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Abstract

In the light of growing debates over climate change, population growth, and associated activities, wetland ecosystems 
have gained immeasurable importance as they have potential to serve both environmentally and economically. Hence, 
the evaluation of wetland ecosystems dynamics and development of comprehensive management policies demand 
accurate assessment of land use–land cover changes over time and distinct hydrological processes taking place in such 
aquatic ecosystems. Assessment of such changes is imperative to deal with various perspectives of resource manage-
ment, ecosystem conservation, sustainable development and land use planning, etc. The present study aims to examine 
the spatiotemporal dynamics of LULC in wetland ecosystems of Kashmir Valley using Landsat datasets of the period 
1994–2018. Maximum likelihood classi�er was used to quantify LULC changes in ERDAS IMAGINE (14). A total of seven 
categories were classi�ed viz. forest, plantation, marshy land, water body, horticulture, agriculture, and built-up. From the 
present analysis, two patterns of LULC changes were observed in the study area (in both cases: Wular, as well as, Hokersar 
and Anchar): (1) Continuous increase in area of respective categories: agriculture, horticulture, and built-up (Wular Lake); 
forest, plantation, agriculture, and built-up (Hokersar and Anchar Lake); (2) a consistent decrease in categories like: for-
est, plantation, water body, and marshy land (Wular Lake); water body, marshy land, agriculture (Hokersar and Anchar 
Lake). Most signi�cant change in terms of area has been observed in plantation −5378.18 ha, water body −3954.94 ha, 
and built-up +2556.18 (Wular Lake); horticulture +4884.3 ha, built-up +6071.96 ha, agriculture −11,605.43 ha, and water 
body −106.01 ha (Hokersar and Anchar Lake). The LULC transformation, mostly driven by human-induced factors, pose 
a severe threat to wetland ecosystems of Kashmir Valley. Anthropogenic activities threatening the wetland ecosystems 
may include urban development, agriculture and horticulture practices, impacts of insecticides and pesticides, fertilizers, 
climate change and invasion of alien species.
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1 Introduction

In land change sciences, land use and land cover (hereafter 
LULC) are two exchangeable terminologies used with dif-
ferent references, but often being used interchangeably 
[11]. The LULC pattern of any geographical area/setting 
is the interplay of environmental, institutional, and socio-
economic factors [35] and their exploitation by humans 

over space and time. Land cover represents physical char-
acteristics covering the earth’s surface, like, vegetation, 
soil, water and arti�cial constructions, while as land use 
refers to those activities of man in which land resources 
are put to use with the sole aim of obtaining products or 
bene�ts. Complex interactions between behavioral and 
structural factors associated with social relations, demand, 
infrastructural and technological capacity, lead to land-use 
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changes a�ecting not only demand and function of the 
environment but also nature of the environment [64, 68]. 
LULC changes in last few decades induced by human activ-
ities are found to be a prominent cause for degradation of 
the environs. These modi�cations in LULC have a signi�-
cant impact on the physical environment of a place and 
also in transforming the social and economic conditions 
of people inhabiting that place [74]. The rate and dimen-
sions of alterations to land surfaces by humans particularly 
in terms of LULC change are so encroaching and unprec-
edented that they eminently a�ect the signi�cant features 
of earth systems by transforming the geography of a large 
part of the land surface [15, 34]. The assessment of LULC 
change has become essential to varied aspects of natural 
environment and man, and a complex interplay among 
them [24, 29, 38]. Ecologists throughout the world pay sig-
ni�cant interest to adverse impacts of changing land use, 
especially with special concerns to aquatic ecosystems and 
biodiversity [66]. Changing LULC patterns in watershed of 
Wular Lake in�uence its water quality which in turn a�ect 
the biotic setup of the ecosystem. To overcome the burn-
ing issues of environmental crisis like the destruction of 
wetlands, loss of fertile agricultural lands, destruction of 
wildlife habitats, unregulated development practices, it is 
thus imperative to evaluate the LULC changes at a regional 
level in particular and global level in general [4]. Hence, it 
is highly required to have information on LULC because 
this understanding is necessary for its optimal use, for bet-
ter understanding of landscape dynamics, and improved 
decision-making, implementation and sustainable man-
agement of schemes related to land use [41, 60], so that 
the basic human needs are satis�ed without jeopardizing 
the status of environment.

Change detection analysis is the measure of thematic 
change information and distinct data framework that can 
lead to real judgments in underlying practices in fostering 
LULC changes [1]. LULC change detection process involves 
multi-temporal information obtained through remote 
sensing in identifying the historical changes quantitatively 
in state of any phenomena or objects under investigation 
by observing it at di�erent periods of time and thus helps 
to quantify the changes associated with LULC [46, 73]. The 
study of LULC changes shows where the change is taking 
place, which category is changing, the type of transfor-
mation occurring, rate of change, and causes and driving 
forces behind the changes [40]. It also helps to under-
stand and predict the future pattern of change through 
simulation modeling by depicting when, where, and why 
changes in LULC occur. These models of future projection 
use historical pattern of evolution by involving empirically 
�tting evaluation systems [7]. During the past �ve decades, 
remote sensing techniques have emerged as an essen-
tial tool in mapping, assessing, and monitoring spatial 

information about natural resources, including aquatic 
ecosystems. Di�erent sensors in remote sensing capture 
abundant information and have been used in a number of 
wetland researches by scientists interested in monitoring 
spatial information in a timely manner [50]. Data acquired 
from Lidar, Radar, hyperspectral images, high-resolution 
images, medium-resolution images, coarse-resolution 
images, and aerial photographs have been used to study 
dynamics of wetland ecosystems using different tech-
niques and is an emerging tool for systematic study of 
wetlands.

Remote sensing technology is widely used by scientists 
in wetland research to determine LULC changes, wetland 
mapping [21, 59, 69], monitoring climate warming in 
wetland environs and carbon cycle [22, 25] and release 
of carbon from peatland �res [55, 67], and hydrological 
processes in wetlands [37, 63]. Monitoring of various land-
scapes through the application of remote sensing and GIS 
provide vital information in bringing out the results of 
land-use change and future planning strategies. Over the 
years, remote sensing satellite data in combination with 
descriptive models have e�ectively performed the assess-
ment of LULC and o�ered a broad scope to obtain LULC 
patterns of past, present, and future [36, 44] in cost- and 
time-e�ective manner [14, 61, 71]. Various modeling tools 
are used by scientists to assess the LULC dynamics such as, 
GEOMOD, Markov chain, Markov, and Cellular Automata, 
etc. [27], but while comparing the performance, most of 
the models are found to be fundamentally di�erent. Lidar 
data with optical images is considered as the most impor-
tant tool, with high level of wetland classi�cation accuracy 
by providing elevation information to derive 3-D maps of 
ground surface such as, water level. Its penetration capa-
bility has been widely used where optical sensors are not 
found feasible. Such data has been e�ciently used by 
researchers to identify and map the extent of �ood and 
�ood a�ected vegetation. Similarly, high-spatial-resolu-
tion images are useful for wetland classi�cation and spe-
cies identi�cation particularly for research pertaining to 
mangrove forests with potential to improve the classi�-
cation accuracy of the data set under investigation. But 
due to high cost of these datasets, they are mostly used 
by researchers for small areas. Coarse resolution data of 
AVHRR and MODIS with low spatial resolution but large 
area coverage are being used to study wetlands. Indices 
of MODIS and AVHRR such as NDPI, NDMI, NDWI, and NDVI 
are considered useful for wetland studies. Among all the 
datasets, aerial photographs are a type of high-resolution 
data employed for wetland species identi�cation, wetland 
classi�cation, wetland mapping and to test the accuracy 
of raster layers.

Remotely sensed data help to identify and study various 
features of wetlands like lagoons, salt pans, salt marshes, 
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marshy vegetation, and tidal �ats. In addition to these fea-
tures, it helps to study the identi�cation and monitoring 
of the vegetative cover, its aerial extent [49], signi�cance, 
and spatiotemporal patterns [6, 54]. Imagery using multi-
temporal satellite data has proved to be a commonly used 
tool to detect changes in wetland ecosystems since the 
early 1980s [45]. According to studies, about 84% wet-
lands of international importance listed in Ramsar were 
threatened or have undergone ecological change [43], 
and 50% of the existing wetlands since 1990 have been 
lost [13]. Over the past �ve decades, changing land cover 
has resulted in pollution, degradation, and dramatical 
decline of wetland ecosystems in some regions of the 
world [23]. Wetland ecosystems have witnessed drastic 
permanent and seasonal alterations in response to chang-
ing LULC [33], climate change [12], water table �uctuations 
[17], urban expansion [20, 53], and other anthropogenic 
activities. Changing LULC patterns result in marked spa-
tial heterogeneity both in the structure and functioning 
of the wetland ecosystems. These human-induced LULC 
changes often generate e�ects hampering the ecosystems’ 
functioning.

The Valley of Kashmir has also drastically witnessed 
LULC changes over the last �ve decades on account of 
numerous anthropogenic activities. The dire land transfor-
mation in the ecologically sensitive Kashmir valley, largely 
driven by human-induced factors has given enough scope 
to multiple environmental issues [2]. Among them, the 
most prominent causes are rapid growth rate of popula-
tion, changes in agricultural practices (cost–bene�t anal-
ysis), increasing urbanization, deforestation, economic 
growth, and implementation of developmental projects 
and many more, particularly during last 30 years. Water 
bodies of Kashmir Valley are in continuous process of 
eutrophication [31, 32], enhanced by unplanned urbani-
zation, LULC changes, the in-�ow of fertilizers, pesticides, 
insecticides from nearby agricultural and horticultural 
�elds, and increased sedimentation from the catchment 
[5, 48]. These modi�cations in LULC are identi�ed as domi-
nant factors for wetland degradation in Kashmir Himala-
yas [3]. However, wetlands of Indian Himalayas (of which 
Kashmir Himalayas are a part) are facing the crisis of inad-
equate information regarding their spatial extent and how 
they have been varying over time [19]. Uncontrolled and 
unregulated anthropogenic activities at an unprecedented 
rate in the catchment of various wetlands of Kashmir Valley 
like that of Wular Lake have resulted in signi�cant negative 
changes in its landscape [18]. These landscape changes 
in and around wetland ecosystems of the Valley are still 
not systematically monitored, and magnitude estimations 
of these LULC changes are rarely being taken up. In the 
present study, we attempt to map and quantify the spa-
tiotemporal LULC changes of the area, in and around the 

wetland ecosystems of Kashmir Valley with a bu�er of 5 
Sq. Km, by making use of remote sensing techniques in 
combination with Geographical Information System (GIS) 
through Landsat images of the years 1994, 2002, 2010, and 
2018, by applying change detection algorithm.

2  Study area

Geographically Kashmir Valley is a northwest–southeast-
oriented, elongated trough located within geographical 
coordinates of 33° 20′ to 34°43′ N latitudes and 73° 52′ 
to 75° 42′ E longitudes in a transition zone between the 
mountainous region of mighty Himalayas and the Indo-
Gangetic plains covering an area of 15,948 sq. Km. (Fig. 1), 
owing its origin to the tectonic movement of the local 
basement along the fault (Ahmad et al. 2015). This half-
closed ecosystem falling in the UTM zone 43 N is undeni-
ably a gift of the Jhelum River System, made up of detri-
tus lain down by its numerous tributaries brought down 
from the high mountainous areas surrounding it on all four 
sides. Kashmir valley �nds no match in the entire Himala-
yan region in terms of its riches in water resources supple-
mented by a great diversity of freshwater bodies including 
lakes, ponds, wetlands, rivers and streams which assume 
myriad importance in sustaining its rich biodiversity, main-
tenance of hydrological regimes and ecological balance. 
Among all these water bodies, Wular and Hokersar assume 
weighted signi�cance and international importance and 
are recognized by Ramsar Convention. Similarly, Anchar 
a mono-basined lake located nearly 25 km northwest of 
the Srinagar city plays an essential role in conservation 
and regeneration of biological diversity besides water sup-
ply, irrigation, transportation, wildlife and �shery. Though, 
ecologically vital for wetland biodiversity, this aquatic sys-
tem has become a target of cultural eutrophication due to 
human stressors [39, 56]. Wular Lake, Hokersar, and Anchar 
Lake form the actual area of interest for the present study, 
hosting notable human population with their varied socio-
economic activities within these fragile ecosystems. The 
widespread anthropogenic interferences and changing 
LULC patterns in and around the wetland ecosystems of 
Kashmir Valley have been the motivation behind the selec-
tion of this region for investigation.

3  Data and methodology

3.1  Data

Satellite data serve as the primary source of informa-
tion for LULC change detection of any geographical area 
over a period of time. For studying and quantifying LULC 
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changes remote sensing approach usually involves the 
usage of satellite images of two or multiple dates (at least 
two multispectral satellite images are required for com-
parison). Cost-e�ciency and availability of appropriate 
information with spatial resolution of 30 m compatibility 
providing wide range of applications [57] have been the 
motivation behind the selection of Landsat imagery. For 
analysis of LULC change in wetland ecosystems in Kash-
mir Valley (AOI), Landsat-5 Thematic Mapper (7 Novem-
ber 1994), Landsat-7 Enhanced Thematic Mapper Plus (22 
September 2002 and 30 September 2010) and Landsat-8 
Operational Land Imager (19tSeptember 2018) cloud-free 
satellite images were acquired from United States Geologi-
cal Survey (USGS) (https ://glovi s.usgs.gov). Being already 
pre-processed, no atmospheric or radiometric corrections 

were applied to the images. However, for removal of 
geometric incongruity, all the images of Landsat-5 TM, 
Landsat-7 ETM+, and Landsat-8 OLI were co-registered 
to sub-pixel accuracy in ERDAS IMAGINE (14). The images 
for this study were selected based on season. To minimize 
the impacts of the changing season, images from autumn 
season were preferred, keeping in view the vegetative 
characteristics of the area, so that better results could be 
achieved. Speci�cations of the satellite data acquired for 
analysis of landscape dynamics are given in Table 1.

3.2  Land use and land cover classi�cation

Accurate information on LULC change derived from multi-
band raster satellite image, used for the monitoring of 

Fig. 1  Location of the Study 
area (STRM DEM): Kashmir 
Valley

Table 1  Spatial data used in the present work

Data type Source Data speci�cations Time Period

LANDSAT-5 TM Spatial USGS (30 m resolution) Path/Raw 149/36 7 November 1994

LANDSAT-7 ETM + Spatial USGS (30 m resolution) Path/Raw 149/36 22 September 2002 
and 30th September 
2010

LANDSAT-8 OLI Spatial USGS (PAN 15 m, 30 m resolution) Path/Raw 149/36 19 September 2018

https://glovis.usgs.gov
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environmental change, land management, and urbaniza-
tion [65] can be acquired through the process of image 
interpretation and classi�cation [36]. However, in wetland 
ecosystems, such studies are often a challenging task, due 
to complications caused by mixed pixels and extremely 
heterogeneous landscape. To deal with such issues both 
parametric and nonparametric methods can be put to 
practice. For image classi�cation process, nonparamet-
ric methods have shown high accuracy rates. Thus, in 
the present study, rule-based maximum likelihood clas-
si�cation (MLC) algorithm was adopted [26, 28, 51, 72] 
using ERDAS IMAGINE (14) software. A total of seven LULC 
(for details see Table 2) classes were identi�ed in accord-
ance with the scheme proposed by Anderson [4]. Nearly 
100 to 150 training samples were collected for each cat-
egory of LULC and were submitted for statistical analysis 
of resemblances [70]. For further enhancement of LULC 
classi�cation, Google Earth and GPS (Global positioning 
system) facilitated/ equipped �eld visits were performed 
for ground-truthing of doubtful areas. Further, before the 
analysis of multi-temporal raster layers, a 3 × 3 majority 
�lter to reduce the potential salt-and-pepper e�ect was 
applied [8]. Finally, multi-temporal (1994, 2002, 2010, and 
2018) LULC maps were generated and for estimation of 
LULC change their corresponding statistics were com-
pared. The rate of change for di�erent LULC classes of the 
study area was obtained by using the following equation 
[52]:

where R = rate of LULC change; C1 and C2 = area under 
different LU categories; t1 and t2 = time series 1 and 2, 
respectively.

(1)R =

[
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1
− t

2

]
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[

ln

(

C
1

C
2

)]

3.3  Accuracy assessment

Image heterogeneity and uneven distribution of data 
often induce some errors in LULC classi�cation because 
many pixels in maximum likelihood classi�cation remain 
unclassi�ed. Thus, for accuracy assessment, the classi�ed 
maps need to be put to test using reliable statistical tech-
niques [47]. Accuracy assessment aims to measure the pre-
cision or e�ectiveness of pixel sampling in a classi�ed LULC 
map, assessed, and quanti�ed by error matrix [16]. Strati-
�ed random sampling technique [62] was adopted to col-
lect 100 sample points from each category in every classi-
�ed map. In this way 700 sampling points were generated 
in each classi�ed map to check the classi�cation accuracy. 
The number of sample points plays a vital role in determin-
ing the accuracy of classi�cation [10]. These sample points 
were then selected through ground-truthing for Landsat-8 
OLI image (30 m/2018), while as sample points for Land-
sat-5 TM (30 m/1994) and Landsat-7 ETM+ (30 m/2002 
and 2010) were taken from SOI map and Google Earth 
Historical Imagery. Some values were neglected which 
depicted ‘0’ class value. The data obtained was quanti�ed 
and summarized with the help of error matrix. Thus, with 
the advent of error matrix necessary elements of accuracy 
assessment like user accuracy (errors of commission), pro-
ducer accuracy (errors of omission), overall accuracy and 
kappa index can be obtained [42]. KAPPA coe�cient (k) is 
a robust multivariate technique and is extensively used to 
assess inter-rater arrangement between categorical vari-
ables [9], it takes into account all elements in the confusion 
matrix and not only the diagonal elements [58]. Accuracy 
assessment of all LULC maps generated (1994, 2002, 2010 
and 2018) was carried out through the development of 
error-matrix. For Wular Lake, the maps generated for time 
periods 1994, 2002, 2010 and 2018 depict an overall accu-
racy of 90.85%, 92.57%, 92.28%, 94.42% and kappa coef-

�cient of 0.89, 0.91, 0.91 and 0.93, respectively. Similarly, 
for Hokersar and Anchar Lake combined maps were gen-
erated for the time periods 1994, 2002, 2010 and 2018, 

Table 2  LULC classi�cation scheme

S. No Class name Description

1 Water body Open waters, rivers, lakes, ponds, and streams for part of this category

2 Marsh Wetlands, permanent and seasonal aquatic vegetation, sag ponds, and other naturally saturated land area 
are included in this category

3 Agriculture Paddy, mustard, wheat, maize, vegetables, pulses, and fodder are dominated by this category

4 Horticulture Land devoted to apple, pear, peach, almond, walnut, peach, cherry, and apricots are included in this category

5 Built-up Roads, residential area, commercial structures, industrial establishments, paved surfaces and other infrastruc-
ture are included in this class

6 Forest This category represents cedar, deodar, �r, blue-pine and spruce trees in mountainous areas

7 Plantation This category corresponds to social forestries like willow, poplar, elm, nettle, mesquite and mulberry trees
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revealing an overall accuracy of 91.42%, 93.14%, 91.42% 
and 94.28%, and kappa coe�cient of 0.9, 0.92, 0.9 and 
0.93, respectively (for details see Tables 3 and 4). Thus, in 
general, the accuracy of all the classi�ed maps of the study 
area is acceptable [4], and the results of LULC obtained can 
be considered reliable. The maximum accuracy among all 
the raster layers was shown by Landsat-8 OLI (2018) image, 
which means that accuracy is dependent on the version 
of dataset. Kappa coe�cient and overall accuracy of raster 
layers of the study area was determined by using statistical 
Eqs. (1) and (2)

where x
ii
 = diagonal elements in the error matrix; x = total 

number of samples in the error matrix

where r = number of rows in the matrix; x
ii
 = number of 

observations in row i and column i. x
i+ and x+i = marginal 

totals of row i and column i respectively and n = total num-
ber of observations (samples/pixels).

4  Results and discussion

Wetland ecosystems of the Kashmir valley have observed 
considerable LULC changes throughout their length and 
breadth during last three decades. The description of 
LULC of the various classi�ed categories of the study area 
(1994–2002–2010–2018) including a bu�er of 5 Sq. Km. in 
wetland ecosystems of Wular Lake (separately), and Hok-
ersar and Anchar Lake (combined) are illustrated in Figs. 2, 
3a, b, 4, 5a, b and Tables 5 and 6, respectively.

4.1  Dynamics of LULC in the study area

LULC of Wular Lake.

4.1.1  Agriculture

Among all the classi�ed categories of LULC in the study 
area, agriculture has the maximum share throughout all 
time periods considered in the study. The total area under 
agriculture has been found to be 14,591.30 ha in the year 
1994, 16,291.10  ha in 2002, 17,463.10  ha in 2010 and 
18,409.83 in 2018 (Figs. 2, 3a, Table 5). The analysis of the 
Landsat-5 TM image reveals that there has been a continu-
ous increase of agricultural land throughout the study area 
and time period with a net increase of 3818.53 ha from 

(2)Overall accuracy =

r
∑

i=1

x
ii

(3)Kappa coefficient K̂ =

n
∑r

i=1
x
ii
−
∑r

i=1
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x
i
+ x

+i

�

n2 −
∑r

i=1

�

x
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x
+i

�

1994 to 2018. The maximum growth of about 1700 ha 
has been recorded from 1994 to 2002. The main reason 
for this increase is associated with encroachment, where 
vast chunks of the land have been reclaimed for the cul-
tivation of paddy around the Wular Lake. In addition to 
this, the continuous deposition of fresh alluvium by river 
Jhelum, Madumati, Irin and other rivers and streams, dur-
ing excessive rain, �oods and throughout the year due 
to water availability, which form prerequisite conditions 
for the cultivation of paddy are the driving forces for the 
increase of agriculture land around the Wular Lake.

4.1.2  Forest

Forest cover in the study area was found to occupy an 
area of 2952.45 ha in the year 1994, 2866.71 ha in 2002, 
2759.38 ha in 2010 and 2501.60 ha in 2018, thus revealing 
a continuous pattern of decrease in its share in all the time 
periods, registering a net loss of −450.85 ha from 1994 to 
2018 (Figs. 2, 3b; Table 5). One of the main reasons to have 
fostered this decrease in forest category is the political tur-
moil and consequent disturbance in the valley after early 
1990s during which many people took advantage of the 
dismal law and order situation enabling them to extract 
resources more unabatedly (https ://kashm irlif e.net/strai 
ning-fores ts-issue -31-vol-07-87503 /), which is clearly vis-
ible in the form of increasing deforestation, encroachment, 
overgrazing leading to the problems of soil erosion, and 
landslides.

4.1.3  Built‑up

Built-up area of is found to be one among the various 
noticeable (comparatively) categories of LULC in Wular 
Lake (5 Sq. km bu�er). This category reveals a continu-
ous increase constituting 77.31 ha, 603.22 ha, 1288.56 ha, 
and 2633.49 ha in the years 1994, 2002, 2010 and 2018, 
respectively, registering a tremendous net growth rate of 
3306.37% from 1994 to 2018 (Figs. 2, 6, 7; Table 5), owing 
to the growth in population, increase in the number of 
houses and infrastructure facilities required to sustain the 
day to day human activities.

4.1.4  Water body

The existence of open water in the study area is at the 
verge of extinction, as it has lost three-fourth part of its 
share from 1994 to 2018. According to estimates made 
from Landsat-5 TM it accounts for an area of 12.34% in 
1994, which reduced to 5.29% in 2002, 3.5% in 2010 (Land-
sat-7 ETM+ estimates), and 3.18% in 2018 (Landsat-8 OLI) 
(Figs.  2, 3a, 6, 7; Table  5). Thus, registering a negative 
growth rate of 74.30% (1994–2018), which is a matter of 

https://kashmirlife.net/straining-forests-issue-31-vol-07-87503/
https://kashmirlife.net/straining-forests-issue-31-vol-07-87503/


Vol.:(0123456789)

SN Applied Sciences (2020) 2:1891 | https://doi.org/10.1007/s42452-020-03685-z Research Article

Table 3  Accuracy of LULC 
maps of Wular Lake obtained 
from satellite data for the 
selected time periods (1994, 
2002, 2010, and 2018)

Diagonal Bold Italic numbers represent correctly classi�ed samples for each LULC class

W: water body, M: marsh, A: agriculture, H: horticulture, F: forest, P: plantation, B: built-up, RT: row total, 
CT: column total, UA: user’s accuracy, PA: producer’s accuracy

(a) Sum of diagonals = 636; Total = 700; Overall accuracy = 90.85%; Kappa coe�cient (K) = 0.89

(b) Sum of diagonals = 648; Total = 700; Overall accuracy = 92.57%; Kappa coe�cient (K) = 0.91

(c) Sum of diagonals = 646; Total = 700; Overall accuracy = 92.28%; Kappa coe�cient (K) = 0.91

(d) Sum of diagonals = 661; Total = 700; Overall accuracy = 94.42%; Kappa coe�cient (K) = 0.93

Class W M A H F P B RT UA (%)

Landsat-TM 1994

(a)

W 93 7 0 0 0 0 0 100 93

M 12 85 3 0 0 0 0 100 85

A 0 0 92 8 0 0 0 100 92

H 0 0 15 85 0 0 0 100 85

F 0 0 0 0 90 10 0 100 90

P 0 0 0 3 6 91 0 100 91

B 0 0 0 0 0 0 100 100 100

CT 105 92 110 96 96 101 100 700

PA (%) 88.57 92.39 83.63 88.54 93.75 90.09 100

Landsat-ETM + 2002

(b)

W 89 11 0 0 0 0 0 100 89

M 6 94 0 0 0 0 0 100 94

A 0 0 90 10 0 0 0 100 90

H 0 0 4 96 0 0 0 100 96

F 0 0 0 0 88 12 0 100 88

P 0 0 0 0 0 98 2 100 98

B 0 0 0 0 3 4 93 100 93

CT 95 105 94 106 91 114 95 700

PA (%) 93.6 89.52 95.74 90.56 96.7 85.96 97.89

Landsat-ETM + 2010

(c)

W 94 6 0 0 0 0 0 100 94

M 9 91 0 0 0 0 0 100 91

A 0 0 91 9 0 0 0 100 91

H 0 0 12 88 0 0 0 100 88

F 0 0 0 0 96 4 0 100 96

P 0 0 0 0 10 90 0 100 90

B 0 0 2 2 0 0 96 100 96

CT 103 97 105 99 106 94 96 700

PA (%) 91.26 93.81 86.66 88.88 90.56 95.74 100

Landsat-OLI 2018

(d)

W 100 0 0 0 0 0 0 100 100

M 7 93 0 0 0 0 0 100 93

A 0 1 93 6 0 0 0 100 93

H 0 0 4 96 0 0 0 100 96

F 0 0 0 0 93 7 0 100 93

P 0 0 1 0 10 89 0 100 89

B 0 0 2 0 0 1 97 100 97

CT 107 94 100 102 103 97 97 700

PA (%) 93.45 98.93 93 94.11 90.29 91.75 100
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Table 4  Accuracy of LULC 
maps of Hokersar and Anchar 
Lake obtained from satellite 
data for the selected time 
periods (1994, 2002, 2010, and 
2018)

Diagonal Bold Italic numbers represent correctly classi�ed samples for each LULC class

W: water body, M: marsh, A: agriculture, H: horticulture, F: forest, P: Plantation, B: built-up, RT: row total, 
CT: column total, UA: user’s accuracy, PA: producer’s accuracy

(a) Sum of diagonals = 640; Total = 700; Overall accuracy = 91.42%; Kappa coe�cient (K) = 0.9

(b) Sum of diagonals = 652; Total = 700; Overall accuracy = 93.14%; Kappa coe�cient (K) = 0.92

(c) Sum of diagonals = 640; Total = 700; Overall accuracy = 91.42%; Kappa coe�cient (K) = 0.9

(d) Sum of diagonals = 660; Total = 700; Overall accuracy = 94.28%; Kappa coe�cient (K) = 0.93

Class W M A H F P B RT UA (%)

Landsat-TM 1994

(a)

W 100 0 0 0 0 0 0 100 100

M 10 90 0 0 0 0 0 100 90

A 0 0 94 6 0 0 0 100 94

H 0 3 7 90 0 0 0 100 90

F 0 0 0 0 92 8 0 100 92

P 0 0 1 0 12 87 0 100 87

B 0 0 1 0 0 0 99 100 99

CT 110 93 103 96 104 95 99 700

PA (%) 90.9 96.77 91.26 93.75 88.46 91.57 100

Landsat-ETM + 2002

(b)

W 100 0 0 0 0 0 0 100 100

M 0 100 0 0 0 0 0 100 100

A 0 0 96 4 0 0 0 100 96

H 0 2 8 90 0 0 0 100 90

F 0 0 0 1 91 8 0 100 91

P 0 0 0 0 5 94 1 100 94

B 0 0 6 1 0 4 89 100 89

CT 100 102 110 96 96 106 90 700

PA (%) 100 98.03 87.27 93.75 94.79 88.67 98.88

Landsat-ETM + 2010

(c)

W 100 0 0 0 0 0 0 100 100

M 6 94 0 0 0 0 0 100 94

A 0 0 94 6 0 0 0 100 94

H 2 1 13 84 0 0 0 100 84

F 0 0 0 0 91 8 1 100 91

P 0 0 0 0 10 87 3 100 87

B 0 0 6 2 0 2 90 100 90

CT 108 95 113 92 101 97 94 700

PA (%) 92.59 98.94 83.18 91.3 90.09 89.69 95.74

Landsat-OLI 2018

(d)

W 100 0 0 0 0 0 0 100 100

M 1 99 0 0 0 0 0 100 99

A 0 0 90 10 0 0 0 100 90

H 0 1 13 86 0 0 0 100 86

F 0 0 0 0 87 11 2 100 87

P 0 0 0 0 9 91 0 100 91

B 0 0 0 1 0 0 99 100 99

CT 101 100 103 97 96 102 101 700

PA (%) 99.01 99 87.37 88.65 90.62 89.21 98.01
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great concern. The primary reason behind the shrinkage of 
the lake is the continuous in�ow of sediments enhanced 
due to deforestation in its upper catchment areas resulting 
in loss of much of its water holding capacity and thus lead-
ing to continuous shrinkage of size. The sedimentation of 
water bodies in the long run degrade its aesthetic quality 
and aquatic environment [30]. River Jhelum along with 
its tributaries in its upper catchment bring down huge 
quantities of sediments especially in summer season along 
with snowmelt and rainwater of monsoons which get 

deposited directly into the lake. Apart from this, nutrients 
and organic matter, and untreated waste from domestic 
practices (settlements) are also getting deposited directly 
or indirectly into the lake which comes from upper catch-
ment area of Jhelum River, surrounding �elds and urban 
areas in the form of surface runo�, thus promoting the 
growth of aquatic vegetation in open water and promot-
ing eutrophication and heavy metal contamination. Over 
the time, these areas became a part of human activities 
and were used for agricultural and plantation activities.

Fig. 2  LULC maps of Wular Lake (5 Sq. Km bu�er) 1994, 2002, 2010, and 2018
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4.1.5  Marsh

This LULC category represents the transition area 
between purely terrestrial and purely aquatic systems 
and are found in the low-lying terrain of the study area 

(Fig. 2). Marshy area category depicts a decreasing trend 
in its share throughout the studied time period, regis-
tering a negative growth rate of −44.13% from 1994 to 
2018, and has almost reduced to half of its share. It has 
held an area of about 8531.64 ha in 1994, 7183.89 ha 

Fig. 3  LULC changes at di�erent location in Wular Lake (5 Sq. km bu�er) 1994–2002, 2002–2010, 2010–2018
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in 2002, 6874.02 in 2010 and 4766.56 ha in 2018. The 
probable cause for this decrease is attributed to shrink-
age of the lake causing the drying up of associated 
marshes making these bare. Reclamation and conver-
sion of marshy lands for agricultural and horticultural 
activities in Wular environs has disbalanced its capac-
ity to regulate the system and its flow regime resulting 
in increased flood and drought (NPCA 2019). Thus, the 
conversion of marshes into agricultural fields is directly 
associated with the increase in the growth rate of the 
human population and the requirement to meet the 
basic needs.

4.1.6  Plantation

The total area under plantation category constituted 
7026.66 ha in the year 1994, 4516.88 ha in 2002, 3113.19 ha 
in 2010, and 1648.48 ha in 2018), thus, revealing a decreas-
ing trend in its share towards the total area under investi-
gation (Figs. 2, 3b, 7; Table 5). The proposal of the govern-
ment to remove willow trees from 27 Sq. Km area in which 
about 2.1 million willow trees were cut along with their 
rootstock to restore the ecological functioning of the lake 
by increasing its volumetric capacity (https ://www.thehi 
ndu.com/sci-tech/energ y-and-envir onmen t/willo w-trees 

Fig. 3  (continued)

https://www.thehindu.com/sci-tech/energy-and-environment/willow-trees-caught-out-as-culprit-for-kashmir-lake-wulars-woes/article19767991.ece
https://www.thehindu.com/sci-tech/energy-and-environment/willow-trees-caught-out-as-culprit-for-kashmir-lake-wulars-woes/article19767991.ece
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Fig. 4  LULC maps of Hokersar and Anchar Lake (5 Sq. km bu�er) 1994, 2002, 2010, and 2018
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Fig. 5  LULC changes at di�erent points of time in Hokersar and Anchar Lake (5 Sq. km bu�er) 1994–2002, 2002–2010, 2010–2018
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Fig. 5  (continued)

Table 5  LULC change statistics of Wular (in hectares) Source Compiled by the authors on basis of supervised classi�cation of multi-temporal 
raster datasets

Class 1994 2002 2010 2018 Change 
1994–2002

Change 
2002–2010

Change 
2010–2018

Net change 
1994–2018

Net Change 
(%) 1994–2018

Forest 2952.45 2866.71 2759.38 2501.60  − 85.74  − 107.33  − 257.78  − 450.85  − 15.27

Plantation 7026.66 4516.88 3113.19 1648.48  − 2509.78  − 1403.69  − 1464.71  − 5378.18  − 76.54

Water body 5322.78 2273.43 1516.18 1367.84  − 3049.35  − 757.25  − 148.34  − 3954.94  − 74.30

Marsh 8531.64 7183.89 6874.02 4766.56  − 1347.75  − 309.87  − 2107.46  − 3765.08  − 44.13

Agriculture 14,591.30 16,291.10 17,463.10 18,409.83 1699.80 1172.00 946.73 3818.53 26.17

Horticulture 4466.80 9233.71 9954.51 11,641.60 4766.91 720.80 1687.09 7174.8 160.63

Built-up 77.31 603.22 1288.56 2633.49 525.91 685.34 1344.93 2556.18 3306.4
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Table 6  LULC change statistics of Hokersar and Anchar Lake (in hectares) Source Compiled by the authors on basis of supervised classi�ca-
tion of multi-temporal raster datasets

Class 1994 2002 2010 2018 Change 
1994–2002

Change 
2002–2010

Change 
2010–2018

Net change 
1994 to 
2018

Net Change 
(%) 1994–2018

Forest 307.53 1051.84 2412.2 2583.09 744.31 1360.36 170.89 2275.56 739.95

Plantation 1203.66 1825.29 1877.56 3145.01 621.63 52.27 1267.45 1941.35 161.29

Water body 607.5 602.48 551.397 501.49  − 5.02  − 51.083  − 49.907  − 106.01  − 17.45

Marsh 7560 7002 5289.14 4098.27  − 558  − 1712.86  − 1190.87  − 3461.73  − 45.79

Agriculture 19,091.7 15,248.8 11,256.6 7486.27  − 3842.9  − 3992.2  − 3770.33  − 11,605.43  − 60.79

Horticulture 5303.16 6570.18 8387.12 10,187.46 1267.02 1816.94 1800.34 4884.3 92.10

Built-up 2084.31 3857.27 6383.84 8156.27 1772.96 2526.57 1772.43 6071.96 291.32

Fig. 6  Area under di�erent 
LULC classes of Wular Environs 
(1994, 2002, 2010 and 2018)
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Fig. 7  Changes within each 
LULC class in Wular Environs 
(1994–2002-2010–2018)
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-caugh t-out-as-culpr it-for-kashm ir-lake-wular s-woes/artic 
le197 67991 .ece) is one of the major causes of decrease in 
this category. In addition to this the increasing demand 
for Kashmiri willow bats, apple boxes, fuel wood and other 
similar purposes are the probable reasons for the decreas-
ing pattern of this class in the study area.

4.1.7  Horticulture

Horticulture (apple, pear, peach, almond, walnut, cherry 
and apricot) has shown an extensive and fast growth 
across the study area. This class of LULC engages about 
60% of the population in the Valley. Among all the classes, 
horticulture has registered the maximum net growth rate 
of 160.63% from 1994–2018. The analysis shows that hor-
ticulture has marked a signi�cant positive change of about 
4766.91 ha, taken place from 1994 to 2002 (Figs. 6, 7). Hor-
ticulture has gained most of its area from conversion of 
plantation and agricultural �elds due to the inclination of 
farmers towards the cultivation of high yielding cash crops 
for higher economic returns, especially, apple cultivation.

4.2  LULC of Hokersar and Anchar Lake

4.2.1  Agriculture

Agriculture was the largest class in Hokersar and Anchar 
Lake in 1994, sharing an area of 19,091.7  ha (52.80%) 
of the total area. However, it registered a continuous 
decline from 1994 to 2018 with a net growth (decline) 
rate of −60.79%. There has been a periodical decrease 
of 3842.9 ha (1994–2002), 3992.2 ha (2002–2010), and 
3770.33 ha (2010–2018), (Figs. 4, 5a; Table 6). This decline 
is mainly due to conversion of paddy �elds into apple 
orchards and expansion of built-up area as the area of con-
cern lies mostly on the fringe of the capital city of Srinagar, 
where the demand of land is increasing by the day for the 
establishment of structures of commercial, residential and 
other infrastructural purposes at the cost of agricultural 
land.

4.2.2  Forest

The green gold in this study area observed a positive 
change of 2275.65 ha from 1994 to 2018. It shared an area 
of 307.53 ha (0.85%) in the year 1994, 1051.84 ha (2.91%) 
in 2002, 2412.2 ha (6.67%) in 2010, and 2583.09 ha (7.14) in 
2018 (Table 6). Due to the establishment of law enforcing 
agencies and with their serious e�orts, the cutting down 
of trees and plants falling under this category was reduced 
to a larger extent.

4.2.3  Built‑up

The area under this category reveals a continuous increas-
ing pattern during the selected time period. The analysis 
of the study area reveals that it shared an area of 5.76% in 
1994, which registered a tremendous increase to 22.56% 
in 2018, contributing to a positive net growth rate of 
291.32% (6071.96 ha) from 1994 to 2018 (Fig. 9; Table 6). 
This remarkable change was possible at the cost of loss of 
agricultural land, marshy land and water body categories. 
Due to the location of this area, in one of the most densely 
populated Himalayan region where the expansion of the 
primate city (Srinagar) is primarily horizontal, leading to 
encroachments in Hokersar and Anchar Lake environs. 
Such infringements and poor management practices are 
the main driving factors for degradation of these essential 
aquatic ecosystems.

4.2.4  Water body

This LULC class is the smallest category of this classi�ca-
tion, contributing 607.5 ha (1.68%), 602.48 ha (1.67%), 
551.397 ha (1.52%), and 501.49 ha (1.39%) in the years 
1994, 2002, 2010 and 2018, respectively (Figs.  4, 5a; 
Table 6), thus registering a continuous decline in its area 
with a net negative growth rate of 17.45% from 1994 to 
2018. Such changes in a water body can be attributed to 
human intervention in the catchment, climate change 
leading to �uctuations in water budget, increasing sil-
tation, land reclamation and use of wetlands for waste 
dumping purposes by people living on the edges of these 
wetlands.

4.2.5  Marsh

This LULC category marked a negative growth constitut-
ing 7560 ha, 7002 ha, 5289.14 ha, and 4098.27 ha in 1994, 
2002, 2010 and 2018, respectively (Figs. 4, 5a, 8, 9; Table 6). 
The statistics of trend observation of the present study is in 
agreement with the previous studies conducted on Hoker-
sar wetland (e.g., [3]). The encroachments for the purpose 
of increased agricultural practices and plantation (particu-
larly willow) in the study area have resulted in the loss of 
marshy area.

4.2.6  Plantation

The plantation depicts a continuous increasing trend in 
its spatial dimensions. It registered an area of 1203.66 ha 
(3.33%) in 1994 which increased to 3145.01 ha in 2018. The 
rate of change in this category as depicted by classi�ca-
tion of multi-date raster layers was 621.63 ha (1994–2002), 
52.27 ha (2002–2010), and 1267.45 ha (2010–2018).

https://www.thehindu.com/sci-tech/energy-and-environment/willow-trees-caught-out-as-culprit-for-kashmir-lake-wulars-woes/article19767991.ece
https://www.thehindu.com/sci-tech/energy-and-environment/willow-trees-caught-out-as-culprit-for-kashmir-lake-wulars-woes/article19767991.ece
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4.2.7  Horticulture

Again, horticulture noticed an increasing pattern with a 
net change of 4884.3 ha from 1994 to 2018 in this area 
of investigation as well. The share of this class out of the 
total area was found to be 5303.16 ha (14.67%), 6570.18 ha 
(18.17%), 8387.12 ha (23.20%) and 10,187.46 ha (28.17%) 
in the years 1994, 2002, 2010 and 2018, respectively 
(Figs. 8, 9; Table 6).

4.3  Land transformation in the study area

The analysis of Tables 7, 8 and Figs. 10, 11, shows that 
signi�cant LULC change both positive and negative dur-
ing three decades occurred in the study area. To under-
stand the type and extent of land encroachment in last 

three decades (1994–2018), it was imperative to prepare 
a change detection matrix (Table 7 and 8).   

4.3.1  LULC transformations in Wular environs

The analysis of the transformation matrix of Wular environs 
(Table 7) reveals that:

 i. About 65 ha area of forest cover has been occupied 
by plantation, 50 ha by marsh, 883 ha by agriculture, 
710 ha by horticulture, and 11 ha by built-up cat-
egory in last three decades from 1994 to 2018.

 ii. About 740 ha, 16 ha, 4286 ha, 1613 ha, and 112 ha 
of plantation area has been transformed into forest, 
marsh, agriculture, horticulture and built-up catego-
ries in Wular lake during the studied time period.

Fig. 8  Area under di�erent 
LULC classes of Hokersar and 
Anchar Lake Environs (1994, 
2002, 2010 and 2018)

0

10

20

30

40

50

60

Forest Plantation Water body Marsh Agriculture Horticulture Built up

A
re

a
 (

%
)

1994 2002 2010 2018

Fig. 9  Changes within each 
LULC class in Hokersar and 
Anchar Lake Environs (1994–
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Table 7  Transformation matrix of Wular (1994–2018)

Classes 
1994 (Hectare) 

Forest Plantation Water body Marsh Agriculture Horticulture Built-up Total 2018 

2
0
1
8
 (

H
ec

ta
re

) 

Forest 1230.7 740.64 103.32 145.32 91.78 189.842 0 2501.6 

Plantation 65.003 256.568 130.32 710.86 331.96 153.707 0 1648.42 

Water body 0 0 1234.87 119.42 0.6 12.955 0 1367.84 

Marsh 50.935 16.875 3326.49 1283.7 0 88.5275 0 4766.51 

Agriculture 883.66 4286.09 232.952 3903.2 7500.2 1603.7 0 18409.8 

Horticulture 710.65 1613.99 253.77 1995.3 5084.07 1983.5 0 11641.3 

Built-up 11.508 112.5 41.0625 373.83 1582.69 434.572 77.31 2633.47 

Total 1994 2952.5 7026.66 5322.78 8531.6 14591.3 4466.8 77.31 42968.95 

Table 8  Transformation matrix of Hokersar and Anchar Lake

Classes 

1994 (Hectare) 

Forest Plantation Water body Marsh Agriculture Horticulture 
Built 

up 
Total 2018 

  
  
  
  
 2

0
1
8
 (

H
ec

ta
re

) 

Forest 44.975 122.5825 45.175 1377.7 987.165 5.5125 0 2583.09 

Plantation 244.978 707.058 18.2475 1130.3 829.058 215.4 0 3145.01 

Water body 0 0.2925 407.38 65.073 1.8825 26.86 0 501.49 

Marsh 0 0.995 67.53 2750.9 181.17 1097.63 0 4098.27 

Agriculture 1.65 238.183 41.715 404.66 6767.11 32.9525 0 7486.27 

Horticulture 11.79 109.775 15.615 1529.8 6105.91 2414.62 0 10187.46 

Built up 4.14 24.7725 11.835 301.63 4219.4 1510.18 2084.3 8156.26 

Total 1994 307.53 1203.66 607.5 7560 19091.7 5303.16 2084.3 36157.85 

Fig. 10  Wular change map 
1994–2018
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 iii. About 1234 ha of the area of the water body of Wular 
lake is found unchanged, and the rest has been con-

verted into six other categories with maximum area 
of 3326.49 ha under marsh category from 1994 to 
2018.

 iv. Similarly, marsh, agriculture, and horticulture 
have revealed a signi�cant transformation in their 
respective areas. Out of 8531.64  ha of marsh, 
14,591.3 ha of agriculture, 4466.8 ha of horticulture 
only 1283.68 ha, 7500.2 ha, 1983.5 ha, respectively, 
remain unchanged during the studied time period 
in Wular lake.

4.3.2  LULC transformations in Hokersar and Anchar 

environs

Change matrix of Hokesar and Anchar environs 
(1994–2018) states that (Table 8):

 i. Forest area category lost its 1.65 ha area to agricul-
ture, 11.79 ha to horticulture, 244.978 ha to planta-
tion and 4.14 ha to built-up from 1994 to 2018.

 ii. About 122 ha of plantation has been converted into 
forest, 238.183 ha to agriculture, 109 ha to horticul-
ture and about 25 ha into built-up.

 iii. About 200 ha of water body has been converted into 
plantation, forest, agriculture, horticulture, marsh 
and built-up during the last three decades.

 iv. Similarly, agriculture, horticulture and marsh catego-
ries have undergone land encroachments over the 
time period of study from 1994 to 2018.

5  Trend analysis of land cover types (1994–
2018)

This section looks at the trends (direction and scale) of 
land use changes by using land use statistics of area in and 
around Wular, Hokersar and Anchar Lakes for over a period 
of time. Here, regression analysis model was used which 
has a very �exible design and can be used with data that 
are not evenly spaced over time. Generally, land use trends 
are continuously structured by the changing man–envi-
ronment interactions, changing nature of economic activi-
ties and many times due to policies of a region. Here in 
case of Wular, Hokersar and Anchar Lakes it is observed 
that over time each of the land use category revealed 
either its share of growing or declining trends (Figs. 12a, 
b, 13a, b) that may be the result of climate change, chang-
ing socioeconomic and other associated activities during 
1994 to 2018.

5.1  Wular Lake trend analysis

Figure 12a shows the scatter plot of land area under forest, 
plantation, water body and marshes (from 1994 to 2018) 
reveals a declining trend over time and is a stationary data 

Fig. 11  Hokersar and Anchar 
change map 1994–2018
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Fig. 12  Trend analysis of LULC categories of Wular Lake, 1994–2018
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Fig. 13  Trend analysis of LULC categories of Hokersar and Anchar Lake, 1994–2018
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series, while scatter plot for agriculture, horticulture and 
built-up area (Fig. 12b) shows an upward trend and is a 
stationary data series revealing change in socioeconomic 
activities at priorities on the cost of engul�ng areas under 
forest, water bodies and marsh. The results of regression 
analysis show that area under forest (R2 = 0.928), plantation 
(R2 = 0.978), water body (R2 = 0.780) and marsh (R2 = 0.925) 
within the time period under consideration (1994–2018) has 
signi�cant inverse correlation (Fig. 11a, b), while agriculture 
(R2 = 0.982), horticulture (R2 = 0.872) and built-up (R2 = 0.95) 
area has direct correlation within same time period. The 
comparison of coe�cient of regression function highlights 
that the area under forest, plantation, water body, and marsh 
around Wular Lake is severely a�ected during 1994 to 2018. 
The increase in agriculture, horticulture, and built-up area 
around these land use/cover types might have led to reduc-
tion in the area under forest, plantation, water body and 
marsh during 1994–2018.

5.2  Hokersar and Anchar Lake trend analysis

The trend analysis for Hokersar and Anchar Lake shows 
a somewhat di�erent picture. Here, Fig. 13a, b shows the 
scatter plot of land area under water body, marsh and agri-
culture from 1994 to 2018 revealing a declining trend over 
time while scatter plot for forest plantation, horticulture 
and built-up area (Fig. 13a, b) show upward trend revealing 
changes in socioeconomic activities at priorities on the cost 
of engul�ng area under water body, marsh and agriculture. 
Similarly, the results of regression analysis exhibit the area 
under water body (R2 = 0.917), marsh (R2 = 0.968), and agri-
culture (R2 = 0.999) within the time period 1994–2018 have 
strong inverse correlation, while, the forest (R2 = 0.931), 
plantation (R2 = 0.876), horticulture (R2 = 0.993) and built-up 
(R2 = 0.994) area have signi�cant direct/positive correlation 
within the same time period. The comparison of coe�cient 
of regression function highlights that the area under water 
body, marsh, and agriculture around Hokersar and Anchar 
Lake has been severely a�ected during 1994 to 2018. The 
increase in forest plantation, horticulture, and built-up area 
around these land use/cover types might have led to reduc-
tion of the area under water body, marsh, and agriculture 
during 1994–2018.

From the above regression analysis, it can be concluded 
that the land use trends are continuously shaped over time 
with major and minor transformations from one category 
to the other.

6  Conclusion

This study quantitatively demonstrates the pattern of 
LULC dynamics in and around the wetland ecosystems 
of Kashmir Valley using Landsat data enabled with 
remote sensing and GIS techniques from 1994 to 2018. 
The results of the study reveal that the area of concern 
has undergone massive LULC changes over the last three 
decades. The classified raster layers reveal that agricul-
ture is the most dominant land use around Wular Lake, 
followed by horticulture and marsh. The area under for-
est, plantation, water body and marsh display a nega-
tive trend in Wular environs from 1994 to 2018, with a 
net change of −450.85 ha, −5378.15 ha, −3954.94 ha, 
and −3765.08  ha, respectively. Similarly, in Hokersar 
and Anchar lake environs, water body, marsh, and agri-
culture show a net change of −106.01 ha, −3461.73 ha, 
and −11,605.43 ha, respectively. However, the classes 
which exhibited an increasing trend in Wular are agri-
culture, horticulture, and built-up area, the net positive 
change in these LULC classes from 1994 to 2018 has been 
+3818.53 ha, +7174.8 ha, and 2556.18 ha, respectively. 
Also, in case of Hokersar and Anchar, forest, plantation, 
horticulture, and built-up area exhibited a net posi-
tive change of 2275.56 ha, 1941.35 ha, 4884.3 ha, and 
6071.96 ha, respectively with an increasing trend. The 
assessment of the study reveals that LULC changes in 
wetland environs of Kashmir Valley have been identified 
as the main driving force behind degradation of wetland 
ecosystem. In the last three decades, these aquatic eco-
systems of the study area have suffered devastating and 
diminishing impacts on their spatial extent, water quality 
and ecosystem functioning as a result of changing LULC 
triggered by unplanned urban expansion, unregulated 
agricultural and horticultural development, inflow of silt, 
insecticides, pesticides, fertilizers, solid waste materials, 
domestic and industrial pollutants and ill-planned poli-
cies, resulting in wide range of adverse environmental 
impacts. Thus, the wetland ecosystems of Kashmir Val-
ley are threatened by these anthropogenic activities 
like urban development, agriculture and horticulture 
practices, impacts of insecticides and pesticides, fer-
tilizers, climate change and invasion of alien species. 
To comprehend the scenario more thoroughly, subse-
quent assessment of wetland dynamics, anthropogenic 
activities, landscape monitoring, and other factors like 
climate variability (temperature, rainfall, relative humid-
ity, evapotranspiration) coupled with remote sensing 
and GIS data and techniques are further required. It is 
further suggested that a thorough and more detailed 
study must be taken up to examine the inter-linkages 
between wetland ecosystems and population growth 
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and its associated activities at micro- and macro-levels. 
We hope this study will help the policymakers to gain 
some inputs for understanding the wetland ecosystem 
scenario of Kashmir Valley and the associated changing 
LULC patterns and framing policies for maintaining and 
improving ecological integrity of these aquatic ecosys-
tems in a practical, eco-friendly, and sustainable manner.
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