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Abstract

Wetlands constitute areas with significant value and service offerings both in
anthropogenic and natural enuvironments. TaRing into consideration the
importance of studying wetland ecosystems and their changes, the aim of this
paper is the obseruation of Lake Karla’s reservoir fluctuation, since its
reconstitution in 2010. For this reason, annual and seasonal fluctuations of
the reservoir were estimated, utilizing remote sensing Synthetic Aperture
Radar (SAR) (Sentinel 1) and optical (Sentinel 2) imagery, as well as Landsat
5 imagery. For SAR imagery an image segmentation method with a dynamic
threshold operator based on mean values is utilized, while for optical imagery
the Normalized Difference Water Index (NDWI) is applied. The findings reveal
changes in Karla’s reservoir, with its acreage being continually increased on
average on an annual basis. Meanwhile, on a seasonal basis, the results
indicate some variations in the reservoir, due to precipitation and irrigation
purposes.
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1. INTRODUCTION

Global environmental issues such as climate change and anthropogenic interuentions like
pollution, land use changes and ouer-exploitation of natural resources are putting
pressure on ecosystems. In this way, all modern societies are about to face a “green”
challenge: the biodiversity preservation of all aquatic ecosystems. As a constituent
aquatic ecosystems, the lakes as well as their surrounding areas, constitute extremely
vital and dynamic biodiversity sites that needs monitoring, conseruvation, and protection
due to its physical, economic, social and cultural values (Dellepiane et. al., 2004; Climate
Change Impacts Study Committee, 2011; Paes et. al., 2015; Zormpas et al., 2017).

In particular, knowledge derived from the study of the fluctuations as well as the
behavior of inland water bodies in general is an important tool in a variety of research
fields such as space planning, management, and sustainable development, as well as
environmental management of water resources (Dellepiane et. al., 2004; Liu & JezeR,
2004; Sheng et. al., 2012). The extraction of information about area measurements in a
water body can occur either by field research, optical interpretation (using high
resolution aerial photography) or by remote sensing (RS) processing of
optical/multispectral and Synthetic Aperture Radar (SAR) images, each of which is
characterized of advantages and disaduantages (Pradhan et. al., 2018).

More specifically, regarding SAR sensors, their broad spatial coverage, their high
spatial resolution, their ability to acquire imagery regardless of the weather conditions
and the time of the day, make their data a reliable source of information in the
environmental research (Brisco, 2015; Parcharidis, 2015). As for the disadvantages, the
methods and techniques of discerning water bodies with SAR imagery, are requiring
computing hardware of high performance and the user’s aduanced sRills for manual
modifications (Paes et. al. 2015, Liu et. al., 2016). More specifically, the manual
modifications in many cases include the delineation between the land surface and water,
using thresholding (Liu, 2016; Prasad, Garg and Thakur, 2018).

On the other hand, optical imagery is also widely used in inland waterbody mapping
with plenty of methods being deuveloped. The methods used are discerned to those which
use one spectral band and the other which use multiple spectral bands (McFeeters, 1996;
Xv, 2006). One of these methods the Normalized Difference Water Index (NDWI) of
McFeeters (1996), which is applied in most of the cases in the bibliography and it is also
applied to our study. The difficulties related to the use of optical imagery, are the cloud
coverage and the time of image acquisition in one area (Parcharidis, 2015).

The aim of this study is the observation of lake Karla’s reservoir fluctuation since its
reconstitution, with the use of remote RS techniques. The usage of SAR and optical
imagery, with their respective methods, aims to monitor the variations of an inland
waterbody reservoir. Furthermore, the contribution of different RS data is compared in
order to highlight the potential of each sensor.

2. STUDY AREA

The basin of lake Karla is located in the southeastern Thessaly in Central Greece, between
the administrative boundaries of Magnesia and Larissa prefectures, near Volos (Fig. 1). It
is an elongated, shallow and relatively enclosed area of about 1.660 Km? without a
phuysical surface hydraulic communication with the sea, which reduced to 1171 Km? after
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the drainage projects (Sidiropoulos, 2014). The main source of that basin’s water supply
is the surface networR of Pinios canals and the aquifer (Xenarios et. al., 2016). The area
of the lake before the drainage procedures exhibit fluctuations from 40 to 108 Km?, due
to the Pinios river floods phenomena (Zisou & Psilovikos, 2012). As a whole, the
geomorphological evolution of the basin is a result of climatic, lithological, tectonic and
geomorphic conditions and processes during the Quaternary period (GaRi-Papanastasiou,
2011). More specifically, the Karla basin is a tectonic sink which due to its formulation
with sandy lake deposits and coarse-grained sediments, has led to a high hydro
permeable background (Gerakis, 1992). As a result of the basin’s terrain, about 60% is
characterized as agricultural land (Sidiropoulos, 2014). More analytically, according to
Corine Land Couer 2018, most of the area is covered by permanently irrigated and non-
irrigated arable land, followed by hardwood vegetation and pastures. The climate of
Karla's wider area is characterized as Mediterranean with dry and hot summers and cold
and humid winters (Xenarios et. al., 2016).

Lake Karla reservoir was drained in 1962 by the Greek State due to the need for flood
control, to combat malaria and to provide a living to the locals by creating more land for
agriculture. After the accomplishment of this project, it was prouved that its consequences
were more severe than its benefits. The drainage caused the incapacity of water supply
in surrounding areas such as the fall of groundwater level, impacts in biodiversity with
fauna and flora being negatively affected and last but not least, impacts in the
microclimate of the area. For this reason, after the evaluation of these negative effects
in the late 1990’s the reconstitution of the reservoir of 38 Km? was conceived and started.
Its purpose was to aid the irrigation of the area, its flood protection and the restoration
of the ecosystem’s balance. With the proper infrastructure constructed in the December
of 2010, the pumping of water from Pinios to the new Lake Karla reservoir was started.
(Ministry for the Environment, Spatial Planning and Public Works, 2008; Sidiropoulos,
2014; Water Resources and Environment of Thessaly, 2019)
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Figure 1. Study area.
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3. DATA AND METHODOLOGY

3.1 Data

The dataset used for the extraction of the Lake Karla’s surface consists of both
Sentinel 1 and 2 satellite images, as well as two Landsat 5 images (See Table 1). For the
estimation of:

e the annual changes, a Landsat 5 optical image was used for the 2010, as well as 4

Sentinel 1 images, one per year, for the period 2014-2018.

e the relative two-month change for 2017 was exploited 6 Sentinel 1 images

e the monthly comparison for 2018, 12 Sentinel 1 and 10 Sentinel 2 images (January-

October) were used.

More specifically these data are:

(i) Sentinel 1 SAR imagery. The products used are Ground Range Detected products (GRD)
Interferometric Wide swath (IW) of Ascending and Descending acquisition orbit and
Vertical Vertical (VV) polarization. GRD products are georeferenced, focused and
assigned with terrain geometry and their spatial resolution is 20 m X22 m (10 m X
10 m imagery resolution). (European Space Agency, 2012; European Space Agency
2019)

(ii) Sentinel 2 optical imagery. The products used are Level-1C (L1C) which are
georeferenced and radiometrically corrected. Its spectral bands have a spatial
resolution of 10 m, 20 m, and 60 m. (European Space Agency, 2012; European Space
Agency, 2015; European Space Agency, 2019)

Sentinel imagery is available from Copernicus Open Access Hub platform (URL:
https://scihub.copernicus.eu/)

(iii)) Landsat 5 TM optical imagery. These products were downloaded from USGS Earth
Explorer platform (URL: https://earthexplorer.usgs.gou/). They are geometrically
corrected. The Thematic Mapper (TM) six out of seuen bands have a spatial
resolution of 30 m X 30 m. (USGS, 2019)

(iv) The meteorological data were downloaded from Meteo.gr (URL:
http://meteosearch.meteo.gr/) of National Obseruatory of Athens. These data are
taken from the nearest meteorological station of Agia, Larissa in 167m altitude.

Table 1. Remotely Sensed imagery.

SAR Imagery Optical Imagery
Sentinel 1 GRD IW Sentinel 2 L1C IW Landsat 5 T™M

24/10/2014 S1A Asc 24/1/2018 S1B Desc 19/1/2018 S2B Desc 5/7/2008
21/10/2015 S1A Asc 5/2/2018 S1B Desc 8/2/2018 S2B Desc 31/10/2010
25/10/2016 S1A Asc 25/3/2018 S1B Desc 30/3/2018 S2B Desc

22/2/2017 S1A Asc 24/4/2018 S1A Desc 24/4/2018 S2A Desc

24/4/2017 S1A Asc 18/5/2018 S1B Desc 19/5/2018 S2B Desc

22/6/2017 S1B Asc 23/6/2018 S1A Desc 23/6/2018 S2A Desc

27/8/2017 S1B Desc 29/7/2018 S1A Desc 28/7/2018 S2B Desc

26/10/2017 S1B Asc 22/8/2018 S1A Desc 22/8/2018 S2A Desc
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25/12/2017 S1B Asc 21/9/2018 S1B Desc 21/9/2018 S2A Desc
27/10/2018 S1B Desc 26/10/2018 S2B Desc
20/11/2018 S1B Desc

20/12/2018 S1A Desc

Asc: Ascending / Desc: Descending
S1A: Sentinel 1A / S1B: Sentinel 1B | S2A: Sentinel 2A / S2B: Sentinel 2B
Source: Copernicus Open Access Hub

Source: USGS Earth
Explorer

Supplemental to the aboue RS data, for the presentation of the results, were also used
the data shown in Table 2.

Table 2. Additional data and their source.

Data Type Source
Aster GDEM Raster (~30 m) NASA Earthdata
Settlements Vector Geoportal of Special Secretariat for Water
Administrative prefectures Vector Geodata.gou.gr
Rivers Vector Geoportal of Special Secretariat for Water
Lakes Vector Geoportal of Special Secretariat for Water

3.2 Methodology

The resolution of SAR images is 10 m X 10 m and for this reason, optical images are
resampled with the bicubic method to match this resolution. All the imagery used was
subsetted before the processing so as to focus on the study area and to maximize the
speed of processing. Also, the last part of the processing in both methodologies is common
and includes the import of the RS products in a GIS environment, their reclassification,
their raster to vector polygon conversion form which is retained only the surface of the
lake and lastly the area calculation. The projection system used and assigned to the data
is the WGS 1984 UTM Zone 34N which is proper for the study area. Regarding processing,
it tooR place in the open software of European Space Agency STEP platform SNAP 6.0,
while the visualizations and measurements were done in the commercial software ArcGIS
10.4 of ESRI.

3.2.1 SAR Imagery

In SAR imagery, it is important to mention the roughness of water surfaces before
analyzing the methodology. More specifically, in SAR C-band the water surfaces usually
have very low backscattering values in comparison with other surfaces. Due to this
reason, water bodies are looRing darkR because they are behaving like mirrors.
(Westerhoff et. al., 2013; Liu, 2016; Pham-Duc, Prigent, & Aires, 2017)

Following the subset of the images, the next step is their Calibration, which assigns
the radar backscatter values of the scene to the pixels, creating a new sigma-nought
image format, useful for quantitative purposes. After that Linear to db command is
implemented, and the existed pixel values are conuerted to decibel (dB) (SNAP, 2019).
SAR images inherent “noise” called speckle, caused by random constructive and
destructive interference of the de-phased but coherent return waves scatter by the
elementary scatters within each resolution cell. Keeping in mind that speckles degrade
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the quality of the image and make feature interpretation more difficult, in our case is
applied the Lee filter 5x5 (Lee et. al., 1994). The Lee filter is designed to eliminate speckle
“noise” while retaining edges and point features in radar imagery (Yu & Acton, 2002).
The images are then geometrically corrected using the Range Doppler Terrain Correction
Operator, where the geometric correction is based on the SRTM 3sec digital elevation
model used by the software. At this point of the processing, follows calculation of the
threshold which is calculated using each image histogram, in order to separate the land
and water, following the below formula:

us+ul
T = .

[1]

Where: T= Threshold value, us: Mean value of water class distribution, pl= Mean value
of land class distribution (Bioresita & Hayati, 2016). Then, the Band Math tool is used for
the separation of the land and water through the following mathematical operation
(Equation 2).

255* (sigma0_VV < T) [2]

Sigma0_VV is the image in which the above mathematical operation is applied, while
T is the threshold at which the two values are divided. Since the above procedures
resulted in binary images, in which water is separated by land, it is now possible to
process them in ArcGIS as mentioned before.

3.2.2 Optical Imagery

Analyzing the methodology utilizing optical imagery, after the preprocessing mentioned
before, the NDWI (Normalized Difference Water Index) index was applied. NDWI utilizes
the spectral bands of visible Green and Near Infrared (NIR), which are used to make a
distinction between land and water according to the Equation 3. More analytically, this
index with the use of visible Green band increases the typical reflectance of water while
the Near Infrared band decreases its low reflectance in water. In other words, it takes
advantage of the high reflectance of soil and vegetation in Near-Infrared having values
ranging from -1 to 1. (McFeeters, 1996)

(Green—NIR)
(Green+NIR)

NDWI = [3]

Then, in the new NDWI image in order to distinguish clearly the water and land
surface, a thresholding via Band Maths was applied (Equation 4). The NDWI values
bigger than 0.3 represent the water while values smaller than 0.3 represent the land
surface (McFeeters, 2013). After the reprojection of the results in the desired projection
system, they were exported as GeoTIFF and the final processes mentioned before took
place.

Waterbody = 255 * (NDWI > 0.3) [4]
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4. RESULTS

The results of all the aboue procedures led to the below figures, concerning the area
occupied by Lake Karla, annually, seasonally and monthly for the time period from
2010 to 2018.

2010 2014 2015
30,19 Km? 32,04 Km?* 32,41 Km?

L

2016 2017 2018
32,24 Km? 32,45 Km? 33,34 Km?
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Figure 2. Annual area of water body change 2010-2018 per year.
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Figure 3. Area of water body changes 2010-2018
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From the combinational observation of figures 2 and 3, it is understood that the area
of the lake increases over time. More specifically, the highest growth rate is found during
the first years after the reconstitution of the lake (2010-2014) with an increase of 6.13%
(1.85 Km?), while a negative change occurs between 2015 and 2016 with a 0.54%
reduction in Lake area (0.17 Km?). Howeuver, the change from 2010 to 2014 cannot be
taken into account because it is not an annual change. As it is more clearly shown in
Figure 4, the positive change is mainly located in the south part of Lake Karla while the
most sides of the reservoir have not changed due to the infrastructure which is
constructed to limit the lake’s area. It has to be mentioned that at the sides of the
constructions, small changes are noticed, related either to the angle of the image
acquisition of the sensors (Thematic Mapper of Landsat 5 and C-SAR of Sentinel 1) or the
water level changes.

Moreover, it is evident that the changes in the internal surface of the lake are related
to the loss of land patches when the water level rises. This interaction is possibly related
with the refill of the underground water supply due to the fact that this refill results in
the expose of land patches and constructions like demarcation walls of parcels or roads
created during the drying of the lake. In addition, it is worth noticing that the three
artificial bird islets, located in the north of the lake, exhibit a fixed area over time, which
is desirable for the biotope restoration.

With regard to Figure 5, concerning the monthly 2018 changes in the area of the lake
using optical and SAR imagery, it is observed that the general course of variations does
not follow a defined pattern, but common trends are identified. Generally, optical
imagery attributes a larger area to the lake. More specifically, in March there is a
common increase in the area, which is followed by a reduction in both cases.

Legend

Altitude

[0 Positive change 2018 m High: 711m

I Negative change 2018
[ Water body B w11 m

Figure 4. Annual area of water body changes 2010-2018 symmetrical difference.
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For optical imagery between April-September, there are no strong fluctuations, which
does not apply in the case of SAR. Between the two methods, the smallest difference in
the lake's area is in July, while the largest in May. At this point, it should be noted that
for Nouember and December it was not possible to find images to complete the optical
data set. The fluctuation is mostly related to the precipitation of each month and the
agricultural irrigation period with the SAR to follow more accurately this relationship.

On the basis of the seasonal area comparison for 2017-2018 presented in Fig. 6, it is
obuious that a relatively common course is followed, with an appearance of lower areas
in June, possibly due to irrigation. In both years the precipitation plays an important role
as it can be compared with the meteorological data.
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Figure 5. Area of water body changes per month optical and SAR comparison in 2018.
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Figure 6. Area of water body changes per two months in 2017 and 2018.
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5. DISCUSSION

Locating the temporal and spatial change patterns in a timeline, utilizing RS data and
different methods, allows one to effectively monitor the variations of an inland water
body. One suggestion for the expansion of the current work is the acquisition of
measurements from the management body of Lake Karla, in order to validate the findings
and decide which method suits better for the obseruvation of inland water ecosystems.

Despite their benefits, RS data are accompanied with some limitations. RS data
availability due to meteorological conditions, such as cloud coverage, is limited regarding
optical sensors, thus not enabling us to assess the interval years between 2010-2014
period. Moreover, the RS data volume is high enough to require for the proper execution
of the processing, in combination with the needed software, computing infrastructure of
high performance. Regarding SAR imagery in inland water mapping, the polarization
plays an important role because differences between the results of VV and VH
polarizations are noticeable according to previous research. In addition, in cases of
significant water level change or flooded areas, the use of averaging backscatter values
of SAR imagery is more representative. Lastly, a decisive factor for the area estimation is
the spatial and temporal resolution.

The rate of the reservoir area increase is low, maybe due to the high hydro
permeable lake bed. This bed helped the refill of the underground water supply in this
area utilizing the lake’s water. After the refill of the underground water supply, the rate
of increase quickened as a result of some key factors like surface runoff and precipitation.
It is important to be mentioned that the current Karla has less than half of the original
natural lake acreage, making visible the different dynamics and benefits.

6. CONCLUSIONS

This study reached some conclusions. Regarding the imagery of different types utilized in
the current study, optical imagery assigns a larger area to the lake than SAR imagery. It
is suggested that a more thorough future research including validation of the results with
the real state should be carried out. By combining the findings of the present work with
rainfall data for the counter-temporal periods, it can be observed that the seasonal and
monthly fluctuation of the lake area is basically due to rainfall and irrigation purposes.
The artificial lake Karla may vary considerably from the natural lake that was dried in
1962, howeuver, is a fairly important aquatic body for the broader area. In addition, on
the basis of the results of this work, it seems that the objectives of the original design of
the lake have been achieved greatly thus resoluing the problems that the drainage
caused. TaRing into account what is previously mentioned, this study concludes that both
RS data types are capable of sufficiently monitoring an inland water body but due to
limitations of optical, SAR imagery can provide a more complete dataset for this purpose.
Also, the importance of the remote sensing in inland waterbody monitoring it was proved
again, like in similar studies, constituting a powerful cost-effective tool for this purpose.
Lake area is basically due to rainfall and irrigation purposes. The artificial lake Karla
may vary considerably from the natural lake that was dried in 1962, howeuver, is a fairly
important aquatic body for the broader area. In addition, on the basis of the results of
this worR, it seems that the objectives of the original design of the lake have been
achieved greatly. Taking into account what is previously mentioned, this study concludes
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that both RS data types are capable of sufficiently monitoring an inland water body but
due to environmental limitations of optical, SAR imagery can provide a more complete
dataset for this purpose.
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