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Abstract—Ground water that exists beneath the earth
surface in soil and rock formation. It is a vital resource
for drinking, irrigation and industry. Primarily from
rainfall that infiltarates the ground. Found in aqufiers,
which are porous rock formation that can hold and
transmit groundwater. A significance source of fresh
water for various uses, including drinking water
agriculture and industry. Groundwater is part of the
water cycle, where it can seep into streems, lakes, and
oceans or be drawn up by plant. Katwa subdivision in
west bengals Purba Bardhaman district relies heavily on
ground water, particularly for irrigation. The area is part
of the Ganga-Brahmaputra alluvial plain, making it
ideal for groundwater extraction.

Index Terms—ORIGIN, STORAGE, WATER CYCLE,
IMPORTANCE, CONTAMINATION.

Water Resources & Management

There are many tanks, wells, canals, swamps and bils
are found all over the district. Within the Damodar
Valley region, there are around 17000 tanks. The
Durgapur barrage and Mithon dam have formed two
large reservoirs at the south-western and western
periphery of the district. In this district there are two
major source of irrigation —

1. Damodar Valley Command Area

2. Mayurakshi Command Area

Out of the 33 blocks, 20 blocks are irrigated by DVC
area and 2 blocks, KetugramlI and II are by Mayurakshi
Command area. Other sources of irrigation are Deep
Tube well, shallow tube well, River lift Irrigation etc.
Ground Water

As per information received from the Water Resource
Investigation Department it is understood that the
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surface water taping is only 11 percent. The blocks of
surface water taping include Barabani, Faridpur-
Durgapur, Kanksa, Ausgram [ & II, Salanpur
Raniganj, Jamuria, Andal and Pandebeswar. The
problem of rainwater harvesting is prominent in this
district — non-availability of land is one of the major
constraints in harvesting rain water. In the lateritic
zone community land can be utilized for rainwater
harvesting structure.

The subdivision of Asansoland Durgapur is unfit for
lifting groundwater. Bhatar, Monteswar, Ketugram I,
Memari II, Purbasthali — II, and Mangalkot blocks are
critical for lifting ground water under DTW. The
problem of Arsenic infestation exists in Kalna — I and
Burdwan Sadar, is almost saturated by irrigation
through canal and groundwater.
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Aquifer map of the district showing Categorization of Assessment Units
ASSESSMENT UNIT WISE RESOURCE POSITION
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STUDY AREA: Katwa subdivision is an administrative subdivision of the Purba Bardhaman district in the state of
West Bengal, India. This subdivision is located 23.65N and 88.13E. The Katwa subdivision extends from the Kanksa-
Ketugram plain to the Bhagirathi basin. The ajay river flows through the subdivision and joins the Bhagirathi River
Purba Bardhaman district is divided into the five administrative subdivision such as (1) Bardhaman sadar north, (2)
Bardhaman sadar south (3) Katwa (4) Kalna (5) Purba Bardhaman district.

Katwa subdivision has 3 police station,5 community development blocks,5 panchayat samitis, 46 gram,388
mouzas,373 inhabited village, 2 munnicipalities and 1 census town. The municipalities are Katwa municipalities and
Dainhat municipalities, the census town is Panuhat. The subdivision has its headquarters at Katwa. community
development blocks in Katwa subdivision are-

SL NO CD BLOCK HEADQUARTERS AREA(Km?2)
1 MONGALKOTE NATUNHAT 365.44
2 KETUGRAM-1 KANDRA 193.98
3 KETUGRAM-2 GANGATIKURI 160.03
4 KATWA-1 KATWA 168.94
5 KATWA-2 DAINHAT 163.20

Purba Bardhaman district was formed on 7 april 2017 after bifurcation of the erstwhile Bardhaman district and its
headquarters is Bardhaman. Some historians link the name of the district to the 24™ and last Jain tirthankara, Mahavira
Vardhamana,who came to preach in the area. It was a forward frontier zone in the progress of Aryanisation by the
people in the upper gangetic valley. Purba means east. Bardhaman district was bifurcated into two districts, Purba
Bardhaman and Paschim Bardhaman.
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[. INTRODUCTION

Land use and land cover are critical ingredients of
human livelihood from the perspective of socio-
economic conditions, climatic changes and
sustainability, and changes in the patterns of land use
and land cover are emerging as critical components of
social,economic and climatic changes across the
globe. Different types of human activities over the past
three hundred years have resulted in vast changes in
natural cover -a net loss of approximately 6 million
km?of forest, A net gain of about 12 million km?of crop
land, and a net loss of approximately 1.6 million km?in
wetlands (Turner et

al,1993). These changes are likely to alter structure,
function,and complexity of local ecology with critical
implications for maintenance of biodiversity at
genetic,species,and landscape scales (NCR,1993;
Vitousek,1994). Changes are likely to strain our
capacity to meet basic natural resource needs of many
of the indigenous groups of people. The 1992 United
Nations  Conference on  Environment and
Development (UNCED)stated that land use/land cover
changes are important eclements of the global
environment change processes (Dickinson,1995; Hall
et al.,1995). Thus, trend in land use changes merits
closer analysis in recent times.

Changes in land use /land cover are often studied using
various spatial models. Models are powerful tools to
understand and analyse the important link between
socio-economic processes associated with land
development, agricultural activities, natural resource
management and the function of eco-
systems.Summarising a large number of case studies,
we find that land use change is driven by a
combination of the following fundamental high level
causes:resource scarcity leading to an increase in the
pressure of production on resources,changing
opportunities created by markets,outside policy
intervention,loss of adaptive capacity and increased
vulnerability and changes in social organization in
resource access and in attitudes.A current review
highlights as many as 19 land use change models for
their spatial,temporal,and human decision- making
characteristics for comparing and reviewing land use
change models(Agarwal et al,2001).
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The models that have been used by researchers
Spatial Markov model has been used to model spatial
changes in a variety of spheres. Changes in social
situations,economic standards, natural resource
availability,and even weather conditions have
been explored and predicted using Markov Random
Function (MRF)and Markov Random Chains (MRC).
Markov analysis of vegetation types tends to focus on
asmall area of less than a few hectares or on a
single small plot. When a few hundred hectares of land
is involved, data sampling is usually applied to
limit the workload to scattered plots or
transects (Baker,1989). On the other hand,land
use studies using Markov chain models tend to focus
on a much larger spatial scale,
urban and non-urban covers (Drewett,1969;
Bourne,1971; Bell,1974; Bell and

and involve both

Hinojosa,1977; Robinson,1978; Jahan,1986; Muller
and Middleton,1994). All of these studies use the first-
order Markov chain models. The order of the Markov
chains has only been formally tested in a few
studies(Bell,1974;Robinson,1978) .Stationarity has
usually been assumed,except in a few instances where
it has been tested (Bourne,1971;Bell,1974; Bell and
Hinojosa,1977).Brown et al.(2000)recently presented
an approach to estimating transition probabilities
between two binary images in a study of land use and
land  cover  relationship in the  Upper
Midwest,USA.This approach,according to Huber
(2001),needs to be improved and generalised in order
to estimate properly Markov transitions from a pair of
images

Markov modelling of land use and land cover changes
have not been substantially complemented by satellite
imagery and digital image processing
technique.Previous studies mostly utilise data sampled
from field surveys,existing maps or aerial
photography(Drewett,1969;Boume, 1971;Bell, 1974;
Bell and Hinojosa,1977;Robinson,1978;Jahan,1986;
Muller and Middleton,1994).Data uncertainty in these
studies remains relatively high,because only a certain
amount of sites were sampled.The use of satellite
imagery would create an opportunity for improved
analysis.Moreover,the Markov

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 2140



© June 2025 | JIRT | Volume 12 Issue 1 | ISSN: 2349-6002

§T4S0E §§00'E
1 |

§150'E p— -
L

23°45'0"N
A

23 00N
A

DRAINAGE MAP OF STUDY AREA .

'z i bt
.E 1 . 1 " 1 "
o
INDEX
= Perennial
z - Drainage
,ag :] Study Area
o
Data Source :
West Bengal Govt Administrative Dept
Google Map

SCALE
oM 0 m B
e [ .,
1 1 I
§THS0E 800 88 150°E

models have mostly been employed for studies around
a city or a slightly arger area,with a regional
concentration in North America.The application of
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stochastic models needs to be done in order to develop
an operational procedure that integrates the techniques
of satellite remote sensing,GIS,and Markov modelling
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for monitoring and modelling land use and land cover
changes.In this paper,we try to use data extracted from
GIS based maps/images in an MRC to obtain present
transition probabilities and predict future changes in
land use for a selected region in India. This serves both
as an example of using frontier methodology for socio-
technological research,and also as a cautionary note
drawing attention to depleting water availability in the
study area.

Methodology:Markov chain

Markov chain models have several assumptions
(Parzen,1962; Haan,1977; Wang,1986; Stewart,1994).
One basic assumption is to regard land use and land
cover change (or other variables for that matter)as a
stochastic process,and different categories are the
states of a chain.A chain is defined as a stochastic
process having the property that the value of the
process at time t,X,depends only on its value at time t-
1,X,,and not on the sequence of values Xrz, Xs;......Xo
that the process had passed through in arriving at X.y.It
can be expressed as:

P{X=aj|Xo-aq,X:=a,...X=a 1=P{X:=aj|X:=a}(1)
Moreover,it is convenient to regard the change process
as one which is discrete in time (t=0,1, 2...).

The P{Xi=a;Xu=a;},known as the one-step
transitional probability,gives the probability that the
process makes the transition from state a;to state a; in
one time period. When n steps are needed to implement
this transition,the P {X=ajX =a;}is then called the n
step transition probability,P"j.If the P"is independent
of times and dependent only upon states a,,a,,and
nithen the Markov chain is said to be
homogeneous.The treatment of Markov chains in this
study will be limited to first order homogeneous
Markov chains.

In this event:
P{X=a}Xu=a;}=P:
from observed data by tabulating the number of times
the observed data went from state i to j,ny,and by
summing the

number of times that state a;occurred,n;.Then
Pi=ni/n:

As the Markov chain advances in time,the probability

where Pi can be estimated

of being in state j after a sufficiently large number of
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steps becomes independent of the initial state of the
chain.When this situation occurs,the chain is said to
have reached a steady state.Thenthe limit
probability,Py,is used to determine the value of P";;:

lim,P*y=P} where,
P;=P,P"%,j=1,2...m(state)
P=1P>0

As land use and cover change reflects the dynamics
and interplay of economic,social,and biophysical
factors over time,it would be implausible to expect
stationarity in land use/cover data.However,for our
practical purpose there is no harm in first assuming
that a steady state will be reached.This would give us
the steady state numbers of each of the i types. We can
then relax the steady state assumption and indicate the
likely movements in the TP matrix (hastening or
slowing down of transition rates) and therefore arrive
at a range or interval estimation of the numbers rather
than having point estimation.

A specific case has been chosen to study and spatially-
model the depletion of surface water-bodies in Katwa
Subdivision Blocks of the district Purba Bardhaman
West Bengal, India.

Agricultural activities in the police station have
increased in terms of area too. In 1971 Katwa
subdivision had 73%of its total area as agricultural
land. The agricultural land use area coverage increased
to 80%of its total geographical area in 2001.The
growth of the agricultural land is thus quite substantial
in the police station.

The area not available for cultivation reduced to
16%in 2001 mostly because of an effort to bring more
lands from the area not available for cultivation to
agricultural use.Though expansion of agricultural land
use was prominent,irrigation coverage did not increase
at the same rate,as mainly the location of the police
station is such that canal irrigation is limited.Most of
the irrigation therefore is being made by lifing from
the surface water bodies,and as a result dependence on
the ground water has increased.
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At the same time,the ground water resource is
declining at an alarming rate.It is observed that while
average depth of the water table was about 09 metres
in 2001, in 2014, the average depth became 14 metres.
The January water depth was 7.90 metres in 1990, and
as low as 15.0 metres in 2005.

In April the maximum depth the pre-monsoon water
table was 11.16 metres in the year 1990.1t also shows
declining trend,but with fluctuations.The pre-
monsoon water depth was about 20 metres in 1996
indicating maximum withdrawal of the water from the
ground water reserve in the preceding season. After
that the depth was restored to about 15-16 metres due
to good monsoon in 2002-05. But still the declining
trend is obvious.

In August,the post monsoon month,we can expect the
ground water to come closer to the surface.But the
water table of the Katwa Subdivision blocks does not
show any such pattern and lies between the January
and April water table.While in 1990, the depth of the
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post-monsoon water table was 9.62 metres,it stands at
14 metres in 2005.

The water of the Ajay River and its tributaries (in
monsoon season)is also being used for irrigation.But
most of the water flows to Ajoy River and then to
Bhagirathi,while the villages remain dry and have
shown steady decline in the water table
depth.According to State Water Investigation
Directorate (SWID),Burdwan,Govt.of West Bengal,
Bhatar block is categorized as 'over exploited'in
ground water as it has been using up 100%of its
ground water reserves.

Thus,it is clear that ground water withdrawal is
occurring at a much faster rate compared to
recharge.Depletion of water table by 50%in 15 years
is alarmingly high.At this rate of depletion the region
will enter the list of Dark Block'in a span of next 15
years.LULC changes and depleting surface water
bodies ith the above situation in the background,we
tried
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to examine the LULC changes in villages in Katwa
subdivision.ithin the Katwa Subdivision The village is

at the same time the number of surface water bodies.
Surface water bodies of 1926 overlaid by 100

also facing the same problem of decreasing the water Sq.Meter Grid.
table and
Depth of ground water of Katwa Subdivision
It has been observed that the Water Table Data(Depth  in|
surface water bodies of the meter)
region are declining in numberJanuary |April IAugust Fluctuation IAverage
and most of them become Depth
almost dry during the dry|
season.
2005 7.90 11.16 9.62 1.54 9.56
2006 6.82  N.A. 9.44 IN.A. 5.42
2007 7.35 10.89 11.20 -0.31 9.81
2008 1032 [11.59 11.02 0.57 10.98
2009 8.69 11.84 10.55 1.29 10.36
2010 8.95 13.95 12.25 1.70 11.72
Declining trend of water table of Katwa Subdivision
2011 10.55 19.52 11.50 8.02 13.86
2012 10.70 13.10 12.29 0.81 12.03
2013 11.06 13.16 12.31 0.85 12.18
2014 11.20 13.71 13.01 0.70 12.64
2015 11.86 14.66 13.66 1.00 13.39
2016 12.56 14.66 13.83 0.83 13.68
2017 12.96 15.66 14.26 1.40 14.29
2018 15.04 16.40 IN.A. IN.A. 10.48
2019 14.80 14.91 14.46 0.45 14.72
2020 15.05 15.61 13.70 1.91 14.79
Source:SWID (Burdwan)
DEPTH OF WATER TABLE
1800 1981 1062 1893 1904 1095 1906 1967 1998 1908 3000 2001 2002 2003 2004 2005
o000 IEAR i
i 500 e =
=
Z 1000 _;rﬂ —\___,f’_"_"“'--.
E & 1118 \H-—.:E“'\_ﬁ__
g \\ h‘m‘, s e
s 18,00 e
30,00 | —a— JaniaTy
i Al
—a— August |
2500

Source:SWID-WB.
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Cross-tabulation of cells in Katwa Subdivision

1974 2020
Distribution of Cells | Type-I | Land Type-II Land Distribution of cells | Type-I | Land Type-II Land
1926 Type-I Land 90 79 1974 Type-I Land 89 22
Type-II Land 21 565 Type-II Land | 633

Source:Author's calculation

For the next period,i.e.that between 1974-2000, this
one- step transitional probability,is given by
89/111=0.801. Similarly,'P'robability that a given cell
was NOT a

Water body in 1926 but was converted to a Water body
in 1974 is given by:
P=P{Xt=a|X-I=a}=21/565=0.037

The same probability for the 1974-2000 period is
given by 1/633=0.001.

Thus, the net depletion rate was 47%during the 50
years between 1926-1974, and in the next 25 years it
was 20%. Since depletion took place at a compound
rate,such results clearly indicate a much faster rate of
degradation of surface water bodies in

the second period,i.e.in recent times.The probabilities
of depletion per year are increasing over time.At this
rate,the probability of depletion shall be 0.50 for next
25 years and hence the number of water bodies would
deplete to 46 in the next 25 years, i.e.by 50%-a case of
serious concern no doubt. This is depicted in Table 6.
There is thus clear indication of unsustainable changes
in LULC in the PS,where extension of agricultural
activities is leading to depletion of ground water table
and degradation /drying up / conversion of surface
water bodies as well.

Table 6 Depletion of water bodies in Bhatar PS-spatial
modelling using Markov Chain

Year Type-1 Land Type-II Land
(Waterbodies (Agri.&Sett
1926 169 586
1974 111 644
2000 90 665
2025%* 46 709
Steady State* 37 718

Source:Author's Calculation

Note: *indicates Estimation by Markov Modelling
The region is thus facing a serious threat in its surface
and ground water situation.The threat comes from the
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changes in land use and land cover, especially due to
substantial extension of agricultural activities which is
expanding at a very fast rate. Increasing population
also demands more lands for settlement and industrial
uses.

In addition,the cultivators need more and more water
for sustaining the extended agricultural activities and
prefer to use the available surface water as its use is
less costly. The surface water bodies

i.e.the ponds etc.are used for such intensive irrigation
purposes.As a result the surface water bodies depletes
before the onset of summer.The cultivators use those
dried up ponds or surface water bodies for agricultural
purposes also.There is thus a serious trend to convert
the surface water bodies into the agricultural land.In
addition,rampant use of ground water for irrigation is
also leading to alarming drop in water table.Thus
LULC change in the region is associated with
depletion of water bodies and lowering of ground
water table at an alarming rate.It is estimated using
MRC, that in next 25 years,the number of surface water
bodies will deplete by 50%in the agriculturally active
Bhatar PS at the current rates of depletion.

Increasing economic activities and changing LULC at
the cost of surface water bodies and depleting ground
water table may prove costly in the long run.As water
table goes down and ponds dry up more and more
effort and expenditure will be required for
irrigation.Consequently,poor and marginal farmers
will find it extremely difficult to carry on farming for
most of the non-monsoon seasons.This will create
both socio-economic unrest as well as depletion in
agricultural production. The sustainability of the
present form of extensive cultivation and intensive
irrigation is therefore questionable

Perhaps shifting to less water needy crops, prevention
of LULC conversion,and water

harvesting would provide some solace to the situation.
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