
Chapter 22
Monitoring Land Use and Land Cover
Analysis of the Barak Basin Using
Geospatial Techniques

Wajahat Annayat , Kumar Ashwini, and Briti Sundar Sil

22.1 Introduction

Human beings need land for their survival and development (Xie et al., 2020). Land
is becoming a scarce resource due to human-induced environmental changes such as
expansion of agriculture, logging of forests, road hydropower and urbanization and
setup of new mining industries (Ellwanger et al., 2020). Both natural and anthropo-
genic factors and their utilization by humans with space and time are responsible for
the change in pattern of LULC of a particular region (Ganaie et al., 2020). From
global to local scale, it has been widely accepted that LULC plays an important role
on the functioning of the ecosystem. LULC of every continent has been compre-
hensively modified since the development of agriculture (Saunders et al., 1991). The
nature of this modification is both dynamic and nonlinear which are activated by
various factors such as social, political, economic and environmental factors which
lead to the change in the climate (Reid et al., 2000; Webb &Honda, 2007; Miyamoto
et al., 2014; Hassan et al., 2016). The process of LULC is not simple, as because
there are structural complexities between various types of LULC changes which are
changing both in space and time (Lambin et al., 2003).

All over the world, various researchers have investigated the analysis of changes
in the LULC. Monitoring of LULC should be conducted on regular basis as because
it causes various irreversible influences on the environment, particularly causing
urban micro-climate warming (Coppin et al., 2004; Hahs et al., 2009; Niyogi et al.,
2010; Wajahat & Sundar, 2018; Policelli et al., 2018). Satellite images of different
spectral, spatial and temporal resolution have been used to carry out a LULC
mapping successfully (Friedl et al., 2010; Solaimani et al., 2010; Aredehey et al.,
2018). Monitoring and planning of LULC changes in the arid and semiarid regions,
and the use of satellite images has been less used (Jia et al., 2014; Aredehey et al.,
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2018; Teka et al., 2018). In order to utilize the natural resources with proper planning
and management, the study of LULC is mandatory. Traditional methods for
collecting data are not sufficient to study the multi-complex environmental studies
(Deng et al., 2009), since a lot of difficulties persists in order to present the
multidisciplinary data set. In order to detect the changes in the LULC, accurate
and timely data of various land utilizations of an area are required (Bastawesy et al.,
2008). Hence, we require technologies like remote sensing (RS) and geographical
information systems (GIS) to present these data sets. These technologies provide
data at those places where field investigations are rare and difficult to attain.

Series of 30 years of data has been used to study the LULC changes in the Barak
River which are based on RS and GIS technology. In the literature, authors found
that in the Barak River till date, no study has been carried out which is based on the
temporal and spatial channel changes in the LULC. So in order to fulfil this gap and
to understand the nature and causes of LULC change in the Barak Basin, it is further
planned to carry out a study through which the proper dynamics of the LULC
changes of the Barak River can be understood. In this work, we have presented
the changes in the LULC with the help of Landsat data by using a classification
known as hybrid classification which consists of both supervised classification and
unsupervised classification. The main aim of the present work is to apply RS and
GIS techniques in order to understand temporal and spatial channel changes of
LULC with a long period of time (1988–2018). In order to fulfil the main aim of
the study, the following objectives are framed to carry out this study in the Barak
River which is outlined below:

• To delineate the various LULC patterns
• To analyse the various changes in LULC categories from 1988 to 2018

The outcome of the study on the monitoring land use and land cover analysis of
the Barak Basin using geospatial techniques is subdivided into seven sections.
Following this introduction represents a synthesis of the relevant literature on river
LULC analysis. Section 22.2 deals with the description of the study area highlighting
the location and climatic peculiarities. Section 22.3 illustrates the materials and
methods and data used and discusses the methodologies. Sections 22.4 narrate the
results and discussion of the spatio-temporal variability of LULC. Section 22.5
summarizes the results and provides the major conclusions from the present study.
The final section consists of reference section which is included at the end.

22.2 Study Area

The total length of Barak River is 900 km long and is flowing through the various
states such as Manipur, Nagaland, Mizoram and Assam in India and into the Bay of
Bengal via Bangladesh. In Bangladesh, this river is known by a name called as
Surma River. From 900 km, 524 km is in India, and the rest is in Bangladesh. In the
northeast India, Barak River is the second largest river which is flowing parallel to
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the river Brahmaputra. Barak River starts from the Manipur hills of the Japvo
Mountain .The Barak Basin lies between 90�500E to 95�00E and 22�430N to
25�570N. It was found that the annual rainfall varies from 2500 to 4000 mm out of
which 80% of the annual rainfall has occurred in the monsoon season (April to
October) (Annayat & Sil, 2020a). The mean annual Tmin and Tmax ranged from 17.74
to 19.617 �C and 25.147 to 29.652 �C, respectively (Annayat & Sil, 2020b). In this
study, analysis of LULC has been conducted for the whole of the Barak Basin
located in India covering a distance of approximately 524 km. The location map of
the study area is shown in Fig. 22.1.

Fig. 22.1 Location of the study area
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22.3 Materials and Methods

22.3.1 Data Used

Basic data used in this study include multi-date Landsat images of the years 1988
(MSS), 1998 (MSS), 2008 (TM) and 2018 (OLI). In this study, four-time series
satellite images were obtained from the United States Geological Survey (USGS).
All the five satellite raw images were attained on separate years, i.e. 1988 (MSS),
1998 (MSS), 2008 (TM) and 2018 (OLI). The detailed information of Landsat
images used is shown in Table 22.1. Also we have shown satellite raw images
based on their capturing time (Fig. 22.2).

22.3.2 Methodology

After downloading the Landsat data, Landsat 1 (MSS) was subjected to line
destripping (line stripping was found) as scanning error was removed by the filtering
techniques (Pan & Chang, 1992). The resolution of Landsat 1(MSS) was 60 m; we
georeferenced the data by using various control points in order to improve the
positional accuracy and to resample the MSS data into 30 m resolution. Also
ERDAS IMAGINE 14 software was used to carry out the radiometric error and
haze corrections (Hazarika et al., 2015; Annayat & Sil, 2021). A combined method
of classification (supervised and unsupervised) was used to classify the LULC
(Hazarika et al., 2015). Through supervised classification, we assign the signature
file of different classes by visual interpretation. Accordingly, the data is reclassified
into eight classes, namely, water bodies, vegetation and dense vegetation, agricul-
tural land, built-up, grassland, wasteland and riverbed (Aboelnour & Engel, 2018).
We assess the classified data in order to find its accuracy by using a matrix known as
confusion matrix (Abdelkareem et al., 2017). We compare the values of error in each
class, which were classified one-to-one value in the ground truth data. A total of
240 ground truth points were used for the accuracy assessment. Same number of
columns and rows were possessed by the table which is equal to the number of
classes. The present chart of the methodology shows the schematic flow diagram of
the whole work (Fig. 22.3).

A significant step in the classification of images is the accuracy assessment. From
the error matrix, some of the processes of accuracy assessment are kappa coefficient

Table 22.1 Dataset utilized in the study

Data type Sensor Path/row Scale Acquisition date Source

Landsat 1 MSS 136/43 60 m 05.01.1988

Landsat 2 MSS 136/43 30 m 09.12.1998 http://earthexplorer.usgs.gov

Landsat 5 TM 136/43 30 m 04.02.2008

Landsat 8 OLI 136/43 30m 20.12.2018
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(K^), overall accuracy, producer’s accuracy and user accuracy (Zhang et al., 2016).
Then the kappa coefficient (K^) is then calculated using the following equation
(Abdelkareem et al., 2017).

K ¼
N
Pr

1¼1Xii�
Pr
i¼1

XiþXþi

N2 �Pr
i¼1

XiþXþi

ð22:1Þ

where

Fig. 22.2 Satellite raw images based on their capturing time
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r ¼ “Number of rows/columns in confusion matrix”
Xii ¼ “Number of observation in row i and column i”
Xi+ ¼ “Total number of row i”
X+i ¼ “Total number of column i”
N ¼ “Number of observations”

Percentage of samples which are correctly classified in an error matrix is known
as classification accuracy. In order to calculate the classification accuracy, we divide
the total number of samples which are correctly classified by the total number of
reference samples. It can be expressed by the following equation (Dada & Hahn,
2020):

Overall accuracy ¼
}Number of Sampling classes classified correctly}

}Number of reference sampling classes}
ð22:2Þ

In order to derive the mapping accuracy of LULC classes, both producers
accuracy and user accuracy are calculated using the Eqs. 22.3 and 22.4 (Story &
Congalton, 1986) and (Congalton & Green, 2019).

Producers accuracy ¼ aiiPn
i�1aiþ

ð22:3Þ

User accuracy ¼ aiiPn
i�1aþi

ð22:4Þ

where

Fig. 22.3 Flow chart for methodology
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aii ¼ “Number of samples correctly classified”
ai+ ¼ “Column total for class i”
a+i¼ “Row total for class i”

22.4 Results and Discussion

22.4.1 Land Use Classification

In order to analyse the LULC changes at different times, it gives an idea about the
probable driving factors which are responsible for the level of changes and its
consequences. Also respective management techniques are utilized in order to
prevent the further loss of LULC in a particular area. The analysis of the entire
land use and land cover of the study area in 1988, 1998, 2008 and 2018, respectively,
reflected different proportions of changes that occurred in water bodies, vegetation
and dense vegetation, agricultural land, built-up, grassland, wasteland and riverbed.
Table 22.2 and Fig. 22.4 give the statistical results of LULC changes. Evaluation of
LULC was done between 1988 and 2018. Changes were evaluated from the differ-
ences between 1988 and 1998, 1998 and 2008, 2008 and 2018 and 1988 and 2018.
Eight major LULC types such as water bodies, vegetation, dense vegetation, agri-
cultural land, built-up, grassland, wasteland and riverbed were registered and con-
sidered for the study area. In order, the abundance of different categories of LULC
till 1988 are represented as dense vegetation (76.59)> vegetation (14.04)> agricul-
tural land (5.23)> water (1.88)>urban and built-up area (1.49)> grassland (0.486)>
wasteland (0.1)> riverbed (0.087), while as for the year 2018, the situation was
somehow different and can be represented as dense vegetation (74.02)> vegetation
(15.37)> agricultural land (5.69)> urban and built-up area (2.59)> water (1.44) >
grassland (0.55)> riverbed (0.20)> and wasteland (0.10). During the recent years,
significant momentum has been gained by the studies of the LULC on the environ-
ment and the society. LULC changes that are derived from the period of 30 years

Table 22.2 Land use/land cover changes of the Barak River Basin from 1988 to 2018

Area coverage

LULC Class 1988 1998 2008 2018

Water 458.14 392.85 518.53 350.58

Vegetation 3407.12 3848.27 3934.42 3730.67

Dense vegetation 18584.95 18120.98 17811.47 17960.69

Agricultural 1270.63 1298.41 1254.86 1382.41

Urban/built-up 361.68 432.24 562.81 628.48

Grassland 118.99 108.40 131.24 134.61

Wasteland 40.17 44.69 14.20 25.73

Riverbed 21.16 17.02 35.31 49.66

Total 24262.87 24262.87 24262.87 24262.87
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(1988�2018) have been shown in Table 22.3 and Fig. 22.4. It is evident from
Table 22.3 that the LULC changes were of highest amount in riverbed and urban
from 1988 to 2018. Dominant land use that increased progressively over the study
period was urban, grassland and agricultural land. For example, urban increased by
19.50% for 1988�1998, 30.20% for 1998�2008 and 73.76% for 1988�2018, while
agricultural land increased by 2.18% for 1988�1998, 10.16% for 2008�2018 and
8.08% for 1998�2018. In addition, grassland increased by 21.06% and 13.12%
from 1998 to 2008 and 1988 to 2018, respectively. In contrast, water decreased by
14.2% for 1988�1998 and 32.39% for 2008�2018 and 23.48% for 1988�2018.
Dense vegetation showed a decreasing trend by 2.49% for 1988�1998, 1.70% for
1998�2008 and 3.48% for 1988�2018. Wasteland showed a decreasing trend of
35.92% for 1988�2018. Rapid population growth, migration of rural people to

Fig. 22.4 Land use/land cover changes for three decades (1988–2018) in the Barak River Basin
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urban, unawareness of biophysical limitations and poverty are some of the probable
reasons behind the changes in the LULC. In addition to industrial, agricultural and
other activities, humans also affect climate through changes in land use (activities
taking place on land, like growing food, cutting trees, or building cities) and land
cover (the physical characteristics of the land surface, including grain crops, trees or
concrete). Some field photographs (Fig. 22.5) show the LULC of the Barak River.
From Table 22.3, it is clear that the change in area under urban and built-up was
19.5% during 1988�1998, while this change in area was 73.76% during
1988�2018. It is clear that the area under urban and built-up has increased; besides,
this erosion of bank tries to capture the area which is nearby the settlement.

22.4.2 Overall Classification Accuracy and Kappa Statistics

It is very difficult to assess the classification accuracy as it is associated with lot of
problems (Foody, 2002). Overall accuracy is one of the basic accuracy measures,
and it is obtained by dividing the properly classified pixels by the total number of
pixels (Banko, 1998). A statistical valid assessment for the quality of classification is
provided by kappa coefficient, and it is a measure of overall agreement of matrix. All
the diagonal elements are taken into consideration in case of kappa coefficient
(Rosenfield & Fitzpatrick-Lins, 1986). The results of the hybrid classification of
the LULC of the Barak River for the Landsat 1 (1988; MSS), Landsat 2 (1998;
MSS), Landsat 5 (2008;TM) and Landsat 8 (2018;OLI) showed overall classification
accuracy of 93.75%, 92.96%, 95.42% and 97.50% with overall kappa statistics of
0.9283, 0.9183, 0.9476 and 0.9714, respectively (Table 22.4). Some other studies
have observed similar range of results such as in Umabdalla Natural Reserved
Forest, South Kordofan, Sudan by Abdelkareem et al. (2017) and in Lodhran District
of Pakistan by Hussain et al. (2019). As per (Pontius Jr (2000), the value of kappa
coefficient greater than 0.5 is considered as satisfactory for modelling of LULC
changes. However, Landis and Koch (1977) set a range of kappa coefficient as

Fig. 22.5 Field photo of LULC of the Barak River at various locations: (a) Fulertal (b) Anapurna
(c) Badarpur
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follows: a value of kappa coefficient greater than 0.7 is considered as excellent,
values between 0.6 and 0.79 are considered as substantial and values of 0.59 or less
indicate moderate or poor agreement. The overall accuracy and kappa coefficient of
the present study are within the excellent range.

Concerning the overall producer and user accuracy for the classified imagery
classes from 1988 to 2018, the result revealed excellent user accuracy for nearly all
the classes in all years (Table 22.4). From all the classified images, water and
agricultural land are the best classified with almost 100% accuracy as because of
distinctive separation from the rest of the classes. For water, the best accuracy was
obtained in the year 1998 where both producer and user accuracy are 100%.
Similarly for agricultural land, the best accuracy was obtained in the year 2018
where both producer and user accuracy are 100%. Finally from Table 22.5, overall
classification accuracies such as producer accuracy and user accuracy suggested that
this classification is consistent and satisfactory for further analysis.

22.5 Conclusion

The Barak River is the second largest river in the northeast India. Main incentive of
this chapter is to analyse the changes in the LULC of the Barak River using the
remote sensing data and GIS technology. Four different Landsat images were used in
order to under the dynamics of the LULC changes. The findings of the present study
reveal that the LULC changes were significant from 1988 to 2018. It was found that
water, dense vegetation and wastelands area have decreased by 23.48%, 3.48% and
35.92%, respectively, in 2018. However, agricultural, grassland, urban and riverbed
have increased by 8.08%, 13.12%, 73.76 and 134.62%, respectively, which clearly
indicate that there is a major impact of humans and their developmental activities on
the LULC changes. The overall accuracy such as producer accuracy, user accuracy
and kappa coefficient of the present study are within the excellent range.

Table 22.4 Overall classification and kappa statistics of the Barak River Basin using hybrid
classification

Accuracy

Barak River

1988 1998 2008 2018

Overall classification accuracy (%) 93.75 92.96 95.42 97.50

Kappa statistics (K) 0.9283 0.9183 0.9476 0.9714
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