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ARTICLE DETAILS ABSTRACT

Article History: Satellite remote sensing and geographic information system are those technologies that have been proved
highly productive in the monitoring of anthropogenic activities and in the development of databases that
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allows monitoring of wetlands and other protected areas in a systematic way. The Remote Sensing techniques
also provides solution to the accessibility problems. The province of Sindh is comprised of many wetlands of
which Manchar and Keenjhar Lakes has been studied. Landsat 8 OLI/TIRS satellite images were acquired for
the year 2013 and 2021 respectively and different spectral indices like NDVI (Normalized Difference
Vegetation Index) and NDWI (Normalized Difference Water Index) were investigated. NDWI and NDVI is
showing a positive correlation as the values of Pearson correlation “r” is almost near to 1. The NDVI value for
both lakes in 2013 was high which is showing dense vegetation covers but on the other hand the NDVI values
declines showing sparse vegetation in 2021 which is alarming. The NDWI values for both the lakes were
below the threshold level. The main purpose of carrying out this study is to calculate and detect Vegetation
covers and level of water stress in the lakes which was not found to be satisfactory as a lot of regions of Sindh
in 2021 were facing drought conditions because of less precipitation and shortage of water in rivers. The
study proved to be effective in demonstrating the use of satellite remote sensing techniques for wetland
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monitoring.
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1. INTRODUCTION

Satellite images give a broad scope of environmental monitoring in a
convenient way, specifically for those areas which cannot be accessed
because of the dense vegetation, topography or other localized factors
(van Loki and Szab6,2011; Dessel et al,, 2008; Varga et al,, 2015). Sentinel
(ESA) and Landsat (USGS) imageries, has 20 and 30m resolution, and are
freely available, this kind of mapping is cost effective and provide
observations regarding the changes in an area through their temporal
resolutions (Hansen and Loveland, 2012). The spectral resolutions of
these satellites are also suitable for land cover maps, along the usual RGB
bands.

Pakistan’s wetlands have an extensive variety of biodiversity. Pakistan
became a member of Ramsar Convention in 1976 aiming to protect and
assist sustainable utilization of the resources of the wetlands (Khan and
Arshad, 2014). In Pakistan there are considerable amount of communities
that are dependent on wetlands for their living and income, Keenjhar Lake
is one of the Ramsar site that is facing degradation because of the climatic
issues like drought, eutrophication and most important is the pollution
that readily effects the life of local people. Keenjhar Lake is the principle
source of water provision to Thatta and Karachi (Khan et al,, 2017). The
increasing pressure on wetlands is making their conditions unstable for
future (Khan and Arshad, 2014). Similarly, Manchar Lake is also degraded
because of the contaminated and toxic water of power plants, industries
and agriculture received from Main Nara Valley Drain (MNVD).

Scientists uses different algorithms and formulas; to modify satellite data
into different spectral and vegetation indices. The vegetation health and
greenness could be indicated through vegetation index for each pixel in a
satellite imagery. The most commonly used index is, the Normalized
Difference Vegetation Index. The values of NDVI varies from +1 to -1. Sand,
snow or area with barren rocks exhibits very low values of NDVI. Moderate
values of NDVI are exhibited by medium vegetation like grasslands or
shrubs (0.2 to 0.5). High values of NDVI (0.6 to 0.9) shows dense
vegetation covers like that in tropical or temperate forests when its
growth stage is at peak (USGS.gov). NDWI is determined by measuring the
amount of water molecules in vegetation covers that interact with the
incoming sunlight. Two narrow channels are measured at 0.86 pum and
1.24 pm. Unlike NDVI both channels measure the same depth through
vegetation covers (Gao, 1996). It may provide effective data on water
stress conditions in an area.

2. STUDY AREA

Manchar Lake is the largest lake of Pakistan and is located in district
Jamshoro, Sindh Province of Pakistan at a distance of approximately 18 km
from Sehwan Sharif. It lies at 67°34"- 67°43 E and 26°23°-26°28°N. There
is a seasonal fluctuation in its area with an average of 233 km? and the
mean depth variation of Manchar lake is in between 0.5 to 3.75m (Kazi et
al,, 2009; Jahangir et al,, 2014). Keenjhar is a freshwater lake which is
located at 68°2'8.98"E and 24°57'8.91"N. It is among the largest lakes of
Pakistan, having an area of 13,468 hectare and it supplies water to Keti
Bunder, Karachi city and Thatta district (Khan et al,, 2012). The lake is
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located approximately at a distance of 113km from the city of Karachi. The
map of study area is shown in Figure 1.
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Figure 1: Map of study area showing Manchar and Keenjhar lakes,
Province of Sindh, Pakistan.

3. RELATED WORK

A studied the LULC (Land Use/Land Cover) of wetlands comprises of
Keenjhar Lake, Manchar Lake and Chotiari Reservoir in Pakistan from
(1972 to 2020) and change has been reported (Islam et al,, 2021). The
vegetation cover of Keenjhar Lake and Manchar Lake has been reduced by
6,337.17 and 558.18 hectares respectively. SAVI analysis confirms that soil
profile is degrading continuously which strongly effects the vegetation
covers of the wetlands. A group researchers carried out a study and
observed that from (1990 to 2020) 1.79% vegetation, 6.73% water, 4.77%
desert area and 18.68% wetland has been declined in Manchar lake and
Barren land has been increased to 38.1%, so the fertile soil/Land of
Manchar lake is converting into barren land which is an alarming situation
(Chandio et al, 2021). The lake has two types of problems, low
hydrological flow/ low precipitation of water and polluted water of MNV
Drain and R.B.0.D which is highly polluted by drainage effluent and
agriculture of Sindh and Balochistan.

A group researchers carried out research that is focused on the analysis of
spatial-temporal change of Keenjhar Lake and Manchar Lake (Islam et al.,
2019). The results showed that there were considerable changes in land
cover because of the unexpected climatic patterns, notable fall in the rate
of precipitation and uncontrolled anthropogenic activities. These changes
had unfavorable impact on public health and on the ecosystem of the
wetlands. Some researchers used XGBoost classifier to investigate
variations of temporal water areas (Wagle et al,, 2020). They combined
normalized water indices such as MNDWI, NDVI data and Normalized
Difference Built-Up Index (NDBI) over a decade.

A group researchers proposed methods to assess suitable thresholds for
identification of features of the water clearly (Ji et al., 2009). Simulation of
sensors of various satellite had been done and NDWI had been calculated
for each case. Some researchers assesses the spatial- temporal changes in
the water bodies including the overflow of water in marshlands by using
both the MNDWI and the NDWI to check the usefulness of multi temporal
Landsat images (Hui et al, 2008). According to Malthus and Dekker
researchers have used satellite data to delineate water bodies; some
earlier works has been done on normalized indices and researchers used
distinctive derivative studies on subsurface reflectance, high spectral
resolution and similar kind of data to get spectral resolution with high
reflectance in order to detect inland water bodies (Malthus and Dekker,
1995).

4. MATERIALS AND METHODS
4.1 Data Collection
Landsat 8 OLI/TIRS images of Manchar and Keenjhar lakes for the years

2013 and 2021 has been downloaded from USGS Earth Explorer
(earthexplorer.usgs.gov) with less than 5% cloud cover and all the images

are taken from the month of August for the uniformity of the study. Ground
truthing had been done through high resolution images. According to
(United States Geological Survey 2020) the multispectral bands of Landsat
8 OLI/TIRS has a spatial resolution of 30m and this satellite uses the
Universal Transverse Mercator (UTM) as map projection. Its pixel value is
16 -bit. The wavelengths of all the bands are given in Table 1.

Table 1: Landsat 8 OLI/TIRS band wavelengths. (usgs.gov).
Bands Wavelength (mm)
Band 1 - Coastal aerosol 0.43-0.45
Band 2 - Blue 0.45-0.51
Band 3 - Green 0.53-0.59
Band 4 - Red 0.64-0.67
Band 5 - Near Infrared (NIR) 0.85-0.88
Band 6 - SWIR 1 1.57-1.65
Band 7 - SWIR 2 2.11-2.29
Band 8 - Panchromatic 0.50-0.68
Band 9 - Cirrus 1.36-1.38
Band 10 - Thermal Infrared (TIRS) 1 10.6-11.19
Band 11 - Thermal Infrared (TIRS) 2 11.50-12.51

4.2 Mapping and Raster Calculations

In this study the Images are recalculated and processed for spectral
bands in both reflectance and radiance values. Images are clipped
according to the desired area of interest. All the mapping and calculations
for different spectral indices are done through ArcMap 10.8 software and
the KML files were created in Google Earth explorer.

4.3 Normalized Difference Vegetation Index (NDVI)

NDVI was first described by (Rouse et al.,, 1973). It is used for the detection
of healthy and unhealthy vegetation. For healthy vegetation the
absorption in the visible channel is high and reflectance is high in the near
infrared, on the other side the unhealthy vegetation shows high
reflectance values in the visible red portion and in the near infrared the
reflectance is decreased. The following formula is used to calculate NDVI:

NDVI = (NIR - Red) / (NIR + Red)

For raster calculation of Landsat 8 OLI/TIRS images the formula can be
written as:

NDVI = (Band 5 - Band 4) / (Band 5 + Band 4).
4.4 Normalized Difference Water Index (NDWI)

NDWI is used for the analysis of water bodies. It uses the Green and near
infrared bands. In the visible spectrum the clear water shows high
reflectance in the blue part that is why water appears to be blue. Low
values of NDWI shows water stress in a given region. The formula of NDWI
given by (McFeeters, 1996) is written as:

NDWI = (Green - NIR) / (Green + NIR).

For raster calculation of Landsat 8 OLI/TIRS images the formula can be
written as:

NDWI = (Band 3 - Band 5) / (Band 3 + Band 5).
4.5 Statistical Analysis

The statistical method used in this study is “Pearson’s correlation
coefficient” that is represented by (r). It is used to determine the
correlation between NDWIand NDVI.The Pearson's correlation coefficient
ranges from -1 to +1. If the correlation is positive, then both the variables
increase or decreases simultaneously and contrarily if the correlation is
negative then it indicates that with the increase in one variable the other
decreases and vice versa.

5. RESULTS AND DISCUSSION
5.1 NDVI of Keenjhar Lake

In correspondence to areas with plants or greenness the ranges of NDVI
varies from 0.2 to 1. When it is above 0.5 it gives indication for dense and
healthy vegetation covers and the ranges from 0.2 to 0.5 indicates areas
with sparse vegetation. (Drori et al, 2020). In Figure 2 (a) the NDVI values

Cite The Article: Ayesha Sikandar, Iqra Nasir (2022). Analyzing The Vegetation and Water Indices for Manchar and

Keenjhar Lakes in The Drought Conditions, 2021 Through Remote Sensing. Pakistan Journal of Geology, 6(2): 47-52.




Pakistan Journal of Geology (P]G) 6(2) (2022) 47-52

are shown for Keenjhar lake in the year 2021 and in (b) it is shown for the
year 2013. The NDVI value in 2013 was above 0.5 which is showing dense

vegetation covers but on the other hand the NDVI values declines to 0.41
showing sparse vegetation in 2021.

Normalized Difference vegetation Index of Keenjhar Lake 2021

(a)

Normalized Difference vegetation Index of Keenjhar Lake 2013

Legend
NDVI Values
m022-053
m0.13-021
[70.013- 0.2
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Figure 2: NDVI of Keenjhar Lake in August 2021 and August 2013.

Table 2: Maximum and Minimum NDVI Recorded for Keenjhar Lake.
S.No NDVI of Keenjhar NDVI of August | NDVI of August
Lake 2013 2021
1 Minimum -0.2 -0.13
2 Maximum 0.53 0.41
3 Mean 0.165 0.14
4 Standard Deviation 0.51618795 0.381837662

There are many reasons of this decline other than the drought conditions.
The ecosystem of Keenjhar Lake is under threat its water quality is highly

affected by the industrial effluents from Nooriabad and Kotri industries.
The chemical fertilizers in the runoff and 15,000 people visiting the lake
weekly during the season is a big source of degradation in the lake (Zaheer,
etal, 2012).In Table 2, Maximum and minimum values of NDVI are shown
for Keenjhar Lake.

5.2 NDVI of Manchar Lake

The NDVI values are shown in Figure 3 (a) for Manchar lake in the year
2021 and in (b) itis shown for the year 2013. The NDVI values of 2021 and
2013 are the same showing no improvement in the vegetation canopies
but from both the images the difference in Land cover is evident. The
medium and sparse vegetation is shown with red and green color in both
the images which showed a great decline in 2021 as compared to 2013.

Normalized Difference Vegetation Index of Manchar Lake (2021).

\\

5

] 8 £
] - W2
] ¢y

O T T T St T W S T T S T O T O T i T B S i
e [
' 8 2
NOWI Viluwe ) LT %, 2y

1 132049 .

S 5

T 013 020 r
Q06012 }
4 L
| RSN e L

(a)

T T T T T T T

Normalized Difference Vegetation Index of Manchar Lake (2013).

' Legend

T T
10 20 shomneters
NDVI Values
oo
(b)

0.097-0.2¢
0032 - 0008

oz

Figure 3: NDVI of Manchar Lake in August 2021 and August 2013.
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The volume of water in the lake is also declining and the lake is shrinking.
In Table 3, Maximum and minimum values of NDVI are shown for Manchar

Lake.

Table 3: Maximum and Minimum NDVI Recorded for Manchar Lake.
S.No NDVI of Manchar NDVI of August NDVI of August
Lake 2013 2021
1 Minimum -0.22 -0.25
2 Maximum 0.49 0.49
3 Mean 0.135 0.12
4 Standard Deviation 0.502045815 0.523259018

Nai Gaj is the main source of water for Manchar Lake coming from the
Khirthar Mountain. A project was started by the Federal Government in
1990s, for the drainage of water containing agricultural effluents of Sindh
and Baluchistan through R.B.0.D into the Arabia Sea. Removal of 4500
cusecs of wastewater through RBOD was a part of the discharge design
(Mahessar et al., 2019). Main Nara Valley Drain (MNVD) of the Manchar
Lake receives the contaminated and toxic water from the RBOD making
the water quality extremely toxic and leads to the degradation of the lake.

5.3 The Vegetation Condition Index of Study Area

In (Figure 4), The vegetation condition index (VCI) of the relevant districts
(Thatta, Jamshoro and Dadu) of the study area is shown under the black
polygon for the month of August 2021 and is showing unfavorable VCI
values under 0.5 in most of the areas. The vegetation condition index (VCI)
was described by (Kogan, 1995). It can compare the closeness of the
present month’s NDVI to the minimum NDVI that is calculated from the
extended record of remotely sensed data (Thenkabail and Gamage, 2004).
Its values varies from 0 to 1. An extreme dry month could be indicated if
its values are equal or close to 0 with poor vegetation condition. VCI with
a value of 0.5 shows good vegetation covers and the values close to 1
shows the best conditions of vegetation (Jain et al., 2009). VCI can detect
drought conditions better than the NDVL It is obtained by the following
formula: VCI = (NDVI - NDVImin / NDVImax - NDVImin) x 100.

VYIIRS-YH, Zoom Level=7 (1.2 km), tiles=9,missing snow mask
Stressed VClI Favorable snowfice Desert

0612 24 36 48 60 72 84 100 OF missing

Figure 4: Vegetation condition index (VCI) of the districts of study areas,
August 2021. (Image courtesy NOAA STAR).

5.4 NDWI of Keenjhar and Manchar Lake

When the NDWI values of the study area were compared to the NDWI
values categorized by (Gulacsi and Kovacs., 2015). It is clearly evident that

moderate drought condition prevails in Manchar lake and weak drought
condition prevails in Keenjhar lake as shown in Figure 5. NDWI values
varies from -1 to +1, depending upon the vegetation types. Plants with high
content of water shows high NDWI values and low for low vegetation
cover. When there is a condition of water stress in a given region as in the
study area then the NDWI values declines. It has been proved useful for
the monitoring of drought conditions and different studies showed that
drought warnings can be given in advance using NDWI (Ceccato et al,
2002; Gu et al., 2007). The results were also compared with the report of
National Drought Monitoring Centre, Islamabad. According to Fortnightly
Drought Watch Bulletin. National Drought Monitoring Centre, Islamabad,
drought conditions were observed in the month of August 2021 in
different districts of Sindh Province. Mild drought is observed in Umerkot
Tharparkar, Badin Mirpurkhas, Thatta, Hyderabad and Sajawal while
Moderate Drought is observed in Nawabshah, Dadu, Khairpur Jamshoro,
Sanghar and Larkana.

Normalized Difference water index of Keenjhar
Lake (2021).
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Figure 5: Normalized Difference Water Indices of Manchar and Keenjhar
lakes in August 2021.

5.5 Correlation Between NDWI and NDVI

The scatter plot as shown in Figure 6 is showing a positive linear
correlation in between both the variables for keenjhar lake. The points are
lying near an upward sloping line. The significant value p< 0.05, which is
statistically significant, and the value of r is 0.968 showing a strong
correlation in between NDWI and NDVI. Similarly, for Manchar lake the
value of r is 0.974 showing a strong correlation.

Correlation Coefficient of NDWI and NDVI of
Keenjhar Lake 2021
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Figure 6: Scatter plot of Pearson's correlation coefficient.
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6. CONCLUSION

The present study reveals that the indices which are calculated using
remote sensing techniques provides good characterization of the spatial
distribution of water bodies and vegetation covers. The multi temporal
analysis of NDVI for the year 2013 and 2021 acquired with Operational
Land Imager (OLI) sensor showed that the vegetation health had declined
over the passing years in both the lakes rather than improving and by
using these indicators efficient and sustainable policies should be made by
the management to resolve the issues of degradation across the lakes.
NDWI had performed very well in this study by clearly indicating the
drought conditions in the lake and showing great water shortage. Drought
is a natural disaster that Sindh and Baluchistan is facing from quite a long
time and in order to cope with it strong measures should be taken to make
the land suitable for vegetation in which micro irrigation, desalination and
solar pumps could be brought under consideration. In situ investigation of
the results obtained from remote sensing techniques could increase the
efficiency of wetland monitoring in future.

NOVELTY STATEMENT

This research helps in predicting the health of crops and vegetation in
drought prone areas and give indications in order to overcome the
challenges that climate changes are putting on the wetland’s environment.
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