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ABSTRACT

Water resources, despite being the most important natural assets of Nepal, preservation and sustainable
management have been critical issues. Not only from the local perspective but also at the governmental level,
appropriate policies and strategies are insignificant to curb the negative dynamism in the water sectors within
Nepal. The important sources of water like rivers, lakes, reservoirs, ponds, etc. are not in the same situation as
were a few decades back; these are shifting and depleting. This demands important water-focused research to
prevent the water crisis and hazard in the future. However, water bodies of Nepal, yet important resources, are
limitedly studied and unassessed. Thus, we aim to evaluate the capability in the extraction of the smallest water
bodies by Normalized Difference Water Index (NDWI) in three southernmost districts of western Nepal and,
at the same time, make a general evaluation about how the water system is changing within two decades in the
same geography. We used Landsat scenes (2002 and 2021) within the study area with thresholds of 0.25 and 0.5.
Furthermore, the pond survey database of the Government of Nepal was used for confirming the accuracy of
NDWI. NDWI showed shrinkage in larger water bodies, however, was not so highly effective in detecting smaller
water bodies like artificial ponds i.e., the minimum water body detected was varied between 0.44 — 1.03 hectares
of area. Hence, we recommend carrying a regular water body monitoring to quantify their changes and to identify
the future consequences. Likewise, the concerned authorities can use high-resolution satellite or UAV imagery to
detect water bodies accurately before carrying actual fieldwork for better mapping.
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INTRODUCTION variation, geographical structures, and the mild climate
of Nepal have made it possible for Nepal to record

Nepa}l is rich in terms. of ngtural resources apd more . ound 2,323 glacial lakes (Mool et al. 2001), and
specifically, the potentiality in terms of water is higher. 5358 scores of natural lakes and reservoirs (Bhuju ct
The geographical structure and the climatic zone have al. 2010)

helped Nepal to be the rich basin for water resources.
These are abundant in the forms of snow covers, glacial
lakes, rivers and streams, lakes, marginal swamps, and
groundwater. More than 6,000 rivers and rivulets, with
an approximate drainage area of 1,91,000 km?, are
originated from majestic mountains and flow towards
the southern lowland (WECS 2011). The seasonal

The importance of these water sources is
immeasurable, and cannot be limited to some specific
sectors. These sources are playing a critical role in
balancingthenaturalhydrological cycle, climaticcycles,
and other ecological cycles. Besides, it has fulfilled
the water resource needs of living creatures including
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humans. Besides drinking purpose, residents of the
Hill and the Terai region are completely dependent on
these sources for agricultural and irrigation activities.
The plain geographical structure of the Terai region has
made it easier to excavate an artificial well and springs
to extract water from the ground for many purposes.
With such a possibility and the farming potentiality
of sub-surface water, the farmers are increasingly
constructing ponds, particularly in the Terai region of
Nepal for fish farming (Karki 2016).

These water resources are, however, at a
depleting state with drastic changes in the forms
and structures (Subedi et al. 2019). Due to various
natural circumstances as well as artificial intervention,
these sources have undergone rapid modification.
The changing climate on the global scale resulting
in severe drought and aridity throughout the long
period might be the most compelling natural cause,
whereas unmanaged human-water-utilization
practices, artificial river channelization, excavation,
etc. could be the artificial reasons for the depletion of
water bodies (Yang et al. 2015; Subedi et al. 2019).
Different infrastructural construction at the expense
of water sources has become a major issue during this
time in Nepal, which may induce the permanent loss
of water sources at some point. Similarly, people are
constructing many artificial ponds without prior study
and planning. Indeed, it has increased agricultural
production (fish farming) helping farmers to sustain
their livelihood; however, such construction is not in
line with the sustainable goal attainment. The exposure
of underground surface may risk the availability
of groundwater and water table may be leading to
specific modifications in the ground saturation value.
Thus, appropriate planning beforehand, and effective
monitoring afterwards are essential to identify the
pros and cons of such activities. In such a case, we can
adapt to the most useful, reliable, and cost-effective
approaches to make the preliminary idea about the
changes of water bodies.

Remote sensing (RS) and Geographic Information
System (GIS) are recognized as important techniques to
identify, analyse, and monitor spatiotemporal patterns
of water bodies like ponds. Multi-temporal remote
sensing images provide great deals for monitoring
surface water (Mueller et al. 2016). Thousands of
satellites like Landsat are continuously taking images
of the earth. Landsat has been providing moderate
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spatial resolution, global, and synoptic coverage of the
earth's surface (Acharya and Yang 2015; Acharya and
Lee 2019). This series of images can be used to identify
the shifts in the river, lakes, and other water bodies like
ponds as well as flood detection and hazard mapping
(Acharya et al. 2019; Subedi et al. 2019; Wagle and
Acharya 2020). Of the many remote sensing indices,
the Normalized Difference Water Index (NDWI) has
been very useful in the assessment of water bodies
(McFeeters 2013; Acharya et al. 2017; Acharya et al.
2019). It can highlight the subtle difference between the
water and the non-water areas and is less sensitive to
the atmospheric scattering effects (Delbart et al. 2005).
It employs a green and near-infrared (NIR) band with a
value ranging from —1 to 1; water features are likely to
have positive values, but terrestrial vegetation and bare
soil generally have negative values (McFeeters 1996).

Most of the studies conducted in Nepal are survey-
based in the field; though it has some positive aspects
(ground-truth data and a bit more accuracy), it is
outweighed by the negative facet (manual, negligence,
time-consuming, and exorbitantly costly). Researches
and studies within Nepal must emphasize applying
remote sensing (RS) and geographic information
system (GIS) technologies that provide evidence-
based frequent and large coverage results for mapping
and other research advances. Hence, with this focus,
we applied NDWI and standard thresholding methods
for surface water using the Landsat series of data for
the years 2002 and 2021. The major purpose is to
evaluate the efficacy of NDWI and standard thresholds
to identify small water bodies such as ponds in the far
western Terai region.

STUDY AREA

We selected three districts: Kanchanpur, Kailali,
and Banke of the Terai region of Nepal for the study
(Fig. 1). These districts border Nepal to the Indian
territory in the southern sector. The study area lies
between the geographical range of 29.11° N to 28.07°
N latitude and 80.05° E to 81.76° E longitude. It
encompasses the flat plain of the western region, and
most of the water resource need is fulfilled through the
groundwater harvest. The western border of the study
site is demarcated by the important river system, the
Mabhakali river.
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DATA

Firstly, we relied on the data provided by the United
States Geological Survey (USGS) Global Visualization
Viewer (GLoVlIs) portal, from where we downloaded
the Landsat series datasets. We selected the scenes for
2002/10/16 (Landsat 7 ETM+ Level-1) and 2021/03/02
(Landsat 8 OLI/TIRS C1 Level-1) to compile the 20
years data. Landsat descending (daytime) acquisitions
run from north to south; they cross the equator between
10:00 am and 10:25 am local time on each pass to
provide maximum illumination. For better results, it
is better to acquire the images from the same satellite
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and the same season of the year (Dai and Khorram
1998). Due to noises and cloud cover, we were unable
to maintain the seasonality of the imageries for the
Landsat imagery, however, the images acquired
were from the same satellite. This dataset was
complemented by the information extracted from the
report about the detailed pond survey published by the
Central Fisheries Promotion and Conservation Centre
(CFPCC) (CFPCC 2017). With this, we got access to
the location of small ponds within the study sites. The
information was determined to be trustworthy as it was
published by the Government of Nepal.

Fig. 1 Study area map showing details about the location of the study site in Nepal. The white boundary shows three
districts of western Nepal i.e., Kanchanpur, Kailali, and Bardiya.

METHODS

The accessed image files were L1TP products i.e,
precision, and terrain corrected orthorectified digital
images. These multispectral images were imported
into ArcGIS 10.3 in the GeoTIFF format for further

Normalized Dif ference Water Index (NDWI) =

analysis. We masked the images with the area of our
study (Kanchanpur, Kailali, and Banke). Using a
raster calculator in ArcGIS, NDWI was calculated for
both images using McFeeters’s formula for NDWI,
employing the green band and NIR band, as follows:

Green — NIR
Green +NIR

(McFeeters 1996)
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We overlayed the resulting index map with
available high-resolution imagery in Google Earth
Pro to evaluate the water bodies (ponds, rivers, and
lakes) within the study site. Index-based water body
class were first prepared in AreGIS based on the
standard thresholds with positive values: 0, 0.25 and
0.5 (McFeeters 2013). As our primary focus is on
small artificial ponds, we overlayed the classified
index maps to access the effectiveness of the NDWI.
The assessment was done via overlaying and visual
interpretation for their positional accuracy compared
to field records.

RESULTS AND DISCUSSION

With the standard panchromatic and pan-sharpened
images, some water bodies were visible in the study
area but were very difficult to be mapped. NDWI index
was competent to distinguish between the water and
the non-water bodies within the study sites. The high-
resolution imagery in Google Earth Pro in combination
with the pan-sharpened natural colour composite
image was used for the water pixel verification of the
NDWTI images of 2002 and 2021 respectively. We used
the standard positive thresholds of 0, 0.25, and 0.5 for
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both imageries. The comparison of the threshold value
between the years 2002 and 2021 showed that the
image of 2002 was flooded while that of 2021 was dry
(Fig. 2). For the NDWI-2002, even the 0.25 threshold
detected almost all water surfaces, however, the same
pixels were rarely identified as water by the NDWI
-2021. The variations between two images in water
body detection could be due to some differentiation
in the month of the year for image acquisition, the
size of the ponds, and classification error by NDWI
itself. Besides season variation, the difference in the
spectral resolution of Landsat 7 and Landsat 8 as well
as other environmental noises could be the reason. We
found NDWTI suited better for larger water bodies in
both scenes with a 0.5 threshold. Visual interpretation
showed that even the larger river systems were found
to be shrinking just within the elapse of 20 years. If this
rate continues, there may be a dire consequence that we
have to tackle in the sense of water resource availability,
utilization, management, and sustainability. Thus,
this demands sophisticated research, both in-situ and
remote sensing-based, to grasp the reason behind the
declination of water surfaces in the southern portion of
western Nepal.
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Fig. 2: NDWI showing water bodies in different ranges of threshold values for the year a) 2002 b) 2021. The different
colors correspond to the various threshold values of NDWI classification.

The assessment for positional accuracy in our study
shows some limitations of NDWI for small water
bodies. We analysed the detection ability of NDWI
for the Landsat image of the year 2021. Though major
river systems were accurately distinguished, smaller
water bodies like artificial ponds were barely detected

and classified as water bodies. In our study site, due to
the rapid increment in fish farming, many ponds were
constructed during the last decade (Karki 2016). The
report of CFPCC (2017) shows distinct variations in the
coverage of area by ponds in all three districts (Table
1). Most of these ponds were undetected by the NDWI
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index even in its highest positive threshold value (0.25
- 0.50) (Fig. 3). On the contrary, some ponds were
detected very well, showing the increasing trend in
years. After increasing the threshold range-value from
0.00 - 0.50, the index was able to detect some of the
ponds. Due to GPS locations taken on the edges of
ponds, there were some fluctuations in the detection of
ponds. The minimum water body detected was varied
between 0.44 — 1.03 hectares. This indicates that it was
possible to identify the water body covering an area
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of 0.44 hectares with the best possible classification
(either supervised or unsupervised). Nevertheless, the
detected ponds by NDWI were not as exact in size
as indicated in the secondary report. We have to deal
with some disparity between the ground-based results
and remote-sensing-based results, which is one of the
reasons to give rise to the pros and cons of each method
in research and study.

Table 1. The statistics of the ponds in the study site; the last column indicates the total ponds identified correctly by NDWI

classification.
L. Total number of Pond area in hectares Correct
S.N. District ponds Minimum Maximum identification
1 Kanchanpur 410 0.03 13.24 110
2 Kailali 206 0.04 37.34 106
3 Bardiya 267 0.02 156.88 46
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Fig. 3: The detection ability of ponds by NDWI in its positive values, a)0.25-0.5 b) 0.00-0.5. The blue and red colouration
resembles water bodies and artificial pond s locations, respectively.

What could be the possible solution for integrating
such issues in research within the typical geography of
Nepal ? For identification of such smaller bodies, we
recommend governmental organs to first identify water
bodies using the remote sensing and GIS technology
using satellite or UAV-based high-resolution imagery
available, and then cross-validate from ground-based
data gathering. Additionally, the ground-based data
could be well enhanced after post-processing steps
through the software like ArcGIS (for instance, the co-

ordinates of the ponds in the report prepared by CFPCC
were mostly at the corner, and sometimes out of the
pond range; these can be re-centred using the various
tools in this software). This will surely enhance the
data and reporting accuracy as well as build a strong
command of budgetary planning. On the other hand,
farmers are increasingly constructing ponds, however,
they lack minor technical knowledge obligatory for its
management (Subedi and Shrestha 2020). Thus, active
concern should be developed to prevent the possible
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consequences of such numerous and unplanned
construction in Western Terai.

The detection incapability by NDWI, to some
extent, might have occurred due to error in the
geographic co-ordinates. The locations of ponds were
manually collected, and were mostly off-the-water-
surfaces i.e. on the edges of ponds. While we were
unable to record the presence of pond as guided by
the coordinates extracted from the report, we were
also struggling with some overlapping coordinates.
Nevertheless, those errors were minimized as much
as possible with the application of reference maps to
locate the exact surfaces of the ponds.

CONCLUSION

The surfaces are rapidly shrinking at a rate higher than
any period in the past, and such identification requires
regular study and monitoring. An important measure
for the detection of such shift could be the use of
remote sensing indices, one of which is NDWI. To a
greater extent, NDWI identifies the changes in water
bodies, however, we found some glitches associated
with our case study. Most of the smaller ponds,
constructed artificially, from the Terai belt of Nepal
were undetected by this index. Besides, we identified
the standard threshold values of 0.25 and 0.50 that
can extract ponds depending on the season and scene
quality. Detected water bodies were from 0.44 to
1.03 hectares in terms of ponds. Thus, authorities can
utilize high-resolution, multi-band satellite or UAV
imagery to effectively use in their study and research
before the actual ground-based survey. This will be
economically efficient for developing countries like
Nepal because preliminary study using remote sensing
will minimize the cost that could be incurred from the
direct field visit. On the other hand, the rapid increase
in the construction of ponds without proper planning
could lead to a major problem in water availability,
particularly in the Terai region. In addition, excessive
extraction and evapotranspiration can be a possible
reason leading to lower the water table, which is an
important issue to incorporate in upcoming research
and ground-based monitoring. Hence, concerned
authorities can implement appropriate management
strategies for the sustainability of water resources and
farming enhancement importantly in the lower belt of
Nepal.
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