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            Abstract

            
               
Analysis of land use and land cover dynamics in the Sind watershed of Kashmir provides valuable insights into the changes
                  that have occurred in the region over the past three decades. The use of satellite images from Landsat 5 TM in 1995, 2005,
                  and Landsat 8 TM in 2015 and 2019 with a spatial resolution of 30m allows for a comprehensive and detailed analysis of the
                  changes in the study area. The images were processed using ArcGIS 10.2.2 and ERDAS Imagine 14, and land use classes identified.
                  The results of the study showed that there has been a significant increase in farmland and settlement areas in the past 25
                  years. This increase can be attributed to the growing population and the increasing demand for agricultural production and
                  urbanization. These changes have important implications for the ecosystem and the environment, as well as for the livelihoods
                  of the local people. The conversion of natural lands, such as forests and grasslands, into agricultural or urban areas can
                  lead to habitat loss and degradation, soil erosion, and increased runoff and pollution. The retrospective analysis of land
                  use and land cover dynamics in the Sind watershed of Kashmir provides important information for decision-makers and highlights
                  the need for sustainable land use practices to ensure the protection of the ecosystem and the livelihoods of the local people.
                  The findings of this study can inform policies aimed at promoting sustainable land use and environmental management in the
                  region.
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               Introduction

            Land is one of the most important resources, which not only supplies food for biotic populations but also eases human subsistence
               by offering a variety of economic advantages. Since the beginning of time, humans have altered the natural land cover of their
               surrounds to fulfil the ever-increasing demands of their needs for many reasons, including economic, social, and political,
               recreation, etc. According to Riebsame et al.1 the human population is the only force that can affect the earth's surface, making it the main driver of environmental change
               in addition to natural influences. Due to the world's tremendous population expansion over the past few decades, ﻿land usage
               has substantially changed worldwide 2, 3. The exponential increase in human population and related activities is changing land resources  4 and altering housing, industrial, and agricultural infrastructure  5. To fulfil the rising demands on land resources, the rapidly expanding populace causes people to relocate near vulnerable
               ecosystems like mountains, marshes, forests, etc. This immediately interferes with and changes the natural land cover of a
               region, resulting in serious environmental issues. The expansion of settlements and farmland at the expense of natural land
               cover, particularly aquatic bodies like wetlands and lakes, is the result of the human population's disproportionately high
               growth rate. These changes have a substantial influence on physical surroundings as well as on the social and economic circumstances
               of its inhabitants  6. Changes in land use and land cover are among the most significant elements affecting the world's ecological systems  7. Besides the consequence of population increase; industrialisation, and urbanisation, have equally contributed towards the
               radical LULC change. Land use and land cover is one of the primary drivers of global change, even while changes in land cover
               brought on by land use may not always indicate deterioration of the land. Along with other features of the geoenvironment
               and natural ecosystems, this has an effect on biodiversity, hydrology, and the radiation budget. Changes in land cover condition
               and composition have an impact on the climate, biogeochemical cycles, energy flows, and people's livelihoods  8, 9. 
            

            Land use and land cover (LULC) are two interchangeable concepts in land change research, although they have different implications.
               Land use is defined as "human actions on and in connection to the land that are typically not readily visible from imagery"
               10, whereas land cover is defined as "the vegetation and manmade constructions covering the land surface"  11. Humans' ability to regulate the rate and pattern of LULC change is mostly determined by their social, economic, and political
               traits. Around the world, many land use categories are increasingly replacing land cover  12. The terms "land use" and "land cover" are commonly used interchangeably when discussing changes in land use on the surface
               of the globe. Planning and management of natural resources require knowledge of LULC and its effects 13, 14, 15, 16. Ecological conditions, elevations, geological structure, slope, as well as technical, social, and institutional elements,
               all have an impact on land-use patterns 17, 18, 19. Current systems for tracking environmental changes and managing natural resources now include LULC change as a key and fundamental
               element 20, 21. LULC and its resources have been used for the social, material, cultural, and spiritual needs of humans, while, in the process,
               humans have caused significant changes 22. Researchers, policymakers, and planners utilize LULC information to determine changes in natural resources, including evaluating
               growth patterns  23. A better understanding of land dynamics requires the detection of LULC change 21. Empirical studies by researchers from diverse disciplines proved that changes in LULC are key to various applications such
               as hydrology, agriculture, forest, environment, geology, and ecology 24. Assessment of changes in land use and land cover is essential to understanding many dimensions of the interaction between
               the natural environment and people 25, 26, 27, 28, 29, 30. In order to address a number of environmental problems at the regional level, including uncontrolled growth, the erosion of
               farmland lands, the degradation of wetlands, and the devastation of animal habitat, it is essential to evaluate land use and
               land cover  31. Additionally, the LULC alterations should be given more thought in terms of land management due to their frequently imminent
               detrimental effects on the condition and stability of ecosystem functioning  32. Studies on land use and land cover change make an effort to identify the locations of change, and the types of land cover
               that are changing, (3) the kinds of transformation taking place, (4) the speeds or volumes of land change, and (5) the primary
               drivers and indirect causes of change (Loveland and Acevedo 2006) . Large-scale changes in the Earth's land surface are being
               brought on by growing anthropogenic activity in the biosphere, which has an impact on how well global systems function  33. Techniques for mapping land use/cover and spotting changes have been created and used all around the world during the past
               few decades (34, 35, 36, 37, 38. GIS and remote sensing (RS) have long been acknowledged as crucial and effective methods for detecting LULC changes at various
               geographical dimensions  39. Evidence has been derived from remotely sensed data using a variety of change detection methods and image analysis  10. In contrast, GIS incorporates data from RS to create a clear knowledge of LULC modelling. For the identification of LULC
               patterns, RS and GIS have proven to be quite helpful 40, 10, 41. 
            

            The Kashmir valley saw significant changes in land use and land cover, mostly as a consequence of population growth, economic
               expansion, modifications in agricultural methods, and the implementation of various development projects, notably over the
               past three decades. The LULC dynamics in the area are not well understood since the LULC changes are not routinely observed
               and estimations of the size of the changes are seldom. Large amounts of forest cover are being transformed to different land
               uses as a result of the growing population and urbanization in India's Himalayan states, causing significant soil erosion38. However, recent data shows that the amount of forest is growing in several Himalayan places  42. 
            

         

         
               Study Area

            

            
                  
                  Figure 1

                  Study area Map of Sind watershed 
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            The Sindh stream is a major tributary of River Jhelum in Kashmir valley arising in the Zojila mountain, flows towards the
               West and augments itself with the streams coming down from mountains on left and right sides from Holy Amarnath, Kolahai and
               Panjtami snowfields. After flowing up to Ganderbal it spreads out near Harran and escapes into the Anchar lake, while the
               other merge with Jhelum at Shadipur. Sindh is a fast-flowing torrential river in its upper and middle reaches, while as in
               the lower reaches it becomes calm and flows slowly. The region has abundant water resources, including several large lakes,
               springs, and rivers, which are crucial for irrigation and other uses. The region also supports a wide variety of flora and
               fauna, and is home to several wildlife reserves and protected areas. The Sindh stream is a crucial part of the hydrological
               system in the Kashmir valley and plays a vital role in the region's water resources. Its fast-moving upper and middle portions,
               as well as its calm lower reaches, make it a unique and important feature of the region's geography. In recent years, Ganderbal
               has experienced rapid urbanization and development, with an increase in population and construction activity. This has led
               to increased pressure on the region's natural resources and its unique cultural heritage, and highlights the need for sustainable
               land use and development practices.
            

         

         
               Materials and Methods

            
                  Data Acquisition and Preparation

               Numerous studies have supported the effectiveness of space-borne imaging in evaluating changes in land use and land cover
                  (LULC). Geospatial application, including LULC classification, is among the most commonly used applications of remote sensing
                  technology. The present study, we used Landsat data of four-time points for 1995 and 2005 the Landsat 5 (TM) data while for
                  2015 and 2019, the Landsat 8 (OLI/TIRS) data downloaded from United States Geological Survey (USGS) Earth Explorer has been
                  used in this study for LULC mapping and change analysis with 30m resolution to analyze and highlight the status of Landuse/Landcover
                  change in the study area. Satellite data was downloaded from the web portal www.earthexplorer.usgs.gov which is hosted by
                  Global land Survey (GLS) data system, After the determination of data quality, The obtained satellite imagery have been atmospheric,
                  radiometric corrected during preprocessing stage. The analysis of the acquired Landsat data was done in ERDAS and Arc GIS
                  environment and subsequently, Landuse classes’ map of the study region was prepared by supervised classification using Maximum
                  Likelihood Algorithmic in the Arc GIS platform. A classification scheme was developed and tested for change detection in the
                  study area based on prior knowledge and was validated using ground truthing.
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                  Accuracy assessment

               The term ‘accuracy’ is often used to represent the degree of ‘correctness’ of a map or classification in thematic mapping
                  from remotely sensed data. If a thematic map accurately depicts the land cover of the region it depicts, it can be said to
                  have been created using categorization. The degree to which the resultant image categorization agrees with reality or complies
                  with the ‘truth’ is essentially what is meant by classification accuracy (C). Several factors may lead to an accuracy assessment.
                  It could be done, for example, to give a general assessment of a map’s quality, to serve as the foundation for comparing various
                  categorization systems, or to try to comprehend error.
               

               The overall accuracy and kappa coefficient was determined using the { label needed for disp-formula-group[@id='disp-formula-group-7abef71cb0a849af9c77a7873ae99e68'] }, { label needed for disp-formula-group[@id='disp-formula-group-f42421d933c14c0a9940b08bf4834a63'] }.
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                  ToA correction

               The reflectance estimated by a space-based sensor fixed in a device flying above the Upper orbit is referred to as top of
                  atmosphere. Observations capture the effects of clouds, aerosols, and gases in the atmosphere.
               

                TOA reflectance can be derived using Equation 1:
               

                  
                  
                        
                        ρ
                        λ
                        =
                        π
                        *
                        L
                     
                  

               

               were

                
                     
                        ρ
                      = Unit less planetary reflectance
               

               d = Distance between Earth and Sun in astronomical units

               L = Spectral radiance

               s = Solar zenith angle

               ESUN = Average solar exo-atmospheric irradiances

            

            
                  Lulc generation

               Land use/land cover (LULC) classification is a commonly used method for extracting information from satellite imagery. In
                  this study, False Color Composite (FCC) imagery was utilized to generate LULC data for the Sind watershed. Among various LULC
                  classification techniques, a supervised classification method using the maximum likelihood classifier algorithm was employed
                  to create LULC maps. The study identified seven LULC classes, including built-up, cropland, forest land, grassland, shrub/scrub,
                  snow, and waterbodies. To address initial classification errors, post-classification techniques such as ground truths of classified
                  scenes were employed.
               

            

         

         
               Results and discussion

            Land use Land cover (LULC) change is considered to be among the most massive and visible change of the earth’s surface. Land
               use land cover change has been evaluated worldwide. The rising trend of LULC change in the watersheds demonstrates the worldwide
               importance of economic considerations in driving principals for human land alteration. The land use land cover changes of
               various catchments of the Kashmir valley have been evaluated already. Most of the studies have shown LULC changes in almost
               all the catchments of the Kashmir valley. Transitions in LULU in the catchments of Kashmir are quite common from unirrigated
               system (Forests, Barren land) to irrigated system (agricultural and horticultural activities) due to enhanced crop production
               and economic gain43, 44, 45. Sindh Catchment has also registered a considerable land use land cover LULC change in almost all the category classes during
               the last 25 years across its length and breadth; however, the changes have been widespread within the selected areas of the
               study region because of newly created settlements. Although the area displays insignificant changes during 1995 to 2005 but
               the significant changes have occurred during the decade of 2005 to 2015. The observed land use trend is consistent with other
               catchments of Kashmir valley like Wular, Lolab and Sheshnag where habitation and cultivation were found to be dominant  5. The detailed land use and land cover changes within the study area during the reference time period (1995–2005–2015-2020)
               are illustrated in Figure and Table 1 respectively. The table and figure reveal that most the classes under consideration
               shows slight changes in the period from 1995 to 2005. However, significant changes in Land use and Land cover have been recorded
               in the decade of 2005-2015. The remaining period from 2015 to 2020 also registered slow changes in LULC in the study region.
               The maximum net change (675.98) was recorded in Shrub/Scrub classes followed by forest (-368.19), snow (-216.82), cropland
               (-123.05), grassland (41.52), and buildup (22.36) respectively (Table  1, Figure  1). The detailed analysis of all the land use categories are given below. 
            

            
                  
                  Figure 2

                  Illustrating LULC variations for various time periods (a) 1995 (b) 2005 (c) 2015 (d) 2019
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                  Figure 3

                  Showing NDVI time series for Sind catchment for two time periods (a) 2000 (b) 2019
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                  Built-up
                  
               

               The net change in the build-up class shows an increase of 22.36 sq. kms from 1995 to 2020. Although the change was slightly
                  negative (0.04) from 1995-2005 but the class registered 21.50 sq. kms change during the period of next 10 years i.e., from
                  2005-2015 and is still increasing. The positive change in build-up class can be attributed to the increasing population pressure
                  which thereby forces the people for constructions of houses and other commercial establishments. The built-up area has primarily
                  encroached on agricultural land and wetlands The rising built-up area, particularly along roadways and in peripheral zones,
                  has a negative impact on the region's environmental quality. This tendency is also congruent with India's national situation,
                  where 0.7 million hectares of agricultural land were lost to urban growth between 2001 and 2020).
               

            

            
                  
                  Cropland 
                  
               

               Cropland forms one of the most important land use class in the study region as most of the population depends on agriculture
                  for their source of livelihood. The crop land revealed a very high change of 123.05 sq. kms from 1995 to 2005 which means
                  a decline of 54% of the agricultural land in the study region. Again, most of the change was observed during the period of
                  2005 to 2015. The drastic change in this class can be related to the significant shift in land use practices in the study
                  area from rice to apple production between 1992 and 2015. Furthermore, at this time, a significant percentage of agricultural
                  land was lost to built-up growth. The figures are consistent with earlier research undertaken in various areas of the Kashmir
                  valley 41.
               

            

            
                  
                  Forests
                  
               

               The area under forests revealed a significant drop in the Sindh watershed of the Kashmir valley. From 1995 to 2005, a loss
                  of 109.19 sq. kms was recorded in the class and the decline almost increased to one and a half times during 2005-15. The table
                  and figure reveals that decline in the forest cover continued till 2020 and the overall decline 368.19 sq. kms was recorded
                  which is more than half of the total forest cover of 1995. Gull recorded a loss of 12.56 square kilometers from 2003 to 2013
                  in the Sind catchment. The decline in the forest cover can be attributed to illegal logging and loss of forests owing to political
                  instability in the Kashmir valley. Large forest were completely wiped out particularly in the higher ranges during these two
                  decades. However, with the efforts of government and non-government agencies, the destruction of forest cover was curbed and
                  therefore witnessed a slight decrease from 2015-2020.
               

            

            
                   Grassland 

               Grasslands were observed to be revealing two change patterns during the selected time period i.e., the area under grassland
                  was 179.54 sq. kms in 1995 which increased to 303.03 sq. kms during 1995 to 2005 and then again decreased from 303.03 sq.
                  kms to 222.88 sq. kms. The overall increase in the grass land was found to be about 41.52 sq. kms. 
               

            

            
                  
                  Shrub/Scrub
                  
               

               Shrubs are usually found in transition zones between forested and non-forested environments, taking up space mostly from forests
                  and agricultural land. The table and figure reveals this LULC class has shown a significant change mostly in the time period
                  of 2005-2015. The overall area under this class was 675.98 sq. kms in 2020 showing that the area has increased by 20 times
                  since 1995.
               

            

            
                  
                  Snow
                  
               

               The snow cover has lost 216.82 sq. kms of area during the reference period which is second highest decrease after forests
                  in the study area. During 2005-15, more than 200 sq. kms were lost under this category hence showing the significant impact
                  of climatic change and anthropogenic activities. 
               

            

            
                  
                  Water Bodies
                  
               

               The area under water bodies was recorded as 7.28 sq. kms in 2020 hence showing a drastic decrease. More than 70% of the area
                  under water bodies have lost during the reference period. Water bodies are the most stressed natural resource in the Kashmir
                  valley due to changing climate and anthropogenic influences. The valley's lakes and rivers show considerable structural changes
                  and loss of area as a result of extensive human involvement and oscillations in the water budget. Another key element contributing
                  to the diminishing bathymetric features of water bodies in the study region has been the sediment load acquired from the feeder
                  rivers. Furthermore, weak management techniques have led in pollution and deterioration of the health of these vital aquatic
                  habitats. 
               

               

               
                     
                     Figure 4

                     Showing Land use land cover statistics for Sind watershed from (1995- 2109)
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                     Figure 5

                     Showing Land use land cover change statistics in Sq. Kms for Sind watershed from (1995- 2109)
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               Conclusion

            The assessment of LULC dynamics is of vital importance in assessing the global and regional ecosystem changes. LULC changes
               depict the direct relationship between the man and his environment. In the present study, geospatial techniques have been
               used for assessing the LULC changes in Sind Catchment from 1995 to 2020. Results of the study revealed that the study area
               has experienced various changes in LULC during the past 25 years. Significant positive increasing change is seen in horticulture
               and built-up area with a decrease in agriculture, forest area and water bodies. Agriculture which forms the backbone of the
               study area is being transformed into horticulture and settlement area due to the increased demand of the population. Forest
               land has been cleared for timber and expansion of seasonal agricultural activities besides rendering large areas of forests
               barren. The majority of these LULC changes are unintentional, primarily the product of human activity, and have a variety
               of detrimental effects on the environment. The study found that geospatial techniques can be effectively utilized for assessing
               and monitoring of natural resources and aiding the land use planners for arriving at sustainable land use policies. The study
               recommended that construction activities of settlements should not be encouraged at the cost of valuable agricultural land.
               We anticipate that the findings of this study will aid decision-makers in understanding the scenario of changing land use
               and land cover and in developing an efficient and environmentally friendly land use policy for the Kashmir valley as a whole
               and Sind catchment in particular.
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