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achieved with important financial resources supported by the EU member countries. Since

human and financial resources are limited, the development of new mapping tools such as
remote sensing ones may be a practical alternative for water bodies’ assessment and monitoring,
especially within Danube Delta, which has over 300 lakes, many of whom are difficult to access. The
paper present the first results on developing a methodology to monitor Danube Delta lakes’ trophic
state by means of satellite image processing and field data on water depth, transparency and
vegetation cover of floating and submerge aquatic vegetation (e. g. Nymphaea sp., Nuphar luteum,
Trapa natans, Stratiodes aloides, Ceratophyllum demersum, Potamogeton sp., Chara sp.) It starts
with the completion of the field database necessary to elaborate the methodology and then we have
test a series of specific thematic algorithms for discrimination of aquatic vegetation types based on
Sentinel 2 images. The next step will be integration of hydro morphological, chemical and biological
data to run supervised classification of the satellite images in order to discriminate trophic status of
different lakes.

B BSTRACT: At present, the characterization and monitoring of water bodies’ ecological state is
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INTRODUCTION

The Framework Directive with regard to water has stipulated a series of biological indices in order to
characterize the water bodies’ ecological state, including abundance and composition of aquatic
macrophytes. The target objective of this work is to develop a remote sensing method for efficiently
monitoring the water bodies’ ecological state, complementary to the routine monitoring. As far as the
use of remote sensing techniques for the description of The Danube Delta lakes’ trophic status is
concerned, we mention that a supervised classification for all the lakes has been carried out on the
basis of Landsat TM images since 1998 (Ramsey, 1998) with good results for discriminating the
transparency gradient, the types of both floating and submerse aquatic vegetation and the lakes
Danube too, the information resulted from several temporal radar and optical images have been
integrated during 2006 and 2010 and this produced satisfying results (Guttler et al., 2013; Niculescu
et al., 2014) . The feasibility of characterizing the lakes’ trophic state through remote sensing means
has been recently assessed (Birk & Ecke, 2014). Remote sensing allows acquiring synoptic data
which evenly covers large areas in time and space, repeatedly and non-intrusively, which makes its
use in environment to be advantageous (Anker et al., 2013). Nevertheless, the resolution of the
generated images (in general of 0,5 m) allows identifying and mapping vegetation only at the growing
shapes’ level, such as emergent and floating ones. (Valta-Hulkkonen et al., 2003; Bradley &
Fleishman, 2008), except for the case where the water bodies are dominated by a single species
(Gross et al., 1987). Recently, Spanhove and colab. 2012 have concluded that ‘it is less probable that
individual plants should be recognized from space in the next future’. The evolution of aircrafts without
pilots known as ‘drones’ generates images with a spatial resolution of about 5 cm and offers new
opportunities to map and monitor macrophytes at the species level, namely the necessary scale to
assess the ecological state (Husson et al., 2013). It is possible that in the future, the spatial and
spectral resolution of commercial remote sensing devices will allow species determination as well.
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MATERIALS AND METHODS

Discrimination of aquatic vegetation types is based on Sentinel 2 images. Sentinel-2A is the second
satellite of the European programme Copernicus, after the radar satellite Sentinel-1A launched in
2014. In partnership with The European Commission, within The Global monitoring of Environment
and Security system (GMES), The European Spatial Agency (ESA) launches the mission Sentinel-2
which produces optical images dedicated to the territory and coastal areas’ operational monitoring
(Miettinen et al., 2015).

The satellites will ensure a systematic coverage of the terrain with a 10-day repetition by a single
satellite and a 5-day repetition by two satellites. The resulted images are high optical resolution, have
290 km visual bandwidth and a 10m, 20m or 60m resolution, depending on the spectral bands and
ensure compatibility with the current missions SPOT and Landsat. Sentinel-2 is the first mission for
the optical observation of the earth which includes four bands in ‘red marginal vegetation’, providing
essential information with concern to the vegetation state. Sentinel-2 has 13 spectral bands out of
which 3 are in close infra-red (SWIR).

The 13 bands cover a larger spectre from visible and close infra-red to short infra-red waves: classic
blue (490nm), green (560nm), red (665nm) and close infra-red (842nm), bands dedicated to
discriminating terrain coverage; 6 bands with 20m resolution: 4 narrow bands in the spectral domain
of ‘red marginal vegetation’ (705nm, 740nm, 775nm and 865nm) and 2 SWIR wide bands (1610nm
and 2190nm) dedicated to discriminating snow / ice / detection of clouds and vegetation affected by
swamping; 3 bands with 60m resolution dedicated to atmospherically correction (443nm for aerosols
and 940 for water vapours) and for detecting Cirrus clouds.

The Sentinel-2 Level-1C (L1C) MSI images have been downloaded from the platform “Sentinels
Scientific Data Hub” (https://scihub.copernicus.eu/).

The satellite images processing has been done with the programme ,Sentinel-2 Toolbox (S2TBX)
version 2.0.4 on the platform SNAP (Sentinel Application Platform) version 2.0.2 on Windows 7 (64
bits). The programme “Sentinel-2 Toolbox” has been developed for ESA by CS (Communication &
Systémes), in partnership with Brockmann Consult, CS-Romania, Telespazio Vega Deutschland,
INRA and UCL. The programme ,Sentinel-2 Toolbox” consists of large set of visualisation models,
analysis and processing of high-resolution optical images including the ones acquired by Sentinel-2
MSI sensors. Sentinel-2 images have already been ortho-rectified within the UTM 35N mapping
system by ESA (level 1C).

The collection of vegetation samples - Ground Control Points (GCP) was carried out in June, July and
September 2016. Each vegetation sample had a surface of approximately 25 m2. The aquatic
submerse plants were collected from the boat with a rake. The number of samples for each lake was
established according to lake’s size and the variation of aquatic vegetation coverage. The place for
the samples was chosen as having been representative for the coverage and the type of the lake’s
aquatic vegetation. For example, if 6% of the lake is Nitellopsis obtusa, 30% Ceratophyllum
demersum and 10% Elodea canadensis, then 6 vegetation samples are selected from the area with
Nitellopsis obtusa, 3 from the area with Ceratophyllum demersum and 1 from the area with Elodea
canadensis. For each sample, the geographic coordinates were recorded by means of a portable
GPS, the water transparency and depth were set with the Secchi disk.

The abundance/dominance of each species was estimated visually by using the 7-level Kohler scale.
The abundance/dominance is a mandatory characterization index for macrophyte communities, by
being associated to each species identified within a vegetal association on the occasion of carrying
out the macrophytes sample. It estimates the coverage ratio with aerial projections of the component
species on the sample surface, considering them together (general coverage) and separately (specific
coverage) as well.

For the ratio estimation of each species during the vegetation survey, it was firstly recorded the
degree of macrophytes total coverage, then it was specified the percentage by which it participates to
the making up of the vegetal group for each species in the floristic inventory. The percentage was
rendered through abundance/dominance (AD), representing both the individuals number and the
surface they cover.
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In order to check the estimation precision, the abundance/dominance average values are added up
for each species and it should correspond to the total coverage. In some cases, it may exceed the
100% value providing that the vertical projections of individuals intergrow.

In the same way, the degree of infestation with macrophytes was recorded - % PVI (percent of plant
volume infested). This is a quality index related to the macrophytes presence within the water bodies.
PVI is calculated as a multiplication between the value of the coverage surface and the value of the
aquatic plant height out of the water mass, divided to the value of the water depth (Canfield et al.,
1984). The additional physic and chemical data: pH, temperature, chlorophyll “a”, nutrients’ content
etc., were measured in the same period of time, and all the available data were included in the
analysis and calibration of the spatial data with the field ones.

RESULTS AND DISCUSSIONS

Distribution of vegetation samples - Ground Control Points (GCP) carried out in 2016 over the images
(Fig. 1) was imported in ‘shape’ format. This allows spatial localisation of samples on the images and
the identification of aquatic vegetation type present in that location from the database. By
extrapolation, there can be determined the surfaces covered with various types of vegetation,
estimated the water transparency classes, areas with active sedimentation etc.

2 9 oE'IE] :
Figure 1 Distribution of vegetation samples (GCP) within the area of Matita — Merhei

For discrimination of the aquatic vegetation types, a series of specific thematic algorithms have been
processed by means of Sentinel-2 Toolbox programme. The analyses results for each index
considered useful for the discrimination of aquatic vegetation is rendered below.

a) The vegetation index
The algorithm ‘The Vegetation Index Ratio’ (RVI) indicates the vegetation quantity. It also reduces
atmosphere and topography effects. The processing result is visualised in figure 2 where a good

discrimination of both floating vegetation (Nymphaea sp., Nuphar luteum, Trapa natans and
Stratiodes aloides) and areas with active sedimentation may be seen.
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Figure 2 Results of image processing for The Vegetation Index

b) The algorithm ‘Pigment Specific Simple Ratio’ or the chlorophyll index was developed by Blackburn
(1998). The algorithm PSSR has the strongest and most linear correlation among chlorophyll ‘a’, ‘b’,
carotenoid pigments and plant concentration on the surface unit (Fig. 3). For Sentinel-2, the formula
is:

B7 /B4: B7 = 783 nm (15 nm) and B4 = 665 nm (30 nm)
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Figure 3 Results of image processing for The Chlorophyll Index

c) The Water Index and the normalized vegetation differentiation index (NDVI)

The algorithm Normalized Difference Water Index’ (NDWI) was developed by Gao (1964) and
determines the molecules of liquid water in vegetation which interacted with the received solar
radiation. NDWI is sensitive to the changes of water content in vegetation. It is less sensitive to the
atmospheric effects than NDVI (The Normalized Differentiation Vegetation Index). NDWI does not
completely eliminates the reflectivity effects of the ground soil, therefore it should be considered an
independent vegetation index. It is complementary and not a substitute for NDVI. The result of
processing these algorithms (NDWI, NDVI) is rendered in figure 4, respectively 5 on the processed
images, there can be seen the areas with a larger aquatic vegetation coverage.
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d) The second algorithm ‘Normalized Difference Water Index ‘(NDWI2) was developed by McFeeters
(1996) with the purpose to detect surface waters within wet environments and to allow measuring the
width of the water surfaces (Fig. 6).
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Figure 4 Results of image processing for The Normalized Difference Vegetation Index (NDVI)
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Figure 5 Results of image processing for The Water Index (NDWI)
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Figure 6 Results of image processing for the second algorithm ‘Normalized Difference Water Index’
(NDWI)

CONCLUSIONS

Within this study we have test a series of specific thematic algorithms for discrimination of aquatic
vegetation types based on Sentinel 2 images. During this stage, the database has been completed
with vegetation samples covering 44 lakes of the Danube delta and transformed in shape format to be
imported for further supervised classification of satellite images. For the discrimination of aquatic
vegetation types, a series of specific thematic algorithms were processed by means of Sentinel-2
Toolbox programme. The Vegetation Index carried out a good discrimination of both floating
vegetation (Trapa natans) and areas with active sedimentation. By processing the algorithm ‘Pigment
Specific Simple Ratio’ or The Chlorophyll Index, information regarding plant concentration on the
surface unit has been gathered. The algorithm ‘Normalized Difference Water Index’ (NDWI) has
proved to be very useful in getting a gradient of coverage with aquatic vegetation on each lake. In a
next stage of the work we will run supervised classification of the satellite images aiming to contribute
to the optimization of a lake quality’s monitoring.
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