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1. Introduction

Abstract

As one of the most important members of the freshwater ecosystem, lakes have been under
pressure in recent years, mainly due to climate change, population growth and anthropogenic
activities, which adversely affect water quality and cause several environmental disasters
such as harmful algal blooms. Remote sensing technologies have been widely used for their
advantages in monitoring rapid changes in freshwater resources at global and local scales. The
main goal of this study is to detect and map the dense floating algae formations observed in
Lake Iznik, the largest freshwater source of the Marmara region, in 2022. For this purpose,
Automatic Mucilage Extraction Index (AMEI), initially proposed for mucilage detection, and
the well-known Normalized Difference Water Index (NDWI) were utilized, and their
performances were compared in mapping algal formations using the Landsat-8 image. The
results showed that the floating algae formations covered 12.1% (about 36.35 km?) of Lake
Iznik on June 5, 2022. In addition, the high-density algal formations were detected with 99%
accuracy, while high- and low-algae formations were detected with 77% accuracy in the AMEI
index map produced with appropriate threshold values. As a result, it can be concluded that
the AME], initially formulated by considering the spectral bands of Sentinel-2, can be easily
adapted to Landsat imagery to extract floating algal blooms.

resolutions (Sun et al. 2022; Laneve et al. 2022;
Rodriguez-Loépez et al. 2023).

Lakes are one of the most important members of the
inland water ecosystem, playing an essential role in
many aspects, such as agricultural activities, biodiversity,
and meeting drinking water needs. Pressure on
freshwater resources has increased in recent years due
to rapid global climate change and impacts from
anthropogenic activities, resulting in a significant decline
in the surface water quality of the aquatic environment.
Pressure on the aquatic environment leads to significant
changes in the physicochemical parameters of lakes,
resulting in significant environmental problems such as
harmful algal blooms (Moss et al. 2011; Zhang et al.
2023).

Remotely sensed images are the most important data
source for monitoring water resources and detecting
changes over time. Recently, considerable literature has
grown around the monitoring and mapping of floating
algae formations observed on inland waters using
remotely sensed imagery at different spatial and spectral

Water indices have been widely used in mapping
algae formation using satellite datasets. For example, the
Floating Algae Index (FAI) was applied by Hu (2009) to
detect floating algae in the open ocean using the
Moderate Resolution Imaging Spectroradiometer
(MODIS) imagery. Furthermore, Rodriguez-Loépez et al.
(2023) investigated Chlorophyll-a concentration in
Andean Lake using the FAI and surface algal bloom index
(SABI) calculated from multitemporal Landsat imagery.
More recently, Colkesen et al. (2023) introduced and
applied an Automatic Mucilage Extraction Index (AMEI)
for mapping massive mucilage formations observed on
the Sea of Marmara using Sentinel-2 imagery.

In this study, the performance of the mucilage-
specific AMEI index in mapping floating algal blooms
observed intensively in Lake Iznik in June 2022 was
analyzed, and its performance was compared with the
Normalized Difference Water Index (NDWI), which is
commonly used in algae detection. A Landsat-8 satellite
image captured on June 5, 2022 was used as the primary
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data source in the application, and the results were
compared thoroughly.

2. Material and Methods

2.1. Study area and dataset

Lake Iznik, also known as Lake Nicaea, is a
freshwater lake located in the Bursa Province of Turkey
(Fig 1.) It is characterized by specific physicochemical
properties that play a crucial role in its ecosystem
dynamics. Oktem et al. (2012) stated that rapid
population growth, regional urbanization, and
agricultural activities in the basin negatively impact the
lake’s ecosystem. It was also underlined that the lake
shows a eutrophic characteristic due to the large
amounts of nitrogen and phosphorus returned to the
lake. Yagc1 and Ustaoglu (2012) highlighted that the lake
has a mesotrophic-eutrophic character regarding
zooplankton and is extremely sensitive to
eutrophication. Derin et al. (2013) underlined that the
lake has switched from mesotrophic to eutrophic in the
past thirty years.

In this study, the Landsat-8 (Collection 2 level-2)
image captured on June 5, 2022 was the primary data
source for mapping floating algae formations. Seven
bands of Landsat-8 at 30 m spatial resolution, consisting
of coastal aerosol, blue, green, red, near-infrared (NIR),
shortwave infrared-1 (SWIR-1), and shortwave infrared-
2 (SWIR-2), were used for index-based extraction of algal
formations.

(=]
=
[—4
[ &
3
=
=4
—
-]
3
LAKE [ZNIK
190000 200000 210000 220000
0 5 10 20 30 40

O e s Kilometers

Figure 1. The location of the study area
2.2. Method

Index-based feature extraction methodology based
on the utilization of AMEI and NDVI indices was followed

to extract floating algal formations observed on the
Landsat-8 image dated June 5, 2022. For this purpose, a
ground truth dataset consisting of 1500 pixels (i.e., 500
pixels for each class) representing water and algae
formations (i.e., high-density and low-density) was
selected from the image. The mean spectral curves of
these samples are given in Fig. 2 to analyze the spectral
characteristics of water and the algae formation
observed on the lake surface. As shown in the figure,
high-density algal formations could be identified with the
NIR band, whereas the difference between the DNs of
low-density algae and water pixels was relatively lower
in this band. On the other hand, it can be stated that algae
and water pixels have similar spectral characteristics in
the other bands of the Landsat image (except for the
green and red bands). Therefore, it is not easy to
distinguish pixels containing low-density algae from
water pixels.
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Figure 2. Spectral signatures of algae and water pixels

Considering the above-mentioned spectral features,
the AMEI and NDVI indices based on the use of green
(B3), red (B4), NIR (B5), and SWIR-1(B6) bands of the
Landsat-8 image were used in this study. The basic
formulations of the indices are given in Table 1 with
references. The AMEI and NDWI indices were calculated
to perform an index-based approach and derived grey-
level images were used as the primary data sources for
mapping algal formations.

Table 1. Formulas of NDWI and AMEI indices used in this

study
Index Formula Reference
NDWI B5-B6 Gao, 1996
B5+ B6
(2xB4)+B5—(2xB6)
AMEI B3+ (0.25x Bb) Colkesen et al. 2023
3. Results

In order to achieve the ultimate goal of the study,
grey-level AMEI and NDWI index maps were produced.
The resulting index maps and the false-colour Landsat
image captured on June 5 2022, are given in Fig. 3. As
shown in the false-colour image, high- and low-intensity
floating algal formations, which appeared in green colour
on the image, are mainly located in the middle and
northern-east part of the Lake Iznik. Furthermore,
cumulus cloud formations are observed in the eastern
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and western parts of the lake. On the grey-level index
maps, the highest index values indicate a high level of alg
concentration, whereas the lowest index values depict a
water surface. In addition, it was seen that the effects of
cumulus clouds were reduced by applying AMEI and
NDWI indices, and algae formations with high- and low-
density can be easily identified on the maps.
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Figure 3. Index maps produced with AMEI and NDWI

The grey-level index maps were classified into two-
class using multiple threshold values to investigate the
spatial distributions of the algal formations and calculate
algae-covered areas on the lake. Based on the natural
break thresholding algorithm, four threshold values
ensuring appropriate differentiation between algae and
water pixels were determined for the AMEI index map,
whereas two threshold values were optimal for
classifying the NDWI index map. It should be noted that
the class defined on the left side of the histogram,
consisting of pixels having low index values, was named
as water class in both index maps. On the other hand, the
remaining classes on the histograms (i.e., three classes on
the AMEI histogram and two classes on the NDWI
histogram) were merged into one class and named as
algae class. The resulting two-class index maps are given
in Figure 4. According to the two-class AMEI map, the
floating algae formations covered 36.35 km? (12.1% of
the total area) of Lake Iznik on June 5, 2022. On the other
hand, the algae-covered area was calculated as 27.63 km?
corresponding to 9.21% of the total lake area on the
classified NDWI map. The ground truth dataset

representing water and floating algae formation was also
used to assess the accuracy of the two-class index maps.

Landsat-8 (5 June 2022)
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Figure 4. C(lassified index maps of Lake Iznik
representing water and floating algae formations

The overall accuracy (OA) value, derived from the
standard confusion matrix, was used as a map accuracy
measure. When the accuracy analysis was performed
based on water and high-density algae samples, it was
seen that the classification accuracies calculated for the
AMEI and NDWI maps were 99.9% and 99.5%,
respectively. On the other hand, when the accuracy
analysis was performed considering the whole algae
samples, consisting of high- and low-density algae pixels,
it was observed that the classification accuracies
decreased significantly and calculated as 76.7% and
69.7% for AMEI and NDWI, respectively. This finding
indicates that high-density algae formations can be
accurately detected with an index-based approach, while
the accuracy is relatively low in distinguishing pixels
containing low-density algae formations from water
pixels. On the other hand, the mucilage-specific index,
AMEI, was superior to the popular NDWI index,
especially in extracting low-density floating algal
formations.
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4. Conclusion

This study evaluated the performance of AMEI and
NDWI indices in mapping the algal blooms observed in
Iznik Lake with the help of Landsat 8 images. More
specifically, the performance of the AMEI index, initially
proposed for detecting mucilage-covered areas from
Sentinel-2 imagery, was evaluated in terms of the
extraction of floating algal blooms and its applicability to
Landsat-8 satellite imagery. The results showed the
effectiveness of the AMEI index map produced with
appropriate threshold values in mapping algal blooms
observed in inland waters using Landsat-8 imagery. The
estimated map accuracy was 99% for the AMEI map,
indicating algae formations covered 12.1% (about 36.35
km?) of Lake Iznik on June 5, 2022. Results also indicated
that distinguishing pixels containing low-density algae
from water pixels was challenging due to their spectral
similarity. However, it should be noted that the
effectiveness of the index should be assessed in different
fields and with different data sets.
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