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The Ropar Wetland is a significant freshwater ecosystem located in Punjab, India. In the recent years, this wetland has 

witnessed significant changes owing to anthropogenic and natural factors. In this study, the land use and land cover changes 

are analyzed around the Ropar Wetland using remote sensing techniques by utilizing Landsat images and GIS software. The 

results showed a significant increase in agricultural land from 19% in 2000 to 37% in 2010, followed by a decrease to 28% 

in 2020. Barren, urban, and fallow land also showed a continuous increase from 20% in 2000 to 44% in 2020. The forest 

cover decreased from 47% in 2000 to 17% in 2020 and water bodies decreased slightly from 14% in 2000 to 10% in both 

2010 and 2020. The pictorial representation of LULC (Land Use Land Change) changes over the years, including the area of 

the Ropar Wetland, provided insight into the shifting patterns of land use and cover. Results from NDWI (Normalized 

Difference Water Index) show a small decrease in water body area in the wetland over the years, with some fluctuations in 

the total area. MNDWI (Modified Normalized Difference Water Index) shows the sparse water area around the wetland. 

Natural processes including erosion and accretion have affected the wetland region around the river, causing a net loss of 

55 hectares of land, over the past two decades. The findings of this study suggest that there is a need to implement effective 

management practices that recognize the complex interrelationships between land use, hydrology, and ecological processes 

to protect the Ropar Wetland's ecological and hydrological functions. Ongoing monitoring and assessing land use and cover 
changes are crucial for conserving wetland ecosystems. 
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Introduction 

Wetlands are vital ecosystems that include 

marshes, fens, and peatlands, with static or flowing 

water, fresh or salty, up to 6m deep at low tide, and 

play a critical role in maintaining ecological balance.
1
 

They support a variety of biodiversity and provide 

essential ecosystem services such as water 

purification, carbon storage and flood control.
2
 

Wetlands are also crucial breeding and feeding 

grounds for numerous species of plants and animals, 

including migratory birds.
3
 The Ropar Wetland, 

associated with the River Satluj, situated in the state 

of Punjab in India, is home to a diverse range of flora 

and fauna spread over an area of approximately 1365 

hectares.
4
 It is a man-made wetland that was 

established by constructing a head regulator on the 

river Satluj to store and redirect water for various uses 

including irrigation through canals and industrial and 

drinking water supply.
5
 The Ropar Wetland is an 

important breeding ground for various migratory bird 

species including endangered species such as, Sarus 

cranes. It also supports a range of fish and aquatic 

plant species.
6
 However, the wetland is under threat 

from various anthropogenic activities including 

pollution, agricultural runoff, and habitat destruction. 

As a result, the wetland is facing degradation and its 

ecological integrity is being compromised. It is, 

therefore, essential to understand the factors that are 

affecting the Ropar Wetland and develop effective 

conservation strategies to protect and restore this vital 

ecosystem.
7
  

The forest cover around the wetland sites plays a 

crucial role in maintaining the ecological integrity of 

wetland ecosystems. Wetlands provide a range of 

ecosystem services, including flood control, nutrient 

cycling, water filtration, carbon sequestration
2
 and 

addressing the effects of climate change.
8 Forests act as 

natural buffers for wetlands, protecting them from 

erosion, sedimentation, and pollution
9
 by trapping the 

pollutants before they could reach the wetland. 

Additionally, the root systems of trees help stabilize the 

soil and prevent erosion, ensuring that sedimentation 

and other pollutants do not accumulate in wetlands.
10
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Forest cover around wetlands also provides a habitat 

for a wide range of plant and animal species, including 

migratory birds, aquatic organisms, and pollinators. 

These species are an essential element of the wetland 

ecosystem and contribute to its functioning.
11

 As such, 

understanding the technical importance of forest cover 

around wetland sites is essential for developing 

effective conservation and implementing effective 

measures to ensure the long-term sustainability of these 

ecosystems. The relationship between water bodies, 

forest cover and wetlands is vital as forests regulate 

water flow, prevent erosion, and filter pollutants, 

benefiting water bodies and wetlands, which in turn 

provide crucial ecosystem services and social and 

economic value.
12, 13

  

As a result, conservation and restoration of both 

forest cover and wetlands are critical for maintaining 

healthy water bodies and the ecological integrity of 

these interdependent habitats. Continuous assessment 

of LULC around wetlands is important for planning 

conservation strategies. Remote sensing and GIS are 

the tools for determining LULC changes. Remote 

sensing tracks changes in land usage while GIS 

analyzes spatial data to identify changes in forest 

cover and water bodies. These tools aid in identifying 

the areas which are at high risk of losing forest cover, 

for guiding conservation and management activities 

and for protecting wetland locations.
14,15

  

This research investigates LULC change, water 

quality and erosion in Ropar wetland, Punjab using 

remote sensing and geospatial analysis techniques.  

Ropar wetland holds significant importance as one of 

India's prominent Ramsar wetland sites which has 

undergone drastic land use change over past few years 

making it essential to study the LULC pattern of Ropar 

wetland. Furthermore, only a few studies have focused 

on long-term monitoring of LULC dynamics of this 

wetland. This article focuses on the decadal changes 

around the Ropar Wetland from 2000 to 2020. Along 

with this, NDWI, MNDWI and erosion modelling was 

also used to assess water quality and erosion potential, as 

the comprehensive erosion modeling specific to Ropar 

Wetland is lacking in most of the previous studies, 

hindering the assessment of erosion vulnerability and 

identification of erosion-prone areas. 

Methodology 

Study Area 

The Ropar Wetland (30.96°N latitude and 76.52°E) 

is a significant wetland located in Rupnagar district, 

Punjab.
16

 It is around 50 km north-east of Chandigarh 

and is spread over a total area of about 1365 hectares 

including a lake spread over 750 hectares and a 

catchment area with surface area measuring 

615-hectare. The region has semi-arid climate with 

warm summers and cool winters. With a maximum 

summer temperature of 40°C and a low winter 

temperature of 5°C, the average annual temperature is 

roughly 24°C. Most of the yearly rainfall in the 

wetland occurs during the monsoon season, lasting 

from July to September.
17,18

 The creation of a barrage 

in 1952 to divert Sutlej River water for drinking and 

irrigation needs in parts of Punjab led to the 

construction of the artificial wetland at Ropar.
19

 

The Ropar Wetland is home to a wide variety of 

aquatic and terrestrial plants. Reed beds, floating and 

submerged macrophytes and phytoplankton make up 

the aquatic vegetation. The most common types of 

aquatic plants include duckweed, water lilies and 

water hyacinths. The Ropar wetland is home to a wide 

range of fauna including birds, fish, amphibians, 

reptiles, and mammals. The wetland is an important 

wintering ground for several migratory bird species 

including the endangered Siberian crane Grus 

leucogeranus.
20

 

The study area for this research had a stretch of 

2730 hectares around the Ropar wetland spread over 

both the sides of the Sutlej River. The study was 

conducted to analyze LULC, erosion, NDWI and 

MNDWI on both banks of the river as the river 

supports a significant amount of flora and fauna on 

both the sides. The study area for this research 

includes some area upstream in the vicinity of Sutlej 

River and the wetland area. Moreover, for accurate 

erosion calculation, it is necessary to analyze along 

the strip of the river, as it allows for continuous 

monitoring of changes in water content over time. 

This part of the river plays a crucial role in 

maintaining the hydrological and ecological balance 

of the wetland ecosystem. The study area has been 

depicted in Fig. 1.  

Various sites of Ropar wetland as categorized into 

different classes are illustrated in Fig. 2. 

Image Acquisition 

The present study focuses on LULC classification, 

erosion estimation, NDWI, MNDWI calculation on 

the Ropar Wetland area. The analysis utilized satellite 

imagery from Landsat 7 and Landsat 8. Landsat 7 

images were taken during December for the years 

2000 and 2010. Landsat 8 images for December and 
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January 2020 were used for the same analysis in the 

same area. The spatial resolution of the Landsat 7 

images is 30 meters for bands 1–5 and 7 and 15 

meters for band 8, while the Landsat 8 images have 

a spatial resolution of 30 meters for bands 1–7 and 

15 meters for band 8.
(21,22)

 The study employed 

ARCGIS 10.4 software to analyze remote sensing 

and geospatial data. This software offers a wide 

range of tools for mapping, geocoding, routing, and 

spatial analysis, empowering users to make 

well-informed decisions using geographical 

insights.
23

  

Fig. 1 — The figure depicts the study area in and around Ropar Wetland 

Fig. 2 — (a) Shrubs and sparse forest around wetland (b) Agricultural land with fallow land (c) wetland area with barren land in between 

(d) Canal passing through River (e) National highway around Wetland (f) Eco- Park on the bank of the river (g) Forest cover (h) Dam on 

the Sutlej River (i) Ropar Wetland
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Methods 

Land Cover Land Use Change Analysis using ArcGIS 

ArcGIS 10.4 and the Landsat 7 and Landsat 8 

satellite data (from December) available on the USGS 

website were used to examine the patterns of land 

cover and land use in the wetlands of Ropar. 

Applying supervised classification, the following 

methodology was used to examine the patterns of land 

use and land cover in and around wetlands. The flow 

diagram of satellite image preprocessing steps and 

methods used for the study of land cover land use 

changes around the wetland is shown in Fig. 3. 

Normalized Difference Water Index (NDWI) 

NDWI is used to measure the dimension and 

quantity of water bodies in satellite data. The water 

content of a pixel is determined by NDWI using the 

satellite utilized near-infrared and short-wave infrared 

bands for data capture. The NDWI approach has been 

used in ArcGIS10.4 to examine the water content and 

area of wetlands and decadal change from 2000 to 

2020. 

NDWI can be calculated as follows: 

NDWI =
(GREEN −NIR )

(GREEN +NIR )
... (1) 

Here, "Green" represents the reflectance value of 

the green band, while "NIR" denotes the reflectance 

value of the near-infrared band.
24

  

In the Landsat 7 and Landsat 8 satellite images, 

Band 3 corresponds to the green band, and Band 5 to 

the near-infrared band. The range of NDWI readings 

is -1 to 1, with higher values indicating higher water 

content and vice versa.  

Modified Normalized Difference Water Index (MNDWI) 
This remote sensing index is employed to detect 

surface water in areas significantly influenced by 

vegetation and soil moisture. It utilizes the Green and 

Short-wave Infrared (SWIR) bands from a 

multispectral satellite image, usually from a Landsat 

satellite. 

MNDWI is calculated as the ratio of subtraction 

and summation, respectively, of reflectance value in 

green spectral band (GREEN) and the reflectance 

value in the Short-Wave infrared spectral band 

(SWIR): 

MNDWI =
(GREEN −SWIR )

(GREEN +SWIR )
... (2) 

Where, Green is the reflectance value in the green 

spectral band and SWIR is the reflectance value in the 

Fig. 3 — Methodology followed in the present study 
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Short-Wave infrared spectral band. MNDWI values 

range from −1 to 1. Positive values indicate the 

presence of water, while negative values, such as land 

or vegetation, signify the absence of water.
25

 The 

likelihood that a pixel includes water increases with 

the MNDWI score. 

Erosion and Accretion Calculation 

The erosion and accretion areas can be calculated 

using the unchanged area and changed area values. 

Erosion and accretion areas along riverbanks can be 

calculated as follows:  

 Unchanged Area:

Unchaged Area  Hectare =
Total River Area  Year n − 10 −
Changed area (year n)  … (3) 

 Erosion and Accretion Area:

Erosion Area  Hectare = Area  Year n − 10 −
Unchanged Area (year n) … (4) 

Accretion Area  Hectare = Area  Year n + 10 −
Unchanged Area  Year n  … (5) 

Kappa Accuracy 

To evaluate the accuracy of the land cover land use 

classification, the statistical measure of kappa 

accuracy was employed. It measures the agreement 

between the observed classifications and the expected 

classifications, taking into account the possibility of 

agreements occurring by chance.  

Results and Discussion 

Land Use Land Cover Pattern (LULC) 

The land use data for three different years: 2000, 

2010, and 2020 is depicted in Table 1. 

In this study, land use is classified into four classes; 

Agricultural Land, Other Land (Barren, Urban, and 

Fallow land), Forest Cover, and Water Body. The 

changes in LULC over the years 2000, 2010, and 

2020 in the study area are depicted in Fig. 4 (a, b, c).  

The changes in LULC that have occurred over the 

years are depicted in Fig. 5, which provides an insight 

into the shifting patterns of land use and cover, 

including the impact on the Ropar Wetland in the 

studied region. 

Table 1 — Area of different land cover types of Ropar wetland in the year 2000, 2010 and 2020 

Land Use 2000 Area (ha) % 2010 Area (ha) % 2020 Area (ha) % 

Agricultural land 509.63 19% 1015.12 37% 760.15 28% 

Barren, Urban, Fallow 558.49 20% 653.22 24% 1213.63 44% 

Forest cover 1284.53 47% 779.72 29% 474.61 17% 

Water body 378.13 14% 283.48 10% 283.34 10% 

Grand Total 2730.77 100% 2731.54 100% 2731.72 100% 

Fig. 4 (a) — LULC change in Ropar Wetland in year 2000; (b) LULC change in Ropar Wetland in year 2010; (c) LULC change in  

Ropar Wetland in year 2020 
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A sharp rise in the area of agricultural land 

surrounding the Ropar wetland from 19% of the area 

in 2000 to 37% in 2010 can be clearly seen in Fig. 5. 

There is a decrease in the area of agricultural land in 

the following years, by 9 percent points, falling down 

to 28% in 2020. Similarly, a continuous increase in 

barren, urban and fallow land from 20% in 2000 to 

44% in 2020 around Ropar wetlands has been 

observed. The forest cover decreased from 47% in 

2000 to 17% in 2020 and water bodies from 14% to 

10%. Similar trends in the land use and land cover 

changes were observed in various studies conducted 

on Daihai Lake, Mongolia (wetland area decreased by 

84.47 km
2
 from 1976 to 2015)

(26)
, Deepor Beel, 

Assam (decrease in wetland area by 9.8 km
2
 from 

2001 to 2011)
(27)

, Pong Dam wetland
27

 and Kapkatet 

Wetland, Kenya (wetland decreased by 24.77% from 

1986 to 2019).
(28)

 Numerous causes including 

population growth, urbanization and the need for 

increased food production to satisfy the growing 

demand, can be related to the development of 

agricultural land near wetland habitats.
29

   

Punjab contributes significantly to the rice and 

wheat procurement, which has played a vital part in 

its agricultural success. Ninety-five percent of the rice 

and sixty-five percent of the wheat in the state, 

produced locally, were acquired by government 

agencies in Punjab in 2016–17.
(30)

 Since rice 

cultivation requires more water, agricultural areas in 

Punjab have shifted more towards the rivers. The 

major reason for the conversion of land around the 

wetlands into agricultural land is the enrichment of 

soil around wetlands due to nutrient deposition.
31

 

Also, few farmers may have shifted near wetlands due 

to other economic reasons such as, easy availability of 

water for irrigation.
32

 Unfortunately, this has caused a 

lot of natural wetlands areas to decline, which also 

affects the water bodies present near them.
33

 The 

boost in government policies in recent decades that 

support growth in the agricultural sector may also be a 

reason for the expansion in agricultural land area near 

water bodies and in general. The Punjab State 

Agricultural Policy (2013) aims to make agriculture 

sustainable, profitable, and productive and to ensure 

food security for the state. It provides various 

incentives and support to farmers for adopting modern 

farming techniques and practices. These projects may 

encourage farmers in the region to boost their 

agricultural productivity, which could have led to the 

increase of agricultural land near the wetland 

locations of Ropar. Similar trends have been seen in a 

study by Mabwoga and Thukral
34

 on the Harike 

wetlands of Punjab.  

There may be several reasons for the increase in 

barren, urban and fallow land. Firstly, the growth in 

population and urbanization is a major factor. India's 

overall population expanded from 0.4 billion to 1.2 

billion between 1951 and 2011, at a decadal growth 

rate of roughly 22% on average. Urban centers 

doubled in size during this period, while urban 

population expanded eightfold. As the population 

grew, need for land, food and housing grew leading to 

the conversion of agricultural and natural land to 

urban areas, putting pressure on wetlands and flood 

plains to meet the increased demand for resources.
35

 

The development of infrastructure such as, highways 

and roads can lead to the acquisition of land, resulting 

in the conversion of agricultural or natural land into 

barren or urban land.
36,37

 Construction and 

infrastructure projects near a wetland site cause 

physical and chemical alterations that can extend for 

miles and persist for years and these modifications 

induce a predictable set of biological effects.
38

 

Although building a highway has economic benefits, 

it can have a negative impact on wetlands. The 

construction process and increased traffic can lead to 

pollution, fragmentation and destruction of the 

ecosystem. Moreover, highways require a lot of land 

which often leads to displacement or damage of 

wetlands.
39

 The National Highway 21 and the 

Beas-Sutlej Link Project have been built near Ropar 

between 2000-2020 and both the projects have 

contributed to an increase in urban and arid areas in 

the vicinity of wetlands. This increase in barren, 

urban and fallow land may have social and economic 

impacts as well. Along with the aforementioned, 

extensive deforestation, conversion of forest land to 

farmland and development of tourism sector also 

influences the land use change significantly.
40

 

Urbanization and development activities including 

Fig. 5 — Percentage change in the Land Use Land Cover pattern 

of Ropar Wetland 
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construction, infrastructure development, and land-

use change are the main change in LULC. Paddy 

fields, water bodies and wetlands have all 

significantly decreased as a result of these operations. 

Areas used for paddy farming have decreased by 

83%, while settlements have developed and expanded 

by 112%.
41

 Furthermore, increase in commercial 

activities such as, saltpan activities around the 

wetland can lead to decrease in forest cover and 

fallow ground in wetlands.
42

 Further, a large eco-park 

was established near the Ropar wetlands which can 

have adverse effects on the wetland ecosystem due to 

human activities like tourism and pollution. A similar 

impact was seen in protected areas of Kenya.
43

  

Forest cover around the Ropar wetland decreased 

from 47% in 2000 to 17% in 2020 and the possible 

reason could be urbanization around wetlands leading to 

clearing up the forest cover. The Ropar wetland habitats 

may suffer serious long-term effects if the forest cover 

continues to alter. Loss of forest cover may cause water 

quality to deteriorate which may affect the aquatic and 

avian species that depend on wetlands for habitat and 

food. Wetlands play an important role for many 

migratory bird populations. When wetlands are 

degraded, bird species can suffer decreases in both 

numbers and distribution.
44

 Studies have found that 

resource scarcity due to degradation of wetlands, 

especially during the winter months, is a big problem. It 

is suspected that nearly half of all bird species 

worldwide are suffering population decreases.
45

 Recent 

research shows that habitat distribution and hunting 

account for much of the avian diversity loss in 

wetlands.
46

  

If, the area around wetlands gets converted into 

barren land or brought under cultivation may 

contribute to water pollution and cause siltation 

leading to loss of water bodies.
47

 Replacement of 

deep-rooted wetland vegetation with shallow-rooted 

crops results in increased siltation.
34

 During the 

harvest season, there is a release of excess nutrients 

into the water bodies, leading to chemical imbalances 

due to altered nutrient composition of water. 

Additionally, there may be surface runoff caused by 

obstructions in river channels. These factors can 

contribute to a decline in the water quality of the 

wetland and disrupt its ecosystem.
48

 Apart from this, 

encroachment, fishing, boating operations and the 

disposal of plastic waste will lead to deterioration of 

wetland’s Water Quality Index (WQI) leading to 

water pollution.
49,50

 

NDWI (Normalized Difference Water Index) and MNDWI 

(Modified Normalized Difference Water Index) 

NDWI results suggest that the percentage of the 

area under the water body in Ropar wetland decreased 

slightly from 14% in 2000 to 10% in both 2010 and 

2020. The minimum and maximum values of NDWI 

(−0.2 and 0.1) (Fig. 6) are typical thresholds used to 

distinguish water bodies from other land cover types 

in remote sensing analysis. The total area for water 

bodies in 2000 was 375 hectares, which decreased to 

289 hectares in 2010. In 2020, the total area of water 

bodies increased to 306 hectares.  

MNDWI map of the study area is displayed in 

Fig. 7, with blue colors indicating areas with positive 

values which are interpreted as water bodies. Each 

pixel on the map represents a unique value that is 

computed using the previously given method. 

MNDWI values range from positive to negative. The 

MNDWI map in this study demonstrates that regions 

with strong green band reflectance, mostly close to 

zero MNDWI values, are vegetation regions with less 

water, whereas regions with negative MNDWI values 

are associated with bare land or non-water 

characteristics. 

The MNWDI values for the years 2000, 2010, and 

2020 hectare are 396, 342, and 345, respectively. The 

primary distinction between NDWI and MNDWI is 

that the NDWI is more sensitive to open water bodies 

while the MNDWI may identify smaller or shallower 

water bodies that may be spread by nearby vegetation. 

The change in MNDWI area through different decade 

is shown in Fig. 8 

The difference in the area covered by water bodies 

in these years could be due to a variety of factors, 

including changes in precipitation patterns, changes in 

land use and land cover and anthropogenic activities 

such as dam construction or floodgate opening.
51

 For 

example, the increased area noticed in 2020 could be 

the consequence of excessive rainfall or the opening 

of floodgates, resulting in a higher flow of water in 

the region.
41

 Similar trends were observed in Renuka 

wetland, Sirmaur District, Uttarakhand,
52

 Atikhisar 

Dam Lake, Çanakkale City, Turkey and Babina Islet 

in the northern Danube Delta.
53

  

The NDWI and MNDWI studies (Figs. 5 & 6) on 

the Ropar wetland sites found plenty of negative 

NDWI values, indicating a drop in water content. 

Drought, human activities such as damming and  
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groundwater pumping, land-use change, natural 

processes such as evapotranspiration, and climate 

change may all be responsible for the decline in water 

content. These factors can harm wetland ecosystems, 

resulting in habitat loss for plant and animal species, 

decreased water quality, and increased wildfire risk. 

Fig. 6 — NDWI for the Ropar wetland for the years 2000, 2010, 2020 

Fig. 7 — MNDWI for the Ropar wetland for the years 2000, 2010 and 2020 
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The primary distinction between NDWI and MNDWI 

is that the NDWI is more sensitive to open water 

bodies while the MNDWI may identify smaller or 

shallower water bodies that may be covered by nearby 

vegetation. 

Erosion and Accretion Calculation 

The changes in the Ropar wetland's land area in 

hectares over three different periods: 2000–2010, 

2010–2020, and 2000–2020 is shown in Table 2.  

The data on erosion and accretion in the Table 2 

shows changes in the land area brought on by natural 

processes like erosion, ‘the loss of land as a result of 

water or wind movement’, and accretion, ‘the gain of 

land as a result of sediment deposition’. A section of 

the Sutlej River that forms the Ropar wetland is 

depicted in Fig. 9.  

The river surrounding the Ropar Wetland in 2000, 

2010 and 2020 and the decadal changes that have 

occurred in terms of erosion and accretion are 

illustrated in the Fig. 10. 

2000 – 2010: During this period, the wetland area 

declines by 75 Ha due to erosion, while gains 12 

hectares through accretion. This means that there was 

a net loss of 63 hectares of land over the decade. The 

unchanged land area was 251 hectares.  

2010 – 2020: In the following decade, from 2010 

to 2020, the wetland area declined by 6 Ha due to 

erosion and gained 26 hectares through accretion. 

This represents a net gain of 20 hectares of land over 

the decade. The unchanged land area was 

257 hectares.  

2000 – 2020: For an entire 20-year period from 

2000 to 2020, the data show that the wetland lost a 

total of 69 hectares of land due to erosion while it 

gained 14 hectares through accretion. This means that 

there was a net loss of 55 hectares of land over the 

two decades. The unchanged land area was 

326 hectares. 

Overall, these results imply that the wetland had 

significant erosion during the two decades, which was 

not entirely compensated by gains through accretion. 

The main cause for the erosion around wetland 

sites is a change in land use patterns and hydrological 

alternations during this period. The wetland is 

suffering these disruptions due boost in urban 

development as well as an increase in the agricultural 

land around the wetlands. Furthermore, the 

construction of large reservoirs and dam hinders the 

natural flow of the river ultimately resulting in 

sedimentation. Sedimentation and erosion are 

interrelated processes. When sedimentation occurs, a 

large chunk of sediments builds up at the bottom of 

the river or water body which can be dislodged by the 

strong flow of the river causing erosion.
 

During 

erosion, strong force of water move sediments from 

the bottom and changes the shape and depth of the 

water body and possibly damages the ecosystem. The 

Fig. 8 — Area changes in percentage for different decades using 

MNDWI 

Fig. 9 — Part of Sutlej River that forms the Ropar wetland 

Table 2 — The area around Ropar wetland with data of Unchanged area, Erosion and Accretion area (Ha) 

Year Previous 10 Years Next 10 Years Unchanged Area Erosion Accretion Net Gain/Loss 

2000–2010 326 263 251 75 12 −63

2010–2020 263 257 232 6 26 +20

2000–2020 326 257 243 69 14 −55
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building of the Bhakra Dam on the Sutlej River in the 

1960s caused greater sedimentation in the Ropar 

wetlands downstream which may affect the reservoir’s 

capacity significantly. Sand and gravel mining in the 

Ropar Wetland's catchment area, which receives water 

from the Sutlej River caused sediment to accumulate in 

the wetland. Mining activities involved removing rocks 

and mud, which increased the river's silt load and led to 

settling. As can be seen in Fig.10, sedimentation in 

Ropar wetland during the period of 2000–2020 can be 

attributed to a combination of factors, including land use 

changes, agricultural runoff, water infrastructure, climate 

change, and natural erosion. Addressing these factors is 

critical for the protection and preservation of wetlands 

and their ecosystem services. 

Kappa Accuracy 

The accuracy of the classification of satellite 
imagery in three different years was evaluated during 
the study. In the year 2000, the overall accuracy 
was found to be 87.5%, with a kappa coefficient of 

83.33%, indicating moderate to strong agreement 
between the classified map and the reference map. 
In 2010, the overall accuracy was found to be 
96.87%, with a kappa coefficient of 95.83%, 
indicating a strong agreement between the 
classified map and the reference map. In the year 
2020, the overall accuracy was found to be 93.75%, 
with a kappa coefficient of 91.67%, indicating a 
strong agreement between the classified map and 
the reference map. Results of land cover 
classification accuracy for the Ropar wetland area 
in three different years: 2000, 2010, and 2020 are 
depicted in Table 3. For each year, the table 
provides user accuracy and producer accuracy 
values for each land cover type, as well as overall 
accuracy and kappa coefficient values. 

Conclusions 

The investigation of changes in land use and land 

cover in the Ropar wetland, utilizing remote sensing 

techniques shows that major alterations have occurred 

Fig.10 — River around Ropar wetland during the years 2000, 2010 and 2020 and decadal change representing Erosion and Accretion 

Table 3 — Kappa accuracy for years 2000, 2010, 2020 

Land Cover Type User Accuracy 

(2000) 

Producer Accuracy 

(2000) 

User Accuracy 

(2010) 

Producer Accuracy 

(2010) 

User Accuracy 

(2020) 

Producer Accuracy 

(2020) 

Water Body 100% 80% 100% 100% 100% 100% 

Barren/Fallow/Urban 87.5% 77.78% 100% 88.89% 87.5% 100% 

Forest cover 87.5% 87.5% 100% 100% 100% 88.89% 

Agricultural land 75% 85.72% 87.5% 100% 87.5% 87.5% 

Overall Accuracy 87.5% — 96.87% — 93.75% — 

Kappa Coefficient 0.8334 (83.34%) — 0.9583 (95.83%) — 0.91 (91.67%) — 
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over the last 20 years. The study shows a slight reduction 

in the wetland's water body area and forest cover change 

with erosion leading to a net loss of land. Additionally, 

some accretion has happened in the wetland over the 

years. These results emphasize the need to develop better 

management strategies to protect and restore the wetland's 

ecological and hydrological functions, especially in the 

face of forthcoming environmental challenges. 

Implementing effective management practices that 

understand the intricate links between land use, 

hydrology, and ecological processes is crucial to 

safeguard the Ropar wetland's ecological and 

hydrological functions. This study contributes to 

understanding wetland ecosystem health and emphasizes 

the importance of monitoring and protecting wetlands 

from human activities negative impacts. Additionally, 

encouraging integrated evaluations that take into account 

issues such as land use, erosion processes, hydrology, and 

climate change can help develop a comprehensive 

strategy for managing the wetland ecosystem. The 

effective conservation and sustainable management of 

Ropar Wetland will be ensured by aligning these research 

objectives with the Sustainable Development Goals 

(SDGs) and incorporating the results into governmental 

policies, fostering environmental protection, 

socioeconomic development, and long-term ecological 

sustainability. 
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