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Abstract

In the context of this thesis, a study will be conducted on the implementation of Nature
Based Solutions (NBS) in the drainage basin of Artemisio, Northern Euboea, for water
management in the burned areas of the region. The study is applied to the drainage basin of
Artemisio, covering an area of 33.86v, one of the areas affected by the major wildfires in
2021 and subsequent floods in 2023. Initially, the phenomena of fire and flood are
investigated, and how they can be interrelated, as well as their effects on the soil and land
uses of the areasMoreover NatureBased Solutions are analyzeds well assome
researclesand applications are mentioned, such as Lake Wolong in China, Portofino Park in
Italy, the stuly researchof the use of combined NaturBased Solutions along the Pinios

River, coastal ecosystem restoration in the United Kingdom, etc.

Subsequently, based on the existing situation of the study area and data from the nearest
meteorological station, using GIS (Geographical Information Systems) and considering the
Digital Elevation Model (DEM), the hydrographic network ofdrenage basimmf Artemisio

is generated. The simulations of the hydrological model were carried out using thelMEC
program, with the SCS Unit Hydrograph method and the SNYDER method. The flood risk
assessment was conducted by examining six scenarios, for a rainfall duration of d = 6h and
return period T = 25y, T = 50y, T = 100y, and for a rainfall duration of d = 9h and return
period T = 25y, T = 50y, T = 100y. The selected solution for the study area is the creation of
two flood lakes with the establishment of foreswffer zones around their bedsThe
selection of the suitable placement position for the lakes utilized the Analytical Hierarchy
Process (AHP) method, considering criteria such as distance from streams, soil slope,
elevation distance from urbamreasand road network, burned areas, and land use from the
Corine Land Cover 2018 of the European Copernicus program. This data was imported into
GIS software to create a suitability map, from which two application points for N&ased

Solutions (NBS) were selected.

Given the existence of the two flood lakes, a hydrological study of the area veasdected
using the HEEIMS program. The results were compared with the study results without the
presence of naturdased solutions. To better understand the contribution of NBS, a Causal

Loop Diagram was created for the study area of Artemisio, in Northern Evia, incorporating
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the existing state of the area, the results using natbhesed solutions, and external
socioeconomic factors using the Vensim program. The study results are expected to be

positive, with flood prevention in the areas of the artificial lakes and significant prospects for

the recovery of the biodiversity of the study area.
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Extended Abstract

Nowadays, human activities have reached an advanced level and the ecological awareness is
beginning to take significant steps, especially in the industry, researchers are working on
ways to alleviate the pressures exerted by climate change (United Nations Framework
Convention on Climate Change, 1998). A set of innovative solutions for managing natural
systems in a way that can balance benefits for both nature and society is called Nature
Based Solutions (NBS ~ UWE, Bristol, 2021). The term refers to "techniques inspired by,
supported by, or copied from nature" (World Bank Climate Change and Adaptation, DC,
2008), meaning that by applying observations from nature, risks facing today's society, such
as intense floods and sudden droughts, are addressed in a more sustainable way, adapting

to and integrating with the environment without constructing large infrastructure projects.

Nature-Based Solutions are a technique applied globally, as climate changes have become
evident not only to scientists but also to the wider society in its daily life across all
geographic regions. Implementing NBS have become essential for the survival of both
human species and the rest of the Earth's biodiversity. Examples of such climate changes
include sudden snowstorms in Europe in 2023, earthquakes inse@mic regions, large
wildfires followed by severe droughts and subsequent floods. Examples in Greece include
the floods in Mandra, Attica, in November 2017, where radar measurements from the
National Observatory recorded rainfall exceeding 200 mm in just 6 hours. Subsequent
events include floods and strong winds in Halkidiki in July 2019, floods in Thessaly and
Magnesia due to the "lanos" storm in September 2020, a major wildfire that almost burned
down Northern Evia in August 2021, followed by a significant flood in September 2023, and

the recent storm "Daniel," causing flooding again in Thessaly and some areas of Magnesia.

The current situation in Northern Evia is of great scientific interest, as its mountainous
forested areas have been mostly burned, turning fertile soil with rich flora and fauna into a
hospitable environment for floods, rich in eroded materials. Evia is the seleogest island

in Greece, covering an area of 3,654 square kilometers, with an altitude of 1,734 meters,
and a large portion of it covered by forested areas. The destructive wildfire that occurred in
Northern Evia from August 3rd to August 11th, 2021, burned an area of 520,000 acres,

according to the 2022 forest census, while the unburned areas amounted to 43,940 acres.
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These wildfires were expected to be followed by intense floods, as happened in September
2023 with the storm named "ELIAS," causing significant flooding throughout Evia, especially
in the burned areas. Heavy rainfall, lasting up to 12 continuous hours, triggered landslides
and floods, with the peak in the Istiaia region, where 400 cubic meters of water per acre

were recorded in a 24hour period, and within 6 hours, 150 cubic meters of water per acre.



Study Area

The subject of this Master's Thesis involves the development and exploration of scenarios
for water management through NatuBased Solutions (NBS) in the Northern Evia region,
specifically in the Artemisio watershed. The study will examine Nd®ased Solutions in
natural environments, both in a theoretical background and in applied studies. Additionally,
a model will be developed for the study area to assess and explore scenarios for the
performance of naturédbased measures in reducing the impacts of wildfire, drought, and
floods. In the study and application examples, various approaches are observed, providing a
background for the selection of suitable NBS in the Artemisio watershed. The study area has
been affected by both wildfires and subsequent floods. The historical context makes it
necessary to investigate the impacts of both wildfire and flooding on the geomorphological
characteristics of the area, which cannot be studied as a regular natural extension due to

these events.

For hydrological simulation, the HEDBAS 4.11 program was used, while the ArcMap 10.3
program, in conjunction with the HEGeoHMS toolbox, was used for the geomorphological
analysis of the watershed. A comprehensive model is applied to estimate the Unit
Hydrograph (UH), using Isochrone Curves. The study for selecting the appropriate type of
NBS was conducted by examining six scenarios for rainfall duration and recovery period.
Two artificial flood ponds were chosen, along with forested regulatory zones around them.
The Analytical Hierarchy Process (AHP) analysis is then applied to create a suitability map for
the points where NBS can be implemented. From this map, two locations are selected. With
the presence of the two ponds, the hydrological model is solved again, and differences
between the models are observed. Additionally, using the Vensim program, a Causal Loop
Diagram is created to study the dynamics of the flood ponds system in Artemisio on both
environmental and socieconomic scales in relation to the existing situation. The study of
System Dynamics (SD) is often conducted to understand the complex interactions within the
system, providing insights into the dynamic behavior of the flood ponds in the Artemisio

region.
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TheForest Hres

Forest fires are an integral part of natural ecosystems, occurring at regular intervals as part
of the natural life cycle, often triggered by events such as lightning, especially in mature
forests of Aleppo pinend hard pine, where fire serves as a regenerative tool. However,
when the accumulation of combustible material, including both dead and living plant
tissues, exceeds the level that can be recycled, an increase in forest fires is observed
(Kalabokidis et al., 2002). During the burning of a forest area, soil erosion occurs as trees,
which normally help control water momentum, are no longer present. This leads to
increased flooding in downstream areas. Additionally, wildfires can cause soil hydrophobia,
making the soil less permeable and leading to increased runoff and the transport of

sediments.

Furthermore, forest fires affect various soil properties. The intensity, type of fire, as well as
the temperatures developed on the soil surface and within the soil mass, in relation to their
duration, influence the changes observed (De Bano et al., 1979). The main changes are
observed in the nutrient status, acidity, and certain physical properties of the soil.
Moreover, forest fires affect soils with a low clay content and reduced buffering capacity
more than other soils. Hetsch (1980) measured a decrease in soil acidity from 3.2 to 5.3 in
sandy soil in Germany one year after a fire, and four years later, the value had dropped to
4.9. In contrast, Arianoutsebarangitaki (1979) recorded pH values ranging from 7.39 to
8.18 in clayey soils on Mount Ymittos, with pH levels from 7.17 to 8.24, after a fire in
shrubland. Additionally, after a fire, soil erosion increases, affecting soil productivity. The
increase in soil erosion leads to the occurrence of torrential phenomena, contributing fertile
fine soil particles to streams. Simultaneously, the fire burns the organic layer on the soill
surface, making the soil water repellent and increasing sediment production. Open areas
covered by grasses and few shrubs are more easily eroded than dense forests. For this
reason, cultivation and preparation of burned forests for reforestation are recommended to

be carried out a few months before the onset of autumn rains.

Changes are also observed in soil temperature. When a forest fire breaks out and burns

organic matter, temperatures on the soil surface reach-800n ¢/ X KAt S GSYLJ
depths of 1 cm, 3cm, and 5cmreach 200 n ey/n> cc/nzp & YR/ I nNB & LISOG A
F SN} 3S> az2Af GSYLISNI G§GdZNBE Ay ONBFaSa o6& wmn c/
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soil exposure, and changes in physicochemical properties (Liberopoulos, 2008). It is worth
noting that clayey soils heat up less compared to sandy soils. Finally, soil moisture retention
is significantly affected. The soil has the ability to retain a certain amount of rainfall in the
form of moisture. This moisture retention capacity varies by soil type and is determined by

factors such as depth, texture, and structure.

Hoods in Forest Areas

As mentioned above, forest areas contribute to the retention and storage of a large volume
of rainwater, as well as to the protection of the soil from erosion. The impact of vegetation
on floods is quantified by the numerical expression of the hydrological processes that take
place during a rainfall event. These processes include water retention by plants, foliage, and
humus, the infiltration of rain into the soil, surface and subsurface runoff, permanent and

temporary water retention in the soil as moisture, and soil erosion.

The geological morphology of the soil in the ared&aboea consists mainly of schistoliths,

fine-grained sedimentary rock containing a mixture of clay minerals and microscopic
fragments of other minerals such as calcite and quartz, and is a waterproof rock with low
mechanical strength. As a result, water is not retained in these soils, and it flows downhill

through surface runoff.

Introduction to Naturec Based Solutions

Naturatbased solutions (NBS) are actions inspired and supported by nature, effective in
terms of their cost while providing environmental, social, and economic benefits, thus
building resilience, which is essential for climate change. Essentially, they are actions
inspired by the functioning of nature, creating harmonious environments through locally
adapted, efficient resources, and systemic interventions. Their practices help increase
biodiversity, absorb carbon dioxide, contribute to climate balance, aid in the proper
management of natural resources, offer natural restoration, and simultaneously install

green upgrades in urban landscapes.

NBS systems have eight principles:

~12~



1. Embrace the rules of nature in technical works.

2. Can be applied alone or in combination with other solutions to social challenges

(e.g., technological and engineering solutions).

3. Determined by local, natural, and cultural uniqueness, resulting from the blend of

traditional, local, and scientific knowledge.

4. Produce social benefits in a fair manner, establishirapsparency and broad

participation.

5. Maintain biological and cultural diversity and the ability of ecosystems to evolve over

time.
6. Applied at a landscape scale.

7. Recognize the tradeff between the immediate economic benefits and those

derived ovettime from the full development of ecosystem services.
8. Integral parts of policy designs, measures, or actions to address specific challenges.

According to the International Union for Conservation of Nature (IUCN), NBS systems are
"actions for the protection, sustainable management, and restoration of natural or modified
ecosystems." The backbone of nattyased solutions is the sustainable management and
restoration of ecological balance, through direct addressing of environmental and- socio
economic challenges. Based on these challenges, IUCN has categorized these solutions into

five categories:

1. Ecosystem restoration approaches involve actions that improve any degraded
ecosystem, including agricultural areas, savannas, wetlands, protected wildlife
reserves, fisheries, managed plantations, rivers, coastal areas, and many more. The
tangible benefits of this decade can be found in the Sustainable Development Goals
(SDGs), such as natdpased solutions for climate change mitigation and adaptation,
water and food security, poverty reduction, economic development, and biodiversity

conservation.

2. Approaches for agriculture and soil biodiversity aim to promote dialogue between
the agriculture and conservation sectors and encourage governments, businesses,

and land managers (including rural communities) to implement a common vision for
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protecting and restoring biodiversity in farms and rural landscapes, including the

ecosystems on which agriculture depends.

3. Approaches related to disaster risk reduction should not be considered in isolation,
but rather addressed through integrated landscegmale approaches and
incorporated into broader examples of development and conservation. Ecosystem
based disaster risk reduction (EB&RR) and ecosystebased adaptation (EbA) are
relevant approaches that can be considered continuous, from mitigating-Eugle
disasters such as tsunamis and landslides, to adapting to different climate

conditions.

4. Approaches related to climate change, with the reduction of greenhouse gas
emissions related to deforestation and land use, the collection and storage of carbon
dioxide from the atmosphere, and the enhancement of ecosystem resilience,
supporting society to adapt to climate risks such as floods, sea level rise, more

frequent and intense droughts, heatwaves, and wildfires.

5. Approaches related to urban areas, which can improve the economic and aesthetic
sustainability, resilience, and viability of cities. Trees clean pollutants, reduce noise,
and cool the air. Wetlands and rain gardens reduce the risk of flooding. Seaweeds
and marshes regulate storms. Green spaces facilitate exercise, mentabeirei|

and community interaction, while green corridors support active transportation.

Beyond the categorization promoted by the IUCN, at the European level, according to
Eggermont, et al. (2015, p. 244), these solutions are distinguished into three types based on

their degree of intervention in the environment:

In.this case, the interventions are of
very low intensity, in order to maintain and improve the existing protection.
Characteristic cases include the protection of coastal areas threatened by extreme
weather conditions, as well as protected areas and transition areas where a

community lives and works sustainably.

This type is directly related to
agriculture and forest areas. Its goal is to increase the functionality of existing

agricultural areas and to increase the resilience of forests to extreme phenomena.
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3. Type 3: Extensive intervention in the ecosysterhis type involves the extensive
management of ecosystems and the creation of new artificial means to mitigate the
impacts on the atmosphere and waters. One of the representative examples
mentioned by Eggermont, et al. is "green infrastructure, which operates to restore

degraded areas," such as addressing pollution from stormwater.

The two tables below show the three types of interventions in the nature of NBS
with color differentiation (Table 1) and an overview of the flood risk reduction that
can be achieved within the context of riparian ecosystems depending on the degree

of intervention required to implement them (Table 2).

NbS S
Intervemtion Description Benefit Category
Floodplain Restoring retention capacity and ecosystem .
. . . . Flood risk
restoration functions of floodplains, by reconnecting them to .
. reduction
and the river.
management*
Includes NbS interventions such as re-
. naturalisation of polder areas®, stream-bed .
River Flood risk

. renaturalisation®s, reconnection of oxbow lakes .
restoration - . reduction
and similar features®, and reconnection of

seasonal streams?7,
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Wetland

restoration measures (including the installation of ditches for F::;mi mmk
and rewetting or the cutback of dikes to enable :30: on.
management flooding). lodiversity
Flood risk
Basins, ponds,  Provide temporary or permanent storage for water = reduction,
and lakes to flatten the water discharge peak. water
availability
Low/No till Improvements to the management of the Flood risk
wiul‘t)ur agricultural land to increase its retention capacity = reduction,
agri € (e.g. agroforestry?®), Biodiversity
Riverbank renaturalisation consists of recovering
its ecological components, thus allowing the bank = Biodiversity,
:t::liil-?l I::nk to be stabilised and rivers to move more freely, Erosion
sation resulting in decreased water flow and erosion, and = control
enhanced biodiversity.
Protection of existing upstream forests. Forest Flood risk
Maintenance of soils generally have better infiltration capacity reduction,
forests than other land cover types and may act as a water quality,
“sponge”, slowly releasing rainfall. Biodiversity
Forest riparian Conservation ‘_’f ex?sting or restoration of “new” g:cp:er:zl:?ﬁa:s'
forests alongside river streams and other water .
buffers bodies Erosion
’ control
T;::;t edfor Establishment of new forests & shrubs (i.e, Floodrisk
? " hl':ls habitats) to enhance the retention capacity of the = reduction,
Catching’ watershed (e.g. reforestation). Biodiversity
precipitation
Restoration of  Small stone barriers installed in creeks & riverbeds Flood risk
natural in the mountains to reduce velocity and retain re?iu ction
infiltration water upstream.
Deadfall of tree stems or stumps that either fall
into or are deliberately placed in streams. Coarse = Flood risk
g::':: woody woody debris will generally slow water flow reduction,
velocity and can reduce the peak of flood Biodiversity
hydrographs.
Removal of
dams and Dams and other longitudinal barriers are obstacles = Flood risk
other crossing the river section and causing reduction,
longitudinal discontinuities for sediment and fauna. Biodiversity
barriers

It can involve technical, spatially large-scale

Approaches to naturdased solutions have sporadically developed in various time periods.
Recently, there has been a notable increase in their inclusion in scientific literature, which

arises to a greater extent from their practice rather than their scientific research.
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The advantages of NBS

Naturebased solutions (NBS) have many advantages that make them attractive for water
resource management and addressing climate change, which the Earth is increasingly facing
over time. With the 2000/60/EC Framework Directive, the choices of the European Union
member states for water management are limited, as lasgale infrastructure projects are

no longer an option. This, combined with the extreme weather phenomena observed in
recent years, is pushing researchers to solve problems such as floods and droughts in more

ecological and economical ways, which are the natuased solutions.

Initially, NBS promote biodiversity by creating or enhancing natural ecosystems, restoring or
even creating new habitats that, depending on their climatic gadgraphic characteristics,

can protect animal species that are endangered, help existing ones to thrive in their natural
environment, and move away from urban areas due to the reduction of forested areas.
Additionally, they provide protection from floods and droughts by functioning as natural
water absorption systems, reducing the risk of floods, promoting the creation of natural
lakes and dams, which improve water resource management during periods of drought.
They offer opportunities for community participation in their design and implementation,
promoting sustainability, i.e., the use of natural ecosystems to ensure their future quality
and balance. In many areas, the general public is given the opportunity to participate in the
creation of NBS under the guidance of experts, a prominent example being the WWF

Greece's initiative on the island of Naxos, which is further detailed in the next chapter.
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Resources
efficiency

Water quality Air quality

Resthetics UHI mitigation

NBS-related
Ecosystem Services

Biodiversity Well-being

Flood mitigation Noise reduction
p
‘\

One major advantage of NBS is their economic efficiency, as they are much more cost
effective than infrastructure projects, mainly because the raw materials they use are largely
provided by the natural environment and do not require tons of artificial materials such as
concrete and steel, the prices of which, as well as processing and extraction, are high.
Therefore, they offer a more sustainable use of resources, with respect for nature.
Additionally, they can help address desertification and soil loss by upgrading groundwater,
making the soil more fertile, and creating new forest areas. These factors not only improve
the natural environment but also enhance the quality of life for residents of surrounding
areas and recreational areas for tourists, thus upgrading the quality of life and tourism in
the respective areas. Finally, one could characterize NBS as a form of resistance to climate
change, although their role corresponds more to adapting the land to expected climate
changes and correcting erroneous human interventions in the natural environment, such as

channelization of streams, river narrowing, urbanization of floodplains, etc.
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What is the use of System Dynamics (SD) in NBS

Despite the increasing attention to NatuBased Solutions (NBS), there is a need for strong
evidence of their multiple benefits, as well as assessment frameworks to demonstrate their
effectiveness. Existing assessment frameworks are still far from supporting a comprehensive
evaluation and decisiemaking process for the selection and use of appropriate NBS
(Calliari et al., 2019). Most of these frameworks focus on analyzing effectiveness in terms of
risk reduction. The main limitations are linked to the lack of involvement of stakeholders
(Calliari et al., 2019; Narayan et al., 2017) and the limited ability to analyze the potential of
NBS to produce cbenefits and describe the dynamics related to their implementation
(Kabisch et al., 2016; World Bank, 2017). The use of System Dynamics Models (SDM) can
help examine the behavior of complex systems over time by transforming the system into a

set of variables through feedback loops (Chen and Wei, 2014; Zomorodian et al., 2018).

Many recent studies have highlighted the importance and potential of stakeholder
engagement in the design and management of water resources (de Vito et al., 2019, 2017,
Gastelum et al., 2018, Pagano et al., 2018, Wang et al., 2018), as well as in the field of
"water security” (Chapman and Darby, 2016, Chen and Wei, 2014, Pagano et al., 2017, Phan
et al., 2018). The number of studies using SDMs to conduct comprehensive analysis of the
impact of multiple measures, such as NBS, on flood risk and other environmental issues is
relatively small. Chu et al. (2010) adopted anb@Bed approach to analyze an artificial lake

in an urban environment, simulating the impact of multiple different strategies. SDMs have
also been used to identify the psychological models of stakeholders and simulate a dynamic
wetland (Chen et al., 2014). This technique has also been used to assess flood resilience in
the case of typhoons, evaluating the impact of creating green infrastructure (shelter, inflow

storage facilities, and permeable roads) (Song et al., 2018).

The use of System Dynamics achieves active collaboration and the combination of different
specializations and interdisciplinary skills, thus building greater confidence in the models
(Zomorodian et al., 2018). Furthermore, it contributes to the identification of complex
interactions among system elements, helping to predict potential impacts or political
resistance (Meinherz and Videira, 2018; Pluchinotta et al., 2019a), as well as to identify
suitable strategies for influencing systems (Lopes and Vid@@a,7). Finally, beyond

modeling, the entire process promotes the awareness and motivation of those involved in
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decisionmaking processes or policy determination, thus providing a platform for the shared

ownership of results (Pluchinotta et al., 2019b, 2018, Rich et al., 2018).

e Weak causal connection
‘Water availability Potential recharge
for irrigation - for groundwater

Strong causal connection

_— - : -~ o
I:\.8_1./ AT, T Sa;k frosen
- ~ S -
— - . I Runoff
- Water consumption - J " velocity ———
7 for irrigation -‘\ =3
. / ) . Peak *Flood magnitude
Agricultural = br1) /S - * Runoff depth - . discharge el A
pollution Ve S /S ’/’ VA ™~
\ \ / e / b
"\ ',/ II Polli n.1r|nn.¢.‘ \,  ‘Thermoregulation Human Economic
N\ J | =, Y capacity of the water losses ./ losses
\ f Decomposed . . - | I &
“o [|  organic matter \ of. / f
J \ — |
N . Y g oo
| ) P ught= — / [
| e Y — — -~ \
— —F. / \ ~ e /
. \ ". Ability 1o block ’x Availability of \\ o~ \ / |
\ poilutants  Apility to absorb drinking water :3‘.‘ ;'.- |
\ . \ nutrients Greenhouse gas \/
\ ‘ \\ Y, emissions ,/
, \ o Vs
\\ \ . _.\.;: \ w, .
. \ r W\
.

\ S

*, Water quality

N q\ 4 ;

A -~ /™ Recreational
T value
™ ot

= Educational
Cpperiunbes

/S
FPx

- Hoaith and

e * Well-being

Neod for /

protected areas ™

Examples of application diiBS in nature

1. Wolong lake (China)

Located on the border with Inner Mongolia, Wolong Lake plays an essential
ecological role by curbing the advance of the Mongolian deserts. The lake is home
to rich biodiversity and has long been used as a stopover for tens of thousands of
birds in the migration corridor between East Asia and Australia. However, due to
water levels rising more than 1.5 meters, the wetlands have been greatly degraded.
In two years, all natural habitats were lost, and migratory birds virtually

disappeared from the area.

A restoration program for the ecosystems of this wetland area was launched in
2014 with support from AFD. The objective was to promote the development of
rich biodiversity while encouraging ecotourism in order to provide the local

residents with new sources of income. Several actions were carried out by four
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hydrological, ecological and biological functions. A 7.8dmg dike equipped with
watergates was built to enable the differentiated management of water resources
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Technical assistance was provided for the close management of water levels and

the monitoring of migratory bird populations. Thirsgx small bird islands were

created. In order to encourage green tourism and raise awareness about the
environment, walking trails, two observation towers and an ecomuseum were

created.

EMEMENRiar RETEE
phylorestore -~ Plan masse des actions d’ aménagement de la restauration
écologique du lac Wolong
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2. Beaver Dam Analog (Montana & California)

A Beaver Dam Analog (BDA) is a mate structure designed to mimic the form and
function of a natural beaver dam. BDAs can also be usedd®ase theprobability of
successful beaver translocation by creating immediate deep water habitat that reduces the
risk of predation. In general, the design and installatioBDAA complexes is a simple, cost
effective, nonintrusive approach to stream restoration that can influence a suite of
hydraulic, geomorphic and hydrologic processes in order to achieve a range of common

restoration goals.

Cross Section View
(Generic BDA Structure) Untreated wooden posts
g Estimated Dam
30-50cm Height

Mean annual
flood height

Plan View
(Convex Primary Dam)
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3. Stone Dam in Paros (Greece)

The Municipality of Paros, in collaboration with WWF Greece, INSEDHENA, and Paros
Festival, in June 2022, addressed the issue of water scarcity faced by many small, arid
Greek islands by implementing multiple srsdhle dams along the Kavouropotamos

stream.

Small damsare a traditional water management practice that captures small amounts of

water over time, serving multiple functions for the environment and people:

w .& NBRdzOAYy3a (GKS aft2L)S 2F (GKS aidNBlIY 0SSRz
irrigation purposes.

w .@& aft2gAy3da R2gy (GKS Ft2g 2F o6l GSNI I yR NBI
soil is achieved, enriching the groundwater.

W 5dzNAYy3I AyiSyasS NIAyTFrHif LISNA2Rax (GKS& NBi
thus reducing the risk of flooding in settlements usually located in coastal areas and river

deltas.

QX
<
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A
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oases for arid island ecosystems, especially during dry periods.
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4. Addressing Riverine Flooding With NBS in the ThesBRagion (Greece)

The region of Thessaly in Greece is extremely vulnerable to floods, which frequently result

in several casualties and significant economic losses. Moreover, the frequency and severity

of flood events has increased in the past years due to climate change, economic
RSOSt2LIYSYyd FyR fl1yRaAaOFLIS OKIFy3aSad ¢KS (S
aSRAOIYSéT AY {SLIWGSYOSNI Hnunvz Aa O2yaARSNES
have hit the region.

In 2022, WWF Greece initiated a research project aimed at reducing the risk of floods in

the Pinios River area and evaluating the feasibility of NaBased Solutions (NBS). The
proposed measures, however, not only aim to limit floods but also offer additional benefits

to the local community, such as providing rich forests with various wildlife species like birds

and butterflies in close proximity to urban areas. These areas will serve as recreational
spaces with hiking and running trails, increased water availability, and an upgrade of the

hydrological landscape, benefiting both urban and industrial areas.

To conduct this study, the Pinios Basin was divided into eleveibasibs, as shown on the

map below. Often, the rivers Lethaios and Agiamoniotis are considered as a system whose
overflow can affect the Trikala area. However, in this particular study, the Agiamoniotis is
treated as an individual system, while the Lethaios is grouped with the drainage basin of
Neochoriti, despite the fact that the latter originates further east. Special attention was
also given to Lake Plastira, which, although not located in the Pinios Basin, all of its water

flows towards Thessaly, thus requiring significant attention to its capacity restoration.

Proposed NbS Interventions in selected sevenisagins (out of 11) of the Pineios river
basin included river restoration, floodplain restoration & management, wetland
restoration & management, creation of basins, ponds and lakes, and restoration of natural
infiltration through smaklscale water retention measures, as well as actions for improving
the natural condition of rivers, such as removal of dams and longitudinal barriers. Lake
Plastira, although not in Pineios river basin, has been included inrtpogped areas, all its
water is being transferred to the Thessaly plain for irrigation and water supply. Proposed
NbS interventions are expected to deliver the following benefits: flood risk reduction,
aquifer recharge, surface water availability, biodiversity enhancement and provision of

recreational opportunities (e.g. hiking trails along the river, birdwatching). NbS benefits
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and their magnitude will depend on the scale, unique design and composition of each
specific intervention (e.g. shape, type of vegetation, soil and anorganic materials such as
rocks and gravel, specific location within the river basin). A retention capacity of 17 million
m?3 of volume would need to be created to effectively mitigate a flood event with a return

period of 50 years for Ano Pineios soi@sin.
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Case Study of NBS Northern Euboea

Northern Evia in its current state is in a quite burdened position after a major fire, which
burned most of the area, followed by several floods. These data create an even greater
need for the use of naturdased solutions in order for the region to be able to return to its
natural state along with its ecological cycle. Restoring the affected areas of Northern Evia
requires the use of a combination of natdbased solutions to protect points of interest and
future disasters. The selection of appropriate solutions must be carried out with great care
so that human intervention in the environment is minimal and restoration over time
becomes autonomous from the natural environment. The parameters to be examined for

the selection of solutions include the restoration of burnt areas where feasible and the

creation of an antflooding system by establishing floodplains.
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Geomorphological Analysis

In order to conduct any hydrological study in a specific area, it is necessary to map the
geomorphology of the study area and record its characteristics. The study area selected in
the region of Northern Euboea is Artemisio. Artemisio is part of the Hydrological District

(HD) of Eastern Mainland Greece (HD 07) and in itself constitutes a smalhsabof the

Evia Drainage Basin (EDB).

Using GIS (Geographical Information Systems) software, the geomorphological analysis of
Artemisio is carried out by inputting geographic coordinates provided by the website of the
Ministry of Environment and Energy (YPEKA) and land use data from Copernicus EU (Corine
Land Cover). Additionally, the HBEoHMS software was used, which is an additional
toolbox of ArcGIS with the Spatial Analyst extension for developing a series of hydrological
input data that can later be used by HBMS. Essentially, HE&20HMS converts drainage
paths and watershed boundaries into a series of hydrological data representing the
hydrological network of the study area. Finally, the HHEMS software was used to apply
hydrological methods aiming to simulate the rainfall runoff model. Specifically, the
processes of creating the drainage basin and the hydrographic network within it were
facilitated using ArcMap 10.3 and HBE€oHMS, as well as the calculation of hydrological

and geomorphological parameters of the drainage basin.

Hydrological Analysis

The input data used was the DEM file with a resolution of 25x25 m, from the European
Copernicus EU program, with the WGS 84 reference system. The DEM was limited to the
boundaries of the area of thdunicipality of IstiaigAidipsos in Northern Evia, and the
position of Artemision was defined as the outlet. Below is a brief description of the process
followed to delineate the watershed of the study area, namely Artemision, using the

ArcMap 10.3 program.

Initially, the Fill Sinkscommand was used to correct all the imperfections of the DEM file,
which hinder the flow of pixels, in order to ensure the accuracy of the drainage basin and
the hydrological network, and the latter to have continuity in the model and, by extension,

in the calculations. Then, thielow Directioncommand creates a new raster file, with each
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cell having a unique number according to the direction a drop follows when it is within it.
For each cell, there are eight different possible flow directions connected to its neighboring
cells, and the direction of the drop from the cell with the highest elevation to the one with

the lowest is determined based on their elevations.
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The Flow Accumulationcreates the path of the hydrographic network, with a new raster
where the cell values define the cells that flow into a specific Tk Stream Definition

sets a threshold of cells in the flow accumulation, above which all cells with values greater
than the threshold constitute parts of the hydrographic network, while smaller values
indicate that these cells belong to the terrestrial flow. The threshold value affects the
hydrographic network, as the smaller it is, the denser the network and the drainage times
are reduced. Conversely, large threshold values create a smaller hydrographic network,
while the drainage times increase. The land cover for the study area was based on the
Corine Land Cover 2018 of the European Copernicus program, in a raster format with a

resolution of 100 x 100 m. Corine divides land cover into 44 classes.
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BASIN CHARACTERISTICS
Basin Longest Basin Max Altitude [m] Min Altitude | Mean Altitude Ftutlet Area [km2] GIANDOTTI LAGTL[h]
flowpath | slope [m] [m] Altitude [m] Te[h]
Artemisio 11.053 0.288 519.315 26.318 193.573 27.556 33.559 3.856 2.892

Q (M3/SEC)

The hydrological model simulation and flood routing were performed using theHIES

program, employing the SCS Unit Hydrograph and SNYDER method foriru8® rainfall

event. The SCS method involvesecting a storm and calculating direct runoff. The CN

(Curved Number) is obtained from SCS analytical tables for AMC Il (Antecedent soil Moisture

Condition) and land use. Additionally, the network runoff was computed using Isochronous

Curves. The study utilized CN = 77. The characteristics of the study area's drainage basin are

detailed in Table 5. Below is Table 6, displaying the Unit Hydrograph of the network

according to SNYDER and SCS, as well as the Isochronous Curve.

20

10

(¥ ]

To assess the design rainfall, the thuygsrameter storm

| |:H:I

used, described by the following equation.
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estimated "locally,” based on the maximum rainfall intensity sample of the same station,

while the remaining parameters have been estimated based on samples from multiple
stations. A study was chosen to be conducted for rainfall durations d = 6h and d = 9h with
return periods T=25y, T=50y, and T = 100 y, using data from the Hydrographic Station
Milies, where hyetographs were calculated for 6h rainfall events for return periods T = 25y,
T=50y,and T =100y, and for 9h rainfall events for return periods T=25y, T=50y,and T =

100 y using the Alternative Block Hyetograph method, with third quartile rains.

Senario *:d = 6h, T = 25y:

Milies Design Rainfall (T=50yr, d=6hr)
60
d 6
< 352.8 ||~
¢ 0.097 40
T 0.651 30
' 0.622
20
0.124
J: 25 10
I [mm/hr] 22.32 0
Hevent [mm] | 133.92 RO O . O

Senario 29 d = 6h, T = 50y:

Milies Design Rainfall (T=50yr, d=6hr)
60
d 6
< 352.8 | |
S 0.097 40
. 0.651 30
' 0.622
20
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i [mm/hr] 25.28 0
H event [mm] 151.71 ‘
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Senario §:d = 6h, T = 100y:

Senario 4:d = 9h, T = 25y:

Milies Design Rainfall (T=100yr, d=6hr)
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Senario 8:d = 9h, T = 50y:

rAf ASa Design Rainfall (T=50yr, d=9hr)
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Senario 8:d = 9h, T 400y:

Case Study
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The previous section analyzed the geomorphology of the study area and calculated its

hydrological elements. Additionally, design provisions were estimated for selecting nature

based solutions to be implemented in the area. Based on the available data, the optimal

solution for the area's recovery after the fires that have occurred is the creation of artificial

lakes with the simultaneous establishment of buffer zones. These buffer zones will consist of
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riparian forest areas, which will enhance soil stability and protect it from erosion, thereby
preventing the reduction of the lakes' perimeter and the entry of sediments that could

affect their water storage capacity. Another positive aspect of this solution is the creation of
new habitats for both aquatic and terrestrial species in the area, whose numbers have
significantly decreased after the fires and floods, with some already forced to relocate to

ensure their survival.

Locating the suitable position for placing flood lakes is a complex process as many factors
need to be taken into account in the design model for a detailed selection. To carry out this
process, the exclusion factors of the positions where the lakes cannot be placed need to be
enumerated, in order to end up with a map of compatible positions. For each exclusion
zone, the distance is identified within which, based on the legal framework, it is prohibited
to emplace a lake, and each exclusion zone is graded with the number 0, expressing its
complete unsuitability. Values of integer numbers between 2 and 10 are given for distances
beyond the boundary of the respective exclusion zone. It should be noted that Euclidean
Distance is used in GIS. It is obvious that as this number increases, the suitability of the area
also increases. Therefore, the mathematical relationship for site selection, using exclusion

zones, will be (Gemitzi et al., 2006):
3) B A [1]

Where Sl is the overall fitness index (with 0 CSIOL0), bi is the fitness index value for each

constraint criterion (with 0 CbiOL0 and bi Z), and K is the number of constraint criteria.

The Analytical Hierarchy Process (AHP), developed by Saaty (Saaty, 1977), is used to

calculate the weights of the evaluation criteria set n. Each criterion is compared in terms of

its importance relative to each of the other criteria. The comparison between two criteria is

made by assigning integer values ranging from 1 to 9 or their inverses, and the scale
determines the relative importance of a criterion compared to another criterion, as shown in

Table 7. Although even integers can be used within the range, it is common to use odd numbers to ensure

a logical distinction between the criteria (Wind and Saaty, 1980).
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Scale Numerical Reciprocal
Rating
Extremely 9 0,111
Preferred
Very strong 7 0,143
Preferred
Strongly Pre- 5 0,200
ferred
Moderately 3 0,333
Preferred
Equally Pre- 1 1,000
ferred

Once the above values are given for each criterion xi in relation to each other and a

comparison matrix is created, it is necessary to normalize this comparison matrix in order to

giverelative weights to each criterion. Normalization is done by dividing each value by the

total value of the corresponding column in which the value is located. The value of the

weights wi is approximately achieved by calculating the mathematical average of all the

relevant weights of each criterion. Obviously, the sum of the resulting weights will always be

equal to 1. The values that result have direct physical significance in the AHP method, as
they determine the participation or the weight of this criterion in relation to the overall

result of the goal that has been set.

The next step is to check for any inconsistencies in the data. The Consistency Index (CI) is
oraSR 2y GKS YIFEAYdzY SA3ISydlLtdzS <Yl EZ 6KAOK

B & — [2]
The Cl index is calculated accordingly by the following equation (Saaty, 2005):
#)y — [3]

In order to verify the correctness of the Consistency Index (Cl), Saaty proposes the
Consistency Rate (CR), which is determined by dividing the CI by the Random Index (RI). The
methodology will be considered consistent if CR is less than 10%. The value of RI is constant

and is based on the number of evaluated criteria.
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The purpose of the above methodology developed is the production of thematic maps. Each
individual thematic map corresponds to the application of a criterion for siting, and
ultimately the suitability index for siting, taking into account both the restrictive criteria
arising from exclusion zones and the evaluation criteria is calculated as described in the

following equation (Gemitzi et al., 2006):

3) B vob & [4]

To define these zones, the Euclidean Distance-oor2n distance, as it is otherwise called,

was used, which for points with coordinates xi, yi is calculated as follows:

AGU a0 e B ® O3 [5]
h g h
Criterion Isolation Zone
1 5AaGFyO0S G2 & -
2 Slope (K2) >=25%
3 Elewation (K3) >=350m
4 Distance to urban areas (K4) <=1000m
5 Distance to road network (K5) <=100m
6 Proximity to burned areas (K6)
7 LULC (K7)

LULC (K7) SCALE

Agricultural land

Olive groves

Forest

Vegetation

O N W[k |©

Woodland-Scrub

Apart from the exclusion zones using Euclidean Distance, distances greater than the
corresponding exclusion zone were calculated for the areas of interest within the boundaries
of the Artemisio Land Planning (ALP). From this analysis, a thematic map of Euclidean

Distances, grouped into classes, was created for each of the 7 cases. These 7 resulting
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thematic maps then underwent a reclassification of their class boundaries using integer
numbers from 0 to 10, using the "Reclassify" tool. The value 0 indicates complete prohibition
of spatial allocation, while 10 indicates the complete suitability of an area for spatial

allocation.

The 7 criteria are divided into 2 groups, and the criteria within the same group are
considered equally important. Group 1 consists of criteria that are not only equally
important but also considered the most significant. This is followed by Group 2, which
consists of criteria of lesser importance than those in Group 1. Table 7 presents the Saaty's
relative importance scale, and we will assess the criteria for siting based on this scale.
Specifically, the criteria in Group 1 are rated as 3 (moderately preferred) compared to the
criteria in Group 2. Conversely, the criteria in Group 2 are rated as 1/3 compared to those in
Group 1. In summary, for every two consecutive groups, we move up one category on

Saaty's relative importance scale.

N/A [ M [ H [ O [ n [ p [ C [T
K1 1.000 1.000 1.000 3.000 3.000 1.000 3.000
K2 1.000 1.000 1.000 3.000 3.000 1.000 3.000
K3 1.000 1.000 1.000 3.000 3.000 1.000 3.000
K4 0.333 0.333 0.333 1.000 1.000 1.000 0.333
K5 0.333 0.333 0.333 1.000 1.000 1.000 0.333
K6 1.000 1.000 1.000 3.000 3.000 1.000 3.000
K7 0.333 0.333 0.333 1.000 1.000 1.000 0.333
SUM 5.000 5.000 5.000 | 15.000 | 15.000 | 7.000 | 13.000

In Table 10, the sum of each column has been calculated. The next step is to normalize the
table by dividing the elements of each column by the corresponding sum, resulting in a new
table (Table 12) where each element a'ij (i: row number and j: column number) is calculated

as follows:
e — [6]

Where aij are the elements of Table 12.

The weight wi of each criterion is the average of the values in the corresponding row, that is:
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It is noted that the sum of the weights should equal 1. By applying the above operations in

an Excel spreadsheet, the weights shown in the table below are calculated.

Code Criterion Weight (w)

[ M Distance to streams 0.196

[ H Slope 0.196

[ O Elevation 0.196

rn Distance to urban areas 0.072

rp Distance to road network 0.072

[ C Proximity to burned areas 0.196

[T LULC 0.072
N/A [ M [ H [ O [ N [ p [ C [ T | Weight | Weight%
K1 0.200 | 0.200 | 0.200 | 0.200 | 0.200 | 0.143 | 0.231 | 0.196 19.6
K2 0.200 | 0.200 | 0.200 | 0.200 | 0.200 | 0.143 | 0.231 | 0.196 19.6
K3 0.200 | 0.200 | 0.200 | 0.200 | 0.200 | 0.143 | 0.231 | 0.196 19.6
K4 0.067 | 0.067 | 0.067 | 0.067 | 0.067 | 0.143 | 0.026 | 0.072 7.2
K5 0.067 | 0.067 | 0.067 | 0.067 | 0.067 | 0.143 | 0.026 | 0.072 7.2
K6 0.200 | 0.200 | 0.200 | 0.200 | 0.200 | 0.143 | 0.231 | 0.196 19.6
K7 0.067 | 0.067 | 0.067 | 0.067 | 0.067 | 0.143 | 0.026 | 0.072 7.2
SUM 1.000 | 100.000

Next, a new table (Table 13) is created with elements bij,ddleulation of which is done

according to the equation:

0

[8]

The column W.S.V. (Weighted Sum Value) is calculated as the sum of the individual elements

of each row. The W.S.¥olumn is the 8th column of the new table, and the weights are

placed in the 9th column. In the 10th column, which we call Ratio, calculations are

performed as follows:
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is calculated as CI/RI = 0.058 or 2.1% <10% with RI= 1.48, therefore the methodology applied

meets the continuity criteria.

2F (GKS wl (A2
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Weight |[0.196| 0.196 | 0.196 | 0.072 | 0.072 | 0.196 | 0.072
Criterion [ M [ H [ O [ n [ p [ C [T
K1 0.196| 0.196 | 0.196 | 0.215 | 0.215 | 0.196 | 0.215
K2 0.196| 0.196 | 0.196 | 0.215 | 0.215 | 0.196 | 0.215
K3 0.196| 0.196 | 0.196 | 0.215 | 0.215 | 0.196 | 0.215
K4 0.065| 0.065 | 0.065 | 0.072 | 0.072 | 0.196 | 0.024
K5 0.065| 0.065 | 0.065 | 0.072 | 0.072 | 0.196 | 0.024
K6 0.196| 0.196 | 0.196 | 0.215 | 0.215 | 0.196 | 0.215
K7 0.065| 0.065 | 0.065 | 0.072 | 0.072 | 0.196 | 0.024
Criterion [ W.S.V.| Weight | Ratio <max
K1 1.430 | 0.196 | 7.288 7511
K2 1.430 | 0.196 | 7.288
K3 1.430 | 0.196 | 7.288 Cl
K4 0.560 | 0.072 7.808 0.085
KS 0.560 | 0.072 7.808
K6 1.430 | 0.196 | 7.288 CR
K7 0.560 | 0.072 7.808 | 0.058

[9]
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The application of criteria and their weights using the Analytical Hierarchy Process (AHP)

resulted in the GIS map of permissible intervention locations for nabaseed solutions in

the watershed of Artemisio.
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As expected, the areas with the highest suitability for creating nabased solutions are

located on the wetlands of the study area. Based on map 5, the creation of two flood lakes

and their forest regulatory zones is selected along the main wetland of the Artemisio basin

with a depth of d = 4 m each, as shown in the map below.
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The Volume of the Lake 1 is V = 5.05 lamd the Volume of the Lake 2 is V = 3.23 lamd

both of them have depth d = 4m. The hydrological analysis of the drainage basin of the
study area was revaluated using the volume data of the two lakes. The runoff of the
network was calculated along with the retention of the water volume by the lakes in the
Artemisiou area, for rainfall events of d = 6h for return periods T=25y, T=50y, and T = 100

y, as well as for a rainfall event of d = 9h for return periods T=25y, T=50y,and T =100 y.

Below are the results of the analysis.
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Application of System Dynamics in Artemisio

The model was created using Vensim software to develop Causal Loop diagrams, which are
very useful for understanding and communicating their structures. These diagrams are
named as such because each link has a causal interpretation. An arrow going from A to B
indicates that A causes B. Creating causal loop diagrams is very useful even when a
simulation model is not being created. Additionally, it allows for easy and imaginative
determination of input conditions for simulation, also supporting e visualization of
results and the changes caused by variations in the state of input variables. Secondly, it
supports comparative scenario analysis and includes several tools for model analysis (e.g.
sensitivity analysis). Therefore, the Casual Loop diagram was created to make the
intervention with naturebased solutions in the existing state of the study area evident, as

well as their impacts.
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The Causal Loop diagram is the result of the combination of the existing situation and the
application of NBS in the study area. Specifically, by depicting the geomorphology of
Artemisio, the historical floods, and the recorded disasters they have brought to the area,
both in material goods and human lives, we introduce into this system the proposed

application of NBS, namely the two flood lakes and their regulatory zones. With the two
solutions that have preceded in the hydrographic network, a significant reduction in the

outflows of the catchment area towards Artemisio is observed. This water is retained by the
flood lakes and their forest regulatory zones, which reduce the speed of the water and
prevent flood phenomena. Therefore, the NBS selected, based on the successfully
conducted study, prevent flooding after a fire and create two natural water storage

reservoirs, which can be used by the surrounding settlements for water supply and irrigation

during dry periods, as well as maintain the fauna of the area.

These actions have a significant impact the economy and the quality of life of the

residents of Northern Euboea. By upgrading the environment from a burnt and barren
forest to a rich habitat, the depleted soil is renewed and enriched naturally with carbon
guantities. There is also a major impact on the residents' quality of life as the lakes, with
their regulatory zones, will provide an additional recreational space and attraction for the
tourists of the area. An important factor is also the economic aspect of this project. In
contrast to an infrastructure project creating a dam, the creation of floodplain lakes is much
more economical in both their creation and maintenance, as well as much more
environmentally friendly, as the latter is recreated with the existing elements, resulting in a
fully natural habitat assimilated into the natural characteristics of the forest area after a few

years.

Conclusions

Two rainfall runoff models were developed and applied as part of the postgraduate thesis,
one using rainfall data for the existing condition of the study area, and one incorporating
nature-based solutions for return periods of 25, 50, and 100 years, and for rainfall event
durations of 6 and 9 hours. The conclusions drawn from observing the research results are

summarized below:
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The application of NBS in the study area results in a significant reduction in the
runoff volume to the Artemisio area, up to 64.7 m3, compared to the existing
situation at the same time. This result is expected as a large volume of water is
stored in the lakes before they overflow. The impacts of this intervention are
significant not only in the study area but also in the surrounding areas, adipost
flood events can be significantly reduced and the transportation of sediments,
resulting in changes to the area's geomorphology, can be prevented. Forest
regulatory zones play a significant role in this, as they will retain both sediments and
transform the soil into a more solid substrate for surface layers, where water will be

retained and serve as the basis for the regeneration of burnt forest areas.

Creating a floodplain lake is an enetigiensive endeavor, along with establishing
forest regulatory zones, but it is not more costly than building a large concrete dam.

Additionally, their maintenance costs are lower.

Creating a natural environment that helps in both the regeneration of flora and the
protection of fauna, as well as in the enhancement of the area, providing
recreational areas for the residents of Northern Evia. This action also contributes to

the recovery of tourism by offering attractions for tourists.

In the study, with a return period of T = 50 years and a rainfall duration of d = 9
hours, a delay in the flood is observed of up to one hour, which is very important for
the prevention of the deterioration of areas and their inhabitants. This significant

delay can be further increased with the use of other NBS systems.

In all the scenarios studied, water volume retention has been observed in the lakes.
Specifically, along the large Misgengkia, where the two lakes are located, there is a
gradual retention of water volume while the area is simultaneously discharged from
one lake to the other. This significantly reduces the water flow velocities and

prevents intense floods, which carry large volumes of sediments.

When observing the results of human interventions in nature, we discern that
concerning the geomorphology of areas and hydrological networks, humans should
not make indiscriminate use of the natural resources provided by nature, such as

diverting streams, converting floodplains into settlements, narrowing rivers, etc. The
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results of these actions lead to the release of water in ways beyond its natural flow,
which may not be immediately perceptible to people, only becoming evident in

extreme events, requiring subsequent study.

U Nature-based solutions rely on the mechanisms of nature to address issues such as
climate change, and are considered the optimal solution for both the environment
and humans. These solutions have emerged as a result of trials andelomg
observations of infrastructure projects. Comparing NBS to infrastructure projects is
an element of future research, as not enough time has passed to study their

performance and lifespan.

Future Research

Future research aiming to improve the restoration of the Northern Evia region is a

significant topic of discussion. In Greece, a common intervention used to address floods
involves the construction of small stone dams, up to a maximum height of 0.5 meters, which
slow down the water flow and create small reservoirs. These reservoirs retain small volumes

of water that are significant enough to delay a flood and its momentum.

Another major issue in the area of Evia is the small coal reserves in the soil from the burned
forest areas. Studies have shown that the best solution for soil recovery and therefore the
habitat's prosperity is the conversion of forest areas into agricultural land. However, this
solution has a major drawback in terms of coal reserves, which are reduced due to the
burning of organic material. To improve the soil's coal content, whether organic or
inorganic, a long period of alternating agricultural products is required to enhance the soil
with their organic load. This obstacle has created the need for a more effective solution, the
conversion of forest areas into agroforestry. This implementation could thrive in the study
area as it would not only protect and restore the forest but also protect it from farmers,

thus preventing the possibility of new fire episodes.

In conclusion, as studies on natdvased solutions are still in an early phase and

researchers mostly focus on methods of recovery at the macro level with more
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"mechanical” methods, there is great potential in NBS science to find solutions on a "micro”

scale.
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Categories of NbS Interventions

J AR ERC

is an intervention that prevents, or greatly limits, overexploitation of existing
natural resources to achieve the long-term conservation of nature. 30

is an active or passive intervention that involves returning degraded, damaged or
destroyed ecosystems to pre-disturbance state. #

involves the establishment, protection and/or management of artificial "new"
ecosystems. This includes non-natural tree stands, artificial grasslands, created
artificial wetlands [not restored) and urban green infrastructure.

YT D Ke T > h UMNBSY '+ ADDRESSING RIVERINE FLOORING NATURBASED

SOLUTIONS THE THESSALY REGION, GREECE

NbS

and similar features*, and reconnection of

Intervention Description Benefit Category
Floodplain Restoring retention capacity and ecosystem Flood risk
restoration functions of floodplains, by reconnecting them to reudud:':n
and the river.
management??
Includes NbS  intervenmtions such as re-
izati 3 -
River naturallsalhm:_l of polder areas™, stream-bed Flood risk
. renaturalisation®®, reconnection of oxbow lakes )
restoration reduction

seasonal streams?7,
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Wetland
restoration
and
management

Basins, ponds,
and lakes

Low/No till
agriculture

Natural bank
stahilisation

Maintenance of
forests

Forest riparian
buffers

Targeted
planting for
‘catching’
precipitation
Restoration of
natural
infiltration

Coarse woody
debris

Removal of
dams and
other
longitudinal
barriers

A h2¢c[hh'l'1"/\ .

It can involve technical, spatially large-scale
measures (including the installation of ditches for
rewetting or the cutback of dikes to enable
flooding).

Provide temporary or permanent storage for water
to flatten the water discharge peak.

Improvements to the management of the
agricultural land to increase its retention capacity

(e.g., agroforestry3¥).

Riverbank renaturalisation consists of recovering
its ecological components, thus allowing the bank
to be stabilised and rivers to move more freely,
resulting in decreased water flow and erosion, and
enhanced biodiversity.

Protection of existing upstream forests. Forest
soils generally have better infiltration capacity
than other land cover types and may act as a
“sponge”, slowly releasing rainfall.

Conservation of existing or restoration of “new"”
forests alongside river streams and other water
bodies.

Establishment of new forests & shrubs (ie,
habitats) to enhance the retention capacity of the
watershed (e.g. reforestation).

Small stone barriers installed in creeks & riverbeds
in the mountains to reduce velocity and retain
water upstream.

Deadfall of tree stems or stumps that either fall
into or are deliberately placed in streams. Coarse
woody debris will generally slow water flow
velocity and can reduce the peak of flood
hydrographs.

Dams and other longitudinal barriers are obstacles
crossing the river secton and causing
discontinuities for sediment and fauna.

‘N_BS'_h'>Bl BT A

NATURBASED SOLUTIGONSHE THESSALY REGION, GREECE

B 1o Bt . A <
T AN Cw - 7t

<I 1 ~ N t

- |A —’hq‘ t ¢ n

~67~

Flood risk
reduction,
Biodiversity

Flood risk
reduction,
water
availability

Flood risk
reduction,
Biodiversity

Biodiversity,
Erosion
control

Flood risk
reduction,
water quality,
Biodiversity

Recreational
opportunities,
Erosion
control

Flood risk
reduction,
Biodiversity

Flood risk
reduction

Flood risk
reduction,
Biodiversity

Flood risk
reduction,
Biodiversity
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efficiency
Water quality Air quality
S
Besthetics UHI mitigation
NBS-related
Ecosystem Services
Biodiversity Well-being
Flood mitigation Noise reduction
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