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Abstract

The dynamic transformation of land use and land cover has emerged as a
crucial aspect in the effective management of natural resources and the con-
tinual monitoring of environmental shifts. This study focused on the land use
and land cover (LULC) changes within the catchment area of the Godavari
River, assessing the repercussions of land and water resource exploitation.
Utilizing LANDSAT satellite images from 2009, 2014, and 2019, this research
employed supervised classification through the Quantum Geographic Infor-
mation System (QGIS) software’s SCP plugin. Maximum likelihood classifi-
cation algorithm was used for the assessment of supervised land use classifi-
cation. Seven distinct LULC classes—forest, irrigated cropland, agricultural
land (fallow), barren land, shrub land, water, and urban land—are delineated
for classification purposes. The study revealed substantial changes in the Go-
davari basin’s land use patterns over the ten-year period from 2009 to 2019.
Spatial and temporal dynamics of land use/cover changes (2009-2019) were
quantified using three Satellite/Landsat images, a supervised classification al-
gorithm and the post classification change detection technique in GIS. The
total study area of the Godavari basin in Maharashtra encompasses 5138175.48
hectares. Notably, the built-up area increased from 0.14% in 2009 to 1.94% in
2019. The proportion of irrigated cropland, which was 62.32% in 2009, de-
clined to 41.52% in 2019. Shrub land witnessed a noteworthy increase from
0.05% to 2.05% over the last decade. The key findings underscored significant
declines in barren land, agricultural land, and irrigated cropland, juxtaposed
with an expansion in forest land, shrub land, and urban land. The classifica-
tion methodology achieved an overall accuracy of 80%, with a Kappa Statistic
of 71.9% for the satellite images. The overall classification accuracy along
with the Kappa value for 2009, 2014 and 2019 supervised land use land cover
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classification was good enough to detect the changing scenarios of Godavari
River basin under study. These findings provide valuable insights for dis-
cerning land utilization across various categories, facilitating the adoption of
appropriate strategies for sustainable land use in the region.

Keywords

GIS, Remote Sensing, Land Use Land Cover Change, Change Detection,
Supervised Classification

1. Introduction

Land use applications involve both baseline mapping and subsequent monitor-
ing. Land use is generally inferred based on the land cover, yet both the terms
land use and land cover being closely related are interchangeable [1]. Remote sens-
ing and Geographic Information System (GIS) has been used for land use/land
cover mapping, over the years. Remote sensing data made it possible to study the
changes in land use land cover in less time and with good accuracy [2]. Remote
Sensing (RS) data has been used to classify and map land cover and land use
changes with different techniques and data sets. Landsat images have served a
great deal in the classification of different landscape components at a larger scale
[3]. Last three decades land satellite images have been used for this study. These
satellite images further processed and analysed by GIS software. Geographic In-
formation Systems (GIS) offer effective tools for the analysis of land use issues,
as well as for land use planning and modeling, as highlighted many researchers.
[4] [5] and [6] successfully utilized ERDAS Imagine software for mapping land
use and land cover changes through both unsupervised and supervised classifi-
cation methodologies. Asadi et al (2010), created spatial digital database for Land
Use/ Land Cover using ERDAS image processing software and analysis were
done in Arc/Info and ArcView GIS software. GIS provides a flexible environ-
ment for collecting, storing, displaying, and analysing digital data necessary for
change detection [7]. [8] applied the new version 2.3.2 of the Semi-Automatic
Classification Plugin for QGIS for LULC classification. [9] used QGIS software
for image classification. LULC mapping is very essential in finding out the soil
erosion in any specific area, because the vegetation cover has significant impact
on soil erosion. QGIS Open-source software has been used to evaluate and ana-
lyze LULC change between 2000 and 2010 and MOLUSCE plugin was used for
producing the map of area change between study period and provide transition
matrix [10]. Geographic Information Systems (GIS) and remote sensing are ef-
fective methods for obtaining precise and timely data on the spatial distribution
of changes in land use and cover over huge areas [11]. The primary goal of this
study is to employ Geographic Information System (QGIS) and Remote Sensing
(RS) applications to assess the extent of changes in Land Use and Land Cover
(LULC) categories and understanding the patterns of land use change in the in
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the Godavari River Basin under study over a span of 10 years from 2009 to 2019.
The current study is an attempt for determining changes in LULC categories
through spatial comparisons of the produced LULC maps by integrating QGIS
and RS.

2. Methodology
2.1. Study Area

The Godavari River is India’s second longest river after the Ganga. Its source is
in Trambakeshwar, Nashik, Maharashtra. It flows east up to Nanded District in
the state of Maharashtra. Study area covers the upper and middle part of the Go-
davari River from Trambakeshwar in Nashik district to Vishnupuri in Nanded
district in Maharashtra as shown in Figure 1. It covers a length of 350 kilometers

and basin area around 51381.75 km” for the study.

2.2. Data Collection and Preprocessing

The LANDSAT 5 (TM) and LANDSAT 8 (OLI/TIRS) data has been used for the
LU/LC classification of study area. For this study gets LANDSAT images of three
years 2009, 2014 and 2019 from USGS Earth Explorer website. The spatial reso-
lution of LANDSAT 5 and LANDSAT 8 is with 30 m resolution. LANDSAT
images of the past three years have been considered for temporal changes of
LULC. The details of collected LANDSAT images are shown in Table 1. The
land use land cover classes from the different satellite images were generated by

supervised Image Classification technique by using SCP plugin in QGIS software.
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Figure 1. Location of study area.
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Quantum GIS (QGIS) is a open-source desktop geographic information system
application that provides data viewing, editing, and analysis of remote sensing
data. QGIS 3.10.6 have been used to process the data. Semi-Automatic Classifi-
cation Plugin was used for Image Classification and Change Detection. Figure 2
shows the LULC map for the study area for the year 2009. Similarly Figure 3 and
Figure 4 represents the LULC map for the year 2014 and 2019 respectively.

The widely adopted approach for detecting alterations in Land Use and Land
Cover (LULC) is the post-classification comparison technique, primarily relying
on supervised maximum likelihood classification. Figure 2 represents the road
map of the study. This technique involves the use of a supervised classification
method to create the land use land cover map. In supervised classification, clus-
ters are formed based on the comparable spectral characteristics found in the
image. The algorithm categorizes pixels into spectral classes to generate a com-
prehensive understanding of the landscape. Supervised classification generates
clusters based on similar spectral characteristics inherent in the image. The

algorithm groups pixels into spectral classes. It is most often executed through

Table 1. Satellite images and their characteristics used in the study.

S. No. Satellite Sensor Spectral Bands  Month/Year of Acquisition
1 LANDSAT 5 ™ 7 2009
2 LANDSAT 8 OLI/TIRS 11 2014
3 LANDSAT 8 OLI/TIRS 11 2019
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Figure 2. Land use land cover map (Year-2009).
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Figure 3. Land use land cover map (Year-2014).
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Figure 4. Land use land cover map (Year-2019).

DOI: 10.4236/jgis.2024.161002 25 Journal of Geographic Information System


https://doi.org/10.4236/jgis.2024.161002

P. Saraf, D. G. Regulwar

clustering method. The ISO data Clustering Algorithm is a well-known algo-
rithm deployed in implementing Unsupervised Classification [12]. This type of
classification is generated based on the computed algorithm embedded within
the GIS software. In QGIS, supervised Classification was conducted using the
Semi-Automatic Classification Plugin. The accuracy assessment has been carried
out by applying random points in accuracy assessment window. In this study,
accuracy assessment of the resultant classified images was carried out to deter-
mine the quality of information derived from the data which is collected by us-
ing GPS from ground truth and Google earth. The overall classification accuracy
in this land use land cover classification, 80% and Kappa Statistic of 71.9%. For-
est, Irrigated Cropland, Agricultural land, Barren Land, Shrub Land, Water, Ur-
ban Land were chosen as the 07 key LULC classes for mapping the entire study
area. The agricultural land under irrigation had a comparable spectral response,
hence the area under agricultural was classified into two categories as Irrigated

Cropland and agricultural land showing Fallow Land only.

2.3. LULC Change Detection

A post-classification change detection approach was used to examine the changes.
In recent decades, many change-detection methodologies have been developed,
including image differencing, post classification change matrix, comparison meth-
odology, and principal component analysis [10] [13]. A pixel-based comparison
method was used to produce the changes in LULC using QGIS. A Comparison
methodology was built from 2009-2014 to 2014-2019 to assess the overall changes
in land-use classifications between 2009 to 2019. In the comparison methodology,
the total increase or reduction of each class of land cover is assessed as a per-
centage of the original area and change in each class of land cover is determined

quickly and accurately.

3. Result and Discussion

In this paper, changes in the land use and land cover of Godavari basin are as-
sessed between 2009, 2014 and 2019 ten years of period (2009-2019). The find-
ings of the present examination are displayed in Table 2. Figure 5 indicates the
total percentage area of the three respective years 2009-2014-2019 expressed in
the form of Bar Chart.

Relative changes in land uses of the Godavari River Basin under study were
assessed based on data presented in Table 2 and Table 3. Trends of land use
changes from 2009-2019 showed some negative changes; but land use changes
pattern from 2014-2019 showed comparatively better changes than 2009-2014
time period (Figure 6).

Irrigated Cropland:

These are the areas with standing crop as on the date of Satellite overpass.
Cropped areas appear in bright red to red in colour with varying shape and size
in a contiguous to non-contiguous pattern. They are widely distributed indiffe-

rent terrains; prominently appear in the irrigated areas irrespective of the source
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Figure 6. Predicted land use land cover change for three respective years of 2009-2014-2019.
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Table 2. Land use land cover change analysis of the Godavari River basin 2009-2014-2019.

2009 Scenario

2014 Scenario 2019 Scenario
Land use Land Cover
Area [ha] % Watershed Area [ha] % Watershed Area [ha] % Watershed
Forest 1354702.93 26.37 1902982.75 37.04 2525748.96 49.27
Irrigated Cropland 3202254.61 62.32 2680822.07 52.17 2128297.49 41.52
Agricultural land 315176.31 6.13 48148.85 0.94 173396.78 3.38
Barren land 201105.73 3.91 134728.02 2.62 95112.73 1.86
Shrub land 2400.79 0.05 201088.15 3.91 104850.75 2.05
Water 55277.84 1.08 70723.85 1.38 35626.33 0.70
Urban land 7257.27 0.14 63030.14 1.23 99666.88 1.94
Table 3. Predicted LULC change (2009-2014) and (2014-2019) of the Godavari River Ba-
sin under study.
Predicted LULC change Predicted LULC change
Land use Land Cover (2009-2014) (2014-2019)
Area [ha] %Watershed Area [ha] %Watershed
Forest 548279.82 10.67 622766.21 12.23
Irrigated Cropland —521432.54 -10.15 —552524.58 -10.65
Agricultural land —-267027.46 -5.19 125247.93 2.44
Barren land -66377.71 -1.29 -39615.29 -0.76
Shrub land 198687.36 3.86 -96237.4 -1.86
Water 15446.01 0.3 -35097.52 -0.68
Urban land 55772.87 1.09 36636.74 0.71
of irrigation showing variation from 62.32% of watershed area in2009 to 41.52%
of watershed area in 2019.

Agricultural Land:

An agricultural system with an alternation between a cropping period of sev-
eral years and a fallow period. In other terms these are the fallow lands, which
are taken up for cultivation but are temporarily allowed to rest, un-cropped for
one or more season, but not less than one year. The agricultural fallow land is
showing considerable variation from 6.13% of watershed area in 2009 to 0.94%
of watershed area in 2014 and come down upto3.38% of watershed area in 2019.

Shrub Land:

These areas possess shallow and skeletal soils, at times chemically degraded
extremes of slopes, severely eroded or subjected to excessive aridity with shrubs
dominating the landscape. It increased from 0.05% of watershed area in 2009 to
3.91% of watershed area in 2014 and afterwords decreased to 2.05% of watershed
area in 2019.
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Water Bodies:

This category comprises areas with surface water in the form of ponds, lakes,
tanks and reservoirs. Water bodies seem dim on satellite symbolism because of
absorption of approaching IR radiation. Water bodies showing decreasing trend
from 2009 about 1.08% of watershed area to 0.70% of watershed area in the year
2019.

Forest Land:

Forest land contributed the overwhelming area increasing spread category in
the examination from 26.37% of watershed area for year 2009 to 49.27% of wa-
tershed area in the year 2019. Forest land has been partitioned into various cat-
egories like Deciduous, Forest Manor, Clean Forest and Vegetated Zone.

Barren Land:

This category includes areas such as Salt affected land, Shrub Land-Dense
shrub, and Shrub Land-Open shrub. It is identified with light tone and smooth
to coarse texture on image. These are geographical extent of 3.91% of watershed
area for year 2009. Showing decreasing trend in 2019 from about 2.62% of wa-
tershed area in 2014 to 1.86% of watershed area.

Urban Land:

The urban land is showing rising trend respectively from the year 2009 to
2019. Urban areas are non-linear built-up areas covered by impervious stake-
holders for the decision-making process. This study can provide significant in-
put for spatial planning and environmental structures adjacent to or connected
by streets. This cover is related to centers of population. This class usually occurs
in combination with, vegetated areas that are connected to buildings that show a
regular pattern, such as vegetated areas, gardens etc. and industrial and/or other
areas [14] [15].

4. Conclusions

During this study, we took a close look at how the way land is used and covered
in the Godavari Basin of Maharashtra changed between 2009, 2014, and 20109.
The analysis showed big shifts in important areas like farming land, shrub-covered
areas, water bodies, and urban spaces. These findings tell us a lot about how the
region’s landscape changed during this time.

Having accurate information about how land is classified is really important,
especially when it comes to protecting the environment and planning for the fu-
ture. The data we gathered in this study is a valuable tool for making smart deci-
sions and planning ahead, which helps in ensuring the Godavari Basin can de-
velop in a way that is sustainable and preserves the environment.

The specific reasons behind the observed changes in land use and cover in the
Godavari Basin of Maharashtra between 2009, 2014, and 2019 can be complex
and multifaceted. Several factors may contribute to these shifts, and a compre-
hensive understanding often requires more detailed research. However, here are

some common reasons that could influence changes in the mentioned areas.
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Population growth and rubanization, agricultural practices and technology,
changes in farming methods, crop patterns, and the adoption of new agricultural
technologies impact the changes in land use land cover.

Alterations in water management and irrigation practices can affect the dis-
tribution of water bodies and impact surrounding land.

It’s important to note that these reasons are interconnected, and changes in
one aspect can have cascading effects on others. Additionally, site-specific con-
ditions and local dynamics play a crucial role in determining the factors influ-
encing land use changes in a particular region.

A key part of our research was using a software called Quantum Geographic
Information System (QGIS), which is a popular open-source tool in the field of
geospatial analysis. QGIS played a central role in looking at satellite images
comprehensively, making it easier to analyze and visualize complex spatial data.
Its user-friendly nature makes it an essential tool for researchers and profession-
als to gain meaningful insights from intricate spatial information.

The satellite data we used in this study had a special ability to quickly and ac-
curately show us changes in how land is used. This is crucial for keeping an eye
on how the environment is changing in real-time. Being able to identify changes
promptly in farming areas, shrub-covered areas, water bodies, and urban spaces
provides important information for managing land, allocating resources, and
creating policies.

Combining advanced satellite technology, open-source tools like QGIS, and
dedicated research, we’ve learned a lot about how land is being used in the Go-
davari Basin. The knowledge gained from this study not only helps us under-
stand how the environment is changing in the region but also sets the ground-
work for managing land in a sustainable way. Using satellite-based methods and
working together will continue to be crucial for keeping track of future changes
and making smart decisions for the conservation and development of the Goda-

vari Basin.
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