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Mapping surface-water area using time series
landsat imagery on Google Earth Engine:
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The extent of surface-water spread influences the
hydrogeology and ecology of waterbodies. Remote
sensing technology provides spatial and temporal
datasets which aid in mapping the dynamics of surface
waterbodies at the regional and global scale. In the
present study, temporal changes in the surface area of
waterbodies in Telangana, India, were monitored
using indices like normalized difference vegetation
index, normalized difference water index and mod-
ified NDWI and machine learning algorithms like a
random forest using Landsat-8 data. Google Earth
Engine cloud computing platform was used for
processing earth observation data, based on the time
series images of Landsat and compared with real-time
groundwater levels. The results showed a significant
increase (P <0.01) in both surface-water area and
groundwater levels in Telangana, especially after
2015, which we hypothesize could be due to the specia-
lized water conservation project being implemented
by the Government of Telangana since 2015.

Keywords: Cloud computing platform, groundwater
level, machine learning algorithms, remote sensing,
surface area, waterbodies.

SURFACE water is a significant component in the hydro-
logical cycle. It is one of the most important resources for
domestic use, irrigation purposes and industrial and
social development'>. The development of surface
waterbodies, which change their shape and course of flow
with space and time, due to hydrological processes and
also its human-induced factors, depends on rainfall inten-
sity and duration, particularly in the semiarid regions®.
These changes can be influenced by socio-economic
development and ecosystem of the area. Therefore,
surface-water information plays an important role in
socio-economic development and assessment of risk due
to floods, their management and mitigation’.

Remote sensing (RS) aids in monitoring temporal
changes in the extent of surface waterbodies®. RS datasets
provide the physical features and spatio-temporal varia-
tions of surface waterbodies at various spatial scales at
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regular time intervals’ '°. Normalized difference vegeta-
tion index (NDVI) is used to categorize floods and
surface water, but does not provide details directly about
surface water'"'?. Normalized difference water index
(NDWI) and modified NDWI (mNDWTI) have been the
most useful indices to identify waterbodies and their
surface-water spread over the years'> ¢,

The assessment of surface-water availability and its
spatio-temporal distribution is of paramount importance
for planning crop cultivation activities, real-time monitor-
ing and managing irrigation operations in many regions
of the world'"'®. Recently, Anand et al.'>'’ explained the
surface-water spread assessment frameworks which are
based on NDWI, for planning fish culture activities in
inland lentic waterbodies such as reservoirs, lakes and
ponds. The spatio-temporal surface-water assessment also
applied for the monitoring and management of natural
water resources, prediction of ecosystem health and pre-
vention of water-related disaster uses Google Earth Engine
(GEE) for near real-time monitoring of flood events, as it
allows for rapid deployment of the algorithm?* 3.

The recent census of minor irrigation sources in Telan-
gana, India, revealed the presence of 46,531 such sources,
like tanks (percolation/forest), private kuntas, anicuts and
check dams. There were also about 16 major and 38
medium irrigation projects (both completed and ongoing)
in the state’. The present study demonstrates the use
of GEE algorithm-based rapid surface-water estimation
technique to assess the district-wise seasonal water
spread availability over the years in Telangana. The study
results could aid in planning cropping patterns, fish
culture activities and for evaluating the effectiveness of
water-body restoration projects and other watershed man-
agement strategies.

Materials and methods
Study area

Telangana is located between 16°30°—18°20’'N lat. and
77°30°=79°30’E long. in the southern region of India
covering 33 districts and with a total area of about
112,077 sq. km (ref. 25). Geographically, the state falls in
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Map showing the study area. 1, Bhadradri Kothagudem; 2, Jagtial; 3, Jangoan; 4, Mulugu; 5, Kamareddy; 6, Karim-

nagar; 7, Khammam; 8, Mohabubadad; 9, Mancherial; 10, Medak; 11, Nagarkurnool; 12, Nalgonda; 13, Nirmal; 14, Nizamabad,
15, Peddapalli; 16, Rajanna Sircilla; 17, Sangareddy; 18, Siddipet; 19, Vikarabad; 20, Wanaparthy; 21, Warangal rural; 22,
Warangal Urban; 23, Yadadri huvanagiri; 24, Narayanpet; 25, Jogulamba Gadwal; 26, Rangareddy; 27, Suryapet; 28, Medchal
Malkjgiri; 29, Adilabad; 30, Hyderabad; 31, Kumurambheem Asifabad; 32, Jayashankar Bhupalpally and 33, Mahabubnagar.

Table 1. Specification of satellite data used in the present study
Study period  Satellite Sensor  Interval Resolution (m) Image count Wavelength (um)
2013-2019 Landsat 8 OLI 16 days 30 874 Band 1: 0.43-0.45

Band 2: 0.45-0.51
Band 3: 0.53-0.59
Band 4: 0.64-0.67
Band 5: 0.85-0.88
Band 6: 1.57-1.65
Band 7: 2.11-2.29
Band 8: 0.50-0.68
Band 9: 1.36-1.38

semiarid zone of the Deccan Plateau and has a hot and
dry climate. The mean maximum and minimum tempera-
tures vary from 40°C to 43°C and 13°C to 17°C respec-
tively. The state receives an average annual rainfall of
906 mm, most of which is during the southwest monsoon.
A significant proportion (73.5%) of the geographical area
of the state is covered by the basins of two major rivers,
viz. Godavari and Krishna®®. Figure 1 shows the study area.

Data description

For analysing surface water of Telangana, GEE — a web-
based cloud computing platform, which currently
provides over 11 petabytes of earth observation data was
used”’. GEE offers various advantages — access to large
volume of processed remote sensing image data and dedi-
cated cloud storage; simple and rapid programming and
graphic interface and possibility for assessing surface-
water dynamics at the planetary scale for a prolonged
period®'?. A total of 874 top-of-atmosphere (TOA)
scenes of Landsat 8 with 30 m resolution data were
acquired during the monsoon and post-monsoon seasons
for the period 2013-2019 in the study area following
United States Geological Survey (USGS) (Table 1)*.
Since there was major deviation in surface waterbodies
within a given year, plentiful spread data about surface
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waterbodies were obtained subsequently from Landsat
images every year during July to December. Every 16
days, the Landsat covers the same spot on the earth, and
provides approximately 12 images over a six-month
period. The collection of images represents those taken
over a period of time and each pixel on the map is result-
ing from a pile of pixels. In this study, quality mosaic
method was adopted to extract greenest and wettest pixel
from the image collection, wherein the assortment with
the greatest incentive for the predetermined band and in
this technique sets every pixel in the composite.

Estimation of surface-water cover

A schematic diagram in Figure 2 shows the methodology
for surface-water extraction. It mainly consists of
NDVI®, NDWI" and mNDWI*° from various bands of
images and erases clear non-water pixels by NDVI,
NDWI and mNDWI veiling methodology and further
concentrates surface-water pixels. The indices were
calculated using eqs (1)—(3) as follows®'

_ (NIR —red)

NDVI ,
(NIR +red)

)
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NDWI = (Green —NIR) ’ @)
(Green + NIR)
MNDWI = (Green —SWIR1) ’ 3)
(Green + SWIRI)

where NIR is a value of near infrared band, red and green
are the value of red and green band respectively; SWIRI
is a value of shortwave Infrared band.

NDWI and mNDWI are employed to maximize and
minimize the reflectance of water features using green
wavelengths and NIR or SWIR1, and the high reflectance
of NIR or SWIRI is used for delineating soil features and
vegetation of the area. Therefore, the water feature values
are more significant in the mNDWI and NDWI
images®***. However, since the water pixels have higher
NDWI and lower NDVI values, an initial surface-water
map can be obtained by concealing all pixels that have
higher NDVI and lower NDWI values. In this study, the
threshold values of NDVI (=0.2) and NDWI (£-0.3)
were set to remove most non-water pixels, and to

Remote sensing image collection

Vegetation and water indices

\[DAV/| NDWI mNDWI

¥

Quality mosaic for NDVI, NDWI and
mNDWI

Identifying greenest and wettest
pixels

Blocking greenest and non-water
pixels

Counting water pixels and
calculating surface-water area

Figure 2. Schematic for the surface-water calculation performed in
the present study.
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improve the efficacy and precision of the grouping algo-
rithm. The threshold was standardized through checking
the effects of repetitive experiments with different values.
In GEE, the strategy was effectively practised using
the code ‘update Mask (ndwi.gte (—0.3) and ndvi.lt
(0.2))’, where ‘ndwi’ and ‘ndvi’ are new bands included
in the image by the previous step. Vegetation or non-
water pixels were removed through this operation®.

Further, surface-water area was calculated using
machine learning algorithm, which enables the systems
through training methods and classifies the images in a
more accurate manner while identifying and classifying
the pixels covered under different feature classes. In
machine learning algorithm, the training samples were
collected with geometry drawing tools through the inter-
active environment of GEE, using different spatial poly-
gons with pixels of water bodies from lakes, rivers and
ponds. Similarly, the training samples of other features
were taken through polygons at different spatial locations
over the study region of Telangana. These training sam-
ples of labelled classes were applied using the ‘sample
region’ function to train the algorithm. The random forest
(RF) machine learning algorithm was used to train the
model. The algorithm was executed for estimating sur-
face-water area and results compared with those of the
above indices. RF is a supervised learning algorithm
which generates decision trees on data samples, and then
gets the forecast from each of them and finally selects the
best solution by means of voting (https://amigolms.com).
RF is the best learning algorithm in machine learning
models by its structure and functionality. This has been
proved in many applications in the agricultural sector in
obtaining the expected results.

Estimation of groundwater and rainfall

The groundwater level data for 2013-2018 were collected
from the Central Ground Water Board (CGWB;
http://cgwb.gov.in/index.html; Table 2). The point data
on groundwater measurements of borewells, dug wells
and tube wells (Figure 3) were spatially interpolated by
applying inverse distance weighting (IDW) technique in
QGIS platform (v. 3.12.2). The IDW technique is widely
used for groundwater interpolation as it provides output by
emphasizing on neighbouring values with reasonable accu-
racy’>?¢. In the present study, 667 (2013) to 1371 (2018)
groundwater-level measurement point data were used. The
extracted data on yearwise surface-area spread were com-
pared with the annual rainfall data of the study region
collected during the study period (https://data.gov.in/).

Results and discussion

The size and temporal dynamics of the water bodies
at regional as well as global scale can be effectively
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monitored using RS datasets®’. The number of studies in
the field of surface-water estimation using RS has in-
creased rapidly over the years. The ‘basic search’ in Web
of Science (WoS) — a database of indexed journals using
the keywords ‘surface water’ and ‘remote sensing’ in
‘TOPIC’ field showed that the last two decades (1998—
2018) witnessed nearly sevenfold increase in terms of
research articles published in various indexed journals
(Figure 4).

Figure 3.

Spatial data of groundwater samples.

Table 2. Number of groundwater-level (m bgl) data points used in the
present study
No. of groundwater-level points (dug wells/borewells/

Year tube wells)

2013 667

2014 748

2015 759

2016 995

2017 1450

2018 1371

Table 3. Extent of surface-water area estimated
using NDWI and mNDWI algorithms

Area (sq. km)

Year NDWI mNDWI
2013 2189.76 2189.76
2014 1565.46 1564.41
2015 1158.83 1158.83
2016 1985.95 1985.90
2017 1397.57 1397.57
2018 2008.55 2008.51
2019 1836.89 1836.89

1494

The extent of surface-water cover of Telangana during
the post-monsoon season (2013-2019) was estimated by
deploying two different indices, viz. mNDWI and NDWI
using the multidate Landsat images. McFeeters'" intro-
duced NDWI, which was largely used during the first
decade of the 21 century’”®. Xu'* established the SWIR
band that is able to reflect some indirect features of
water; and consequently replaced the NIR band in NDWI
with the SWIR band and proposed the mNDWI. Present-
ly, it is widely recognized that mNDWTI is more stable
and reliable than NDWI. The SWIR band is less sensitive
to the concentration of sediments and other optically
active elements within waterbodies than the NIR band
(Figure 5)*. Therefore, mNDWI and NDWI have been
used in many recent studies®****’. Figure 6 shows the
results of the algorithm developed with water indices for
estimating the extent of waterbodies within the region of
interest on the GEE code editor before and after execu-
tion.

Extent of surface water

Table 3 gives the extent of surface water estimated using
both NDWI and mNDWI algorithms. The extent of
surface-water cover ranged from 1158.83 (2015) to
2189.76 sq. km (2013) for both the indices during the
study period. The results of the present study indicate
that, there is no significant (P < 0.05) variation in the
extent of surface-water cover estimated by the two
methods (NDWI and mNDWTI) in Telangana (Figure 7).
The extent of surface water estimated using the RF
algorithm showed a similar trend (Figure 8), as that by
the two algorithms (NDWI and mNDWI), and there was
no significant difference (P < 0.05). The GEE platform is
a quick and feasible method for detecting annual changes
in the extent of surface water, the assessment of which
aids in monitoring the impacts of human activities on the
waterbodies and their overall health®**'.

Surface-water extent vis-a-vis rainfall and
groundwater level

This study showed that the extent of surface water had
a significant positive correlation with rainfall (» =0.85;
P <0.05). The surface-water area estimate was highest
in 2013 (2189.76 sq. km) in Telangana, when annual
rainfall was 1348.7 mm, and lowest during 2015
(1158.83 sq. km), when rainfall was also the lowest, i.e.
857.3 mm (Figure 9).

Table 4 gives the district-wise estimated area of annual
surface-water extent of Telangana using RF algorithm.
The highest surface-water extent was observed in
districts like Nalgonda (533.63 sq. km), Mahabubnagar
(336.92 sq. km) and Adilabad (303.06 sq. km) during
2013, and proportionately, the groundwater table also

CURRENT SCIENCE, VOL. 120, NO. 9, 10 MAY 2021



RESEARCH ARTICLES

Year

2018
2016
2014
2012
2010
2008
2006
2004
2002
2000
1998

o
N
(=]
o

400

(=2
(=]
o

800 1000 1200 1400 1600 1800 2000

M No.of articles

Figure 4. Research articles published on surface-water assessment using remote sensing.
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Table 4. Surface-water area estimated using RF algorithm

2013 2014 2015 2016 2017 2018

Districts* GWL RF GWL RF GWL RF GWL RF GWL RF GWL RF

Adilabad 3.12  303.06 4.15 192.08 4.68 151.60 4.83 333.10 4.75 197.68 4.21 259.91
Karimnagar 3.59 237.04 7.1 125.20 8.7 98.42 4.77 220.91 7.25 144.44 5.84 227.27
Khammam 3.26  298.36 4.84 138.67 4.67 140.06 4.64 80.19 3.59 159.36 5.26 229.74
Mahabubnagar 9.55 33692 1325 299.77 16.81 206.17 14.42 425.83 11.97 241.75 5.71 206.66
Medak 543  286.76 10.55 106.21 15.47 30.73 8.87 243.74 10.23 141.70 8.15 148.42
Nalgonda 2.61  533.63 8.00 252.97 8.97 191.32 6.23 218.06 5.69 262.39 5.00 283.10
Nizamabad 422 282.77 8.40 126.05 12.19 40.52 5.66 326.47 6.17 156.89 5.20 367.86
Rangareddy 6.25  140.62 9.93 38.62 11.44 20.50 6.92 55.53 4.54 27.18 9.17 40.63
Warangal 3.85 178.83 7.12 145.15 7.95 141.86 5.80 130.90 5.26 155.00 4.47 138.05
Hyderabad 5.85 25.89 11.58 9.47 10.88 11.43 6.73 2.57 6.33 4.81 8.19 5.30
Total 47.73  2623.88 84.92 1434.19 101.76  1032.61 68.87  2037.30 65.78  1491.20 61.20 1906.94

*Estimation according to the pre-partition district boundaries. GWL, Groundwater level (m bgl); RF, Random forest algorithm surface-water area

estimation (sq. km).
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rose in the above districts. The higher surface-water area
of these districts may be attributed to the presence of a
large number of water-storage structures like reservoirs,
lakes and ponds. For instance, major reservoirs such as
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the Nagarjunasagar and Srisailam in the Krishna river
basin fall in the Nalgonda and Mahabubnagar district
respectively. Likewise, Sriram Sagar dam in the Godavari
river basin falls in Adilabad district. The lowest value of
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Figure 11.

the extent of surface water was observed in Hyderabad
(25.89 sq. km), Rangareddy (140.62 sq. km) and Waran-
gal (178.83 sq. km) districts. Hyderabad is one of the
fastest growing mega cities in India in terms of its expan-
sion on urban agglomeration along with Rangareddy dis-
trict”. The estimated surface-water area declined during
2014 in all the districts due to less rainfall recorded in
Telangana, i.e. 746.4 mm compared to the previous year
(1348.7 mm). During 2016, good rainfall was received by
the state (around 1043.4 mm). Accordingly, the estima-
tion of surface-water area also increased, and the
groundwater recharge rose proportionately. A declining
trend in both surface-water area and the groundwater
table was noticed during 2017, due to a spell of drought.
Again, there was an increasing trend of surface-water
spread in both variables in 2018, compared to the
previous year. Figure 10 depicts the extent of surface-
water area and groundwater level in the study area.

A comparison of the study results with CGWB
groundwater level data using IDW interpolation method
showed a positive correlation between groundwater level
and estimated surface-water area (R> = 0.86). From 2015
onwards, the extent of surface water was observed to
increase due to higher rainfall, except in 2017, possibly

CURRENT SCIENCE, VOL. 120, NO. 9, 10 MAY 2021

Trend of groundwater level in Telangana, India during 2013-2017.

because of drought. The increasing trend observed in the
groundwater level from 2015 (Figure 11), could be partly
attributed to Mission Kakatiya, a specialized water
conservation project, launched by the Government of
Telangana in 2015 (ref. 43), and which needs further sys-
tematic validation.

Conclusion

The rapid assessment of surface-water spread over a large
area through remote sensing techniques offers huge scope
in planning, monitoring and management of water
resources. The present study estimates the district-wise
surface-water spread of Telangana during 2013-2018
using the rapid GEE-based machine learning algorithm.
The surface water availability-based algorithm could be
effectively used for planning cropping patterns, assessing
water restoration programmes, monitoring the flood
events and to assess the effects of land-use pattern
changes on natural water resources.
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