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Abstract 

Landuse and landcover dynamics is a fundamental cause that has altered the terrestrial 
environment across the globe owing basically to anthropogenic activities. This has led to the 
degradation of natural resources so studies on landuse and landcover have become quite 
prominent. The modifications of landuse have been witnessed over spatio-temporal dimensions 
in global, national and local levels. Likewise, the similar scenario is observed in Assam 
attributed by a host of factors and therefore the present paper aims to assess the LULC change 
pattern of Sonitpur district over a period of 20 years from 2000 to 2020 on Arc GIS platform. 
Based on LULC classification, the entire region is classified into seven major classes and 
significant net loss and gain is marked in agricultural land and tea garden category. The overall 
classification accuracy for the classified map of 2020 is calculated as 88.86% with overall kappa 
statistics of 0.832 bearing a satisfactory result. Thus, the results of the present study would 
support and enhance the decision and policy makers to implement and formulate strategies to 
achieve sustainable development of the available resources. 
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Introduction 

 The Earth’s terrestrial surface is experiencing accelerating landuse and landcoverchange 
(LUCC) due to various anthropogenic activities as well as natural phenomena that affect climate, 
ecology, environment and livelihoods of people (Mishra et al., 2020).The rapid/alarming growth 
of  human population, expansion of urban centres, scarcity of land, the need for more production, 
technological development, etc. are the main reasons responsible for the LULC changes in the 
present world (Barros, 2004). It is a major issue that has become an additional irreplaceable 
observation feature globally (Gadrani et al., 2018;Cheruto et al., 2016) andis considered as a 
central component in current strategies for managing natural resources (Kaul & Sopan, 2012).  

 Thus, to prepare integrated plans for optimal utilization of natural resources, 
environmental monitoring as well as maintaining the ecological health, it is necessary to have 
adequate information regarding land use and land cover of a certain area (Chaudhary et al., 
2008). Previously, the data about LULC were generated through various ground survey methods 
which were not only costly and time-consuming, but also unfeasible for monitoring dynamic 
changes over a short period accompanied by subjectivity and time constraints. But with the 
introduction of geospatial tools and techniques, a drastic change occurred in landscape mapping, 
modeling and monitoring in recent decades (Kushwaha & Oesten, 1995).It is noteworthy that 
both Remote Sensing (RS) and GIS have long been recognized as indispensable and powerful 
tools in determining LULC changes at different spatial scales and the combined use of remote 
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sensing and GIS has proved to be an accurate and cost-effective method to detect LULC changes 
(Twisa & Buchroithner, 2019).  

 Moreover, the digital change detection method has been also widely used for 
determination and description of the widespread changes in LULC patterns based on multi-
temporal remotely sensed data because of its ability to quantify uncharacteristic change between 
two or more periods (Hassan et al., 2016; Lu et al., 2004). Several techniques have been used for 
change detection to identify LULC changes by usingvarious methods viz. image differencing, 
post-classification comparison, vegetation index differencing, and principal components analysis 
(Lu et al. 2004). The present paper is an endeavour to assess the spatio-temporal changes of 
landuse and landcover patterns of Sonitpur district in Assam for the year 2000 and 2020 using 
geospatial techniques. 

Study area 

 Sonitpur district is located in the midst of Assam along the north bank plain of the mighty 
Brahmaputra valley (fig.1). It lies between 92̊ 19′30″ E to 93̊ 47′32″ E longitude and 26̊ 29′ 33″ 
N to 27̊ 2′15″N. The district is surrounded by Arunachal Pradesh in north, Lakhimpur district in 
east, Darrang and Udalguri districts in west and Golaghat, Nagaon district in the south 
comprising a total area of 5204.87 km2. The drainage system of the district falls into the 
Brahmaputra which flows along the southern boundary of the district. According to 2011 census, 
the district is inhabited by 1,925,975 population representing 6.17% of Assam. The climate of 
Sonitpur district falls under sub-tropical monsoon type wherein the average temperature ranges 
between 11.4 ̊C to 32.6 ̊C.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1: Location map of the study area 
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 The adopted methodological flow chart has been shown in fig.
methods applied were followed by sequential steps given bel
research work has been computed in Arc GIS environment.

Fig.2: 

Pre-processing: In the initial phase, 
area is downloaded from USGS archive. For this, LANDSAT 7 imagery for the year 2000 and 
LANDSAT 8 for 2020 is selected. 
form a single multispectral image dataset t
standard false colour composite (FCC) is created for LULC mapping. 

Land-cover classification scheme: 
imageries, a total of seven major
vegetation, forest, sandbars, waterbodies and mixed built

Post processing: 

Supervised classification-LULCmapping have been performed in GIS environment
supervised approach was applied with maximum likelihood classifier technique. This technique 
is carried out by selecting training samples that represents the themes to be catego

Methodology 

The adopted methodological flow chart has been shown in fig.2. The datasets and 
methods applied were followed by sequential steps given below and the data processing of 

work has been computed in Arc GIS environment. 

Fig.2: Flowchart of methodology 

In the initial phase, thesatellite imageries containing the boundary of the study 
d from USGS archive. For this, LANDSAT 7 imagery for the year 2000 and 

LANDSAT 8 for 2020 is selected. The imagerieswith varied bands are superimposed 
mage dataset through layer stacking (Al-Saady et. al, 2015) and 

standard false colour composite (FCC) is created for LULC mapping.  

cover classification scheme: To generate the spatio-temporal LULC maps from satellite 
a total of seven major LULC classes are selected viz. agricultural land, tea garden, 

vegetation, forest, sandbars, waterbodies and mixed built-up. 

LULCmapping have been performed in GIS environment
d with maximum likelihood classifier technique. This technique 

is carried out by selecting training samples that represents the themes to be catego

. The datasets and 
ow and the data processing of the 

 

imageries containing the boundary of the study 
d from USGS archive. For this, LANDSAT 7 imagery for the year 2000 and 

varied bands are superimposed in order to 
et. al, 2015) and 

temporal LULC maps from satellite 
LULC classes are selected viz. agricultural land, tea garden, 

LULCmapping have been performed in GIS environmentwherein 
d with maximum likelihood classifier technique. This technique 

is carried out by selecting training samples that represents the themes to be categorized 
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LULC Class 2000 (Area in km2) 2000 (Area in %) 2020 (Area in km2) 2020 (Area in %)
Agricultural Land 3039.49 58.39 2552.29 49.04
Forest 628.01 12.06 535.76 10.29
Tea Garden 230.07 4.43 637.63 12.25
Mixed Built-up 54.04 1.04 93.12 1.79
Vegetation 477.86 9.18 467.74 8.99
Waterbodies 311.03 5.98 366.27 7.03
Sandbar 464.37 8.92 552.06 10.61

(Kantakumar & Neelamsetti, 2015). Moreover, several training sites are collected for the present 
study based on ground verification through field study and visual interpretation procedure.  

Accuracy Assessment- Accuracy assessment is a crucial step in LULC classification and it is 
done to avoid certain error probability(Al-Saady et al., 2015). To accomplish this task, a 
stratified random sampling design is applied to represent different landcover categories in the 
study area.  The ground verification is performed only for LULC of 2020 through Kappa 
coefficient method by calculating users, producers and overall accuracies.  

LULC change detection- Post classification comprising the change detection technique is vital 
for all types of LULC studies as it detects the variation in terms of magnitude and nature for all 
landcover classes observed over a certain period of time(Kafi et al., 2014). A change matrix is 
employed to quantify the key changes that have taken place between 2000 and 2020. 

Results and discussion 

LULC status 

 Based on LULC classification, the entire area is divided into seven major classes viz. 
agricultural land, tea garden, vegetation, forest, sandbars, water bodies and mixed built-up for the 
years 2000 and 2020 which are shown in fig. 3 and 4. The areas occupied under the aforesaid 
categories are presented in table 1.The results indicate that during the year 2000 the area 
occupied by different classes was found as: agricultural land covered 58.39% followed by forest 
as 12.06%, vegetation as 9.18%, sandbar as 8.92%, water bodies occupied 5.98%, tea garden as 
4.43% and mixed built-up covered 1.04% of the total area respectively. In contrast, during 2020 
the agricultural land category covered 49.04% of area from 58.39% in 2000 that clearly signifies 
a sharp decrease in cultivated land. While, the tea garden sector also showed a significant 
increase from 4.43% in 2000 to 12.25% during 2020. However, rampant population growth with 
urbanization has led to decrease in vegetation (8.99%), forest (10.29%) and an increased rate in 
mixed built-up of 1.79% in 2020. The water bodies and sandbar classes have experienced a 
positive growth of 7.03% and 10.61% over 20 years due to excessive erosional and depositional 
activities induced by the mighty Brahmaputra river flowing through the district. 

Table 1: Area under different LULC categories 
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Fig.3:LULC classified map of Sonitpur district, 2000 

Fig.4:LULC classified map of Sonitpur district, 2020 
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Accuracy Assessment 

 For carrying out change detection analysis of any study, accuracy assessment is required 
as it helps to determine the quality of information accessed from the data and its reliability with 
the real world(Fayaz et al., 2020). For this, error matrix tool is widely  

Table 2:Error matrix table of LULC classified image 2020 

 

applied to estimate the accuracy of a mapas it involves comparing and relating pixels of the 
classified imagery with the ground data(Erasu, 2017) that causes commission and omission of 
any errors produced. In this research, the error matrix approach is used which is shown in table 2 
and the user’s accuracy, producer’s accuracy is presented in table 3. The overall classification 
accuracy for the classified map of 2020 is calculated as 88.86% with overall kappa statistics of 
0.832 that indicates a satisfactory result.  

Table 3: Producer’s and user’s Accuracy assessment of 2020 classified image 

 

LULC pattern between 2000-2020 

 The LULC maps reveal striking changes over the periods particularly in agriculture, tea 
garden and forest sectors. These changes are triggered by various factors such as population 

Agricultural Land Forest Tea Garden Mixed Built Up Vegetation Waterbodies Sandbar Classified Total
Agricultural Land 43 0 3 0 1 0 0 47
Forest 0 45 4 0 2 0 0 51
Tea Garden 3 2 43 0 3 0 0 51
Mixed Built Up 0 0 0 39 2 0 1 42
Vegetation 4 3 0 5 42 0 0 54
Waterbodies 0 0 0 0 0 50 0 50
Sandbar 0 0 0 6 0 0 49 55
Reference Total 50 50 50 50 50 50 50 350

LULC Class Reference Total Classified Total Number Correct Producer Accuracy User Accuracy
Agricultural Land 50 47 43 86 91.48
Forest 50 51 45 90 88.24
Tea Garden 50 51 43 86 84.31
Mixed Built Up 50 42 39 78 92.86
Vegetation 50 54 42 84 77.78
Waterbodies 50 50 50 100 100
Sandbar 50 55 49 98 89.09
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growth, income, industrialization etc.
share of 3039.49 km2 while in 2020, its shar
experienced a major shift. This is due to conversion of agricultural land to commercial activities 
due to population pressure on the existing land area. Secondly, the area under tea garden 
previously occupied 230.07 km2 

the demand for this sector is increasing. The district being dissected by hills with 
climatic condition has triggered the growth of this sector. Moreover, people have also sh
their interest towards plantation that provides a good livelihood to them rather than engaging in 
other sectors. Excessive land demand has also led to a decrease inforest category from 628.01 
km2 to 535.76 km2 and vegetation from 477.86 km
and 2020. 

Fig.5:Graphical representation of net changes among LULC classes

Land Cover Change Detection 

 In most of the selected classes, major changes are observed over the period from 2000 to 
2020. The computed change detection
two classified images on different dates. The cross
significant portion of agricultural land category involving 368.29 km
sector in 2020. Similarly, a major part of forest, mixed built

growth, income, industrialization etc. During 2000, the agricultural land category had the largest 
while in 2020, its share diminished to 2552.29 km

experienced a major shift. This is due to conversion of agricultural land to commercial activities 
due to population pressure on the existing land area. Secondly, the area under tea garden 

2 and in 2020, it registered a positive growth to 637.63 km
the demand for this sector is increasing. The district being dissected by hills with 
climatic condition has triggered the growth of this sector. Moreover, people have also sh
their interest towards plantation that provides a good livelihood to them rather than engaging in 
other sectors. Excessive land demand has also led to a decrease inforest category from 628.01 

and vegetation from 477.86 km2 to 467.74 km2 over the period between 2000 

Graphical representation of net changes among LULC classes

 

In most of the selected classes, major changes are observed over the period from 2000 to 
d change detection statistics table (4) signifies the overall changes between 

on different dates. The cross-tabulation matrices indicate
significant portion of agricultural land category involving 368.29 km2 is converted to tea garden 

. Similarly, a major part of forest, mixed built-up, vegetation, water bodies and 

During 2000, the agricultural land category had the largest 
e diminished to 2552.29 km2 and this class 

experienced a major shift. This is due to conversion of agricultural land to commercial activities 
due to population pressure on the existing land area. Secondly, the area under tea garden 

and in 2020, it registered a positive growth to 637.63 km2 i.e. 
the demand for this sector is increasing. The district being dissected by hills with favourable 
climatic condition has triggered the growth of this sector. Moreover, people have also shifted 
their interest towards plantation that provides a good livelihood to them rather than engaging in 
other sectors. Excessive land demand has also led to a decrease inforest category from 628.01 

over the period between 2000 

 

Graphical representation of net changes among LULC classes 

In most of the selected classes, major changes are observed over the period from 2000 to 
signifies the overall changes between 

indicated that a 
is converted to tea garden 

up, vegetation, water bodies and 
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sandbar categories are transformed into agricultural sector in 2020. Moreover, the overall LULC 
net change of all classes over 2000-2020 states that tea garden, mixed built-up, water bodies and 
sandbar have registered net gain area of 407.56 km2, 39.08 km2, 55.24 km2 and 87.69 km2 
respectively. On the other hand, agriculture, forest and vegetation experienced a net loss area of 
487.2 km2, 92.25 km2 and 10.12 km2. 

Table 4: Change detection statistics, 2000-2020 

 

Conclusion 

 The evaluation of LULC dynamics through geospatial tools and techniques have been 
widely used as it detects and monitors the significant changes over spatio-temporal dimensions 
across the globe. The resultant LULC maps of the present study has classified the area into seven 
classes and all of them witnessed both positive and negative variations. Of all, the agricultural 
land and tea garden showed contrasting alteration as the former experienced a net loss of 482.2 
km2 and latter encountered a net gain of 407.56 km2. It is due to the fact that the rapid population 
growth in Sonitpur district has led to a shift in people’s interest from engaging in agricultural 
sector to commercial activities. Therefore, comparing over the two periods, it is found that 
people have converted their agricultural plots to plantation activities that provides the main 
source of livelihood to the inhabitants. However, the slight decrease of both vegetation and forest 
clearly indicates the abrupt rise of population that also induces a growth in mix built-up category. 
Hence, geospatial techniques can effectively be used to assess the unplanned landuse areas to a 
planned one through modeling and mapping the sites. Finally, this study would enhance the 
landuse planners to relocate the resources in resource deficit areas through attaining and 
implementing sustainable land use policies.  

 

 

 

 

Agricultural Land Forest Tea Garden Mixed Built Up Vegetation Waterbodies Sandbar Grand Total 2000
Agricultural Land 2480.56 0.03 368.29 30.01 6.41 64.05 90.14 3039.49
Forest 51.15 527.04 39.47 1.06 9.29 0 0 628.01
Tea Garden 0.01 0 227.49 0.31 2.26 0 0 230.07
Mixed Built Up 0.43 0.08 0.07 53.44 0.02 0 0 54.04
Vegetation 9.54 8.41 2.31 8.18 449.39 0 0.03 477.86
Waterbodies 3.08 0.07 0 0 0.21 299.01 8.66 311.03
Sandbar 7.52 0.13 0 0.12 0.16 3.21 453.23 464.37
Grand Total 2020 2552.29 535.76 637.63 93.12 467.74 366.27 552.06 5204.87
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