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= Reservoirs play a significant multipurpose role, mainly contributing to the water supply of “ , Sentinel-2 L2A S T

agricultural areas, energy produchon, and serving as drinking water sources. Inland Wo’rerbc.)d|e.s, s 1. Gloud Cover Estimation within AOI
such as reservoirs, face serious threats to their water balance due to climate change, which in AOI, Cloud-Cover, Date Range 2. Filter based on AOI cloud cover

. . > i - 3. Optimal Image Selection
many cases leads to substantial non-reversible water area losses. seasonal images (spring

4. Creation of the final collections
autumn) annually, 2020-2024 5. Merge into 1 common collection
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1. Cloud Masking MNDWI Estimation for the 1. Estimate OTSU threshold
2. Subset to AOI collection 2. Apply: Water =2 Threshold
GREEN-SWIR

3. Resample into 10 m MNDWI = 3. Creation of Binary image
resolution GREEN+SWIR 4. Add Band to Collection
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Water Area Results >

1. Water area estimation
2. Estimations & Conversions
3. Same Date Mosaic (If Needed)

Import of Waterbodies AOls and
Selection of one to process

= Use of Google Earth Engine - GEE cloud-based platform for
satellitfe image processing due to the high volume of satellite
images and its efficiency.

= 100 Image acquisitions for 10 reservaoirs.
= Transferable approach to be applied to other cases.

= These condifions highlight the importance of the multi-temporal monitoring of reservoirs to trace
changes and fluctuations and make proper water management decisions. To this extent, satellite
images from earth observation programmes like Copernicus, have already proven to play a
pivotal role in effectively monitoring inland waters.

= ESA Copernicus Sentinel-2 Level-2A imagery for each year’s
Spring and Autumn based on:

. = Target months: April and September
v Other months in case of image unavailability/not meeting
2. Satellite image Rasters

ESRI ArcGIS Pro . .
! 3. List of images and area criteria.

v ,, - = Retaining temporal coherence
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e—laa LRCEEEING | Results Asscssment = Minimum presence of clouds over the AOI
1. Visual check, corrections and

waterbody area selection
2. Cartographic overlay to

produce final waterbody
3. Area Calculation

= This study, considering the drought that Greece faced in 2024, aims to:
= Monitor reservoirs across the country for the 2020-2024 period regarding:
= Annual and Seasonal water area fluctuations
v With 2 images per reservoir per year captured in:
v’ Spring (April): Monitor the wet season refill
v' Autumn (September): Monitor the dry season’s aftermath
= Utilizing:
= Multispectral imagery from the ESA Copernicus Sentinel-2 mission.
= The Google Earth Engine cloud-based platform.

= Selected 10 reservoirs to have broad national coverage:
v Based on their significance in water use, size, and geographical distribution

Running of the tasks to extract:

1. Polygons & Rasters of Results

Waterbody area timeseries
L assessment and comparison.
' Correlations with Meteorological
and Water Usage Data.

—> Final Results

= Application of MNDWI - Modified Normalized Difference Water
Index (McFeeters 1996; Xu, 2006)

= Otsu method fthreshold calculation for the water area
delineation.

= Results production & GIS processing in ESRI ArcGlIS Pro v3.3.

Distribution of used Sentinel-2 Images
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1. Plastiras Reservoir 2. Karla Reservoir 4. Kerkini Reservoir
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= The widest lake extent was = The lake exhibits highly seasonal
recorded in May 2022, with the behavior, with water levels rising
smallest observed in October sharply in spring and dropping
2024, showing a 20% drop from steeply by autumn.

earlier that year. » The highest area was recorded in

= Clear seasonal pattern of = The lake’s area is almost steady
fluctuations due to the water use with minimal seasondal
for irrigation that are more intense
in 2020-2022.
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summer, with around 2-3%
increase-loss.

= From autumn 2022 the lake has a o A L
higher water level and a = Spatially the changes are Electricity !'_‘T-:'rt.#""-"b{- = The ftrend reveals significant April 2021, and the lowest was in
smoother pattern. constrained within the reservoirs Eﬂ , cﬁﬁgﬁ cyclical declines by late summer, September 2024, indicating a
Spatially the area changes are infrastructure. Industrial [=] Yot followed by general rebounds in 35.5% decrease from the peak of

tfracked all over the reservoir due
to the area’s geomorphology.

Autumn 2023: +338% increase
due to flooding.

spring.
Reservoir likely benefits from early

summer rainfall events (e.g. 2022)
fo maintain water levels

2021.

Spatially the northern part of the
lake is mostly affected by the
fluctuations.
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= The lake area's most significant
decrease was recorded in 2020.

= The lake’s area peaked in April
2020 and dropped (62%) in

= During spring 2022 the Ilake’s
largest extent increase (92%) was

= Maximum recorded area in April
2020, minimum in September 2024

= The lake area decreased during
the summer of 2022 by 10%, which

= |n early spring 2021, the lake area
increased by almost 32%,

September 2024.

April generally brings a temporary
boost in the lake area due to
seasonal rainfall but it is not
enough to counter the overall
annvual decline.

Severe decline that seems
irreversible with the lake
extremely shrunk.

recorded, surpassing the original
extent in 2020 and reaching
almost its full capacity.

The highest decrease (50%) in the
lake’s extent was recorded in
autumn 2024.

During autumn 2021 the exient
was also significantly decreased
(43%).

-a 26% decrease from earlier that
year.

Overall, 2024 saw the most severe
drop to date, indicating worsening
late-summer conditions.

Winter precipitation is critical for
reservoir replenishment (e.g. 2020-
21).

is less than the decrease in 2020
and 2024.

The highest decrease in the lake
area occurred in 2024 (14.5%).

The period of spring 2023-2024
was relatively stable.

following the significant rainfall
that the area received in January.

The highest decrease (27%) in the
lake’s extent was recorded in
autumn 2024.

Spatially the changes occur all
over the area mostly in the
southeastern part.

Generally, subtle seasonal
changes were observed.

During early autumn 2024, the
lake area slightly increased,
following the rainfall that occurred
during July, without reaching its
original extent.

Discussion - Conclusions

= |n most lakes (5), the maximum water area was observed in Spring 2022. = Drought can lead to extensive consequences 10 the local ecosystems and protected areas (e.g. Natura 2000) of

= Lake Karla, due to Storm Daniel’s extensive floods, has its maximum extent in September 2023. fhe lakes posing an increased risk for their future.

= Lakes with lower precipitation and higher temperatures might be more suscepftible to summer drought stress and
water resource challenges.

= The results prove that 2024 was a year of exireme drought with 6 out of 10 lakes reaching their minimum extent.
= Also a significant percentage drop is observed with an average of -31.16%.
= The distinct summer drought highlights the importance of water management, especially for agriculture and

» The total water area loss in 2024, excluding Marathon, amounted to -147.31Km? or -280.52% (cumulaftive).
ecosystems dependent on these lakes.

= A consistent seasonal fluctuation pattern was idenftified in most cases. . : . . . : . : o
= This study achieved to monitor 10 reservoirs for a 5-year period seasonally fracing key fluctuations providing

= Considering that the Mornos Reservoir supplies with water the capital of Greece, Athens, its shrinking valuable knowledge in an era of increased pressure to water resources

can cause problems and therefore monitoring of the situation is crucial. ) : . . o
= Google Earth Engine proved to be the proper tool for this monitoring being a fast and efficient approach to

handling a large volume of data and providing reliable results. This methodology is also transferable to extend the
current timeseries or to be applied to other waterbodies.

= Since the waters of most reservoirs are abstracted for irrigation, the drought can cause severe problems to
agricultural production.
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