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Abstract 1990 to 2020. About 113 km? of dense forest
b Ivsis of land d land (i.e. 21% of the total forest area) has been lost
The analysis of land use and land cover G000 450 km? of fallow (ie. 35% of the

change has become necessary and urgent in
the field of man—environment relation or
resultant global environmental change. The
present study analysed temporal and spatial
changes of land use and land cover (LULC) in
Purulia district covering an area of 6300 km?
by comparing classified LANDSAT satellite
images of 1990 and 2020 coupled by land use
transition matrix and Markov Chain model to
derive functional information of the
spatio-temporal change of the LULC classes.
The same analysis was performed at the
watershed level. The results show that all
selected LULC classes have changed from

total fallow land) has been lost because of
afforestation and expansion of agriculture. The
conversion of dense forest to fallow with
vegetation and fallow to fallow with vegeta-
tion were the major processes of deforestation
and afforestation respectively. The loss of
dense forest and gain of fallow with vegetation
were lumped with several govt. plantation
programmes in the last few years. The tran-
sition from fallow to agriculture and from
dense forest to fallow with vegetation were the
dominant LULC transition processes. The
probability of built-up area (98%), fallow
with vegetation (96%), and waterbodies (95%)
to remain in the same LULC was high. Fallow
was noticed as the most disturbed land cover
followed by dense forest and agriculture.
Future efforts should be made to manage the
forest health in this naturally disturbed area
where land is sloppy, the soil is infertile, and
water is limited. For the proper formulation
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17.1 Introduction

Land cover (LC) and land use (LU) are two
major indicators describing the natural and man-
made environment concerning both environ-
mental or natural processes, and anthropogenic
activities like human settlement and economy.
Land covers refer to objects which are mainly
naturally originated and subject to change by
anthropogenic intervenes like deforestation, cul-
tivation, construction etc. In contrast, land use is
a man-made result and refers to the outcome of
developmental activities, which means a higher
degree of development is coincide with more
diversified and complex land uses.

The study of LULC change is one of the main
parameters to recognise the environmental mod-
ification (Xiao et al. 2006; Basommi et al. 2016)
and level of economic development (Currit and
Easterling 2009; Najmuddin et al. 2017) at dif-
ferent spatio-temporal scale, such as continent
like Africa (Brink and Eva 2009); country like
Slovakia (Pazur and Bolliger 2017) and Mexico
(Mas et al. 2004); watershed (Gautam et al. 2003;
Allende et al. 2009; Mendoza et al. 2011;
Najmuddin et al. 2017); regional (Lambin 1997;
Gomez-Mendoza et al. 2006; Wang et al. 2008)
or local scale (Lopez et al. 2001; Bayarsaikhan
et al. 2009). LULC change is a dynamic process
and directly associated with biodiversity loss
(Jansen and Gregorio 2002), water and soil
quality, runoff and soil erosion rates (Dunjo et al.
2003), local or global food security and poverty
(Lambin et al. 2001; Geist and Lambin 2002;
Shriar 2002; Carr 2004; Carr et al. 2005; Ewers
2006), human health (Shi et al. 2018), inter and
intra-migration (Lopez et al. 2006), environmen-
tal hazards (Liu and Shi 2017), etc.

The balance between these could resolve the
future biodiversity conservation on every parcel
of land over this planet. Similarly, a perfect
balance could act as an important active booster
not only enhance the economic prosperity of a
region, but also resolve the conflicts that arise
through man’s practices over the environment.
Therefore, it is significant to identify the area and
quantify the degree of land diversion from land
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covers to land uses (Lee et al. 1995; Verburg
et al. 2009). In recent time tendency to recover,
regenerate of land covers such as forest or water
bodies through LULC transition have demon-
strated. In India, numerous efforts have been
given by the Central and State Governments in
land conversion procedure and MGNEREGA is
the world’s largest programme in this circum-
stance where maximum attentions have been
paid in excavation and renovation of water
bodies, creation of vegetal cover, and conversion
of land for cultivation. Therefore, researchers and
policymakers need to realise the interconnections
amongst the processes that result in the two-way
transition (Mendoza et al. 2011). Such processes
and interconnections are so much complex in
India that land conflict and man—environment
conflict concerning land is an everyday event and
often regarded as the main hindrance for any
land-related project, makes it time-consuming.
India has attracted worldwide attention as the
country holds the second populous position of
the world, her very fast emerging economy, and
increasing share in global trade.

Amongst the land conversions or transitions,
deforestation is the most important process of LU
change (Lambin 2001), as it is positively related
to the other processes of the environment. Many
studies have successfully established the close
relationship between deforestation and climate
change (Malhi et al. 2008; Bonan 2008), loss of
biodiversity, increasing CO content and other
greenhouse elements (Chakravarty et al. 2012;
Barlow et al. 2016), soil erosion and degradation
(Lal 1996), flooding (Gentry and Lopez-
Parodi1980), and also the human livelihood
(Soltani et al. 2014). For proper policy inter-
vention, it is necessary to understand the defor-
estation processes and related sub-processes both
quantitatively and qualitatively. Deforestation is
the conversion of forest land to other land use
types (e.g. forest to agricultural land, grassland,
built-up area or any other land use types). Thus,
in the present study deforestation is defined as
dense forest being transformed to other land use
types, whilst afforestation is the reverse process.
The regulatory factors of deforestation are varied
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regionally; the most common factors of defor-
estation are logging for timber, generation of
agricultural field, mining and urbanisation,
industrialisation, and grazing in developing
countries of Asia (Hosonuma et al. 2012). In
India, uncontrolled population growth leads to a
dramatic increase in food and allied products is
considered the main driver of deforestation
(Nagdeve 2007; Basnayat 2009). According to
the 2019 summary of the Forest Survey of India
(FSI), a positive change in forest cover is noticed
in India, as it was 21.67% of the total geo-
graphical area as of 2019 whereas it was only
19.39% in 1999. But the statistics are not so
satisfactory if we considered the states or districts
as the study unit. It varies from 3.59% for Har-
yana, 3.65% for Punjab in 2017 to 86.27% in
Mizoram, 79.96% in Arunachal Pradesh. As of
2017, the recorded forest area in West Bengal
was 18.68% of the state’s geographical area,
which was 18.98% in 2015. Types of forest cover
are also an important factor to recognise as the
mixed and open forest is increasing in the area
whereas the decreasing trend is noticed in the
case of dense forest.

Current interests of the researchers have been
paid for real-time mapping and monitoring the
LULC changes at different spatial scales using
satellite imageries, conventional aerial photo,
digital photograph, topographical sheet, or Goo-
gle Earth (Shultz et al. 2010; Hegazy and Kaloop
2015; Kibret et al. 2016; Pazir and Bolliger
2017). Such data or techniques are facing lots of
limitations associated with measurement of
landscape change during different periods, data
quality, data processing techniques etc. (Fuller
et al. 2003). The use of satellite imageries
improves the quality of LULC assessment since
there is a lack of study at different spatial scale.
Therefore, multi-temporal analyses of LULC
changes should fill the gap to understand the
processes and patterns during the historical
periods (Mendoza et al. 2011). For the
researchers, it is important to realise how these
changes over time and what are the factors or
driving forces that oversee the rates of LULC
change over a particular region and also how
these factors vary from region to region. Such
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understanding would allow us to identify the
relationship between LULC processes and
socioeconomic variables like population growth
(Ningal et al. 2008), migration (Lopez et al.
2006), industrialisation (Currit and Easterling
2009), urbanisation (Lopez et al. 2001).

The watershed is considered as an ideal spatial
unit to understand the LULC processes over time
as the hydrological processes are easy to identify
within this particular spatial unit and other
environmental or socioeconomic factors are
directly related to these processes. There is no
universal or single method for achieving effective
watershed management (Naiman et al. 1997,
Bhatta et al. 1999; Gautam et al. 2003). There-
fore, it could be valuable for watershed man-
agement to incorporate explicit watershed
information with LULC changes and makes an
integrated approach (Mendoza et al. 2011). For
that, a watershed can be divided into microscale
or sub-watersheds. In the present study, our study
area Purulia district of West Bengal is subdivided
into five watersheds amongst them Damodar,
Silabati, Dwarakeswar, and Kangshabati are
belong to Damodar River Basin (DRB) and
Subarnarekha belongs to Subarnarekha River
Basin (SRB).

This paper analyses the LULC change process
over 30 years from 1990 to 2020 in the Purulia
district of West Bengal, India as a whole and also
at the watershed level. Specifically, the objec-
tives of this paper are:

e To identify the LULC at the 30-year period
between 1990 and 2020 using Landsat ima-
geries at district and watershed level.

e To quantify the LULC change through Tran-
sition Matrices.

e To predict the future trend of LULC change
using Markov Chain at the watershed level.

17.2 The Study Area

Purulia, a district of West Bengal in India is
situated in the western side of the state (22°60'N—
23°50'N  latitudes and  85°75'E-86°65'E
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longitudes). It belongs to a sub-tropical climate
and is characterised by a high rate of evaporation
where monsoon is prevalent. The district receives
1100-1500 mm of rainfall annually, with mon-
soon rains accounting for about 75-80% of the
total rainfall. The annual temperature range is
high as the average temperature is 2.8 °C in
winter to 52 °C in summer approximately. The
district is represented by pediplain with some
residual hills of the Archean Era that belongs to
the peninsular shield of India with an altitude of
150-300 m and covered by the Chhotonagpur
Gneissic complex. Based on the difference in
physiographic features, the district is sub-divided
into three broad micro-physiographic regions
namely (a) Damodar-Darkeshwar Upland,
(b) Upper Kasai Basin, and (c) Bagmundi—
Bundwan Upland. The geology of Purulia mainly
composed of granitic terrain consisting of a
crystalline basement covered by a very thin layer
of soil of haplustalfs subgroup of alfisol group
which is mainly rock fragments and weathered
materials. This kind of soil is generally infertile.
Groundwater potentiality of the district is poor
(< 40MCM) to moderate (40-90 MCM), but it is
fairly good (> 90 MCM) in the North-Eastern
(Raghunathpur-1, 2 and Santuri) and Western
(Jhalda-1, 2) parts only. Kangshabati, Kumari,
Damodar, Subarnarekha, Dwarakeswar, Silabati
are the main rivers of Purulia district. Damodar
flows along the northern boundary, Subarnarekha
along the southern portion, Kangshabati and
Kumari along the middle of the district. Silabati
and Dwarakeswar originate along the north-
eastern part of the district. Silabati, Dwar-
akeswar, Kangshabati, Damodar are the sub-
watershed of Damodar River Basin (DRB),
which is the lifeline of the entire South Bengal
including the Purulia district. About 84% of the
district’s total geographical area covers under the
DRB and Kangshabati alone covers 48% of the
total geographical area. Subarnarekha belongs to
Subarnarekha River Basin (SRB) and serves the
southern parts of the district. There are also
several small to large dams like Murguma, Pardi,
Boronti, Burda, Gopalpur, Saheb Bandh, Mou-
tore, upper and lower dam in Ayodha, Panchet
etc., which are mainly used for -electricity
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generation, flood protection, and irrigation. Due
to sloppy and undulated topography, a significant
amount of water passes as runoff. Instead of
sufficient rainfall, Purulia is famous for water
scarcity, dryness, and frequent drought events.
According to an estimation of the Indian Mete-
orological Department (IMD), one out of five
years is a drought year and all blocks (20) of
Purulia are listed under Drought Prone Areas
Programme (DPAP) by the Department of Land
Reforms, Ministry of Rural Development (Gol).
The district lies under the Northern Tropical Dry
Deciduous forest (S5B/C 1c). Dense forests are
found in the hilly parts of Northern and southern
(Jhaldal, Jhalda II and Baghmundi, Bandwan,
Arsha, and Neturia) blocks whereas, Sal forests
mixed with other species like Palash, Kusum,
Mahua, Kend, and Neem are very common and
extensively distributed throughout the district.
Presently the district of Purulia has four sub-
divisions, three municipalities namely Purulia,
Raghunathpur and Jhalda amongst them Purulia
is the oldest, established in 1876. It is also the
district headquarter situated in the Kangshabati
watershed mainly. Purulia is the 5th district of
West Bengal in terms of area, and 16th in terms
of population. According to the 2011 census, the
district is the homeland of more than 3 million
residents and the number should be 4.7 million
after 2051. The percentage share of the popula-
tion to the total population is highest in the
Kangshabati watershed (52.24% in 1951,
51.56% in 2011). But a good increase in this
share is observed in the Damodar watershed
(23.92% in1951; 25.55% in 2011) where indus-
trialisation is progressing gradually. The princi-
pal economic activity undertaken in the study
area is agriculture and allied activities and on
average 90% of the economically active popu-
lations worked on primary sectors (Fig. 17.1).

17.3 Materials and Methods
17.3.1 Materials

LULC was mapped at two different years (1990
and 2020), based on widely and easily available
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Fig. 17.1 Location of the Purulia district and areal coverage of five watersheds
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LANDSAT imageries from USGS (Table 17.1),
and the prepared LULC maps were validated by
using the references from Topographical maps,
and Google Earth, as well as our field observa-
tions, interviews, and group discussions, were
included as the primary data. The required satellite
imageries for the present study are downloaded
from the USGS Earth Explores. We used
LANDSAT MSS image (30 m x 30 m) for 1990
and LANDSAT OLI (30 m x 30 m) for 2020. For
both years two adjacent images were combined to
cover the whole study area. These data have dif-
ferent spectral but same spatial characteristics;
hence a uniform legend and scale were set before
the analysis. To render all images comparable, all
images were transformed to Universal Transverse
Mercator (UTM) projection. Image processing
and image interpretation for the development of
LCLU maps were done by using the algorithm of
Supervised Maximum Likelihood Classification
in ERDAS Imagine 2014 software.

17.3.2 Methods
17.3.2.1 Digital Image Processing (DIP)

To enhance the image quality, DIP was manip-
ulated by using ERDAS Imagine 2014 software.

Table 17.1 Data used in the study and the data details

Image (sensor) Band Spectral
resolution

Landsat 5 (TM)  Band 1 0.45-0.52
Band 2 0.52-0.6
Band 3 0.63-0.69
Band 4 0.77-0.9
Band 5 1.55-1.75

Landsat 8 (OLI) Band 2 0.45-0.51
Band 3 0.53-0.59
Band 4 0.64-0.67
Band 5 (NIR) 0.85-0.88
Band 6 (SWIR 1) 1.57-1.65
Band 7 (SWIR 2) 2.11-2.29
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The images were geometrically corrected, cali-
brated, and finally subsetted. Image enhancement
techniques, like histogram equalisation, were
also performed on each image for improving the
radiometric quality of the images.

17.3.2.2 Image Classification

The Supervised Classification was done on the
pre-processed images for LULC mapping. In this
classification technique, the Maximum Likeli-
hood Algorithm will organise the pixels to a
particular class based on covariance information
provided by the user based on his or her
knowledge of field experience and is expected a
superior performance than the other classification
methods (Richards 1994). The inputs were given
by the user to guide the software concerning the
pixels to be selected for the certain LULC types.
In this study, six major LULC classes namely
Waterbodies (WB), Dense forest (DF), Fallow
with vegetation (FV), Fallow land (F), Settlement
and built-up area (S), and Agricultural land
(A) were identified (Table 17.2).

17.3.2.3 Land Use and Land Cover

The land is one of the most valuable natural
resources gifted by our mother earth and never be
increased its physical limit in general. The entire

Spatial Raw Path

resolution (m)

30 139
30 140
30

30

30

30 139
30 140
30

30

30

30

Date of capture

040
040

11/04/1990
18/08/1990

040
040

28/03/2020
25/02/2020
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Table 17.2 Major Land Use Land Cover (LULC) features from visual interpretation of images

Major LULC features
Water bodies (WB)
Dense forest (DF)

Fallow with vegetation (FV)
etc

Fallow land (F)

Description (LULC types included in the category)
Rivers, lakes, reservoirs, swamp, and ponds
Natural forest, dense canopy contents

Scrubs, bushes, grassland, natural vegetation with sparse density, plantations

Area without woody vegetation throughout the year, but temporarily grass in

some cases, stony, rocky bare land, dry river bed etc

Settlement and built-up area (S)

Agricultural land (A)
unirrigated land

living world on this planet is directly or indi-
rectly depends on land for food, energy and other
needs of livelilhood. Human activities have
intensely changed the land cover and create
imbalances between land cover and land use
from the very beginning of modern civilisation.
Now it is very crucial to watch the Earth from
above to understand the influence of human
activities on these natural resources over time. In
most of the developing countries where such
change is rapid and often undocumented and
unrecorded, observations of the Earth through
satellites provide objective information regarding
land use change. At the same time, satellite
images provide valuable information of the past,
which were not recorded through other mediums.
For the present study, LULC mapping was exe-
cuted in two ways:

Rural and urban settlements, roads, railways, industries, power stations etc

Dominant agriculture with patches of grass and bare land includes irrigated and

(a) District level LULC mapping as a whole,
carried out on the LANDSAT imageries of
1990 and 2020.
Watershed or basin wise LULC mapping by
using the same LANDSAT imageries of
1990 and 2020.

(b)

17.3.2.4 Accuracy Assessment

The validation of the 1990 LULC image was
done by using the Topographical maps and direct
interviews conducted during several field visits
in 2017, 2018, 2019, and 2020. The 2020 LULC
results were validated by using primary data from
field visits, interviewed and from Google Earth.
An accuracy table (Table 17.3) was created using
the observed and the classified land use data
through the randomly select Ground Control
Points (GCPs), and validated these points with

Table 17.3 Accuracy assessment for the LULC classes of the different periods (1990, 2020) at the watershed level

Land cover type

Damodar Dwarakeswar

1990 2020 1990 2020
WB 0.87 0.86 0.87 0.89
DF 091 0.90 - -
FV 0.90 091 0.80 0.87
F 0.85 0.86 0.81 0.88
S 0.82 0.84 0.83 0.84
A 0.86 0.88 0.81 0.82
Kappa (overall) 0.84 0.84 0.79 0.85
Observed GCP 500 500 500 500
Correct GCP 440 435 420 435
% observed correct 88 87 84 87

Kappa of each LULC class per period

Kangshabati Silabati Subarnarekha
1990 2020 1990 2020 1990 2020
0.83 0.90 0.93 091 0.83 0.85
0.81 0.83 - - 0.87 0.90
0.86 0.89 0.90 0.92 0.82 0.86
0.76 0.79 0.87 0.90 0.80 0.81
0.79 0.82 0.92 0.94 0.79 0.82
0.82 0.86 0.89 0.88 0.82 0.86
0.80 0.88 0.90 0.90 0.83 0.85
500 500 200 200 500 500
410 440 180 180 410 430
82 88 90 90 82 86
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the above said sources. Furthermore, both overall
Kappa (accompanied by its variance) and class
estimated Kappa values were calculated using the
function of Accuracy Assessment in ERDAS
Imagine 2014.

In the present study, 500 GCPs were ran-
domly selected for Damodar, Dwarakeswar,
Kangshabati, Subarnarekha river basin and 200
GCPs for Silabati river basin as the geographical
area of this basin is only 56 km? (covering only
0.91% of the district’s total geographical area).
The accuracy assessment of the different water-
shed’s and period’s LULC maps show that land
cover mapping applied in this study achieved
82-90% overall accuracy and 0.79-0.90 overall
Kappa (Table 17.3). Kappa values for individual
LULC classes range from 0.76 to 0.93 and these
values were varying over time.

17.3.2.5 LULC Change Detection

Several techniques are applied to detect the
conversion of landform one use to another, such
as Dynamic of Land System (DLS) (Najmuddin
et al. 2017), Simpsons-dominance index and
location index (Liu and Shi 2017), Supervised
Classification (Kibret et al. 2016; Hegazy and
Kaloop 2015). In the present study, to make a
detail discussion of the dynamics of LULC
change, Transition Matrices were created both at
the district and watershed level. The transition
matrix is a table of symmetric rows and columns,
consists of LULC classes from the initial year
(period 1) on the vertical axis and the same
LULC classes from the end year (period 2) on the
horizontal axis. The diagonal cell of the matrix
contains the surface area (in km?) of each class of
LULC that remains unaltered during the analysed
period, whilst the main remaining cells contain
the estimated surface area of a particular LULC
class that transformed to a different class during
the same period (Luenberger 1979) or transition
from one class to another. Such a transition is
also representing the dynamics of LULC change
at different spatial scale. In this matrix, the con-
ditional probability of LULC changes at any
given time mostly depends on the present LULC,
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and there is no such role of previous changes
(Bell and Hinojosa 1977). The model describes
the result of LULC changes in aggregated ways,
which are not truly spatial, but can still provide
valuable information for the decision-makers
(Lambin 1997). In the present study, the entire
calculations of transition matrices were carried
out using Land Change Modeler (LCM) which is
an integrated model available in TerrSet 2020
software (v.19.0.2), developed by Clark Labs at
Clark University. The LCM is a set of tools for
LULC change analysis, helps users to map the
changes, identify the transition between different
LULC classes, model and predict the future
tendency as specified by the users.

Finally, the study adopted a Markovian model
to predict the future patterns of LULC change.
Markov process is a random shifting from one
state to another at each time step. A first-order
Markov is a system in which probability distri-
bution over the next step is assumed to only
depend on the current state (Fischer and Sun
2001; Veldkamp and Lambin 2001; Pijanowski
et al. 2002). These probability values calculated
from the proportional area of each LULC in
relation to total area (Horn 1975; Balzter 2000;
Logofet and Lesnaya 2000; Lopez-Granados
et al. 2001). The estimation rates of LULC
change between start and end dates predict
changes in type for a third date, assuming that the
rate of changes is constant, and this is the main
drawback of this model. The Markov model is
also included in the LCM tool and makes the tool
more acceptable and comprehensive to the
researchers.

Rates of LULC changes were calculated by
using the approach proposed by FAO (1995)
described in Eq. 17.1.

g= ((Az/Al)*‘/(ZZ*’”q x 100) (17.1)

where Al is the surface area of the LCLU cate-
gory for period 1, A2 is the LCLU category for
period 2, ¢1 is the initial year (time 1), and £2 is
the final year (time 2).
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17.4 Results
17.4.1 Land Cover Changes
at the District Level

Over the whole study period in the Purulia
district, agriculture occupied the largest surface
area, although this LU shows an increasing
trend from 44.58 to 46.3% during the study
period of 30 years (1990-2020) with an annual
increase rate of 0.13%. Agricultural land (A) is
distributed throughout the district, from river
plains to undulating hilly sides. Most of the
agricultural land is under single cropped and
crops are grown mainly in the rainy season
(July—October). Fallow with vegetation (FV)
has consistently been the second more extensive
LC in the district, with a tendency to increase
its coverage from 20.69 to 23.35% with an
annual rate of 0.4%. Fallow (F) is the third
more extensive LC in the study area, exhibiting
a remarkable decreasing trend in surface area
from 20.77% in 1990 to 13.55% in 2020, with a
highest annual decreasing rate of 1.41%. Simi-
larly, dense forest (DF) is also decreasing
remarkably at an annual rate of 0.79% and
covers 6.82% of surface area after 2020 which
was 8.64% in 1990. The most significant
increase is noticed for settlement and built up
(S) area with an annual rate of 2.83% and
covers 7.57% after 2020, which was only
3.28% in 1990. An increase in waterbodies
(W) is mainly due to non-biased erroneous
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image classification. In the 2020 image, a vast
area of waterbodies (mainly behind the dams) is
covered by water hyacinth and excluded from
waterbodies after supervised classification
as the spectral range is coincide with agricul-
tural land and fallow with vegetation. A detail
of gains and losses amongst the major LULC
classes over the study period is included in
Table 17.4.

As shown by the transition matrices (Tables
17.5 and 17.6), during the study period of
30 years, the probability of settlement remaining
in the same LU is high (above 98%). The lowest
probabilities of performance (i.e. higher transition
probability) in the same period correspond to the
fallow and dense forest respectively. Considering
the transition fact, agriculture is on the top of the
gainer list and received almost 409 km? of land
from other LULC categories. This increase has
taken place at the expense of fallow land, fallow
with vegetation and dense forest, which have
diminished respectively by 352 (27% of total
fallow land), 32, and 21 km?. And this is caused
due to the increasing population, improving irri-
gation facilities, land conversion under
MGNREGA schemes etc. Fallow with vegetation
remains in the second rank and receives 398 km?
of land and maximum from fallow land
(155 km?) and dense forest (149 km?). Fallow is
converted to fallow with vegetation due to plan-
tation mainly (Table 17.6). The dense forest
becomes fallow with vegetation due to defor-
estation mainly. Only 76% of dense forest having

Table 17.4 Distribution of LULC and their changes during 1990-2020

Area (km?) Share in %

LULC 1990 2020 1990 2020
F 1300.14 848.06  20.77 13.55
S 205.31 473.75 3.28 7.57
FV 1294.71 1461.4 2069 23.35
A 2789.69  2897.41 4458 463

DF 540.59 426.96 8.64 6.82
A 127.79 150.66 2.04 2.41

Net change Change in % Annual change
(km?) during 30 years (FAO)

— 452.08 - 34.77 - 141%
268.44 130.75 2.83%

166.69 12.87 0.40%

107.72 3.86 0.13%

— 113.63 - 21.02 - 0.79%
22.86 17.89 0.55%



338 P. Das et al.
Table 17.5 Transition matrices of change for different LULC classes during the period of 1990-2020
Transition (kmz)
Cover/km®> | 2020
1990 F S FV A D w
F 687.56 96.14 (7.39) 154.63 352.58 (27.1) 6.52 (0.51) 3.44 (0.26)
(52.85) (11.89)
S 0 (0) 201.98 0 (0) 2.44 (1.19) 0 (0) 0.89 (0.43)
(98.38)
FV 0.98 (0.07) 8 (0.62) 1243.85 32.58 (2.52) 0 (0) 9.3 (0.72)
(96.07)
A 00 131.88 148.63 (5.35) 2492.48 0 (0) 12.92 (0.46)
(4.74) (89.36)
D 3.57 (0.66) 5.13 (0.95) 95 (17.57) 21.33 (3.95) 412.52 3.04 (0.56)
(76.31)
W 4.77 (3.73) 1.25 (0.98) 0 (0) 0 (0) 0.14 (0.11) 121.63
(95.18)
Table 17.6 Plantation programmes and their areal coverage in Purulia district from 2009 to 2018
Plantation type (in km?)
Year QGS Namami CAMPA JICA Sal Others Grand
Ganga (A3) total
2018 0.3 1.3365 0.2597 224 0.20 4.34
2017 1.2 0.14 1.80 0.30 3.44
2016 2.65 0.20 | Bamboo-0.40 3.25
2015 3.25 Bamboo-0.60 3.85
2014 2.7 0.25  Bambo-0.20, Fodder-0.60 3.75
2013 2.45 0.30 2.75
2012 32 0.30 3.50
2011 3.7 0.0648 0.40  Swing and planting-0.80, FDA- 7.00
2.00
2010 5.6 0.40 | Kangshabati Socoing and 6.80
planting-0.80
2009 2.5 040  MGNREGA-0.50, RIDF-1.50 4.90

Source Divisional Forest Office, Purulia Division, Department of Forest, Govt. of West Bengal

OGS Quick generated species; CAMPA Compensatory Afforestation Fund Management and Planning Authority; JICA
Japan International Cooperation Agency; FDA Forest Development Authority; MGNREGA Mahatma Gandhi National
Rural Employment Guaranty Act; RIDF Rural Infrastructure Development Fund

the probability to stay at their same position
means 24% of the dense forest has already lost or
degraded. The settlement is the next important
LU, receiving 242 km? of land and maximum
from agricultural land (131 km?) and fallow land
(96 kmz) respectively (Fig. 17.2).

17.4.2 Watershed Scale Land Cover
Changes

17.4.2.1 Subarnarekha Watershed
The Subarnarekha watershed is the third largest
watershed of Purulia district, situated mostly
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LULC map of Purulia dsitrict in 1990
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Fig. 17.2 LULC map of Purulia district for years 1990 and 2020

along the rocky and hilly tract of the southern
portion of the district. The LULC analysis of the
year 1990 of Subarnarekha watershed points out
that agricultural land had the highest share
(36.73%), followed by dense forest (31.59%),
fallow land with vegetation (18.19%), barren
fallow land (9.79%), settlement and built-up area
(2.69%), and water bodies (1.01%) (Table 17.7).
This result as usual is different in the analysis of
LULC in the year 2020. Now, the order of per-
centage share by different landforms is similar to

the result of 1990. But the amount varies. In
2020, agriculture occupies 41.40% of the land of
the Subarnarekha watershed indicating an
increase of about 0.4% per Annum. But the
dense forest is decreasing at a rate of 1.07% per
year. So the percentage share of the amount of
land to total land by dense forest is 22.85% in
2020. Fallow land with vegetation (21.63%),
settlement and built up area (2.86%), and water
bodies (2.06%) show an increasing trend with an
annual rate of 0.58%, 0.21%, and 2.38%

Table 17.7 Distribution of LULC in Subarnarekha watershed and their changes during 1990-2020

LULC classes Area in km?
1990 2020

Waterbodies (WB) 10.48 21.23
Dense forest (DF) 326.22 236.04
Fallow with vegetation (FV) 187.89 223.42
Fallow land (F) 101.09 95.02
Settlement and built up area (S) 27.76 29.53
Agricultural land (A) 379.41 427.60

Share in % Net change | Annual change in %
1990 2020
1.01 2.06 10.75 342
31.59  22.85 —90.19 -0.92
18.19  21.63 35.53 0.63
9.79 9.20 - 6.07 -0.20
2.69 2.86 1.78 0.21
36.73  41.40 48.19 0.42
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Table 17.8 Transition matrices (km? per cent) of change for different LULC classes during the period of 1990-2020 in

the Subarnarekha watershed

WB DF FV
WB  (99.24) 2.9 (0) 233 (0)

DF  —29(0.89) (72.35) ~ 62.11 (19.04)
FV  —233(124) 62.11(0)  (83.67)

F - 1.07 (1.06)  3.57 (0) - 4.17 (4.13)

S 0.08 (0) 1.75 (0) 0.46 (0)

A —-453(1.19) 1987 (0)  27.9 (0)

respectively. Barren fallow land (9.20%) is also
squeezing.

The transition matrices (Table 17.8) show that
the probability of agricultural land to remain in
the same is 98.91% whilst to alter into water
bodies is 1.18%. The probability of water bodies
to remain in the same LC is maximum (99.24%)
whilst it is minimum in the case of dense forest
(72.35%) during the study period of 30 years
(1990-2020). Most of the dense forest is located
along the hilly tract of the Subarnarekha water-
shed. Most of the dense forest is altered into
fallow with vegetation (19.04%) and agricultural
land (6.09%) which implies a sharp deforestation
process during these 30 years. Agricultural land
gained most of the land from fallow land with
vegetation (14.85%). The probability of barren
fallow land to remain in the same is 90.42%
whilst the alteration probability of this LC into
fallow land with vegetation is 4.13% indicating
towards some afforestation programme during
1990-2020. So the highest probability of trans-
formation of dense forest is very common in the
Subarnarekha watershed. The low lying areas of

F S A

1.07 (0) - 0.08(0.76) 453 (0)
~357(1.09) - 1.75(0.54)  — 19.87 (6.09)
4.12 (0) - 046 (024) - 279 (14.85)
(90.42) —1.67 (1.65)  —2.77 (2.74)
1.67 (0) (92.15) - 2.18 (7.85)
2.77 (0) 2.18 (0) (98.91)

these hilly tracts are occupied by agricultural
land where water is available.

17.4.2.2 Damodar Watershed

Damodar watershed is the second-largest water-
shed of Purulia district, situated along the
northern part of the district. By analysing the
supervised classification of the LANDSAT
image of 1990 of this watershed, it is clear that
likewise other watersheds of Purulia here also
agricultural land predominates (Table 17.9).
Around 50% of the land of this watershed is
under agricultural activities. The percentage
share of dense forest to total areal extension of
this watershed is minimum (1.72% i.e.
23.94 km? out of total 1388 km?). About 40% of
the land is fallow land either barren or covered
by vegetation. Settlement and built-up area and
water bodies share 4.87% and 3.73% of land
respectively. In 2020, the percentage of agricul-
tural land increases t055% at a rate of 0.35% per
year; settlement and built-up area increases by up
to 7.67% at a rate of 1.52% per year. But the
percentage of all other LULC decreases.

Table 17.9 Distribution of LULC in Damodar watershed and their changes during 1990-2020

LULC classes Area km?
1990 2020

Waterbodies (WB) 51.84 61.44
Dense forest (DF) 23.94 15.36
Fallow with vegetation (FV) 349.93 259.24
Fallow land (F) 198.08 172.96
Settlement and built up area (S) 67.68 106.49
Agricultural land (A) 696.86 772.83

Share in % Net change | Annual change in %
1990 2020

3.73 443 9.60 0.617361

1.72 1.11 - 8.58 —1.19433
25.21 18.67 - 90.69 — 0.86392
14.27 12.46 —25.12 —0.42276

4.87 7.67 38.82 1.911778
50.19  55.67 75.98 0.363419
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Table 17.10 Transition matrices (km? per cent) of change for different LULC classes during the period of 1990-2020

in the Damodar watershed

WB DF FV F S A
WB (100 0.14 (0) 6 (0) 2.29 (0) 0.64 (0) 0.54 (0)

DF  —0.14 (0.6)  (60.82) ~ 1728 (3041)  0.81 (0) - 0.5 (2.08) — 1.46 (6.09)
FV -6 (L71) 7.28 (0) 97.03) 28.65(0)  —4.41(126)  35.63 (0)

F -229(1.16) - 081 (041) —28.65(14.46)  (10.66) - 1631 (8.23)  — 128.91 (65.08)
S —0.64 (0.95) 0.5 (0) 4.4 (0) 1631 (0)  (99.05) 18.23 (0)

A - 0.54 (0.08)  1.46 (0) -3563(5.11) 12891 (0) - 1823 (2.61)  (92.19)

The probability of remaining in the same
LULC category is highest of water bodies
(100%) followed by settlement and built-up area
(99.05), fallow land with vegetation (97.03%),
agricultural land (92.19%) as analysed by tran-
sition matrices (Table 17.10). But dense forest
(60.82%) and barren fallow land (10.66%) show
minimum probability to remain in the same cat-
egory. Maximum alteration of barren fallow land
into agricultural land occurred during these
30 years with a probability of 65.08% which is
highest amongst all other watersheds as a result
of increasing population density in this area
(population data) and availability of water. As
shown by the transition matrices another impor-
tant deviation during this period is an alteration
of dense forest to fallow land with vegetation
with a probability of about 30%. The probability
of extension of settlement and built-up area from
other LULC is also noticeable (2.08% from
dense forest, 2.61% from agricultural land,
1.26% from fallow land with vegetation, 8.23%
from barren fallow land). These statistics indicate
an increase in population density and establish-
ment of new industries in this area which may
result in a deforestation process and a higher
probability of alteration of fallow land into
agricultural land.

17.4.2.3 Kangshabati Watershed

The rivers Kangshabati and Kumari jointly drain
the largest area in the middle of the Purulia dis-
trict. Two amongst the three municipal towns
(Jhalda & Purulia) and the maximum portion of
the largest town and headquarter of the district
(Purulia) and fall in this watershed. The data

derived from the analysis of the supervised
classification of the LANDSAT 5 image of this
watershed of 1990 reveal that 42.94% of the land
was under agricultural practices, 27.62% under
barren fallow land, 18.10% under fallow land
with vegetation, 6.33% under dense forest which
is situated along the hilly tract of Ajodhya Hills,
3.26% under the settlement and built-up area,
and 1.75% underwater bodies. The 2020 image
shows that agricultural land is squeezing at a rate
of 0.11% per year leads to a decline in percent-
age share to total land area (41.61%). Barren
fallow land (15.76%), dense forest (5.83%), and
water bodies (1.74%) are also declining. Only
settlement and built-up area (10.23%) and fallow
land with vegetation (24.83%) are increasing.
Settlement and built-up area are expanding at a
high rate of 3.9% per year (Table 17.11).

The result of transition matrices shows that
Settlement and built-up area and fallow land with
vegetation has a high probability to sustain in their
status whilst fallow land has the lowest. Here is a
probability of alteration of Barren fallow land,
dense forest, agricultural land, and water bodies
into Settlement and the built-up area which implies
a rapid urban sprawl and establishment of new
industries. Here, another important alteration
faced by water bodies to fallow land (7.67%). Due
to the unavailability of water, the probability of
transformation of agricultural land to Barren fal-
low land is 7.63%, whereas an increase of popu-
lation leads to alteration of later to former is
21.25% (Table 17.12). A high probability of
alteration of dense forest to fallow land with veg-
etation (13.45%) apprises towards deforestation
process near the low lying areas of Ajodhya Hills.
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Table 17.11 Distribution of LULC in Kangshabati watershed and their changes during 1990-2020

LULC classes Area (kmz)
1990 2020

Waterbodies (WB) 52.58 52.30
Dense forest (DF) 190.43 175.56
Fallow with vegetation (FV) 545.02 747.69
Fallow land (F) 831.69 474.56
Settlement and built up area (S) 98.08 307.84
Agricultural land (A) 1292.85 1252.69

Share in % Net change Annual change
1990 2020 in %
1.75 1.74 - 0.28 - 0.02
6.33 5.83 — 14.87 - 0.26
18.10 24.83 202.67 1.24
27.62 15.76 —357.13 - 143
3.26 10.23 209.76 7.13
42.94 41.61 —40.15 - 0.10

Table 17.12 Transition matrices (km? per cent) of change for different LULC classes during the period of 1990-2020

in the Kangshabati watershed

WB DF FV
WB  (89.83) -0.14 0.47 (0)
(0.27)
DF  0.14 (0) (85.04) - 25.61
(13.45)
FV | —047 25.61 (0) (99.91)
(0.09)
F 4.04 (0) -571 - 107.83 (13)
(0.69)
S 1.72 (0) 2.88 (0) 28.82 (0)
A -5.15 778 (0.6)  — 98.51 (7.63)
(0.38)

17.4.2.4 Dwarakeswar Watershed

The watershed of the Dwarakeswar River occu-
pies a much smaller area than the watershed of
river Kangshabati, Damodar, and Subarnarekha.
It is situated in the easternmost part of the district.
During 1990 agricultural land (51.12%), fallow
land with vegetation (25.55%), barren fallow land
(20.56%), water bodies (1.53), settlement and
built-up area (1.24%) were the main LULC of this

F S A
—4.04 —1.17 223) 5.15(0)
(7.67)
571 (0) - 288 (1.51) | 7.78 (0)
107.83 (0) 28.82 (0) 98.51 (0)
(56.56) -70.68 (8.5)  — 176.95
(21.25)
70.68 (0) (100) 105.67 (0)
176.95 (0) - 105.67 (83.22)
(8.17)

watershed (Table 17.13). There was no dense
forest area. 2020 image shows an increase in
agricultural land (53.41%) and settlement and
built-up area (3.57%). Fallow land with vegeta-
tion also expanded (28.80%). In this case also
barren fallow land is decreasing (12.36%).

The transition matrices show that, except
barren fallow land, all other LULC has above
90% probability to lie in their categories.

Table 17.13 Distribution of LULC in Dwarakeswar watershed and their changes during 19902020

LULC classes Area (kmz)

1990 2020
Waterbodies (WB) 11.80 14.28
Fallow with vegetation (FV) 196.66 221.69
Fallow land (F) 158.96 95.12
Settlement and built up area (S) 9.54 27.49
Agricultural land (A) 393.45 411.11

Share in % Net change | Annual change in %
1990 2020
1.53 1.85 2.48 0.70
2555  28.80 25.03 0.42
20.56 12.36 — 63.84 - 1.34
1.24 3.57 17.95 6.27
51.12  53.41 17.66 0.15
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Table 17.14 Transition matrices (km? per cent) of change for different LULC classes during the period of 1990-2020

in the Dwarakeswar watershed

WB FV F S A

WB (93.81) 0.48 (0) - 0.73 (6.19) 0.25 (0) 2.48 (0)

FV - 0.48 (0.24) (98.25) 13.98 (0) ~2.96 (1.51) 14.49 (0)

F 0.73 (0) ~ 13.98 (8.79) (59.84) - 725 (4.57) — 4261 (26.8)
S - 025 (2.62) 2.96 (0) 7.25 (0) 97.38 7.98 (0)

A ~2.48 (0.63) ~ 14.49 (3.68) 42.61 (0) ~7.98 (2.03) (93.66)

A major portion of barren fallow land may have
been transformed into agricultural land (26.8%).
But agricultural land was also converted into
fallow land with vegetation (3.68%) which was
expanded during these 30 years. Settlement and
the built-up area gained land from agricultural
land (2.03%), fallow land with vegetation
(1.51%), barren fallow land (4.57%) and
enlarged its area at a rate of 3.59% per year
which is the maximum rate of areal expansion
within this watershed of Purulia (Table 17.14).

17.4.2.5 Silabati Watershed

Silabati watershed is the smallest basin, located
on the eastern side of the Purulia district.
The LULC analysis shows that here also

agricultural land (63.68% in 1990 and 70.84% in
2020) occupies the maximum share of land use
followed by fallow and built-up area
(Table 17.15). Again fallow land and fallow with
vegetation are the most distressed LC and prone
to convert to other mainly to agricultural land
(Table 17.16).

17.4.3 Markov Chain Analysis

The Markov chain was used to calculate the
transition probability based on the period 1990-
2020 for the prediction of LULC for 2050
(Table 17.17). The transition probability matrix
is the cross-tabulation of two images and

Table 17.15 Distribution of LULC in Silabati watershed and their changes during 1990-2020

Area (kmz)
LULC classes 1990 2020
Waterbodies (WB) 1.09 1.41
Fallow with vegetation (FV) 1.09 1.41
Fallow land (F) 11.04 7.21
Settlement and built up area (S) 2.25 2.39
Agricultural land (A) 27.12 30.17

Share in % Net change Annual change in %
1990 2020
2.56 3.31 0.32 0.97
2.56 3.31 0.32 0.97
25.92 16.93 - 3.86 - 0.13
5.28 5.61 0.33 0.21
63.68 70.84 3.05 0.74

Table 17.16 Transition matrices (km? per cent) of change for different LULC classes during the period of 1990-2020

in the Silabati watershed

WB FV F S A

WB (100) 0.02 (0) 0.08 (0) 0 (0) 0.22 (0)

FV - 0.02 (0.13) (61.54) — 0.98 (6.44) -0.17 (1.12) - 4.68 (30.77)
F - 0.08 (0.72) 0.98 (0) (85.14) ~0.23 (2.08) — 1.33 (12.06)
S 0 (0) 0.17 (0) 0.23 (0) (88.44) - 0.26 (11.56)

A - 022 (0.8) 4.68 (0) 1.33 (0) 0.26 (0) (99.20)
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Table 17.17 Markov
transition probability
matrix of LULC changes in
2050

Subarnarekha watershed

DF
0.0186
0.6043
0.1018
0.0787
0.0625
0.026

DF

DF
0.0046
0.5743
0.0566
0.0194
0.016
0.0134

DF

0.0004
0.3997
0.0162
0.0103
0.0047
0.0017

DF

WB
WB 0.6794
DF 0.0095
FV 0.0145
F 0.0187
S 0.0145
A 0.0158
Dwarakeswar watershed
WB
WB 0.4156
DF
FV 0.0077
F 0.0157
S 0.0324
A 0.0129
Kangshabati watershed
WB
WB 0.6032
DF 0.0005
Fv 0.0031
F 0.0052
S 0.0488
A 0.0075
Damodar watershed
WB
WB 0.803
DF 0.0065
FV 0.0378
F 0.2721
S 0.0568
A 0.0068
Silabati watershed
WB
WB 0.5557
DF
FV 0.0076
F 0.0152
S 0.0116

0.0181

FV
0.0378
0.249
0.3251
0.2432
0.2609
0.1288

FV
0.0873

0.4296
0.2349
0.3741
0.2426

FV
0.0235
0.2966
0.342
0.2249
0.1995
0.2297

FV

0.0287
0.4381
0.3535
0.1238
0.2105
0.1717

FV
0.0875

0.1901
0.167

0.1624
0.1536

F

0.0786
0.0353
0.1089
0.2062
0.0911
0.1024

0.2727

0.1179
0.2466
0.154

0.0717

0.1589
0.0548
0.1454
0.29

0.1575
0.0927

0.0256
0.0113
0.0741
0.0031
0.0936
0.0791

0.0826

0.1858
0.2329
0.164

0.1672

0.0462
0.0107
0.041

0.0416
0.4975
0.0306

0.0053

0.0332
0.0551
0.3476
0.0287

0.1239
0.0234
0.0888
0.1036
0.4112
0.1129

0.0618
0.0344
0.0942
0.0647
0.4984
0.0746

0.0273

0.035

0.0541
0.5456
0.0357
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0.1394
0.0912
0.4087
0.4116
0.0735
0.6964

0.2191

0.4117
0.4477
0.0919
0.6441

0.0859
0.0505
0.3641
0.3569
0.167

0.5437

0.0806
0.1101
0.4243
0.5259
0.136

0.6662

0.2469

0.5815
0.5308
0.1164
0.6254
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Table 17.18 Basin wise estimation of surface and groundwater yield in million cubic meters (MCM)

River 1990 2020

Surface Groundwater Total water Surface Groundwater Total water

water yield yield yield water yield yield yield

(SWY) (GWY) (TWY) (SWY) (GWY) (TWY)
Damodar 670.3 619.7 1290 684.4 475.6 1160
Dwarakeswar 459.2 391.7 850.9 451.57 327 778.57
Kangshabati 2101.3 1719.1 3820.4 2040.1 1360.16 3400.26
Silabati 39.3 31.2 70.5 40.92 27.28 68.2
Subarnarekha 580.84 536.16 1117 590.53 410.37 1000.9
Total 3850.94 3297.86 7148.8 3807.52 2600.41 6407.93

N.B. Estimation of surface and groundwater yield was done by using the SWAT model in the ArcGIS domain

contains the probable amount of change of any
LULC class into other classes within the desired
period. It is a very useful tool to monitor the
rhythm, behaviour, and magnitude of LULC
changes in an area.

The Markov Chain result shows that the
probability of change to agricultural land
(A) from any other LULC classes is remarkable
in near future and the picture is more or less the
same throughout the district and throughout the
basins. And this will happen at the expense of
transition from fallow land (F) and fallow with
vegetation (FV). For example, in Damodar, 52%
of fallow and 42% of fallow with vegetation will
convert to agricultural land after 2050
(Table 17.16). Another disturbed LC is dense
forest (DF). In the Damodar watershed, the dense
forest will squeeze up to 20% after 2050 (61% in
2011 and 40% in 2050), 12% in Subarnarekha
(72% in 2020 and 60% in 2050), and 28% in the
Kangshabati watershed (85% in 2020 to 57% in
2050).

17.4.4 Impacts on the Basin
Hydrology
Different hydrological parameters such as

Evapotranspiration, surface water yield, ground-
water yield etc. are the interactive outcomes of
LULC, precipitation amount, slope, soil charac-
ters etc. Change in LULC is the main driving
force to modify the hydrological outputs as

LULC is changing at every moment. We con-
sidered surface water yield (SWY) and ground-
water yield (GWY) as the measuring parameter
to identify and quantify the impacts of changing
LULC on basin hydrology. Soil and Water
Assessment Tool (SWAT) was used in the Arc-
GIS domain to estimate these parameters by
inputting the LULC maps of 1990 and 2020.

The SWAT output shows a decreasing trend
in both SWY and GWY. TWY was decreased up
to 10.4% (Table 17.18). In the case of SWY, the
decreasing amount was 1.2%, whereas, it was
21% for GWY. The decreasing tendency of
groundwater reveals the fact that due to defor-
estation the process of groundwater recharge is
hampering. AS per Minor Irrigation Census
(Ministry of Jal Shakti, Dept. of Water Resour-
ces, RD & GR, Government of India), the
number of shallow, medium and deep tube wells,
as well as the utilisation of irrigation potential,
are also increasing. As per our study, settlement
and built-up area are expanding due to the
increase in population (Table 17.19). The whole
effect of these is a declining groundwater level
(Fig. 17.3).

17.5 Discussion

In this discussion, we integrated standard tech-
niques and procedures for understanding LULC
dynamics at the district and watershed level with
detailed information. This integration is
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important for the accurate identification of driv-
ing forces of LULC dynamics, and thus provides
valuable inputs to the management of the
watershed. LULC dynamics are considered as the
key environmental indicators to change the man—
environmental set-up, but their proper evaluation
has not been integrated with decision-making
processes in most of the countries. The basic
assumptions made in this study are that the rates
of LULC change are differing with time and the
final period of study can only convey information
concerning the recent environmental processes
that affect the study area. As a consequence,
decision-making processes at a watershed level
should give importance to each period, so that
the drivers of change during each period should
identify and integrate them with land use plan-
ning. For the present study, only two satellite
images (1990, 2020) were used to cover the
study period of 30 years. The assumption is here
that the study area is economically and socially
so backward (according to the last report of
Planning Commission, Govt. of India (2010)
rank one in the rural poverty rate, comes the last
rank in rural monthly per capita consumption,
rank 15 in per capita income amongst the 17th
districts of West Bengal) that the drivers of
LULC change like urbanisation, industrialisation
or infrastructural developments are less active or
intense in this district. The rate of LULC change
is very slow and difficult to estimate from satel-
lite images through Supervised Classification.
One of the main features of this research is to
study the presence of anthropogenic impact on
the natural world. For example, dense forest is
shrinking remarkably (Table Five) due to defor-
estation and is turning into fallow with vegeta-
tion which is sparse, is indicating the overall
degradation of forest health. At the same time,
fallow is turning into agricultural land to support
the growing needs of food, fodder etc. and into
fallow with vegetation through afforestation
programmes (Appendix 2). Thus, population
expansion is one of the major impacts on the
natural assets of the region. Another important
social feature of the region is the expansion of
the built-up area in terms of urbanisation, set-
tlement, and industrialisation. Extension of

Projected census®
2051

562,320
1,197,635
2,452,972
456,439

32,495

4,701,861

2011
352,031
777,147
1,568,208
321,865
22,171
3,041,422

295,057
681,406
1,344,093
295,482
19,291
2,635,329

2001

1,178,973
264,957

16,720
2,310,644

1991
255,756
594,238

1981
231,493
517,428
1,053,600
230,314
15,733
2,048,568

191,655
424,456
857,660
195,546
14,024
1,683,341

1971

1961
160,439
347,473
726,706
164,768
12,063
1,411,449

136,044
288,794
630,706
141,292
10,390
1,207,226

1951

1032.84
1388.32
3010.65
770.41
56.72

Official census data®
6258.95

Area (kmz)

Dwarakeswar
Silabati

Total
Source® District Census Handbook, Purulia (1951, 1961, 1971, 1981, 1991, 2001, 2011), Registrar General and Census Commissioner, India, Ministry of Home Affairs, GoL.

Mouza wise population was summed up according to watershed level

Watershed
Subarnarekha
Kangshabati

Table 17.19 Decadal change of population since 1951 and projected population up to 2051
Damodar

® Incremental Increase Method (IIM) was applied to calculate the projected census of 2051
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Fig. 17.3 Change in basin (a)
hydrology because of LULC
change a TWY b SWY

c GWY
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settlement area is maximum in Kangshabati
watershed which is the location of Purulia town,
the district headquarter and the home of 121,067
population in 2011 (92,386 in 1991), whereas,
rate of industrialisation is high in Damodar
watershed and maximum industries were estab-
lished after 2010.

17.6 Conclusions

LULC change is a dynamic and continuous
process as it ensues in any region with economic
development especially in developing countries

Dwarakeswar Kangshabati

0 I .

Dwarakeswar

Total Water Yield (TWY)

S i]abati Subarnarekha Total

Surface Water Yield (SWY)

= 1950
2020

Subarnarekha

Kangshabati Silabati

Ground Water Yield (GWY)

-20.9

1990
= 2020
-23.5

1 habati ilabati Subarnarekha

~16.5

where the economic structure is shifting from
primary to tertiary level. Rapid urbanisation and
industrialisation are the two major pillars of
altering land cover into land use and lead to
overall environmental degradation.

This study relates changing LULC, detected
by using Remote Sensing and GIS techniques in
Purulia district during the last three decades
(1990-2020), to a very interesting shifting eco-
nomic settings as India is entering into the new
age of liberation during this period. The use of
multi-temporal satellite images combined with
supervised classification and validation with real

data led to improved accuracy than any
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conventional methods. The LULC database of Appendix 1
two periods (1990, 2020) showed that the study

area has undergone enough land cover change

Decadal change of population since 1951 and projected population up to 2051

Watershed Official census data® Projected
census”
Area 1951 1961 1971 1981 1991 2001 2011 2051
(km?)
Subarnarekha 1032.84 136,044 160,439 191,655 231,493 255,756 295,057 352,031 562,320
Damodar 1388.32 288,794 347,473 424,456 517,428 594,238 681,406 777,147 1,197,635
Kangshabati 3010.65 630,706 726,706 857,660 1,053,600 1,178,973 1,344,093 1,568,208 2,452,972
Dwarakeswar 770.41 141,292 164,768 195,546 230,314 264,957 295,482 321,865 456,439
Silabati 56.72 10,390 12,063 14,024 15,733 16,720 19,291 22,171 32,495
Total 6258.95 1,207,226 1,411,449 1,683,341 2,048,568 2,310,644 2,635,329 3,041,422 4,701,861

Source® District Census Handbook, Purulia (1951, 1961, 1971, 1981, 1991, 2001, 2011), Registrar General and Census Commissioner, India, Ministry of
Home Affairs, Gol. Mouza wise population was summed up according to watershed level
® Incremental Increase Method (IIM) was applied to calculate the projected census of 2051

driven by agricultural expansion and increasing
built-up area. Spatial patterns of LULC change
can be linked to demographic factors, availability
of fertile land, increasing irrigation facilities,
distance from urban centres, improving transport
facilities etc.

Appendix 2

Irrigation | Number of schemes implemented Irrigation potential utilised (in Ha.) Share in

schemes 5 yMI  3rdMI  4thMI  5thMI  2nd M 3rd MI | 4th MI  5th MI total
(1993—-  (2000-  (2006— | (2013—  (1993—  (2000- | (2006—  (2013- irigation
94) 01) 07) 14) 94) 01) 07) 14)

Surface 19448 21283 13,732 12,758 | 65403 59429 | 63,554  42,984.01 62.4

flow

scheme

Dugwells 17,133 13,322 3611 3048 5302 4026 2083 4362.5 6.2
Deep tube | NIL NIL NIL 275 NIL NIL NIL 14,838.12 21.49
wells

Medium NIL NIL NIL 14 NIL NIL NIL 9.91 0.01
tube well

Shallow 11 2 15 28 12 3 10 26.22 0.4
tube wells

Surface 440 313 539 2016 2676 3444 8180 6517.01 9.5
lift

schemes

Source Minor Irrigation Census (MIC) of 1993-94, 2000-01, 2006-07 and 2013-14. Ministry of Jal Shakti, Dept. of
Water Resources, RD & GR, Government of India
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