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Land use refers to how the surface of a designated area is utilized, encompassing

both developed and vacant lands. The intricate interplay between population

growth and the availability of natural resources gives rise to diverse challenges

that are exhibited in the recharge of groundwater. This research was conducted

in the Koraiyar Watershed, Coimbatore District, Tamil Nadu, India. The change

in the land use land cover (LULC) was detected by digitizing the linear imaging

self scanning sensor (LISS) III and LISS IV satellite images for the years 2000

and 2011 using the maximum likelihood classification algorithm. LANDSAT-8

OLI data were processed for the year 2020. The study area has subsequently

undergone an assessment of groundwater levels to determine the impact

between groundwater and land use land cover. The result of the study indicates

a continuous decrease in the wet crop area, which is the e�ect of the gradual

depletion of groundwater resources. Along with this, the narrowing of the

water bodies and increased areas of dry crops, industrial areas, and quarries are

also responsible for lowering groundwater table depletion and contamination.

Settlements increased from 39 to 49 km2 from 2000 to 2011 and then gradually

increased by 50 km2 in 2020 tomeet the demand of the population. From2000 to

2019, the groundwater level has been declining with respect to the LULC pattern.

The increase in concrete platforms in the study can a�ect the infiltration. Thus,

the study can aid in developing water management strategies and decisions for

governmental and non-governmental policymakers.

KEYWORDS

land use, land cover, maximum likelihood classification, groundwater level, geographic

information systems (GIS)

Introduction

Land use refers to the various ways in which human beings utilize and exploit the

land and its resources, encompassing activities such as agriculture, urban development,

grazing, logging, and mining. The term land cover initially pertains to the classification

and condition of vegetation, encompassing various types such as grassland or forest cover
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FIGURE 1

Location map of the study area.

(Kidane et al., 2012; Hishe et al., 2021; Baeza et al., 2022; Cai et al.,

2022), cultivated land, woodland, and marshes (Jaiswal et al., 1999;

Homar et al., 2020). The spatial distribution of land use land cover

(LULC) is typically influenced by many factors, including agro-

climatic conditions, the potential of groundwater resources, and

various other factors (Nayak andMandal, 2019; Regasa et al., 2021).

Nevertheless, its definition has broadened in its subsequent usage

to include man-made constructions, such as edifices, and other

components of the natural surroundings, such as soil composition,

biodiversity, surface water, and groundwater. However, its meaning

has expanded over time to encompass human-made structures such

as buildings and other elements of the natural environment such

as soil composition, biodiversity, surface water, and groundwater

(Meyer and Turner, 1994; Meyer, 1995; Chen et al., 2008; Patidar

and Behera, 2019).

Land resources serve as the fundamental foundation for a

multitude of developmental endeavors on the planet. LULC refers

to the various human activities and economic functions that are

associated with a particular parcel of land. On the other hand, the

term land cover pertains to the specific type of physical feature

that exists on the Earth’s surface (Lillesand and Kiefer, 2000; Ellis

and Pontius, 2006). The rapidly growing population creates a huge

pressure on the land and food resources (Hao et al., 2023; Na

et al., 2023). When the land is given a particular use, the interest

of other uses may be overlooked. Land that has been withdrawn

from agricultural use rarely reverts to the farmer. The LULC change

detection method can differentiate the land area used for several

purposes. The purpose of LULC change detection is to maximize

productivity. Due to climatic factors, soil, land topography, degree

of erosion, supply of water, and environmental conditions, the

change of LULC is inevitable (Masilamani and Aruchamy, 2017).

The degradation of forests has a significant impact on catchment

processes and biochemical cycles, leading to soil degradation and

water scarcity in both local and distant districts (Kinattinkara

et al., 2022). Nowadays, increased human activities lead to land

degradation, and this changing pattern of the land can be easily

detected by the LULC change detection method (de Mello et al.,

2020; Chen et al., 2023).

The spatial distribution of the population and the economy

of the people can be altered by converting land from one use to

Frontiers inWater 02 frontiersin.org

https://doi.org/10.3389/frwa.2024.1339613
https://www.frontiersin.org/journals/water
https://www.frontiersin.org


Naik et al. 10.3389/frwa.2024.1339613

FIGURE 2

Spatial distribution of groundwater wells.

another, such as transforming agricultural areas into residential,

industrial, commercial, or recreational zones. The landowners

play a crucial role in determining the course and extent of any

developments on the property; hence, their decisions have a

significant impact on the direction and magnitude of changes

(Ettema et al., 2009). Several studies have been conducted by

researchers to investigate LULC change in the Coimbatore District

(Sensing, 2014; Kalpana, 2018; Prabu and Dar, 2018; Kinattinkara

et al., 2022; Anand et al., 2023). Kumaraswamy and Nandha

(2015) studied the spatio-temporal analysis of LULC from 2000 to

2014 in the present study area, and Palanisamy (2014) analyzed

the LULC changes from 1992 to 2009 using remote sensing

and GIS.

The detection of changes in the LULC has been identified

by using remote sensing (RS) and geographical information

systems (GIS). Inverse distance weighting (IDW) is a type of

interpolation method used in geographic information systems

(GIS) to examine the values of unsampled locations based on

the values of known locations. Using the IDW tool, the spatial

distributions of groundwater levels were mapped. The land cover

changes have a direct correlation with the change in the water

resources and the groundwater level depletion along with the land
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FIGURE 3

Flow chart of the methodology adopted for the present study.

cover pattern. The cropping pattern, industries, and settlement all

need huge amounts of water to complete their final shape, and

these anthropogenic activities deteriorate natural cover and natural

resources, mainly groundwater resources, and change the land use

land cover pattern day by day. LULC has emerged as a crucial

component in contemporary strategies aimed at the management

of natural resources.

Groundwater is the least contaminated available freshwater,

and it is highly utilized in different sectors, i.e., industry,

agriculture, aquaculture, and domestic uses. Population growth,

industrial growth, and other developmental projects demand

the excessive withdrawal of groundwater, leading to water table

depletion and contamination (Priya et al., 2012). Furthermore,

the anthropogenic activities of changing the land cover for their

benefit pose a great threat to natural resources and mainly to

water resources (Wang and Wang, 2013; Garg et al., 2019).

Various researchers have studied how much urbanization caused

the reduction of groundwater level and quality due to the change in

time and space (Adhikari et al., 2020; Elmahdy et al., 2021; Ghimire

et al., 2021).

Groundwater is replenished by rainfall recharge and surface

water availability. Along with this, the terrain and the geology

of the area have a great impact on the recharge capacity of

rainwater and surface water. The presence of robust vegetation

and a well-preserved natural cover serve as indicators of the

overall health of groundwater resources. The spatial changes in

vegetation and water bodies in response to the annual cycle of

climate and related features are primarily responsible for some

seasonal variations in LULC (Elmahdy and Mohamed, 2016;

Vogelmann et al., 2016). Variations in groundwater levels and

infiltration mechanisms are impacted by seasonal fluctuations

(Kirimi et al., 2018). Hence, the investigation and monitoring

of the effect of rapid change in the LULC on groundwater

level need to be properly managed for a sustainable future.

Siddik et al. (2022) identified the impact of LULC changes on

groundwater recharge using the WetSpass model and the SWAT

model, and Mengistu et al. (2022) evaluated the LULC dynamics

on groundwater recharge and surface runoff. Beeram et al. (2023)

analyzed the impact of changes in LULC and climate variables

on groundwater recharge using downscaling statistics, and Dash

et al. (2024) approached the LULC changes in the hydrologic

response by integrating parsimonious hydrological modeling and

alteration analysis. However, many studies have been carried out

previously to investigate the LULC changes and assess the effect

on groundwater levels, but only a few studies have focused on the

regional scale.

As mentioned, various researchers have studied the LULC

changes in the study area, but there has been a lack of correlation

between the groundwater level and the LULC patterns. Thus, more

research studies have to be conducted on critically needed domains

such as water resource management. Thus, the main aim of the

study is to investigate the LULC changes and their impact on

groundwater levels over the Kolli Hills. To achieve the aim of the

study, the main objectives are as follows:(i) to map and compare

the LULC change from 2000 to 2020 using the LISS III, LISS IV,

and LANDSAT-8 OLI satellite images; (ii) to prepare the spatial

distribution of groundwater level using the IDW tool in ArcGIS

for 2000, 2011, and 2019 consecutive years; (iii) to analyse the

temporal distribution of groundwater level data for the same years;

and (iv) to assess the impact of LULC changes on groundwater
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FIGURE 4

Spatial distribution of LULC in 2000 (LISS III).

level. Themain findings of the study will be useful for policymakers,

hydrologists, and the wellbeing of society. However, this study has

some limitations, such as the limited number of groundwater level

sites, which may lack the realism of the study considering the relief

of the area.

Study area

The Koraiyar watershed is situated in the southwestern region

of the Coimbatore District. The geographical coordinates of the

area are situated between 10◦ 36′N and 10◦ 57′N and between

76◦ 48′ E and 77◦ 09′ E (Figure 1). The total land area of this

region measures approximately 659 m2. The location of origin of

this watershed is in the southwestern region of Coimbatore, near

Chettipalayam, situated at an elevation of 420m above the mean

sea level. The area encompasses four taluks and five blocks. The

region experiences precipitation as a result of the combined impact

of the southwest and northeast monsoons. The primary source of

precipitation in the district is the northeast monsoon, while the

amount of rainfall during the summer season is minimal (District

GW brochure, CGWB, 2008). The study area exhibits a hot and

humid climate. The basin is encompassed by the Noyyal River basin

to the north, the Palar River basin to the south, the Valayar reserved

forest in the Western Ghats to the west, and the Parambikulam

canal to the east.

Geology and geomorphology
The Koraiyar watershed is characterized by the presence of

calc-granulite, champion gneiss, granite, granitoid gneiss, sand, silt,

and syenite. Valleys and hills are mainly composed of crystalline

formations of the Quaternary Era. The rocks of the Archaean

Era in this region are Charnockites (hypersthene granites),

quartzite, and sillimanite–cordierite bearing garnetiferous gneiss.

The five geomorphic zones of the Koraiyar watershed are as

follows: inselberg, moderately buried pediplain, pediment/valley

floor, pediplain canal command, and shallowly buried pediplain.

Inselbergs are isolated hillocks formed as remnants of weathering

and denudation processes, and this unit is present in a

scattered manner in the southwestern part of the study area
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FIGURE 5

Spatial distribution of LULC in 2011 (LISS IV).

near Sokkanur. Alluvium and loamy soils are dominant in the

study area.

Relief, drainage, and rainfall

The altitude varies from 180m in the southeastern part of

the watershed to 440m in the northern part of the watershed,

and within the watershed, two broad physiographic regions

may be identified: the upland in the north and the valley in

the center and southwest of the watershed. A valley formed

by flowing water is usually V-shaped. There are two major

rivers, namely, Varattar and Koraiyar. This forms eight major

sub-watersheds in the study area. The mean annual rainfall

of Podanur, which lies in the northern part of the basin, is

605mm. However, Negamam in the south-central part gets the

maximum rainfall of 913mm. The station Aliyar Nagar, located

in the southern part, receives 873mm, whereas Vettaikaran

Puthur, located in the southwestern part of the basin, receives

1,420mm. Sulur is located in the northeastern part of the basin

and receives 613mm. Pollachi is located in the southwestern part

of the basin and receives 858mm (Masilamani and Aruchamy,

2017).

Data and methodology

Data

Remote sensing data were used in the present study and

were used over 20 years. The LISS-III, LISS-IV, and LANDSAT-8

OLI datasets were utilized for the assessment and collected in

March in the years 2000, 2011, and 2020, correspondingly. The

LISS-III (Linear Imaging Self Scanning Sensor) is a multi-spectral

sensor with medium-resolution capabilities. It functions in four

distinct spectral bands, namely B2, B3, B4 (visible near infrared—

VNIR), and B5 (short wave infrared—SWIR). The sensor offers

a spatial resolution of 23.5m. LISS-IV is a high-resolution multi-

spectral sensor that operates in three spectral bands, namely,

B2, B3, and B4, with a spatial resolution of 5.8m. The LISS-III

was obtained from Anna University, Chennai, and the LISS-IV
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FIGURE 6

Spatial distribution of LULC in 2020 (LANDSAT-8 OLI).

satellite images were acquired from the National Remote Sensing

Center in Hyderabad, India. LANDSAT-8 OLI is a global optical

imagery and high-resolution multi-spectral sensor that operates

in 11 spectral bands with a special resolution of 30m. The data

source for LANDSAT-8 OLI is USGS. The groundwater data

were obtained from the Central Groundwater Board (CGWB) to

generate the groundwater level map for 17 sites within the study

area (Figure 2).

Methodology

After procuring LISS-III, LISS-IV, and LANDSAT-8 OLI data,

different methods were used to create land cover maps from

different satellite data (Figure 3). The similar spectral bands of

satellite images were obtained, and layers stacked for LISS-III and

LISS-IV geometrically matched each other. The LULC of the study

area was digitized using the LISS-III and LISS-IV images, and a

supervised classification method was used for the LANDSAT-8

OLI image.

During supervised classification, the signature file was

generated using pixels enclosed within polygons that represent

known and established classes. Maximum likelihood classification

is a well-known supervised algorithm that was used to classify

the LULC classification. In total, 11 land cover classes, namely

barren land, dry crops, fallow land, industrial area, land with scrub,

plantation, query, reservoir/lake, river/stream, settlement, and wet

crop, were used in this study. The groundwater data were obtained

from the Central GroundWater Board (CGWB) for the years 2000,

2011, and 2019 for pre-monsoon. Spatial variations of groundwater

level were analyzed in the GIS environment by IDW interpolation.

Findings indicate a rising and decreasing trend in the groundwater

level of the study area from 2000 to 2019.

Results and discussion

This study has shown the decreasing trend of natural land

cover due to the high use of land resources from the increasing

population. The study area is dominated by coconut, banana, and

mango plantations and an agricultural area of dry and wet crops.
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TABLE 1 Change detection in years 2000, 2011, and 2020.

Sl No. Classification Area in 2000
(Sq Km)

Percentage Area in 2011
(Sq Km)

Percentage Area in 2020
(Sq Km)

Percentage

1 Barren Land 5.10 0.77 1.69 0.26 0.74 0.11

2 Dry Crops 96.07 14.57 209.91 31.83 269.19 40.82

3 Fallow 42.71 6.48 2.16 0.33 1.42 0.22

4 Industrial Area 1.21 0.18 2.02 0.31 2.02 0.31

5 Land with Scrub 0.59 0.09 8.77 1.33 0.09 0.01

7 Plantation 318.42 48.29 261.98 39.73 303.72 46.06

6 Query 2.26 0.34 0.23 0.03 3.84 0.58

8 Reservoir/Lake 1.29 0.20 2.19 0.33 0.37 0.06

9 River/Stream 3.59 0.54 3.59 0.54 2.34 0.36

10 Settlement 39.01 5.92 49.38 7.49 50.19 7.61

11 Wet Crop 149.20 22.62 117.55 17.82 63.36 9.61

659.46 100 659.46 100 659.46 100

TABLE 2 Groundwater level (m) during 2000, 2011, and 2019.

Site name GWL-2000 GWL-2011 GWL-2019

Chettipalayam 17.8 7.2 10.18

Chinnaripalayam 8.91 16.35 3.56

Ettimadai 12.22 15.85 15.87

Gopalapuaram 11.45 12.56 10.8

Kattampatti 2.84 11.5 8.77

Kinathukadavu 16 3.82 10.38

Kinathukadavu1 7.07 3.62 2.11

Kovilpalayam 12.58 1.9 2.5

Madukkarai 12.55 0.55 14.97

Narasingapuram 20.88 17.85 16.55

Periya negamam 7.55 18.4 20.05

Pollachi-1 30.66 6.9 2.1

Pollachi-2 0.54 7 2.99

Ponnaiyur 4.97 0.95 5.56

Ramanathapuram1 3.45 7.7 6.44

Sokkanur 5.63 6.9 7.92

Sulthanpet 17.49 15.98 14.87

Source: WRIS for groundwater level (https://indiawris.gov.in/wris).

Figures 4–6 depict the LULC change over 20 years. The change

detection analysis is described in Table 1.

Settlement

Urban areas are regions where human settlement has been

established primarily for non-agricultural purposes, characterized

by the presence of buildings, transportation and communication

infrastructure, utilities in conjunction with water resources,

vegetation, and unoccupied land. The LULC map comprises two

distinct categories within the settlement class, namely, urban, and

rural areas. Urban areas are distinguished by the presence of

agricultural, horticultural, and plantation spaces that coexist with

built structures.

Economic development and demand for housing by

households result in the “sealing of soil” and rapid changes

in their structure by the extension of transport networks, and

waste dumping leads to environmental degradation. The urban

centers in the study area are Pollachi, Kinathukadavu, Coimbatore

South, Sulur, and new urban development areas which include

Malumichampatti and Chettipalayam. Furthermore, rural areas can

be defined as densely populated regions that are relatively smaller

in scale, primarily characterized by their focus on agricultural and

related industries, as well as non-commercial endeavors. In this

area of settlement, human interaction was highly improved in

the Koraiyar watershed. It has been observed that the settlement

increased from 2000 to 2011 from 39 to 49 km2 and then gradually

increased to 50 km2 in 2020 in the study area due to population

growth (Sundari, 2005) (Table 1).

Agricultural land

The aforementioned territories are predominantly allocated for

agricultural purposes, serving as the main sites for cultivating crops

intended for sustenance, textile production, and the cultivation of

various commercial and horticultural commodities. It consists of

double-crop lands or a combination of double-crop lands. The

dry crops have shown an increasing trend gradually, and it has

more than doubled in 2011, and a subsequent gradual decline was

observed in 2020. Moreover, there was an overall increase in dry

crop area from 2000 to 2011 from 96 to 210 km2 and 269 km2 in

2020 (Table 1).
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FIGURE 7

Spatial distribution of groundwater level (CGWB, https://indiawris.gov.in/wris/#/groundWater).

The gradual decline in wet crops in 2011 was due to an increase

in dry crops, whereas an increase in wet crops was observed in

subsequent years. This phenomenon can also be correlated with

the temporal variation of groundwater levels. The northern and

southern parts had high levels of groundwater level in 2000, and

hence, the wet crop pattern was high, whereas in 2011, in the

southwest and eastern parts of the watershed, the groundwater level

was high, and the wet crop was concentrated on those parts of the

study area.

Plantations

These are the regions where agricultural tree crops have

been cultivated using agricultural management techniques. The

spatial distribution of these entities can vary depending on their

specific geographic location, resulting in either a disseminated

or contiguous pattern. The utilization of multi-season data will

facilitate a more effective differentiation between them. The area

encompasses various types of plantations, such as agricultural

plantations and horticultural plantations, which consist of fruit

trees, vegetable gardens, and specific crops such as bananas,

coconuts, mangoes, and other cultivated plants. The high-

cover plantation areas include Kappalankarai, Kakkadavu, and

Kullakkalpalayam watershed areas. Plantation decreased from 318

to 262 km2 in 2011, and then a gradual increase was noted in 2020

from 262 to 304 km2 (Table 1). The shrubland increased in 2011

and gradually decreased in 2020.

Fallow land

These are the lands that are utilized for cultivation but

are temporarily left uncultivated for one or more seasons. The

agricultural system is characterized by the cyclic rotation of

cultivated periods spanning several years and fallow periods. In

this study, the fallow land decreased drastically in 2011 from 42

to 2 km2 and then gradually decreased in 2020 from 2 to 1 km2
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FIGURE 8

Spatial distribution of groundwater level (CGWB, https://indiawris.gov.in/wris/#/groundWater).

(Table 1). Fallow land has changed into cropland and plantations.

Wasteland follows the fluctuation in its area over time. At the same

time, the industrial area shows a gradual increase in its area due to

development activities. Query decreased in 2011 and then increased

in 2020. The decrease in query in 2011 could be due to the region

occupied by plantation query.

Water bodies

Wetlands are described as any areas that are covered or

saturated with water, whether natural or artificial, permanent or

temporary, stable or changing, with or without vegetation, as long

as they have a boundary between land and water. In this study,

the water body includes the reservoirs/lakes and rivers/streams.

Rivers/streams were almost constant in 2000 and 2011, but in 2020,

rivers/streams decreased to 2 km2, whereas reservoir/lake increased

gradually in 2011, and then again, a gradual decrease was noted

in 2020.

Groundwater level

Groundwater levels can be self-sustained when the recharge

and withdrawal are balanced. The recharge depends on the

geology and geomorphology, rainfall pattern, and surface water

bodies such as rivers, streams, reservoirs, and lakes. LULC

has shown the narrowing of the water bodies (rivers/streams

and reservoirs/lakes) and an increase in the cropping pattern

in dry crops and plantations from 2000 to 2020, which is

an indication of a lowering of the water table. In this study,

17 sites were selected from the study area for collecting

the groundwater level data. The study shows replenishment

of the groundwater in Chettipalayam, Chinnaripalayam,

Gopalapuaram, Kinathukadavu1, Kinathukadavu, Kovilpalayam,

Narasingapuram, Pollachi-1, and Sulthanpet, whereas Ettimadai,

Kattampatti, Madukkarai, Periya Negamam, Pollachi-2, Ponnaiyur,

Ramanathapuram, and Sokkanur areas have shown a continuous

decrease of the water table (CGWB data of 2000, 2011, and 2019)

(Table 2) (Figures 7–9).
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FIGURE 9

Spatial distribution of groundwater level (CGWB, https://indiawris.gov.in/wris/#/groundWater).

Conclusion

The LULC during the study period between the years 2000

and 2020 recorded some significant changes. The investigation

uncovered significant alterations in the “cropland,” “plantation,”

“fallow land,” and “settlement” categories. The features including

“Dry cropland” “plantation,” “Industrial area,” “Query,” and

“settlement” indicated an increasing trend, whereas the features

such as “fallow land,” “Barren land,” “shrub land,” “River and

reservoir,” and “wet crop” indicated a decreasing trend from

2000 to 2020. The reasons for this can be traced to changes

in the agricultural activity pattern and population expansion in

the settlement area. In general, the LULC data during the study

period (2000–2020) indicated certain significant changes that affect

the groundwater level fluctuation. The expansion of settlement,

industrial areas, and query can be a reason for the declining

groundwater levels by reducing the infiltration rate.

Nevertheless, it is imperative to regularly monitor these

patterns to ensure the long-term sustainability of the environment.

The plantation lands were identified as having the largest land

area in comparison to other land use groups. Various areas

within the research region exhibited a combination of urban

and agricultural regions. Change detection analysis reveals the

precise extent of land loss and land gain in many categories,

including residential/commercial/industrial, mixed urban,

cropland, plantation, and land with shrubs. Undoubtedly,

the surface area of water bodies, such as rivers and lakes,

experienced minimal decline between 2000 and 2011 but

exhibited a substantial reduction in 2020. From 2000 to 2020,

the dry cropland and plantation have seen increasing expansion.

The use of fertilizers can change all characteristics of the

soil, and it could affect the infiltration rate. The reduction

of infiltration rate can affect the groundwater level of a

particular area.
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This study has succeeded in assembling and presenting facts

about LULC change detection along with groundwater level

fluctuation. As a result, the irrigation system must be improved

from the neighboring river system. The study deciphers knowledge

about the terrain characteristics, natural processes, and human

environment of the area. The parameters considered in the

present study include geology, geomorphology, and soil. The

government prioritise their best in policy making for sustainable

agriculture practices by incorporating harvesting techniques which

can enhance the soil and land quality. The reason behind the

mentioned changes could be attributed to government policies

aimed at achieving a balance between boosting rural developments,

eliminating mandatory grain crop quotas, and encouraging animal

production with ecological stability. For a sustainable future,

this study could add a statistical correlation between LULC

and groundwater level. Furthermore, with the help of remote

sensing and GIS, the future prediction of LULC change in the

specific region can be made, and this could help to accomplish

to find the regions with low groundwater levels, while the

policymakers could make agendas for the regions that need

more concentration and raise awareness in society regarding the

groundwater problems.
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