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Abstract: A number of Nature Based Solutions (NBS) are being used around the world in order to
address various hydrometeorological hazards as a more environmentally friendly alternative to
hard structures. Such a solution has been created in the Spercheios river basin in Central Greece,
which is susceptible to heavy rainfall and river bank overflow due to flood water from upstream, in
order to mitigate flood and drought impacts under current and future climate conditions. Here a
first attempt is made to use actual measurements taken from various sources in the river, including
in-situ and satellite data, in order to establish early experimental evidence of the NBS efficiency in
the area. The measurements include data from automated hydrological stations from the OpenHi
network, satellite remote sensing data and field measurements performed along the Spercheios
River basin. For each measurement used, different analysis has been performed based on data
availability and pertinence to the NBS efficiency. Preliminary results presented here show that the
NBS functions as designed and provides protection against flooding in the area, and can poten-
tially diminish the risk of drought. The results are in agreement with the numerical outputs already
presented in our previous work.

Keywords: nature-based solutions; flood; Spercheios; hydrometeorological hazards; OPERAN-
DUM,; openhi.net; HimiofoTS

1. Introduction

The impacts of natural hydrometeorological hazards (HMHs) on human life, infra-
structure, habitats and societal and economic activities can be devastating [1]. HMHs are
naturally occurring global meteorological (and subsequently) hydrological phenomena
and are features of the earth system, including the hydrological cycle and the weather
and climate system components [2]. The last decades have shown a global increase in the
number and frequency of these events [3], leading to the necessity of implementing
measures to mitigate the impacts of these phenomena and protect communities from
HMHs.

One set of methods that follow a long-term and site-specific ecological management
approach is called Nature-Based Solutions (NBS). The NBS are defined by the Interna-
tional Union for Conservation of Nature (IUCN) as “actions to protect, sustainably
manage, and restore natural or modified ecosystems, that address societal challenges
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effectively and adaptively, simultaneously providing human well-being and biodiversity
benefits”. The concept of NBS was introduced by the World Bank [4] and IUCN [5] to
highlight the importance of biodiversity conservation for climate change mitigation and
adaptation [6]. Therefore, the term NBS encompasses green infrastructure (GI) and Low
Impact Development (LID) best management practices. The NBS for HMHs reduction
and management are becoming increasingly popular [7]. In essence, techniques inspired
by, supported by, or copied from nature, are used to mitigate hydrometeorological haz-
ards sustainably [8,9], while avoiding large constructions (such as large concrete build-
ings) and other harmful interventions for the ecosystem [10,11]. NBS prioritize the con-
servation of nature using sustainable practices that can be implemented in harmony with
more traditional methods and are promoted for their entailing co-benefits (referred to as
positive side effects or unintended effects; [12]; they gained popularity in the context of
climate change as positive side effects of climate change mitigation policies on health and
well-being [13].

One such solution was implemented in the Spercheios river basin, in Central Greece
and presented in Spyrou et al. (2021); this particular river is susceptible to heavy rainfall
and river bank overflow due to floodwater from upstream. At the same time, deforesta-
tion increases its susceptibility to heavy rainfall [14]. Spercheios river basin downstream
wider area has been identified as an Area of Potential Significant Flood Risk-APSFR
(code ELO7RAKO0016). Since 1960 over 55 flood events have occurred [15], exceeding the
main channel capacity and affecting most elements of the socio-economic system of the
area, as these events can cause property and infrastructure damage and disruption of
transportation [16]. The solution that was eventually selected is a Natural Water Reten-
tion Measure that aims to moderate and alleviate the impacts of flooding and drought
near the village of Komma and the Alamana bridge (Figure 1a). The implemented solu-
tion comprises the construction of a flood storage reservoir and the construction is
achieved by restoring and stabilizing the river banks, cleaning the bed material load,
widening the river bed and diminishing the existing nearby hybrid measure that was
built to regulate the water flow. Both bank stabilization and flood storage reservoir con-
struction are parts of the same NBS. In Spyrou et al. (2021) the focus was to study the ef-
ficiency of the NBS deployed in the Spercheios river using a series of modeling simula-
tions with hydrological and hydraulic models; it was found that when the NBS is con-
sidered, the maximum depth of flooding and the maximum velocity is reduced for cur-
rent and future climate conditions, especially in the area around and downstream of the
NBS. The flooded area is also reduced, especially for more frequent events and the
changes caused are less profound than the option of a hard structure. In general, the
residential villages of Neo Krikello, Komma and Anthli, are less prone to flooding due to
the NBS, which was the main focus of the implementation of the solution. For the sub-
surface/groundwater, the NBS construction seems to favor long-term groundwater re-
charge storage for present-day and future climate conditions [10]; however, changes in
the mean annual subsurface/groundwater recharge were negligible due to the small in-
tervention that took place, in relation to the entire area of the river basin where the anal-
ysis was performed.
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Figure 1. (a) Location of the Spercheios River basin, along with the hydrographic network and the
NBS deployment (black circle) and (b) Engineering representation of the NBS deployed in Komma
(source Spyrou et al., 2021).
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Having established the merit of the NBS deployment in the Spercheios river (see
reference [11]) using numerical simulations, we attempt to use actual measurements
taken from various sources in the river, including in-situ and satellite data, to establish
some early experimental evidence (monitoring) of the NBS efficiency in the area and the
validity of the simulated results presented in the first paper. The overarching objective of
this work is to provide early experimental evidence that the NBS deployed in the
Spercheios river can be a reliable solution for addressing floods, and to a smaller extent
droughts. The deployment site is relatively small compared to the main river; however, it
is located in a sensitive area close to residential areas. Different approaches and method-
ologies are applied for each different dataset, due to the limited available data in the de-
ployment site. For instance, there is no automated meteorological network or large hy-
drological network, therefore, we rely on available in-situ and remote sensing sources to
provide insights into NBS efficiency.

The manuscript is organized as follows: In Section 2 monitoring experiments on the
surface are presented. In Section 3, we examine changes in flood areas using Sentinel-2
data and calculated Normalized Difference Water Index (NDWI). In Section 4, we use
NDVI anomalies to establish the potential benefits of the NBS in addressing drought and
in Section 5, we provide the conclusions of this work.

2. NBS Efficiency Using Monitoring Stations

To establish that the NBS deployed in the Spercheios river has the intended benefits
in addressing the pertinent hydrometeorological hazards, several ground measurements
have been used.

2.1. Monitoring Surface Water Level

We first make use of data from the existing network of automatic stations in Greek
rivers developed by the Hellenic Centre for Marine Research (HCMR), Department of
Inland Waters, installed through Open ElloT [17] and HimiofoTS [18] national projects,
and the hydrological information network Open Hydro system Information Network
(Openhi.net) which is maintained by a consortium of Universities and Research Insti-
tutes, that are involved in performing measurements of hydrometeorological variables
[19]. The Openhi.net network's main goal is to enhance the sustainability of natural water
resources and of the associated ecosystems, and their resilience to climate change, as well
as to contribute to flood hazard reduction, which is ideal for testing the efficiency of the
deployed solution. The observed variables of the network include several physicochem-
ical parameters such as temperature pH, dissolved oxygen, electrical conductivity, and
water level.

Specifically, in the Spercheios River there exist and are functional 3 automated hy-
drological stations that measure continuously from 2014 up to today. These stations are
located at Alamana, Anthili and Loutra Ypatis (Figure 3). These stations are installed
under bridges. The main physicochemical parameters (pH, T, EC and DO) and water
level are measured through a single instrument with all the respective sensors adapted
on it. The time series of these stations are automatically stored on an FTP server and be-
fore their online publication, data quality checks, based on values range and variability
tests are applied. The graphical visualization of these datasets is available online in re-
al-time [20].

For our purposes, we are going to use the station at Alamana, since it is located close
to the NBS and more specifically, in an area that we expect to measure the impact of the
NBS deployment. The other two stations are located in areas that are not affected and are
not used here; this station has continuous, mostly uninterrupted measurements starting
from July 2014 up to September 2020, which provides us with the ability to check the
impact on water levels of the NBS, which was deployed in Komma in November 2019
and is operational ever since.
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Two time series of measured water levels were created in order to examine changes
incurred by the NBS: The first one uses the entire dataset from 2014 (Figure 2a) and the
second uses the same time extent before and after the NBS became operational, which is
approximately 2 years (1 year before and 1 year after the NBS; Figure 2b). In both figures,
the accumulated rainfall from the Lamia meteorological station (see Figure 3) has been
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Figure 2. Time series of water level measured at the Alamana station (blue line), and the precipita-
tion measured at Lamia weather station (red line) for the period: (a) July 2014 to September 2020
and (b) September 2018 to September 2020.

It becomes immediately apparent that after the NBS deployment the water level
decreased. If we take into account one year before and one year after the NBS deploy-
ment, on average the water level decreased from 0.566 m before the NBS to 0.443 m after
the NBS deployment, with a monthly average precipitation of 58.7 mm (derived from the
Lamia weather station. If we use the entire period that the station was operational then
the average water level before the deployment is 0.468 m (with a monthly average pre-
cipitation of 71.0 mm for that period), so there is still a reduction, even if the period that
the NBS is functional is relatively small compared to the whole dataset. The maximum
water level before the NBS deployment was 2.2 m, while after the NBS it decreased to
2.183 m potentially due to NBS deployment. Accordingly, the minimum water level
monitored was at 0.053 m before and after NBS. Standard deviation of water levels was at
0.306 before and 0.311 after the intervention. Statistical results using the entire period are
presented in Table 1. Taking into account the period September 2018 to September 2020
(as to have the same sample size) the size of the difference relative to the variation in our
data (T-Value) is -6.68 with a p-Value of 0.0. Therefore, the null hypothesis in not valid
and the two samples (before and after NBS) differ. These results are in agreement with
the modeling results that we published in Spyrou et al., 2021, where the water level re-
duction was of the same order of magnitude using modelling techniques; this is our first
indication that the NBS deployed functions as expected.

Table 1. Statistical indexes for water level at Alamana station before and after NBS deployment for
the period September 2018 to September 2020. Mean, minimum, maximum, standard deviation and
25% and 75% quartiles have been calculated.

75% Quar- 25% Quar-
tile tile

Before NBS 0.566 0.053 2.200 0.306 0.589 0.296

After NBS 0.443 0.053 2.183 0.311 0.487 0.271

Period Mean Minimum Maximum StDeviation
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2.2. Monitoring Groundwater Level

The eastern part of the Spercheios river basin, where the NBS is deployed is struc-
tured by alluvial deposits. In this porous media, the groundwater body consists of suc-
cessive permeable and impermeable soil layers forming successive unconfined and con-
fined aquifers [11].

In order to monitor the dynamics of water table depth, groundwater level depth
monitoring data was measured periodically from 2018 to 2021 in specific locations along
the entire river basin by the Prefecture of Sterea Ellada (PSTE). Measurements of water
levels in boreholes and wells provide the most fundamental indicator of the status of this
resource and are critical to meaningful evaluations of the quantity of groundwater and its
interaction with surface water [21].

In this study, groundwater depth was measured manually in three boreholes located
close to the NBS deployment area (Figure 3), using a tape measure with a whistle at-
tached that makes a distinctive sound when it touches the water surface in the borehole.
The monitored measurements are shown in Figure 4, but, no discernible change has been
recorded before and after the NBS implementation; this is to be expected as the interven-
tion is relatively small compared to the entire area of the river basin and therefore the
NBS performance on groundwater is negligible [11].
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Figure 3. Monitoring data locations in the study area: Lenta Kalybia, Mexiates and Lygaria Tsa-
madia are the locations of the groundwater monitoring locations and Loutra Ypatis, Anthili and
Alamana the locations of the automated stations of the OpenHi hydrological network. The weather
station at Lamia is also noted. The black circle denotes the NBS deployment location.
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Figure 4. Timeseries of groundwater levels at the monitoring data locations in the study area. (a)
Lenta Kalybia, (b) Mexiates and (c) Lygaria Tsamadia.

3. Monitoring Flood Areas and Nature-Based Solutions Using Spaceborne Imagery

To ensure the environmental impacts and long-term sustainability of NBS, we need
measurable evidence through time [22]. NBS by their nature are complex, dynamic and
ever evolving solutions that are based on how the ecosystem functions and services so
frequent monitoring and evaluation is crucial. Therefore, earth observation (EO) data and
approaches can be helpful to provide quantitative and systematic information about NBS
performance. Many scientific studies demonstrated the benefit of space-based technolo-
gies for monitoring and mapping the HMHs [23-25] and evaluating the performance of
NBS against natural hazards [9,26]. Particularly, spaceborne sensing can be utilized to
monitor an area where an NBS has been deployed for a continuous period, making sure
to start before the implementation, in order to assess the various state modifications of
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the area over a period of time [27]. According to the intervention scale, appropriate EO
methods for scanning NBS impacts differ significantly; however the underlying infor-
mation needs to be scanned on a finer scale than ground monitoring. For instance,
measuring the performance of individual NBS at a micro scale requires highly detailed
EO data and suitable methods. Due to the size of NBS implemented at Komma (~90.000
m? with a water capacity of ~ 600.000 m?), in this study, the Sentinel-2A and 2B twin po-
lar-orbiting satellites form the Sentinel-2 mission were utilized [28]. Sentinel-2 has the
capability to capture the impact of NBS on the HMHSs in more detailed at micro scale
level [9]. A temporal examination provided Level-1C Sentinel-2 images that were typi-
cally geo-located within two pixels of each other, which is within the stated quality re-
quirements for absolute geo-location [29]. Sentinel-2 Level 1 dataset (zone 34, sub-tile SF])
were downloaded from the ESA official website Copernicus Open Access Hub [30]. The
Copernicus Services Data Hub is an archive of Copernicus Sentinels data dedicated to
Copernicus Services and European Institutions. Copernicus Sentinel-2 data are system-
atically processed to L1C products and made available online between 2 and 12 h from
sensing (on average, seven-hour after sensing) in the Copernicus Open Access Hub and
Copernicus Services Data Hub. The effectiveness of the Sentinel-2 missions, operated by
the European Space Agency (ESA) in the frame of the European Union’s Copernicus
program, in drought and flood monitoring have been shown within the last years in
many studies [28,31-34].

Planet Scope imagery and the Copernicus HRL imperviousness (which captures the
percentage and change of soil sealing) for the year 2018, before the deployment of the
NBS and 2020, well after the implementation. The flowchart illustrating the steps taken
for flood mapping using Sentinel-2 images is presented in Figure 5. Two severe flood
events were considered for testing: One on 5 March 2018, before the NBS deployment
and one on 18 September 2020, well after the NBS deployment. Only images with low
cloud coverage (<5%) over the region of the study were considered and downloaded
(Figure 6). In general, the cloud cover for the products shown in Figure 6 ranges from 0%
(Figure 6e) to 3.74% (Figure 6d). To identify the extent of the flooded area before and after
NBS was implemented against flooding; at least four images with the same orbit track
and the same coverage are required for change detection, namely: (1) the reference image
(pre-event) without NBS in place (Figure 6a); (2) the target image (post-event) without
NBS in place (Figure 6b); (3) the reference image (pre-event) with NBS in place (Figure
6c,d), and (4) the target image (post-event) with NBS in place (Figure 6e,f). The reference
image was selected as the latest available image before the event with minimum cloud
coverage (Figure 6). The scenes were chosen carefully with two Sentinel-2A/B satellite
images before (17 September 2020) and two scene captures after the following (18 Sep-
tember 2020) flooding event (Figure 6e,f).
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To determine the effect of NBS in flooded areas in the Komma area, Sentinel-2 MSI
satellite images were acquired for the pre-flood on 28 February 2018 (before the NBS
implementation), and 5 September 2020 (after the NBS deployment), while the after-flood
images were acquired on 10 March 2018 (before NBS), 25 September 2020 (after NBS),
and 30 September 2020 (after NBS) 7 and 12 days after the flood event, respectively. Sen-
tinel-2 has 13 spectral bands in the visible, near-infrared (NIR) and Shortwave Infrared
(SWIR) with 10, 20 and 60 m spatial resolutions. The sensor has a field of view of 290 km.
In this report, spectral bands belong to the visible and NIR portion of the spectrum,
which correspond to band numbers 2 (visible blue), 3 (visible green), 4 (visible red) and 8
(near the infrared band). The selected bands have a 10 m spatial resolution [35]. Based on
the limited daily rainfall data available, the cumulative rainfall on 5 March 2018 and 18
September 2020 was 15.6 mm/d and 134.6 mm/d, respectively, taken from the Lamia
meteorological station located approximately 7 Km away from the NBS deployment area
(Figure 3).

To monitor the changes in flooded/affected areas (e.g., level of flood risk before and
after NBS in place), we used the NDWI spectral index. The spectral index is computed
using (Equation (1)) [36].

NDWI = (pGreen — pNRI)/(pGreen + pNRI) )

From the Sentinel-2 spectral imagery, the two bands used are band 3 and band 8.
Band 3 is the green color band and band 8 is the Near Infra-Red (NRI) band. The digital
interpretation of the output raster image should be around 0.5 (threshold value) to rep-
resent water. The Green region was band 3 (560 nm), and the Near Infrared region was
band 8 (842 nm) [35]. Using the pre-and post-flood NDWI images (raster images), the
difference between images was computed in each threshold value using Equation (2)
[37].

ANDWI = (NDWIpost_flood imagery) - (NDWIprefloodimagery) (2)

where  (NDWly,o¢ fi00d imagery 1S the NDWI  index after the flood and
NDWI,,., Flooaimagery NDWTI index before the flood event. The ANDWI index ranges be-

tween (-1) and (+1), where positive values correspond to high moisture lands and open
waters, while negative values correspond to vegetated areas and drylands; however, af-
ter the extraction of water bodies/flooded areas, only values greater than 0.5 were con-
sidered threshold values. In the difference image, pixels with ANDWI values above the
specified threshold value were classified as inundated or flooded areas, i.e., the wetness
value increased between the pre-flood and post-flood image. If the areal extent of the
inundated areas was smaller after NBS in place as compared with the areal coverage
without NBS, it shows the effectiveness of NBS in reducing the flooded areas. NBS is less
effective if the areal coverage of the inundated areas with NBS was smaller in the ANDWI
image.

The inundated area identified from EOBroswer is shown in Figure 7. The inundated
areas were extracted from the binary maps by removing the standing water bodies, and
the new results are shown in Figure 8b,d,f. The result shows that the NBS upstream of the
Komma safeguarded the footpath and the adjacent area from the flood event that oc-
curred on 18 September 2020; however, the flood event that occurred on 10 March 2018,
before the implementation of NBS, inundated the footpath and the adjacent area (Figure
8a,b). Overall, the implementation of NBS reduced the flood extent/inundated area up-
stream of NBS between 12.1% (Figure 10, green shaded area) to 16.5% (Figure 9, green
shaded area) for the flood event which occurred on 18 September 2020 (Figure 10).
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Figure 8. Flood inundation maps generated from NDWTI (left column) and ANDWI (right column)
for (a,b) before NBS in place and (c—f) after NBS in place at Komma.
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The results confirm that the Sentinel-2 mission has the potential for monitoring the
NBS performance and implementation at a smaller scale level, indicating that satellite
observations combined with data from ground-based (in-situ) datasets can give an ap-
proach based on evidence for the successful NBS implementation and long-term sus-
tainability [9]. Similarly, Chrysoulakis et al. [26] found that satellite-based monitoring
presents many advantages when evaluating NBS impact on regional and climate scales.
Furthermore, in many cases, using satellite-2 based monitoring is quite cost-effective and
can produce NBS-related datasets that cover extended smaller catchment (>10 m) areas
worldwide routinely and continually with long-term commitment. Overall, the use of EO
aspects could contribute to verifying NBS's effectiveness compared to alternative solu-
tions. With the help of EO local stakeholders can be informed through relevant tools and
in general support the long-term sustainability and overcome any potential skepticism of
NBS implementations; however, it is crucial to point out that the accuracy assessment
represents uncertainty and subjectivity. For instance, working with a limited set of
pre-flood events, due to the early stages of the Sentinel-2 mission which introduced fur-
ther difficulties in identifying the more flooded area (pre-NBS events) [38].

4. Vegetation Index Anomalies

To test NBS impact on drought, we use the 1000 m 16-day averaged Normalized
Difference Vegetation Index (NDVI) from MODIS [39]. The NDVI is a normalized trans-
form of the near-infrared to red reflectance ratio, designed to provide a standard for
vegetation and takes values between -1 and +1.NDVI is expressed as:

NDVI = Xnir - Xred

— 3
Xnir + Xred ( )

where X,; is the reflectance in the near-infrared channel and X,..,4 is the reflectance in
the red channel. Since it is expressed as a ratio, the NDVI has the advantage of minimiz-
ing certain types of band-correlated noise (positively correlated) and influences at-
tributed to variations in irradiance, clouds, atmospheric attenuation and other parame-
ters [40]. We use NDVI derived from the MODIS/Terra instrument, calculated as the
normalized difference of reflectance in the red and near-infrared channels [41]. For ter-
restrial targets, NDVI will take values near 0.8 for vegetated areas and near 0 for barren
soil [42]. Since it is expressed as a ratio, the NDVI has the advantage of minimizing cer-
tain types of noise and influences attributed to variations in irradiance, clouds, cloud
shadows, atmospheric attenuation, and other parameters [40]. MODIS NDVI has been
used in other studies for drought monitoring [43—45]

To examine NBS’s impact on drought NDVI anomalies (difference between the av-
erage NDVI for a particular month of a given year and the average NDVI for the same
month over the last 20 years), they have been calculated, before and after the NBS de-
ployment on November 2019. For simplicity, we use only the summer months, since the
summer season is prone to drought due to the overuse of water resources for irrigation in
the area. First, we calculate NDVI anomalies for June and July 2020 (Figure 11) and then
for the same months for 2019, before NBS deployment (Figure 12). August is not used
due to issues with the NDVI source file.
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Figure 11. River Spercheios catchment-NDVI anomalies for June and July 2019. The red circle de-
notes NBS deployment area.
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Figure 12. River Spercheios catchment-NDVI anomalies for June and July 2020. The red circle de-
notes NBS deployment area.

In order to get a clearer picture, differences between the anomalies have been cal-
culated (Figure 13). The differences in the area affected by the NBS show an increase in
the vegetated area towards the old river bed and a decrease in the main river; this agrees
with the modeling study performed by Spyrou et al., 2021 where a slight increase in flood
depths was found in the limited area around the old river bed. The drought issue in the
area of NBS deployment is an “agricultural drought” problem [46], caused by
over-irrigation of crops during the summer months and is not directly linked with
groundwater changes; this was the reason the months of June and July were selected. The
NBS deployed retains ~600,000 m?3; this additional water can be used for irrigation pur-
poses through proper infrastructure and alleviate the problem of over-irrigation in the
summer; it should be noted here that the main functionality of the NBS is to help address
flooding issues in the area and any potential help it can provide for alleviating drought is
a welcome side-effect of the installation.
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Figure 13. River Spercheios catchment-NDVI anomaly differences for June and July. The red circle
denotes the NBS deployment area.

Furthermore, the average surface temperature and precipitation have been extracted
from the ERA5-Land [47,48] dataset for June and July 2019 and 2020 for the area of the
NBS deployment, to see if the changes depicted by NDVI anomalies can be attributed to
the NBS. The results are shown in Table 2.

Table 2. Average temperature and precipitation for June and July 2019 and June and July 2020 de-
rived from ERA5-Land.

Month Average Temperature (C) Average Precipitation (mm)
June 2019 23.01 1.63
June 2020 21.95 2.08
July 2019 24.30 1.82
July 2020 24.70 1.45

For June the conditions in 2020 were wetter and colder than 2019, so the potential
benefits of the NBS are not immediately apparent; however, July 2020 has almost the
same conditions as July 2019 with a slight increase in temperature and a small reduction
in precipitation. Therefore, for July the NBS impact is more profound.

5. Conclusions

In this work, we attempt to examine the efficiency of an NBS deployed in the
Spercheios River, and specifically near the village of Komma, in addressing HMHs. The
main issue in the Spercheios River is flooding and hydrological drought due to
over-irrigation in the summer months. Therefore, the NBS in place is a water retention
pond, specifically designed to address flood and drought hazards. To examine the effi-
ciency of the intervention several ground measurements and remote sensing data from
Sentinel-2 and MODIS satellites have been used. The results presented in this work are in
agreement with the modeling results presented in Spyrou et al. (2021), which is the pre-
cursor work of this manuscript. Unfortunately, the area of NBS deployment does not
have an adequate ground monitoring network, especially for hydrological parameters;
therefore our ability to experimentally validate the efficiency of the NBS is limited; this is
a general issue for the entire Spercheios river, but is more profound in the NBS area.
Therefore, we rely on the limited data available and remote sensing sources to make the
first effort to experimentally assess the impact of the intervention.

Using water level data from an automated station in Alamana, we establish that af-
ter the NBS deployment the average water level decreased from 0.566 m to 0.443 m, thus
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providing a first indication that the NBS works as designed and expected. For ground-
water, measurements from various wells in the area near Komma are used. As expected,
no discernable changes are recorded before and after the NBS deployment; this is to be
expected since the water retention pond is small in scale, concerning the entire area of the
river basin and therefore no significant impacts are expected in terms of groundwater
storage. For this case another type of NBS could be selected, however, an extensive study
needs to be undertaken before knowing potential impacts and benefits. Data from the
Sentinel-2 satellite showed that the NBS upstream of the Komma safeguarded the foot-
path and the adjacent area from a flood event that occurred on 18 September 2020. The
implementation of NBS reduced the flood extent/inundated area upstream of NBS be-
tween 12.1% to 16.5%. Finally using MODIS NDVI data, we have a first indication that
the solution deployed in the area can help alleviate drought phenomena due to
over-irrigation. The additional water mass that stays in the NBS can potentially be used
to address summer drought due to over-irrigation if the proper infrastructure is built.
Overall, satellite-based techniques combined with numerical modeling can be applied to
monitor and evaluate NBS effectiveness and impacts in a cost-effective manner, since the
deployment and maintenance costs are known (EUR 1.100.000 and EUR 150.000 per year,
respectively). Further, it improves the wider uptake, replication, and upscaling of NBS
and supports environmental sustainability and resilience.
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