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ABSTRACT

Water Hyacinth is an aquatic macrophyte and highly invasive
species, indigenous to Amazonia, Brazil and tropical South
America. It was first introduced to India in 1896 and has
now become and environmental and social nuisance through-
out the country in community ponds, freshwater lakes, irri-
gation channels, rivers and most other surface waterbodies.
Considering the adverse impact the infesting weed has, a con-
stant monitoring is needed to aid policy makers involved in re-
medial measures. Due to the synoptic coverage provided by
satellite imaging and other remote sensing practices, it is con-
venient to find a solution using this type of data. This paper
looks at the use of Synthetic Aperture Radar (SAR) Sentinel-
1 to detect water hyacinth at an early stage of its life-cycle.
While SAR has been used prominently to monitor wetlands,
the technique is yet to be fully exploited for monitoring water
hyacinth and we seek to fill this knowledge gap. We compare
different change detection methodologies based on dual po-
larimetric data. We also demonstrate how Sentinel-1 can be
used to monitor this type of aquatic weeds in our study areas,
which is Vembanad Lake in Kuttanad, Kerala.

Index Terms— Water Hyacinth, remote monitoring,
RADAR, SENTINAL-1, SAR.

1. INTRODUCTION

This work presents the very first methodology to detect in-
vasive aquatic weeds (in particular Water Hyacinth) in India
using Sentinel-1 radar satellite data. Waterways are important
for India, where they have been utilised for commodity trans-
port, local conveyance, irrigation, drainage, flood mitigation
and as drinking water source. Water Hyacinth (Eichhornia
crassipes) is a highly invasive aquatic plant species, indige-
nous to Amazonia, Brazil and tropical South America. First
introduced as an ornamental plant in 1896 in Botanical Gar-
den, Shibpur, West Bengal, India [1], over the years it infested
fresh water bodies as an invasive weed species throughout the
country across various agro-climatic conditions. International

Fig. 1. Water hyacinth infestation in Thannermukkom Salt
Water Barrier, India (26/01/2020). Credit: Dr. G. N. Prabhu.

Union for Conservation of Nature’s (IUCN) has identified
Water Hyacinth among the most dangerous invasive species in
the world as it is very difficult to eliminate from a water body
and has significant adverse socio-economic repercussions [2].

The weed is characterised by its rapid dispersal, growth
and reproductive capabilities and the infestation has major en-
vironmental and socio-economic impact, e.g., (i) depletion of
dissolved oxygen in open waters reducing fish populations;
(ii) damage to fishing boats adversely impacting their fuel ef-
ficiency; (iii) makes casting net difficult by covering the water
surface; (iv) blockages to small channels, rivers and canals,
causing transport delays; (v) a reduction in water flow and
power loss / damage to hydroelectric power stations, as well
as blockages of irrigation channels; (vi) reduced potability of
drinking water, with potential health risks; and (vii) an in-
crease in disease vectors, such as mosquitoes. The physi-
cal removal of the weed normally involves manual removal
through harvesting and in-situ cutting of the plant. The instal-
lation of surface screens or barriers to arrest the weed mat for
cutting can make this process easier [3], however, physical
methods are labour-intensive and suboptimal or impossible
for removal within large catchment areas.
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Due to the synoptic coverage provided by satellite Everitt
et al. [4] found that water hyacinth could be distinguished
in colour infrared imagery across a temporal scale at multi-
ple different study sites, with further analysis allowing the
infestations to be quantified. A previous study monitoring the
Gwydir Wetlands, Australia, used images captured from the
optical satellite Landsat-8 to monitor potential water hyacinth
infestations within the site. The result showed a means of
optical surveillance for the aquatic vegetation behaviour at a
large spatial scale [5]. Cavalli ef al. [6] monitored Lake Vic-
toria, the second largest freshwater lake in the world, using
Landsat, ASTER and ENVISAT. The study applied a classifi-
cation algorithm to ETM+ data derived from Landsat, allow-
ing discrimination of certain aquatic plants present within the
lake. A study of aquatic plants using Quickbird multispec-
tral data of Turkey was capable of producing an unsupervised
classification accuracy of 83% when identifying and mapping
plant species [7]. Mixed pixels were identified as a main lim-
itation in the procedure.

Recently, there has been increasing use of UAVs and small
drone aircraft for the monitoring of aquatic environments. A
study of the Trent-Severn Waterway in Canada was conducted
using high-resolution drone aerial surveys. Chabot et al. [8]
used an automated classification algorithm with a supervised
machine-learning classifier on a collection of radiometrically
calibrated multispectral drone imagery. The classification al-
gorithm was found to have an overall accuracy of 92% when
classifying above-surface aquatic vegetation and an accuracy
of 84% when classifying submerged vegetation.

However, optical data are not always available with cloud
cover is a strong limitation when we want to achieve prompt
alert system that is able to detect the infesting weed at early
occurrences. SAR can help with this due to the capability to
monitor in all-weathers, day- or night-time. The scattering
processes of SAR allow mapping of marsh, surface waters
and forest to be determined from volume-, double-bounce
and surface scattering [9]. Hess et al. [10] used SAR to
distinguish between water, herbaceous vegetation and forest
within the Amazon Basin. Using a classification algorithm
on SAR mosaics, a producer’s accuracy of 85% was achieved
when classifying wetland area, woody vegetation and aquatic
macrophytes. This work is showing for the first time the
possibility to use radar data to detect water hyacinth using
satellite SAR with a focus on our test site in India (Fig. 1).

2. METHODOLOGY
2.1. Study Area

Kuttanad, Kerala is a paddy-rich region in south-west India.
About two-thirds of the land area is covered with wetlands
with an area size of about 875km?. The department of agri-
culture, Government of Kerala, has reported intensive fertilis-
ers usage by local farmers in the Kuttanad region [11]. This
has resulted in an increase in water hyacinth found within the
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Fig. 2. Image from 02-Nov-2019 in Sentinel-1 VV Chan-
nel showing reduced water hyacinth on surface of Vembanad
Lake. (a) VV intensity, (b) polygon for histogram, (c) his-
togram of clean water pixels. Sentinel-1 (credits: ESA).

major lakes of the region. Due to the presence of water hy-
acinth within the region’s waterways, impacts have been felt
on fisheries, drinking water, irrigation, transport and recre-
ational use of the water bodies. This study focuses on the
Vembanad Lake, the largest Ramsar site in Kerala, India. We
could acquire validation data for this location by gathering
photographic evidences of the infestation (Fig. 1).

2.2. Satellite Data

In this study we used dual-polarimetric Sentinel-1 Sar data,
provided by the European Space Agency (ESA) through the
Copernicus programme. The Mode of acquisition is IW GRD,
this means that data are intensities using a multi-look 1 x 4.
The special resolution is approximately 20 X 20m and using
all available orbits, the temporal resolution is up to 7 days on
our test site (12 days with a single orbit). Sentinel-1 images
where calibrated into Normalised Radar Cross Section, geo-
referenced and converted into dB (03 B)-

2.3. Physical model

Our working hypothesis is that water hyacinth infestation al-
ters the scattering by increasing the roughness of the lake sur-
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Fig. 3. Image from 19-Jan-2020 in Sentinel-1 VV Channel
showing water hyacinth on surface of Vembanad Lake. (a)
VV intensity, (b) poligon used for histogram, (c) histogram
of pixels in the polygon (Sentinel-1, credits: ESA).

face. This should be distinguishable in the satellite image as
spots or patches with high brightness. This increase in surface
brightness as calm waters of a lake will scatter the most of the
electromagnetic radiation in the specular direction and there-
fore will appear darker; but the presence non-reflective water
hyacinth mat on the water surface thus will appear brighter in
the image and should be picked up by the radar.

2.4. Data Analysis

As the first step we inspected images to check if our working
hypothesis was correct. Inspecting the images for the Vem-
banad Lake showed that there was clearly something floating
on the water surface. Regions of Interest (ROIs) were estab-
lished to create time-series of VV and VH channel data. Ini-
tial viewing of the time-series data showed that there were
clear dates where the VV channel data peaked and troughed.
Inspection of these dates showed that, on these dates, the wa-
ter surface was cleaner (Fig. 2) or more infested with wa-
ter hyacinth (Fig. 3). A change detection methodology was
established using the ratio of VV polarization, which is the
channel where the infestation is more visible.

The change detection threshold was set on the log dif-
ference which is obtained by considering the images in dB
values and subtracting the infested image VV values from the
clean image VV values. The threshold was then set using the

Fig. 4. Detection mask using the ratio of VV channel in-
tensities. Images compared: 19-Jan-2020 and 02-Nov-2019.
Threshold set using the histograms. Sentinel-1 credits: ESA.

histogram that shows that 3 dB is a good value to separate in-
fested and clean pixels. Using the histogram we minimise the
probability of false alarms while at the same time maximizing
the probability of detection.

3. RESULTS AND DISCUSSIONS

Within the scope of this paper we present results for a single
infested area with the intention to extend the study in further
test sites and demonstrate the effectiveness of our hypothesis.
Figure 3 shows a picture of one of the infested areas in the
lake. The picture was taken on the 27th of January. The VV
intensity channel is presented in Fig. 3.(a). The date for this
acquisition is the 19th of January 2020 which was the clos-
est match with the photo. The area depicted in the photo is
near the north barrage of the lake also indicated by a polygon
in Fig. 3.(b).

The histogram of the area is presented in Fig. 3.(c) where
it is clear the bimodal nature of the area where pixels of clean
water are mixed with pixels with infestation. As a comparison
in Fig. 2 we have a date, the 2nd of November 2019 when
the infestation was much lower. The histogram show that the
intensity of pixels is clearly lower. Using the two histograms
we could set a threshold and produce the detection mask in
Fig. 4. It is interesting to see how we can detect the presence
of the weed using this simple change detector.

We also investigate the potential of statistical parametric
approaches for the change detection by fitting Gaussian prob-
ability distribution functions (PDF) on the histograms. The
Gaussian models can be expressed as

f@) =3 ae T, (1)
i=1
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Fig. 5. Parametric Gaussian model fit to the histograms.
Row I and row 2 are for clean and infested water, respec-
tively. Column 1 and column 2 show comparisons for single
(n = 1) and two (n = 2) peaks Gaussian distributions fits.

where, f(x) is the distribution for input data z, n is the num-
ber of peaks and a, b and c are the amplitude, centroid and
width parameters, respectively.

We estimated the Gaussian model parameters by fitting
the PDFs on the histograms of the clean and infested areas
and the results are shown in Fig. 5. Our study indicates good
parametric fit when n = 2, i.e., mixture of two Gaussian dis-
tributions particularly for water hyacinth infested area. This
is due to the heterogeneous nature (weed and water both) of
the region of interest. On contrary, the homogeneous nature
of clean water can be well approximated by a single peak dis-
tribution. The model parameters, a, b and ¢ shows clear dis-
tinction between clean and infested areas and hence can be
used for change detection either using a simple thresholding
method or an advance machine learning based approach.

4. CONCLUSIONS

While there is an established background for the practice of
remote sensing in the detection of water hyacinth, the use
Synthetic Aperture Radar (SAR) is yet to be fully exploited
in the detection of invasive plant species. Using Sentinel-1
data of Vembanad Lake, India, we demonstrated how SAR
can be used to monitor water hyacinth. Pixels values have
been extracted from regions of interest within the lake and
show that backscattering intensities differ between clean sites
and infested sites. From this, basic detection masks have been
established to begin detecting the presence of water hyacinth
within Vembanad Lake. In future, more sophisticated algo-
rithms (statistical parametric approaches) will be developed.
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