E proceedings @fy

Proceedings

Evaluating Sentinel-2 Red-Edge Bands for
Wetland Classification *

Gordana KAPLAN * and Ugur AVDAN

Earth and Space Sciences Institute, Eskisehir Technical University, 26555 Eskisehir, Turkey

* Correspondence: kaplangorde@gmail.com; Tel.: +90-536-697-5605

t Presented at the 3rd International Electronic Conference on Remote Sensing, 22 May-5 June 2018;
Available Online: https://sciforum.net/conference/ecrs-3.

Published: 9 August 2019

Abstract: Due to the high spatial heterogeneity and temporal variability, wetlands are one of the
most difficult ecosystems to observe using remote sensing data. With the additional Sentinel-2
vegetation red-edge bands, an improvement of the vegetated classes classification is expected. In
order to investigate the influence of the Sentinel-2 red-edge bands, in this paper we evaluate two
classification scenarios over wetland classes. The first scenario excludes the red-edge bands, while
in the second scenario all red-edge bands are included in the classification dataset where two
different wetland classes—intensive vegetated wetland classes such as swamps and partially
decayed vegetated wetland areas such as bogs—are classified using a support vector machine
(SVM) learning classifier. The classes are defined using high-resolution images from an Unmanned
Aerial Vehicle (UAV) obtained on the same date with the passing of the Sentinel-2 satellite over the
study area. As expected, the results show a significant improvement of the intensive vegetated
wetlands, with more than 30% in both user and producer accuracy, while no significant changes are
noted in the partially decayed vegetated wetlands. For future studies, we recommend evaluating
the influence of the Sentinel radar data over wetland areas.
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1. Introduction

Wetlands are one of the most significant ecosystems on Earth, as they provide a number of
ecological services and a number of valuable functions [1]. Several studies [2,3] have reported the loss
of this valuable ecosystems worldwide. Threats to wetlands occur due to natural processes including
climate change and invasive species, as well as human activities including agricultural development,
deforestation, industrial activities, dams, etc. [4]. Over the years, several reviews regarding the
satellite remote sensing of wetlands have been conducted. State-of-the-art research includes object-
based image analyses (OBIA) for wetland classification using the newest remote sensing sensors and
techniques [5].

With the launch of the Sentinel Satellites as a part of the Copernicus Programme by the European
Space Agency (ESA), anew era in the satellite imagery began. With a similar local pass time, Sentinel-
2 images continue the legacies of Satellite Pour 1'Observation de la Terre (SPOT) and Landsat,
allowing researchers to combine Sentinel data with historical images. Even before their launch,
researchers started to investigate their capabilities. For example, Delegido el at. [6] conducted an early
evaluation of the Sentinel-2 red-edge bands for green leaf area and chlorophyll content estimation,
and found that the inclusion of these bands is highly important. Abdikan et al. [7] used multi-
temporal Sentinel-1 data for the crop growth of maize in Konya, Turkey, and achieved accuracy
results higher than 80%. Ustunler et al. [8] used Sentinel-1 images for land use/land cover
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classification over Istanbul, Turkey, and investigated three different classification algorithms as well
as the effects of additional band combinations. Their findings showed that highest classification
accuracy was achieved with the original Sentinel-1 bands using the support vector machine (SVM)
algorithm.

Due to the high spatial heterogeneity and temporal variability, wetlands are one of the most
difficult ecosystems to observe using remote sensing data. The biggest challenge in wetland mapping
is separating the wetland class from upland classes such as forest and agricultural areas [9]. With the
additional Sentinel-2 vegetation red-edge bands, an improvement of the vegetated classes
classification is expected. In order to investigate the influence of the Sentinel-2 red-edge bands, in this
paper we evaluate two classification scenarios over wetland classes in the Central Anatolian Region
in Turkey. In the first scenario the red-edge bands are excluded from the dataset, while in the second
scenario all red-edge bands are included in the classification dataset where two different wetland
classes—intensive vegetated wetland classes such as swamps and partially decayed vegetated
wetland areas such as bogs—are classified using a support vector machine learning classifier.

2. Data and Methodology

Sentinel-2 is a fine spatial resolution satellite imaging mission containing two satellites, Sentinel-
2A, launched on 23 June 2015, and Sentinel-2B launched on 7 March 2017, as a part of the European
Copernicus program [10]. The Sentinel-2 Multispectral Instrument (MSI) is considered to be the
follow-up mission to the SPOT and Landsat instruments, intended to provide a continuity of remote
sensing products [10]. Sentinel-2 offers satellite images with a resolution from 10 to 60 m [11], or 13
spectral bands in the visible, near-infrared, and shortwave infrared wavelengths, with four bands at
10 m, six bands at 20 m, and three bands at 60 m spatial resolution. In comparison with the latest
Landsat OLI/TIRS, Sentinel-2 has a better spatial resolution and better spectral resolution in the near-
infrared region, with three additional vegetation red-edge bands with 20 m spatial resolution.
However, it does not offer thermal or panchromatic data. The Sentinel-2 MSI sensor, as compared to
existing satellite sensors, requires adjustment to allow the extension of the actual time series [12].

Several studies have elaborated on the Sentinel-2 pan-sharpening topic, in which researchers
have attempted to produce the missing panchromatic band with a different combination of the
existing 10 m spatial resolution bands [13-15]. In this study, a pan-sharpening of the 20 m vegetation
red-edge bands was made, as suggested as in [15].

The study area has a plain appearance with respect to the shape of the Earth. Most part of the
region is flat with an elevation of 1000 m, while the ridges of the Sakarya and Kizilirmak valleys
represent the lowest flats with elevations of around 700 m above sealevel The central Anatolian part
of Turkey has a continental climate with very high temperatures during summer days and cool
nights, in addition to cold and hard winters. Central Anatolia is generally a region with low rainfall.
The annual rainfall varies between 300 and 500 mm. When it comes to the distribution of precipitation
according to the seasons, the summer season is generally dry, autumn is rainy, while in spring and
winter there are heavy rains. In this paper we used one Sentinel-2 satellite image obtained over the
study area on 10 August 2017, when field measurements were conducted. Two wetland classes were
defined using high-resolution data collected on the same date [16] (Figure 1) —swamps and bogs. The
Central Anatolian Region of Turkey is rich in small wetland areas, which is the reason why this area
was selected as the study area in this paper. The significance of the small wetland areas can be
deduced from the overall number of bird species in Turkey, which is more than 500. Two hundred
and fifty-six of them can be found in Balikdami [17], located in the Central Anatolian Region,
accounting for more than half of all birds species identified in the whole of Turkey.
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Figure 1. General view of the study area.

After pre-processing the Sentinel-1 image, the datasets used in the analyses were constructed.
Thus, in order to determine the influence of the red-edge bands, the vegetation red-edge bands were
not included in the first dataset, while all Sentinel-2 bands were included in the second dataset.
Afterwards, in order to proceed with OBIA, multi-resolution segmentation was performed for both
of the datasets. Sample collection was collected for the two wetland classes, intensive vegetated
wetland (swamps) and partially decayed vegetated wetland (bogs). As several researchers have
presented more successful results using support vector machine (SVM) for land cover classification,
in this paper we use an SVM classifier intergraded using eCognition software. For accuracy
assessment, we use 1200 random points and determined the user and producer accuracy of the two
wetland classes. In the next step, in order to evaluate the influence of the Sentinel-2 vegetation red-
edge bands, we compared the results of the two datasets. A detailed flowchart of the methodology
used in this paper is presented in Figure 2.
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Figure 2. Methodology used in this study.

3. Results

The results of the classifications of the first dataset are presented in Figure 3. The visual
comparison of the results indicates a low accuracy in classifying swamp areas in the first dataset,
while the second class, bog, was found to be accurately classified. However, their readability was
significantly low. The producer and user accuracies of the swamp class were approximately the same,
about 50%. In general, the swamp class was confused with agricultural and forest areas.

In the results from the second dataset, the producer and user accuracies of the swamp class were
significantly higher than the results from the previous dataset, with approximately 73% user and 80%
producer accuracy. Similar to the first dataset, the producer accuracy of the bog class was higher at
approximately 96%, while the user accuracy was significantly lower at approximately 66%. This
means that the bog class was accurately classified, but the reliability of the bog class was still quite
lower.

Legend [ | Bogs M Swamps g & 10 20

Figure 3. Results of Dataset 1.
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4. Discussion

The results presented in this paper are significant for wetland classification, especially for dense
vegetated wetlands such as swamps. Although the red-edge bands did not affect the bog
classification, their influence on swamp classification was very significant. The producer accuracy of
the second dataset in the swamp class was 30% higher, and the user accuracy was about 27% higher
than that in the first dataset. The red-edge bands helped in separating the marsh from the green dense
agricultural areas. Other studies [6,18,19] have also confirmed the significance of red-edge sensors in
different land covers and in wetland areas. The findings in [19] indicate that the influence of the red-
edge bands is about 20%, while the addition of the radar bands did not contribute to wetland
classification. However, the authors only investigated one wetland class, swamps. For the utility of
the radar bands in the classification of partially decayed vegetated wetland areas such as bogs, further
investigations are needed.

5. Conclusions

In this study, we investigated the influence of Sentinel-2 red-edge data on vegetation over two
types of wetlands. The influence of the red-edge bands over the swamp class showed an
improvement in the results of more than 27%. The complex structure of wetlands requires their
classification in more than one class. While both bogs and swamps are considered wetland areas, they
have very different characteristics and different datasets should be used for their accurate mapping.
Radar data have stronger backscatter signals from wetter surfaces as compared to drier surfaces.
Thus, according to the results presented in this study, the data obtained from Sentinel-2 are more
suitable for swamp classification, while bogs should be observed through the combined use of optical
and radar satellite images.

For future studies, we recommend the investigation of the influence of different data for
different wetland classes, as well as the consideration of multi-temporal data as an addition to the
presented datasets in this study.
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Abbreviations
The following abbreviations are used in this manuscript:

SVM support vector machine

UAV  unmanned aerial vehicle

OBIA  object-based image analyses

ESA European Space Agency

SPOT  Satellite Pour I'Observation de la Terre
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