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Abstract: The Mediterranean Basin is severely impacted by anthropogenic changes affecting both
natural ecosystems and human livelihoods. The region is highly vulnerable to natural hazards, with
floods being considered the most important, due both to their frequency and impacts. Koiliaris wa-
tershed (northwest of Crete Island, Greece) represents a relevant case study as past land-use changes
via deforestation and intense cultivation practices induce soil organic matter losses, making soils
susceptible to water erosion and desertification. The restoration of native riparian forests has been
identified as the most effective nature-based solution (NBS) for the area. Through modeling, our
study assessed the effectiveness of this NBS in addressing flood risk and erosion while providing
additional ecosystem services (carbon sequestration and biodiversity conservation). A cost-benefit
analysis has been then implemented to also investigate the sustainability of the investment from an
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economic point of view. Our results show the NBS would be successful in ensuring a better flow of
targeted ecosystem services compared to the business-as-usual conditions. The associated invest-

ment would result in economic sustainability and associated costs would be paid back in five years.
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1. Introduction

The Mediterranean Basin is severely impacted by anthropogenic changes affecting
both natural ecosystems and human livelihoods. Based on climate projections, it has been
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labeled as a hotspot of change, with rates of warming and reduction in precipitation above
the global average, especially in the southern and eastern Mediterranean countries [1,2].
The Sixth Assessment Report of the Intergovernmental Panel on Climate Change [3] high-
lights that the Mediterranean is among the most vulnerable regions in the world because
of the impacts of climatic and meteorological phenomena increasingly resulting in both
long-term impacts and more frequent and severe extreme events (e.g., droughts, wildfires,
floods, etc.). These changes depend on and combine with multiple drivers, including (but
not limited to) population increase, pollution, and unsustainable land use and manage-
ment practices [4], potentially leading to severe impacts on water security, food security,
ecosystem health, and, ultimately, human wellbeing and security [5]. The emergence of
the Nexus approach [6] in the last decade highlighted the importance of accounting for
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these dynamics, with a specific emphasis on the mutual interlinkages between water, en-
ergy, food (WEF), and, more recently, ecosystem (WEFE) management [7-9]. The WEFE
Nexus is a mainstream concept at the core of many recent policy initiatives for the Medi-
terranean area. For example, it plays a pivotal role within the Water Policy Framework for
Actions 2030 developed by the Union for the Mediterranean [10] and the Partnership for
Research and Innovation in the Mediterranean (PRIMA) Foundation introduced the
WEFE Nexus as a new thematic stream of funding in 2019 [11]. Although the Nexus con-
cept has been widely promoted in policies and research since 2011 [12] and despite some
progress in the last decade emphasizing its role and increasing policymakers’ awareness
[13], operationalizing the WEFE Nexus remains challenging [14,15], including for the
Mediterranean region [12,16-18]. A recent review of the WEFE Nexus research in the Med-
iterranean [18] highlighted that existing research is dominated by a focus on water-energy
interlinkages within the agriculture sector, while “ecosystems” is the least represented
component of the WEFE Nexus in the Mediterranean. This implies, for example, that non-
agriculture ecosystems, such as forest ones, are way less explored within the framework
of the WEFE Nexus and, even more importantly, that despite a general agreement about
the importance of integrating natural ecosystems and their services into the Nexus ap-
proach [15,19,20], this remains very patchy in practice and is mainly limited to provision-
ing services [21,22]. Finally, existing research has investigated the WEFE Nexus mainly
from a biophysical perspective, while socioeconomic dimensions have been identified as
important but not fully addressed yet [18,23,24]. Existing gaps are due to several barriers
and limiting factors, ultimately referring to the fact that the sustainable management of
the WEFE Nexus constitutes a “wicked” problem from a technical standpoint but it be-
comes even more complex when ecosystem-related aspects are considered, together with
their policy and socioeconomic implications [24].

Different approaches have been suggested to integrate and mainstream the ecosys-
tem dimension within the WEFE framework. Among them, a strong emphasis has been
given to nature-based solutions (NBS) defined as “solutions that are inspired and supported
by nature, which are cost-effective, simultaneously provide environmental, social and economic
benefits and help build resilience. Such solutions bring more, and more diverse, nature and natural
features and processes into cities, landscapes and seascapes, through locally adapted, resource-effi-
cient and systemic interventions” [25]. The NBS concept builds on the ecosystem approach
[26,27] to incorporate different forms of nature-based (i.e., green) interventions [28]. By
supporting ecosystem processes and structures, NBS can deliver a broad range of ecosys-
tem services, with a potential opening for transformational pathways toward sustainable
societal development [29]. In such a perspective, NBS can play an important role in ad-
dressing major social challenges, including climate change mitigation and adaptation, dis-
aster prevention and reduction, economic and social development, human health, food
and water security, ecological environment degradation, and biodiversity loss [30,31].
Though not yet univocally defined and still addressed from different angles [32,33], the
NBS concept is increasingly integrated within policies and research activities [29,34] and
mainstreamed as an innovative and cost-effective set of measures within different socio-
ecological contexts [35-37]. However, despite reviews of NBS's effects on enhancing avail-
able ecosystem services (e.g., [38—40]), when compared to traditional approaches (e.g.,
grey infrastructures), NBS is still rarely considered as a first choice and poorly operation-
alized [41], in particular with regard to the management of natural hazards [42,43] that
are becoming more extreme over time and are among the main concerns of emergency
management authorities in Europe and beyond [40,44]. Moreover, attention given to NBS
varies significantly depending on the targeted context, so, for example, NBS research in
the case of river landscapes so far received comparatively less scientific attention than NBS
within urban areas [45]. Among the several barriers to NBS operationalization identified
within the existing literature [27,46], the need for more research efforts in terms of costs
and benefits assessment to inform decision making and support investment scaling has
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been highlighted as one of the most relevant [43,47], including within the Mediterranean
context [48,49].

A better understanding of the economic value generated by NBS and the ecosystem
services they provide could facilitate the adoption of efficient policies and measures to
preserve and enhance them [50,51] as well as their effective incorporation within the
WEFE Nexus framework [52]. It could also function to raise stakeholders” awareness and
participation in decision-making processes [53] and would help in supporting the inclu-
sion of NBS within ecosystem restoration and management planning [54]. However, there
is still a lack of cases demonstrating the support of NBS economic assessment for decision
making in planning activities within the framework of the WEFE Nexus, which would
help the feedback loop between WEFE components to be closed [18]. The use of ecosystem
approach and ecosystem service knowledge to assess alternative scenarios within the
WEFE Nexus requires selecting and implementing appropriate indicators for measuring
the expected outcomes [55]; the adoption of appropriate economic approaches and meth-
odologies to identify and analyze costs and benefits associated with alternative scenarios
[47]; and considering the specific needs of various stakeholder groups [56].

NBS offers integrative strategies to reduce climate risks while providing a range of
additional benefits. They could contribute to operationalizing the WEFE Nexus frame-
work within the Mediterranean region, including by supporting the incorporation and a-
dressing the ecosystem component while ensuring synergies with the other WEFE com-
ponents. In such a perspective, they fit into the mainstream policy avenues addressing
climate change and ecosystem restoration issues at the European scale and beyond.

Building on the above-reported problems and research gaps, our research aims to
contribute to advancing scientific and practical knowledge in the field of the WEFE Nexus,
by supporting the operationalization of NBS assessment in the Mediterranean region. We
aim to analyze the costs and benefits associated with NBS solutions to support decision
making about their implementation and explore their potential contribution to the WEFE
Nexus. We decided to focus on NBS designed to address and mitigate natural hazards to
which the Mediterranean region is particularly vulnerable due to its unique geographical
and climatic characteristics [57]. We considered floods as they are the most important risk
in the Mediterranean region, both due to their frequency and impacts [58,59]. All compo-
nents of flood risks, i.e., hazard, exposure, and vulnerability, are projected to increase due
to climate change effects and socioeconomic developments [60]. Floods in the region are
mainly a consequence of flash-flood events [58] due both to the steep orography that
might favor the occurrence of intense precipitation events [61] and the morphology of the
Mediterranean basin, which includes several small and steep river catchments that can
turn the intense runoff generation into severe devastating flash-floods and flooding [62].
Moreover, flash-floods are connected to land use intensification as well as land use
changes and associated increased vulnerability [58,63]. Within such a framework, NBS can
be considered a cost-effective solution in “reducing vulnerability to climate-related extreme
events and other economic, social and environmental shocks and disasters” [64]. We use a Medi-
terranean watershed prone to flood risks as a case study (see Section 2.1 for details) to
analyze NBS development and management costs vis-a-vis biophysical and economic
benefits in terms of selected ecosystem services expected from the NBS implementation.
By comparing the current scenario (business as usual (BAU), corresponding to current
land use, and management practices) with the alternative future scenario (NBS), we expect
to derive possible gains/losses associated with management choices. Our research results
can therefore support and inform future decision making about management options re-
garding the selected study area while contributing to advancing knowledge on the use of
NBS as tools for supporting the implementation of the WEFE Nexus approach.
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2. Materials and Methods

The methodological approach and workflow adopted for this study are summarized
in Figure 1, while the main steps are described in the next subsections.

Study area analysis
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Figure 1. Methodological outline.

2.1. Study Area

We selected Greece as a study area because the country is highly exposed to climate
change risks and natural hazards [3]. This has been empirically confirmed by the large
wildfires [65] and storm Daniel [66] that hit vast areas of the country in the Summer of
2023 as well as previous events of great severity [67]. We focused on the Koiliaris River
Watershed in the northwest of Crete (Figure 2), covering a total area of 132 km? at an alti-
tudinal range between 0 and 2120 m above sea level.
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Figure 2. Study area: (a) Crete Island within the Mediterranean basin and (b) Koiliaris River Basin
and the extended Karst area.

The overall length of the drainage network totals 44.8 km, consisting of the intermit-
tent tributary of Keramianos (13.8 km), two ephemeral streams providing surface runoff
feeding the Anavreti tributary (27.2 km), the karstic springs of Stylos (permanent flow),
and the karstic spring of Anavreti (intermittent flow), which merge with the rest of the
streams to form the main segment of the Koiliaris River (37 km). These springs are fed by
an extended area of karst, which is located outside the basin boundaries and stretches over
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an estimated 80 km? [68]. The main land uses are intensively grazed shrublands and pas-
tures, olive, citrus groves, vines, and vegetables, with marginal degraded mixed forest
remnants (0.6% of the total area) [69].

Most of the watershed has steep slopes up to 45% that level out at the valley and
become mild (1%—2%) [70]. The valley is prone to flooding due to high precipitation events
that exceed the infiltration rate of the karst [71] and generate significant quantities of sur-
face runoff. The Keramianos tributary loses most of its water in the two faults that crosscut
the gorge and generate flash-floods when the precipitation in the sub-basin exceeds 120
mm [72]. The watershed is a Critical Zone Observatory (CZO) (www koiliaris-czo.tuc.gr
accessed on 24 March 2024) presenting severely degraded soils [73,74]. The main type of
soil degradation in the basin is water erosion due to the conversion of riparian forests into
farmland for olive trees, citrus, avocado plantations, and other crops and pastures and
livestock grazing that occurred before 1945. The few remaining small forest patches along
the river are highly degraded and prone to bank erosion. Past land-use changes via defor-
estation and intense cultivation practices induce soil organic matter losses, making soils
susceptible to erosion and desertification. The area presents Mediterranean soils under
imminent threat of desertification (i.e., soil carbon loss) due to climate change that is pre-
dicted by the UN IPCC for the region over the next century [70].

2.2. Future Alternative NBS Scenario

We defined the future alternative NBS scenario to mitigate flood risks in the study
area based on [70] who identified the restoration of the native riparian forest as the most
effective NBS for the area and codesigned it with the support of local stakeholders. Ripar-
ian forests are one of the most threatened ecosystems in the Mediterranean region due to
land-use intensification and water extraction; however, though restoration of degraded
riparian areas has gained momentum in the last few decades [75], proper evaluation of
restoration projects is usually lacking and research on the effects of riparian restoration
on ecosystem service supply is still limited [76].

The restored riparian forest was originally planned to be established along the river
for about 11 km, covering 20 m-wide buffer stripes on each riverbank for a total of 200,000
m2. Focus group sessions with experts involved in previous studies in the area [70-72,77]
and the preliminary NBS conceptualization [70] were organized to discuss technical as-
pects and key features of the restored riparian forest. This brought a recalibration of the
size of the area in which NBS is planned to be implemented, resulting in a final total area
of 335,450 m2. Based on field assessments, the existing forest remnants have been classified
as Helleno-Balkanic riparian plane forests [70] (EUNIS habitat type G1.381 [78]) that will
represent the reference habitat for the selection of reforestation species. These forests fall
within the broader Oriental plane (Platanus orientalis) gallery forests family and may host
a variety of tree and shrub species, such as willow (Salix alba, Salix elaeagnos, Salix pur-
purea), alder (Alnus glutinosa), Judas tree (Cercis siliquastrum), Mediterranean hackberry
(Celtis australis), poplar (Populus alba, Populus nigra), common hawthorn (Crataegus monog-
yna), common dogwood (Cornus sanguinea), and others. Figure 3 shows the area in which
the NBS was planned.
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(b)
Figure 3. Focus on the study area: (a) Koiliaris watershed (dark green) and the area aimed for ripar-

ian forest restoration (light green) and (b) focus on the planned area for riparian forest restoration
(in yellow).

2.3. Scenario Assessment Methodology

For both the BAU and NBS scenarios, we assessed flood risk mitigation capacity us-
ing the InVEST 3.14.1 [79] flood risk mitigation model. Besides addressing the main natu-
ral hazard faced by the area, we also assessed possible co-benefits associated with NBS
development. Since within the existing literature ecosystems are the least represented
component of the WEFE Nexus and climate implications have been marginally considered
[18], we focused on habitat quality as a proxy for biodiversity conservation and enhance-
ment, consistently with [80], which identifies habitat protection as an ecosystem service
group, and [64] that refers to habitat creation and maintenance as one out of 18 categories
of nature’s contributions to people. We also considered carbon sequestration as a proxy
for NBS contribution to climate change mitigation. InVEST 3.14.1 [79] models for habitat
quality and carbon storage and sequestration were used.

Details about the data inputs and methodological aspects for ecosystem services as-
sessed and models/approaches adopted, including details about monetary estimations,
are provided in Section 2.4 below.

For each of the targeted ecosystem services, supply was first evaluated in biophysical
and economic terms under both scenarios (BAU and NBS). Then, according to the “with
and without” principle [81], net ecosystem service supply was calculated as a difference
between the NBS and BAU scenarios. To this aim, data were analyzed through basic sta-
tistical analysis performed via QGIS LTR 3.28.15 and MS Excel 16.84. By summing all net
monetary values, the total net benefits associated with BAU and the NBS scenarios have
been calculated and compared.

To allow a more direct comparative assessment of BAU and NBS scenarios, we con-
sidered summary indexes highlighting different ecosystem service supply levels. To this
aim, we referred to the runoff retention index, i.e., runoff retention relative to precipitation
volume, and the habitat quality index, i.e., the level of habitat quality and integrity relative
to their potential within a given context: both are provided as outcomes of the correspond-
ing InVEST models used for the study (see Section 2.4). As for carbon, a carbon sequestra-
tion index was calculated by normalizing carbon sequestration values provided by the
InVEST model (see Section 2.4) via linear normalization on a 0-1 scale. All indexes range
between 0 and 1, where 0 corresponds to a null level of the corresponding ecosystem ser-
vice and 1 to the highest level within the given context. They were computed for both
scenarios and then comparatively analyzed, also by plotting them on maps and radar
charts.

As for the economic assessment, a cost-benefit analysis (CBA) was performed. Costs
associated with the NBS implementation were retrieved from [70] and distributed over
time according to [82]. Therefore, 75% of implementation costs have been allocated to the
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first year and 25% to the second one, to consider additional implementation costs that
might occur after year one (e.g., to address seedling mortality after planting). Maintenance
costs have been assumed to be equal to 5% of the total costs. Benefits have been introduced
from the fifth year, assuming the NBS will start delivering benefits when the forest reaches
a minimum growth stage. Using the guidelines provided in [83], we calculated both prof-
itability indicators (i.e., the net present value, NPV, and the benefit/cost ratio, B/C) and
risk exposure ones (i.e., the payback period). We adopted a 3.5% discount rate and a 20-
year investment duration [84]. To check the robustness of the CBA results, we finally per-
formed a sensitivity analysis with the aim of addressing the main risks and uncertainties
that could affect the targeted NBS investment. We did this by running the CBA and calcu-
lating profitability and risk indicators under different discount rate values. Moreover, to
test cost and benefit uncertainty over time, we also ran the CBA considering possible fluc-
tuations of costs and benefits.

2.4. Models and Data Inputs

Different InVEST 3.14.1 [79] models were used for this research. For details about the
rationale and functioning of flood risk mitigation and habitat quality models, reference
can be made to [85,86]. Input and output data for the two models are reported in Tables 1
and 2, respectively.

Table 1. Input and output data for the assessment and evaluation of flood risk mitigation.

Input Data

Description

Land cover map

Raster of land use/land cover (LULC) for each pixel (resolution 5 m x 5 m), developed from [87]

Biophysical table

csv file reporting Curve number (CN) values for each LULC type and each hydrological group. CN
values were derived from [88]

Depth of rainfall (mm)

120 mm as the critical depth of rainfall generating flash-floods in the area, identified from [72]

Soils Hydrological Group Raster

250 m spatial resolution raster of categorical hydrological groups from [89]

Economic value

Replacement cost method. Surrogate good: lamination basin. Unit cost: 400 EUR/m? [83]

Output data

Description

Retained runoff volume (m?)

Raster with runoff retention values (in m®) indicating the capability of each pixel to store runoff

Runoff values (mm)

Raster with runoff values

Runoff retention index

Raster with runoff retention values (unitless, relative to precipitation volume)

Table 2. Input and output data for the assessment and evaluation of habitat quality.

Input Data

Description

Land cover map

Raster of land use/land cover (LULC) for each pixel (resolution 5 m x 5 m), developed from [87]

Threats data

csv file reporting information on each threat’s relative importance and the maximum distance over
which each threat affects habitat quality. For all threats, impacts were assumed to decay according
to a linear decay function. A total of six threats were identified (each of them corresponding to a
specific land use type, e.g., residential continuous medium-dense urban fabrics, industrial areas,
railways, etc.). A raster file was developed for, and named after, each threat.

Sensitivity of land cover types to
each threat

csv file reporting, for each LULC type, whether or not they are considered habitat (either 1 or 0)
and, for LULC types that are habitat, their specific sensitivity to each threat; these are according
to a [0-1] range and based on the Biological Territorial Capacity Index [90]

Accessibility

Vector of areas subject to environmental restrictions and protection

Half-saturation constant

0.5. Default value set by the INVEST model

Economic value

Adjusted benefit transfer. Average unit value (EUR/m?) for different land use conversions/transfor-
mations into the riparian forest from the available literature [91-93] multiplied by 25 (i.e., the pixel
size in m?) and then by the corresponding habitat quality index for each pixel through the raster
calculator function in QGIS 3.16.

Output data

Description

Habitat quality

Raster file reporting the habitat quality index; this shows the relative level of habitat quality, rang-
ing between 0 and 1, where values closer to 1 indicate better habitat quality vis-a-vis the
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distribution of habitat quality across the rest of the landscape. Areas on the landscape that are not
habitat are given a quality score of 0

As for carbon storage and sequestration, the corresponding InNVEST model was used
[85]. It estimates the current amount of carbon stored in a landscape and values the
amount of sequestered carbon over time. It aggregates the biophysical amount of carbon
stored in up to four carbon pools (aboveground living biomass, belowground living bio-
mass, soil, and dead organic matter) based on land use/land cover maps provided by us-
ers. Through a future land use/land cover map, the carbon sequestration component of
the model estimates the expected change in carbon stocks over time. The model returns a
value of carbon stocked in the targeted pools in tons per pixel; therefore, to determine the
corresponding weight of carbon dioxide, we multiplied model outputs by 3.67, i.e., by the
ratio between the weight of carbon dioxide (44) and the atomic weight of carbon (12).

Input data for the model, as well as outputs, are shown in Table 3.

Table 3. Input and output data for the assessment and evaluation of carbon storage and sequestra-
tion.

Input Data

Description

Present land cover map

Raster of land use/land cover (LULC) for each pixel (resolution 5 m x 5 m), developed from [87]

Biophysical table

csv file reporting carbon density of the selected pools for each LULC class. Values for the different
carbon pools have been elaborated and adapted from [94-97]

land cover map

Raster of land use/land cover (LULC) for each pixel (resolution 5 m x 5 m), developed from [87].
For the NBS scenario, the land cover map integrated the NBS as a new LULC class

Economic value

Market price of EUR 7.70 per tCOzeq [98]

Output data

Description

Carbon stock

Raster file reporting the amount of carbon stocked in the targeted pools in tons per pixel

3. Results
3.1. Ecosystem Services Assessment
3.1.1. Biophysical Assessment

Flood risk is the main natural hazard faced within the study area; therefore, flood
risk mitigation is considered a key benefit expected from the NBS development. When
passing from the BAU to the NBS scenario, the total retained runoff volume increases by
about 2.689 m?, while the unit value, i.e., per single m?, increases from 0.5 to 0.6 m? run-
off/m? (Table 4). According to these figures, the riparian forest has a retention capacity that
is about 15% higher compared to the current land use under the BAU scenario. When
passing from the BAU to the NBS scenario, the other targeted ecosystem services also
show an improvement. The net change in carbon storage and sequestration corresponds
to 5819.71 tons of carbon, i.e., 0.02 tons of carbon per m?2. As for the habitat quality, a sig-
nificant increase in the corresponding index is also observed when passing from the BAU
to the NBS scenario.

Table 4. Biophysical valuation of ecosystem services generated under the BAU and NBS scenarios

Ecosystem Services BAU Scenario NBS Scenario NBS-BAU
Total Value  Value per m?* Total Value Value per m? Total Value  Value per m?
Flood Risk Mitigation
Retained runoff volume (m3)  17,931.96 0.05 20,620.84 0.06 2688.88 0.01
Runoff retention index (0-1) * 0.45 (0.42-0.47) 0.52 (0.46-0.56) 0.07 (0.04-0.09)
Carbon Storage and Sequestration
Carbon stock (tons of carbon) 3941.88 0.01 9761.59 0.03 5819.71 0.02
Carbon sequestration index (0-1) * 0.29 (0.19-0.33) 0.73 (0.19-0.75) 0.44 (0-0.42)
Habitat Quality
Habitat quality index (0-1) * 0.20 (0.05-0.61) 0.97 (0.05-0.99) 0.77 (0-0.38)

* mean values (minimum-maximum values).
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Figure 4 visualizes the spatial distribution of indexes for each of the targeted ecosys-
tem services, calculated for BAU and the NBS scenarios, as well as their difference, while
Figure 5 reports the average value of each index for both scenarios.
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Figure 4. Spatially explicit comparative assessment of targeted ecosystem services, expressed via 0—
1 indexes, under the BAU and NBS scenarios as well as their difference.
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Figure 5. Summary comparative assessment of targeted ecosystem services, expressed via 0-1 in-
dexes, under the BAU and NBS scenarios as well as their difference.
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All indexes show higher values for the NBS scenario compared to the BAU one and
even more importantly, they show higher improvements for co-benefits rather than the
main targeted ecosystem service. Indeed, on average, the BAU runoff retention index is
0.45 (range: 0.42-0.47), i.e., under current land use conditions, the study area can retain
about 45% of rainwater generating flash-floods in the study area while the remaining pro-
portion generates runoff that contributes to flooding and erosion. In the NBS scenario, the
average runoff retention index is 0.52 (range: 0.46-0.56), showing a +15% increased capac-
ity to retain runoff compared to the BAU and, therefore, a lower flood risk. The carbon
sequestration capacity increases by +149% when passing from the BAU to the NBS sce-
nario (i.e., the latter has a sequestration capacity that is about 1.5 times higher compared
to the BAU) and the habitat quality by +372%.

3.1.2. Economic Assessment

Building on biophysical values reported in Section 3.1.1, economic values for targeted
ecosystem services have been calculated as net values, i.e., as a difference between the
NBS and the BAU scenarios (Table 5). As for carbon storage and sequestration, carbon
stock values returned by the model were converted into carbon dioxide equivalent values
by multiplying model outputs by 3.67. As for habitat quality, a unit value derived from
the literature (see Section 2.4) was transferred to the study area using the corresponding
habitat quality index as an adjusting factor.

Table 5. Net estimated value of targeted ecosystem services generated by the NBS scenario.

Ecosystem Service Economic Assessment Unit Value Biophysical Value Estimated Value Ei;?;:je
Criteria and Methods (NBS-BAU) (EUR)
(EUR/m?)

Flood Risk Mitigation Replacement cost method 400 EUR/m?®  2688.88 m? 1,075,554.07 3.21
Carbon Storage and Se- . 7.70 21,358.35 tons of

questration Market Price EUR/CO2eq CO2eq 164,459.29 0.49
Habitat Quality Benefit transfer 1.36 EUR/m2 335,450 m? 442,525.64 1.32

Total estimated value 1,682,539.00 5.02

The total net estimated value of the three ecosystem services provided under the NBS
scenario corresponds to about EUR 1.68 million, 64% of which depends on flood risk mit-
igation, 26% on habitat quality, and 10% on carbon storage and sequestration. Overall,
this is equivalent to 5.02 EUR/m?.

3.2. Cost—Benefit Analysis

The CBA returns information about the economic profitability of the NBS scenario
by computing and assessing the NPV and the benefit/cost ratio B/C and its level of expo-
sure to risk by computing the payback period. Results of the CBA are reported in Table 6.
While a 3.5% discount rate was considered as the most appropriate based on the existing
literature [84], we also calculated the above-mentioned indicators adopting different rates,
to perform a sensitivity analysis and check project investment results under different con-
ditions.

Table 6. Results of the cost-benefit analysis considering different discount rate values to test its ro-
bustness.

r 1% 2% 3.5% 5%
NPV (EUR) 21,857,387.60  19,268,742.50 16,028,861.35 13,408,945.37
B/C 12.27 11.49 10.41 9.42
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When considering a 3.5% rate, the NPV is about EUR 16.03 million and the B/C is
significantly higher than one (10.41), indicating that discounted benefits overcome dis-
counted costs. The NPV remains positive, and the B/C ratio stays higher than one with all
the discount rates tested, showing that the investment results are profitable under differ-
ent conditions. As for the payback period, it is five years regardless of the rate considered
for the CBA, indicating that the investment associated with the NBS building and mainte-
nance pays back, i.e., total discounted revenues exceed total discounted costs, in five years
from the investment.

We also considered possible fluctuation in costs and benefits within the NBS scenario
while keeping a 3.5% discount rate. We first considered costs to increase by 2%, 5%, and
10%, respectively, and then benefits to decrease by 2%, 5%, and 10% (Table 7). The invest-
ment results are profitable in any case, with NPV diminishing while costs increase and
benefits decrease; however, they still result in values higher than zero. Moreover, the pay-
back period does not change under the different conditions tested.

Table 7. Results of the cost-benefit analysis considering variations in both costs and benefits.

Costs (K) Benefits (B)
+2% +5% +10% -2% -5% -10%
NPV 15,994,782.10 15,943,663.23 15,858,465.10 15'674;’204'8 15,142,220.16 14,255,578.97
B/C 10.20 10.20 9.46 10.20 9.89 9.37
PB 5 years 5 years 5 years 5 years 5 years 5 years
% variation with reference to original K % variation with reference to original B
NPV 0% 1% -1% 2% —6% -11%
B/C 2% 2% -9% 2% -5% -10%

4. Discussion
4.1. Ecosystem Service Assessment

Research results show that the NBS scenario succeeds in improving the flow of all
selected ecosystem services, thus contributing to addressing a key challenge in the study
area (i.e., flood risk) while ensuring additional benefits in terms of carbon sequestration
and biodiversity conservation and enhancement. Benefits are considered in relative terms,
i.e., in terms of variation between a BAU and an NBS scenario: they therefore depend on
changes in land use and land cover conditions. While runoff retention capacity improves
by 15% when passing from the BAU scenario to the NBS one, variations regarding carbon
sequestration (+149%) and habitat quality (+372%) are significantly higher.

Our results are in line with the existing literature and studies reporting positive im-
pacts of forests in reducing flood risk management are mainly in terms of reduction in the
peak flow both temporally and spatially [99,100]. Moreover, they are consistent with a
vast body of the existing literature on the benefits provided by riparian forests in terms of
ecosystem services and their high potential as an NBS, far beyond water-related ecosys-
tem services (e.g., [101-105]). This emphasizes cascading effects of restoration projects in
terms of potential ecosystem service enhancements (e.g., [106]). Our results also confirm
that restored riparian forests can increase the supply of regulating ecosystem services in
comparison with degraded land, including cropland fields [76]. The provision of multiple
benefits is a core aspect within the NBS concept [33], together with the balance of trade-
offs between the achievement of their primary goal(s) and the continued provision of mul-
tiple benefits [31]. In such a perspective, our findings support the idea that reinforcing the
ecosystem component within the WEFE Nexus and promoting an ecosystem approach is
not only needed to address biodiversity losses and decline [52] but can also have positive
spillover effects on the other Nexus components, creating synergies with them. The
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recovery of biodiversity goes hand in hand with improvements in important ecosystem
functions and services, ultimately promoting ecosystem multifunctionality.

Some trade-offs can also occur, in particular between targeted ecosystem services and
provisioning ones. This may mainly regard food production, i.e., the food security com-
ponent of the Nexus because of land use/land cover changes when passing from the BAU
scenario to the NBS one. While systematic trade-offs and synergy analysis among the
Nexus components are beyond the scope of this study, it is important to highlight that the
NBS scenario, though likely reducing crop production due to land use transformation
from farmland/cropland to forest, may also provide indirect benefits to the food compo-
nent. Indeed, avoided costs due to, for example, avoided crop losses because of reduced
flood risks [107], avoided soil losses due to reduced bank erosion, and avoided/reduced
sediment transportation, which may result in better water quality for multiple uses, in-
cluding irrigation [108,109], should also be accounted.

4.2. Cost—Benefit Analysis

The CBA confirms that the proposed NBS scenario also performs well in economic
terms, suggesting it would represent a safe and sustainable investment from a public per-
spective aiming to pursue the valuing of public goods. The sensitivity analysis highlights
that investment performances in terms of profitability (NPV and B/C) are up to 10 times
more sensitive to decreasing benefits rather than increasing costs. Nonetheless, the analy-
sis confirms that the investment would remain economically profitable even when con-
sidering less favorable conditions, i.e., either cost increase or benefit reduction. We con-
sidered cost/benefit variations within a 10% range that is fully consistent with current an-
nual inflation rates in Greece [110]; therefore, we can conclude that this analysis simulates
realistic conditions and indicates the NBS would remain a realistically viable investment
anyway. At the same time, no changes were observed in terms of the payback period when
modifying the discount rate, initial costs, or expected benefits: in all cases, discounted
benefits would allow the recovery of initial costs in five years from the investment. This
means risk exposure would not vary under less favorable conditions and investors would
need to bear the risk of the investment for five years. Although a comparison between NBS
and traditional (i.e., grey) infrastructure is beyond the scope of this study, it is a worth-
while reminder that water-management infrastructures are typically capital-intensive and
present high sunk costs, implying high initial investments followed by 20-30 years-long
payback periods [111]. Moreover, additional social benefits could be considered and ac-
counted for in terms of, e.g., employment opportunities associated with restoration pro-
jects. All in all, the positive outcomes of the CBA highlight the potentialities of NBS and,
more in general, restoration initiatives as investment opportunities that may attract funds
from different sources, including public, private, and blended financing mechanisms
[112].

4.3. Planning and Management Implications

While existing literature on the WEFE Nexus, both at the global [52] and at the Med-
iterranean scale [18], is mainly focused on agricultural practices, the link between forest
resources and the Nexus has often been considered too complex and, sometimes, even
controversial [113]. Our research provides additional inputs and arguments to accommo-
date forests within the Nexus framework, consistent with the idea that forest and land-
scape restoration is a promising strategy for improving the Nexus and contributing to
sustainable development and resilience of socioecological systems [114]. However, since
the Nexus can be seen as a step beyond silos planning toward a more holistic approach to
planning [115] NBS cannot be effectively managed in isolation [31], they should rather be
framed within planning strategies at a landscape scale or even beyond [116]. Though often
covering a small proportion of agricultural landscapes, riparian forests nestled in crop-
intensive areas can contribute remarkably to biodiversity and the support of several eco-
logical processes as well as the supply of ecosystem services, thus ensuring
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multifunctional landscapes [76]. To improve positive impacts and successfully contribute
to a full WEFE Nexus implementation, the riparian forest assessed in our study should be
preferably combined with additional measures within the same area, such as more sus-
tainable agricultural and grazing practices, e.g., by adopting agroecology solutions [117],
as well as the development of ecological connectivity with other natural habitats and en-
vironments within the watershed [118,119]. As observed by [75], more than half of river
and riparian restoration projects in Europe are not part of a larger restoration strategy,
just being designed and implemented on a site basis, and thus often missing proper plan-
ning and vision at a broader scale. On the contrary, NBS integration across spatial scales
is essential [45] to avoid overlooking the multi-directional effects of NBS and allow for
effective NBS implementation [120] as well as contribute to multiple policy goals [121].
This can also help synergies via interconnected networks of multiple (semi-) natural areas
[120] and reduce trade-off risks. For example, when creating new forest areas, attention
should be paid to other possible natural hazards that are on the rise due to climate change
effects, such as wildfires. Unregulated and unplanned forest building may otherwise con-
tribute to the shortcomings of fire prevention strategies [122].

4.4. Policy Implications

Our findings can also be considered vis-a-vis some recent and emerging policies ad-
dressing climate change and its impacts on socioecological systems. NBS is widely viewed
as a means of achieving the objectives of existing and proposed European policies [116]
that are conceptually and practically connected to the WEFE Nexus. These include, among
others, the EU Strategy on Adaptation to Climate Change [123], EU Water [124] and EU
Floods Directives [125], EU Biodiversity Strategy for 2030 [126], and the EU Nature Resto-
ration Law [127]. According to the latter, passed by the EU Parliament in 2023 after lengthy
consultations but still waiting for final approval by the EU Environment Council for en-
tering into force, EU member states will have to implement measures to restore degraded
ecosystems on at least 20% of the EU land by 2030 and all ecosystems in need of restoration
by 2050 [127]. Scaling up ecosystem restoration is high on the international agenda, be-
yond the European one, as the United Nations decade on ecosystem restoration (2021-
2030) calls for increased global efforts to halt the degradation of ecosystems. The restora-
tion of a degraded riparian forest within the Koiliaris River Watershed would therefore
be in line with mainstream directions within the global policy agenda and represent an
example of compliance with the EU Nature Restoration Law. It would confirm that cli-
mate adaptation and disaster risk reduction can contribute to the EU nature restoration
agenda within the umbrella of the Green Deal, enhancing biodiversity while ensuring val-
uable co-benefits [128]. NBS costs and benefits assessment should be an integral part of
investment projects, to engage stakeholders, assess the economic viability of investments,
and evaluate the impacts of the NBS [46] as stressed also by key policy tools such as, for
example, the European Union (EU) Water Framework Directive and, more recently, the
Kunming-Montreal Global Biodiversity Framework. It is important to note that forest res-
toration activities are encouraged also by the Greek National Forestry Strategic Develop-
ment Plan 2018-2038, according to which there is significant scope for doing so in Greece
[129]. In such a perspective, a National Reforestation Plan has been recently announced
by the Greek government. Funded by the National Recovery and Resilience Plan under
the Recovery and Resilience Facility, the plan is aimed at supporting the restoration of
degraded forest areas and afforestation across the country. The plan is supposed to invest
some EUR 224 million from 2021 to 2025 [130].

Despite adopting a case-study approach, it should be noticed that challenges ad-
dressed by the research are consistent with the larger picture observed at a country level,
as the main reported pressures and threats to terrestrial habitats in Greece relate to land
use changes and are mainly linked to agriculture and urban development [130]. Since the
1950s, Greece, including insular territories like Crete, has experienced socioeconomic de-
velopments resulting in deep social, economic, and environmental changes, the impacts



Forests 2024, 15, 760

14 of 20

of which have ultimately decayed local resources and jeopardized the country’s environ-
mental sustainability in the long term [131,132]. Although our study is site-specific in
terms of focus, the generalization of our results should not be readily discounted; this
paper contributes to advancing research on ecosystem service assessment in Greece and
enlarges its scope to forest ecosystems and nature restoration initiatives, while research
efforts in the country so far focused mainly on marine and coastal ecosystems and their
services [133].

4.5. Research Limitations

Despite our efforts, the paper presents some limitations. By selecting only three eco-
system services as the benefits of the NBS, we likely caught the most important services
within the specific case; nevertheless, we did not consider additional ones among regulat-
ing (e.g., improved water quality due to sediment retention and filtration by riparian veg-
etation) and cultural ecosystem services (e.g., recreational opportunities offered by the
restored forest). This likely resulted in an underestimation of the total value of benefits
generated by NBS under the NBS scenario. While grasping the total economic value of the
NBS was beyond the scope of this paper, future developments in our research may expand
the range of benefits. On the other hand, we did not consider foregone benefits, e.g., under
the form of forgone revenues from agriculture due to the cropland conversion into forests.
Future research might try to incorporate them as well. Finally, the use of software-based
models required some a priori simplifications or assumptions in modeling, due to tech-
nical constraints or data gaps in terms of quality/scale and quantity.

5. Conclusions

We analyzed the costs and benefits associated with a riparian forest restoration as an
NBS to mitigate flood risks in the Koiliaris River Watershed (northwestern Crete, Greece).
Our results confirm that the proposed NBS has a good potential for facing flood risk and,
simultaneously, delivering co-benefits that can positively contribute to addressing the
global environmental and societal challenges impacting at a local level. Indeed, the NBS
scenario resulted in a higher capability to retain runoff in comparison with the BAU sce-
nario, as well as a higher carbon sequestration capacity and habitat quality. The economic
analysis, via a CBA, highlighted that the NBS scenario provides positive results and is
sustainable under different conditions tested sensitivity analysis.

Our study builds on [70], which developed a vision-based decision-making method-
ology and participatory process carried out in the study area to discuss challenges, iden-
tify possible solutions, and design pathways toward them. Local actors’ engagement and
their close cooperation with experts is a key preliminary step to facilitate the identification
of effective solutions as well as ensuring they are technically sound and socially accepta-
ble. In continuation with this, the biophysical and economic assessment of the proposed
solutions provided by our research allows moving further by gaining a more in-depth
view of the project and associated impacts. Overall, this workflow allows a multidiscipli-
nary and collaborative approach to the topic and informs policy and decision-making pro-
cesses.

Our paper contributes to research on the incorporation of the ecosystem dimension
of the WEFE Nexus through the implementation of NBS and the deepening of associated
economic aspects. While NBS are typically tailored to local biophysical, socioeconomic,
political, and cultural conditions, the development and systematization of scaling ap-
proaches, i.e., scaling out, scaling up, and scaling deep [134], necessarily builds on a broad
basis of empirical and scientific experiences as well as case studies. In such a perspective,
our research contributes to a growing body of case studies and to the advancement in
emerging concepts within the framework of climate change mitigation activities in the
context of the Mediterranean region and beyond.



Forests 2024, 15, 760 15 of 20

Author Contributions: Conceptualization, M.M., G.B., C.R. and N.P.N.; methodology, M.M., G.B.
and C.R,; software, M.M. and G.B.; validation, M.M. and G.B.; formal analysis, G.B.; investigation,
M.M. and G.B.; resources, M.M. and G.B.; data curation, M.M. and G.B.; writing—original draft
preparation, M.M. and G.B.; writing—review and editing, M.M., N.P.N., M.A.L. and D.P.; visuali-
zation, M.M. and G.B.; supervision, M.M.; funding acquisition, D.P. and M.M. All authors have read
and agreed to the published version of the manuscript.

Funding: This research was funded by the LEarning and action alliances for the NexuS Environ-
mentS in an uncertain future (LENSES) project and the PRIMA (Partnership for Research and Inno-
vation in the Mediterranean Area) program, under grant agreement No 2041.

Data Availability Statement: Data are contained within the article.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Lionello, P.; Scarascia, L. The Relation between Climate Change in the Mediterranean Region and Global Warming. Reg. Environ.
Chang. 2018, 18, 1481-1493. https://doi.org/10.1007/s10113-018-1290-1.

2. Giorgi, F. Climate Change Hot-Spots. Geophys. Res. Lett. 2006, 33, L08707. https://doi.org/10.1029/2006GL025734.

3. Alj E.; Cramer, W.; Carnicer, J.; Georgopoulou, E.; Hilmi, N.J.M.; Le Cozannet, G.; Lionello, P. Mediterranean Region. In Climate
Change 2022: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Sixth Assessment Report of the Intergov-
ernmental Panel on Climate Change; Pértner, H.O., Roberts, D.C., Tignor, M., Poloczanska, E.S., Mintenbeck, K., Alegria, A., Craig,
M., Langsdorf, S., Loschke, S., Méller, V.; et al., Eds.; Cambridge University Press: Cambridge, UK; New York, NY, USA, 2022;
pp- 2233-2272.

4. MedECC. Climate and Environmental Change in the Mediterranean Basin — Current Situation and Risks for the Future. First Mediterra-
nean Assessment Report; MedECC: Marseille, France, 2020.

5. Cramer, W.; Guiot, J.; Fader, M.; Garrabou, J.; Gattuso, J.-P.; Iglesias, A.; Lange, M.A.; Lionello, P.; Llasat, M.C.; Paz, S.; et al.
Climate Change and Interconnected Risks to Sustainable Development in the Mediterranean. Nat. Clim. Chang. 2018, 8, 872-980.
https://doi.org/10.1038/s41558-018-0299-2.

6.  Hoff, H. Understanding the Nexus. Background Paper for the Bonn2011 Conference: The Water, Energy and Food Security Nexus; Stock-
holm Environment Institute: Stockholm, Sweden, 2011.

7. Ringler, C.; Bhaduri, A.; Lawford, R. The Nexus across Water, Energy, Land and Food (WELF): Potential for Improved Resource
Use Efficiency? Curr. Opin. Environ. Sustain. 2013, 5, 617—-624. https://doi.org/10.1016/j.cosust.2013.11.002.

8.  Foran, T. Node and Regime: Interdisciplinary Analysis of Water-EnergyFood Nexus in the Mekong Region. Water Altern. 2015,
8, 655-674.

9.  Wolfe, M.L,; Ting, K.C.; Scott, N.; Sharpley, A.; Jones, ].M.; Verma, L. Engineering Solutions for Food-Energy-Water Systems: It
Is More than Engineering. J. Environ. Stud. Sci. 2016, 6, 172-182. https://doi.org/10.1007/s13412-016-0363-z.

10.  Union for the Mediterranean. UfM Water Policy Framework for Actions 2030; Union for the Mediterranean: Barcelona, Spain, 2020.

11.  Riccaboni, A.; Antonelli, M.; Stanghellini, G. Partnership for Research and Innovation in the Mediterranean Area and the Pro-
motion of a Nexus Approach. In Connecting the Sustainable Development Goals: The WEF Nexus. Sustainable Development Goals
Series; Cavalli, L., Vergalli, S., Eds.; Springer: Cham, Switzerland, 2022.

12. Malago, A.; Comero, S.; Bouraoui, F.; Kazezyilmaz-Alhan, C.M.; Gawlik, B.M.; Easton, P.; Laspidou, C. An Analytical Frame-
work to Assess SDG Targets within the Context of WEFE Nexus in the Mediterranean Region. Resour. Conserv. Recycl. 2021, 164,
105205. https://doi.org/10.1016/j.resconrec.2020.105205.

13. Shannak, S.; Mabrey, D.; Vittorio, M. Moving from Theory to Practice in the Water-Energy—Food Nexus: An Evaluation of
Existing Models and Frameworks. Water-Energy Nexus 2018, 1, 17-25. https://doi.org/10.1016/j.wen.2018.04.001.

14. Weitz, N.; Strambo, C.; Kemp-Benedict, E.; Nilsson, M. Governance in the Water-Energy-Food Nexus: Gaps and Future Research
Needs; Stockholm Environment Institute: Stockholm, Sweden, 2017.

15. Liu, J.; Yang, H.; Cudennec, C.; Gain, A.K.; Hoff, H.; Lawford, R.; Qi, J.; de Strasser, L.; Yillia, P.T.; Zheng, C. Challenges in
Operationalizing the Water—Energy—Food Nexus. Hydrol. Sci. J. 2017, 62, 1714-1720.
https://doi.org/10.1080/02626667.2017.1353695.

16. De Roo, A.; Trichakis, I.; Bisselink, B.; Gelati, E.; Pistocchi, A.; Gawlik, B. The Water-Energy-Food-Ecosystem Nexus in the Med-
iterranean: Current Issues and Future Challenges. Front. Clim. 2021, 3, 782553. https://doi.org/10.3389/fclim.2021.782553.

17.  Quagliarotti, D.A.L. The Water-Energy-Food Nexus in the Mediterranean Region in a Scenario of Polycrisis. TeMA-]. Land Use
Mobil. Environ. 2023, 109-122. https://doi.org/10.6093/1970-9870/10308.

18. Lucca, E.; El Jeitany, J.; Castelli, G.; Pacetti, T.; Bresci, E.; Nardi, F.; Caporali, E. A Review of Water-Energy-Food-Ecosystems
Nexus Research in the Mediterranean: Evolution, Gaps and Applications. Environ. Res. Lett. 2022, 18, 083001.
https://doi.org/10.1088/1748-9326/ace375.

19. First, C.; Luque, S.; Geneletti, D. Nexus Thinking-How Ecosystem Services Can Contribute to Enhancing Thecross-Scale and

Cross-Sectoral Coherence between Land Use, Spatial Planningand Policy-Making. Int. J. Biodivers. Sci. Ecosyst. Serv. Manag. 2017,
13, 412-421. https://doi.org/10.1080/21513732.2017.1396257.



Forests 2024, 15, 760 16 of 20

20.

21.

22.

23.

24.

25.

26.
27.

28.
29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Bekchanov, M.; Ringler, C.; Mueller, M. Ecosystem Services in the Water-Energy-Food Nexus. Chang. Adapt. Socioecol. Syst. 2015,
2, 100-102. https://doi.org/10.1515/cass-2015-0016.

Howells, M.; Hermann, S.; Welsch, M.; Bazilian, M.; Segerstrom, R.; Alfstad, T.; Gielen, D.; Rogner, H.; Fischer, G.; van
Velthuizen, H.; et al. Integrated Analysis of Climate Change, Land-Use, Energy and Water Strategies. Nat. Clim. Chang. 2013, 3,
621-626. https://doi.org/10.1038/nclimate1789.

Hiilsmann, S.; Susnik, J.; Rinke, K.; Langan, S.; Wijk, D.; Janssen, A.B.G.; Mooji, W.M. Integrated Modelling and Management
of Water Resources: The Ecosystem Perspective on the Nexus Approach. Curr. Opin. Environ. Sustain. 2019, 40, 14-20.
https://doi.org/10.1016/j.cosust.2019.07.003.

Galaitsi, S.; Veysey, J.; Huber-Lee, A. Where Is the Added Value? A Review of the Water-Energy-Food Nexus Literature; Stockholm
Environment Institute: Stockholm, Sweden, 2018.

van Gevelt, T. The Water-Energy—Food Nexus: Bridging the Science-Policy Divide. Curr. Opin. Environ. Sci. Health 2020, 13, 6—
10. https://doi.org/10.1016/j.coesh.2019.09.008.

EC. Towards an EU Research and Innovation Policy Agenda for Nature-Based Solutions & Re-Naturing Cities; European Commission:
Brussels, Belgium, 2015.

CBD. Annex A to COP 5 Decision V/6. Ecosystem Approach; Convention on Biological Diversity: Montreal, QC, Canada, 2000.
Naumann, S.; Anzaldua, G; Berry, P.; Burch, S.; Davis, M.; Frelih-Larsen, A.; Gerdes, H.; Sanders, M. Assessment of the Potential
of Ecosystem-Based Approaches to Climate Change Adaptation and Mitigation in Europe; Final Report to the European Commission;
Ecologic Institute: Berlin, Germany; Environmental Change Institute, Oxford University Centre for the Environment: Oxford,
UK, 2011.

Dorst, H.; van der Jagt, A.; Raven, R.; Runhaar, H. Urban Greening through Nature-Based Solutions —Key Characteristics of an
Emerging Concept. Sustain. Cities Soc. 2019, 49, 101620. https://doi.org/10.1016/].5CS.2019.101620.

Maes, J.; Jacobs, S. Nature-Based Solutions for Europe’s Sustainable Development. Conserv. Lett. 2015, 10, 121-124.

Faivre, N.; Fritz, M.; Freitas, T.; de Boissezon, B.; Vandewoestijne, S. Nature-Based Solutions in the EU: Innovating with Nature
to Address Social, Economic and Environmental Challenges. Environ. Res. 2017, 159, 509-518. https://doi.org/10.1016/j.en-
vres.2017.08.032.

IUCN. Global Standard for Nature-Based Solutions. A User-Friendly Framework for the Verification, Design and Scaling up of NBS, 1st
ed.; International Union for Conservation of Nature: Gland, Switzerland, 2020; ISBN 978-2-8317-2058-6.

Nesshéover, C.; Assmuth, T.; Irvine, K.N.; Rusch, G.M.; Waylen, K.A_; Delbaere, B.; Haase, D.; Jones-Walters, L.; Keune, H.; Ko-
vacs, E.; et al. The Science, Policy and Practice of Nature-Based Solutions: An Interdisciplinary Perspective. Sci. Total Environ.
2017, 579, 1215-1227. https://doi.org/10.1016/j.scitotenv.2016.11.106.

Sowinska-Swierkosz, B.; Garcia, J. What Are Nature-Based Solutions (NBS)? Setting Core Ideas for Concept Clarification. Nat.-
Based Solut. 2022, 2, 100009. https://doi.org/10.1016/j.nbsj.2022.100009.

Diep, L., McPhearson, T. Nature-Based Solutions for Global Climate Adaptation. Nature 2022, 606, 653.
https://doi.org/10.1038/d41586-022-01698-9.

Holscher, K.; Frantzeskaki, N.; Collier, M.].; Connop, S.; Kooijman, E.D.; Lodder, M.; McQuaid, S.; Vendergert, P.; Xidous, D.;
Beslagi¢, L.; et al. Strategies for Mainstreaming Nature-Based Solutions in Urban Governance Capacities in Ten European Cities.
npj Urban. Sustain. 2023, 3, 54. https://doi.org/10.1038/s42949-023-00134-9.

Sarkki, S.; Haanpad, O.; Heikkinen, H.I; Hiedanpaa, J.; Kikuchi, K.; Résdnen, A. Mainstreaming Nature-Based Solutions
through Five Forms of Scaling: Case of the Kiiminkijoki River Basin, Finland. Ambio 2024, 53, 212-226.
https://doi.org/10.1007/513280-023-01942-0.

Seddon, N.; Chausson, A.; Berry, P.; Girardin, C.A.J.; Smith, A.; Turner, B. Understanding the Value and Limits of Nature-Based
Solutions to Climate Change and Other Global Challenges. Phil. Trans. R. Soc. B 2000, 375, 20190120.
https://doi.org/10.1098/rstb.2019.0120.

Kabisch, N.; Frantzeskaki, N.; Pauleit, S.; Naumann, S.; Davis, M.; Artmann, M.; Haase, D.; Knapp, S.; Korn, H.; Stadler, J.; et al.
Nature-Based Solutions to Climate Change Mitigation and Adaptation in Urban Areas: Perspectives on Indicators, Knowledge
Gaps, Barriers, and Opportunities for Action. Ecol. Soc. 2016, 21, 39. https://doi.org/10.5751/ES-08373-210239.

Jones, H.; Hole, D.; Zavaleta, E. Harnessing Nature to Help People Adapt to Climate Change. Nat. Clim. Chang. 2012, 2, 504-509.
https://doi.org/10.1038/nclimate1463.

Keestra, S.; Nunes, J.; Novara, A.; Finger, D.; Avelar, D.; Kalantari, Z.; Cerda, A. The Superior Effect of Nature Based Solutions
in Land Management for Enhancing Ecosystem Services. Sci. Total Environ. 2018, 610-611, 997-1009. https://doi.org/10.1016/j.sci-
totenv.2017.08.077.

Cortinovis, C.; Geneletti, D. Ecosystem Services in Urban Plans: What Is There, and What Is Still Needed for Better Decisions.
Land Use Policy 2018, 70, 298-312. https://doi.org/10.1016/j.landusepol.2017.10.017.

Wingfield, T.; Macdonald, N.; Peters, K.; Spees, J.; Potter, K. Natural Flood Management: Beyond the evidence debate. Area 2019,
51, 743-751. https://doi.org/10.1111/area.12535.

Kumar, P.; Debele, S.E.; Sahani, J.; Aragao, L.; Barisani, F.; Basu, B.; Bucchignani, E.; Charizopoulos, N.; Domeneghetti, S.;
Sorolla, A.; et al. Towards an Operationalisation of Nature-Based Solutions for Natural Hazards. Sci. Total Environ. 2020, 731,
138855. https://doi.org/10.1016/j.scitotenv.2020.138855.

Faivre, N.; Sgobbi, A.; Happaerts, S.; Raynal, J.; Schmidt, L. Translating the Sendai Framework into Action: The EU Approach
to Ecosystem-Based Disaster Risk Reduction. Int. J. Disaster Risk Reduct. 2018, 32, 4-10. https://doi.org/10.1016/j.ijdrr.2017.12.015.



Forests 2024, 15, 760 17 of 20

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Albert, C.; Hack, J.; Schmidt, S.; Schroter, B. Planning and Governing Nature-Based Solutions in River Landscapes: Concepts,
Cases, and Insights. Ambio 2021, 50, 1405-1413. https://doi.org/10.1007/s13280-021-01569-z.

Raska, P.; Bezak, N.; Ferreira, C.S.S.; Kalantari, Z.; Banasik, K.; Bertola, M.; Bourke, M.; Cerda, A.; Evans, R.; Finger, D.C.; et al.
Identifying Barriers for Nature-Based Solutions in Flood Risk Management: An Interdisciplinary Overview Using Expert Com-
munity Approach. J. Environ. Manag. 2022, 310, 114725. https://doi.org/10.1016/j.jenvman.2022.114725.

Van Zanten, B.T.; Gutierrez Goizueta, G.; Brander, L.M.; Gonzalex Reguero, B.; Griffin, R.; Macleod, K.K.; Alves Beloqui, A.L;
Migdley, A.; Herrera Garcia, L.D.; Jongman, B. Assessing the Benefits and Costs of Nature-Based Solutions for Climate Resilience: A
Guideline for Project Developers; World Bank: Washington, DC, USA, 2023.

Arfaoui, N.; Gnonlonfin, A.; Piton, G.; Douai, A. Economic Efficiency and Financing of Nature-Based Solutions: The Brague
River Case Study. Nat. Sci. Soc. 2022, 30, 238-253. https://doi.org/10.1051/nss/2023010.

Garcia-Herrero, L.; Lavrni¢, S.; Guerrieri, V.; Toscano, A.; Milani, M.; Cirelli, G.L.; Vittuari, M. Cost-Benefit of Green Infrastruc-
tures for Water Management: A Sustainability Assessment of Full-Scale Constructed Wetlands in Northern and Southern Italy.
Ecol. Eng. 2022, 185, 106797. https://doi.org/10.1016/j.ecoleng.2022.106797.

Keyzer, M.; Sonneveld, B.; Veen, W. Valuation of Natural Resources: Efficiency and Equity. Dev. Pract. 2009, 19, 233-239.
https://doi.org/10.1080/09614520802689527.

Albert, C.; Schroter, B.; Haasec, D.; Brillinger, M.; Henze, J.; Herrmann, S.; Gottwald, S.; Guerrero, P.; Nicolas, C.; Matzdorf, B.
Addressing Societal Challenges through Nature-Based Solutions: How Can Landscape Planning and Governance Research
Contribute? Landsc. Urban Plan. 2019, 182, 12-21. https://doi.org/10.1016/j.landurbplan.2018.10.003.

Moreno Vargas, G.C.; del Pilar Quifiones Hoyos, C.; Hernandez Manrique, O.L. The Water-Energy-Food Nexus in Biodiversity
Conservation: A Systematic Review around Sustainability Transitions of Agricultural Systems. Helyon 2023, 9, el7016.
https://doi.org/10.1016/j.heliyon.2023.e17016.

Barton, D.N.; Kelemen, E.; Dick, J.; Martin-Lopez, B.; Gomez-Baggethun, E.; Jacobs, S.; Hendriks, C.M.; Termansen, M.; Garcia-
Llorente, M.; Primmer, E.; et al. (Dis) Integrated Valuation — Assessing the Information Gaps in Ecosystem Service Appraisals
for Governance Support. Ecosyst. Serv. 2018, 29, 529-541. https://doi.org/10.1016/j.ecoser.2017.10.021.

Zhou, W.; Martius, C. Taking Stock of Nature-Based Solutions (NBS): An Analysis of Global NBS Submissions to the United Nations
Climate Action Summit in September 2019; CIFOR: Bogor, Indonesia, 2022.

Ruckelshaus, M.; McKenzie, E.; Tallis, H.; Guerry, A.; Daily, G.; Kareiva, P.; Polasky, S.; Ricketts, T.; Bhagabati, N.; Wood, S.A.;
et al. Notes from the Field: Lessons Learned from Using Ecosystem Service Approaches to Inform Real-World Decisions. Ecol.
Econ. 2015, 11, 11-21. https://doi.org/10.1016/j.ecolecon.2013.07.009.

Giordano, R.; Pluchinotta, I.; Pagano, L; Scrieciu, A.; Nanu, F. Enhancing Nature-Based Solutions Acceptance through Stake-
holders’” Engagement in Co-Benefits Identification and Trade-Offs Analysis. Sci. Total Environ. 2020, 713, 136552.
https://doi.org/10.1016/j.scitotenv.2020.136552.

MedECC. Risks Associated to Climate and Environmental Changes in the Mediterranean Region. Apreliminary Assessment by the
MedECC Network Science-Policy Interface—2019; MedECC-PlanBleu: Marseille, France, 2019.

Llasat, M.C. Floods Evolution in the Mediterranean Region in a Context of Climate and Environmental Change. Cuad. Investig.
Geogr. 2021, 47, 13-32. https://doi.org/10.18172/cig.4897.

Gaume, E.; Borga, M.; Llasat, M.C.; Maouche, S.; Lang, M.; Diakakis, M. Mediterranean Extreme Floods and Flash Floods. In
The Mediterranean Region under Climate Change. A Scientific Update; IRD Editions: Marseille, France, 2016; pp. 133-134.

Alfieri, L.; Feyen, L.; Dottori, F.; Bianchi, A. Ensemble Flood Risk Assessment in Europe under High End Climate Scenarios.
Glob. Environ. Chang. 2015, 35, 199-212. https://doi.org/10.1016/j.gloenvcha.2015.09.004.

Davolio, S.; Buzzi, A.; Malguzzi, P. Orographic Triggering of Long Lived Convection in Three Dimensions. Meteorol. Atmos.
Phys. 2009, 103, 35-44. https://doi.org/10.1007/s00703-008-0332-5.

Tarolli, P.; Borga, M.; Morin, E.; Delrieu, G. Analysis of Flash Flood Regimes in the North-Western and South-Eastern Mediter-
ranean Regions. Nat. Hazards Earth Syst. Sci. 2012, 12, 1255-1265. https://doi.org/10.5194/nhess-12-1255-2012.

Jodar-Abellan, A.; Valdes-Abellan, J.; Pla, C.; Gomariz-Castillo, F. Impact of Land Use Changes on Flash Flood Prediction Using
a Sub-Daily SWAT Model in Five Mediterranean Ungauged Watersheds (SE Spain). Sci. Total Environ. 2019, 657, 1578-1591.
https://doi.org/10.1016/j.scitotenv.2018.12.034.

IPBES. Global Assessment Report on Biodiversity and Ecosystem Services of the Intergovernmental Science-Policy Platform on Biodiversity
and Ecosystem Services; Brondizio, E.S., Settele, J., Diaz, S., Ngo, H.T., Eds.; IPBES Secretariat: Bonn, Germany, 2019.
Aurambout, J.P.; Schiavina, M.; Melchiori, M.; Fioretti, C.; Guzzo, F.; Vandecasteele, 1.; Proietti, P.; Kavalov, B.; Panella, F.; Kou-
koufikis, G. Shrinking Cities—JRC126011; European Commission: Brussels, Belgium, 2021.

European Flood Awareness System. Storm Daniel Affects Greece, Bulgaria and Tiirkiye— September 2023; European Centre for Me-
dium-Range Weather Forecasts (ECMWF): Reading, UK, 2023.

Mpekiaris, I.; Tsiotras, G.; Moschidis, O.; Gotzamani, K. Natural Disaster Preparedness and Continuity Planning of Greek En-
terprises. Int. ]. Disaster Risk Reduct. 2020, 47, 101555. https://doi.org/10.1016/j.ijdrr.2020.101555.

Lilli, M.A.; Efstathiou, D.; Moraetis, D.; Schuite, J.; Nerantzaki, S.D.; Nikolaidis, N.P. A Multi-Disciplinary Approach to Under-
stand Hydrologic and Geochemical Processes at Koiliaris Critical Zone Observatory. Water 2020, 12, 2474.
https://doi.org/10.3390/w12092474.

Henao, E.; Lopez, M.L.; Osann, A. Baseline Description, Deliverable 8.1. PRIMA LENSES Project; PRIMA: Albacete, Spain, 2022;.



Forests 2024, 15, 760 18 of 20

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.
82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Lilli, M.A.; Nerantzaki, S.D.; Riziotis, C.; Kotronakis, M.; Efstathiou, D.; Kontakos, D.; Lymberakis, P.; Avramakis, M.; Tsakirakis,
A.; Protopapadakis, K,; et al. Vision-Based Decision-Making Methodology for Riparian Forest Restoration and Flood Protection
Using Nature-Based Solutions. Sustainability 2020, 12, 3305. https://doi.org/10.3390/su12083305.

Yu, X.; Moraetis, D.; Nikolaidis, N.P.; Li, B.; Duffy, C.; Liu, B. A Coupled Surface-Subsurface Hydrologic Model to Assess
Groundwater Flood Risk Spatially and Temporally. Environ. Model. Softw. 2019, 114, 129-139. https://doi.org/10.1016/j.en-
vsoft.2019.01.008.

Nerantzaki, S.D.; Giannakis, G.V.; Efsathiou, D.; Nikolaidis, N.P.; Sibetheros, I.A.; Karatzas, G.P.; Zacharias, I. Modeling Sus-
pended Sediment Transport and Assessing the Impacts of Climate Change in a Karstic Mediterranean Watershed. Sci. Total
Environ. 2015, 538, 288-297. https://doi.org/10.1016/j.scitotenv.2015.07.092.

Moraetis, D.; Paranychianakis, N.V.; Nikolaidis, N.P.; Banwart, S.A.; Rousseva, S.; Kercheva, M.; Nenov, M.; Shishkov, T.; de
Ruiter, P.; Bloem, J.; et al. Sediment Provenance, Soil Development, and Carbon Content in Fluvial and Manmade Terraces at
Koiliaris River Critical Zone Observatory. ]. Soils Sediments 2015, 15, 347-364. https://doi.org/10.1007/s11368-014-1030-1.
Nerantzaki, S.D.; Hristopulos, D.T.; Nikolaidis, N.P. Estimation of the Uncertainty of Hydrologic Predictions in a Karstic Med-
iterranean Watershed. Sci. Total Environ. 2020, 717, 137131. https://doi.org/10.1016/]. SCITOTENV.2020.137131.

Szatkiewicz, E.; Jusik, S.; Grygoruk, M. Status of and Perspectives on River Restoration in Europe: 310,000 Euros per Hectare of
Restored River. Sustainability 2018, 10, 129. https://doi.org/10.3390/su10010129.

Castellano, C.; Bruno, D.; Comin, F.A.; Rey Benayas, ].M.; Masip, A.; Jiménez, ].J. Environmental Drivers for Riparian Restora-
tion Success and Ecosystem Services Supply in Mediterranean Agricultural Landscapes. Agr. Ecosyst. Environ. 2022, 337, 108048.
https://doi.org/10.1016/j.agee.2022.108048 Get rights and content.

Demetropoulou, L.; Lilli, M.A.; Petousi, I.; Nikolaou, T.; Fountoulakis, M.; Kritsotakis, M.; Panakoulia, S.; Giannakis, G.V.;
Manios, T.; Nikolaidis, N.P. Innovative Methodology for the Prioritization of the Program of Measures for Integrated Water
Resources Management of the Region of Crete, Greece. Sci. Total Environ. 2019, 672, 61-70. https://doi.org/10.1016/].5CI-
TOTENV.2019.03.397.

European Environment Agency and EUNIS EUNIS Habitat Classification 2012 Amended 2019 —Helleno-Balkanic Riparian
Plane Forests. Available online: https://eunis.eea.europa.eu/habitats/4939 (accessed on 23 March 2024).

Natural Capital Project. INVEST 3.14.1. Available online: https://naturalcapitalproject.stanford.edu/software/invest (accessed on
19 April 2024).

CICES Common International Classification of Ecosystem Services (CICES) Version 5.1. Available online: https://cices.eu/ (ac-
cessed on 19 April 2024).

Gregersen, H.; Contreras, A. Economic Assessment of Forestry Project Impacts. FAO Forestry Paper 106; FAO: Rome, Italy, 1995.
Carvajal, V.C,; Janmat, J. A Cost-Benefit Analysis of a Riparian Rehabilitation Project on Alderson Creek, Township of Spallumcheen,
British Columbia; University of British Columbia: Vancouver, BC, Canada, 2016.

Masiero, M.; Pettenella, D.; Boscolo, M.; Barua, S.K.; Animon, I.; Matta, J.R. Valuing Forest Ecosystem Services: A Training Manual
for Planners and Project Developers; Food and Agriculture Organization of the United Nations: Rome, Italy, 2019; ISBN 978-92-5-
131215-5.

Dicks, J.; Dellaccio, O.; Stenning, J. Economic Costs and Benefits of Nature-Based Solutions to Mitigate Climate Change; Cambridge
Econometrics: Cambridge, UK, 2020.

Natural Capital Project. InVEST User Guide; Stanford University: Stanford, CA, USA, 2021.

Masiero, M.; Biasin, A.; Amato, G.; Malaggi, F.; Pettenella, D.; Nastasio, P.; Anelli, S. Urban Forests and Green Areas as Nature-
Based Solutions for Brownfield Redevelopment: A Case Study from Brescia Municipal Area (Italy). Forests 2022, 13, 444.
https://doi.org/10.3390/f13030444.

Copernicus Land Monitoring Service. CORINE Land Cover 2018 (Raster 100 m), Europe, 6-Yearly— Version 2020_20ul1, May 2020;
European Environment Agency: Copenhagen, Denmark, 2020.

USDA. Urban Hydrology for Small Watersheds —TR55, 2nd ed.; United States Department of Agriculture: Washington, DC, USA,
1986.

Ross, C.W; Prihodko, L.; Anchang, J.Y.; Kumar, S.S; Ji, W.; Hanan, N.P. Global Hydrologic Soil Groups (HYSOGs250m) for Curve
Number-Based Runoff Modeling; ORNL DAAC: Oak Ridge, TN, USA, 2018.

Ingegnoli, V.; Giglio, E. Landscape Biodiversity Changes in Forest Vegetation and the Case Study of the Lavazé Pass (Trentino,
Italy). Ann. Bot. 2008, 8, 21-29. https://doi.org/10.4462/annbotrm-9098.

de Groot, R.; Brander, L.; van der Ploeg, S.; Costanza, R.; Bernard, F.; Braat, L.; Christie, M.; Crossman, N.; Ghermandi, A.; Hein,
L.; et al. Global Estimates of the Value of Ecosystems and Their Services in Monetary Units. Ecosyst. Serv. 2012, 1, 50-61.
https://doi.org/10.1016/j.ecoser.2012.07.005.

Chiabai, A.; Travisi, C.M.; Markandya, A.; Ding, H.; Nunes, P.A.L.D. Economic Assessment of Forest Ecosystem Services Losses:
Cost of Policy Inaction. Environ. Resour. Econ. 2011, 50, 405-445. https://doi.org/10.1007/s10640-011-9478-6.

Nkonya, E.; Anderson, W.; Kato, E.; Koo, ].; Mizabaev, A.; von Braun, J.; Meyer, S. Global Cost of Land Degradation. In Economics
of Land Degradation and Improvement—A Global Assessment for Sustainable Development; Nkonya, E., Mirzabaev, A., von Braun, J.,
Eds.; Springer: Cham, Switzerland, 2016; pp. 117-165.

Aksoy, E.; Panagos, P.; Montanarella, L. Spatial Prediction of Soil Organic Carbon of Crete by Using Geostatistics. In Digital Soil
Assessments and Beyond, Proceedings of the Fifth Global Workshop on Digital Soil Mapping, Sydney, Australia, 1013 April 2012; Mi-
nasny, B., Malone, B.P., McBratney, A.B., Eds.; CRC Press, Taylor&Francis Group: Leiden, The Netherlands, 2012; pp. 49-53.



Forests 2024, 15, 760 19 of 20

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.
112.

113.

114.

115.

116.

117.

118.

119.

Ilarioni, L.; Nasini, L.; Brunori, A.; Proietti, P. Experimental Measurement of the Biomass of Olea europaea L. Afr. ]. Biotech. 2013,
12, 1216-1222. https://doi.org/10.5897/AJB12.2682.

Kilpeldinen, A.; Peltola, H. Carbon Sequestration and Storage in European Forests. In Forest Bioeconomy and Climate Change;
Managing Forest Ecosystems; Hetemaki, L., Kangas, J., Peltola, H., Eds.; Springer: Cham, Switzerland, 2022; Volume 42, pp.
113-128.

Scandellari, F.; Caruso, G.; Liguori, G.; Meggio, F.; Palese, A.M.; Zanotelli, D.; Celano, G.; Gucci, R.; Inglese, P.; Pitacco, A.; et al.
A Survey of Carbon Sequestration Potential of Orchards and Vineyards in Italy. Eur. |. Hortic. Sci. 2016, 71, 106-114.
https://doi.org/10.17660/eJHS.2016/81.2.4.

Ecosystem Marketplace. The Art of Integrity: State of Voluntary Carbon Markets; Ecosystem Marketplace: Washington, DC, USA,
2022.

Cooper, M.M.D,; Patil, S.D.; Nisbet, T.R.; Thomas, H.; Smith, A.R.; McDonald, M.A. Role of Forested Land for Natural Flood
Management in the UK: A Review. Wiley Interdiscip. Rev. Water 2021, 8, e1541. https://doi.org/10.1002/wat2.1541.

Halldérsson, G.; Agﬁstsdéttir, A.M.; Aradéttir, A.L.; Arnalds, O.; Hagen, D.; Mortensen, L.; Nilsson, C.; Oskarsson, H.; Pagneux,
E.; Pilli-Sihvola, K.; et al. Ecosystem Restoration for Mitigation of Natural Disasters; Nordic Council of Ministers: Copenhagen,
Denmark, 2017.

Haase, D. Urban Wetlands and Riparian Forests as a Nature-Based Solution for Climate Change Adaptation in Cities and Their
Surroundings. In Nature-Based Solutions to Climate Change Adaptation in Urban Areas. Theory and Practice of Urban Sustainability
Transitions; Kabisch, N., Korn, H., Stadler, J., Bonn, A., Eds.; Springer: Cham, Switzerland, 2017; pp. 111-121.

Gwinn, D.C.; Middleton, J.A.; Beesley, L.; Close, P.; Quinton, B.; Storer, T.; Davies, P.M. Hierarchical Multi-taxa Models Inform
Riparian vs. Hydrologic Restoration of Urban Streams in a Permeable Landscape. Ecol. Appl. 2018, 28, 385-397.
https://doi.org/10.1002/eap.1654.

Hutchins, M.; Qu, Y.; Seifert-Dahnn, I.; Levin, G. Comparing Likely Effectiveness of Urban Nature-Based Solutions Worldwide:
The Example of Riparian Tree Planting and Water Quality. ]. Environ. Manag. 2024, 351, 119950. https://doi.org/10.1016/j.jen-
vman.2023.119950.

Jakubinsky, J.; Prokopova, M.; Raska, P.; Salvati, L.; Bezac, N.; Cudlin, O.; Purkyt, J.; Vezza, P.; Camporeale, C.; Danék, J.; et al.
Managing Floodplains Using Nature-Based Solutions to Support Multiple Ecosystem Functions and Services. WIREs Water 2021,
8, €1545. https://doi.org/10.1002/wat2.1545.

European Environment Agency. Nature-Based Solutions in Europe: Policy, Knowledge and Practice for Climate Change Adaptation and
Disaster Risk Reduction; European Environment Agency: Copenhagen, Denmark, 2021; ISBN 978-92-9480-362-7.

Barth, C.; Doll, P. Assessing the Ecosystem Service Flood Protection of a Riparian Forest by Applying a Cascade Approach.
Ecosyst. Serv. 2016, 21, 39-52. https://doi.org/10.1016/j.ecoser.2016.07.012.

Dottori, F.; Mentaschi, L.; Bianchi, A.; Alfieri, A.; Feyen, L. Cost-Effective Adaptation Strategies to Rising River Flood Risk in
Europe. Nat. Clim. Chang. 2023, 13, 196-202. https://doi.org/10.1038/s41558-022-01540-0.

Schindler, S.; O'Neill, F.H.; Bir, M.; Damm, C.; Gasso, V.; Kanaka, R.; van der Sluis, T.; Krug, A.; Lauwaar, S.G.; Sebesvari, Z.;
et al. Multifunctional Floodplain Management and Biodiversity Effects: A Knowledge Synthesis for Six European Countries.
Biodivers. Conserv. 2016, 25, 1349-1382. https://doi.org/10.1007/s10531-016-1129-3.

Nilsson, C.; Riis, T.; Sarneel, ].M.; Svavarsdoéttir, K. Ecological Restoration as a Means of Managing Inland Flood Hazards. Bio-
science 2018, 68, 89-99. https://doi.org/10.1093/biosci/bix148.

IMEF. International Monetary Fund —Greece. Available online: https://www.imf.org/en/Countries/GRC (accessed on 19 April
2024).

OECD. Financing a Water Secure Future; OECD Studies on Water; OECD: Paris, France, 2022; ISBN 9789264351585.

BenDor, T.; William Lester, T.; Livengood, A.; Davis, A.; Yonavjak, L. Estimating the Size and Impact of the Ecological Restora-
tion Economy. PLoS ONE 2015, 10, e0128339. https://doi.org/10.1371/journal.pone.0128339.

Tidwell, T.L. Nexus between Food, Energy, Water, and Forest Ecosystems in the USA. ]. Environ. Stud. Sci. 2016, 6, 214-224.
https://doi.org/10.1007/s13412-016-0367-8.

Melo, F.P.L.; Parry, L.; Brancalion, P.H.S.; Pinto, S.R.R; Freitas, J.; Manhaes, A.P.; Meli, P.; Ganade, G.; Chazdon, R.L. Adding
Forests to the Water-Energy-Food Nexus. Nat. Sustain. 2021, 4, 85-92. https://doi.org/10.1038/s41893-020-00608-z.
Carmona-Moreno, C.; Dondeynaz, C.; Biedler, M. (Eds.) Position Paper on Water, Energy, Food, and Ecosystem (WEFE) Nexus and
Sustainable Development Goals (SDGs); Publications Office of the European Union: Luxembourg, 2019; ISBN 978-92-79-98276-7.
Sowinska-Swierkosz, B.; Garcia, J.; Wendling, L. Linkages between the Concept of Nature-Based Solutions and the Notion of
Landscape. Ambio 2024, 53, 227-241. https://doi.org/10.1007/s13280-023-01935-z.

Aguilera, E.; Diaz-Gaona, D.; Garcia-Laureano, R.; Reyes-Palomo, C.; Guzman, G.I; Ortolani, L.; Sanchez-Rodriguez, M.;
Rodriguez-Estévez, V. Agroecology for Adaptation to Climate Change and Resource Depletion in the Mediterranean Region. A
Review. Agric. Syst. 2020, 181, 102809. https://doi.org/10.1016/j.agsy.2020.102809.

Mitchell, M.G.E.; Bennett, EM.; Gonzalez, A. Linking Landscape Connectivity and Ecosystem Service Provision: Current
Knowledge and Research Gaps. Ecosystems 2013, 16, 894-908. https://doi.org/10.1007/s10021-013-9647-2.

Snall, T.; Lehtomaki, J.; Arponen, A.; Elith, J.; Moilanen, A. Green Infrastructure Design Based on Spatial Conservation Prioriti-
zation and Modeling of Biodiversity Features and Ecosystem Services. Environ. Manag. 2016, 57, 251-256.
https://doi.org/10.1007/s00267-015-0613-y.



Forests 2024, 15, 760 20 of 20

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

Arkema, K,; Griffin, R.; Maldonado, S.; Silver, J.; Suckale, J.; Guerry, A.D. Linking Social, Ecological, and Physical Science to
Advance Natural and Nature-based Protection for Coastal Communities. Ann. N. Y. Acad. Sci. 2017, 1399, 5-26.
https://doi.org/10.1111/nyas.13322.

Geneletti, D.; Zardo, L. Ecosystem-Based Adaptation in Cities: An Analysis of European Urban Climate Adaptation Plans. Land
Use Policy 2016, 50, 38—47. https://doi.org/10.1016/j.landusepol.2015.09.003.

Goldammer, J.G.; Xanthopoulos, G.; Eftychidis, G.; Mallinis, G.; Mitsopoulos, I.; Dimitrakopoulos, A. Report of the Independent
Committee Tasked to Analyse the Underlying Causes and Explore the Perspectives for the Future Management of Landscape Fires in Greece;
FLFM-Greece-Committee-Report: Athens, Greece, 2019.

EC. Communication from the Commission to the European Parliament, the Council, the European Economic and Social Committee and the
Committee of the Regions. ‘Forging a Climate-Resilient Europe—The New EU Strategy on Adaptation to Climate Change’ (COM/2021/82
F); European Commission: Brussels, Belgium, 2021.

EC. Directive 2000/60/EC of the European Parliament and of the Council of 23 October 2000 Establishing a Framework for Community
Action in the Field of Water Policy; European Commission: Brussels, Belgium, 2020.

EC. Directive 2007/60/EC of the European Parliament and of the Council of 23 October 2007 on the Assessment and Management of Flood
Risks; European Commission: Brussels, Belgium, 2007.

EC. Communication from the Commission to the European Parliament, the Council, the European Economic and Social Commitee and the
Committee of the Regions. EU Biodiversity Strategy for 2030 Bringing Nature Back into Our Lives; European Commission: Brussels,
Belgium, 2020.

EC. Proposal for a Regulation of the European Parliament and of the Council on Nature Restoration (COM(2022) 304); European Com-
mission: Brussels, Belgium, 2022.

European Environment Agency. Scaling Nature-Based Solutions for Climate Resilience and Nature Restoration; European Environ-
ment Agency: Copenhagen, Denmark, 2023.

Koulelis, P.; Solomou, A.; Fassouli, V. Sustainability Constraints in Greece. Focusing on Forest Management and Biodiversity.
In Proceedings of the 9th International Conference on Information and Communication Technologies in Agriculture, Food &
Environment (HAICTA 2020), Thessaloniki, Greece, 24-27 September 2020; Vlontzos, G., Koutsou, S., Eds.; CEUR-WS: Thessa-
loniki, Greece, 2020; pp. 592-603.

Aubert, G.; Costa Domingo, G.; Christopoulou, I.; Underwood, E.; Baroni, L. The Socioeconomic Benefits of Nature Restoration in
Greece: Showcasing the Potential Benefits of Upscaling Nature Restoration in Greece to Meet the Targets of the Proposed EU Nature Res-
toration Law; Institute for European Environmental Policy: Brussels, Belgium, 2022.

Dimelli, P.D. Planning Settlements in the Greek Islands. Reg. Sci. Ing. 2016, 1, 23-28.

Dimelli, D.P. The Effects of Tourism in Greek Insular Settlements and the Role of Spatial Planning. ]. Kow. Econ. 2017, 8, 319—
336. https://doi.org/10.1007/513132-016-0364-x.

Dimopoulos, P.; Draku, E.G.; Kokkoris, I.P.; Katsanevakis, S.; Kallimanis, A.; Tsiafouli, M.; Bormpoudakis, D.; Kormas, K.; Ar-
ends, J. The Need for the Implementation of an Ecosystem Services Assessment in Greece: Drafting the National Agenda. One
Ecosyst. 2017, 2, e13714. https://doi.org/10.3897/oneeco.2.e13714.

Salafsky, N.; Margoulis, R. Pathways to Success: Taking Conservation to Scale in Complex Systems; Isalnds Press: Washington, DC,
USA, 2021; ISBN 978-1-64283-135-1.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



