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Abstract-- With the ever-increasing population the prerequisite
for arable lands, infrastructural development; resource
management becomes an obligation to encourage optimization
of resources and policy implementation. For this study a landuse change detection was attempted for the first time on the
novel area of Paonta Sahib Tehsil, Sirmaur district (Himachal
Pradesh) for the years 2014 and 2019. The classification was
achieved through the USGS Land use Classification Scheme at
Level I classes viz. Agricultural Land, Built-up, Forest,
Waterbody, and Barren using a supervised classification
technique. Ensuing, a positive change of +0.79% in Agriculture
land and Waterbody with+0.17% was observed. Nevertheless,
a negative change in Forest, Barren, and Built-up classes with
-0.14%,-0.54%, and -0.03% respectively. The overall accuracy
for 2014 and 2019 was 0.81 and the Kappa coefficient for the
same years was maintained at 0.76.
Keywords: Paonta Sahib Tehsil, Land Use Land Cover(LULC),
Land-Use Change Detection, Maximum Likelihood classifier,
Supervised Classification.
I.

INTRODUCTION

In today’s scenario, only a few areas are untouched by
the mankind. They have modified the land cover as and
when time commanded. The term land cover is the naturally
occurring earth i.e. the physical form whereas the land use
is the alterations done on. Often the course of alteration,
degradation, and segmentation of the natural features leads
to an endangered ecological system. The land use of an area
correspondingly varies with natural factors like episodes of
climate changes, flooding, and landfalls, etc. where the
changes are evident spatially and temporally. Here, land use
encompasses the presence of forest cover, river body,
settlements, agricultural fields, and barren areas. The
development in the urban infrastructure of the region has
attracted numerous large and small scale industries.
Distinguished sectors of power, mining, limestone,
pharmaceuticals, dairy and food processing, etc. are found
scattered in the study area. The region’s lush green forest
covers; picturesque hill and valley delicacy with some
indigenous flora and fauna species is apt for recreational
activities. With the constant surge in demand for food grain
production, the region has a significant share of productive
agricultural lands leading to various perishable goods
manufacturing industries in the area. Along with water
resources being utilized for domestic and agricultural
purposes the region has a Giri hydel project for power
necessities. Mapping the intensity of deviations on a Spatiotemporal scale becomes reliable and economically cheap
with the advent of satellite remote sensing techniques as
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mentioned by Kachhwala in 1985. Further, as Chilar in 2000
stated the association with GIS platform aids for data
visualization, analysis, update, and retrieval. Plentiful
studies have recognized the significance of preprocessing
techniques of remote sensing in accomplishing precise and
dependable results of change detection analysis (Jensen,
2005; Lu et al., 2004; Scheidt et al., 2008). Likewise, Daniel
et al. in 2002 had worked upon the comparison of various
techniques of land use land cover change detection wherein
he used traditional post-classification cross-tabulation,
cross-correlation analysis, neural networks, knowledgebased expert systems, and image segmentation and objectoriented classification.
Yet another work by Amin et al. in 2012 studied LULC
mapping of Srinagar city; Kashmir Valley. Mehta et al. in
2012 had presented an integrated approach of remote
sensing and GIS for LULC study of the arid environment of
the Kutch region in Gujarat between the years 1999 and
2009. Sharma et al. in 2012 introduced Land Consumption
Rate (LCR) and Land Absorption Coefficient (LAC) to help
in the quantitative assessment of changes between the years
1976 and 2008 in Bhagalpur city; Bihar. (Rawat & Kumar,
2015). As quantified by Cheolmin Kim in 2016; consistent
monitoring of LULC is critical for understanding the impact
of anthropological and natural changes on Earth at
spatiotemporal scales. Henceforth, LULC information is
indispensable for planning and enactment of welfare
schemes by monitoring the fluctuating land use pattern that
in turn affects the radiation and water budget; natural
emissions, and biodiversity.
For this study, satellite data of Landsat 8 OLI was
acquired from USGS Earth Explorer for the years 2014 and
2019. After preprocessing the data; a hybrid classification
approach involving supervised and unsupervised
classification techniques were used. Ground truth
verification using Garmin eTrex GPS was performed for
higher accuracy. The land use studies describe the present
use of land and help in predicting future trends for the same.
To achieve this objective Maximum likelihood classifier
was used.
II.
MATERIALS AND METHODS
The study area shown in fig 1 the Paonta Sahib Tehsil is
one of the 13 tehsils in the Sirmaur district of Himachal
Pradesh lying in the Shiwalik range of Himalayan mountain
system with humid subtropical climate prevailing
throughout the year. Landsat 8 OLI data set was acquired
from USGS Earth Explorer (http://earthexplorer.usgs.gov/)
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for the years 2014 and 2019 with the spatial resolution of 30
mt. The image preprocessing was performed in the ERDAS
Imagine version 2014 to obtain False Colour Composite.
With the layers stacked; the subset was performed to extract
the Area of Interest. Land use of the area under study was
classified on USGS Land use Classification Scheme
incorporated by National Remote Sensing Center, India; into
Level I classes namely Agricultural Land, Built-up, Forest,
Waterbody, and Barren using the supervised classification
technique with maximum likelihood algorithm in ERDAS
Imagine. The land classes of interest were carefully
nominated to classify the remote data in the surveyed area.
Cheolmin Kim in 2016 had mentioned the inevitability of a
classification scheme that has taxonomically clear
definitions of classes. The classes must be mutually
exclusive, comprehensive, and hierarchical (Jensen2005).
For the unsure areas, the ground verification was performed;
based on which the re-coding was done to correct the
misclassified areas. The classification is incomplete without
accuracy assessment. Thus, confusion matrix was generated
for the same that contained information about actual and

predicted classifications done by a classification system.
Cheolmin Kim in 2016 mentioned that to perform accuracy
evaluation, Kappa Coefficient, and overall classification
accuracy is the minimum requirements to be calculated from
the confusion matrix. The kappa analysis is a standard
procedure of evaluating a single confusion matrix that would
specify the probability of correct classification by discarding
the probability of accidentally correct classification. The
kappa coefficient considers the overall statistical agreement
of a confusion matrix for calculation of overall classification
accuracy wherein the total number of correctly classified
pixels is divided by the total number of sample points.
Further, Land use land cover change detection was
performed using the post-classification detection technique.
The pixel-based comparison was performed to generate the
change information on a pixel basis. The changes were noted
with the “-from and –to” conversion table to obtain the
qualitative and quantitative datasets of the period.

Fig. 1. Location map of the study area Paonta Sahib Tehsil with subset of Sirmaur district and Himachal Pradesh.

III.

RESULTS AND DISCUSSION

Results obtained from the satellite imageries were
diagrammatically represented in Fig 2 and 3 and numerically
in Table1. Fig 2 displays Land Use Land Cover in 2014 and
Fig 3 shows the Land Use Land Cover of 2019. Further Fig
4 depicts the Transition of Land Use Land Cover from 2014
to 2019. From an analysis of the images; as summarized in
Table1 it was noted that in 2014 Forest was the eminent
Land Use category with a share of 51.31% (392 sq.km ) area
followed by Agricultural land at 21.86% (167 sq.km) area
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and Barren with 18.06%(138 sq. km) area. The Built-Up had
a share of 7.98 %( 61 sq.km) and Waterbody was 0.79%
(6sq.km) area. In 2019; it was observed that forest was still
the prominent Land Use category with a share of 43.98%
(336 sq.km ) area followed by Agriculture land at 39.14%
(299sq.km) area and Barren with 8.25%(63 sq. km) area.
The Built-Up had a share of 7.72 %( 59 sq.km) and
Waterbody was 0.92% (7sq.km) area. Data described in
Table2 divulge both a positive and negative change in the
study area over the years. There was a positive increase of
+ 0.79% (132 sq. km) area in Agriculture land and +0.17%
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(1 sq. km) area of the Waterbody. Though, a negative
change of -0.54% (75 sq.km) area of Barren, -0.14 %( 56 sq.
km) area in the Forest and -0.03 % (2 sq.km) area in BuiltUp was observed.
To summarize the infringement of Land Use Land Cover
classes during the years a change detection matrix as in
Table 2 was generated which exposes that;
1. About 28.97% area of Agricultural land has
been converted into the Forest and 22.82% into
Barren.
2. Around 45.03% of the Built-Up area was
converted into Agricultural land and 17.01% was
left as Barren with the Forest being 7.13%.

4. Nearly 9.53% area of the Barren segment was
utilized for Agriculture practices and 4.82% was
reclaimed as Built-Up.
5. The 44.77% of the total area occupied by
Waterbodies was converted to Barren and 14.94%
was used up for Agriculture.
The precision of the classification technique
was supported by the overall accuracy for both the
years 2014 and 2019 as 0.81 with the Kappa
coefficient for the same years being 0.76; in
compliance with Rwanga, S.S., and Ndambuki,
J.M. (2017). The details of the Confusion matrix
for the years have been listed in Tables 3 and 4

3. Further, a share of 5.55% area underneath
Forest was converted into Built-Up and 3.35%
into Agricultural land.

Fig. 2. Paonta Sahib Land Use Land Cover in 2014
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Fig. 3. Paonta Sahib Land Use Land Cover in 2019
TABLE 1. AREA UNDER VARIOUS LAND USE LAND COVER CLASSES IN 2014 AND 2019 AND THEIR PERCENTAGE CHANGE.
2014
2019
Percentage Change
Percentage
Percentage
LULC Class
Area (in
Area (in
Area(in sq.km)
Percentage
Area
Area
sq.km)
sq.km)
Built Up
61
7.98
59
7.72
2
-0.03
Agriculture Land 167
21.86
299
39.14
-132
0.79
Forest
392
51.31
336
43.98
56
-0.14
Barren
138
18.06
63
8.25
75
-0.54
Waterbody
6
0.79
7
0.92
-1
0.17
Total
764
100.00
764
100.00
0
0
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Fig. 4. Transition of Land Use Land Cover from 2014 to 2019
TABLE 2 INFRINGEMENT IN AREA UNDER VARIOUS LAND USE LAND COVER IN 2014-2019

Agriculture
Built Up
Forest
Barren
Waterbody
Total
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Agriculture%
40.73
6.89
28.97
22.82
0.59
100.00

Built Up%
45.03
30.05
7.13
17.01
0.78
100.00

Forest%
3.35
5.55
90.11
0.83
0.16
100.00

Barren %
9.53
4.82
1.02
83.65
0.98
100.00

Waterbody %
14.94
11.69
0.36
44.77
28.25
100.00
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TABLE 3 CONFUSION MATRIX FOR LAND USE LAND COVER IN 2014

LULC Classes
Built Up
Agriculture Land
Forest
Barren
Waterbody
Total Pixels

Built Up
63
10
0
13
0
86

Agriculture
Land
5
56
4
5
0
70

Waterbody
2
6
0
0
68
76

Forest
4
1
46
3
0
54

Barren
6
7
0
69
2
84

Ground Truth Total
80
80
50
90
70
370

TABLE4 CONFUSION MATRIX FOR LAND USE LAND COVER IN 2019.
LULC Classes
Built Up
Agriculture Land
Waterbody
Forest
Barren
Total pixels

Built Up
63
1
3
0
8
75

Agriculture Land
7
67
0
1
2
77

Waterbody
0
1
46
0
4
51

Transformations in the agricultural cropping pattern and
diversification in the crops owing to rapid urbanization and
industrialization; the study area has witnessed massive landuse changes specifically in the low lying areas towards the
water bodies. As mentioned by Sharma et al in 2007 and
Singh in 1997; the incorporation of the horticultural cash
crops has led to a change in land use and cropping patterns
with specialized types of machinery. This change along with
ever-increasing population mass and unfortunate
government policy measures have endangered forest
sustainability; embellished deforestation and degradation.
The impact is clear with enormous pharmaceutical industries
developed in areas of Paonta Sahib City and Nahan
converting them into the belt of industrial zones. Chowdhry
in 2008 stated that the introduction of the Himachal Pradesh
Nautor Land Rules in 1968 hampered the land use of the area
wherein the government redistributed land up to one acre to
suitable landless people for agriculture and horticulture
practices. Gupta in 2007 cited the result of the practices of
land distribution had exaggerated the deforestation in the
state. Singh & Khanduri in 2011 had advocated that landuse study is of vital significance in determining the
economic, cultural, and social development of man in the
spatiotemporal extent. This study promotes the usage of
satellite imageries which have an imperative role in
quantifying the spatial and temporal spectacles which is
difficult with conventional mapping techniques.
IV.
CONCLUSION
The land-use change imitates the significant impact of
human actions on its natural resources and the environment.
Scrutiny of the Spatio-temporal pattern of land use and the
underlying factors give way forward to sustainable practices
and maintenance plans as suggested by Shah and Sharma in
2015. From the above discussion, it is apparent that there
needs to be a critical analysis of the hilly areas of India. The
conversion of forest into agriculture lands and built up has
endangered the native species and unprecedented loss to the
climate. There is an urgent need for proper government
policies and planning to evade haphazard growth of
industrial and residential built-up areas on grounds of forest
area. With the overall accuracy of 0.81 and Kappa
coefficient of 0.76, it is recommended by the team that future
work on individual land use categories could be performed
in detail to give a holistic new approach to the planners and
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Forest
1
2
0
47
1
51

Barren
13
4
13
0
49
79

Ground Truth Total
84
75
62
48
64
333

government agencies with easier techniques of Remote
Sensing and GIS generated spatial data.
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