Ravi-
chandran & Manonmani, 2021). It is construed that
there is uncertainty in cultivation in this study area
due to globalization. The majority of the cultivators
have left their profession and engaged themselves
in some other profession. Due to that, the cultivat-
able land has been left as barren lands (Suvetha &
Maniyosai, 2018). In our study, barren lands cov-
ered 142.79 km? (24.20%) in 2014 and 168.93 km?
(28.63%) in 2022.
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Fig. 25 LULC representing

built-up areas—2022

Fig. 26 LULC representing
barren areas—2005

Overall, the LULC map and associated analysis
provide valuable data on the distribution of LULC in
the Manmangalam Taluk over time. Future climate
change in the whole of Tamilnadu shows that a reduc-
tion in yield is expected due to increases in tempera-
ture and changes in rainfall (Geethalakshmi & Dhee-
bakaran, 2008). The proportion of cultivated land was
25% in 1991 and decreased by 1% in 2000. Between
2010 and 2020, a significant amount of farmland
was turned into non-agriculture property. In a dec-
ade (2010 to 2020), over 14% of good agricultural
land was converted. In our study, agricultural areas

OPEN LAND IN KAVERL RIVER 2005

Qs caine
e

are the second-largest land use type, covering 167.14
km? (28.33%) in 2014 and 148.67 km* (25.20%) in
2022. The preference for comfortable residential areas
has begun to rise in recent years mentioned by many
researchers (Tagil & Ersayin, 2015; Ozturk et al.,
2021; Cetin & Sevik, 2016; Bozdogan et al., 2019;
Isinkaralar & Varol, 2021; Isinkaralar & Ramazan,
2021; Cetin, 2015, 2017; Ozturk & Isinkaralar,
2019). According to Iyappan and Maria (2014), in
the Namakkal district, LULC changes are notewor-
thy. They were triggered by increased population den-
sity and subsequent socioeconomic activities such as
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Fig. 27 LULC representing
barren areas—2014
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Fig. 28 LULC representing
barren areas—2022
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uncontrolled immigration, charcoal business, shifting
cultivation, opening up of improved highways, and
pastoralism.

12 Conclusion

This is the first climate impact report across the entire
Kaveri river basin. Global warming is anticipated to
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significantly alter ecologically critical flow phases
in the Kaveri River basin, creating additional potent
anxiety for river ecosystems in addition to existing
anthropogenic stressors. Rivers and the ecological
services they provide are increasingly under threat
as a result of land use changes, population develop-
ment, pollutant discharges, dam and divert flow-
regime shifts, and too much groundwater extraction.
Climate change can exacerbate and multiply these
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dangers by altering rainfall, temperature, and runoff
patterns, as well as altering biological populations
and breaking ecological links in any given location.
Climate adaption strategies and mitigation measures
that anticipate longer and drier times with low flows,
in especially, could aid in averting major damage to
river ecosystems in the future. Thus, monitoring the
LULC change is considered a vital piece for assessing
and determining landscape changes or environmen-
tal vigor. Costing at dissimilar spatiotemporal scales
helps to assess the parameters better. Appraisal of the
LULC change matrix is highly important in evalu-
ating the status of each land cover at two different
times, which is useful for determining environmental
health and ecosystem administration, species sav-
ing, land use setting up, and source executive which
results in largely sustainable ecological running. The
hydrological situation in the watershed is expected to
deteriorate (become significantly divergent) in future
years at the sampling places, necessitating additional
investigation. The distribution of land use and land
cover in the Manmangalam Taluk shows that built-
up areas are the dominant land use type in the area,
covering 35.58% of the land in 2014 and 42.49% in
2022. The temperature maps for 2014 and 2022 show
a slight decrease in temperature range over § years.
This suggested GIS practice is apt for the investiga-
tive region, Bhavani River, Mettupalayam. These
results can be effectively used for hydrological mod-
eling, land use planning, watershed studies, reservoir
operation, and reservoir planning.
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