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Abstract: Wetlands are the most important component of an ecosystem that provides ecological
habitats and hence wetlands are supposed to be the indicators of healthy environment.
It has been observed recently that the wetlands are affected by several anthropogenic
impacts and climate change. Monitoring of the wetlands for their preservation has
become mandatory. The present study uses MODIS satellite data of 2000 and 2014 for
recording the temporal change in the status of the wetlands in Nagpur district,
Mabharashtra India. Least square regression correlation had been performed between
wetlands area and corresponding (Normalized Difference Vegetation Index) NDVI of
the selected wetlands. The study shows that the extent of the wetlands have reduced in
the study area during 2000-2014. The Least square regression analysis result shows that
vegetated areas within wetlands reduced during 2000 to 2014. This study highlights the
present status of wetlands, which is helpful in future, conservation, assessment, and
management of wetlands. The application of remote sensing and GIS techniques made
analysis simpler and effective.
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INTRODUCTION

A wetland is a land feature which is covered by water.
Wetlands are indicators of environmental health. These
may be present in the form of Marshes and ponds, lakes,
deltas at the mouth of a river or ocean and also include
low-lying areas that are frequently flooded. It is an
important component of the ecosystem, which maintains
the hydrologic cycle, regulates climate and -clarify
environment pollution (Barducci et al. 2009; Beeton et al.
2002). According to Ramsar Convention, ‘Wetlands are
areas of marsh, fen, peatland or water, whether natural or
artificial, permanent or temporary, with water that is
static or flowing, fresh, brackish or salt, including areas
of marine water, the depth of which at low tide does not
exceed six meters' (Ramsar Convention, 1971). It helps in
balancing the aquatic lives, improving quality of water,
wildlife habitat and importantly, in maintaining the
biodiversity. Wetlands also assist in reducing the flood
impacts and improving the water quality.

This unique function of wetland generates importance
of wetland in our lives, which provides an indirect
connection between all species. The morphologic
changes have occurred in wetlands all over the world due
to either natural or anthropogenic processes (Du et al.
2011). Climate change is one of the reasons that cause
declination in the water level due to less rainfall, which
further affects the flora and fauna (McMenamin et al.
2008; Chase et al. 1999; Fragoso et al. 2011).
Hydrological modification, watershed urbanization and
the changes in the ecosystem use were identified as the
main causes of wetland transformation (Hettiarachchi et
al. 2014). Brazner et al. (1997) studied and concluded
that urban growth and agriculture land expansion were
the main causes for decline in the wetland conditions.
Wetlands reduction is mainly due to anthropogenic
activity and significantly related with loss of natural
vegetation (Sanchez-Andrés et al. 2010). The water
resources initiate the increasing vulnerability of aquatic
plants and animals in wetlands and variation in
hydrologic cycle (Sivakumar et al., 2016).

The purpose of this study is to monitor and report the
wetland changes and hydrological changes caused as a
result of human activities in the study area. To protect,
conserve and manage the wetland resources, it is very
important to have a record of the wetlands which require
continuous  monitoring.  Remote  sensing  and
Geographical Information System (GIS) are the efficient
technologies available for analyzing and visualizing the
earth's components. Remote sensing and GIS also plays a
key role in monitoring and rehabilitation of wetlands
(Gong et al. 2010; Rebolo et al. 2009; Yu et al. 1993).
Hence, the aim of the study focuses on the changes of
wetlands and their correlation with the vegetation content
within the wetlands using the time series satellite data.
The wetlands supports aquatic as well as terrestrial
vegetation and change in the vegetation density has been

directly correlated to the changing wetland extent in the
present study.
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Study area

Nagpur district of Maharashtra state (Fig. 1) in central
India covers an area of about 9,892 km? which extends
from 20°30" - 21°45' latitude to  78°15" - 79°40’
longitude. The wetlands here mainly consist of
lakes/ponds, rivers/streams, reservoirs/barrages.

The wetlands receive water either from rainfall in
nearby catchment area or due to shallow groundwater
inflow. The Nagpur district is dominated by man-made
wetlands. Aquatic vegetation is more in pre-monsoon
than in post-monsoon period. The wetlands are
important features in the central Maharashtra as
groundwater resources are not adequate in this region
and these wetlands provide the different type of habitats
and ecosystems.

Data description

High resolution satellite image (IRS P6 LISS IV) for the
year 2000 and 2014 and MODIS-NDVI data
(MOD13Q1) obtained from the NASA’s Earth
Observing System were used in the present analysis.
The datasets were collected for the month of January in
the year 2000 and 2014. The ground water levels were
collected from the Water Resource Information System
of India (WARIS) for the month of January for the years
2000 and 2014.

Methodology

Initially, the satellite data was obtained which was used
for extraction of hydrological features in the GIS system
(Arc Map 10.1 software) and the wetlands of Nagpur
including natural (Lakes, rivers, ponds) and man-made
(reservoirs, barrage) wetlands. Area of wetlands was
extracted from attribute table by calculating geometry
for both the years.

For calculating the variation in the NDVI responses
to estimate the temporal changes around the wetlands,
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buffer analysis within GIS environment was carried out.
For this, ten important wetlands were selected, and 500
m buffer was generated (using Arc Map 10.1). In order
to understand the relationship between the areas of
NDVI and wetlands, ordinary least square correlation
analysis was performed which shows a linear relation
between the two sets of data. The ordinary least square
(OLS) regression is simplest linear modeling (Eq. 1)
method to investigate the single response (Ryan,
1997). OLS regression is particularly powerful as it is
relatively easy and also checks the model assumption
such as linearity (Moutinho et al.,2011).

r= nxyxy-E0 )
VinEx2-(E0)2[nTy2-(E )2

M

In Eq. 1, x and y are dependent variables and » is
the no of samples. Normalized Difference Vegetation
Index (NDVI) was used to investigate the variation in
the density of vegetation within and surrounding the
wetlands. NDVI is widely used to investigate the
growth and greenness of vegetation of a particular
region. It is the ratio of the difference in red and near
infrared bands to their sum. Mathematical calculation
formula (Eq. 2) is

NIR—-RED
NIR+RED

NDVI = (2)
where NIR is reflectance radiated in the near infrared
wave band and RED is reflectance radiated in the
visible red wave band of the satellite radiometer
(Schowegerdt 1997; Kovacs et al., 2004). Its value
ranges from +1 to -1 where positive values represent
healthy vegetation cover and negative represent poor
vegetation (Hsieh and Cheng, 1995; Green et al., 1998;
Lin et al.,, 2006). NDVI based vegetation coverage
classification has been done with simple linear model
(Eq. 3) suggest by Gutman and Ignatov (1998).

Ve = NPVIZNDVIny 3)
NDVIy—ND py

where NDVIny = NDVI value of non-vegetated
component (bare soil); and NDVIy = NDVI value of
dense-vegetation component (forest). NDVI based area
of selected wetlands was calculated in ArcMap 10.1
software.

RESULTS AND DISCUSSION
Wetland Change detection

In this study, changes in the extent of wetlands (change
in the total area covered by wetlands) occurred during
2000 to 2014 were estimated. The quantitive data
calculated to investigate the changes in wetlands of
Nagpur district was generated by the satellite images

(IRS P6 LISS 1V) for the year 2000 and 2014. The
temporal analysis of the wetlands show that most of
the wetlands in the study area have reduced in their
aerial extent and some of them have even dissapeared.
A significant reduction in the areas of wetlands has
been recorded in west of study area and a significant
improvement has been found in the east region. Table
2 shows that the area of selected wetlands have
significantly reduced . The reason behind this change
of area could be the expansion of agricultural area and
uses of pesticides on farmlands which causes reduction
in the vegetation and permit excess sediments directly
into wetlands. The average changes in the area of
selected wetlands in study region is 0.01017 km?.

Temporal variation of vegetation within 500m
buffer zone of wetland

To highlight the importance of wetlands on the
surrounding ecosystem, variation of vegetation within
500m buffer zone of wetlands has been studied using
MODIS-NDVI data. For the selected wetlands, 500m
outer buffer has been generated (using arc map 10.1)
and analyzed. Wetland maps and vegetation maps have
been generated for the years 2000 and 2014. Ten big to
medium wetlands of the study area have been selected
for the analysis (Fig. 3).
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Fig.2 Map of Nagpur district showing Wetlands in 2014

Journal of Urban and Environmental Engineering (JUEE), v.12, n.1, p.70-76, 2018



Leelambar and Katpatal

Type of NDVI based vegetation image within 500 m
buffer zones of selected wetlands for 2000 and 2014 are
shown in Fig. 4 and 5. It is visible from the figure that
most of the wetlands have reduced its area in 2014 as
compared to that of 2000. Fig. 4 shows the variation in
average NDVI values within 500m buffer of selected
wetlands. Average NDVI values of 2014 are less than
that of 2000 at most of the sample points. Fig. 5 shows
the variation in the area of dense vegetation within
500m buffer zone.

Area of dense vegetation of 2014 has also been
reduced as compared to that of 2000. The variation in
NDVI for different selected wetland buffers for the year
2000 and 2014 as shown in Fig. 4 and 5. Result shows
that in the year 2014, most of the NDVI area within the
buffer reduced. For example, in wetland number 8, area
reduced from 1.1 km* to 0.59 km”.

A Linear relation is found between NDVI and
vegetation coverage (Ning et al. 2015). So, using Eq. 3,
NDVI was converted into vegetation coverage. The
vegetation coverage based vegetation classes were
classified (Table 1) according to their NDVI ranges.

Area of selected wetlands and their vegetation
coverage area within the buffer zones were analyzed
with least square correlation and the result show that
correlation for 2000 is weaker than that for 2014.
However, both the years shows strong correlation
between two parameters. Result shows that the
correlation coefficient (r?) between dense vegetation
area and wetland area of 2000 and 2014 is 0.886 and
0.949 respectively, which shows impact of wetlands in
2014 is more than that in 2000 (Fig. 6).

Table 1 Classification of Vegetation Based on Vegetation Coverage
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Fig. 3 Selected wetlands of the study area
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Fig. 5 variation in vegetation within 500m buffer of wetlands for the year 2014
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Decrease in the dense vegetation area is noticed with
the decrease in the wetland area. The greater correlation
indicates the dependency of wetlands on vegetation
coverage in study area. Overall relationship between
wetland area and dense vegetation area has been shown
in Fig. 7.

Relationship of wetland with ground water level

Ground water level contour map has been generated for
the study period using ground water data for different
well location in study area for the year 2000 and 2014.
Ground water contour map has been super imposed
over the elevation of area for better understanding (Fig.
8). Based on ground water contour map for the year
2000 and 2014, the ground water level was found to be
high on lower slope zones. According to the results, the
central-east part of study area shows high ground water
level with low slope and east zone shows moderate
water level with high slope. This is the area which has
been found to be most affected in the present study. The
result shows disappearance of wetlands in these regions.
Wetland number 8 (Fig. 8) in north of the study area
was severely affected and its area reduced in 2014.

Conclusions

The high-resolution satellite images for the year 2000
and 2014 were analyzed using remote and GIS
techniques to study the variation in the extent of the
wetlands. least square regression analysis result shows
that area of wetlands reduced and some of the wetlands
even disappeared in the study area from 2000 to
2014.the average areal change of wetland was found to
be 0.01017 km?. The reduction in the areal extent of the
wetlands in the study area appears to have been caused
by natural and human activities. The reduction of
wetlands could disturb the balance of the hydrologic
cycle, which is the main function of wetland. The
wetlands change can be used to study the conversion of
wetlands to other land use type and useful for improving
capability of water resources in future.
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Fig. 7 Overall relationship between wetland area and dense
vegetation area
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