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I.

INTRODUCTION

The primary cause for species extinction is habitat
loss.1 Therefore, when working to protect a species it
becomes important to monitor the available habitat. Historically, when protecting river habitats the focus was on
ensuring minimum river discharge. However, over time
increased understanding of river ecosystems has revealed
the difference between simple water flow and available
habitable area for fauna. A thin, deep, fast flowing river
can have the same average river flow as a seasonally flooding river with large floodplains but both provide different
amounts of habitat. For example large floodplains productive extensive habitat for fish that freshwater dolphins
prey on. GIS can be effectively employed to shed light
on this aspect of the habitat.
Freshwater dolphins are classified as vulnerable to critically endangered by the IUCN2 and so habitat monitoring is very important to conserve the specie. Furthermore dam and barrage construction has isolated different dolphin populations, especially along the River Indus
which is the specific river under consideration in this paper. Dolphins are unable to cross these barriers therefore
habitat fragmentation occurs which is also problematic.
Dolphins are an important indicator of the health of a
river and so preserving them preserves the river ecosystem as a whole.9
This study analyzes the health of different sections of
the Indus River, which is home to one the seven specie
of freshwater dolphins, by looking at the surface area of
the river. This paper documents the initial analysis of
one section of the river and also compares the results to
the river discharge.

Mercator Zone 42. Different coordinate systems may result in different results as we are considering spatial area
which is distorted differently in different systems.

FIG. 1. Sample Band 5 raster for row 40, path 151. Larger
rectangle shows current study area. Its coordinates are
as follows: XM IN = 576458, XM AX = 661125, YM IN =
3142916, YM AX = 3225466 Smaller rectangle shows study
area for AreaID 2000 for the Flood Observatory River Watch.

B.
II.

METHODS

A.

Data Collection

Level 1, Landsat 4-5 TM data was downloaded from
the USGS website using EarthExplorer3 .Row 40 and
Path 151 images with less than 10% cloud cover were
requested which turned up two clusters, one from 1998
to 2000 and a second from 2009 to 2011. Most images
had to be submitted for processing before download as is
usual. The projected coordinate system for this data is
the World Geodetic System 1984, Universal Transverse
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Data Processing

The water extents were extracted using a Modified
Normalised Difference Water Index (MNDWI)4 shown in
Equation 1.

MNDWI =

Green − M IR
Green − M IR

(1)

In this paper the Green layer was represented by Band
2 and MIR (middle infra-red) layer was represented by
Band 5. This slightly over estimated the water extents
compared to a similar method5 under consideration as
shown in Equation 2. However, during the flood season
it provided a better estimate of the flood extent as Equation 2 missed several inundated, but shallow areas. This
method proves to be very effective for a large alluvial
river such as the Indus.
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MNDWI =

Green
M IR

2

the spatial extent of the river as calculated by this analysis. Figure 3 shows a comparison between the two.
(2)

Processing was undertaken in ArcGIS 10.16 . Calculations were done in the raster calculator in Spatial Analyst. Floated values were not used and so ArcGIS rounds
the resultant values to 1, 0 and -1. The resulting pixel
value of areas covered by water was 0, for surrounding areas was -1 and any borders or incomplete overlap was 1.
The data was then processed through an iterative model
builder tool which reclassified the rasters such that 0 =
1, -1,1 = 0, and clipped by a box (shown in Figure 2)
to obtain the study area. The attribute table for each
raster gives the number of pixels with value 1 and as the
pixles are 30 x 30 meters, multiplying the count with the
area gives the total spatial flood extent of the river.

FIG. 2. Sample of river extraction quality. Light blue shows
extracted vector overlayed onto the Band 5 raster at the
North-east boundary of the study area.

III.

RESULTS AND ANALYSIS

A. Comparison of River Surface Area (MNDWI) with the
Flood Observatory River Discharge Data7

The Flood Observatory River Watch calculates
‘satellite-based river discharge measurements using passive microwave radiometry’8 which is collected on a near
daily basis. Furthermore, cloud cover does not interfere
with microwave radiation therefore. It has several measurement locations on the worlds rivers. The most relevant to this study is AreaID 2000 as shown in Figure
2. It is instructive to compare the mean monthly discharge rates as calculated by the Flood observatory to

FIG. 3. Comparison between mean monthly river discharge
and spatial river extent.

On a positive note there is significant correlation between the two measurements which gives credence to this
analysis. However, it can be qualitatively noted that
from 1998-2000 the discharge followed river area closely
but in the 2009-2011 series the spatial area is regularly
significantly below the discharge rates as compared to the
previous series. To see this result more quantitatively,
river discharge is plotted against the river flood extent
in Figure 4. Interestingly there is a visible change in the
spatial behavior of this section of the river which would
not be visible by just looking at the discharge rates.The
linear fit shows a shift in the curve and a change in gradient between the two time series. It now requires greater
mean monthly discharge to achieve the same river cross
section.
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A criticism can be made that due to the large variations in river flow due to controlled dam discharge and
rainfall the mean monthly discharge does not coincide
with the river flow of the river taken in the LANDAT
image. Therefore this analysis is repeated using the daily
discharge rate reported by the River Watch for the day
on which the LANDSAT image was acquired by the satellite as shown in Figure 5. A redistribution is observed as
some of the 2009-2011 points shift to the left however at
low flows there are still some remnants of the trend.

FIG. 5. Plot of river area against coinciding daily discharge
rate.

IV.

LIMITATIONS

L 4-5 data for the desired frame was very limited between the years 2001 and 2008. Images with cloud cover
could not be analyzed accurately which narrowed the
sample further. Looking at data from other satellites
may help fill in gaps. Initially this study was to be conducted on the stretch of river between the Guddu and
Sukkur barrages as it has the highest dolphin density of
the various habitat fragments. However, it lies at the
intersection of 4 LANDSAT imaging areas making this
type of analysis unfeasible for that area.

V.

FIG. 4. Plot of river area against mean monthly discharge
rate.
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CONCLUSION

As seen in this analysis, river discharge alone cannot
independently give an accurate estimate of the habitable
area of the river. River area is accurately extracted from
LANDSAT data to provide a more complete view of the
river habitat. The data seems to suggest a reduction in
river area under the same flow conditions over the years.
However the current data is insufficient to make any conclusions. Different sites over a longer temporal period are
currently under similar study. This paper presents the
employed method for gauging river habitat health and
trends.
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