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Abstract:

Wetlands, one of the most important physiographical features on the earth surface are
subjected to a continuous change and damage mainly caused by various anthropogenic
factors specially the economic factors. Therefore it is a high time to examine the worsen situations of
the lake by doing a proper research with the help of digital technologies as well as actual field survey.
Nowadays, it becomes a global challenge and threat to human being and environment. In Manipur too
one of such example which may be noteworthy to mention is the fast- dying fresh water lake of
Heingang which is called “Heingangpat”. The lake's morphology has been continuously changed
and damaged with the event of the conversionof lake area, surrounding agricultural land as
well as weeds growing area to fish farms and human settlement area for various purposes so that
they can fulfill their desires which are associated with livelihood. In order to analyse such
changing and deteriorating pattern of the Heingang lake and its Surroundings, various temporal
and spatial data which are qualitative and quantitative in nature of the said lake and its
surrounding are being collected. Several appropriate digital and manual techniques are employed
to find out the temporal and spatial geographical and human phenomena which asffects the sanctity
of the lake and its surroundings. Some of the techniques that employed in this study includes Maximum
Likelihood Supervise classification , Shannon's Heterogeneity Diversity Index (SHDI) and
Markov modeling (Predicted modeling) etc. It is known from this research work that the future of
Heingangpat is almost on the verse of extinction, because it may be completely changed into settled
area having fish farm, playground ,grazing area of horse and fast food etc. Therefore, with the utmost
concern of this degrading situation of the lake and its surrounding environment many protective and
conservative measures are also proposed to the inhabitants and the all concerned to save the
Heingangpat .
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Introduction

Wetlands are territories where water is the essential factor controlling the
climate and the related plant and creatures. They happen tobe found where the
water table is at or close to the land surface, or where the land 1is covered
by water (Drishti TAS, 2019). Wetlands are characterized as: "lands temporarily covered
with earthbound water  (Priyanka, 2018) and sea-going eco-frameworks where the
water table is ordinarily at or close to the surface or the land is covered by
shallow water ( Dhaval et al, 2019).

Wetland, the key prime feature that link water and land has been subjected
to continuous change mainly by uninterrupted anthropogenic factors suchas human
intervention with rapid growth of population, development as well as urbanization
(Kumar, 2014). Wetlands establish the most beneficial environments with a wide
exhibit of merchandise and ventures (Kumar et al, 2017).Theyhelpin bioremediation
and thus appropriately known as 'kidneys of the world' (Ramachandra et al ,2015).
Significant administrations incorporate flood control, waste -water treatment, capturing
residue load, climatic control, (Ting. 2019). Drinking water, protein creation, and
all the more critically re-energizing of springs separated from helping as sinks

36




Dr. Gurumayum Jadumani Sharma, Dr. Vasudev Shivaji Salunke

and environment stabilizers. The wetlands give a minimal effort approach to treat
the local area's waste-water, while at the same time working as wild fauna
asylum. These environments are significant for instruction and logical undertakings
because of rich biodiversity. Wetland, the least protected feature in the world is
degrading day by day and will ultimately lead to its demise. It is likewise
seen in many parts of the state Manipur also. Among many lakes such as the
Loktak lake, the Pumlen lake which are at the brink of destruction and
enormous loss in their ecosystems, the Heingang lake is also a noteworthy
example. The only fresh water lake in Heingang , Imphal East is subjected to
rapid change in its ecosystem which has been neglected by both people and
government. Thus, in order to analyse such changes with time, three different
points of time have been taken into consideration namely 2006, 2014 and 2021
with the viewpoint to understand the real time scenarios and simulated for the
future. It is a common idea that remote sensing helps in understanding different
prospects of land through multiple time frames. Thus, the google earth images
of different aspects of the same vegetation situation have been downloaded using
google earth pro software.

Amongst different techniques of landuse and landcover classification (LULC),
Maximum Likelihood Supervised classification is being employed in this study as
the best classification model. Thus, the three images for different time zone has
been classified into five features viz: Agricultural land, Built-up land, Fish
Farm, Weeds and Water. The classification scheme wuses Anderson's LULC
classification scheme, however the LULC scheme have been modified to suit the
local context. Among the features which show the most increase one is the fish
farm  while the rest except the Dbuilt-up land shows the negative trend.
Shannon's Heterogeneity Diversity Index (SHDI), among many diversity indices,
helps in wunderstanding the pattern of features which have been changed over a
period of time. Higher the value of SHDI, the well dispersed features, lower
is the concentrations. Thus, the built-up shows the highest value followed by
fish farm. When the simulation of Wetland has done using Markov Modelling
and Chi square methods as a validation method, it is found that the fish farm
has the highest increasecategoty thereby affecting the lake ecosystem leading to
the loss of biodiversity of the lake. Thus, it is the high time to save the
lake before it is banished from its existence.

Objective:
To study the changing pattern of the Heingang lake and simulate the change in the future.

Hypothesis
The predicted values of 2021and the observed values are similar.

Study area

The study area is composed byafresh water lake located on the North- Eastern
part of Heingang area known as the Heingang lake with its latitudinal extend
of 24°52°30"'E to 24°51°00"'N and longitudinal extend of 93°50°30"'E and 93°57°45"'E
and areal extend of 140.47 hectares. The Heingang Lake owes its origin to the tectonic
event thereby feeds by many rills and gullies from the surrounding hills during the rainy
season. It acts as a water balance of the Kongba river during the south- west monsoon
season and other lean seasons via and outlet known as Heingang Khong (canal).
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Figure: Study area

The very name Heingang has different mythological sources as compiled by
different scholars. As suggested by some prominent local elders and scholars of Heingang
area, its name owes its origin to a distinct source. The anonymous king of
Manipur happened to visit this place and told a story of fruit with awesome taste.
Later, his son and daughter visited and ate a fruit which was red in colour. Thus,
the place came to be known as Heingang(Hei- Fruit, Ngang- Red). However, the increase
in population and higher income from fishing, almost the entire lake is filled with
fish farm. The State Government has now taken up a big tourism project in the
North-Eastern part of the hill ranges surrounding the lake and some part of the
lake adjacent to the foothills is going to be converted a polo ground in near future.
Thus, this very important lake where Ibudhou Marging selected as his final resting
place, it is now at the brink of destruction.

Data used and techniques

Both the primary and secondary data as well as qualitative and quantitative
methods are being used in this study. Amongst many methods of taking survey, interview
method is used in this study using purposive sampling of about 50 respondents to
obtain the individual as well as overall perceivedness of the reason behind the change
in the size and other characteristics of the lake. However, in order to wunderstand the
minute changes, the temporal scenario through three intervals viz: 2006, 2014 and
2021 resepectively have been taken wup. The imageries are being downloaded from
Google Earth and necessary LULC classification is performed.

In this study, the LULC's of 2006 and 2014 are used to predict 2021
(Expected) by generating a transition matrix between 2006 and 2014 and compared
with the real 2021 imagery(observed) and the validation is done using Chi-square
method. Thus, the prediction which is also known as Markov Modelling is being
used in this study to simulate the land use and landcover in  future inandaround
the lake.
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Among many diversity indices, SHDI (Palaghianu.2014) is used in the present study. It
is mainly used to check the forms and patterns of distribution of different land
use and land cover features over a spatial context whereby its value ranges from
0-1 where 1 representing the complete dispersal of features, where 0 is the most
concentrated.
Results and discussions
LULC analysis

When conducting analysis the land wuse and landcover in a period of
fifteen years with three distinct points of time, the three features amongst five
have been seen undergoing a great change in its areal extend. Among them
which show the highest increase is the fish farm. The fish farm covers only
a meager area of 14.79 hectares in the ecarly stage of study. However, it
shows the highest spatial extent in 2021. It may be reasoned as recorded from
the fact that the highest income is being earned from pisciculture when
compared to any other economic activities due to ever increasing daily
consumption of fish in Manipur. Another point of view to be duly noted is
that the entire lake which is a wetland gives an ample and profound supply
of water which supports the local fish rearing activities.

Figure 2: Landuse and land cover of Heingang lake

Tablel: Spatial extent of LULC features in hectares

Features 2006 2014 2021
Agricultural 41.36 45.54 25.04
land
Built-up 0.54 0.66 1.46
land
Fish farm 14.79 49.51 76.31
Water 0 6.45 5.64
Weed 84.1 38.63 32.34
140.79 140.79 140.79

The weeds which were once covered the entire lake due to its high proliferation rate
inits early stage signified the absence of waterbodies in the LULC classes of 2006. However,
at present, the weeds are being removed and converted into fish farm. This is the main
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reason of being decreased when compared with other features.

Carefully studied the three points of time simultaneously, the northern part of the
study area is covered by weeds in 2006, but at presents, the fish farm covers the
largest part of the lake. Theagricultural land shows the similartrends of depletion significantly
on the northern side than that of the southern side. It is known via field study and
interview method that the north- eastern part also known as Lokchao is characterised
by its inability to store water significantly for a longer period of time which is unsuited
for agricultural activities. Thus, the conversion of agricultural land to fish farm is
the most common phenomena. The similar effect is also seen on the south - eastern part
of the lake, alsoknown as “Iren Kachin” which is the deepest part of the lake
measured about 5 feet due to its frequent flash flood. A major flood occurs in 1989
by breaking the Imphal river banks fromall three sides, thereby leading to the establishment of
permanent fish farm, itsunproductive nature agriculture also intensified it. However, the entire
study area issparsely populated over an area of 1.46 hectares and show a slow progress in
the increment of the built-up land.

Table 2: SHDI of different features

Features 2006 2014 2021
Agricultural land 0.15 0.15 0.36
Built-up land 0.06 0.27 0.51
Fish farm 0.11 0.12 0.48
Water 0 0.03 0.09
Wetland 0.02 0.02 0.23

However, water which is not foundin the early part of the study area shows the
sign of fluctuation with time. Reasons can be pointed from the mass removal of weed to
collect water justform fish farm has lead to its change. Almost all features show the
increase in SHDI. Among them is the built-up land registers the largest among many
features even if it shows the least increased in its spatial context. As the name
suggests, the little increased in the built-up area with respect to the growing
population of the whole area. The similar condition is likewise seen in the
fish farm also(0.48 in 2021).

Wetland simulation

The Markov modeling which is a probabilistic modeling is employed in
the study to predict the scenario of the lake in the near future (HUA,2017, Rahel et al.
2018, Mondal et al, 2020)). In this process, the two points of time viz; the
LULC of 2006 and 2014 are wused to predict the LULC of 2021. The predicted alues
are being compared with the actual 2021's LULC. The comparison is done using Chi
square method also. From this method, it is found out that the calculated values of
Chi square is even lesser (0.43) than the tabulated value for 5 degrees of freedom
and 1% level of significance. Thus, the hypothesis is accepted and thus the
Markov modeling hold true for future prediction.

In this process, prediction shows a substantial effect on the lake
ecosystem. In the year 2036, almost all the part of the lake will be converted
into fish farm(Fig, 3). The water balance between the lake and river Kongba
will be disrupted thereby will hamper the environment. The historical beauty as
well as the aesthetic beauty of the lake will be vanished. In this simulation,
almost all the features except built-up land and fish farm will be lost and
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entire lake will cease toexist. The increased in the per capita income of the people from the
fishfarm is the reason for reducing all the parts of the lake to fish farm.
Table 3: Validation through Chi-square method

Expected | Observed | Expected | Observed | O-E | (O-E)* | (O-E)/E
Agricultural land | 24.61 25.04 17.5 17.8 0.3 |0.09 0.01
Built-up land 1.3 1.46 0.9 1.0 0.1 |0.01 0.01
Fish farm 73.21 76.31 52.0 54.2 2.2 | 4.85 0.09
Water 5.35 5.64 3.8 4.0 0.2 |0.04 0.01
Weed 36.32 32.34 25.8 23.0 -2.8 | 7.99 0.31
Total 140.79 140.79 100 100 0.43
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Figure 3: Simulation for the year 2036.

Conclusion

From the above analysis it comes into light the scenarios and the problems that
hamper the lake. The conversion of lake to fish farm to a large extent and the ongoing
construction of polo ground insome peripheral parts of the lake are the major factors that
lead to the destruction of the lake. The lake's morphology will continuously be changed in
the near futureif this ongoing anthropogenic activitiesto earn his livelihood and to improve
his standard of living continued. By 2036, he entire lake will be converted into fish farms
and the others features expect built-up land will be diminished, as predicted. This has been
changed and will adversely affected the sanctity of ecosystems of the lake and its
surrounding areas. Therefore, it isthe hightime fortheresidents and the State Government to
conscious of it and to take up necessary plans to save and rejuvenate the lake as was once
before.
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