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ABSTRACT

The spatio-temporal monitoring and understanding of the pattern of land-use and
land-cover (LULC) change in the Himalayas are essential for sustainable development,
especially from environmental planning and management perspective. The increasing
anthropogenic activities and climate change in the Siwalik and Lesser Himalayas have
substantially experienced rapid change in the natural landscape; however, detailed
investigation and documentation of such observed changes are limited. This study aims to
assess the LULC changes along the Kalsi-Chakrata road corridor located in the Lesser
Himalayan region of Uttarakhand state of India using remote sensing and geographic
information system (GIS) for the periods 2000-2010 and 2010-2019. The LULC maps were
generated from multi-temporal satellite images of the Landsat -7 Enhanced Thematic
Mapper Plus (ETM™) series for 2000 and 2010, and the Linear Imaging Self-Scanning
System IV (LISS IV) images from Resourcesat-1 for 2019. The extent of spatial landscape
changes occurred in different LULC classes was performed through the cross-tabulation
change matrix in the GIS module up to the individual village level. The results indicate that
the forest cover of the area was intensively converted to open areas, sparse vegetation, and
different land-use categories. These included agricultural land, built-up areas, and decreased
from 47.27 % in 2000 to 36.66 % in 2019. During the same period, the open areas and
agricultural areas were increased by 15.86 % and 4.49 %, respectively. Moreover, the
built-up areas (both urban and rural settlements) were progressively increased from 0.33% in
2000 to 0.56 % in 2019. The conversion of forests and sparsely vegetative areas to
agricultural land and rural settlements is closely associated with the increasing anthropogenic
activities due to population growth, tourism, movement of heavy vehicles for mining and
other economic activities. The changes in land-cover to land use classes are more prominent
in Samalta Dadauli, Nithala, Bhugtari, and Udapalta villages located between Kalsi and
Sahiya town. The reported maximum transition of forest areas into the open area, agricultural
land, and sparse vegetation indicates the possible scarcity of water, which could link with the
incidence of climatic or seasonal variation in the Lesser Himalayan terrain to the
hydro-geomorphic and anthropogenic processes. The trend in LULC change at the village
level gave the insight to help to prioritize future mitigation planning and sustainable
development that are exceedingly convenient for the planners, policymakers, and local
authorities for comprehensive forest management, biodiversity strategies, and necessary
conservation
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INTRODUCTION

The mapping of land-use/land-cover (LULC) and detection of changes over time has
become an integral and essential component in emerging the plans and policies for
sustainable development of an area. The development of landscape is a long term process that
gets affected by several factors, both natural and anthropogenic, at a local scale to regional
scale (Petit et al., 2001). The unceasing growth of population and their increasing
socio-economic needs creates enormous pressure on the land resources, often resulting in
uninhibited and unplanned development transforming the natural landscape of an area (Singh
et al., 2016). Considerable attention has been given by the environmentalists and ecologists
to study the dynamics of LULC change and the immediate impacts of such changes on the
local climate, environmental impacts in the form of biodiversity loss, groundwater depletion,
increasing built-up areas, and other associated issues like flooding, landslides, salinity, land
degradation, etc. (Turner et al., 2001; Mas et al. 2004; Diwedi et al., 2005; Chaudhuri et al.,
2018; Prancevic et al., 2020). Hence, uncovering the LULC change for detection of the
landscape transformation plays a significant role in assessing environmental impact and
global climate change to address the global environmental issue (Turner, 2004).
Furthermore, such studies are significant for the local agencies in providing key ingredients
to landscape sustainability focusing on the conservation and restoration aspects (Riechers
et al., 2020).

The natural factors that influence the primary and secondary natural landscape are mainly
governed by the geomorphological processes of weathering and erosion (Geertsema et al.,
2009). Conversely, among the anthropogenic factors, the construction of roads, extraction of
minerals, growing habitation, and deforestation are some prevailing activities that often
found to alter the landscape within a short period. Particularly in the developing countries,
the rapid changes in LULC have been observed in depleting or deteriorating the reserve of
vital natural resources such as water, soil, vegetation cover resulting in environmental issues
(Brandt & Townsend, 2006; Spruce et al., 2020; Arficho & Thiel, 2020). This increasing
transformation is alarming and further under the influence of climate change, and such
changes can significantly impact the environment at the local, regional, and global scale.
Furthermore, it is apparent that the land-cover change due to anthropogenic activities
influences the global carbon cycle and contributes to worldwide warming across the
continents at various levels (Alves & Skole, 1996; Shrestha et al., 2012; Bartar et al., 2017;
Yu et. al., 2020). Hence, the periodic LULC evaluation is an essential step for monitoring
environmental transformations and managing the natural resources sensibly (Lambin et al.,
2001; Geertsema et al., 2009; Singh, 2012; Twisa et al., 2019).

Many of the mountains in the world, including the Himalayas, shows highly fragile
ecosystems that are considerably affected by the processes of land-use changes and impacts
of the climate change (Ives & Messerli, 1990; Macchi, 2010; Bartar et al., 2017). Several past
studies revealed the ongoing problem of environmental degradation in different parts of the
Himalayas and recognized deforestation and biodiversity threat due to rapid and extensive
changes in the land-cover attributable to both anthropogenic and natural drivers (Singh &
Singh, 1991; Meyer & Turner, 1992; Tiwari, 2008). The Lesser Himalayas of Uttarakhand
experiences a higher degree of human interference, mostly in construction activities,
cultivation, deforestation, construction of roads cutting the slopes, more vehicular
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movements, mining, and other economic activities which have caused substantial
environmental issues and impacts (Sharma & Roy, 2007; Pachauri, 2010; Joshi et al., 2012;
Sur & Singh, 2019). According to the Ministry of Environment and Forests (MoEF), Govt. of
India, since 1980, 44,868 hectares of forest land in Uttarakhand have been transformed into
non-forest use primarily due to construction of roads, hydro-projects and transmission lines.
To better understand the changing behavior of a landscape, therefore, it is imperative to study
the changing nature of land-use and land-cover (LULC) in an area. Because the correlation
between the changes in LULC over the years may help understand the link with the physical
and hydro-meteorological processes, infrastructure development, and economic activities at
a local level. Such an approach may help uncover future trends in parts of the Lesser
Himalayas, where in-depth studies applying the contemporary techniques are not carried out.
It is evident from the literature survey that human activities often lead to reforms and
alterations in the natural landscape in the hilly terrain of the Lesser Himalayas of Western
Uttarakhand where such transformations are rapid, and it has a profound impact on the
livelihood of the people and their socio-economic conditions (Sur & Singh, 2019). The
Kalsi-Chakrata area, a road corridor in the Lesser Himalayas of Uttarakhand, India, is one
area where no in-depth studies were carried out to identify the spatial occurrences of natural
resources and the spatial and temporal monitoring of LULC change applying the
contemporary and reliable techniques.

Satellite remote sensing techniques integrated with the geographic information system
(GIS) have long been considered an essential and prevailing tool for creating a spatial
inventory of the natural resources in an area and monitoring the spatial and temporal changes
of LULC at different spatial scales. It plays a significant role in developing a correlation
between various LULC classes and detection of their transformation patterns over a period
which is an important aspect to manage the environmental issues (Carlson et al., 1999;
Guerschman et al., 2003; Chaudhuri et al., 2018; Twisa et al., 2019; Verma et al., 2019). The
LULC change study helps to identify and analyze the changing pattern and their
transformation processes and provides a clear picture to envisage the impact land-use
practices on LULC conversion in that area. Such studies also aid to understand the drivers of
LULC changes and examine the factors helping mitigate LULC transformation at a local
scale (Ridding et al., 2020; Arficho & Thiel, 2020).

Several studies have proven the effectiveness of combined use of RS and GIS technique as
a cost-effective and robust method for LULC mapping applying numerous techniques
namely; (1) image rationing; (2) image differencing; (3) knowledge-based image
segmentation; (4) principal component analysis (PCA); (5) neural networks; (6)
object-oriented classification; (7) change vector analysis (CVA); (8) artificial intelligence
(A, etc. It may be noted that not any single method can answer the LULC classification
problem across the globe universally owing to the degree of complexity exists in the natural
environment (Daniel et al., 2002; Coppin et al., 2004; Chaudhuri et al., 2018; Spruce et al.,
2020). The choice of techniques depends on the objective of the study, the level of LULC
classification desired, the topography of the area, the satellite images used, etc. Often,
a hybrid approach has been noted more suitable to address the complexities of the system in
an area well supported by intensive field investigation. Following this approach, the key
objectives of the present study are to (1) analyze the spatio-temporal trends in LULC change
from 2000 to 2019; (2) develop a correlation between LULC changes and identify the village
hotspots for detailed investigation at a local scale for future mitigation planning and
sustainable development. The outcome of the study is expected to be exceedingly convenient
to planners, policymakers, and local authorities.
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STUDY AREA

The study area, i.e., the Chakrata-Kalsi road corridor, is located in the lesser Himalayan
ranges in India's Uttarakhand state. This 42 km long road corridor, connects the towns of
Kalsi and Chakrata and passes through 34 Census villages and one urban area (Chakrata
Cantonment Board) covering an area of approx. 83 sq. km. As per the Census of India
(2011), more than 16,600 people are residing in 2,700 households in the study area.

The Tiuni-Deoban forest range bounds the study area in the north, tons river flowing
along Uttarakhand-Himachal Pradesh border in the west, Mussourie-Nagthat hills in the east
and Yamuna River in the south. Amlawa, a tributary of Yamuna River, is the main river in
the study area that originates in the Chakrata Hills (Deoban Peak). According to the Bureau
of Indian Standards (BIS), the entire study area falls in seismic zone V, and the Main
Boundary Fault (MBT) passes through the road corridor.

Fig. 1: Location map of the study area
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The road corridor is situated in the Siwalik and Middle Himalayas, one of the most
seismically active regions on earth. The geology and lithology of the area depict that the
outer sedimentary belt in the study area includes the Krol belt while the inner belts
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constitute thick sequences of unmetamorphosed sediments. This area represents parts of the
Lesser Himalayan Sequence (LHS) between the Main Boundary Thrust (MBT) and the
Deoban Hill located North of Chakrata town. There are seven geological formations found
in the study area, of which the Jaunsar group is the predominant formation that covers more
than 90 % of the geographical area. The whole terrain of the study area has a very rugged
topography with altitude varying from 433 m near Yamuna River and 2456 m near Chakrata
town ( mean = 1445 m, std. dev. = 585 m). The area under present investigation forms
a part of the Toposheet No. 53 F/14 and 53 F/15 of the Survey of India.

The study area typically experiences three seasons. The winter season extends from
November to February, while the summer months in the area starting in March continue till
May. By June, the rainy season begins in this hilly terrain, and it ends in September. The
average annual rainfall in the area varies between 1,339 cm and 1,479 cm. The minimum
and maximum temperatures range from 1.4 °C in winter to 34 °C in summer, with an
average annual rainfall of about 1,400 mm. The rainy season is quite intense, and the
orographic rains in this Lesser Himalayan road corridor start in June. Often this area
receives heavy rainstorms, sometimes cloudbursts, in July and August, which cause a lot of
damage resulting in erosion, floods, and landslides.

According to National Bureau of Soil Survey (NBSS), India, the study area is covered by
four distinct soil types namely- (i) moderately shallow, excessively drained, thermic, loamy
skeletal soils on moderately steep slopes with loamy surface, moderate erosion and
moderate stoniness (found mainly in summits and ridge tops); (ii) moderately deep,
excessively drained, thermic, loamy skeletal soils on moderately steep slopes with loamy
surface and moderate erosion (found in side slopes); (iii) moderately deep, well drained,
thermic coarse loamy soils on moderate slopes with loamy surface and moderate erosion
(found in fluvial valleys); and (iv) moderately shallow, excessively drained, thermic, coarse
loamy soils on steep slopes with loamy surface, moderate erosion, and strong stoniness
(found in side slopes). Agriculture, social forestry, and mining activities are amongst the
main occupation of the villagers. Sahiya and Kalsi are the two major markets from where
the fruits and vegetables produced have been transported to the nearby wholesale market in
Saharanpur, further connected with the large vegetable market of Delhi.

MATERIALS AND METHODS

Data acquisition and preparation

In this study, three cloud-free satellite images, two acquired from Landsat 7 Enhanced
Thematic Mapper Plus (ETM™) series from the USGS (United States Geological Survey) and
one from Resourcesat-2 from the NRSC (National Remote Sensing Centre, India), were used
for generation of the LULC maps for the year 2000, 2010 and 2019, respectively. These
images were chosen based on their availability, resolution, and quality of the datasets. The
Landsat images have 15m Panchromatic (Pan) and 30 m Multispectral Scanner (MSS) spatial
resolution, while the Linear Imaging Self-Scanning System IV (LISS 1V) image, being
a latest sensor, has a better spatial resolution of 5.8 m (Table 1). The Landsat images were
processed in ERDAS IMAGINE software to generate 15 m pan-sharpened mosaic for LULC
classification at a higher resolution. All the images were of the same month of the year for
similar seasonal appearances.
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Table 1: Detail of satellite data used and their sources

Thematic

Sensor,

Spatial

Date of

Data Satellite/Sensor Path/Row | Resolution (M) Acquisition Data Sources

LULC 2000 | Landsat7 ETM* 146/39 &aé]slg(;nrﬁ 14.03.2000 h;gf// fearthexplorer.usgs

LULC 2010 | Landsat7 ETM® 146/39 &aé]slggpﬁ 10.3.2010 h;g:// fearthexplorer.usgs

LULC 2019 Efég“lr\‘;esat'” 95/47 5.8m 17.3.2019 ?%52?23'&?’3?& RSC),
naila

Fig. 2: Photographs depicting overview of the landscape and LULC- (a) The landscape
along the Kalsi-Chakrata road corridor; (b) Evidences of land degradation (open
areas, scrubland, sparse vegetation); (c) Forest area near Chakrata town; (d) Rural
settlement with Agricutural practices; (e) Widening of roads; (f) Debris slide near
Amraha village
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It was required to carry out digital image processing for atmospheric correction and reduce
sensor variations as the study area is situated in the mountainous terrain (Jensen, 1996;
Paolini et al., 2006; Chaudhuri & Singh, 2018) using the ENV15.1 software. For geometric
registration, the 2019 LISS-IV image was georeferenced using the GCPs (ground control
points) collected through GPS (Global Positioning System) and the DGPS (Differential GPS)
points from the local authorities (Figure 2). Next, the Landsat images of 2000 and 2010 were
matched and geometrically corrected in ArcGIS 10.3 software and projected at a common
Universal Transverse Mercator (UTM) projection system (Zone 44N). Finally, the images
were clipped to the study area for further classification.

LULC classification and change detection

For LULC mapping, an object-oriented hybrid classification technique was applied to
categorize the pixels and geometric properties of the images for precise delineation of
different landscape elements. Several studies have suggested using the hybrid classification
approach over the unsupervised or supervised classification due to its superior results and
ability to perform better for spectral variability of land-cover types (Garcia & Alvarez, 1994;
Mas, 1999; Xiao & Weng, 2007).

To better understand the spatial occurrences of various LULC classes, the delineation of
these classes was carried out through field data collection using GPS, ancillary information,
and visual interpretation for each class. Next, all the images were segmented into
homogenous regions by assigning per-pixel signatures and classified the images into nine
distinct LULC classes by the specific digital numbers (DN) of different landscape elements.
The training datasets were prepared by determining the polygons (10 -20 samples for each
class) around the representative sites for each of these predetermined LULC classes based on
visual analysis and field data. The training datasets with mixed spectral signatures were
discarded, and new samples were considered to improve the classification. Afterward, the
maximum likelihood classification (MLC) algorithm was applied for supervised image
classification using the training datasets. By overlaying the hybrid classification results on
the high-resolution satellite image, the post-classification refinement was carried out to
improve the classification accuracy for required patches. Through this method, all the pixels
that were classified incorrectly was rectified for the entire study area. The final delineated
LULC classes were (i) forest, (ii) sparse vegetation, (iii) scrubland, (iv) agricultural land, (v)
settlement area, (vi) rocky barren land, (vii) open area, (viii) sandy area and (ix) river/water
bodies (Table 2).

The LULC change detection assessment was performed through overlay analysis
identifying the areas changed from one particular LULC class to another over the past two
decades. For this, the change-transition matrix was computed in ArcGIS software using the
cross-tabulation module. The result presented the gains and losses in coverage areas by the
main LULC classes for the past two decades.

Accuracy assessment is a critical aspect of validating the digitally classified LULC maps.
Usually, the classification output is compared against the geographical reference data
representing the true landscape elements at a given space and time. The reference data used is
acquired from two sources, (i) field visits and collection of “ground truth” guided by GPS at
the identified sites across the study area; (ii) visual interpretation of LULC classes from
satellite images. The stratified random methods were adopted for all the three LULC maps to
represent different LULC categories, and accuracy was estimated using 30 pixels for each of
them. An error matrix was generated by cross-tabulation of the LULC class values and the
ground truths in the form of user’s and producer’s accuracy. Finally, the accuracy statistics
have been presented in the form of overall accuracy and non-parametric Kappa coefficient.



Sur U., Singh P.: Assessment of landscape change of Lesser Himalayan road corridor of Uttarakhand,

India

Table 2: LULC classification scheme

Class

Descriptions

Urban built-up area

Built-up area (both compact and sparse) comprising of residential, commercial,
residential-cum-commercial settlement clusters

Rural built-up area

Rural built-up areas

Forest area

Dense/closed and open category of evergreen/Semi-evergreen/closed deciduous trees,
natural forest and plantation forest

Agricultural land

Crop fields and fallow lands including current shifting cultivation

Sparse vegetation cover

Grassland, open category of deciduous and tree clad area

Barren rocky land

Barren rocky areas including rock outcrops

Sandy area Riverine sandy area
Scrubland Dense/closed and open category of scrubland
Open area The areas having exposed soil and barren area influenced by human, wasteland

River/ water bodies

Perennial & non-perennial river and streams, Permanent & seasonal lake/ ponds

RESULTS

Accuracy assessment

The accuracy assessment for the LULC output was carried out through an error matrix with
the user’s accuracy, producer’s accuracy, and kappa indices. To estimate the overall
accuracy, the correctly classified pixels were divided by the total number of pixels, and it
ranged from 95.55 % to 97.63 %, with Kappa indices of agreement ranging from 0.88 to 0.94
for the year 2000, 2010 and 2019 (Table 3). The LULC classification results are found
acceptable for the study as they satisfy the minimum 85 % accuracy level (Anderson, 1976).

Table 3: Accuracy assessment of LULC

2000 2010 2019
LULC PA UA PA UA PA UA
Settlement area 96.30 75.36 95.96 90.48 95.83 89.84
Agriculture 99.04 99.68 99.57 99.02 100 99.51
Forest 98.68 99.78 96.77 97.61 98.68 100
spares Veg 92.94 87.78 82.42 90.91 97.26 84.52
Sandy Area 100 94.86 97.66 99.64 100 99.62
Barren Rocky 100 100 99.01 99.01 100 100
Scrub Land 97.01 96.30 99.72 97.25 97.88 91.38
Open Area 89.25 100 86.36 78.30 68.85 94.56
River & Waterbody 87.50 100 96.39 79.21 94.12 100.00
Overall Accuracy (%) 97.61 95.55 97.63
Kappa 0.91 0.88 0.94
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LULC change

The LULC change detection results have been summarized in Table 4 for the past two
decades (2000 to 2019). Besides, Figure 3 presents the spatial distribution of LULC classes
along with a bar chart showing the % distribution of the areas under different classes. From
Figure 3, it has been observed that in 2000, forest area was the dominant LULC class
covering 47.40 % of the total study area, followed by sparse vegetation (25.06 %), open area
(18.27 %), scrubland (4.25 %), agriculture (2.96 %), river and waterbody (1.35 %),
Settlements (0.33 %), sandy area (0.20 %) and barren rocky areas (0.17 %). During the past
two decades, the forest cover in the study area decreased from 39.12 sq. km. (47.40 %) in
2000 to 30.27 sg. km. (36.68 %) in 2019 (Table 4). It suggests an overall decrease in forest
cover was reduced by about 10.72 %, which means an annual rate of change of -0.56 % per
year. Among the other LULC classes that showed a decreasing trend between 2000 and 2019
were sparse vegetation (-8.37 %), and river & waterbodies (-0.56 %). Conversely, during this
period, the open areas and agricultural areas increased by 14.32 % and 4.50 %, respectively.
The built-up areas (urban and rural settlements) were progressively increased from 0.33 % in
2000 to 0.56 % in 2019. From Table 4, it was further observed that as a whole, the land-cover
classes in the study area had been declined by 4.73 %, which was contained by the land-use
classes.
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Fig. 3: LULC map for the year 2000, 2010 and 2019 and comparison change in area by LULC classes over time
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Table 4: Spatial LULC change detection statistics between 2000 and 2019

LULC Area under each Category LULC Category Change
Year 2000 2010 2019 2000-2010 | 2010-2019 | 2000-2019

LULC Classes (sﬁrliﬁq) % (Sgrﬁfn) % (Sgrﬁfn) % % % %
Urban 0.1161 0.14% 0.1251 0.15% 0.1294 0.16% 0.01% 0.01% 0.02%
Rural 0.1538 0.19% 0.2109 0.26% 0.33 0.40% 0.07% 0.14% 0.21%
Agriculture 2.4416 2.96% 7.282 8.82% 6.1578 7.46% 5.86% -1.36% 4.50%
Forest 39.1189 | 47.40% | 34.0824 | 41.30% | 30.2707 | 36.68% -6.10% -4.62% -10.72%
Sparse Vegetation 20.6841 | 25.06% | 14.5281 | 17.61% | 13.7711 | 16.69% -7.45% -0.92% -8.37%
Sandy Area 0.161 0.20% 0.143 0.17% 0.1629 0.20% -0.03% 0.03% 0.00%
Rocky Barren 0.1422 0.17% 0.167 0.20% 0.1872 0.23% 0.03% 0.03% 0.06%
Scrubland 3.5112 4.25% 2.8628 3.47% 3.9599 4.80% -0.78% 1.33% 0.55%
Open Area 15.0781 | 18.27% | 22.2113 | 26.92% | 26.8974 | 32.59% 8.65% 5.67% 14.32%
River & Waterbody 1.1148 1.35% 0.9089 1.10% 0.6551 0.79% -0.25% -0.31% -0.56%

82.522 100% 82.522 100% 82.522 100% 0 0 0
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LULC trends

The LULC change trends were represented by a transition matrix that was prepared based
on cross-tabulation that indicates the LULC class areas with their corresponding percentages
that were transformed into another class from 2000 to 2019. From Table 5, no change in
urban settlements was observed, and the urban built-up areas remained approx. 100 % intact
concerning the total area of the LULC class, followed by rocky barren (96 %) and rural
settlement (94 %), agriculture (86 %) and river/waterbody (83 %). The highest conversion
was observed in the sparse vegetation area, where about 27 % of its total area was
transformed into the open areas while 11 % was into scrubland. As illustrated in the above
section, the forest cover was depleted very fast and converted to sparse vegetation (19 %),
open area (7 %), agriculture (3 %), and scrubland (3 %) with respect to the total areas under
the forest class. The spatial change in occurrence among the land-cover classes of the forest,
sparse vegetation, scrubland, and open area LULC class was observed. However, there was
less conversion of the agricultural land, and about 8 % of the sandy areas from 2000 were
transformed into this category, which may be associated with the plantation and cultivation
along the seasonal streams and their beds. As a whole, during the studied period, the forest
cover (2.27 sq. km.), sparse vegetation (3.26 sq. km.) and scrubland (0.65 sg. km.) classes
which together constitute about 6.2 sgq. km. were converted to open areas. Moreover, about
6.2 sq. km. of forest land was converted to sparse vegetative cover. This trend of LULC
transition has been illustrated using the Sankey diagram for the period 2000 to 2010 and 2010
to 2019 (Figure 4). In the figure, the transition is colorized to trace how the LULC has
changed dynamically over time visibly. The rapid conversion of the forest areas into other
LULC classes is highly significant. Such a trend of LULC change requires considerable
attention from the local authorities and environmental conservation agencies.

At the village level, the change in the dominant LULC classes was analyzed. In 27 villages
out of total 34, the forest cover was reduced, varying from 1.74 % to 39.02 % of the
respective village geographical areas. Samalta Dadauli village has shown maximum
transition of forest land (-39.02 %) into the open areas (17.86%), agricultural land (10.69 %),
and sparse vegetation (10.29 %) classes. The other villages having a considerable amount of
forest land transformation are Nithala (33.59 %), Bhugtari (27.86 %), Udapalta (25.66 %),
Malaitha (24.11 %), Koti (Bamrad) (23.75 %) and Kakari (20.87%). In the majority of the
villages, the sparsely vegetative areas were observed converted to open areas. For example,
Jhutaya and Dhaira villages have shown open areas increased by 63.42 % and 62.57 % of the
respective village areas, respectively, mainly because of the conversion of the sparse
vegetation into open areas. Among the land-use classes, agricultural land in
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Table 5: Change matrix showing transition of area by LULC class

In 2019

LULC Classes . Sparse | Sandy | Barren | Scrubl | Open RO
Urban | Rural | Agriculture | Forest Veg. Area Rocky and Area Vt\’/gé;r

Urban 100% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Rural 0% | 94% 2% 1% 1% 0% 0% 1% 0% 0%
Agriculture 0% 0% 86% 2% 6% 1% 0% 2% 2% 0%
Forest 0% 0% 3% | 69% 19% 0% 0% 3% 7% 0%

v ;‘ﬁ;ﬁfm 0% 0% 0% 1% 60% 0% 0% | 11% | 27% 0%
Sandy Area 0% 0% 8% 3% 9% 78% 0% 0% 2% 0%
Barren Rocky 0% 0% 0% 0% 0% 0% |  96% 3% 1% 0%
Scrubland 0% 0% 1% 0% 14% 0% 0% | 62% | 23% 0%
Open Area 0% 0% 0% 3% 18% 0% 0% 3% | 75% 0%
W;'e"rebz dy 0% 0% 3% 5% 5% 0% 0% 0% 4% | 83%

Rikhar, Bisoi, Kanbua, Koruwa, Udapalta, and Samalta Dadauli village increased by more than 10 % of their respective village areas. The rural built-up
areas in Vyas Bhood and Kalsi village was increased by 1.25 % and 1.17 %, respectively. It was also observed that in 26 villages out of the total 34
villages, the rural built-up areas had depicted positive change. For urban areas, only in the Chakrata CB area has revealed an increase in the built-up area
of about 0.013 sg. km. as restriction of urban development has been imposed by the Cantonment Board. Since many of the villagers' livelihood is directly
associated with the extraction of forest products and the collection of wood, the rapid decline of the vegetation cover would have both direct and indirect
impacts. With the increase in agricultural areas through terrace cultivation at a higher altitude, the villages lacking proper knowledge of contouring and
drainage may further lead to degradation of soil and increasing incidence of mass movements (Table 6).
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Fig. 4: Sankey diagram showing transition of LULC classes (a) 2000-2010; (b)
2010-2019

a) 2000-2010

Sparse Vog
i
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Table 6: Spatial Change in LULC area by villages under each category

Sparse | Snady | Barren River/
SN. NAME Urban| Rural ! Forest Scrubland| Open Area
Agriculture Veg. Area | Rocky Waterbody]|
1 [SamaltaDadauli| 0.15 10.69 39.02) 10.29 | (b.06)| |- {0.13 (0.03)
2 [Nithala L 0.12 3.37 33.59) (151)| (0.12)] |- f7.16) 0.01
3 |Bhugtari L 0.11 7.29 27.85) MR2a97)| - = (0.06) {0.16)
4 |udapalta L 0.15) 11.29 25.66)) [§19.249) 031 - (1.88) (0.01)
5 |Malaitha L 0.17 3.94 24.11) W7ag)| (0a3)] |- (1.48) (0.02)
6 |Koti (Bamrad) L 5 | 4.03 2.75) HBus)| (og| |- B2 (0.02)
7 |Kakari L 0.06  5.32 20.87) K640 b1y |- Kis.a9) (0.07)
8 |Tikri Khera L 0.02 0.69 2045)  fis02| - - W) 2
9 [sainsa L 0.21 10.31 19.01) [Mass9)| (0.a7)) |- k(7.85) 0.02
10 [Kwarana - 0.18 3.67 18.53) 31.05)| (0.07) - (1.62) -
11 |Thurau L 0.02 (2.32) 17.52) MM29.82) - (h.05) (1.19) (0.20)
12 |Koruwa L 0.11 11.40 15.89) z ki6.19) 7
13 |Jhutaya L . | 4.58 14.30) | 007 f2s)] (0.25)
14 |Rani L S 10.07 14.08) - Bic0) T
15 [Mangrauli I 0.32 13.35) - f(1.89) 0.03
16 |Dhaira L 0.49 11.55) : G.1s)|  Kzss)| (0.13)
17 |Bisoi 1 0.58 10.86)| [MH25.10) (D.0s)| |- [ EED) E
18 |Bantar L 0.40 10.85) M26.13)) - 2 (5.00) {0.02)
19 |River Range L 0.18 10.41)] MB28.89)] 0.45| (h.19) |5.10 (0.02)
20 |Rikhar L 0.28 10.04) MR2159) (0.09)] |- (5.85) (0.07)
21 |Chapanu L 0.12 10.00) MM27.72)] (Los)| (b.30) Ks.06) (0.10)
22 |Sairi L S (7.15) MM29.95)) (Loy)| |- §(7.29) (0.34)
23 |Amroha L 5 (5.75) M12e9)| - D.05 . (0.46)
24 |Chakrata CB 0.06 0.26 (439) MM18.83)| (0.01)] |- (1.10) i19.82 0.00
25 |Alsi L 0.05 (3.41) 34.00) (0.07)] |- 54.00 f(3.20) (0.07)
26 |Dadhau 1 0.45 (2.54) a.79) - (b.02)] [h127)| 5168 (3.12)
27 |sakani L . (1.74) M2a.09)| (0.12) |- Bes| K065 (0.36)
28 |Nevi L 0.56 033 | MM2s.68) (bos)| - Fis.09) i23.58 B
29 |sainda L 0.25 o091 | MMeL26)| b6 . (5.36) i26.35 {0.01)
30 |Pajiya L 0.11) 166 | [E34a.85) - - .65 28,31 z
31 {Thana L 0.08 2.54 27.68)] - . (2.41) i22.65 {0.01)
32 |Vyas Bhood 0.02 1.25 1353 | [K16.06) |- - 2 1812 z
33 |Kanbua L 0.09 | 5.47 12.37)) (0.a1)] |- ks.12) {3.44 5
34 |Kalasi 1 117 1625 | WE2367)| Ls2| |- i 110 5

The above analysis depicts that the Kalsi-Chakrata area has experienced a considerable
amount of LULC change over the past two decades, with a significant decline in forest cover
and expansion of land use classes and bare lands. The LULC trends presented through the
transition matrix show the transformation of LULC classes into other categories and helped
assess the drivers of LULC change and the potential future trajectories. The village areas’
rapid transition from predominant land cover to land use classes or bare lands is a serious
concern, particularly for the villages situated at a lesser altitude between Sahiya and Kalsi.
The time series output through RS and GIS technique in the form of LULC maps are found
useful for assessing the patterns and transformation in the landscape, such as the demarcation
of the areas where LULC changes are rapid and extensive leading to ecological and
environmental vulnerabilities in the Lesser Himalayas.
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DISCUSSION

The study results show significant transformation in land-use and land cover along the
Kalsi-Chakrata road corridor between 2000 and 2019. As presented in the introduction
section of this paper, the change in LULC is fundamentally determined by ecological
conditions, morphology, and climate, along with anthropogenic activities such as
socio-economic development, transportation practices, and institutional set-up. In some
areas, the LULC is observed to be rapidly transformed from one category to another due to
population growth, urbanization, and industrialization (Rai et al., 1994; VVoogt & Oke, 2003).
Though conversion of land cover areas due to land-use practices do not inevitably result in
the degradation of land, however, LULC changes affect the geo-environmental processes and
natural ecosystems such as biodiversity, water, etc. (Riebsame et al., 1994; Pauleit et al.,
2005; Yang et al., 2017). In this study, the LULC change analysis indicates that forest cover,
the main land cover class, was intensively converted to open areas, sparse vegetation, and
different land-use categories such as agricultural land, built-up areas. The LULC trend
analysis results show that the forest cover in the study area decreased from 47.27 % in 2000
to 36.66 % in 2019. During the same period, the open areas and agricultural areas were
increased by 15.86 % and 4.49 %, respectively. Moreover, the built-up areas (both urban and
rural settlements) was progressively increased from 0.33 % in 2000 to 0.56 % in 2019. The
increase in built-up areas indicates an increase in population in the study area, which is
evident from the Census of India 2000-2011 data. The forests and sparsely vegetative areas
were converted to agricultural land and rural settlements as their spatial variations are often
induced or controlled by various anthropological activities. The result of this study concurs
with the other studies conducted in the Himalayan region of India (Rao & Pant, 2001; Yu
etal.,, 2007; Pandit et al., 2007; Sharma et al., 2016; Bartar et al., 2017). The high
dependence of the local community on forest products as part of the livelihood, increase in
the agricultural practices, and extraction of natural resources may be interrelated with the
general decrease in the dense vegetation cover in the area. Similar cases of the decline in the
forest cover have also been reported in other studies (Tiwari 2000; FSI, 2004; Sharma et al.,
2007; Yu et al., 2007). The loss of forest cover in the Himalayan mountain region is
correlated with the increasing natural hazards such as floods, landslides, avalanches, etc. The
loss of vegetation cover stabilizes the soil and improves the slope stability through the plant
root system. The occurrences of the frequent landslides along the Kalsi-Chakrata road
corridor may be connected with the trend of LULC change in association with the rugged
terrain, complex and fragile hydro-geomorphological settings, and increasing intensity of
Monsoon rainfall (Sur & Singh 2019, Sharma et. al., 2020). Therefore, there is a need to
investigate and further establish the relationship between LULC and the natural hazards in
the Lesser Himalayan terrain.

Although the present study considers a small road corridor as a test area, the findings are
significant and promising because it could establish the correlation between the
transformation of areas under different LULC classes. The increased human interference on
the land cover through road widening, increased vehicular movements, extension of
agriculture, and mining in the study area indicates a further decrease in the forest cover in the
near future. The increase in open areas resulting from a reduction of forest cover and sparse
vegetation suggests an increase in the non-forest land and wasteland, which could lead to loss
of topsoil cover, increased surface run-off, and reduced groundwater recharge. The rapid and
drastic change of LULC cover at the village level is very significant from the rural
communities' livelihood and the sustainable development of the area. Such changes are more
prominent in the villages located at the lower altitude between Kalsi and Sahiya town. In
villages, namely Samalta Dadauli, Nithala, Bhugtari, and Udapalta reported maximum
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transition of forest areas into the open area, agricultural land, and sparse vegetation. Further,
the villages where open areas have been increased by more than 50 % in two decades are
Jhutaya and Dhaira, mainly due to the conversion of the sparsely vegetated areas. The
decreasing trend of areas under water bodies/rivers in some of the villages indicates the
possible scarcity of water, which could link with the incidence of climatic or seasonal
variation over the period. Extending the outcome of LULC trend analysis at the village level
opens the path for a detailed investigation to study the probable impact of climate change in
the Lesser Himalayan terrain in relation to the hydro-geomorphic and anthropogenic
processes which could comprehensively lead to the sustainable development at a local scale.

CONCLUSION

In this study, we pursue to understand how the characteristics of different LULC classes
changed quantitatively through the overall development and land distribution using time
series maps. The use of cost-effective LULC change analysis through remote sensing
satellite imagery and integrated GIS technique made it possible to quantify, map, and
spatially correlate the changing pattern in LULC in villages of the Kalsi-Chakrata road
corridor for 17 years. The study area experienced a significant decline in forest cover
(-10.72 %), followed by sparse vegetation (-8.37 %) and river & water bodies (-0.56 %). In
comparison, there was a considerable increase in the open areas (+14.32%), agricultural land
(+4.50 %), scrubland (+0.55 %), and the built-up area (+0.23 %) between 2000 and 2019
which advocate for a gradual change in the LULC pattern. The reduction of forest cover and
an increase in land-use activities are salient feature of the area which is likely to decrease the
forest cover further due to commercial activities of resources, spreading out of agricultural
land and growth of built-up areas. This indicates the upsurge of areas under the land-use
classes was the result of population growth, mining activities and increased vehicular
movements which have implications for biodiversity and ecosystem, especially in the middle
and lower part of the study area. The increase in agricultural land at higher altitude areas near
the Chakrata indicates increase in terrace cultivation through clearing of forest areas which
may have multiple implications and requires more detailed investigation. Significantly, the
trees and bushes need to be preserved not only to stabilize slopes but for the added benefit of
habitat for wildlife. Finding areas where conversion was rapid will help to prioritize and fill
such gaps through forest management, biodiversity strategies and necessary conservation.

Further, analyzing and mapping the LULC change trend at village level provides a strong
basis for strategic planning, addressing environmental issues and sustainable decision
making. The improved understanding and study of the salient drivers in the Lesser
Himalayan road corridors can assist to recognize the underlying forces of LULC change and
extend the investigation to other areas at different scale. Such an approach would help
understand how the current land-use practices and anthropogenic factors affect the landscape
change and from the acquired result, we can infer that a detailed spatial study of the
landscape is a primary requisite for proper site selection for developmental activities. The
present study can help unlock the future scope to investigate the complex interconnection
between ecological and social changes under the influence of climate change in the
mountainous rural landscape in the Lesser Himalayas, which is vital for land management
and landscape sustainability.
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