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Abstract - The present study monitors the
interrelationship of Quantative analysis has been performed for
river temperature and Normalised Difference Turbidity Index
(NDTI) respectively for river water quality assessment.
Ghazipur, Varanasi, and Mirzapur stretches have been selected
for this study. The temporal variation in turbidity and
temperature was analyzed for the years 2010, 2015, 2019 &
2021 using LANDSAT-5,8 archive. In this study, it has been
found that the Varanasi stretch showcases the highest river
temperature followed by Mirzapur and Ghazipur stretches
respectively. The river turbidity derived through NDTI also
follows the same pattern. This can be attributed to impact of
high population contributing to domestic and industrial waste
flowing into river Ganga in vicinity to Varanasi city. Statistical
analysis highlights the high correlation coefficient and
regression coefficient values ie., 0.834 & 0.696 respectively
between turbidity and temperature along Varanasi stretch
followed by correlation coefficient and regression coefficient
values of 0.809 & 0.655 along Mirzapur stretch and values of
0.809 & 0.654 for river stretch along Ghazipur for the
corresponding years. The study elicites the impact of turbidity
on river temperature and also emphasizes the use of Geospatial
technique to make quantitative estimates, even in the absence
of field observations.

Key Words: LANDSAT; Turbidity; NDTI; river
temperature.

1. INTRODUCTION

The mapping of the river or the inland water quality using
remote sensing technology was not new for the scientific
community, and this activity has been practiced since the
1970s with the launch of the Landsat series of satellites
(Klemas et al. 1971; Ritchie et al.1976). The conventional
procedures for testing the water quality parameters are
expensive as well as time-consuming, and it provides
information only for the point(s) under measurement. The
remote sensing technology can be utilized as an
advantageous alternative option in this regard (Novo et al
2006; Lamaro et al. 2013). Every earth's surface features
behave uniquely while interacting with electromagnetic
radiation (EMR). This distinctiveness generates in the form

of the spectral signature from each surface feature, and this
signature has been utilized to identify the surface feature
through satellite images. When a slight change in the
composition of a feature occurs, it simultaneously changes
the spectral signature(Moore 1980). Several factors
accompany the change of the spectral signature for a feature,
and the same can be valid for the water feature. Some of the
factors responsible for generating the different spectral
signatures of water are the elevation angle of the sun, the
season of the year, water surface roughness, turbidity, depth
of the water, and vegetation growth on the water surface
(Garg et al. 2020). By studying these different spectral
signatures, and sometimes the quantitative assessment of a
particular component can be accomplished (Chander et al
2019; Luis et al. 2019) with the help of remote sensing
technology.

The river temperature is one of the crucial parameters as it
influences the river ecology and marine life (Caissie, 2006;
Ling etal., 2017; Smith, 2008; Wawrzyniak et al., 2012). The
temperature of the water is one of the significant parameters
because it is helpful in regulating the rate of chemical
reactions in the river. The continuum concept of the river
signifies that any change in the river temperature can
intensely impact the longitudinal distribution of organisms
in the fluvial ecosystem ( Vannote et al. 1980; Wawrzyniak
etal,, 2012). Biological processes of the aquatic species, such
as growth, reproduction, and survival rate, show a
decreasing trend when stream temperature in the river rises
above a specific threshold value (Eaton et al. 1995; Xin and
Kinouchi, 2013). According to Vant’s Hoff theory, it can be
stated that for every 102C rise in the temperature of the
water, the biological activity nearly doubles within the
temperature range of 0-40°C under normal situations
(Gillooly et al. 2001; Caissie 2006). In comparison to the in-
situ measurements, the remote sensing techniques provide
alluring possibilities for estimating and observing the river
temperature as well the spatial thermal pattern of the river
(Ling et al. 2017). Several researchers are now using
remote sensing technology for estimating the river
temperature. The thermal bands present in the LANDSAT
satellite system have been used for this purpose ( Lamaro et
al. 2013; Wawrzyniak et al. 2016).
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Turbidity is another essential water quality parameter
where suspended sediments, instead of transmitting the
light along the water column it scatters the light ( Sebastia-
Frasquetetal. 2019). When the concentration of suspended
solids or sediments in water increases, the turbidity also gets
enhanced ( Ritchie et al. 1976; Garg et al. 2017). The higher
value of turbidity escalates the opacity of the water, which
in turn hampers aquatic life ( Quang et al. 2017; Sebastia-
Frasquet et al. 2019). Several researchers have mentioned
that temporal change in the concentration of the river
turbidity can occur because of the variation in the weather
and climate pattern and also due to the human activities
near the bank of the river ( Luis et al. 2019; Garg et al. 2020).

In this present work, an attempt has been made for analysing
the water quality parameters like temperature & turbidity
for the river Ganga at Ghazipur, Varanasi, and Mirzapur
stretches. The temporal study of the Landsat-8 and Ladsat-5
data have been performed for the year 2010, 2015,2019 and
2021.

Cloud-free satellite images have been considered for this
study.For the processing of the image ArcGIS Desktop
platform has been used. Satellite images freely available
from USGS Earth Explorer, no field data was collected for
this time period, the results are calculated by existing
algorithms for calculating the temperature of the river
temperature and NDTI used in this analysis.

2.MATERIALS AND METHODS
2.1. Study area

The selected stretch area lies between Ghazipur and
Mirzapur is located in the northern part of India in south-
eastern Uttar Pradesh between the coordinates 82.56°E,
25.13°N to 83.57°E, 25.58°N (Yadav et al 2020). This
segment of the river comes under the geomorphological unit
of Central Ganga Plains. In this region, the Ganga river plain
is flat alluvial in nature, having a shallow depression and a
small eastward gradient. The width of the river varies
between 700-750 meters in the study stretch, and the
average height of this region is 76.19 meters above the mean
sea level (Rai et al. 2010; Pandey and Singh, 2017). In this
part, the summer season usually has a longer duration as
compared to the winter season. The summer temperature
varies between 32- 47°C, whereas the winter temperature
hovers around the range of 5-15°C mostly. Varanasiis a very
famous city which lies in this region, and it is also called the
spiritual capital of India. This city is also famous for silk
products, ivory, and sculptures ( Garg et al. 2020). This work
has been performed on the river stretch situated near the
three cities that lies in the study area. The three stretches
have been marked with red colour for which the work has
been performed. The location map has been drawn in
Figurel.
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Fig. 1. Location map of study area.

2.2. Satellite imagery datasets

The essential information source for this work was a series
of Landsat-8 and Landsat-5 satellite images. Landsat-8
satellite consist of 11 bands of different wavelengths among
which there are two thermal infrared (TIR) bands namely,
band 10 (10.60-11.9um) and band 11 (11.50-12.51pum). And
Landsat-5 satellite consist of 8 bands of different
wavelengths among which there is one thermal infrared
(TIR) bands namely, band 6 (10.40-12.50pum) . The Landsat
scenes were selected for this study having path id “142” and
row id “42” and “43”. The chosen Landsat scenes were for
the years 2010,2015,2019 and 2021, having almost 0%
cloud cover and were freely downloaded from the United
States Geological Survey Earth Explorer site. All the images
were Level 1T products, which have been precision and
terrain corrected in Geo-TIFF format and are in the UTM
Zone 44N projection and WGS-84 as ellipsoidal datum
(http://earthexplorer.usgs.gov) (Ling etal.,, 2017; Reuter et
al,, 2015). The details of stretch wise satellite data used are
given in Table 1.
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CITY SENSOR DATE PATH/ROW
VARANASI Landsat-8 05/04/2021 142/42
Landsat-8 18/05/2019 142/42
Landsat-8 23/05/2015 142/42
Landsat-3 25/05/2010 142/42
MIRZAPUR Landsat-8 05/04/2021 142/43
Landsat-8 03/06/2019 142/43
Landsat-8 23/05/2015 142/43
Landsat-5 25/05/2010 142/43
GHAZIPUR Landsat-8 05/04/2021 142/42
Landsat-8 18/05/2019 142/42
Landsat-8 23/05/2015 142/42
Landsat-5 25/05/2010 142/42

Table -1: The list of satellite data used in the study.
2.3.Methodology adopted for this analysis

Flowchart for the spatio-temporal analysis of the water
quality parameters have been drawn in figure 2.
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Fig. 2. Flowchart of the methodology
2.3.a. Estimation of turbidity through NDTI

It has also been reported in the literature that relying on a
single band or algorithm sometimes results in
overestimation or underestimation of suspended sediment
concentration (Kuhn et al. 2019; Pahlevan et al. 2019). It
was suggested, either use combination of sensitive bands or
different algorithms to reach the final conclusion. Therefore,
an attempt has been made to qualitatively estimate the
temporal turbidity in each stretch using the NDTI developed
by Lacaux etal. (2007).

NDTI = (Rr-R¢) / (Rr+Rq) (1)

Where Rr and Rg is the reflectance in the red and green
band. Generally, the reflectance of pure water is more in
green than the red wavelength region. However, it has been
reported that the red region reflectance increases with an
increase in turbidity. Therefore, the red and green bands
were used to enhance the image for turbidity. Initially, the
water pixels were identified as mentioned above, then Eq.
was applied using these two bands to map NDTI. The higher
value of turbidity yields a high value of NDTI and vice versa.

2.3.b. Estimation of river temperature

The atmospheric correction of the radiance of thermal band
involves the elimination of atmospheric effects, which
imparts noise in the signal received by the sensors. For the
corrected water surface radiance, several atmospheric
parameters like Lap(upwelling radiance), t(atmospheric
transmissivity), Laa(downwelling radiance) will be required
and in addition to these parameters ‘€’ (water emissivity)
value will also be needed. Atmospheric parameters (Laup, T,
Lad) were obtained from ‘Atmosphere Correction Parameter
Calculator’(http://www.atmcorr.gsfc.nasa.gov/) (Lamro et
al. 2013; Ling et al,, 2017). In this work, emissivity of water
was taken as 0.9885 (Simon et al,, 2014).

For river temperature estimation, we have to calculate Top
of Atmosphere (TOA) spectral radiance first, using formula:

LA =ML*Qcal +AL (2)

where Ln is the TOA  spectral radiance
(Watts/(m?2*srad*pum)), My is Band-Specific Multiplicative re-
scaling factor from metadata, Qca is quantized and calibrated
standard product pixel value DN and A is Band-Specific
additive re-scaling factor from metadata. Afterwards,
calculated TOA value is corrected by using the formula:

Lacor= T.€. Lo+ Laup+ Laa(1-€). T 3)

where, symbols have the usual meanings and these
meanings have been already described above. Then, the
spectral radiance can be converted to brightness
temperature in degree Celsius using the following formula:

T= [K2 /(In((K1 /Licor) #1))]-273.15 4)

where, K1 and K2 are thermal constant of the satellite (Barsi
etal, 2014; Rajeshwari and Mani, 2014). Value of My and Ay,
ofthe study area is 0.000342 and 0.1 respectively. The value
of K1 and K2 of the satellite’s band 10(Landsat-8) for study
area is 774.8853 and 1321.0789. The value of K1 and K2 of
the satellite’s band 6(Landsat-5) for study area is 607.76 and
1260.56.These values we can get from metadata file of the
satellite image (http://earthexplorer.usgs.gov) (Rajeshwari
and Mani, 2014).
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3. RESULTS AND DISCUSSION

3.1.Map Layout representation of river
temperature and NDTI values

The result has been presented in the form of the line graph
for river temperature and NDTI during the time period for
the years 2010, 2015, 2019, 2021. Different months (April,
May and June) have been chosen for this study because of
the cloud cover issue associated with LANDSAT -8 AND
LANDSAT -5 imageries.

» River temperature in the Ghazipur region during
2010 lies between 24.80°C to 28.40°C with average
value of 28.44°C; during 2015 lies between 27.80°C
to 36.50°C with average value of 29.39°C; during
2019 lies between 25.10°C to 34.50°C with average
value of 26.71°C and for the period of 2021, the
temperature situated between 23.30°C and 36.60°C
with average value of 25.02°C with most of the
values falls within 26.1°C.

» For the Varanasi region, the temperature range for
2010 lies between 24.90°C to 29.70°C with average
value 0f 29.67°C; during 2015 lies between 28.10°C
to 39.40°C with average value of 29.68°C; during
2019 lies between 24.60°C to 32.30°C with average
value of 26.1°C and for the period of 2021, the
temperature situated between 23.70°C and 35.30°C
with average value of 25.73°C.

»  The Mirzapur region also shows a similar trend to
that of Varanasi and Ghazipur. The significant
temperature range of 2010 lies between 27.80°C to
31.30°C with average value of 28.54°C; during 2015
lies between 28.40°C to 36.20°C with average value
of 29.86°C; during 2019 lies between 25.40°C to
27.85°C with average value of 26.45°C and for the
period of 2021, the temperature situated between
24.70°C and 32.40°C with average value of 25.87°C.

The NDTI values have been calculated for the time period of
2010, 2015, 2019, and 2021 using LANDSAT datasets. The
NDTI trend for all three stretches shows a similar pattern
shows a slight downward trend.

» Forthe period of 2010, the NDTI range of Ghazipur,
Varanasi, and Mirzapur are -0.01 to 0.03,-0.03 to
0.02, and -0.03 to 0.02, respectively with the
average values of -0.01, -0.02, -0.02.

» Forthe period of 2015, the NDTI range of Ghazipur,
Varanasi, and Mirzapur are -0.04 to 0.04, -0.05 to
0.04, and -0.04 to 0.03, respectively with the
average values of -0.02, -0.03, -0.03.

» Forthe period of 2019, the NDTI range of Ghazipur,
Varanasi, and Mirzapur are -0.04 to 0.03, -0.04 to
0.03, and -0.05 to 0.03, respectively with the
average values of -0.02,-0.03, -0.03.

» Fortheperiod of 2021, the NDTI range of Ghazipur,
Varanasi, and Mirzapur are -0.04 to 0.03,-0.05 to
0.04, and -0.05 to 0.03, respectively with the
average values of -0.03, -0.04, -0.04.

Figure-3,4,&5 shows map yayout Representation for NDTI &
River Temperature for the three stretches. And Figure-
3(a),(b); 4(a),(b) & 5(a),(b) shows line graph representation
for (a) Avg.NDTI (b)Avg.River Temperature(°C) for the three
stretches.

NDTI

NoT1 Tewp 23.40°c  NDTI

3 Tomp ss0%¢ NDTL oy 3660°C

o usec W, mac S 04 saoc W g0y - naec

Fig. 3. Map Layout Representation for NDTI & River
Temperature for Ghazipur stretch.
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Fig. 3: Line Graph Representation for (a)Avg.NDTI
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Fig. 4. Map Layout Representation for NDTI & River
Temperature for Varanasi stretch.
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3.2 Relation between river temperature and
NDTI

The correlation graphs have been plotted for the Ghazipur,
Varanasi and Mirzapur region. NDTI values has been plotted
on X-axis and river temperature has been plotted on Y-axis.

By calculating the correlation between River temperature
and NDT], it can be clearly noticed that both the parameters
are directly propotional to each other.

When the temperature is greater, the NDTI value is also
greater which points out the increase in the turbidity
values.They show a high positive correlation.

The correlation between river temperature and NDTIis 0.655
for Varanasi stretch, 0.696 for Mirzapur Stretch and 0.654 for
Ghazipur stretch. Fig.6(a), Fig.6(b). and Fig.6(c) shows the
correlation graph b/w river temperature and NDTI for
Ghazipur, Varanasi and Mirzapur stretch.
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Fig. 6(a): Correlation graph b/w river temperature and NDTI
for Ghazipur stretch
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Fig. 6(b): Correlation graph b/w river temperature and NDTI
for Varanasi stretch.
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Fig. 6(c): Correlation graph b/w river temperature and NDTI
for Mirzapur stretch.

3.3. Special emphasis for the Varanasi stretch

Varanasi city is one of the most populated cities in the
country and also one of the very famous places of Vedic
culture. It is the most populated and important city of the
considered river stretch.This is the region worst affected by
polluted water of the river as the huge number of the
population in this region depends on the river water for
their numerous works. The aquatic ecosystem in this region
has been hampered heavily due to anthropogenic and
industrial activities. Moreover, in this stretch, two rivers
Varuna and Assi, have joined with the river Ganga and these
rivers bring immense waste along with them. If the river
restoration work can be adequately performed in this region,
then for the other areas of the considered stretch, it would
not be a very challenging task.

5. CONCLUSIONS

Satellite imageries have been used for the spatio-temporal
analysis of the river water quality parameter in the
considered study stretch for the years 2010,2015,2019 and
2021.

» In the Mirzapur stretch, the temperature of the
river Ganga decreases most in 2019 by 3.41°C as
compared to 2015 then in 2021 decreases by
0.58°C as compared to 2019.

» Similarly, in the Varanasi stretch, the temperature
had been reduced most in 2019 by 3.58°C as
compared to 2015 then in 2021 decreases by
0.37°C as compared to 2019

» And in the Ghazipur stretch, this decline of the
temperature of the river was noted as 2.68°C in
2019 as compared to 2015 then in 2021 decreases
by 1.69°C as compared to 2019.
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The decrease in the NDTI value showed a different trend.

>

>

In the Mirzapur stretch, the NDTI of the river Ganga
decreases by 0.01 in 2015 as compared to 2010,
then in 2019 shows similar trend as compared to
2015 then in 2021 also decreases by 0.01 as
compared to 2019.

Similarly, in the Varanasi and Ghazipur stretch
shows similar trend as Mirzapur stretch.
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