&

el Tl L T

nvFPors

«EMIZTHMH &
TEXNOAOTIA
YAATIKQN
MOPQN»

EONIKO METZOBIO NOAYTEXNEIO

AIENIZTHMONIKO — AIATMHMATIKO
MPOrPAMMA METANTYXIAKQN ZMOYAQN
«EMIZTHMH & TEXNOAOTIA

YAATIKQN MOPQN»

ANAIITYEH KAI AIEPEYNHXH YENAPIQN ITA
TH AIAXEIPIZH TOY NEPOY MEXQ AYXEQN
BAXIXMENQN XTH ®YXH XTH BOPEIA EYBOIA

Hanayswpyiov I. Baociiikny

AOqva, Peppovaprog 2024

Empiénov: Kadnyntic X. Makpomovrog



EONIKO METXOBIO IIOAYTEXNEIO
AIEITIXTHMONIKO — AIATMHMATIKO
I[TPOI'PAMMA METAIITY XTAKQN 2ITIOYAQN
«ETIIZETHMH KAI TEXNOAOI'TA YAATIKOQN TIOPOQN»
[TPOZAPMOTI'H XTHN KAIMATIKH AAAATH

Avantoén kot Atgpevvnon Xevapimv Yo tn Awoysipion tTov Nepov
Méo® Avoeowv Baciouévov otn ®oon ot Boperwo Evfora

Metantuyiokn AutAopatikiy Epyacio

[Moamayewpyiov Baciiikm

Authopoatovyog IToAtikoc Mnyavikog A I1.O.

EmPrénov Kadnyntg: Xpnotog Makporovrog, E.ML.II.

Tpweing Emitponn:

Xpnotog Makpomovrog, E.MLIL. (EmPréncv)
M. Xovdpog

A. Evotpatiadng

AOnva, ¥cppouaplog 2024

rvlrv



Copyright © Mamnayewpyiov BaotlAikn, 2024
Me emidUAagn mavtog Sikawwpatog, All rights reserved.

AmnayopeUetal n avtypadn, amobrkeuon kot dltavopr Tng mapovoag epyooiag, E0AOKAN-
pPOU N TUAMOTOC QUTAC, Ylo EUMOPLKO OKOTO. ETuTpEnetal n avatunwaorn, anobnkeuon Kal
Slavopun yla okomo pn KepSOOKOTILKO, EKTIALOEUTIKAG I} EPEUVNTIKAC PpUONC, UTIO TNV TPOD-
noBeon va avadEpetal n tnyn NPoEAEUONG Kot va dlatnpeital To moapov pivupa. Epwtnpa-
TO TOU aPpopoUuV TN XPHoN TN EpYACiag ylo KEpSOOKOTILKO OKOTIO TIPETEL Vo ameuBuvovTal
TPOG TO cuyypadea.

OL anmoPEeLg KAl TOL CUUTEPACOTO TTOU TIPOEPXOVTAL OE AUTO To £yypado ekdpalouv To ouy-
ypadéa kot Sev MPEMEL va epnVEUBEL OTL avTuTpoownelouV TG enionueg B€oelg Tou EOvL-
kou MetooBlou NoAutexveiou.



NepAndn

210 mAaiolo TN mapouong SUTAwWUATIKAG epyaciag Ba yivel peAétn yia edpappoyn AVoswv
Baolopévwy otn ¢uon (Nature Bases Solutions, NBS) otn Aekdvn anoppong tou Aptepioiou,
™¢ Bopetag EVBoLag ya tn Staxeiplon tou vepol ota Kapeva e5adn tng meploxnc. H pueAétn
edappoletal otn Aekavn anoppong (AAMN) tou Aptepiolou emipavelag 33.56 T.XAL., LA oo
TIC TIEPLOXEC TIOU ETANEQV OL HEYAAEC TTUPKAYLEG TO 2021 Kal PETEMELTO MANUUUPEG TO 2023.
Apxika, Slepeuvwvtal ta GAWVOUEVA TNG TIUPKAYLAG KAl TNG MANUUUPAG, KAl MWE oUTA
urmopoLVv va aAAnAe€aptnBouv, kabwg emiong Kat oL eMSPACEL; TOUG 0To £8adOC Kal OTLS
XPNOELG VNG TwV meploxwyv. Emetta, availvovrtal ol AUoelg Baolopéveg otn ¢duon (Nature -
Based Solutions) kat avadépovtal 0ploPEVEG €peuVeEG aAAA Kol EPAPOYEG TIOU €XOUV YIVEL
oe dpuoko meplfaliov, 6nwe eival to n Alpvn Wolong otnv Kiva, to Mapko Portofino otnv
ItaAia, n peAétn ywa xpnion ouvduoaopévwv Nature — Based Solutions katd pnkog tou

Mnviou, amokaTtAoTOoN MAPAKTLOU OLKOCUOTHHATOC 0To Hvwpévo BaaoiAglo, K.0.K.

Ev ocuvexela, pe yvwpova TNV UPLOTAREVN KOTAOTOON TNE MEPLOXNC LEAETNG KL Ta SeSopéva
OO TOV KOVTLVOTEPO WETEWPOAOYLKO OTAOUO TtapdxOnke, UE TN XPHON TOU TPOYPALUATOC
GIS (Geographical Information Systems) kat Aappavovtag vnoPpv 1o Wnolakd Movtédo
ESddoug (DEM), to ubdpoypadikd diktuo tng AAM tou Aptepioiou. OL TPOCOUOLWOELG TOU
uSpoAoYLKOU HOVTEAOU Tpaypatomnofnkav pe to mpoypoppa HEC — HMS, pe tnv puébodo
SCS Unit Hydrograph kat tn péBodo SNYDER. H peAétn yla tov kivéuvo tng mAnUuUpag €ywve
he TNV e€€taon £€L oevapiwy, yla dtapkela Bpoxng d = 6h kal mepiodo emavadopadg T = 25y,
T =50y, T = 100y kat yia Stapketa Bpoxng d = 9h kat mepiodo emavadopadg T = 25y, T=50y, T
= 100y. H A0on mou emAéxBnke yla tnv meploxn HeAETNg eivat n dnuoupyia Svo
TANUUUPLKWY ALUVWV PE TN Snuoupyia Saotkwv pubuLloTikwy {wvwyv yUpw oro TIG KOLTEC
Touq. MNa tnv emloyn TN KATt@AANANGg B€ong tomoBETNoNg TwV ALUVWY XPNOLLOTIORONKE N
uéBodocg Analytical Hierarchy Process (AHP) pe kputipla tTnv amootaon and pEROT, TNV
kAlon tou €dddoug, To UPOUETPO, TNV ATIOCTACHN OO AOTIKO LOTO Kal amo odikd Siktuo, TIg
KOAUEVEC EKTAOELG Kal TS XPNoelg yng amd to Corine Land Cover 2018 tou Eupwmaikou
npoypdpupatog Copernicus. Ta &edopéva autd elonxbnooav oto Aoylopkd GIS kal
SnuoupynBnke o XAPTNG KAataAAnAoTnTOG, oMo Tov omoilo emAéxBnkav ta SUo onueia

edpappoyng twv NBS.



Me 6ebopévn v UTOPEN TwWV SUO MANUUUPLIKWY ALUVWY €yve Eava n USPOAOYLKN HEAETN
™G mepLoxng oto mpodypappa HEC — HMS, tng omolag ta amoteAéopata cuykpiBnkav pe ta
anoteAéopata TNG HEAETNG XWPLG TNV UTaPEN TwV AVoswv Baclopévwy otn $uon. Ma va
yivel o avtiAnmer n cupPBoAn twv NBS dnuioupynBnke to Causal Loop Diagram yia tnv
Tieploxn MeAETNG tou Apteploiou, otn Bopela EUPola, pe dedopéva TNV UPLOTAREVN
KOTAOTOON TNG TIEPLOXNG, TA AMOTEAECHATA UE TN XPHon AUoEwv Baclopévwy otn ¢uon Kal
He €€WTEPIKOUC KOLVWVLKOOLKOVOULKOUG TIAPAYOVTEG, HE TN XPNon TOU TPOYPAUMOTOC
Vensim. Ta amoteAéopata tng MEAETNG €lval QVAUEVOUEVA BETIKA HME QTOTPOTH TNG
TANUUUPOG OTA KOTAVTL TWV TEXVNTWV ALUVWVY, KOl UEYAAEC TIPOOMTIKEC avakaudng tng

BlomoKIAGTNTOC TNG TIEPLOXN G LEAETNG.



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 33.56 km?, 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 areas. Moreover, Nature-Based Solutions are analyzed, as well as some
researches and applications are mentioned, such as Lake Wolong in China, Portofino Park in
Italy, the study research of the use of combined Nature-Based 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 of the drainage basin of Artemisio
is generated. The simulations of the hydrological model were carried out using the HEC-HMS
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 forest buffer zones around their beds. The
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 urban areas and 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 Nature-Based

Solutions (NBS) were selected.

Given the existence of the two flood lakes, a hydrological study of the area was re-conducted
using the HEC-HMS program. The results were compared with the study results without the
presence of nature-based 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 nature-based 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 in non-seismic 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 second-largest 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 24-hour 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 Nature-Based Solutions (NBS) in the Northern Evia region,
specifically in the Artemisio watershed. The study will examine Nature-Based 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 nature-based 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 HEC-HMS 4.11 program was used, while the ArcMap 10.3
program, in conjunction with the HEC-GeoHMS 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 socio-economic 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.



The Forest Fires

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 pine and 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, Arianoutsou-Farangitaki (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 soil
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 300-400 °C, while temperatures at
depths of 1 cm, 3 cm, and 5 cm reach 200-300 °C, 60-80 °C, and 40-50 °C, respectively. On

average, soil temperature increases by 10 °C after a fire, due to the death of organic matter,



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.

Floods 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 area of Euboea 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 downbhill

through surface runoff.

Introduction to Nature — Based Solutions

Natural-based 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:



8.

Embrace the rules of nature in technical works.

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

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

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

traditional, local, and scientific knowledge.

Produce social benefits in a fair manner, establishing transparency and broad

participation.

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

time.
Applied at a landscape scale.

Recognize the trade-off between the immediate economic benefits and those

derived over time from the full development of ecosystem services.

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 nature-based 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 nature-based solutions for climate change mitigation and adaptation,
water and food security, poverty reduction, economic development, and biodiversity

conservation.

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



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 landscape-scale approaches and
incorporated into broader examples of development and conservation. Ecosystem-
based disaster risk reduction (Eco-DRR) and ecosystem-based adaptation (EbA) are
relevant approaches that can be considered continuous, from mitigating large-scale
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, mental well-being,

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.



3. Type 3: Extensive intervention in the ecosystem. This 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

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 e . Flood risk
. renaturalisation®®, reconnection of oxbow lakes .

restoration reduction

and similar features®, and reconnection of
seasonal streams?7,



Wetland

restoration measures (including the installation of ditches for educti
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,
SN;:'J?' ]::nk to be stabilised and rivers to move more freely, Erosion
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Approaches to nature-based 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.



The advantages of NBS

Nature-based 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 large-scale 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 nature-based solutions.

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



What is the use of System Dynamics (SD) in NBS

Despite the increasing attention to Nature-Based 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 decision-making 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 co-benefits 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 an SD-based 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 Videira, 2017). Finally, beyond

modeling, the entire process promotes the awareness and motivation of those involved in



decision-making processes or policy determination, thus providing a platform for the shared

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



consortiums of French and Chinese companies aimed at restoring the lake’s
hydrological, ecological and biological functions. A 7.8 km-long dike equipped with
watergates was built to enable the differentiated management of water resources

according to the lake’s different uses.

Technical assistance was provided for the close management of water levels and
the monitoring of migratory bird populations. Thirty-six 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.
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2. Beaver Dam Analog (Montana & California)

A Beaver Dam Analog (BDA) is a man-made structure designed to mimic the form and
function of a natural beaver dam. BDAs can also be used to increase the probability of
successful beaver translocation by creating immediate deep water habitat that reduces the
risk of predation. In general, the design and installation of BDA complexes is a simple, cost-
effective, non-intrusive 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.
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3. Stone Dam in Paros (Greece)

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

stream.

Small dams are a traditional water management practice that captures small amounts of

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

* By reducing the slope of the stream bed, small amounts of water are collected for

irrigation purposes.

¢ By slowing down the flow of water and retaining part of it, greater infiltration into the

soil is achieved, enriching the groundwater.

e During intense rainfall periods, they retain significant amounts of water and sediments,
thus reducing the risk of flooding in settlements usually located in coastal areas and river

deltas.

e They serve as biodiversity hotspots: the shallow water reservoirs created act as small

oases for arid island ecosystems, especially during dry periods.




4. Addressing Riverine Flooding With NBS in the Thessaly Region (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
development and landscape changes. The latest major flood event (known as the “lanos
Medicane”, in September 2020), is considered one of the most disruptive events ever to

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 Nature-Based 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 eleven sub-basins, 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 seven sub-basins (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 small-scale 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 in the proposed 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



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
m3 of volume would need to be created to effectively mitigate a flood event with a return

period of 50 years for Ano Pineios sub-basin.
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Case Study of NBS in 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 nature-based 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 nature-based 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 anti-flooding system by establishing floodplains.




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 small sub-basin of 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 HEC-GeoHMS 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 HEC-HMS. Essentially, HEC-GeoHMS converts drainage
paths and watershed boundaries into a series of hydrological data representing the
hydrological network of the study area. Finally, the HEC-HMS 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 HEC-GeoHMS, 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 the Municipality of Istiaia-Aidipsos 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 Sinks command 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, the Flow Direction command creates a new raster file, with each



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 Accumulation creates the path of the hydrographic network, with a new raster
where the cell values define the cells that flow into a specific cell. The 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.



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 the HEC-HMS
program, employing the SCS Unit Hydrograph and SNYDER method for a 30-minute rainfall
event. The SCS method involves selecting 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.
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To assess the design rainfall, the three-parameter storm curve of the Milies station was

used, described by the following equation.




Of the five parameters in the above expression (A', U', k, n, 0), the first two have been
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 vy, using data from the Hydrographic Station
Milies, where hyetographs were calculated for 6h rainfall events for return periods T =25,
T=50vy,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 1%': d = 6h, T = 25y:

Milies Design Rainfall (T=50yr, d=6hr)
60
d 6
A 3528 || "
K 0.097 40
P 0.651 | | 10
n 0.622
20
0 0.124
T 25 10
i [mm/hr] 22.32 0
H event [mm] 133.92 Op ¥ Xa P 2, 9 9. ¥ 2. $ 9

Senario 2": d = 6h, T = 50y:

Milies Design Rainfall (T=50yr, d=6hr)
60
d 6
A 3528 | |
K 0.097 40
U] 0.651 30
n 0.622 "
0 0.124
i [mm/hr] 25.28 0
Ky
Hevent[mm] | 151.71 % s




Senario 3": d = 6h, T = 100y:

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

Milies Design Rainfall (T=100yr, d=6hr)
70
d 6
A 352.8 :
K 0.097
P 0.651 -
n 0.622 30
0 0.124 20
T 100 10
i [mm/hr] 28.46 0
H event [mm] 170.73 % Y N T % Y % 7% 8 g @

Milies

d 9
A 352.8
K 0.097
1! 0.651
n 0.622
0 0.124

T 25
i [mm/hr] 17.42
H event [mm] 156.76

50
45
40
35
30
25
20
15
10

Design Rainfall (T=25yr, d=9hr)

9p ¢ Xy @ 2V 9,7 %, F 8, 6 g 2

)

3 S S 5

=
.J\‘:P

EN




Senario 5": d = 9h, T = 50y:

Milies Design Rainfall (T=50yr, d=9hr)
60
d 9
50
A 352.8
K 0.097 40
U] 0.651 30
n 0.622 .
0 0.124
T 50 10
i [mm/hr] 19.73 0
Hevent[mm] | 177.58 % ¥ e T e s T TS 0 G2 59 &9

Senario 6'": d = 9h, T = 100y:

Milies Design Rainfall (T=100yr, d=9hr)
70

d 9 60

A 352.8 o

K 0.097 w0

U 0.651

n 0622 ||

0 0124 | | *°

T 100 10
i [mm/hr] 22.21 00;\,‘)‘3&0}7?6\\?6‘6‘))@@9
H event [mm] 199.85 < & 5 8 s 2N e N A

Case Study

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



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):

Where Sl is the overall fitness index (with O<SI<IO), bi is the fitness index value for each

constraint criterion (with O<bi<10 and bieZ), 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).



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
give relative 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 (Cl) is

based on the maximum eigenvalue Amax, which is calculated as follows (Saaty, 1977):

Amax = ]!l=1 aij (Wj) (2]

w;
The Cl index is calculated accordingly by the following equation (Saaty, 2005):

Cl = dmax=0 [3]

n-1

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

and is based on the number of evaluated criteria.



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):
SI= Y0, wix; [Ti, b; (4]

To define these zones, the Euclidean Distance or 2-norm distance, as it is otherwise called,

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

dxy) = lIx —yll = yXiLlx — yil? [5]
o/a
Criterion Isolation Zone
1 Distance to streams (K1) -
2 Slope (K2) >=25%
3 Elevation (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 9
Olive groves 1
Forest 3
Vegetation 7
9

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



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 K1 K2 K3 K4 K5 K6 K7
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:
’ aij

Q=4 6
) a13j [ ]

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:



n
_ Xjmalyj

n

w; [7]

Where n= 7 are the multiple criteria and i€[1,2,...7].

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)
K1 Distance to streams 0.196
K2 Slope 0.196
K3 Elevation 0.196
K4 Distance to urban areas 0.072
K5 Distance to road network 0.072
K6 Proximity to burned areas 0.196
K7 LULC 0.072
N/A K1 K2 K3 Ka K5 K6 K7 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, the calculation of which is done
according to the equation:
bij = a;j w; (8]

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



M.S.V. i

Ratio,i =

wi

he average value of the Ratio values is equal to Amax= 7.511. Applying the equation for the
Cl index for Amax=7.511 and n=7, the Cl index is calculated as Cl= 0.085. Finally, the CR index
is calculated as CI/RI = 0.058 or 2.1% <10% with RI= 1.48, therefore the methodology applied

meets the continuity criteria.

The application of criteria and their weights using the Analytical Hierarchy Process (AHP)
resulted in the GIS map of permissible intervention locations for nature-based solutions in

the watershed of Artemisio.

Weight 0.196 | 0.196 0.196 0.072 0.072 0.196 0.072
Criterion K1 K2 K3 K4 K5 K6 K7
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 Amax
K1 1.430 0.196 7.288
7.511
K2 1.430 0.196 7.288
K3 1.430 0.196 7.288 Cl
K4 0.560 0.072 7.808
0.085
K5 0.560 0.072 7.808
K6 1.430 0.196 7.288 CR
K7 0.560 0.072 7.808 0.058
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As expected, the areas with the highest suitability for creating nature-based 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 hm3 and the Volume of the Lake 2 is V = 3.23 hm?3 and
both of them have depth d = 4m. The hydrological analysis of the drainage basin of the
study area was re-evaluated 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.

Below are the results of the analysis.



160
140 /a\
120
= 100 I\
2 0 \\
£ \\ e Pree NBS
o > \\ e After NBS
40
20 \\
ol A NN |
0 10 20 30 40 50
rainfall (h)
T=50y,d=6h
180 ~
o A
— 120 \\
T \
E. 80 \t\ Pre NBS
9 60 \\ e After NBS
40
o A\
o i—2 NS
0 10 20 30 40 50

raifall (h)




220
200
180
160

T 140

Q

£ 120

o

£ 100

o 80
60
40
20

T =100y, d = 6h

e Pre NBS

= After NBS

20 30 40
Rainfall (h)

1
50

180
160
140
120

Q (m/sec)
3

T=25y,d=9h

Pre NBS

e After NBS

20 30 40
Rainfall (h)

50




Q (m3/sec)

S N
8 B

T=50y,d=9h

= Pre NBS

m—— After NBS

Rainfall (h)

50

Q (m3/sec)

240
220
200
180

140
120
100
80
60
40
20

T =100y, d = 9h

= Pre NBS

s After NBS

20 30 40
Rainfall (h)

50




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 real-time 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 nature-based 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 on 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:



» 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, as post-fire
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 energy-intensive 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



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.

» 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 and long-term
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 nature-based solutions are still in an early phase and

researchers mostly focus on methods of recovery at the macro level with more



"mechanical" methods, there is great potential in NBS science to find solutions on a "micro"

scale.



1. Eloaywyn

ITn onuUeEPLVA €MOX OL avOpWTIVEG SpACTNPLOTNTEG £XOUV GTACEL OE OPKETA MPONYUEVO
eMinedo Kal oL epeuVNTEG £PYATOVTAL TIAVW OE TPOTIOUC AVAKOUDLONG TWV CUOTNUATWY o
TIC TILEOELG TTOU aoKOUV oL KALpATIKEG aAhayEg (United Nations Framework Convention on
Climate Change, 1998). Eva oUvoOAO KaLWVOTOHWV AUCEWV yla Tn Staxeiplon Twv GuoIKwy
CUOTNUATWY HE TPOTIO OV UTtopel va e€looppomnroetl ta opéAn T6o0 yla TN duon 600 Kal
yla v Kowwvia ovopaletal AUoelg Baoilopéveg otn ¢uon (Nature-Based Solutions, NBS ~
UWE, Bristol, 2021). O 6pog avadEPETOL O KTEXVIKEG TTIOU EUTIVEOVTAL A0, utootnpilovral
N aviypadovral and t éduvon» (World Bank Climate Change and Adaption, DC, 2008),
6nAadn pe TNV edoppoyn TwV TAPATNPNOEWV HaG amd tn ¢uon, oL Kivbuvol Tou
€AAOXEUOUV ylA TN CNUEPLVA KOWWVIA, OMWC €lval oL €VTOVEG MANUUUPEG Kal oL EXPVIKEG
¢npaoieg, avrtipetwmnilovtal pe TO PBuUWOO TPOMO, O ONMOIOC TPOCAPHOLETOL OTO

TEPLBAANOV KOl EVTACOETAL OE QUTO, XWPLC TNV KATACKEUT LEYAAWV €PYWV UTIOSOUNG.

OL AUoelg Baolopéveg otn ¢uon sival pLa TeXVikn n onoia edpapuoletal oe 0AOKANPO TOV
mAavAtn KaBw¢ oL KALMOTIKEG HETABOAEG €xouv yivel TAéov aloBntég OxL Hovo amo
ETUOTAMOVEG OAAA KAl Amd TNV UTIOAOLTIN KOWWVIO O0TNV KABNUePLVOTNTA TNG O OAd T
vewypadkd punkn kat mAdtn. MeydAa moapadeiypata Twv KALOTIKWY aAAaywv outwv givat
ol Eadvikol xloviadeg mou E€omaocav otnv Eupwnn to 2023, oL CElOUOL OE PN OELCUOYEVNC
TIEPLOXEG, Ol UEYAAEC TIUPKAYLEG, TLG OTOlEG OKOAOUBOUV HEYAAEG ENPACLEG KAl UETETELTA
TANUUUPEC. Ta mapadsiypata nou €xoupe otov EAAaSIKO xwpo €ivat N MANUUUPA TTOU EYLVE
otn Mavépa Attikng to Noéupplo tou 2017, émou cludwva Pe To pavidp tou EBvikou
Actepookorieiov to UPo¢ PBpoxng &emépace ta 200 pU o MOAC 6 wpeC. Asutepn
XPOVOAOYLKA €PXETOL N MANUUUPa Kot ol duvatol avepol otnv XaAkwdikry tov loUAlo tou
2019, 6mou n taxuTnTa avépou édptaoce ta 132 xAu/wpa. Emouevn épxetal n O@ecoaia Kot n
Mayvnola pe T MANUUUPEG TTIOU £ixov AOYWw TN KOKOKALPLOG TTOU OVOHAOTNKE «lavog» To
emtéuBpn tou 2020. H peydAn mupkayld mou ékae oxedov ohokAnpn tn Bopela EVBola
Tov AUyouoTto Tou 2021, tnv omoia akoAoUBNnoe pla peyain mMANUUUPA ToV ZEMTEUBPN TOU
2023. TeAeutaia oTn OELPA €PXETAL N KOKOKaLlpio NTaAvieA, 6mou mAnUUUpLoe Eava n meploxn

NG Oeooaliag Kol OPLOUEVEC TIEPLOXEC TOU Vool Mayvnoiag, 6mou n meploxrn tou BoAou



6€xOnke 150 ekatoppUpLA TOVOUCG VEPOU Kal AAOTING Ot 24 WPECG KAl UETPAOELS ATO TO

otaBOuo tou MNnAiou pétpnoav Bpoxn LPoug 750Uy, yia Stapkela 15 wpwv.

Meyaho emiotnuoviko evdladépov PEPeEL n uMAPYOUCA KOTAOTOON TNG TEPLOXNG TNG
Bopelag EUPBolag kabBwg 0An oxedov n opeviy ALK TNG EKTAON BPLOKETAL KAUEVN KAl OO
yovipo €dadog pe mAovola xAwpida kat mavida mAéov amoteAel €va apketd PAOEevo
neplBarlov yla MANUUUPEG, TAoUoo ot deptd UAkka. H EUBowa eivat to Sevtepo
pueyaAutepo vnol tng EANASag, n €ktaon tng omoilag avépxetal ota 3.654 T.XAW. KoL HE
vpopetpo 1,734 Y. HE MEYAAO TUAMA TNG va KOAUTTETAL amo OOOLKEG €KTAoelG. H
KatootpodLKn Tupkayld n omnoia ééomace otnv Bopela EVPBola otic 03/08/2021 kat ékalye
€w¢ Tig 11/08/2021 £kae pia €ktacn 520.000 otpeppdtwy, ue Bacn tnv amnoypadr mou
€ylve amod 1o daocapyeio to 2022, evw OL EKTACELC OL OTOLEC BEV KANKAV OVEPXOVTAL 0T

43.940 otpéppara.

OL MUPKAYLEG AUTEG ATAV OVAEVOUEVO VA 0KOAOUBNOOUV Kol EVIOVEG TIANUUUPEG, OTIWG KoL
€ylve Tov ZemrtéuPpn Ttou 2023 pe TNV Kakokalpia Tou ovopdotnke «ELIAS», omou
TPOKANONKav peyAAeg TMANUUUPEC o0 OAOKANPN tnv EUBOla Kal KUPLWC OTIC KOUEVEC
EKTAOELS. H €vtoveg Ppoxomtwoelg, oL omoieg dpknoav €wg Kal 12 wWPEG CUVEXOUEVEG
TIPOKAAECQV KATOALOONOELG Kal TMANUUUPEC, UE amokopUdwHa TNV TEpLoxn tTng lotlalag,
otnv omnoia onuewwdnkav 400 K.l VEPOU ava OTpEUMA HEoa o€ €va 24wpo Kal o€ SldoTnua

6 wpwv 150 K.J. VEPOU avA OTPEULAL.



1.1. Avtikeipevo tng Epyaoiog

AvTikeipevo tng mapovong Metamtuxlakig AutAwpatikng Epyaciag amotelel n avamtuén
Ko Slepelivnon oevapiwyv yla tn Slaxeiplon Tou vepol péow AUoswv Baclopévwy otn duon
oTnV TepLloXn TNG Bopela EUPBolag, otn Aekavn amoppong tou Apteuloiou. ITo mMAAloLo g
epyaoiog Ba yivel n peAétn twv AVoswv Baolopévwy otn dpuon oe duoikd meplBariovra
TO00 Ot PEAETNTIKO UTIORAOPO, 000 Kol 08 £POPUOCUEVEG UEAETEG, KABWC emiong Kal n
ovantuén €vOg HOVTIEAOU ylOl TNV TEPLOXN MEAETNG HE OKOMO TNV avamtuén Kol tnv
Slepevvnon oevapiwv yla Tnv enidoon Twv HETPWY Baclopévwy otn ¢uon otn PeElwon Twy
ETUMTWOEWV ATO TNV TIUPKAYLA, TNV Enpaocia Kal TNV MANUUUpa. Ita napadsiypota HeAETNG
Kol epOpUOYNG TAPOTNPOUVTOL OL TPOTIOL LE TOUG OToL0G eVEPYEL 0 KABE peAeTNTAC avaioya
LE TOV OTOXO TIOU €XEL, AMOTEAWVTAG £va UTIOBaBpo yla TNV emhoyr Twv KAtaAAnAwv NBS
otnv Aekavn Amoppor¢ tou Apteploiou. H meploxn HEAETNG €XEL MANYEL QMO TTUPKAYLA KAl
UETEMELTA ATO TANMUUPA. To LOTOPLKO TG aUTO Kablota amapaitntn tnv Slepelvnon Twv
ETUMTWOEWV TNG TUPKAYLAC KOl TNG MANUUUPAC OTA YEWHOPPOAOYIKA XOAPAKTNPLOTIKA TNG
mepLoxng, kabwg autn dev pmopel va peAetnBel wg pia kavovikd Gpuolki €ktaon, Omwe ol

TIEPLOCOTEPEC OTLC omoieg epapudlovral ol AUOELC Baolopéveg otn puon.

Ma tnv udpoAoyLkn pocopoiwaon Xpnotpomnolonke to mpoypaupo HEC-HMS 4.11, evw yla
™ yvewpopdoAloylky avaAluon tng AekAavng amoppong to mpoypaupa ArcMap 10.3 oe
ouvduaopo pe tnv gpyalelodnkn HEC-GeoHMS. Tivetal n epappoyr EVOC CUYKEVTPWTLKOU
HOVTEAOU, Yyl TO omoio ektipdtal to Movadiaio Yépoypadbnua (MYF), pe tn xpron twv
lodxpovwv KapmuAwv. H HeAETN yia TV emdoyn Tou KatdAAnAou tumou NBS éywve pe tnv
efétaon €€ oevapiwv yla dldpkela Bpoxng kal mepiodo emavadopdc, omou emAEXONKe n
Snuoupyia SU0 MANUUUPIKWY TEXVNTWV AUvwy, poall pe SaolkeG puBULOTIKEG {WVEG OTOV
TEPlyupo TOUG. 2TN ouvEXela yivetal n edbapuoyn ¢ avaluong AHP (Analytical Hierarchy
Process), yla tn dnuoupyla evog xaptn KOTAAANAOTNTAC LE TA ONELQ TTOU UITOPEL vaL YIVEL N
edpappoyn Aoswv Baolopévwy otn puon, amo tov Xaptn auto yivetal n emloyn Twv dUo
Béoewv. Me dedopévn tnv LTIAPEN Twv SV Alvwy yivetal Eava n emiAuon tou uSpoAoyikou
HOVTEAOU Kal Tapatnpouvtal ot StadopéC twv HoviéAwv. EmutAéov, He Tn Xprion tou
npoypappatog Vensim €ywve n dnuloupyia evog Causal Loop Staypappatog, 6mou peAetdartal

n OUVAUIKA TOU OUCTAMOTOC TWV TANUUUPWKWY AlUVWV oTto Aptepiolo, TO600 Of



nieptBarlovTikr) KALHaKa, 000 KL OE KOWWVIKOOLKOVOWLKY), OE OXEON HE TNV UDLOTAUEVN

KATAOTACN TOU.

1.2. Baowka Epyaleia

1.2.1. Movtéha Bpoxn — ATtoppong

Eval HOVTENO €lval HLO AmmAOTIOLNUEVN AVOTOPAOTACH EVOG TPAYUATIKOU CUOCTIUATOG UE
opLopéveg mapadoxes. Eva BéAtioto poviédo e€aodalilel anoteAéopata mou mMAncLalouv
OPKETA TNV TPAYUATIKN KATAOTOON HE TOV €AAXLoTo Suvatd aplOpd MApAUETPWY Kal TO
HKPOTEPO BaBUO ToAumAoKOTNTAG. Eva LOVTEAO amoteAs(tal amd MOANEG TAPAUETPOUG TTOU
kaBopilouv Ta XapaKTNPLOTIKA TOU HOVTEAOU. Eva LOVTEAO ATTOPPONG UIMOPEL va OpLOTEL WG
€va oUVolo €flowoewy, BAcn TwV OMOLWV EKTWMATAL N ATOPPON CUVOPTHOEL Sladopwv
TIAPOUETPWY OXETIKWY HME T KALUATIKA KOl YEWYPODLKA XOPAKTNPLOTIKA TNG AeKkAvNng
amoppon¢ tou. BipAloypadikd cuvavtatal pia mANBwpa HOVIEAWV Amoppong, Ta omola
mowkidouvv avaloya pe ta Sedopéva mou €xoupe Slabéoua, Tov aplOpod kat tn ¢uon twv
TIAPOHETPWY, TOoV BaBud MoOAUTAOKOTNTAC TOUC Kol To £(60¢ T avaAluong mou entBupoU e
Va TPAYUATONOL|GoUME. H peydAn autr StaBeondtntd poviéAwv KabLotd tnv emAoyn tou
KATAAANAOU HOVTEAOU apKeTA oUVOetn Sladikaoia. Ta MeEPLOCOTEPA UOVTEAQ QTTOPPONG
€xouv dnuloupynBel oto €EWTEPLKO, EMOUEVWE N XPAON TOUG yla UEAETEC oTOV €AAASIKO
XWPOo Ta KAvel duoxpnota Aoyw tng EAAewdng avtiotolyiag Sedopévwy mou adopoulv TIg
LOLALTEPOTNTEG TWV AEKAVWV QATOPPONG TNG XWPACG Hag. To mio ouvnBeg mpoBAnua twv
eAMNVIKWV AekOVWV amoppong eivat n €AAewpn Oebopévwyv amoppong, HE HUOLKO
enmakoAouBo tnv SuokoAia BaBuovounong Kot aviloTolyiag TwWV LOVTEAWY HE TA TIPOYHOTIKA
YEYOVOTA. ITIG TIEPUTTWOELS AUTEC YIVETAL KATATUNON TNE AEKAVNG ATTOPPONG OE ETLUEPOUG
HULKPOTEPEC UTIOAEKAVEC, TIPOKELMEVOU Val UTIAPEEL peyaAutepn akpifela otnv LEAETN TOUG

Kal vol LELwBEeL n afefaldTnTa TWV LOVTEAWV.

Ynidpxouv Tplwv €06WV POVTEAQ aVAAOYOL HE TN XWPELKHA KATOVOUN TwV Se60UEVWV TOUG T

OUYKEVTPWTLKA, T NULKATAVEUNHEVO KOL TOL KOTOVEUNMEVA. ZTO CUYKEVTPWTLKA HOVTEAQ N



Teploxn MeAETNg Oswpeital wg Pl eviaio oviotnta, HECA OTNV Omola Katoavéuovtal
opolopopda ta PeYEDN el00dou Kal €060V, EVW OTO NUIKATAVEUNUEVA N TIEPLOXT UEAETNG
XWPLETOL O EMUEPOUG UTIOTIEPLOXEG, AVAAOYA ME TA XOAPOKTNPLOTIKA TOUG Kal Of KAOe
umomneploxn ta Sedopéva el006ou Kal €€060U KatavéuovTal opolopopda, HE Eexwplota
S6ebopéva n kaBe pla. Ta Katavepnuéva poviéda Boaoilovtol otn XwPLKA KOTavoun Twv
Sebopévwy eloodou kal e€06ou TNG TEPLOXNG UEAETNG, UE TV TeAeuTala va xwpiletal oe

HLKPOTEPQ TUNUATA SNULOUPYWVTOG £TOL €va (60¢ KavaBou oTolelwv.

1.2.2. Movtéha Auvapikig Zuotnuatwy ~ System Dynamics (SD)

Ta povtéla SD eival HOVTEAQ TIOU XPNOLUOTIOLOUVTAL Yl va TIEPLYPAYOUUE KoL va
KOTOLVON OOUE TNV attiokuplapxia Kot T aAANAEMISpAoELS HETAEY TwV HETAPANTWVY EVIOC
€vOG ouothpatoC. H Auvoplky ZUOTNUATWY TIOCOTLKOTIOLEL TNV €mMidpacn autwv Twv
oAANAETUOPACEWY, XPNOLUOTIOLWVTOC TIPOCOUOLWTLK HovteAomoinon Paclopévn otn
Bewpla Twv cuotnuatwyv avatpodpodotnong. Ta HovieAa autd emeldn eival SuVAULKA,
UMOpOUV va £POPUOOTOUV OE TIOAUTIAOKO KOWVWVLIKA, SLOLKNTIKA, OLKOVOLLKA 1) OLKOAOYLKQ
ovotiuata. Ta povtéda SD cupmAnpwv Tn okKEYN CUCTNUATWY TIOCOTIKOTIOLWVTOG TLG
OAANAETUOPACELG KOL AVOATITUCOEL LA XPOVOEEQPTWHEVN ATIOYN VLA TO TIWG CUMTIEPLDEPETOL
TO cuoTNUA. H MPOCEyyLoN ETUKEVTIPWVETAL OTNV KATAOKEUN UTIOAOYLOTIKWY LOVTEAWV TIOU
OVATTAPLOTOUV KAl TIPOCOUOLWVOUV TTOAUTIAOKA TIPoBAROTA OTIOU N cupmepldpopd aAAALEL.
Autd Tta poviEAda o¢wTilouv AlyOTEPO OPATEC OXECELS, OUVAULIK TIOAUTIAOKOTNTA,
KaBuoTeEPNOELl Kal MNn €mBOUUNTEC OUVEMELEC TwV OAAnAsTudpdacswyv. Zav HEB0SOG
avantuxbnke 1o 1950 amd tov kaBnynt Jay Forrester oto [MavemotAplo NG
Maooxouo£tng, amo tn enbupia tou va ebapuocel To UTIORaBpd Tou OTNV EMLOTAUN KaL TN
pnxavoAoyio yla va oVTIHETWIIoEL Kplolpa {ntrpata mou kabopilouv tnv emtuxia f tnv
amotuyia emixelprioewv. To 1956, o Forrester evtdxOnke oto veoouotato XxoAeio Aloiknong
Sloan tou MIT, Kal EUMVEOUEVOG Ao TG AAANAETIIOPAOELG TOU e SLaxXELPLOTEC oTnV General

Electric (GE), &ekivnoe tnv avamtuén twv BepeAiwv TG SUVAULKAC CUCTNUATWV.

H apxwkn mpokAnon otnv GE adopoloe TNV KATOVONCN TOU CNUAVTLKOU TPLETOUG KUKAOU
QA.oXOANONC TTOU MOPATNPEOUVTAV OTA EPYOOTACLO NAEKTPLKWY CUCKEUWYV TOUC 0TO KEVTAKL.

XelpokivnTteg mMPooopolwaoelg thg Soung pong-avatpododotnong, meplhapBavopuévng tng



Sdoung AnPng amodpacewv yla mpocAnyn kat amoluoelg, £€8sav OtTL n aoctabela otnv
amaocyxoAnon odeillovtav otnv eowteplkrl Soun TNG €TAPEiRG, TOpA Ot €EWTEPLKOUC
TIPAYOVTEG OTIWE O ETUXELPNUATIKOG KUKAOG. AUTEG OL TTPOCOUOLWOELG CNUATOSOTNOAV TV

€vapén Tou mediov TG SUVAULKNC TWV CUCTNHUATWV.

Kata ta téAn tng dekaetiag tou 1950 kal Tig apxeg tng dekaetiog tou 1960, o Forrester kat
U opada amd  SLOOKTOPLKOUG ¢oLtNTEG PETEPEPAV Tn veoouotaBbeioca SUVOULKN
CUOTNUATWY amod T GACNH TWV XELPOKIVNTWY TIPOCOUOLWOEWY OTO OTASLO TOU ETONUOU
povtehomountikol umoloylotr). O Richard Bennett &nuioUpynoe tnv mpwtn yAwooa
pHovteAomoinong UumoAoylot yla TN SUVAMLK ocuoTnUAtwy, ovopalopevn SIMPLE
(Mpooopoiwon Blounxavikwv Ataxelplotikwy MpoPAnudatwv pe MoAAég E€lowoelg), tnv
avolén tou 1958. To 1959, n Phyllis Fox kat o Alexander Pugh cuvétafav tnv npwtn ékdoon
tou DYNAMO (Auvapika Movtéla), pla BeAtiwpévn €kdoon tn¢ SIMPLE, kat n yA\wooa
SUVOULKNG CUCTNUATWY EYLVE TO PBLOUNXAVLKO TIPOTUTIO Yla MAVW oo Tplavta xpovia. O
Forrester &nuoocicuce tO TPwWTO, KAl aKOpA KAAOWkO, PBPAlo otov TOHEQ HE TitAo

"Blopnyxavikn Auvapikn" to 1961.

ApxKd £DAPUOOTNKE OE ETALPLKA KAl SLOKNTIKA TipoPAnuata, n SuUVALKH CUCTNUATWV
SleupuvOnke to 1968 pe Tn cuvepyaoia petafl Tou Forrester kot Tou MPpwWNV AnUAPXOU TNG
Bootwvng John F. Collins. To €pyo toug odnynoe oto BBAlo "Aotikr) Auvauikn,"
ONUATOSOTWVTOG TNV MPWTN CNUAVTLKI KUN-ETALPLKN €dappoyn TNE SUVAULKAG CUCTNUATWV.
To 1970, o Jay Forrester mpookAnBnke amnod to Club of Rome og pwa cuvdavtnon otn Bépvn,
EABetia, pE OKOMO VO QVTIUETWITLOTOUV TIOYKOOULEC TIPOKANOELS. AUTO 0o8nynoe otn
Snuoupyia Twv povtéAwv WORLD1 kat WORLD2, mou oavTtlpHeTwrilouv TNV ameln tng
avBpWMOTNTAG OMEVAVIL OTNV OQUEAVOUEVN TAYKOOULO TIANBUOULOKN aVvATTUEn Kol TLG
anattoetg tou neptfariovrog. O Forrester Snuocicevoe to "World Dynamics" oe ocuvdeon

LE QUTEG TLG TTPOOTIAOELEG.

Ta System Dynamics amoteAoUv mAéov éva eupl medio peAétng kabBwg pmopouv va
epappootolv 0 OAOUG TOUC KAASOUC KOL VO HOVIEAOTIOL)OOUV TOGO TIC UPLOTAUEVEC
KATAOTACELG 000 KoL TIG UETABOAEG TTOU Ba UTTOCTOUV AUTECG HE TNV TIAPOoSo Tou XPOVOU.
AuTH n mpoogyylon xpnotpomnolel Stadopikeg e€lowaoelg yia va meplypael Tnv eEEAEN evog

OUOTAMATOG KoL TG AAANAETULOPACELG LETOED TWV CUCTATLKWY TOU.



1.3. To PaLVOUEVO TWV SACLKWY TIUPKOY LWV

OL S800IKEC TIUPKAYLEG ATIOTEAOUV OVATTOCTIOOTO TUAHO TWV OLKOCUOTNUATWY TG dUoNG
KaBwg Katd oxedov kavovika Staotipata (Ntadng 1986) autég sudavilovral amd HOVEC
Toug otov KUKAo tn¢ wn¢g (kepauvol), omwe ocupPaivel yla mapadslypa ota wplpa ddaon
XOAETLOU KOl TPAXELOG TTEUKNG , OTIOU N TIUPKOYLA amOTeAEL avayevvnTiko gpyaleio. Otav
OMWG TO TOCOOTO TNG Kauaolng UANG mou cuoowpevetal, dnAadn eite oL vekpol eite ot
{wvtavol wTtol Twv ¢utwy, gival HeyaAUTEPO amd AUTO OV OVAKUKAWVETAL, TOTE £XOULE
avénon twv mupkaywv (Kalabokidis et al. 2002). H kavUowun UAn katavépetal oe Suo
Katnyoplag: a) tnv kavowdn VAN edadouc, n onola mepthapBavel 6An Tnv KaUoLUn UAN mou
Bploketal mavw otnv emnipavela tou edagdouc péxpt LPog 1,5 m. OL KUPLOTEPEC SAOLKEG
KaUOLUEC UAeG Tou edadoug ival n tupdn, ol pilec Twv SEvTpwy, 0 Enpotanntag, Ta veapd
S8évipa kal oL Bauvol, n mapedadia PAactnon, kabwg emiong kot KAadld Aemtdtepa N
TaxUTEPQ, KATaKE(PEVOL Koppol kal mpéuva. kot B) Evaépla kauvowun UAn, n omoia
nepltAapBavel To oUVOAO TG KAUGLUNG UANG ou Bploketal og UYog 1,5 m kat uPnAotepa

(Katoavocg 1970).

OL 800LKEC TTUPKOYLEG OVAAOYQL IE TOV TPOTIO EEATMAWGONG TOUC KAl avaloya pe tn B€on Toug
otnv emudavela tou edddoug Slakpivovtal, oe edddoug ) umodyeleg, o emdpaveiag n
£PTIOVOEC KOl OE KOUNG N ETILKOPUPEC. ITIC TUPKAYLEG E6APOUC KalyeTaL N opyaviky UAN Tou
OUYKEVIpWVETAL oTnv emupavela tou edadoug kal Ppioketal oe OSiddopa otdadla
amoouvBeonc. Ol TUPKAyYLEG TOU €idouc autol pmopolv va Slelcduoouv Babutepa MAVW
artd 1 | 2 pétpa, Otav UTIAPXEL opyaviky oucia (tupdn) kat va efamAwbdolv umdyeLla
(xapaktnplotikn n nepimtwon ota Tevayn OWmwy - ApAapag). ZTIg TUPKAYLESG erpaveiag
Kailyetat o ¢ulhotanntag f Behovotanntag, n napasdadia PAaotnon, ta veapd SEvrpa,
Bduvol pikpol UYPoug, urtoAeippata vAotouiag kot katakeipeva Eepd kKAadid. Eival to mio
ouvnBlopévo eiboc mupkayldg, Stadidetal eUkoAa, aANA OPBNVEL YEVIKA ypriyopa. ITLG
TIUPKAYLEG KOUNG KOUYETOL N KOUN Twv 8évipwy | BAapvwy twv dutikwy eldwv Tou eivat
€UPAeKTN. AUTEC OL TIUPKAYLEC €lvol OL TILO ETKIVOUVEG, ylatl eéamAwvovtal taxutepa,
KataoTtéAAovtal OUOKOAOTEpA Kal E£XOUpE Kataotpodr peydlwv Sacwv. O AvepoG
TIAPOOUPEL OE APKETH OMOCTACN ULIKPA KOLyOUeva Tepaxla KAadiwv ¢puAwv, dpAolou, K.AT.,

Snuloupywvtag véeg eotieq Tupkaylag. Mpoépxovtal amd €PMOUCEG TUPKAYLEG TIOU



petadidovrtal otnv KOWN, OTaV UTIAPXEL CUVEXELOL OTNV KAUGLUN UAN KAl €XOUME CUYXPOVWCE
TIUPKAYLEG KOUNG Kol €pTTOUoEC. OL KaBapPEC TMUPKAYLEG KOUNG lval TTOAU OTIAVLEG Kal HOVO

oe daon pavupng nevkng.

Kata tnv kavon pag dacikng éktaong, yivetal Stafpwon tou eddadoug kabwg ta Svtpa Ta
oTola. CUYKPATOUV TNV 0PI TOU VEPOU, evw mapdAAnAa amoppodouv Kal PEPOC auTou,
TIAEOV SEV UTIAPXOUV, UE QTOTEAECHA va aUEAVOVTAL Ol TANUMUPEG OTLC TIEPLOXEG KOTAVTL.
‘Eva akopun mpoBAnua mou pmopet va dnuloupynBel ivatl n Aswpudpla, kabwg to £6adog
TAéov Oev otpayyilel pe otabepd pubud ota onueia ekpong (ALUVEG, pEPATA, TOTAULA,
TINYEG, KATY), aAAG KATAANYEL O QUTA e €TLPAVELAK) ATMOPPON KAl UE MEYAAN ToooTnTA

dEPTWV VALKWV.

ErutAéov, MOAAEG amo TiG LOLOTNTEG Tou €8Ad0oUC eMNPeAloVTOL ATO TIG SOOIKEG TTUPKAYLEG.
H évtaon, to €l60¢ NG mupkayldg, KabBwe emiong kot To VYOG Twv BEPUOKPACLWY TIOU
ovamtuooovtal otnv emipavela Kot otn pala tou €ddadoug, CuVAPTAOEL TNG XPOVLIKNAG
SlApKeLd TOuG, emdpolV e SLadopeTiko TPOTO OTI HeTaBoAEG mou mapoucialovtal (De
Bano et al., 1979). Ot Baoikdtepeg HETABOAEG, TAPATNPOUVTOL OTN DPEMTIKI) KOTAOTAON TOU

ebadoug, otnv ofUTNTA TOU AAAA KAl OE OPLOUEVECG PUOCLKES TOU LOLOTNTEG.

MNna moAAd Saoiwkd €ibn, umdpxel éva gVpog TUAG ofuTNTAC TToU Xapaktnpilel tnv opaAn
avamntuén touc. Otav autd HETOBAANAETAL LE OTOLOVONTIOTE TPOTO, €XEL AUECN eTidpaocn
OTLG PUCLKOXNMLKEG KoL BLOAOYIKES LOLOTNTEG Tou. H kabon peydAwv moootATwy {wong Kot
VEKPNG OPYAVLKNG ouaiag otnv empavela Twv dactkwv dadwy, EXEL oAV ATIOTEAECUA TNV
aneAevBépwon uno popdn ofeldiwv AAKOAILETAAAWY Kal YOLOOAKAALLETAAAWY, Ta omola
ypnyopa petatpnovtal oe udpofeidia. AMOTEAECUO QUTAC TNG XNIULKNAC avTidpaong slvat n
e\attwon ¢ ofutntag Tou edddoug (Sampson 1944, Christensen and Muller, 1975, Hetsch,
1980). H moootTnTa KAl TO €(60¢ TWV KATIOVTWV TIou ameAsuBepwvovtal anod tn wTLd, n

£€VToon TNE Kol N pUuBULOTIKN Lkavotnta tou edadoug, kabopilouv to UPoc tnNC LeTaBOANG.

EmunpooBeta, ol SaoIkEC TUPKAYLEG EMNPeAlOUV TTEPLOCOTEPO TA £6AdN UE ULKPO TTOCOOTO
opyllou Kkal HElwWPEVN pubuloTikn kavotnta. O Hetsch (1980), éva xpovo MEeTA amo
TIUPKayLAd, LETpnoe oe appwdeg €dadog otn Mepupavia, peiwon tng ofutntag amno 3,2 os 5,3
EVW TECOEPO XPOVIA META, N TN eixe katéPel oto 4,9. Avtibeta, n Aplavoutoou —

Qapayywrakn (1979), oe edadn pe vPpnAo moocooto apyilou, otov YUNTTO, pe pH amno 7,17



€wg 8,24, YETPNOE UETA AMO TUpKayld o ¢puyava, TEG pH 7,39 éwg 8,18. MapaAAnAa,
HETA amo pla mupkayld, petafardetatr n SwaBpwon tou edddou¢ kal coadwe Kal n
TAPAYWYLKOTNTA Tou. H auvénon ¢ SuaPpwong tou edddoug €XeL WG CUVEMELA TNV
gUudavion XEWapPLKWV davopévwy. Katl tétolo, tpododotel Toug Xeudppoug Ue Ppeptd
UALKG amo ta omola PeyaAo mocooTo sival yovipo Aemto €dadog. MapaAAnAa, pe tn dwTLa,
KOLLYETOLL TO OPYAVLKO OTPWHA OTNV eMPAveLa Tou e6APOUG, yEYOVOS TTOU KABLOTA TO WA
vdatoanwONTIKG Kkat aufavetal n mapaywyn Twv Wnuatwyv. Ot APadIKEG EKTACELG TTOU
kaAUTITovTaL amod ABadika puta kat Alyoug Bauvoug, StaBpwvovtal eukoAotepa am’ OTL TO
TUKVO 8dcoc. MNa 1o Adyo autd, n KOAALEPYELA KAl N TIPOETOLUACIO TOU KOPEVOU SACOUC

npo¢ avaddaowaon, cuviotatal va yivetal Alyoug HAVeG Tipv EEKvrioouv ol ¢BWVomwPLVES

Bpoxes.

AN\ay£G mapatnpouvtal Kot otn Beppokpacia tou edadoug. Otav EEOMACEL MUPKAYLA OE
Sdaolkn €ktaon Kol Kael n opyavik UAn, ol Bepuokpacieg otnv emipavela tou £6adpoug
$Bavouv toug 300-400 °C, evw oL Bepuokpaocieg oe Babog eddadoug 1 cm, 3 cm KaL 5 cm,
¢Bavouv avtioctolya toug 200-300 °C, toug 60-80 °C kat toug 40-50 °C. H Bepuokpaoia
edadoug auvlavel, katd pEco 6po, katad 10 °C YEeTA TNV TUPKAYLA KoL AUuTO odelleTal ot
Bavatwon TnNG opyavikig UANG, otnv amokdaAluyn tou €dddoug kat otn HeTafoAn Twv
duooxnUikwy tou blotNtwyv (Aupmepomoulog, 2008). Atilet va avadepbBel otL Ta
opyAwdn €6adn Bepuaivovtal Alyotepo oe oxéon He ta appwdn. TéEAog, emnpealetal
ONUAVTIKA Kal n ouykpatnon uypaciag tou e&ddadoug. To £6adog, mapouoldlel 1n
duvatdtnta va cuyKpatel oplopévn moootnta Bpoxng umo tn popdn vypaciag. H moootnta
auth TN uypaciag dtadépet ava tumo edadoug mou kabopiletal and MapAyovieG OTwG TO

BaBog, n udn kat n Soun.



1.4. Ot TANUUUPEC OTLC OAOLKEC EKTAOELC

H daolkég ektaoelg cupBaiouv Omwe avadpEpOnKe Kal MapamAvw TO00 OTH CUYKPATNON Kal
Vv anoBrkeuon peyalou Oykou PBpOxLVou VeEPOU, OCO Kal OTnV mpootacio tou eddadoug
a6 tn ddPpwon. H enidpaon tng BAAoTnong otig MANUUUPEC TTOCOTIKOTIOLELTOL UE TNV
aplOuNTKn €kdpaocn Twv udpoloyikwy Slepyaciwy mou AapBavouv xwpa Katd tn SLapkeLa
evog enelcobiou Bpoxng. O dlepyaoieg autég meplhapfdavouy TNV cuykpatnon vepol amo
Ta dutd, tn GUANGda Kal To XoUuo, TtTn dBnon tnv Bpoxng oto £€6adog, tnv emtdavelakn
Kal urtedadela amoppon, TN HOVLLN Kol TNV Tapodikr) CUYKpATnon vepou amnod to €5adog pe

™ Hopdn vypaoiag, kat tn dtapwaon tou edadouc.

H yewloywkny popdoloyia tou eddadoug tng meploxng tng EvPBoiag eival kupiwg amo
OXLOTOALOOUG, AETITOKKOKO LWNUATOYEVEG TETPWHA, TO ONOLO TEPLEXEL MELYHA APYLIAKWY
OPUKTWV KoL ULKPOOKOTILKWY Bpauouatwy GAAWV opuKTwV Onwg eival o aoPeotitng Kot o
xoAallag kot gival USOTOOTEYEC METPWHA PE HLKPEG LNXAVIKEC OVTOXEC. Me amoTéAEoUA va
LNV KOTOKPOATOUVTOL TOGOTNTEG VEPOU OFE QUTA KAl TO VEPO VA 08EVEL TIPOG TOL KATAVTL HE

embavelakn amoppon.
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Xaptng 1 Fewloyikog xaptng tng EVBotag, ESviko kat Karrobiotpiako Mavemniothuto Adnvwv



Xaptnc 2 To ubpoypapiko Siktuo tneg Bopetag EUBOLAG OTIC KAUEVEG TTEPLOYES, TtNYr: EOVIKO kat KartodLotplako

Mavemntotruto Adnvwv

Xaptnc 3 Meploxéc mou eival mio TPWTEC O€ MANUUUPLKA QULVOUEVA KAl paLVOUEVH SLaBpwonG o€ mepimtwan aodphnc

Bpoxomtwanc yLa tnv rieptoxri te Bopetag EvBotacg, mnyn: EGviko kat Kartobdiotpiako Mavemniotiuio ASnvwy



Me Bdon tnv €peuva, n omoia mpaypatonolidnke amod tnv opdda tng kabnyntplag Nikng
EveAnidou pe emuTOMIEG LETPNOELG OTIC KOPEVEG TIEPLOXEG TNG EAAASOC, Héoa OTLG Omoleg
ouumeplAapPBavetal kal n Tmeploxn TNG Bopelag EUPolag, kataypadnkov OAa  Ta
vewUopdOAoyIKA, €60POAOYLKA KAl YEWAOYLKA XOPAKTNPLOTIKA TWV TEPLOXWV KAl OF
ouvbuaoud pe dedopéva Bpoxomtwoewy, BAAOTNONG KoL TO LOTOPLKO emavaAAnPnuotnTag

TwV pawvopévwy, dnuoupyndnkav oL XapTeg MmikvduvotnTag StaBpwaong Kot TANUUUPAG.

Mpokelévou va peAetnOel mepetaipw n ocupnepidpopd tou €8APoUC TwV SACWUEVWV
TIEPLOXWV OTLG EVTOVEC BpoxomTtwoelg ival amapaitnto va peAetnBel e1¢ Babog Eva TuRpa
Tou uSpoAoyLkol KUKAOU, TO omolo adopd TtV opeia Tou vEPOU Kol TNV KATAKPATNON TOU
TOOO Ao TNV enipavela Tou e6adoug, 600 Kal OO TIG KATWTEPEC OTPWOELG TOU. OL ELOPOEG
oto £€6adog yivovtal ano to Bpdxvo veEPO Kal armd To ALWGCLUO TwV MAYwV, Ta 15-22 mm twv
omolwv amoppéet anod ta mAatudula Sévipa ( KaoTtavid, ofLd, mAaTavt, AsUKn, €ALd, K.A.TT.)
kKat to 20 — 35 mm and ta kKwvodopa dévipa ( mevko, Kumapiool, €Aato, K.A.T.), evw T
uTOAoLTTa. KataAyouv otnv emidavela tou e6adoug kat arnobnkevetal otn GuAlada Kal To
XOUHOUC. ATtd TNV udaTtoouyKpAtnon Twv SEVIPpWY €va UEPOG TOU VEPOU KATAANRYEL OTNV
atpéodatpa pe tn Sadikaoia TG €ATULOOSLAMVONRG KoL TO EVATIOMEIVOV KATAANYEL LECW
NG KOPUOATIOPPONG, otnv emidpavela tou edadoug amobnkeupévo otn ulhada kol To
XOUHOUG pall UE TO MEPOC TOU PpoOXWOU VEPOU KoL TOUG VeEPOU Twv TAywv. To
amoBnkeupévo vepo otnv duAlada tng emipavelag sivat 5-20 mm amopporg, EK TOU OMoilou
€va UEPOC QTOPPEEL UE TNV ETLPAVELOKN OMOPPON KoL KATOANYEL OTNV Koltn, €va dAAo
HEPOG TOU amoBnkevetal ot Pabutepeg otpwoelg €dddoug, mMAvw amd ToV UTOYELO
udpodbpo opilovta Kol TO UTMOAELMOUEVO amoBnkevetal otn BAAoTnoN. ATO T OTPWOELG
OUTEG TO VePO eite Slelobuel otov umoyelo udpodopo opilovta, ite pe TNV unedadla
amoppor amnobnkeVetal otnv TeAKN koltn. To vepO TOU CUCCWPEUETAL OTOV UTIOYELO
udpodbdpo opilovta KATA €va TUAUO TOU EKPEEL, GANO UEPOC TOU amoBnKeVETAL OTN Koltn.
Karmoto tuipo tou akoAouBel Tnv avtiotpodn mopeia Kot 0dnyeltal oTIC AVWTEPEC OTPWOELG
ebadoug kal TEAOC €va AAAO TUAMO Tou amobnkevetal ota ¢utd, TA omoia To
Xxpnotpomolouv otnv fatpicodiamnvon touc. H dtadikaocio autr) mapouaotaletal otnv Elkova
3, and TNV omola MapPATNPOUME OTL €val LEYAAO HEPOG TOU VEPOU OTLG OOOLKEG EKTACELG

KATAANYEL OTLC KOLTEC.
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Ewkova 1 Y6poAoyikeg Slepyaoiec UETATPOTIG TNC BPOXNG O AITOPPOr) OTO OTOULO ULXG SACWUEVNG AEKAVNC QTTOPPONG,
ninyn: EVviko 15puua Aypotikng Epeuvag, Ivatitouto Aaoikwv Otkoouotnuatwy kat TeyvoAoyiag Aaotkwy lMpoiovtwy, .

MraAoUtoog, A. Otkovopou, K. Kaoukng, «Kivéuvoc MANUUUPAc 0€ AEKAVEG AITOPPONG UETA QUTO TTUPKAYLA. AvAAuon Tou
MPoBANUATOC KAl AUECH UETPA UEIWONG TWV ETUTTWOEWV»



2. Eloaywyn otic Avoelc Baolopevec otn puon (NATURE BASED
SOLUTIONS~NBS)

Ta NBS cuotriipata eival SpAceLg Tou eUmvEovTal Kot umtootnpilovtat amnod tn ¢puon kat eival
QMOTEAECUATIKEG OE OXEON ME TO KOOTOCG TOUG EVW TAUTOXPOVA TAPEXOUV TTEPLBAAAOVTLIKA,
KOWWVLKA KOl OLKOVOWLKA od€AN xtilovtag tnv avBektikotnta (resilience), kadtL to omoio
elval anapattnto ywa tv KAatik aAdayn. OuclacTikd eival SPACELS EUMVEUCUEVEG OO
™ Aswroupyila ¢ dUONG, OL OMOlEC SNULOUPYOUV OpUOVIKA TIEPLBAANOVTA UECW TOTUKA
TIPOCOPUOCHEVWY, QTMOSOTIKWY TIOPWVY KAl CUCTNUIKWY TIOPEUPACEWY. OL TIPAKTIKEG TOUG
BonBouv otnv avénon tng BlomolkiAotnTag, otnVv anoppodnon tou Slofeldiou Tou avbpaka,
OUVELODEPOUV OTNV KALLOTLKA Loopportia, BonBouv atnv opbn Slaxeiplon pucikwv moOpwy,
npoodEpouv PpuUOLKN AmoKATACTACN VW TtapdAAnAa eykablotouv mpaacivn avapaduion ota

QoTLKA ToTTiaL.
Ta NBS cuotripata £Xouv oKTw aPXEG, OL OTOLEC elval oL €NG:

1. NpolmoB£Touv ToVv EVOYKAALOUO TWV KAVOVWV TG pUONG O TEXVIKA Epyal.

2. MmnopouUv va pappOCTOUV UOVEG I} 08 OUVOUAOUO UE AAAEC AUCELG OE KOLWVWVLKEC
T(POKANGCELG (TT.X. TEXVOAOYLKEG KAl NXAVIKEG AVCELG).

3. KaBopilovtal amod tnv tomikn, puotkr kal roAltiotiki Wlopopdia kal tpogépyovral
WC¢ AMOTEAECUA OO TNV UIEN MapadooLaKwY, TOTIKWVY KAl ETILOTNUOVIKWY YVWOEWV.

4. Mapayouv KoWwVIKa odEAn pe Sikalo Tpodmo, mou edpatwvouv tn dtadavela Kat tTnv
EUPELQ CUMETOXN.

5. Awatnpouv tn PLOAOYLKN KOl TIOAITLOTIKY) TtOoLKIAOpopdia Kol TNV LKOVOTNTA TWV
OLKOCUOTNUATWY va eEeAiooovTal Pe TNV mApodo Tou XpOvou.

6. Edapuolovrtal o€ KAlpoKa Tomiou.

7. Avoyvwpilouv Tt0 aVTIOTAOULIOMO METAEU TWV AUECWV OLKOVOULKWYV OPeAWV Kal
QUTWV TIOU Tpoépxovtal o€ Babog¢ xpovou amd TNV TARPN avamtuén Twv
OLKOCUOTN UKWV UTINPECLWV Kal TEAOG

8. AmoteAoUV aKEPALX TUAHOTO TIOAITIKWY OXESLOOUWY, METPWV 1 SpACEWV yla TV

QVTLUETWTILON CUYKEKPLUEVWVY TIPOKARCEWV.



Zvpdwva pe tnv Aebvn Evwon Awatrpnong tng ®uong (IUCN) ta cuotipata NBS eival
«dpaocelg yla tnv mpootacia, tTn Buwolun Slaxeiplon kol amokatdotacn tTwv GUoLKWV A
TPOTIOTIOLNUEVWY OLKOCUOTNHATWYY. H paxokokaAld twv AVcewv Baclopévwy otn ¢uon
elvatl n Buwolun dlaxeiplon Kat n amoKATAoTACN TNG OLKOAOYLKI G LOOPPOTILAC, LECA OO TNV
QUEON OVTLUETWTILON TIEPLBAANOVTLKWY KOl KOWWVIKOOLKOVOULKWY TIPOKANCEWV. Me Bdon

TLG MpoKANoeLg auTtég n IUCN KaTavEUNnoe TG AUCELG QUTEG OE TIEVTE KOTNYOPLEG:

1. Npooeyyloelg mou adopolVv TNV ATOKOTACTAON TWV OKOCUOTNUATWY (Ecosystem
restoration approaches), pe evépyeleg oL omoieg PeAtiwvouv omolodnmote
UTOBABOULOPEVO OLKOGUOTNUA, CUUTMEPIAAUBAVOUEVWY TWV YEWPYLKWY TIEPLOXWYV,
™¢ cafavag, Twv VYPOTOMWY, TWV MPOCTATEVUOUEVWVY amoBepdtwy ayplag {wng, TN
aAtelag, Twv Staxelpllopevwy GUTELWY, TWV TIOTAUWY, TWV TIAPAKTLWY TIEPLOXWV KOl
moAwv aA\wv. Ta eudav opéAn TG SEKAETIOC UMOpPOUV va gviomnmioBouv otoug
otoxou¢ Buwaotpung avamntuéng ( SDGs), omwg AVoelg tou Bacilovtal otn ¢uon yla Tov
HETPLAOUO KOL TNV TPOCAPUOYH O0TNV KALLOTIKA aAAayr, TNV acdAAEL TOU VEPOU Kal
TwV TPodiHwy, TN pelwon TNG PTWXELAC, TNV OLKOVOULKN avATTTUEN Kol Tn Slatrpnon
¢ BLomoLKIAOTNTOG.

2. Mpooeyyioelg yla tnv yewpyla kat tnv Blomowkihotnta tou edadoug (Agricultural and
soil biodiversity). O ot0x0C QUTAG TNC TPOYPAUUATIKAG OEopeuong eival va
PowONoEeL To SLAAOYO HETALY TWV TOHEWV TNE YEWPYLAC KoL TNG Slatripnong Kat va
evBappulvel TIC KUPBEPVAOELS, TIG ETUXELPNOELG KOL TOUG OLAXELPLOTEG YNNG
(ouumnepAapBavopévwy TwV aypPOTIKWY KOWOTHTWY) va £PapuoOcouV €va KOO
Opopa ylo TNV TPOOTOOCIA KAl TNV amokatdotacn Ttng Plomolkilotntag ota
OlYPOKTAHOTA KL OTO OYPOTLKA TOTTILA, CUUTIEPIAABOVOUEVWY TWV OLKOGUOTNHATWY
oo ta onoia n yewpyia e€aptatad.

3. Mpooeyyioelg mou adopolv tnv peiwon tou Kwvduvou Twv Kataotpodwv (Disaster
risk reduction). Ot cuvexeig koL LEAAOVTIKEG EMUTTWOELG TNG KALLATLIKAG aAAaynAG Kol
TWV KATAOTPOPWV OTLC KOLVOTNTEG SEV TIPEMEL VO EEETAOTOUV UEUOVWHEVA, OAAA VOl
OVTIUETWITLOTOUV HECW OAOKANPWHEVWY TIPOOEYYIOEWV KALLOKAC TOTIOU Kol va
evowpatwBouv oe gupltepa mapadeiypata avamtuéng kat dtatripnong. H peiwon
TOoU KWvéUvou Kataotpodwv Pe Baon to okoovuotnua (Eco-DRR) kat n mpoocapuoyn

Baoel owoouotApatog (EbA) elval oOxeTIkEG TPOOEYYIOEL TIOU WMOPOUV va



BewpnBoUlV W¢ CUVEXELG, ATIO TOV UETPLACUO KOTAOTPOPWY HEYAANG KALLAKOG, OTIWG
TOOUVAUL KoL KOTOALOONAOELS, €wC TNV TpooapUoy O OLADOPETIKEG KALUATIKES
ouvOnKeg

4. Mpooeyyioelg mou adopouv TNV KAwatiky aAlayrny (Nature based solutions for
climate), pe TNV Helwon TWV EKTTOUNMWY aEpiwVv Tou Beppoknmiou mou oxetilovtal e
v anoPidwon twv Sacwv Kol T XPnon yng, tn oulloyn Kal amoBrkeuon
Slo€eldiov Tou avBpaka amd tnv atpudéodalpa Kal TNV EVIOXUON TNG OVOEKTIKOTNTOC
TWV OLKOCUOTNMATWY KAl TNV UTOOTAPLEN TNG KOWWVIOG Vo TPOCOPUOCTEL O€
KALLATIKOUG KWvOUVOUC OMwG €lval ol TANUUUPEG, N dvodog tng otabung tng
BAaAaooag, IO CUXVEG KAl EVTOVEG ENPACLEC , KAUOWVEG KoL TIUPKOLYLEG.

5. Mpooeyyioelg mou adopolv tov aotiko oto (Nature-Based solutions for cities), ot
Oomole¢ UmopoUV va PBeATIWOOUV OLKOVOULKA Kol Kopda tn Pluwoluotnta, tnv
QVOEKTLKOTNTA KoL TN Blwouotnta Twv MOAewv. Ta dévipa kabapilouv Toug pumoug,
HELWVOUV Tov B0puPo kal dpocilouv Tov aépa. oL UYPOTOTIOL Kal oL Bpoxoknmot
HLELWVOUV ToV Kivouvo mAnuuupag. Ta ¢ukia kot ta €An puBuilouv tig katatyideg, Ot
XwpoL mpacivou OleukoAUVouv TNV AOKNON, TNV TIVEUHOTIKA Tpodn Kol TNV
oAANAeTidpacn He TNV KOWOTNTA. KAl OL TpAcilvol SpopoL utootnpilouy Ta evepyd

taéidia.

Mépa tou Slaywplopol o Katnyopieg mou mpowdnoe n IUCN, oe supwnaiko eminedo,
ouudwva pe tov Eggermont, et al. (2015, oel. 244), oL AUoeLg auTéG Slakpivovtal o€ TPELS

Tumoug, Baon tou Babuol napéuBaong Toug oto mepLBAAlov:

1. Tumocg 1: EAGylotn mopepfoon oTo 0OlkooUOTNUO. 2TV TEPLMTwon auth, ol
MAPEUPACELS TIOU ONUELWWVOVTOL €lval TIOAU MIKPNAC €vtaong, TIPOKELUEVOU va
Slatnpeitat kat va PBeAtiwvetal n Adn umdapxouco TMpootooia. XopaKTNPELOTIKEG
TIEPUTTWOELG ATOTEAOUV TNV MPOOTACIA MAPAKTLWY TIEPLOXWV TIOU Klvduvelouv amnod
OKPALEG KALPLKEC OUVONKEC, KOOWG Kol TIPOOTOTEUOMEVEG TIEPLOXEC KOL TIEPLOXEG
HETAPBAONC OTIOU €Va KOWWVLKO 0UVOAO KATOLKEL Kal epyaleTal Pe BLWOLUO TPOTO.

2. Turmoc 2: Mepikr mapépBacn oto owkoolotnpa. O ev AOyw TUTIOG CUVOEETAL AUECO
HE TN Yewpylo Kal TG OOOKEG EKTAOELG. 2XTOXOC TOU AmOTeAel n auvfnon NG
AELTOUPYIKOTNTAC TWV UPLOTAUEVWV YEWPYLKWV EKTACEWYV, KABWC Kal TV avénon tng

avOekTIkOTNTAG TWV Saowv o€ akpaia patvoueva.



3. Tumnog 3: Ektetapévn mopépfacn oto olkoolotnpo. O TUTOG auTog PoPAENEL oTNV
EKTEVEOTEPN SlOXElPLON TWV OLKOCUOTNUATWY, KaBwg kalL otn Snuloupyia VEwv
TEXVNTWV YlA TO UETPLACHO TWV EMUTTWOEWY OTNV aTpoodalpa kat ta vdata. Eva
OO TA AVTILTPOCWIIEVTIKOTEPA Ttapadeiypata ou avadepet kat o Eggermont, et al.,
QIMOTEAOUV OL «TPACIVEG UTIOSOUEG, OL OTOLEG AELTOUPYOUV YLO TNV OMOKATACTOON
TWV UTIOBABULOPEVWV TTEPLOXWVY, OTIWG N AVTLLETWTTLON TWV LOAUVOEWV amo OpppLa

véara.

2Toug SU0 TaPAKATW TIVAKEG paivovTal oL TPELG TUTIOL TapeUPacewy otn ¢uon Twv NBS pe
Xpwuotikn Slakplon (mivakag 1) Kot Ul EMIOKOTNCN yla TNV Pelwon Tou Kwdlvou Tng
TANUUUPOG TIOU UMOPOUV VA ETUTUXOUV OTO TAQIOLO TWV TAPOTOTAULWY OLKOCUOTNUATWVY

0€ ouvapPTNON UE Tov Babud mapéuBaong mou anattouv yla va uhomotnBouv (rivakag 2).

Categories of NbS Interventions

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

Creation of new
"cosystem artificial wetlands [not restored) and urban green infrastructure.

Mivakag¢ 1 Ot katnyopiec twv mnopeuBaocswv twv NBS, mnyn: ADDRESSING RIVERINE FLOODING WITH NATURE-BASED
SOLUTIONS IN THE THESSALY REGION, GREECE

NbS —
Intervention 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 o . Flood risk
. renaturalisation®®, reconnection of oxbow lakes )
restoration o : X reduction
and similar features*, and reconnection of
seasonal streams37,



'Wetlanq It can im_-fulve .l:echnic_zllJ 51::..1':_5.1“1.r ]z!rge—scale Flood risk
restoration measures (including the installation of ditches for ) -
. . reduction,
and rewetting or the cutback of dikes to enable . :
. Biodiversity
management flooding).
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 ImPrDvemenE to _ the m..'.magemﬂzlt of t!ue Flood 1T|5k
scul agricultural land to increase its retention capacity = reduction,
Bric (e.g., agroforestry3¥). Biodiversity
Riverbank renaturalisation consists of recovering
Natural bank its Ecoluc_a_l components, thus allowing the bank BIDdf‘."E]‘SIt}",
e to be stabilised and rivers to move more freely, Erosion
stabilisation N .
resulting in decreased water flow and erosion, and = control
enhanced biodiversity.
Protection of existing upstream forests. Forest Floodrisk
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
. L . " . Recreational
¥ — Conservation of existing or restoration of “new -
orest riparian . . opportunities,
forests alongside river streams and other water .
buffers bodi Erosion
odies.
control
T;la[f:ite'ifor Establishment of new forests & shrubs (ie, Floodrisk ‘
P t h.ng . habitats) to enhance the retention capacity of the reduction,
CARCng | 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 reudu rs
. . uction
infiltration water upstream.
Deadfall of tree stems or stumps that either fall
into or are deliberately placed in streams. Coarse = Flood risk
Coarse woody . ) :
debris 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 secton and causing reduction,
longitudinal discontinuities for sediment and fauna. Biodiversity
barriers

Mivakag 2 Ta rieo yvwaotd NBS yia t peiwan emikivéuvotntag nAnuuvpac, rnyn: ADDRESSING RIVERINE FLOODING WITH
NATURE-BASED SOLUTIONS IN THE THESSALY REGION, GREECE

OL mpooeyyioelg twv AVoswv PBaclopévwy otn $puon €xouv avamtuxBel omopadikd oe
S1adopec xpoVvIKEC Tteplodouc. Mpoodata £xel mapatnpnOel pa afloonpeiwtn avénon otn
ocuunepiAndn toug oTIg emoTNUOVIKEG BLBALoypadieg, n omola mMPoKUTTEL 08 PEYOAUTEPO

BaBOuo amod TNV MPAKTLKI) TOUG, TOPA aTtd TNV EMLOTNUOVLIK TOUC EPEUVAL.



2.1. Mola elval Ta MAEOVEKTLATA TwV AUCEWY BACLOMEVWY OTN

puaon

OL Moelg Boaolopéveg otn ¢uon (NBS) €gouv MOAAA TpOTEPAUATA TIOU TI KaBLoTOUvV
€EAKUOTIKEG ylat TN Slaxeiplon Twv USATIVWY TIOPWV KOL TNV AVILUETWIILON TWV KALLOTIKWY
oAAQyWV UE TIC OTIOLEC N YN €PXETAL AVTLUETWIIN OAO KOl TILO €VTOVA HE TO TEPACHA TWV
XPOVwvV. Me tnv odnyia mAaiclo 2000/60/EK oL emIAOYEG TWV KPATWV LEAWV TNG EupwTaikng
Evwong ywa tn Staxeipion twv Yédtwv meplopilovtal kabwg ta €pya UTTOSOUWVY HEYAANG
KAlpokaG Sev eival mMAEwv emidoyr). O mapdyoviag autog o ocuvSUAOUO HUE Ta OKpaia
Kalplka dalvopeva TIou €xouv mapatnenBel ta teAevtaia xpovia, wBouv TouC EPEUVNTEG
otnv AUon Twv MPOBANUATWY OMWC €lvol oL MANUUUPEG KoL oL €npaocieg, K.AM. pPE TO
OLKOAOYLKOUG KOl OLKOVOULKOUG TPOTIOUC, OL omoiol amotelolV TI¢ AUOELG BaCLOPEVEG OTN

duon.

Apxwkad, ta NBS mpodyouv tn BlomolkiAdotnta, KabBw¢ pmopoulv va dnuloupyrnoouv 1 va
€VIOXUOOUV PUOLKA OLKOCUOTAMATA, KAl va emavadEPouV ) Kal akopn va dnuloupyrncouy
e€apxn¢ VvEoug PBlotomoucg, oL omoiolL YE TN OElPA TOUG avAAOyd HE TA KALUOATIKA Ko
vewypadikd otolxeia toug va mpootatédouv nén tou {wikou PBacileiou mou Ppiokovtal
umo e€adavion, va Bonbroouv ta ndn umapxovta nén va {oouv oto GUGCIKO TOUG
niepLBaAlov Kal va anopakpuvBolv amnd tov acTko LoTo, oTov omoio avalntouv KataduyLlo
Kal tpodr AOyo tTnG Uelwong Twv Sdaolkwv ekTaoewv. EmumAéov, mpoodEépouv mpootacia
aro TG MANUUUPEG Kal TIG Enpacieg Asttoupywvtag wg ¢Guolkd cuothpata anoppodnong
VEPOU, HELWVOVTAC ToV Kivduvo mAnuuupwy, mpowbwvtag tnv dnuioupyia Gpuoikwv ALpvwv
Kal ¢payudtwy, ta omoia BeAtiwvouv tn Slaxeiplon twv vdATIKWYV TIOPWV KATA TIG
neplodoug &npaciag. Mpoodépouv eukalpleg yla TN CUMPUETOXN TWV KOWOTATWVY OTOV
oxeblaouo kal tnv uAomoinon Toug, Tpodyovtac tnv asipopia, dSnAadn Tnv xprion Twv
dUOLKWV OLKOCUOTNUATWY WOTE va e€aodaliletal n UEAAOVTIKN TIOLOTNTA KOL LooppoTia
TOUC. Yt TIOAEG Teploxec Olvetal n €ukalplo. 0To €UpPU KOWO VA CUPUETACYXEL OTN
Snuoupyia twv NBS umod tnv kabBodriynon twv edikwy, peydlo nmapdadeypa otnv EAAGSa
amoteAel n evépyela ¢ WWF EAAAZ oto vnol tg Nafou, To omola avoadEpetal o

QVAAUTIKA OTO €MOUEVO KEDAAALO.



Resources
efficiency

Water quality Air quality

Besthetics UHI mitigation

NBS-related
Ecosystem Services

Biodiversity Well-being

Flood mitigation Noise reduction

Ewova 2 Ta mAeovektiuata twv AVoswv Baotouévwy atn @uon NBS. inyn: Blue Green Solutions, The Guide

Meyaho mpotépnua twv NBS amoteAel Kal N OWKOVOULKA Toug armodotikotnta Kabwg cav
£€pya €lval TTOAU TILO OLKOVOULKA OO Ta €pya UTIOSOUWY KUPLwG ylaTi ol TPwTeG UAEG TTou
XPnoLomololV mapéxovtal amno to puotko neplBariov o€ peydio Babuo kot dev amattouv
TOVOUG TEXVNTWV UAIKWV OMWC £lval To okupodepa kal o XAAuBag, Twv omoiwv oL TLUEG
ayopdg, enefepyaoiag kabwg kot e€0puéng eival peydAes. Emopévwg mpoodEépouv ULa o
Bwolun xpnon Twv mMopwv, HE oePfacud mpog tn ¢uon. EmumpooBeta, pmopouv va
BonBrioouv OTNV QVTIUETWTILON TNG €pnUomoinong kal tng anwAelwag edddoug, pe TNV
avapaduion twv unoyewv ubpodopéwv, kablotwvtag To €60¢o¢ TO YOVIHO Kol
Snuoupywvtag VEEG SAOLKEG KTATELG. OL MOPAYOVTECG AUTOL EKTOG amod TNV avaBabuion tng
dUoNC MPooP£POUV TOOO OTOUC KATOLKOUC TWV YUPW TIEPLOXWYV, OCO KAl OTOUC TOUPLOTEC
xwpouc avaluxng, avaBoabuilovtog pe auTdv ToV TPOMO TNV TootnTa (WG KoL ToV
TOUPLOMO TWV Meploxwv avtiotolya. TéAog, Ba pmopoloe kAmolog va xapaktnpiosl ta NBS
W¢ pLa popdn avrtiotaong ot KALLATIKEG aAAYEC, TTAPOAO TTOU O POAOC TOUG QVTLOTOLXEL
TIEPLOCOTEPO OTNV TIPOCOPUOYN TNG YNG OTIC QAVOUEVOUEVEG KALUATIKEC OAAQYEC KoL OTN
610pBwon twv AavBoaouévwy avBpwrivwv mapepfacewv oto GuUOLKO TEPLBAANOV, OMWC
elval To pnmalwpa pePATWY, N OTEVWON TIOTAUWY, N ACTIKOTIONoN TANMUUPLKWY TtedLadwy,
K.ATT.



2.2. Mold n xprion Twv System Dynamics (SD) otic AUoELC
Baolopevec otn puon (NBS)

Mapd tnv avfavouevn mpoooxn otig AVoels Baolopéveg otn puon (NBS), xpelaletal po
Loxupn anoddelén yla ta moAAanAd odpEAn toug, kKabwg eniong kat mMAaiola afloAdynong yla
va anodelyBel n anoteAeopatikoTnTa TOUC. Ta uTIApYovTa MAaiola afloAoynong Bpiokovtal
OKOMO MOKPLA amoé To va umootnpifouv pa oAokAnpwpévn aflodoynon kot Angn
amodAcEWV yla TNV €mAoyn Kal TNV xpron twv Kat@AAnAwv NBS (Calliari et al., 2019). Ta
TMIEPLOCOTEPO. QMO  QUTA TO TAAIOL  EMIKEVIPWVOVTOL OTNV  QVvAAUcn  TNG
QMOTEAECHATIKOTNTAG 000V adopd Tn Heiwon tou Kwdlvou. OL Baoikol Teploplopol
ouvdéovtal pe TV €AW CUUUETOXNG TwV EUMAEKOUEVWY dopEwv (Calliari et al., 2019;
Narayan et al., 2017), kaBw¢ KaL TNV EPLOPLOKUEVN LKAVOTNTO AVAAUONG TOU SUVAULIKOU TWV
NBS yia tnv mapaywyn ouvoSeuTikwv odeAdwv Kal TNV Teplypadr) tou Suvaplkol Tou
oxetiletal pe tnv edappoyn toug (Kabisch et al., 2016; World Bank, 2017). H xprion twv
System Dynamics Models (SDM) umopel va BonBnost otnv e€€taon tng ocupnepidpopdg
TOAUTIAOKWV CUOCTNUATWY HE TNV TIAPOodo Tou XPOVOU, WETATPEMOVIAG TO GUVOAO TOU
OUOTNUATOG O€ €va 0UVOAO HeTaPANTwY pEow Bpoyxwv avadpaong (Chen and Wei, 2014,

Zomorodian et al., 2018).

MoAAég mpoodateC epapUOYEG €XOUV UTIOYPAUMICEL TN onuacia kal To Suvaulkd Tng
OUMMETOXLKNC TwV SDM otov oxedlacpod kal tn dtaxeiplon twv udatvwyv mopwv (de Vito et
al.,, 2019, 2017, Gastelum et al., 2018, Pagano et al., 2018, Wang et al., 2018), kaBwg Kot
otov topéa tn¢ "uddtvng acdpaielag” (Chapman and Darby, 2016, Chen and Wei, 2014,
Pagano et al., 2017, Phan et al., 2018). O aplOpOC TwWV HEAETWV TTOU €XOUV XPNOLUOTIOLOEL
Ta SDM yla va TpOyHOTONOjoouV OAOKANPWUEVN avaAucon tng emnibpaong TMoAAAMAWVY
HETPpWVY, Omw¢ ot NBS, atov kivéuvo mMAnpuUpac kat oe aAAa eptlBaAlovTika {ntripata givat
OXETKA UIKPOG. H Chu et al. (2010) vloBétnoe pa mpooéyylon Baotopévn ota SD yua va
avaAUoel pia texvnt AlUvn O€ aOTIKO TEPLBAAAOV, TTPOCOUOLWVOVTAC TNV EMidpaocn Twv
noAamAwv  Stadopetikwy otpatnyikwv. Ta SDM yxpnowlomowBnkav €miong ywo Tov
EVTOTILOUO TWV PUXOAOYLKWV HOVTEAWV TWV eVELAdEPOUEVWV HOPEWV KaL TNV TTPOCOUOLwan
€vog Suvaputkou vypotorou (Chen et al., 2014). H texviki autn xpnolponol)onke eniong yla
Vv aloAdynon TNG avioxng Ke Eudaon otov kivbuvo mAnuulpag o mepintwon tudwvwy,



aflohoywvtag Tov avriktumo NG  Snuwoupyilag mpacwwv  unodopwv  (otéyaon,

EVKATAOTACELG amoBrKkeuong eLopowv Kal dtamepatoug dpouou) (Song et al., 2018).

Me tn xprion twv System Dynamics €MITUYXAVETAL N EVEPYOC CUVEPYATia KoL 0 cUVOUAOTUOG
Sladopetikwy e6wv eldikevong kat dtakAadikwv deflotntwy, xtilovtag £tol peyalutepn
gUmotoolvn ota poviéda (Zomorodian k.d., 2018). Enewta, ocupBAaAAel otnv avadeln twv
TIOAUTIAOKWV OAANAETILOPACEWY HETOED TWV OTOLXEIWV TOU cuoThMatog, PBonbwvtag pe
QLUTOV TOV TPOTO oTnV POPRAePn TBavwy embpAcewyv f o€ TOATIKEG avtiotaong (Meinherz
kat Videira, 2018; Pluchinotta k.a., 2019a) kaBw¢ kAl OTNV EVIOTMIOUO KATAAANAWV
OTPATNYLKWYV yla TNV enidpaon ota cuotipata (Lopes kal Videira, 2017). TéAog, Mépa amo
T povtelomoinon, oAokAnpn n Sdtadikacia mpodyetl TNV gualcbntomnoinon Kal to Kivntpo
eKElVWV TIOU CUPHETEXOUV ot Sladikaciec AnPng anodpdcewv i KaBoplopol TOALTIKWY,
TIAPEXOVTAC £TOL Pl TTAATGOPUA YLD TNV KOV KUPLOTNTA Twv amoteAsopdtwy (Pluchinotta

K.A., 2019b, 2018, Rich k.a., 2018).
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Ataypouua 1 Causual Loop Staypauuo tou neptypapet tn dSuvauikn twv NBS, yia tnv Enpacia kat to ueyedog tne¢ mANUUUPAG yLo
Tov uypotoro Balta Potelu, tnyn: Virginia Rosa Coletta, Alessandro Pagano, Irene Pluchinotta, umberto Fratino, Albert Scrieciu,
Florentina Nanu, Giordano Raffaele «Causal Loop Diagrams for supporting Nature Based Solutions participatory design and
performance assessment»



2.3. Napadelypoata epappoync NBS cuotnuatwy otn puon

2.3.1. HAIMNH WOLONG (KINA)

Itnv BopeloavatoAwkn Kiva otnv enapyia Liaoning Bploketal n Aipvn Wolong, n peyaAutepn
Alpvn  YAukoU vepol pe emipdvela 68 T.xAM., n omolo amoteAel €vav amd Toug
ONUAVTIKOTEPOUG PBLoTomoug mTnvwy Umo e€adaviong, kabwg emiong €xel xpnotomnotlnBet
amo kalpd wg evdldpeoo¢ otabuog yia Sekddeg XAMASEC TOUALA oTov SpOHO TNG
HETAVAOTELVONG TOUC HeTafl AvatoAikng Aciag kat AuotpoaAiag. H Alpvn Wolong BpéBnke
QVTLLETWIN KE TNV Enpacio w¢ emakoAouBwv Twv SpactnplotnTwy aAlelag, yewpylag anod
Tov avbpwmo Kal TNV KAWOTIKA oAAayr). AMOTEAECHA QUTWV TWV TPALEWV ATAV N
HETAVAOTEVUON HEYAAOU TANBUGHOU amoSnUNTIKWVY TTOUALWY Kal LXBUwWV Kol LETATPOTH TNG
Alpvng oe BaAto. To 2012 avaknpuxBnke avadeixbnke w¢ €Ovik TAOTIKA TEPLOXN

OLKOAOYLKN G TEPLBAANOVTLKAC TTpOoTACiag ALUVWV.

Ewova 3 Aipvn Wolong miptv tnv enavagopa tne oe Biotorno, nnyn: 2010, Google Maps



To 2014 €hafe xwpa €vo MPOYPAUUA ATIOKOTACTAONG TNG AlUvNG, UE OTOXO va avamtuxbel
€ava n mAovolo BlomokiAdtnta tnv Alpvng pe mapaAAnAn evBappuvon Tou OLKOTOUPLOUOU
TIPOKELMEVOU VO TIOPEXOVTAL OTOUG KOTOLKOUG TNG TEPLOXNG VEEC TNYEC E€L0OSNUATOC
(Wolong Lake restoration Masterplan, AFD, 2013). Me tn cuvepyaoia FNaAAKwyY kot Kvellkwyv
ETALPLWVY TIPAYUATOTONONKAY TIOAEG EVEPYELEG HE OTOXO TNV OIOKATAOTOON Twv
USPOAOYLIKWY, OLKOAOYLKWV Kal BLOAOYLKWVY AETOUPYLWV TNG Alpvng. Mo CUYKeEKPLUEVA
KATAOKEUAOTNKE avaxwpa pe BUpec vepou yla va emtpePel ™ Slaxelplon twv vdatvwyv
IOpWV avaloya Ue TG SLadopeTIKEG XPNOELS TNG AlpvNnG Kol n dnuloupyia pag oudEtepng
{wvng UYPOTOMWV yla TNV ATMOTPOTMN TNG HOAuvonG Twv uddtwv amd Ta AVUATA TIOU
T(POEPXOVTAL Ao Tov oTabuo enefepyaciag Touc. Eylve otevi mapakoAolBnon tng otadung
TWV LVOATWV Kal TWV MANBUOUWY TWV ATOSNUNTIKWY TTOUALWV Kal Snuwoupyia 36 pKpWV
vNolwv yla autd pe Stadopetiki popdn Blotomou oto kabéva kal ouvoAwkn éktaon 0,6
T.XAL. Anuloupynbnkav povomatia mnelomopiag, SUo0 mUpPyoL mopaATAPNONG Kal £va

olKopoUoE(o.
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Ewdva 4 Aipvn Wolong to Masterplan tng enavapopdc tng, ninyr: Network Nature, « Wolong Lake biodiversity conservation
and wetland protection project Programme, Lot2»



2.3.2. TA OPATMATA STH MONTANA KAl KAAIQOPNIA ( BEAVER DAM
ANALOG)

Ot moAwteieg tng Movtava kat tng KaAupopviag eivat péAn tng Nature Conservacy, pLoG pn
KeEPSOOKOTIKNC TEPLBAAAOVTIKNC opydvwaong, n omoia edpatwvetal ot HMA amoé to 1951.
To MPOYPAUUATO TIOU TPEXEL EIVAL OXETLKA E TN SLOTAPNOCN CNUAVIKWY OLKOTOTIWV AyPLOG
{wng, ™ dwakomn ¢ anmoPilwong daolkwy EKTACEWY, KABWG Kal OTnNV MPOOoTacia Twv
vdATVWV MOPwWV. Me TNV KATAOKEU PPayHATWY OTA TTPOTUTIA AUTWV TTou SnLoupyouv ol
KAOTOPEG YIVETAL N QMOKATACTACN TWV PEUATWV KAl Tou PBLO¢ TwV eVOLATNUATWY TIOU
Slopévouv Ot TEPLOXEG OL oOmole¢ MAATTOVIAL amd TANUMUPEG, oAANG Kol UYPNAEG
Bepuokpaocieg mou mpokaoLv Enpacia. Ol KAOTOPEG KATAOKEUALOUV GUCIKA PpaypaTa Kol
KatadUyLo O TIOPATIOTAULEG TIEPLOXEC, CUVOEOVTAC MANUUUPLKEC TTESLASEG, UE AMOTEAECUQ
N Snuloupyla LYPOTOMWY OTOUC OTOLOUG ATOBONKEVETAL CNUAVTLIKA TTOCOTNTA VEPOU, aAAA
Kal Ttn dnuloupyia kataduylwy yla apketd €i6n tng mavidag mou Bpiokovtal og kivbuvo. Me
™ Xpnon GuoKwV VAKWY, OTwE KoproUg SEVTpwy yla tn oTUAwWON, Kal Gutd cav TV LTd
yla tnv mAEEN, avadnuioupyolvtal ppAyHaTa, TA ONola CUYKPATOUV TO VEPO OTN KOLlTn Toug
hev, oaAAG kal erutpémouy ™ SLEAevon twv Buwv &g (Pollock et al., 2007). Me autov tov
TPOTO, EMITUYXAVETAL N oTABEPOTOINON TWV PEUATWY KAl TWV TIOTOHWY, UE Evav TPOTO O
omoio¢ adevog bev eival emilnulog yla to guputepo mepLBAAlov, kal adetépou eival

OLKOVOLKOG.
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Ewdva 5 Texyvnto @payua kaotopa, ntnyn: Scott Shahverdian, William Wallace Macfarlane, Joseph M. Wheaton, « MEMO:
Westerly Creek Beaver Dam Capacity Assessment: Developing Realistic Expectations for Beaver Dam Activity»



2.3.3. OY2IKO MEPIMEPEIAKO MAPKO PORTOFINO (ITAAIA)

To ¢uoko mepldepelako napko Portofino Snuioupynbnke to 1935 yla TNV mpootacia tou
OMWVULOU akpwtnpiou, To omoio evromiletal petaty tng MEvofoag kat ¢ Tookavng, aAAd
KoL yLa Tnv Statripnon tng BLomotkiAdTnTaG TnG mepLoxne. Eivat eupéwg yvwotod yla to KAAog
Kal T yewpopdoloyia tou kal Bewpeital mpdétuno opaAng ouvimapéng tou ¢uoLkou
neplBailovtog kal Twv avBpwrnivwv Spaotnplotntwy. Qotdéco, €dw Kal TOAAA Xpovia,
EPXETOL QVTIMETWIO HME KWOUVOUG Tou TpokaAouvtol amo  ¢uolkad dawvoueva,
OVaTAPACOOVTAC TNV NPEULA Tou MANBUOUOU Kal Twv evolaltnUATwy. Mo CUYKEKPLUEVQ, N
TiEPLOXN MANTTETAL OO KATOALOONOELG, MTWOELS PPAXWV KoL POEC AAOTING, KOL TEAOG QIO
€VTOVEG PpPOXOMTWOELG oL omoie¢ ouxva ouvodelovtal amd avepootpofilouc. O
OUVOUOOUOG TWV OTOLWY TIPOKAAEL HEYAANG ETLKIVOUVOTNTAG EMUMTWOELS 0To £€8ad0og Kot

OTNV AKEPALOTNTO TOU VTOTILOU TANBUOUOU Kal TwV e8wv mavidag kal YAwpidac.

Ma TNV OVTIHLETWITLON TWV TTAPOTAVW YEWAOYIKWY KIvOUVWVY, Xpnolponolndnke n ebappoyn
duokwv AUoewv Ue TV otabepomoinon Twv Bpdxwv, Tnv avafabuion Tou puacikou toriouv,
oTnV omoia TPOBAEMETAL N OVOKATOOKEUN HOVOTIATIWY, OKOAOTOTIWY Kal TolXiwv armo
EepohlBla, evw o6oov adopd ta uddtva Siktua, n porl TWV ONMOlWV CUUTAPACUPEL
TMETPWHATA KOl (AUEC, OMOTEALOMATA TWV PPoXomMTwoswv, Oa AVIILETWILOTEL e
«UOPAUALKEC Saolkeg puBuioelg» (Alberto Girani, 2019), 6w N ATOUAKPUVON SEVIPWVY ATO
TIG KOITEG TWV MOTAUWY, OAAA KOL HE TEXVNTA UETA, OTwG eival Ta evaAAAKTIKA dpdyuata,

TWV Omoiwv N KaTaoKeur TPoBAEMEL TN xprion VAWV KaL TIETPWV.



Ewova 6. Akpwtrpt Portofino, mtnyn: « Reconnect, Portofino Natural Park»



2.3.4. TOTIETPINO OPAIMA THZ MAPQOY

O Anpog Napou oe ouvepyaoia pe tnv WWF EAAAZL, to INZMEE, to MedINA kat to Paros
Festival, Tov louvio tou 2022, TPOKELUEVOU VO AVTLUETWTTIOEL TO TPOPAnua Aswpudpiag mou
QVTIPHETWITI{ouV TTOAAG ULKpad avudpa EAANVIKA vnold, odnynbnkav otn xprion TOAAwV

HULKPOPPAYUATWY, KATA UAKOG TOU pEpatog Tou Kafoupomotauou.

Ta upikpodpdypota amotedovv pia mapadoolakn TPAKTIKA SlaxXelpLonG Tou VEPOU TOU
XOVETAL OTO XPOvo, emteAwvtag TOAAATAEG Asltoupyleg yla To TepBAAAOV kol Tov

avbpwro:

e Mewwvovtag tnv KAlon TNG Koltng Tou PEUATOG, CUAAEYOVTOL ULKPEG TTOCOTNTESG VEPOU
yla apSeuTIKOUC OKOTIOUG.

e Melwwvovtag TNV ToxUTNTA PON¢ TOU VEPOU KOL CUYKPOTWVIAC MEPOC auTOU,
ETUTUYXAVETAL N LeyaAltepn Sleiobuon tou oto €dadog, epmloutilovtag €ToL Tov
umoyeLo udpodopéa.

e Je meplodoug EVIOVwY BPOXOMTWOEWVY GUYKPATOUV GNLOVTLKEG TTOCOTNTEG VEPOU Kall
depTWV UVAKKWY, PELWVOVTAC £TOL TO PlOKO ylo TMANUUUPEG OTOUG OLKLIOPOUC ToU
ouvnBw¢ Bplokovtal oToV MAPAKTLO XWPO, OTLG EKBOAEC TWV PEUATWV.

e Anotelouv eotieg BlomolkIAGTNTAG: OL pnXOol TAULEVTAPES VEPOU Ttou dnuLoupyouvTal
QIOTEAOUV UIKPEC OACELC IO TAL AVUSPA VNOLWTLKA olkoouothuata, olaitepa katd

TIg epLodoug Enpaciag.

Kata tnv dnuiovpyia twv GpaypaTwy TECCEPLS NUEPEG OL SEKATIEVTE CUMUETEXOVTEG/OUOEC
ekmaldelTNKAV 0TNV TTAPASOCLAK KOTOOKEUN UIKpWV ABvwv avaBabuwv Katd prkog Tou

péuatog tou Kafoupomotdpou, umo tnv kaBodnynon TpLwv LaoTopwyY TNG MEPLOXAG.

To epyaotr)plo oAokAnpwOnKe e TNV mapoucioon tng SpAcng oTnV TOTIKNA KOWwOTNTA Kol
oulAtnon yupw amo mapadoolakeC Kal oUYXPOVEG AUCELC QVTLUETWTTLONG TIEPLBAANOVTIKWY
npokAnoswv. To Blwpatikod epyactriplo Slopyavwbnke oto mAaiolo tou €pyou: «AiBwol
avafabuol: Mwa pactvn uMOSoun Yyl TNV AVTLUETWTILON TNG €AAeWPNC veEPOU OFE ULKPA
avudpa vnola» mou vlomnoleitat and 1o WWF Greece, to MedINA (Mediterranean Institute

for Nature and Anthropos), to IvotitoUto ImnAatoloywkwv Epsuvwv EANGSacg (INZMEE), to



Anpo MNapou (Municipality of Paros) kat tn Anupotikn Emeipnon Yopeuong kot ATtoxEteuong
Mapou (AEYA Mapovu).

Ewodva 7. OAokAnpwuévo Hkpoppdayua katd pnko¢ tou KaBoupomotauou otnv [dapo, mnyn: A.EY.A.I. Mdapou, «

ZepoMtdikég umoSOUES yLo TNV avTiUeTwrTLon e Aswpubpiag»



2.3.5. NBS2TON IMHNEIO

To 2022 n WWF EAAAZ Egkivnoe pia €peuval He oTOX0 TNV PElwaon Tou KvdUVOU TIANUUUPpWV
yla tnv meploxn tou Mnvelou motapou, kot va aflodoynBel n okompotnta twv NBS. O
TIPOTAOEL TIOU OXeSLACTNKAV WOTO0O0, TEPA QMO TOV TEPLOPLOUO TWV TANUUUPWV
npoodEpou Kal AAAa odEAN oTNnV TOTIKA Kowwvia, onwg eivat n mapoxr dacwv mAovola pe
Sladopa €idn mavidag Onmwe eival Ta MTNVA Kal oL TETAAOVUSEG, OE KOVTLVH amOoTacn Omo
T TOAELg, Omou Ba Asltoupyolv wG xwpol avauxng He povormatia melomoplag Kat
tpefipatog, peyalutepn SlabBeouotnta vepou Kal avaBabuion tou vdpoddpou opilovta,
TIPOKELUEVOU OL TOTILKEG TIEPLOXEC TOOO OE OOTIKO, 000 Kol 0t PBlopnxavikd eminedo, va

UIOpOoUV va eEUMnPETOUVTAL ATTO AUTO.

MNa va emtevxBel n peA€tn avtr n Aekavn Tou MNNVveloU XwpLloTnKe o€ EVTEKA UTTOAEKAVEG, OL
omoleg ¢aivovtal oTov MapaKATW XAPTn. Zuxvd, o AnBaiog kalL o Aylapoviwvng motopol
QVTIPETWITIOVTOL WG £va cUOTNUA Tou omolou n umepxelAlon Umopel va emnpedoel ta
TpikaAa, OTN CUYKEKPLUEVN UEAETN OUWG O AYLOUOVIWTNG OVTLLETWIIIETAL WG UEUOVOUEVO
cvotnua, evw o AnBaiog opadormoleital pe tn Aekavn amnoppong tou Neoxwpitn, mapoio
Tiou 0 eUTEPOG ATIOPPEEL OPKETA TILO avaATOAKA. IStaitepn oulitnon €ylve Kat yla T Alpvn
MAaotnpa, n onoila av kat dev Bpiloketal otn Aekavn amnoppong tou MNnvelov, 6Ao to vepo
™C Alpvng KateuBuvetal mpog T Osooalia, onota Oa pnpenel va SwOel peyain mpoooxn

OTNV AMOoKATACTACHN TNG XWPNTLKOTNTAG TNG.
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Xaptnc 4 Ot 11 umoAekaveg tou lMnvelou yia tnv epapuoyn NBS, tinyr: ADDRESSING RIVERINE FLOODING WITH NATURE-
BASED SOLUTIONS IN THE THESSALY REGION, GREECE

Katd tnv ekmovnon tng HEAETNG QUTAG KABE UTtoAekAvn UEAETONKe EexwploTta kat S60nkav
SlapopeTikeEG TMpotaoel TapépPaong yia tnv KABs pio. Mo CUYKEKPLUEVOL Yyl TNV
UTtOAEKAVN Tou Evutéa mpotabnke n OmMOKOTAOTOON TWV TMOAALWV KOl VEWV POWV UE
StamAdtuvon tou motapoU Kal adaipeon Tuxov Stapnkwv dpayudtwy Kot n dnuwoupyia
€VOG mapamotapiou S&coug, to onoio Ba Asttoupyetl wg puBuLotikg {wvn Kot Bo ATOTPETEL
™ O&wWPpwon tou eddadoug, evw mapdAAnAa Ba amoteAécel kol evéilaitnua yla T
BlomolkAotnta. Emetta, TPEL TEPLOXEC TIPOTEIVETOL VA XPNOLUOTOLNO0oUV WG MANUUUPLKEG
nedladeg kal wg vypoflotomnol. O tapleutipag tng HAelag va ouvdeBel pe tov Eviméa wg
Aluvn KatokpAdtnong vepolu ot mepimtwon akpaiwv ¢uolkwv dawvouévwy. Kot TéAog n

OTOKOTAOTOON TWV UTIOYElwvV uddtwv amd tnv umepxeillon tou Eviméa péow Twv



YEWTPROEWV Tou XwpPLoU Opdavad, HE AMOTEAECUA TN UELWON TNG EMLPAVELAKAG ATIOPPONG

Kal tn BeAtiwon Tou umoyelou udpodopia

OL napeppaocelg mou mpotabnkav ywa tov 2odaditn eival oe peyalo Babuod onueLaKEC,
oUTWC WOTe o€ akpaia Gpalvopeva va Unopel To vepd va eKTovwOEL oTnv Koltn Tou motapou.
Mpoteivetal n dnuloupyla paloavSépLlopol yla va HEwBesl n toxvtnTa Tou VeEPOU Kal N
Snuoupyla dacoug wg pubuotikhy {wvn, OMWE MAPANMAVW. 2TO TUAMO TOU TOTAUOU HE
ONUAVTLIKA HUIKPO TAATOC cuviotatal n SlamAdtuvon tou Kabwg Kal n ouvdeon Tou e
TIANUUUPLKA TTodLada. ITa avAavTL TOU TTOTOHOU OTIOU UTIAPXEL KOL OPELVO TN A TIPOTELVETAL
N Kataokeur TOAAwWV ABwvwy dppaypdtwyv pe Uog Ewg kat 0.50 . H teAikn mapéupaon yla
t0 Jodaditn neplhappavel tnv emavadopd tng Alpvng zuviadag, n omoia kaAumte 3160
EKTAPLO HE PEYLOTO BaBog ta 4 W. PoToU amootpayylotel to 1936 €wg to 1942, n omola pe
TO TEPACHA TWV XPOVWV N YOVIHOTNTA Tou £8Aadouc TnG xel emdevwBel kat n mapépupfaon
outr umopel va PeAtlwoel oe pPeydAo BabBud tnv molotnTa Tou VEPOU TOU PEEL OTOV

Oe00OALKO KAUTTO.

H &nuloupyla tTecodpwv £wg £EL TANUUUPLKWY TIESLASWY KOTOKPATNONG KOVTA OTOUG TPELG
KUPLOUG ToTapoug, avavtn tn¢ Kapbditoag, mpoteivetal w¢ AVon yla TNV mapoxr EKTOKTWVY
QMOBNKEUTIKWY XWPWV ot Mepimtwon vPnAwv BPoXomMTWoewWV Kal TN HElwon tTNG mieong
Katdvin tou KaAétln motapol, kabwg emiong kat GAAn pla ota SUTIKA Tou ToTapou, n
omola Ba S€xetal elopoég TOooo amo tov KaAEtln, 6oo kat amod tov Asiipo. Mpoteivovtal
AAAEG SUO TIANUUUPLKEG TESLABEC yLa TNV amoBrkeuon tou emUTAéov vepoL Tou KapdumaAn,
N uia mpog tnv Bopela Tou xwpLol Aylomnyr Kol €va TToU oUVOEeTaL Pe Tov KapaumaAn.
Amévavtt anod tov KaA£tln kot tov KapaumaAn, o Fafpdc motapog dev Statnpel TNV apyLkn
TOU TIOPELO KAl ONUOVTLIKO HEPOC TNG EXEL SloxeteuTel. 16avika Ba mpémnel va e€etaoBel n
StamAdtuvon tng Kottng tou lofpda kat n Snuioupyla plag SACLKAG TTAPOTOTAULOG
puBuotikng Twvng. EvaAlaktikd mpoteivetal n Snuoupyia pLoG eMUTAEOV TANUUUPLKAG
nedlodadac oto onpeio mou n mMaALd koltn Tou motapou FaBpd cuvavta To KavAaAl Ko AAAN
Hio yia va amoBnkeUetal 0 OyKOG VEPOU TIOU OTOPPEEL amo To pepa TG lafpldc.
MapdAAnAa, OUWC ME TIC TOPATIAVW TOPEUPACELS elval amoapaitnto va efetaocbel to
oevaplo StamAdtuvong twv KapdumaAn kot KaAET{n motapwy, kabBwe n koitn kat Twv dvo
TIOTOUWY HELWVETOL OE KATIOLO ONUEL0 Snuoupywvtac £€va otevo Kal auavovtog Tov

kivbuvo mAnuulUpag. H SiamAdtuvon auth eivat pla moAuTAokn Siadikacia Adyw twv



UTIAPXOVTWV SIKTUWV UTIOSOUWV Kal TG €Bvikng odou Kapditoag — BoAou. H SiamAdtuvon
Tou Aelppou motapou Ba pénel va StepeuvnBel KATA TNV ATTOKATACTACHN TNG TANMUUPLKAG
nedladag oto KAtw HEPOG Tou KaA£tln. Mia akOpa mpotacn €vol N OIOKATAOTOON HLOG
TIANPUUUPLKAC edladag oto Makpuxwpl kat Tnv Metapopowaon, Ta onoia cuudwva Ye Tov
YEPHAVLKO Xaptn Tou 1943 kat tov xaptn tou 1944 amo to Bpetavikd Mpadeio MoAéuou kat
TOV XAptn Tou Itpatou twv HMA, Atav kal maAaldtepa €MOXLKA MANUUUPLKN Tedada. H
TIEPLOXEG QUTEC Bewpouvtal meploxeG uPnAol TANUUUPLKOU KvOUVOU, YEYOVOG ToU
ermuBefatwvetal kabBw¢ TANUUUPLOAV KOTA Ta yeyovota tou 2018 kat tou 2020 (lavog).
JUYKEKPLUEVEC EPYOOIEC TPEMEL va TpaypotonoinBoluv  yla tnv emiteuén oUTWV Twv
EVEPYELWV, OTWCE Elval N AMOUAKPUVON ETIXWOEWV, cUvean tou KaAEtln kat Tou Asuwpivou
HE TNV MANUUUpkn Tedada k.Am. H teAevtaia mapéuPacn mou adopd tnv Askdvn
anoppon tou KaA£tln motapoU €ival N KOTAOKEUN TIOAWY ULKPWV TETPWVWV GpayuaTwy
vyoucg £wg kat 0,5 Y., OTO OVWTEPO, OPEWVO TUAHA Twv Motapwv MaBpag, Kapdumaing,

KaA£T{NnG Kal TwWV MapATOTAUWY TOUC.

IXETIKA pe Tov MApLoo ToTaUO MPOoTEiveTal N amokataotacn tou oe 10 — 12 Béoelg. OL
ONUOVTLKOTEPEC TOPEUBACELS Ba TTPEMEL va yYivouv 0TO TUAMO TOU ToTapoU Tou dlaoyilet
™V MOAN Mouldkl, JE TNV AMOUAKpUVON KTpiwv Kot AAAwvV umodopwv, SlamAdtuvon tng
Koltng, kKatdpynaon tng TEXVNTHG MPOOoTACiag TNG KOTNG KAl AVIKATAOTAONG TNG LE PUOLKN.
Oa mpénel eniong va e€etacBel n dSnuovpyia pag dactkng pubuLoTIkAC {wvng, N omoia
onwg npoavadpEpOnke Ba epmodilel Tn Stafpwon NG koltng Tou motapou, kabwg eniong Ba
TIAPEXEL KATAAUMA yla TNV ayplo {wn ¢ MEPLOXNG Kol xwpo avapuxnc. H amokatdaotaon
TOU KATW TUAMOTOo¢ Ttou Mapioou yivetalr pe tnv adaipeon Twv avaxwudtwv, TNV
SlamAdtuvon tN¢ Koiltng Kal tTNg cUVOEONC TOU TOTOHOU HE TNV TMANUUUPLKN Tediada ota
OVOTOALKA Kol OTO SUTIKA, OUTWE WOTE VO ETUTPETETOL OTA UIKPOTEPA PEUATA TIOU PEOUV
kKaBeta Ttou Mapioou va €xouv elevBepn por, pall pe t™n mapAdAAnAn dnuioupyia
puBulotikng lwvng ota Tapoxdla onueio. Ie ouvOUAOUO HE TO TOPATIAVW EPXETAL N
OTTOKOTAOTOON TWV MANUUPLKWY TIeEdladwv ot SU0 TMAEUPEG TOU KATW TUAUATOG TOU

Mapioou, yio TN HElwon TwWV CUXVWV TANUUUPWY TIOU TTAPOTNPOUVTOL OTNV TIEPLOXH.

0Ooo avadopd t Alpvn MAaotipa, kKaBwg n xaptoypddnon Kal n anotunwon Tou uduéva

™¢ Ba mpaypatonownBel oto mAaiolo peAétng tou BaBoucg Tou vepol amod To EAANVIKO



NaUTLKO, PE TA AMOTEAECHATA TNG MEAETNG AUTHG Ba mpaypatonolnbouv eVEPYELEG yLa TNV

QTMOUAKPUVON TWV WNUATWVY KAl TwV pnalwv ano tnv Alpvn avaioya.

Ztnv Aekavn amoppor¢ tou MoptaikoL 1 aAAlwg MopTLATN MPOTEIVETAL N ATIOKATACTAGCH TOU
OE TPELG OUYKEKPLUEVEG B€0ELG kovtd otnv MOAn MUAn, 6mou amd 1945 £wg to 1960 to
TAATOC KAl N KoLt Tou MoTapoU €xouv PElwBOel, pe amotéleoua o€ mepimtwon uPnAng
Bpoxomtwong va UTApXeL auénuévog kivéuvog MANUUUpag otnv moAn. MapdAAnAa pe tnv
Klvnon auth ylo TNV TPOOTOoia TNG KOLTtNG amatteitatl kot n dnuioupyla pia puBULOTIKAG
Sdaokng lwvng otig 0xBeg g aAla kat oe dnuoota edadn Tng yupw MepLOXng omou Ba
UETATOMLOTOUV Ta avaywpata Kot 0a cuvdebel 0 MOTAUOG UE TNV TOPOKELLEVN TIEPLOXN.
Katavtn tou xwplou AIAn n koitn tou MoptaikoU av KOl EVWVETAL UE TOUC TOTAUOUG
Mmevtévn kot  Avamodo, oteveUel onuaviikd. Ol  TPOTEWOUEVEC TAPEUPAOCELS
nepthapBavouv tn SamAdtuvon TNEG Koitng Tou MoTapol amod To xwpld AR HEXPL TN
ouMBoAn Tou MoptaikoU pe Tov Mnveld, kabBwg emiong Kat n SLAMAATUVON TWV TOTAUWY
Mmnevtévng kat Avamodog, Aoyw TNG OVOUEVOUEVNC aUEnong TwV aKpOilwv YEYOVOTWVY WG
QMOTEAECHA TNG KAMATIKAG aAAaynG kat Tov uPnAd Suvaukd KvdUvou TANUUUPAG OTO
KATW UEPOG TNG UTIOAEKAVNC Tou MoptaikoU. Mia akopo SLlEUpUVON TIPOTEIVETAL OTNV KOLTN
ToU APopeCUEVOU TOTAUOU KOVTA 0TO AsvOpoxwpL Kol BaATLVO Kal METATPOT HLOG ULKPAG
TLEPLOXN G KOVTA oTa MATOOUKLWTLKA O€ TIANUUUPLKA TTeESLAda, OAEC AUTEC TIC SLAMAATUVOELC
TIAVTA TIG oUVOSEUEL Kal N dnuiloupyeia Sacikwv pUBULOTIKWY {WVWV YLa TNV TTPOOTACLO TWV
Koltwv armo tn dtaPpwon. TENog, mpoteiveTal n Snuoupyia TEcoApWY WG EEL TTAN LU PLKWV
neSLAdwVv/uypoTOMWV/AUVWY  KATOKPATNONG Ww¢ AUON ylwa TN HEiwon touv Kwdlvou
TANUUUPOG OTO KATW HEPOC TNG UTOAEKAVNG. OAEC QUTEG OL TIEPLOXEG CUUTILTITOUV WE TLIG
LOTOPLKEG TIANUUUPLKEC TedLASEC, OMwC armelkovilovtol otouc Xapte¢ tou 1944 amd to

Bpetaviko Mpadeio MoAépou kal tnv Yninpeoia Ztpatou twv HMA.

H maAwd koitn tou ABaiou motapol dev xpnolgomnoleitatl mMAEov, KABwWE O MOTAUOG ElXE
ektpamel €6w Kol TOAAEC SekaeTieg. To UAKOG TNEG MOALAG Koltng elval 32 xAU KoL TO HECO
TMAATOC TNG 14 ., Ta XOPAKINPLOTIKA aUuTd TNV KaBlotolv KatdAAnAn ywa tn dnuioupyeia
HLOG HeEYAAnc duoikng «Sefapevric» vepol e TNV Snuoupyla Mapamotaplas SactkAg
puBuLotikng Lwvng. Mpotelvetal emiong n anokatdotacn Tou TaAlov pépatog MilaBAdkou.
Ouoilwg pe TNV mpwtn Spdon, He TN SlamAATUVON TOU TOTAOU Kal Ba TPEMeL emiong va

OlepeuvnBel n Snuoupyia plag mapoxBiag daowkig {wvng. H Snuoupyia tecodpwv



TIANUUUPLKWV Tteploxwv/ AUVwV gival pla mpotaon mniong, U0 oTov MOTAUO AyLaovVIwTh,
éva otov AlBaio motapd avavin Tplk@Awv kot €va Petd tn Davepwpévn, KOvtd oTov
Metpomopo xwplo. Ol MANUUUPLKOL XAPTEG KWSUVOU UTOSELKVUOUV HeyAaAn mbavotnta
TMANUUUPWY yUpw amd Tov TOoTtopo Aylapoviwpn. Ol TIPOTEWOPEVEG TIANUUUPLKES
nedladeg/Auveg ouykpatnong Oa SnuioupynBolv oe dnuoola yn Kol otoug Svo
TIOPATIOTALOUG TOU AyLlapoviwpn. QG CUMMANPWHATIKY §pAcn TwV TOpAAvVW TIAN LU LKWV
EKTAOEWV ouvlotatal n SwamAdtuvon tou motapou Aylapoviwtn. O xaptng tou 1944
UTIOSELKVUEL €TiONG TNV Moapoucia evog €Aouc/uypoTOmou Kovid oto XwpLd Knmakl Ot
napepPaocelg Oa mpémel eniong va StepeuvnBoulv kal yla Alyo mpwv T oldnpodpoikn
ypOuun, 6mou n 6pdcn autr Ba weeAnoet eniong tn PlomokAoTNTA Kal Ba eTUTPEYPEL TIG
Sladopeg Puxaywylkéc Opoaotnplotntes. Zav TeAK TapépPacn otV UTTOAEKAVN
TIPOTELVETAL OTO AVWTEPO, OPEWVO TUNMA Tou ABaiou MOTAHOU KAl TWV TIOPATOTANWY TOU, N

KATAOKEU TIOAAWV HIKPpWV TETPpVWY ppayudtwy péylotoucg Uoug 0,5u.

H teleutaia Aekdvn mou peAeTdtal oto oxéSlo autd elval tou Avw [lnvewol, ot
TIPOTELWVOUEVEG SPACELG TIEPIAAUPBAVOUV OPKETEG TTAPEUPBACELG KOTA UAKOG TWV KOLTWV TOU
MaAakaolwTtikou motapou, tou KAwopBitikou, lwv (Moupykavng) kat Tou Avw Mnvelol. Ano
TO 1945 £xouv yivel onUAVTIKEG aAAayEC O0TO TTAATOC TNG KOLTNG KoL 0€ TIOAAEG TTEPLITTWOELG,
oL MapeUPACELG AUTEC lval pn avooTpEPLUES KaBwC mepAaBAVOUV TNV ACTIKOTOLINGON TOU
oTLG MapOxOLeg Lwveg, Kal TN Xprion SNUOoLAG YNG YO TNV KOTOOKEUN TG €BvVIKAG 0doL EBS.
2tov MOAQKOGLWTIKO TTOTAUO TPOTEIVETOL ATOKATACTACN TNG KOLTtNG 0To TMAATOG Tov €iXE TO
1945 katd pNko¢ to PBOpelo TUAUA TOU ToOTAapoU. H oapxikn mopamotapa {wvn €xel
HETATPATIEL O YEWPYLKA YN, KaBw¢ amokaAuTtouv oL agpodwrtoypadieg tou EAANVIKOU
KtnuatoAoyiou. Alyotepeg mopeppaocelc mpoteivovtal yia tov KAwvoBitikog kat Twv , pe
OTOXO TNV QMOKATAOCTAON TNG LOTOPLKAG Koitng. Edocov kovtd otnv KaAaumdko &gv
UIOPOUV VOl Yivou TapeUPACELG CUYKEKPLUEVEC TIAPEUPACELG TIPEMEL va AdBouv xwpa oTo
TUAUO Tou Avw [Mnvewol. Mpoteivetal n Snuloupyia TEVTIE €wG EMTA  TANUUUPLKWVY
neSLAdwV/uypPOTOMWV/ALUVWY KOTAKPATNONG OTO KATW MEPOC TNC UTOAEKAVNC. AUTEC OL
evépyelec Ba Aeltoupyrnioouv o€ OCUVOUAOUO HE TNV QTTOKATACTACN TOU TOTAUOU OTLG

TLEPLOXEC TTIOU €XOUV 16N Mpotabel mapandvw.

JTOX0G TNG MEAETNC autng eivalt n avamtuén kot sdpappoyn €vog MAALCOIOU ylol TOV

UTTOAOYLOMOG TOU €mBupntol Oykou Tou Bo MPEMEL va OCUYKPATOUVTIAL OO TLG



Alpveg/mebladeg ouykpatTnong Mpokeluévou va SpopoloynBel pe aopaiela n mapayouevn
amoppor) oe kaBe meploxn. AlLUVEG ouykpATnong, OMweG Kal OGAAEG Soulkd cuoThpoTo
npoAnyng, €xouv oxedlaotel yla va petplalouv INULECG amd MAnUUUPA eAéyxoviag Tnv
QImoppPor], KATL To omolo Pmopel va emiteuxBel pe tn Helwon NG HEYLOTNG PONG KA TNV
avénon Tou xpovou uotépnong. OL AEKAVEG CUYKPATNONG €(vol QTMOTEAECUATIKEG OTOV
UETPLOOUO TOU EMUTTWOEWV OO TIG MANUUUPEG OTAV EVOL OWOTA TOMOBETNUEVEG OTNV
neploxn HeA€tng. E€attiog tou HikpoU Toug peyéBoug, Bewpouvtal TeEPLOCOTEPO BIALKEC
Mpo¢ TOo TePPANOV amd Ta PeEYAAa ¢paypaTta KoL Hmopouv va  SnuioupynBoulv

omoudnmnote péoa otn Aekavn.



2.3.6. NBS ZTON ZIEPXEIO

O ImepXelOC TOTOHOG €lval YeviKA evoiloBNTOG OTIC €VIOVEC BPOXOMTIWOELS KoL OTNV
unepxeillon tTwv OxBwv Tou AdGYyW TWV MANUUUPWV OO TA AVWTIEPW PEVUATO, EVW
napdAAnAa n amoPilwon aufdvel tnv evalwocbnoila tou oe €VIOVEC PPOXOTITWOELG.
MNANUUUpPeC oupPaivouv kavovikd umepBaivoviag tn XwWENTIKOTNTA TOU PEUHATOC,
EMNPEAIOVTOG TO TIEPLOCOTEPO OTOLKELD TOU KOLVWVIKOOLKOVOULKOU OCUOTHHUATOG TNG
neploxng. Ot kivbuvol ou oxetilovtal Pe TIC MANUUUPEG oTNV TIEPLOX MepAapBAavouv TV
mbavn anwAela avBpwnivwy {wwv, TNV Oavh aMwAELd TAPAYWYNG KOAALEPYELWV Kal
ktnvotpodiag, tn {nuia os 18loktnoieg Kal UTOSOUEG, KaBWC Kal SUCKOALEG OTLG peTadOpPEC.
O Inmepyxeldg mnyalel amo Ta opewva PEPN Tou Aekavomediou, Kupiwg amd tov opomédio
TOudpnoto¢ ota SUTIKA Kal TIG 0pooelpeG Bapdolola kat Oltn mpog Ta VOTLOSUTIKA Kall
voTLa avtiotola. Exel UVOAKO UNKoG 82 XIALOMETPWY, HECO UPOUETPO 626 . , UE LEYLOTO
vpog 2281 pftpa oto Opog Oitn. KateuBuvetat amd ta OUTIKA TPOC OVOTOALKA,
enavadopTiletal amd MoANA pEUaTa UE LOVIUN Kal TtEPLOSIKA por) Kot EKBAAAEL oTov KOATIO
tou MaAwakol. O pEOOG €TAOLOC OykoG PBpoxomtwong ywa tnv mepiodo 1980-2010
umoloyiletal €wg 788 xAlootd kol €xel Meooyelako KAlpa. H mapoxn Tou Kupaivetal
puetafld 12,79 Kk.U./8€uT. TOUG XELUEPWOUC MNAVEG Kal Alyotepo amd 1 K.u./8eut. Ttoug

Bepvoug.
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Xaptng 5 H Aekavn amopporc tou Snepxetou Kat to onueio napéuBaong ue NBS (mpdaowvog kUkAog), mnyn: Christos Spyrou,
Michael Loupis , Nikos Charizopoulos, llektra Apostolidou, Angeliki Mentzafo, George Varlas , Anastasios Papadopoulos,
Elias Dimitriou, Depy Panga, Lamprini Gkeka, Paul Bowyer, Susanne Pfeifer, Sisay E. Debele and Prashant Kumar, «
Evaluating Nature-Based Solution for Flood Reduction in Spercheios River Basin under Current and Future Climate

Conditions»

OL mpokANoelg TG omoleg kaAovuvtal ta NBS va avtipetwrnioouv eival unepxeillion twv
0XBwv AOyw TANUUUPLKWY USATWY OO TA AVWTEPW PEVUOTA KAl TO ALWOLUO TWV XLOVLWY,
AOYW TWV amaltrioewyv ywa apdeuon Katd toug Bepvolg UAVEG, N TIEPLOXN QVTLUETWITILEL
eniong ENewdn vepoUl, MPOKAAWVTAG OPVNTIKEG EMUMTTWOELG OTA OLKOCUOTAATA KOL KATA TLG
neplodoug  Enpaociag umapxel auénuévog  Kivduvog  Kataotpodwv  ota  GUOCLKA
OLKOOUOTAHOTA, TIUPKOYLEG SACWV KoL OMWAELEG OE AYPOTLKEG KOAALEPYELEC. H TepLo)N) ToOU
eTMAEXBNKE yla TNV UAomoinon tou NBS eival kovtd oto xwpld Kopupa kat tn yédpupa tng
Alapdavag. Ta kpltripla yla tnv emdoyn Atav n yewpopdoloyia, n dabeowuotnta yng, n
npooBactuotnta, n eAdxlotn diatapayxn AAAwvV Xprnoswv, n BLwoluotnTa, To gudldkpLTa
BeTIkA amoteAéopata, o KivOUVOG yla T KOLWVOTNTEG KoL OL XPHOELG TIPOG TO KATW PEULA,

KoOwG KAl TO KOOTOG.



H enmkeyeioa mopéuPaocn katalapBavel pia mepoxn 105.314 t.u4. kot amotelel ¢uoiko
HETPO CUYKPATNONG VEPOU TIOU OTOXEUEL OTOV PETPLACUO TWV EMUTTWOEWY TIANUUUPWVY Kol
gnpaoiag otov motapud Inepxeld. H vAomoinBeioa AUon mepAAUPBAVEL TNV KATAOKEUT EVOC
Se€apevootaciov TMANUUUPWY, HE TNV ATIOKATACTAON Kol otabepormoinon twv oxbwv tou
TIOTOMOU, TOV KaBapLopo tou Tmubuéva, tn SLamAATtuvon Tou PERATOC Kol TN UElwon Twv
UTIAPXOVTWV KOVTIVOU UBPLOIKWY HETPWYV TIOU XTLOTNKAV yLa TOV EAEYXO TNG PONG TOU VEPOU.
KaBwg amopakpuvOnkav ta Wnpata amd tov mubuéva Kol xpnolomnotionkav caplovet
TO0O yla tnv KAAuyn kal tn otabepornoinon tou mMubuéva 000 Kol yla TG OxBeg tou
TIOTAOU, T OTtola EEUTINPETOUV OTNV OUAAR AEITOUPYLO TOU OLKOGUOTAHOTOC TOU TOTOLOU.
H Ttexvikn ou xpnotuomnolfnke oTo €pyo €ival pla KAtaokeur mou ovopaletat "Cribwall",
Ul TEXVIK otabepomoinong tou e€8A¢doug TOU XPNOLUOTIOLE(TAL OE TIEPLOXEG ME
npoBAnuata unmoBaduiong tou edadoug r MAnuULPeG. Ta cribwalls gival kKataokevég mou
oxnuatilovtal amo EUAlVA KOUMATLIA, OuVABWC KOUHEVA O OYAUaA TAAlolou, TOU
TomoBeTouvTal OTPWTA METAE Twv SUO0 TOYWHATWY Yyl va oxnuatioouv éva €idog

KIBwTtoeldoug dourc. O Tpomog Aettoupyiag Toug ival o €NG:

e JtaBepornoinon tou Edddouc: Ta EVAva koppdtia twv cribwalls evwpéva petagu
Toug Snuoupyolv pla otaBepry doun TMOU QVTIOTEKETAL oTnV umofdbuion tou
edadouc. H diataén autr mpoodépel mpoobeTn avtoxr oto £6a¢0og Kol TO KPATA OE
B¢on.

e Avtiotaon otn Porj tou Nepou: Ta cribwalls pmopouv eniong va Asltoupyricouv wg
EUMOSLA yLO TN POr TOU VEPOU. H KATAOKEUN TOUC PELWVEL TNV TOXUTNTA TNG PONG,
ETUTPETIOVTAC OTO VEPO Va ELoXWPEL TiLo BabLd oto £€6adog avti va To amopaKpUVEL.

o [lpoctoocia amd MANUUUPEG: Z€ TIEPLOXEC TIOU UTAPXEL Kivéuvog mMAnuuUpag, ta
cribwalls pmopouv va xpnotuomnownBouyv yla tn dnuouvpyia dpdktn mou eunodilel to
VEPO A0 TO VA TIANUHUPLOEL CUYKEKPLUEVEC TIEPLOXEG.

e [lpoctaoia tng Gutokowotntac: Ta cribwalls pmopouv va eival emiong dAka mpog
TO TepIBANNOV, ETUTPEMOVTAC TNV AVATITUEN PUTWV HETALY TwV EVALVWVY KOUUOTLWV.
AutO evioxVel tn dutokowvotnta kot pmopel va Bonbrnosl otnv mpoAndn NG

umoBaduiong tou edadouc.

Ol véec mAayLEC TTOU SnoupynOnkay, SUMAA OTLG UTIAPXOUOECG, elval emiong putepéves. Mo

KiBwTtoednNg doun otnpEng pe Lwvtavd Gutd PeTafl TWV OTPWHATWY KOPUWVY OVOUATETAL



«puTikn» N «lwvtavo cribwall». TETOLEC KOTAOKEVEG IPOOPEPOUV AUEDN TPOOTACLA ATO
HO{IKEC OVOTPOTIEG KL LaKpOTipOBeouo 0deAog yla T otabepomnoinon péow tn¢g BAaotnong
otav eykaBidpuovtal. T GUTEUEVEG TTEPLOXEG, KOTOOKEUATLOVTAL KALLAKOUUEVEG VEDUPEG
yla Tn ouvtipnon twv €pywv mpoAndng mAnuuupag. TEAOG, pla akGAUTITN TAQyLd Tadpou
TOTIOBETE(TOL OTO KEVIPO TOU TOTOMOU ylo TNV TapakoAouBnon tng pong tou Vepou.
JUVOALKQ, QUTEG OL TAQYLEG SNHLOUPYOLV pLla LeTaBatikh {wvn OVALESOH OTOV TIOTAUO TIOU
Umopel va mapéxel TOAATAEG OLKOGUOTNULKEG UTtNPEGLEG. ETOL, n por) Tou vepou pubuiletal
kKuplwg amd TG UOKEG TapeUPACEL KAl OEUTEPEVOVIWG ATMO TOV  UPLOTAPEVO
SLoxwploTikd. O MOTAPOC EKMEUTEL HEOWw SUO XEWWAPPWY, Tou tpoodata SnuLoupynUEVOU
pelUOTOG Kal Tou maAawol. H defapevr) anobnkeuong mou MPOKUMTEL £XEL XWPNTIKOTNTA
niepimou 600,000 K.W., Yrtopel va amoppodioeL PoEG MANUUUPOC EwC Kal 2.167 K.u./Seut.
KoL LELWVEL TNV EAAEWPN VEPOU YL YEWPYLKEG TIEPLOXEG KovTa otnv AvBiAn kal tnv Poditoa,
oUTO0 TO meploosupa vepoU eilval apketd yia 1000 otpéppata €vOG  TUTILKOU

KAALEpYOUEVOU PUTOU OTNV TIEPLOX).

Ol téooepelg Baoikol otoxol twv NBS otnv meploxn tou Imepxelol ival mpwTov, n evioxuon
¢ amobnkeuong vepoU HeE TNV eloaywyr evog pelepPfoudp peoaiag KAHAKAG Kol N
Slatripnon tng XwPNTLKOTNTOG TWV CUVOESEUEVWV QUAAKWY, TWV XWHATIVWY pelepBoudp Kat
TWV KavaAlwv. AsUTepov, n Helwon NG €MPAVELAKNC ATMOPPONG HE TNV auvénon tng
dnbnong tou edadouc. EmumtAéov, emPpadlvel Tt porp Tou vepou aufavovtag Tnv
avtiotaon, pe tnv UTELON TTAEUPLKA OTNV TIOPAKELEVN TtEpLOXN. TEAOG, LELWVEL TN CUVOXN
NG PONG TOU VEPOU SLAKOTITOVTOC TIC ETMLPAVELAKEG POEG, huTEVOVTAG AWPLOEC TpooTaciog
arno xopta kot 6évipa. Eva onuaviikd odélog eival otL ta NBS pmopouv eniong va
AelToupynoouv w¢ Tomo¢ avauxng Yyl TOUG VIOTIOUC KATOIKOUG KoL TOUG KOTOLKOUG TNG
KOVTIVAG TTOANG TNG AQULOG KOl QKON KOL YLOL ETILOKEMTEG ATtO AAAEG TIEPLOXEG TNG XWPAS Kall

ToU e€wTepPLKOU.



‘ 1 Ramps for construction and mantainance of flood works

i 2 Existing flood works - Divider mrw&w! opes - New vegetated slopes
3 New Road .
4 Old National Road | Excavation Tl New siopes
5 0ld river bed SR Uncolared -
6 Opening which leads to the old river bed | trench slopes B Existing slopes

Ewdva 8 OL UNAPXOUOEG EYKATAOTAOELS TNG KOITNG KAl OL UETATPOTIEG TTOU TPOTAINKAV va yivouv otov ZTTEPXELO, TtNyN:
Christos Spyrou , Michael Loupis , Nikos Charizopoulos, Illektra Apostolidou, Angeliki Mentzafo, George Varlas , Anastasios
Papadopoulos, Elias Dimitriou, Depy Panga, Lamprini Gkeka, Paul Bowyer, Susanne Pfeifer, Sisay E. Debele and Prashant
Kumar, « Evaluating Nature-Based Solution for Flood Reduction in Spercheios River Basin under Current and Future Climate
Conditions»
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Cohesive rock fill

Boulder fil
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Ewdva 9 Toun tng urodourng twv Gribwall, tnyn: Christos Spyrou , Michael Loupis , Nikos Charizopoulos, llektra Apostolidou,
Angeliki Mentzafo, George Varlas , Anastasios Papadopoulos, Elias Dimitriou, Depy Panga, Lamprini Gkeka, Paul Bowyer,
Susanne Pfeifer, Sisay E. Debele and Prashant Kumar, « Evaluating Nature-Based Solution for Flood Reduction in Spercheios
River Basin under Current and Future Climate Conditions»



To povtélo mou SnuoupynBnke €tpefe yla ocupPdavia pe mBavotntd umépPBaong 10%
€TNolwg, TG00 YLO TG TPEXOUOEG OCO KOl yLal TIG LEAAOVTIKEG KALUATIKEC oUVONKEC. H €ktaon
TANUUUpOG pe TuBavotnta unépPaocng tTou 10% akoAoUBnoE TOV AVOUEVOUEVO OXNUATIOUO,

HE MANUUUPpA va. 0KOAOUBEL TOV KUPLO TTOTAUO KAl EKTOC AUTOU.

10% AEP Scenario Baseline Results Results with NBS Location Simulation Time
Maximum Depth (m) 12.28 12.28 Upstream of Athinon Road (left bank) 16 Hours
Wean Depth (m) 127 1.24 MIA WA
Maximum Velocity (m/fs) 7.08 7.98 Upstream boundary of the model 16 Hours
Mean Velocity (m/s) 0.51 0.50 MFA N/A
Flooded Area (km2) 35.28 34.94 MIA MIA

Mivakag 3 AmoteAéouata emidluong SmepxeoU ue 10% uvmépBaon, mnyn: Christos Spyrou , Michael Loupis , Nikos
Charizopoulos, llektra Apostolidou, Angeliki Mentzafo, George Varlas , Anastasios Papadopoulos, Elias Dimitriou, Depy
Panga, Lamprini Gkeka, Paul Bowyer, Susanne Pfeifer, Sisay E. Debele and Prashant Kumar, « Evaluating Nature-Based
Solution for Flood Reduction in Spercheios River Basin under Current and Future Climate Conditions»

To povtélo eixe kaAn amodoon Kal Tapryoye oTtoOepd AMOTEAECUOTA HUE T EKTAOCELG
TANUUUPOG Vo cUUPWVOUV KaAd e Ttponyolueveg peAétes. Otav AapBavovtal unoyn ta
NBS, to péylwoto Pabo¢ mMANUUUPAC KAl n HEYLOTN TaxUTNTA MELWVOVTAL ylo OAa Ta
oupPavta, €W6KA otV TEPLOXN YUPpW Kol KATw amd ta NBS. H mAnupuplopévn meploxn
HEWONKe emion¢ pe TNV mapoucia Twv NBS, wWlaitepa ywa ouxvotepa cupPavta. H
HeyaAuTtepn Uelwon BaBoug MANUUUpAG cUVERN apéowd KAaTw amod ta NBS. Ta xwpld Néo
KpikeAAto, Koppa kat AvOrnAn Atav Alyotepo eudAwTa oTiG MANUUUPEG Aoyw Twv NBS. Ocov
adopd TtV unoysla amobrkevuon USATWY KATW amd MAPOUOEC Kal UEANOVTIKEG KALUOATIKEG
ouvOnkeg, ¢avnke va Tpowbdeital n pakpompoBeoun emavadopTion TOU  UTIOYELOU
udpoddpou opilovta, kKaBwG N pEon €ToLa AmoBnKeVONG UTIOYELOU VEPOU TIPONYOU LEVWG
Atav 125,5 pp/étog, evw pe ta NBS n emavadoption avéndnke ehadpwg katd 0,4 pp/£tog
(ab€non 0,3%) kot £dptaoce ta 125,9 pp/£toc.



2.4, MeAletec yia epappoyn NBS cuoTnpATwY 0TNV UTTOAOLTN

Eupwrn

H auvénuévn eneepyacioa AUPATWY Kal oL €EAEyXOL EKTOUTIWVY ONUELOKWVY TINYWV €XOUV
BeATLWOEL TNV OLOTNTA TWV eTLPaveLakwWY USATWVY otnv Eupwmn tig tTeAeutaleg dekaeTieg,
oAAd ta erudavelakd vdatikd cuothpata €€akoAouBolv va AVIILETWT{OUV CNUOVTIKA
TipokANoeLS. Ol meptBaAovTikol 0TOXOL IOV eVowpatwvovTal otn Baotkr vopobeoia tng EE,
n oényia UWWTD kat n odnyla yla to vitplkd alata dev €xouv akoun tnpnBel mAnpwc.
Ynidpxouv HeYAAEC TPOKANCELG TTOU OXETI{OVTAL E TOV EUMAOUTIONO BPEMTIKWY CUOTOTLKWY
(kupilwg alwto kal dwodopo), ta Poptia WNUATWY Kol TN XNHUKA pumavon. H dtayxutn
pUTIOVON OO TN YEWPYLO TTAPOPEVEL ONHUEPA HLa KUPLOL ALTLOL KOKNC TIOLOTNTAG VEPOU TIOU
napatnpeital oe opketd pépn NG Eupwrng. MoAAEC mpaktTikég Slaxeipong yng (mou
ouvdéovTtal He TN Yewpyla, TV ktnvotpodia, Sacomovia) odnyouv eniong o StaBpwon Tou
e6adoug kat kabilnon twv eripavelakwy USATWY. IXETIKA UE TO XNULIKA, OV KL OPLOHEVQ
Baolkd INTAMOTO OXETIKA ME TI TIO ETUKIVOUVEC OUGCIEC £XOUV QVTLUETWTILOTEL Kall
e€akoAouBolv va avtipetwmilovtal, UTIAPXOUV UEYAAEC avnouxieg yla Ttoug SLaAuToug
pUTOUG (T.X. GAPUOAKEUTIKA TIPOTOVTA) Kal AAAEC XNHULKEC ouoieg (T.x. dutodapuaKka TOU
bev pubuilovtal arno tv WFD) ot omnolieg Bpiokouv eicodo otoug mopoug YAukoU vepou. H
TOLOTNTA. TWV ETUPAVELNKWY USATWYV HMOPEl va HELWOEL ONUOVTIIKA TO KOOTOG TNG
enegepyaciog Tovu MOCLUOU VEPOU Kal TwV AUMATWY ME cuoTAPATO OMwE €lval n xprion

TEXVNTWV UYPOTOMWV W¢ EVAAAAKTLKA eMeepyaciag.

Ta unoyela Udata amoteAouV TNV KUPLX TNy TIOGLUOU vepoU otnv Eupwrn. To 20% tou
TIOOLUOU VEPOU TIPOEPXETAL Ao UToyelou udpodopeis. H moldtnTa TwV UMOYELWV LOATWV
elvalt éva kplowo IAtnua oe OAn tnv Eupwrn, kabBw¢ xpnollomoleital ocuxvd Xwpig
enefepyaoia, Wlaitepa otav auto efayetal amd WWwTka mnyadia. H mowdtnta twv
UTIOYELWV LOATWV eMnpedleTal KUplwg amod tn PUTAVON TIOU TIPOKAAELTaL amod TN Yewpyla,

OUMTEPIAAUPBAVOUEVWV TWV VITPLKWVY AAATWY O€ AUTACHATA 1) KOTPLA KoL Ta GUTODAPUAKAL.

Méxpt mpoodata n  Siaxeipton TMANUUUPLKWY  KvdUVwv TieplAapBave meplocdteEpPO
OUMBATIKA pnxavoloylkd péow. H xprion cuotnudtwv NBS oe avtibeon pe TIG yKPLlES

UTTOSOUEC TIPOOdEPEL TILO BLWOLUEG AUOELC Kol TTAPpAAANAQ TILO OLKOVOULKEG. Mol TTOAAQ



UTTOOXOMEVN €VOANQKTIKY €lval n TPAclvn OVTUTANUMUPLKN Tipootacia He Suvaulka,
TLOAUAELTOUPYLKA KOl ATILOL LETPA ETUTPETIOVTOG KATola aBefaldotnta mou oXETWETAL PE TN
duoLkn HeTABANTOTNTA KAl SUVAULKH TWV OLKOGUOTNUATWY, TTAPOAQ QUTA O AVTIKTUTIOC TOUG
Sev elval apeoa opatog o olyKpLoN UE TIG YKpileg umtodouEG. TEToleg AUOELG elval oL AlUVEG
Katakpatnong (N aAAlwg yvwoTteg we EnpéG Alpveg) oxedialovtal ylo vo GUYKPOTOUV TV
amopporn otav To VEPO UMEPPaivel TN XWPNTIKOTNTO TWV KAVOALWY KOL CUYKPOTOUV VEPO
povipa. Katakpatolv tnv meploosla amoppor, pa pepida tng omolag amootpayyiletal

HETA TN AREn tou enelcobdiou tng Bpoxng.

H avadaowon oe meploxég mou Sev xapaktnpilovial SQOIKEG Umopel va cUUBANAEL o€ €vav
To Blwotpo kot dpuokd udpoAoyLko KUKAO. Me tnv avadaowaon To TexvNTo adlamepatd tng
ynG Uetatpemnetal oe §evdpookenng Slamepatég emudpAveLeG, 0 omoleg umootnpilouv TNV
udpoloyikry Asttoupyia. H avaddaowon pmopel va Ponbrnosl otnv QVIHLETWILON TWV

TANUUUPpWYV eMBpaduvovTag, amoBnkevovTtag Kol LELWVOVTAC TO VEPO AOPPONG.

Av kat ouvnBwg dev oxetiletal pe TN Slaxeiplon Twv MANUMUPWY oL vypofLotomol nailouv
ONUAVTLKO POAO OTIG TANUUUPECG, KABWC MPOOTATEUOUV TIC KATAVTL KOl TIG TIAPOKELUEVEC
TIEPLOXEG ATIO TIG TANUUUPEG. H QmOTEAECUATIKOTNTA TWV UYPOTOMWY yla Tn HeElwon Twv
TIANUHUPWV TIOLKIAAEL avaloya Pe To HEyeB0C TNG MEPLOXNG, TOV TUTIO KAl TNV KOTAOTOON TNG
BAdaotnong, tnv KAlon, tn Bfon tou uypotdmou otn Sadpoun TNG MANUUUPAG KoL TOV
KOPEOUO TWV UYPOTOTIKWY £dadwv TpLv amod T MANUUUPES. Ta Sévdpa kal n BAdoTnon twv
uypotonwyv BonBouv otnv enBpaduveon NG TAXUTNTAC TNG MANUUUPAG Tou vepoU. Auth n
EVEPYELD, Ot OUVOUQOMUO HE TNV QmMOBrKeuon VeEPOU, EMITUYXAVEL XOUNAOTEPO UYPOG

TIANUUUPOG KAL HELWOT TWV KOTOOTPODWVY Ao TO SUVALKO Tou VepPOU.

OL mapodxBieg lwveg mopéxouv €va eupl GAoCUA AELTOUPYLWV Kal AELTOUPYLWV TOU
OLKOOUOTAHOTOGC KATA MAKOC Twv OXOewv Twv motapwv (r.X. XNUkn 8nnon, €Aeyxog
MANUUUpag, otabepomoinon twv 0xBswv, udpofla Lwn Kot mapoxdla uTooTHPLEN AypPLaC
{wng). H mapoxbla amokatdoTaon TwV KAVOALWY TWV TIOTOHWVY HUMOPEL va HELWOEL TNG
KATAoTPOPEC amod TIG MANUUUPEG, VO TTPOOTATEPEL TA KAVAALO PONC OO TNV ATOUAKPUVON
TWV WNUATWY amnod tn Koltn Twv peRdTwy, Kot tpoodEpouv éAeyxo tn¢ SlaBpwong, LELWVOUV
TIC TAXUTNTEG pong, Kal mayldelouv eMUMAEOV TOOOTNTO WNUATWY OTNV TIANUUUPLKN
nieploxn. H tpayutnta tng BAdotnong emtpénel ota buffer zones va anoBnkevouv vepo Kal
VO LELWVOUV TN MEYLOTN amoppon Katd Tt SLapKeLla Twv Katalyidwy, v To amoBnKeupEVo



VEPO UMopPEL va xpnotponolnBel anod ta puta yla t Stadikaoia Tng pwtoolvBeang Kal TG
e€atpioodlanvong, KATL To onoilo mpoodEpeL emiong kal odEAn yla tnv Bepuokpacio Tou

vepou.

Itnv meploxn TG Eupwnng €xouv yivel MOAAEG UEAETEG AN Kal EPOPUOYEG TWV AUCEWV

Baolopévwy otn pUon oL TTEPLOCOTEPEC ATO TIG OTMOLEC £xouv AdBeL xwpa otnv AyyAia.

[y

gan 4
# Model cases N -_7 ial programme

Ewdva 10. NBS povtéda mou €youv kataypapei ano tov opyavioud NBS Iniative, mnyn: Nature-Based Solutions Initiative,
Projects



2.4.1. NBS A THN AMNOKATAZTAZH TOY MNMAPAKTIOY
OIKO2Y2THMATO2

To mapko Medmerry, oto AuTiké 2aoe€ Tou Hvwpévou Baolheiou Bewpelital To peyaAltepo
€pyo SlaxelpllOpevnG EMAVATOMOBETNONG OTNV AVOLXTH TTApAKTLA EUPWTN €XEL aVayEVVIOEL
184 eKTAPLO OLKOCUOTAHATOC TTOPApEBOPLOU TteEAAYOUC, amokaBLoTwvTag tn Astoupyia Tng
ayplag {wng Kol MPOOTATEVOVTOC TLG KOWVOTNTEG amo MANUUUPEG Kal Tapaktia SltaBpwon
(UKEA, 2008. RSPB, 2011). 1o mpotlekt auTod Snuoupyndbnke pia MAUPUNPLKN medlada, n

omnola pooédepe 184 ektdpla uSPOPLAC PAAOTNONG KaL Kol 263 EKTAPLO OLKOTOTIWV.

Ewdva 11 To napko Medmerry, Autiko Zaoeé, Hvwuvévo Baaideto, ninyn: Oppla, Project Medmerry West Sussex coastal
flooding

MNa tnv dnuoupyia TG xpnowomowdnkav xWAadeg KuBlka METpa mnAoU Ta omoia
e€Nxdnoav amnod tnv dla Tnv mepLloxn, 0dNywvtag oTo CXNUATIOUO ALUVWY YAUKOU VEPOU Kal
pnxwv udpofloTonwyv ToU €xouv TMPooeAKUOEL TNV aypla {wh. ZE CUVEPyacoia HE TOUG
VTOTILOUG aypOoTeg, n udpofla BAdotnon tpédel ta mpofata kat Booeldr) o xaunAn

TIOOOTNTA, EVW OTNV YUpW TEPLOXN KAAALEPYOUVTAL OLTNPA KoL SNUNTPLAKA €L8KA piypata



OTIOPWV YL TNV TPOCEAKUCHN AYPLWV MTNVWV Kal To 0deAog tng ayplag ¢uong. To €pyo
napeixe eniong pla povada enefepyaociog vdatwyv Kot Evav dpduo mou efumnpetel 5.000

KQTOIKOUG.



2.4.2. ATTOKATA2ZTA2H AAZIKHZ EKTAZHZ 2TH 2KQTIA

Eva akoun $rodofo £pyo pe opapatikd xpoviko opilovta 200 etwv eival n dtaxeiplon Twv
600 TeTpaYWVIKWV XWAOUETPpWY Tou EBvikol Mdpkou Cairngorms otn Ikwtia yla
BlomowkiAotnTa, TapExovtag mapdAAnAa aAAa odEAn, Onwe TNV amodrikeuon avOpaka Katl
™ SwBilwon Twv VIOTWV KOTOlkwv, amoteAel TO UEYAAUTEPO £pyo QMOKATAOCTOONG
oLKOTOMoU 0to Hvwpévo Baoilelo. OL 0TOXOL TOU £€pYOU £XOUV XPOVLKO TAaicLo yia to 2065
Kal To 2216, ekteivetal og 600 T.xAL. ayplog duong, 9.800 ektdpla ynyevoug dacoug, 10.000
eKTapLo TUPPNG Kot 23.000 ekTAPLA OPEWVWV OLKOTOTIWY, PE 5.000 katayeypoppéva €idn
(ELP, 2019). H Siaxeipion tou meplthapPAavel pLa TOKIAla EvepYELWV O OAN TNV TEPLOXN,
CUMMEPAAUPBAVOUEVNG TNG ATTOKATAOTACNG USATOPEUATWY KOl TIANUUPLKWY EKTACEWY UE
™V adalpwvTag Ta £pya AmooTPAyYLoNnG Kot TV mpowbwvtag tig Guoikeég Slepyaaoieg, T
gvioyuon KaL TNV €EMEKTOON TWV YNYeVWV OAOCKWV EKTACEWV He Tn Slaxeipon Ttwv
Bookotonwy, tnv adaipeon pn Bayevwv €ldwv Kal Tov eumAouTiopol g ¢uteuonc. OL
neukoduteie¢ Ba yivouv KaAuTtepol BLOTOMOL LE TNV apaiwaon TOUG KoL E TOV SLOXWPLOUO
Twv €6wv. M onuaviiky mnyn amnoppodédnong dvBpaka Oa TPoeABel amd TNV
omoKaTAoTOoN SACIKWY EKTACEWV HE TUPPN, HE TN Snuoupyia KavaAlwv pe TUpdN Kal Tn

xpnon oykoABwv yla Tnv emPBpaduvon Tng TaxuTNTOG TOoU VEPOU.

Ewkova 12 Mépog aro tnv opoosipd Cairngorms, ninyn: Visit Cairngorms



OL evépyeleg ou oxedlalovtal va yivouv otnv opooelpd Cairngorms 8o fonBricouv otn
Slatripnon Kat tnv evioxuon twv odpeAwv yla tn uon Kot Toug avBpwroug oto HEAAov, Ba
BEATLWOOUV TNV AVOEKTIKOTNTA TWV OLKOTOMWY, TWV €6WV KAl TWV OLKOCUOTNUATWY OTNV

KALLaTIkn) aAAayn kot Ba ertpéPouv Tig aAANAETIOPACELG LETAEY TWV OLKOTOTIWV.



2.4.3. ATTOKATA2TA2H TH2 MAHMMYPIKH2 MEAIAAAZ KATA
MHKOZ TOY NOTIOY TMHMATO2 TOY AOYNABH

Tig teAeutaieg dekaetieg, N Eupwrn €xel UTIOOTEL HEYAAEC KATAOTPOPIKEC TTANUUUPEG KATA
UNKOG Tou motapol AoUvapfn. Q¢ ek TOUTOU, ATMALTOUVTOL EMAPKI KOL CUVTOVIOMEVA HETPA
yla TN Helwon Tou MANUUUPLKOU KivdUVou, Xwei¢ autd va aviitiBevtal oTtoug oToXoug Tou
WFD (Water Framework Directive). 2toxo¢ tou €pyou eival n BeAtiwon tng SLAKPATIKAG
Slaxeiplong twv vdatwy Kat n MPOANYPN TWV MANUUUPWY, LEYLOTOTIOLWVTAG Ta 0PEAN yLa TN
Swatripnon tng PBlomowiAdtntag. H ouvpdwvia ya 10 €pyo autod Eylve HETALL Twv
kKuBepvioswv tng Boulyapiag, tng Poupaviag, tng Oukpaviag kot tng MoAdaBiag yia tnv
amokataotaon 224.000 ektopiwv TANUUUPLKAG Tedladag w¢ PEPOC €VOC €UPUTEPOU
npacivou dadpopou mou Ba meplAappavel pla dtatnpnuévn €ktaocn 935.000 ektapiwv

KATA JNKOC TOU KATW TUAUATOG Tou Aouvafn.

Legend

Elevation (m)

. High : 94.60
. Low : 8.97

I water body

Xaptne 6 H meploxn UEAETNG TNG Aekavng atopporic tou AouvaBn, mnyn: luliana Vijulie, Mihaela Preda, Ana Irina Lequeux
Dinca, Roxana Cuculici, Elena Matei, Alina Mareci, Gabriela Manea and Anca Tudoricu, « Economic Productivity vs.
Ecological Protection in Danube Floodplain. Case Study: Danube’s Sector between Olt and Vedea»
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Ano 1o 2020, nepwocotepa amd 60.000 ektdpla MANUMUPKWY TESLASWV  €Xouv
amokataotabel. MapdAAnAa LE QUTAV TNV OIMOKATACTAON, £YvaV aPaLPETELS AVOXWUATWY
KOTAL [LKOG TOU TIOTAUOU YL VO UTTOPECEL va eMAVEABEL N GUGCLKA Por, TTPOKAAWVTAG TTAVW
amo 750 ektdpla yng va EMIOTPEYPOUV OTNV OPXLKH TOUG MANUMUPLKA Katdotaon. H aypla
BAAOTNON TOU EMEKTEIVETAL NTAV EMIONG €va TPOBANUA KATA UAKOG TOU TIOTAWOU, £TOL yivayv
EVEPYELEG KOOAPLOPOU TOUG oo CUYKeEKpLUEVA €(6n Booeldwy, Ta omola tpédovtal Pe Ta
OuYKeKkpLUéva ¢uta. Mnyevig PAaotnon  UTEUTNKE €MIONG KATA UAKOG TOU TIOTOHOU HE
Oekadeg xAadeg autodun Sévipa, KabBwg emiong Snuioupyndnkav VEEG EKTACELG yLa TN

duoikn avayévvnon tou Acouc.
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3. Meh€tn NMepimtwonc NBS otn Bopela EVPola

H Bopela EUBola otn onpepvi T katdotaon Pploketal o€ pla apketd BeBapuppévn B€on
UoTEpPA QMo HLa PEYAAN TIUPKAYLA, N omola EKOPE TO UEYAAUTEPO TUNUO TNG KAL OPKETEG
TANUUUPECG UETEMELTA. Ta SeSopéva auTd dnULOUPYoUV OKOUN MEYAAUTEPN AVOYKOLOTNTA
yla tTnv xprnon AVoswv Baolopévwy otn ¢uon TPOKELUEVOU N TEPLOXN va KatadEpeL va
EMAVENBEL 0TN PUOCLKNA TNG KOTAOTAON Uall e TOV OLKOAOYLIKO TNG KUKAO. Mo va emiteuxBel n
OTTOKOTAOTOON TWV TANYEWOWV TEPLOXWV TNG B. EUBolag amatteitar n xpnon &vog
ouvbuaopol AUoswv Baclopévwy otn GUCH, TIPOKELUEVOU VA TIPOCTOTEUTOUV TA OnUEia
evéladépovtog Kal and LeANOVTIKEG KATAOTPOPEC. OL AUOEL QUTEG £lval Ao TIC TILO ATIAEG
OMw¢ eilval n 6evdépoduteuon , €wg Kal TNV TO TEPUTAOKN OMwE €lval n Snuioupyia
duoKWV GpayuaTwV Kal n dnuloupylo TAPATIOTAPWY YLOL TNV €KTOVWON Tou vepou. H
emAoyn Twv Kat@AAnAwv AVoewv odeilel va mpaypatonolnBel pe peyain nmpoooxn, ouTtwg
wote n avBpwrvn mapéupacn oto mepBAAlov va gival n EAGXLOTN KAl N aMOKATAOTOoN UE
NV AP0odo Twv XpOVwWV va YIveTal autovoua amnd to ¢puoko meptBaiiov. OL MapAUETPOL
niou Ba e€etacBouv yla va yivel n emloyn Twv AUCEWV VOl N ATTOKATACTACHN TWV KAUEVWY

EKTOOEWV O€ 000 TUAMOTO Elval EPKTO Kal n SnUoupyla AVTUTANUUUPLKOU CUCTHUATOC HE

™V Snuoupyia MANUUUPLIKWY TIESLASWV.

Ewkova 13 Ot kauéveg ekTAoeLS TG Bopetag EVBotag, mnyn: Dasarxeio.com, «Bopeia EUBola, meplypapn kot optovetnon un
KOUEVWVY EKTAOEWV»
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Mopen BAdoTnong ka1 Xpnoewy yng ‘Extaon (oTp)

1 MeUKn XAAETTIOC 29.941,16

2 EAdm 2.688,66

3 Apug 977.29

4 Mevkn pavpn 884.41

5 ©dapvol 867.33

6 NiBadia, apaid EuAwdNg BAGoTnon 658.34

7 Maparmotauia BAGoTnON 184.85

8 Ayova 321.24

9 MewpyIKEC KAANEPYEIEC 6.103,04

10 EyKaTaAEAEINPEVES YEWP. KAANIEPYEIES 1.182,22

11 OIKIooi 45.77
Zovolo 43.854.31

Mivakac 4 Mivakag un KOUEVWY EKTACEWY ava op@n BAaotnong kat xprioewyv yng, mnyn: Dasarxeio.com, «Bopeta EvBola,
TIEPLYPOUPI) KOl OPLOTETNTN N KOUEVWV EKTHTEWV »

H ¢uown umodoun umootnpilel tov tpomo e tov omoio Staxelpilovrol ol AekAvVeg
QIOPPONG TWV TIOTOUWY KOL ETIOUEVWE TOV TPOTIO UE TOV Omoio o avBpwmog KaAAlepyel
PO, TIOPAYEL NAEKTPLKY EVEPYELA Kal TpounBeUel vepd otig moAelg (Coates & Smith
2012). O 6pog unodoun opiletaol WG TO AMOBEUA TWV EYKOTOOTACEWY KAL UTINPECLWYV TIOU
amattolvTal yla T A£toupyior pag Kowwviag. Q¢ €K TOUTOU, Ol KOTOOKEUOQOUEVEC
UTTOOOUEG MLOG TIEPLOXAG €Xouv Ppuokd LoodUvapa ot AEKAVEC ATOPPONG TA omoia
CUUMANPWVOULV, €maufdvouv 1f avtlikablotolv OoUUPATIKEG UTOOOUEG OmMwE €lval ot
O6efapevég, Ta dpaypata, TA avoaywpota kot ta kavaAwo (Krchnak et al.,, 2011). Eva
XOPAKTNPLOTIKO TapASelya eival oL TANUUUPLKEG TTESLASEG, TOPOAO TTOU AVTUTPOCWIEUOUV
Alyotepo amod 1o 1% tng emupAveLOG TNEG YNG, EKTIUATAL OTL TAPEXOUV OXESOV TO 25% TwVv
XEPOALWYV UTNPECLWY TWV OLKOCUOTNUATWY, HE KUpla odéAn tnv efaobévion Ttwv
TIANUUUPLKWY POwV, TNV avamtuén tng aAleiag, tnv emavadoption Twv UTIOYELWV USATWV

Kal o GpLATpApLopa Tou VeEPOU.
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Investing in nature for multiple objectives
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Ewkova 14 Quotkn vrodoun yia tn Staxeipton twv vdatwv, ninyn: IUCN, «as part of 'WISE-UP to Climate' project»
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3.1. fewpopdoAoyikr) Avaluon

MNa va mnpaypotonolnBel omoiadnmote ubpoloyikr) HEAETN o€ KATmola Teploxn eival
anapaitnt) n YewWUopdOAOyIK QmOTUTIWON TNG TEPLOXAG MEAETNG KAl N EMLUEPOUG
Kataypadr Twv XAPaKTNPLOTIKWY TNG. H Tteploxn LEAETNG TTOU ETUAEYETOL OTNV TIEPLOXH TNG
Bopela EUBolag sival to Aptepiolo. To Apteuiolo evtdooetal oto Yoatiko Alapépiopa (YA)
™G AvatoAikng Itepedag EAAASag (YA 07) kot oo HOVO TOU QMOTEAEL UL ULIKPR UTTOAEKAVN

v Aekavng Antoppong (AAM) tng EVBolag.

Me 1t xprnon Ttou mpoypappoto¢ GIS (Geographical Information Systems) yivetat n
yYewHopdOoAoyIKr) avaAuch TOU APTEULOIOU HE TNV ELCOYWYN YEWYPAPIKWY CUVTETAYUEVWV
TIOU pag MopEXeL N LotooeAida tou YNEKA kat T xprioelg yng amo to Copernicus EU (Corine
Land Cover). EnmutAéov, Aoylopikd mou xpnotomnotidnke eival to HEC — GeoHMS, to omoio
amoteAel pa emutpooBetn epyadelobnkn tou ArcGIS pe tnv eméktaon Spatial Analyst yia tnv
avamntuén pLoG oelpag udpohoyikwyv SeSopuévwy L0680V, Ta omola PETEMELTA UITOPOUV val
xpnotpomotnBouv amdé 1o HEC-HMS. Ouoctaotikd 1o HEC — GeoHMS HEeTATpEMEL TIG
SLadpopég amooTpdyylong Kol T Opla TwvV AEKAVWY ATOpPONnG O€ HLa OELpd USpOAOYIKWV
bebopévwy, ta omola aviutpooevouv To USPOAOYIKO SikTuo TNG TEPLOXNG UEAETNG. TEAOG
xpnotpomnot0nke to Aoylopikdo HEC-HMS yia tnv edpappoyn udporoyikwv pebddwv pe otoxo
™V udpoloylk Tpocopoiwon Tou HovtéAou Bpoxng amoppont. Mo GUYKEKPLUEVA, PE TN
xpnon tng €kdoong ArcMap 10.3 kat to HEC-GeoHMS &teukoAuvOnkav ol Slepyacieg tng
Snuoupylag Aekavng amoppon kat tou udpoypadikol SKTUOU eVtog AUTAG, KaBwC emiong
KL O UTIOAOYLOMOC TwV USPOAOYIKWVY Kol YEWHOPGDOAOYIKWY TIAPOUETPWY TNG AEKAVNG

QopPPONC.
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3.2. H Aekavn amopporc tou Aptepiolou

Q¢ 6edopéva elc6bou xpnouomnow|Bnke to DEM apyeio pe woodldotaon 25x25 m, anod to
Eupwmnaikd mpoypappa Copernicus EU, pe olvotnua avadopd¢ to WGS 84. To DEM
TieploploTnke ota OpLa TUAUATOG TNG TIEPLOXNG Tou Anuou lotaiag — Adnyol otn Bopela
EuBola kot oplotike cav onueio €€66ou (outlet) n Béon tou Aptepioiou. MapakdTw
TeplypAdEeTaL CUVOTTTIKA N Stadikaoia mou akoAouBnBnke yla tnv oploBETnon tng AekAvng

aImopPPONG TG MePLOXNC LEAETNG, dnAadn Tou Apteploiou pe To ipoypappa ArcMap 10.3.

Ewdva 15 Nekavn Artoppori¢ tou Aptepiolou
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H Aekdvn amoppong tou Apteptoiou umoAoyiotnke ota A = 33,56 T.XAWL., 0 USPOKPITNG TNG
AAN Baon ¢ yewpopdoAoyLknG avaAuong ExeL TEPLPETPO P = 4,42 XA , EVW TO UNAKOC TNG
KUpLaG poyayyetag sivat L= 11,1 xAu. Apxikd pe tnv evtoAn Fill Sinks 8topBwBnkav 6Agg ol
atéleleg tou DEM apyeiou, ot omoieg epmodilouv TNV amoppor) Twv pixels, pokeluévou va
e€aodpaAlotel n opBOTNTA TNG AEKAVNG ATTOPPONG KAL TOU USATIKOU SIKTUOU Kal TO TEAEUTALO
Vo EXEL LA CUVEXELO OTO HOVTEAO KO KAT EMEKTACLV OTOUG UTIOAOYLOMOUG. ‘“Emetta, pe tnv
evtoAn Flow Direction dnpuoupyeitat éva véo raster apxelo, TOU OMOIOU OL TLUEG TWV KEALWV
TOU €XouVv €vav povadikd aplBuo avaloya pe tn SdevBuvon mou akoAouBel pia otayova,
otav autr Ppebel evidog autou. lMNa kABe KeAL UTAPXOUV OKTW OLOPOPETIKEG TIOAVEC
KATEUOUVOELG PO TTOU GUVEEOVTOL HE TO YELTOVIKA KEALA TOU KOl avaAoya e To UPOUETpO
ToUuG opiletal n katevBuvon TNG oTayOVaC Ao TO KEAL PUE TO HEYOAUTEPO UPOUETPO TIPOG

QUTO HE TO UIKPOTEPO.

436000 440000

4320000
4320000

4316000
4316000

YNOMNHMA

© 'E€odog Aekdvng amopporg
— Y&poypado diktuo
:l ‘OpLa Aekdvng amoppor|g
WME [pétpal
wer High : 519,3

B low: 26,3

4312000
4312000

ZYITHMA ANADOPAZ : EFZA'87
ETKAPZIA MEPKATOPIKH NMPOBOAH
KENTPIKOZ MEZHMBPINOZ A =24°

k =0.9996
- : False Easting = 500.000,000
436000 440000 False Northing = 0,000

Ewdva 16 O MewuoppoAoyLkog xaptns tou ApTEUIOLOU TTOU TTPOKUTTEL Ao to GIS
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YNOMNHMA

|:| Opua Aekavng amopponc
1

W

[ 14

[ s

R

B 32

B 64

B 123

Ewkova 17. To Raster tou Flow Direction

To Flow Accumulation dnuloupyel TNV Mopeia tou uvdpoypadikou SiKTUOU, PE Eval VEO
raster OTOU Ol TLHECG TWV KEALWV 0pil{ouv Ta KEALA TTOU QTOPPEOUV OTO CUYKEKPLUEVO KEAL
Me to Stream Definition opiletal €va katwdAL keAlwv oto flow accumulation, mavw amnod to
OTtol0 OAa T KEALA TIOU €XOUV TLUEG UEYAAUTEPEG ATTO TO KATWOAL AIMOTEAOUV TUN AT TOU
udpoypadikol SIKTUOU, EVW OL UKPOTEPEG TIUEG TPpoaSlopilouv OTL TA KEALA OLUTA OV KOUV
otn xepoaia por). H tun tou katwdAol ennpedlel to vdpoypadkd diktuo, kaBwg 6co
HULKPOTEPN €lval, TOOO TUKVOTEPO elval To SIKTUO Kal oL xpOvol Amoppong LELWVOVTAL.
Touvavtiov, HeyAAEG TIHEG KaTWALOU Snuoupyouv Uikpotepo udpoypadikod Siktuo, evw ol

XPOvoL anoppong avéavovtal.

H kaAuyn yng ywa tnv meploxn UHeAétng Baociotnke oto Corine Land Cover 2018 tou
Eupwmnaikou mpoypappatog Copernicus, o popdn raster avaiuong 100 x 100 u. To Corine
Slaxwpilel tnv kahudng yng oe 44 kAdoelg. Onwcg dailveTal KoL OTOV MOPAKATW XAPTN N

KUpLa kaAudn yng eivat amnod daon mAatupuAlwv kat Sacn Kwvodopwv.
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Ewkova 18 Katavour twv xprnoewv yng tou Apteutoiou amo to Corine Land Cover 2018

Me tn BonBela tou mpoypappato¢ HEC-HMS mpaypatomnolfnke n mpocopoiwaon tou
UOpoAoyIKOU HOVTEAOU Kal n S108euon twv MANUUUPWY E€Ylve pe tnv pEBoSo SCS Unit
Hydrograph kat tn péBodo SNYDER, yia emelcodio Bpoxng diapketag 30 Aemtwy. H péBodog
SCS mephappavel Tnv emAoyn (Log Katatyidag Kot Tov UTIOAOYLoUO TNG ApeonG amopponc. O
aplBuog CN (Curved Number), AapBavetat and avaAuTtikoUg ivakeg tng SCS yla uypacLokn
kataotaon AMC Il (Antecedent soil Moisture Condition) kat avaAoya pe tn xprnon yne.
Entiong umoAoylotnke n amoppon tou Siktuou pe looxpoveg KaumuUAeg, mapakdtw PplokeTal
To oxnua (oxnua 1) pe to Movadiaio Yépoypdadnua tou Siktuou katd SNYDER, SCS kal n
lodxpovn KapmuAn tou. O aptBuog CN mou xpnotpomnotnonke otn peAétn sivat CN = 79. Itov
TIOPAKATW Tivaka avaypddovial Ta XopoKTNPLOTIKA TNG AEKAVNG ATTOPPONG TNG TIEPLOXNG

HEAETNG pag (mivakag 5).

BASIN CHARACTERISTICS
Basin Longest Basin Max Altitude [m] Min Altitude | Mean Altitude F)utlet Area [km2] GIANDOTTI LAG TL[h]
flowpath slope [m] [m] Altitude [m] Tc[h]
Artemisio 11.053 0.288 519.315 26.318 193.573 27.556 33.559 3.856 2.892

Mivakoag 5 Xapaktnplotika tne Aekavng Artoppori¢ tou AptepLoiou
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Ol LoOXPOVEG KOUTUAEG €lval O UTIOAOYLOMOG TUNUATWY €VTOC TNG TIEPLOXNG HEAETNG TIOU

amoppéouv oto 6o xpoviko Brua (A. Mmnoupvag 2022). H dtadikaoia mou akoAouBeital yia

TOV UTIOAOYLOWMO TOUG eivat n €€nc:

YTOAOYLOUOG TOU XPOVOU TIOU KAVOUV Ta pixel va amoppeUoouy mpog TV €€060 NG

Aekavng

Ouadomoinon Twv ONMOTEAECUATWY OvVA ETUAEYUEVO XPOVIKO PBrua (Koataokeun

lodxpovwv KapmuAwv)

Metatpornn Twv aplBuo Twv pixel ava xpovikod Brua os epPado Aekavng anoppong

Metatpornn enidavelag o mapoxn Bewpwvtag Bpoxn 10 mm Q=PxA)

H nmopapetpog mou AapBavetot UYLy yLol TOV UTTOAOYLOUO TWV LOOXPOVWYV KAUTTUAWYV £ival

oL TOXUTNTEG Kivnong Twv pixel evtog kat ekTOG udpoypadikol SikTuou.

Q (M3/SEC)

Zxnpa 1 MYT NAT Apteutoiou

25

20

15

10

— S5
SNYDER
IZOXP. KAMIT.

6 7 8 9 10 11 12 13 14 15 16 17
T(H)

MNa tnv ektipnon tc Ppoxng oxedloopol xpnolpomolndnke n ouBpla KApmuAn TELWV

TIAPAUETPWY TOU oTtaBuou MnALEg, n omola meplypddetal amnod tnv akoloudn eélowon:

ATy
(1+d/6)

ATO TIC TTEVTE TTAPAUETPOUC TNE Ttapanavw ekppaong (A, §’, K, n, B), oL SUo MpwTeg €xouv

eKTIUNOel «toTukd», dnAadn pe Baon 1o Selypa péylotwv evidoewv PBpoxng tou wSilou

oTaOpoU, EVW OL UTTOAOLTTEG TIAPAUETPOL £XOUV EKTIUNOEL pe Baon Selypota MeEPLOCOTEPWV

oTaduwv.
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EmAéxBnke va yivel peAétn yia Sidpkeleg Bpoxng d = 6h kat d = 9h pe mepLodoug

enavadopd¢ T =25y, T=50y kot T = 100 y, pe debopéva amod tov YSpoypadlkd Itabuo

MnALég, Omou umoAoyilotnkav Ta Uuetoypadnuata yla emnelcodia Bpoxng d

6h yua

neplodouc emavadopda¢ T =25y, T=50y kat T = 100 y kat yia enelcodlo Bpoxng d = 9h yua

neplodoug enavadopd¢ T =25y, T =50y kat T = 100 y pe t péBodo Alternative Block

Hyetograph, pe BpoxEg tpitou teTdptou.

ZENAPIO 1°: d =6h, T = 25y:

MnAic Bpoxn oxediaopol T=25yr, d=6hr
50
d 6 a5
A 352.8 | | “°
35
K 0.097 20
1) 0.651 25
n 0.622 20
: 0124 || P
10
T 25 s
i [mm/hr] 22.32 0
H event [mm] 133.92 ‘ % C
t [hr] i h; p; Dp; Ofon Ty TEM,KO
Yetoypadpnpa
0
0.5 92.39 46.19 0.345 0.345 11 0.035 4.75
1 64.07 64.07 0.478 0.133 9 0.041 5.45
1.5 50.96 76.44 0.571 0.092 7 0.048 6.49
2 43.13 86.25 0.644 0.073 5 0.062 8.28
2.5 37.81 94.53 0.706 0.062 3 0.092 12.37
3 33.92 101.77 0.760 0.054 1 0.345 46.19
3.5 30.93 108.26 0.808 0.048 2 0.133 17.87
4 28.54 114.17 0.853 0.044 4 0.073 9.81
4.5 26.58 119.62 0.893 0.041 6 0.054 7.24
5 24.94 124.69 0.931 0.038 8 0.044 5.91
5.5 23.53 129.44 0.967 0.035 10 0.038 5.07
6 22.32 133.92 1.000 0.033 12 0.033 4.48
sum 133.92
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2ENAPIO 2°: d = 6h, T =50y:

MnAwG Bpoyn oxeblaopov (T=50yr, d=6hr)
60
d 6
50
A 352.8
K 0.097 40
U} 0.651 30
n 0.622 20
0 0.124
10
T 50
i [mm/hr] 25.28 0
) 2 5 &
H event [mm] 151.71 s ¢ * s s i
t[hr] i h; p; Dp; Ofon Twn TSM,KO
Yetoypadnpa
0
0.5 104.66 52.33 0.345 0.345 11 0.035 5.38
1 72.58 72.58 0.478 0.133 9 0.041 6.17
1.5 57.73 86.60 0.571 0.092 7 0.048 7.35
2 48.85 97.71 0.644 0.073 5 0.062 9.38
2.5 42.83 107.09 0.706 0.062 3 0.092 14.02
3 38.43 115.29 0.760 0.054 1 0.345 52.33
3.5 35.04 122.64 0.808 0.048 2 0.133 20.25
4 32.33 129.34 0.853 0.044 4 0.073 11.11
4.5 30.11 135.51 0.893 0.041 6 0.054 8.21
5 28.25 141.25 0.931 0.038 8 0.044 6.69
5.5 26.66 146.63 0.967 0.035 10 0.038 5.74
6 25.28 151.71 1.000 0.033 12 0.033 5.08
sum 151.71
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ZENAPIO 30: d =6h, T = 100y:

MnAt Bpoxn oxediaopov (T=100yr, d=6hr)
70
d 6
60
A 352.8
50
K 0.097
40
U] 0.651
n 0.622 30
G 0.124 20
T 100 10
i [mm/hr] 28.46 0
Hevent[mm] | 170.73 ? 9
t[hr] i h; Pi Dp; Oton Twn TEM.KO
Yetoypadpnua
0
0.5 117.79 58.89 0.345 | 0.345 11 0.035 6.06
1 81.68 81.68 0.478 | 0.133 9 0.041 6.94
1.5 64.97 97.46 0.571 | 0.092 7 0.048 8.27
2 54.98 109.96 0.644 | 0.073 5 0.062 10.55
2.5 48.21 120.52 0.706 | 0.062 3 0.092 15.77
3 43.25 129.75 0.760 | 0.054 1 0.345 58.89
3.5 39.44 138.02 0.808 | 0.048 2 0.133 22.79
4 36.39 145.56 0.853 | 0.044 4 0.073 12.51
4.5 33.89 152.50 0.893 | 0.041 6 0.054 9.24
5 31.79 158.96 0.931 | 0.038 8 0.044 7.53
5.5 30.00 165.02 0.967 | 0.035 10 0.038 6.46
6 28.46 170.73 1.000 | 0.033 12 0.033 5.71
sum 170.73
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ZENAPIO 40: d =9h, T = 25y:

Bpoxn oxediaopou (T=25yr, d=9hr)

MnAg

50

d 9 45

A 352.8 o

35

K 0.097 20

U] 0.651 25

n 0.622 20

6 0.124 v

10

T 25 5

i [mm/hr] 17.42 0 e e e —
H event [mm] 156.76 KRS
t[hr] i h; i Dp; O¢on Twn TEM,KO
Yetoypadnua
0

0.5 92.39 46.19 0.295 0.295 17 0.023 3.56
1 64.07 64.07 0.409 0.114 15 0.025 3.86
15 50.96 76.44 0.488 0.079 13 0.027 4.25
2 43.13 86.25 0.550 0.063 11 0.030 4.75
2.5 37.81 94.53 0.603 0.053 9 0.035 5.45
3 33.92 101.77 0.649 0.046 7 0.041 6.49
3.5 30.93 108.26 0.691 0.041 5 0.053 8.28
4 28.54 114.17 0.728 0.038 3 0.079 12.37
4.5 26.58 119.62 0.763 0.035 1 0.295 46.19
5 24.94 124.69 0.795 0.032 2 0.114 17.87
5.5 23.53 129.44 0.826 0.030 4 0.063 9.81
6 22.32 133.92 0.854 0.029 6 0.046 7.24
6.5 21.26 138.17 0.881 0.027 8 0.038 5.91
7 20.32 142.21 0.907 0.026 10 0.032 5.07
7.5 19.48 146.07 0.932 0.025 12 0.029 4.48
8 18.72 149.78 0.955 0.024 14 0.026 4.04
8.5 18.04 153.33 0.978 0.023 16 0.024 3.70
9 17.42 156.76 1.000 0.022 18 0.022 3.43
sum 156.76
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ZENAPIO 50: d =9h, T =50y:

MnAuég Bpoxn oxediaopou (T=50yr, d=9hr)
60
d 9
50
A 352.8
K 0.097 40
U] 0.651 30
N 0.622
20
6 0.124
T 50 10
i [mm/hr] 19.73 0 e e e e e
Hevent [mm] 177.58 ASRCRER O  Ug
t[hr] i h; p; Dp; O¢on Twn TSM,KO
Yetoypadnua
0
0.5 104.66 52.33 0.295 0.295 17 0.023 4.03
1 72.58 72.58 0.409 0.114 15 0.025 4.38
1.5 57.73 86.60 0.488 0.079 13 0.027 4.81
2 48.85 97.71 0.550 0.063 11 0.030 5.38
2.5 42.83 107.09 0.603 0.053 9 0.035 6.17
3 38.43 115.29 0.649 0.046 7 0.041 7.35
3.5 35.04 122.64 0.691 0.041 5 0.053 9.38
4 32.33 129.34 0.728 0.038 3 0.079 14.02
4.5 30.11 135.51 0.763 0.035 1 0.295 52.33
5 28.25 141.25 0.795 0.032 2 0.114 20.25
5.5 26.66 146.63 0.826 0.030 4 0.063 11.11
6 25.28 151.71 0.854 0.029 6 0.046 8.21
6.5 24.08 156.52 0.881 0.027 8 0.038 6.69
7 23.01 161.10 0.907 0.026 10 0.032 5.74
7.5 22.06 165.48 0.932 0.025 12 0.029 5.08
8 21.21 169.67 0.955 0.024 14 0.026 4,58
8.5 20.44 173.70 0.978 0.023 16 0.024 419
9 19.73 177.58 1.000 0.022 18 0.022 3.88
sum 177.58

~ 115~




MnALég Bpoxr oxediacpot (T=100yr, d=9hr)
70
d 9
60
A 352.8
50
K 0.097
40
U] 0.651
n 0.622 0
6 0.124 20
T 100 10
i [mm/hr] 22.21 0 e e e e
s 2
Hevent[mm] | 199.85 RGO O S R O
t[hr] i h; P; Dp; O¢on Ty TEM.KO
Yetoypadpnua
0
0.5 117.79 58.89 0.332 | 0.332 17 0.026 4.54
1 81.68 81.68 0.460 | 0.128 15 0.028 4,92
1.5 64.97 97.46 0.549 | 0.089 13 0.030 5.42
2 54.98 109.96 0.619 | 0.070 11 0.034 6.06
2.5 48.21 120.52 0.679 | 0.059 9 0.039 6.94
3 43.25 129.75 0.731 | 0.052 7 0.047 8.27
3.5 39.44 138.02 0.777 | 0.047 5 0.059 10.55
4 36.39 145.56 0.820 | 0.042 3 0.089 15.77
45 33.89 152.50 0.859 | 0.039 1 0.332 58.89
5 31.79 158.96 0.895 | 0.036 2 0.128 22.79
5.5 30.00 165.02 0.929 | 0.034 4 0.070 12.51
6 28.46 170.73 0.961 | 0.032 6 0.052 9.24
6.5 27.10 176.15 0.992 | 0.030 8 0.042 7.53
7 25.90 181.30 1.021 | 0.029 10 0.036 6.46
7.5 24.83 186.23 1.049 | 0.028 12 0.032 5.71
8 23.87 190.95 1.075 | 0.027 14 0.029 5.16
8.5 23.00 195.48 1.101 | 0.026 16 0.027 4.72
9 22.21 199.85 1.125 | 0.025 18 0.025 4.37
sum 199.85
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3.3. Edapuoyn NBS oto Aptepiolo, B. EUBolac

Itnv mponyoUUevVn evotnta avoAlBnke n yewpopdoloyio TG MEPLOXAG HEAETNG KoL
umoAoyilotnkav Ta USPOAOYLKA TNG OTolXEld, KABwWG emiong eKTLUNONKAV KAl Ol TIAPOXEG
oxedlaopou mou Ba xpnotpomnotnbouv yla Ty ermthoyn AUoswv Baolopévwy otn dpuon mou
Ba edpapupootouv otnv meplox. Me ta dedopéva mou SLaBETOUPE KAl TIPOKELUEVOU OL
napeppacelg mouv Ba yivouv va eival n BéAtiotn Abon ywa TNV avakopdn tng mEPLOXNS
ETIELTA TWV TTUPKOYLWYV TIOU €XOUV CUHBEL eTAEyeTaL N Snuoupyla TEXVITWY ALUVWY HE TNV
Tautoxpovn dnuioupyia buffer zones, 6nAadn tnv dnuoupyia mapdxBlwv dactkwv {wvwy,
ol omoleg Ba mpoodépouv evioxuon tou £8AdouG Kol 0TaBepOTNTA TPOCTATEVOVTAC TO OO
TG SLOBPWOELG TTOU UMOPOUV VA UIKPUVOUV TNV TIEPIUETPO TWV ALUVWY Kol va amotpéPouv
NV €l0060 deptwv UAIKWV pHEoA Ot autr emnpealovtag Tov OYKo VEPoU Tou QUTEG Ba
umopoUV va anoBbnkeloouv. Eva €miong BeTIKO avtikpouopa TOU €XeL auth n Avon ival
nw¢ Ba dnuloupynBouv véol Blotomol Tooo yla ta uSpofla dn 600 Kal yla Ta BnAdotnka
KAl TITNVA TNG TIEPLOXNG, TWV ONMOiwvV O aplOUOC METEMEITA TWV TUPKAYLWV KOl TWV
TMANUUUPWY  €XEL MEWWOEl onuaviikd, &vw oplopéva nén €xouv avaykaotel va

HeTavaoteloouv yia va e€acdalicouv tnv emiBiwon Toug.

O &evrtomiopog tNg KOTAAANANG B£€ong yla TNV TOMoBETNON TWV TANUUUPKWY ALUVWV
amnoteAel pla ouvBetn Sladkaocia kaBwg moAAol mapdyovieg npenel va AndBolv umoPy
OTO HOVTEAO OXeSLOOMOU yla va yivel pe AemTopépela n emiloyr touc. MNa va yivel n
Stadkacia avtn Ba npémnel va anaplBpunBouv oL mapdyovteg amokAELoUOU Twv BEcewv Tou
Sev pmopouv va TomoBetnBouv ot Alpveg, oUTWC WOTE VA KATAANEOUE PE Evav XAPTN TwV

cupuPatwv BEcewv.

MNa kaBe {wvn anokAelopoL evtomiletal N andéotacn otnv onoia BACEL TO VOULKOU AaLciou
amayopeVeTal Vo XwpoBetnBel Alpvn kal n ekdotote {wvn amokAElopol Babuoloyeital pe
Tov aplBuo 0 o omoiog ekdppadlel TNV TANPN AKATAAANAOTNTA AUTAG. Z€ AMOOTACELS TIEPAV
TOU oplou TG avtiotoyng {wvng amokAELoUoU Sivovtal TIHEG aKEPALWY aplOuwV LETaEL Tou
2 kat tou 10. Inuewwvetal otL oto GIS yivetal xprion tng EukAeidelag Amootaong. Eival
MPOoPaVEC OTL 600 AUTOC 0 apPlOPOC aulavel, aufavel Kal N KATAAANAGTNTA TNG TEPLOXNC
(Kontos et al., 2003). Zuvenwcg, padnuatiky oxéon yla tTnv emtioyn 6€ong, XpnNOLLOTIOLWVTOG

11§ {wveg amokAelopou Ba eival (Gemitzi et al., 2006):
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SI = [1X, b; [3.3.1]

Omnou SI o ouvoAkog beiktng kataAAnAdtntag (ue 0<SI<10), bi n T Tou Oelktn
KataAANAOTNTOC yla KABs TtePLoPLoTKO KpLtrplo (He 0<bi<10 kot bieZ) kot K o aplOuog twv

TLEPLOPLOTLKWV KpLtnplwv.

Mo Tov UmMoAoylopd Twv PBapwv Twv Kpunpiwv aflodoynong mAnboug n,
xpnotuornoleitat n Avahuon AHP (Analytical Hierarchy Process) n omoia avamtuxdnke amno
Tov Saaty (Saaty, 1977). KaBe kpltr)plo GUYKPIVETAL WG TPOC TN OnUaAcia Tou O OXEoN HE
KABe €va amod ta umtoAouna kpttrpla. H olykplon petafl Suo kpLtnpiwv yivetal amodidovrtag
OKEPOLEG TIUEC TTOU Kupaivovtal amod 1 €wg 9 i pe Toug avtioTpodous AUTWV TWV TLUWV Kol
N KAlpaka kaBopilel TN OXETIKN onuacio EvOg KpLtnpilou og GUYKPLON UE €val AANO KpLTHpLo,
onwe ¢aivetal otov MNivaka 6. MapodAo mou umopouv va xpnotpomotnBouv kat {uyol
oKépalol aplBuol evidg tou SlaotApaTog, elval ouvnBeg va xpnoldomolouvtol povol
aplBuol, yia va e€aopaiiobel otL umtapxel pia Aoyikr dtakpilon Petafd Twv kpttnpiwv (Wind

and Saaty, 1980).

KAipaka BaOpoloyia | Avtiotpodog
E€apeTika 9 0,111
TIPOTLUWEVO
MoAU woxupa 7 0,143
TIPOTILWLLEVO
ISLaitepa 5 0,200
TIPOTILWLLEVO
Méetpla 3 0,333
TIPOTILWLLEVO
E€loou 1 1,000
TIPOTILWLEVO

Mivakog 6 KAluoako GYeTIknG onuaociag tou Saaty

Adol 60600V oL Tapamavw TIHEG yla KABe KpLTpLo Xi 0 oxéon ME €va GANO Kal

dnuoupyeital évag mivakag, ywo va 600oUv oxetikd Bapn oe KABe Kkpltrplo, eivat
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anapaitnto va opadomnowinBel o autdg o mivakag cUykplong. H kavovikomoinon yivetat
Slapwvtag KABe TLUA KE TN CUVOALKH TLUA TNG avTiotolng otAng mou PBploketal n twurn. H
TLUA TWV BOPWV Wi EMIITUYXAVETOL KATA TIPOCEYYLON ME TOV UTIOAOYLOUO TOU HaBnuatikou
HECOU OPOU OAWV TWV OXETIKWV Bapwv Tou KABe Kpltnpiou. Mpodavwg to dBpoloua Twv
Bapwv mou mpokumTouy Ba eivat mavia (oo pe 1. Ot TIHEG OV TIPOKUTITOUV €XOUV AUECDN
duoikn onuacia otn péEBodo AHP, adol kabopilouv tn CUPUETOXA N TO BAPOC AUTOU TOU

Kpltnplou o€ ox€on UE TO CUVOALKO OMOTEAEGHA TOU OTOXOU, TIoU €XEL TEOEL.

To emopevo PAua eival va eAéyEOUUE €AGV UTIAPXOUV TUXOV QCUVETELEG OTa
debopéva. O Aeiktng Zuvénelag (Consistency Index) Cl Baciletal otn HéyLOTN WLOTLUA Amax,

n omoia umoAoyiletal wg e€n¢ (Saaty, 1977):

Anax = Zjn=1 aij (Wj) [3.3.2]

w;
O 6¢eiktng Cl umoAoyiletal avtiotolya amno tn oxéon (Saaty, 2005):

Cl = Amaxn [3.3.3]

n-1

Mpokelévou va emaAnBeutel edv o Asiktng Zuvénelag (Cl) eivat opBdg, o Saaty
npoteivel o Mooootd Zuvoxnc (Consistency Rate) CR, to omoio kaBopiletal amod Siaipeon
petagL tou Seiktn Cl kat tou Aeiktn Tuyxaiag Zuvénelag Rl. H peBodoloyia Ba Bewpeital
ouvexng av o CR eival pikpotepog amo 10%. H tun Rl gival otabepn kot Baoiletal otov

apLlOuo Twv KpLtnpiwv mou aloAoynbnkav.

IKOTOG TNG mopandvw peBodoloyilag mou avamtuxbnke eival n mapaywyn
Bepatikwy xaptwy. Kabe empuépoug BEUATIKOG XAPTNG OVTATIOKPIVETOL OTNV EAPUOYN EVOG
Kpttnplou yua XxwpoBEtnon kat TeEAlkd o Oelktng kataAAnAdtntag yla XwpoBEtnon,
Aappavovtag umoyn Kal TA TIEPLOPLOTIKA KPLTHPLO TIOU TIPOKUTITOUV OO T (WVEG
QTOKAELOMOU KoL Ta KpLtipla agloAdynong UToAoyIZETaL OTIWG TEPLYPAPETAL OTNV EMOUEVN

eflowon (Gemitzi et al., 2006):
SI= X, wix; [T, by 3.3.4]

Ma tnv oploBetnon Twv {wvwv autwv Xxpnotponolndnke n EukAeldela Anootaon
2-vopuLKA amdotaon Onwg aAALWG ovoualeTal, n omola ylo CNUELA E CUVTETAYUEVEG Xi, Vi

umoAoyiletal wg €€NG:
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d(x,y) = lIx —yll = VXL, Ix; — v;? [3.3.5]

o/a Kpttrplo Zwvn AmoKAELGHOU
1 Anootaon and pépata (K1) -
2 KAion (K2) >=25%
3 Yy operpo (K3) >=350m
4 Amndotaon anod aoTtiko oto (K4) <=1000m
5 Amnootaon ano o8ko diktuo (K5) <=100m
6 Kapéveg ektaocelg(Ke)
7 KaAvyn yng (K7)

Mivakag 7 Kpttnpla kot JWvec amokAgLopuoU YwpoIEeTnong TEXVNTWVY ALUVWwY

KaAuyn 'ng (K7)

FEWPYLKEG EKTACELG 9

EAQULWVEG 1

Aaoikn éKtaon 3

BAdotnon 7

MetaBatikég SacwSELG-OAUVWEELG EKTACELG 9

Mivakag 8 Zyetikn onuaoia tou Saaty yla ta €ibn kaAvyng yng yta tnv tomoveétnon twv NBS

EKTO¢ Opwg amod T¢ {wveg OmMOKAEWOMOU He TN Xprnon tng EukAeidelag Amodotaong,
UTTOAOYLOTNKAV KAl Ol OTOOCTACEL TOU €ival HeyaAUTepeg amd tnv avtiotown lwvn
QTOKAELOMOU yLa TLG TIEPLOXEG eVOLadEpovToc, TTou Bplokovtal eviog Twv opiwv tng AAM tou
Apteuioiou. Ao tnv avaluon auth yla Kabe pio amod Tig 7 MeEPUTTWOEL Snpoupynodnke
€vag Bepatikog xaptng twv EukAeidelwv Amootdoewy, opadononuévwy o KAAoeLS. AuTol
oL 7 mopayopevVOoL BEPATIKOL XAPTEC OTN CUVEXELX E TN Xpron tou epyadeiou “Reclassify”,
uméotnoav avoaBabupoloynon tTwv opiwv Twv KAACEWV TOUG UE aKeEpaioug aplBuoug amnd to
0 éw¢ to 10. To 0 dnAwvel TNV MARPN anayopeucn XwpobEtnong kat avtiotolxa to 10 TNV

TIAN PN KATAAANAOTNTA ploG TTEPLOXAG Yo XwpoBEtnan.

Ta 7 kputipla xwpilovtal o 2 opddeg kot Ta kpltipla mou Bpilokovtal otnv idla opdda
Bewpouvrtal petafy toug woPapr. H opdda 1 amoteAeital amod ta KpLtipLa mou ival Hev

looBopn HeTAlL TOug, aAAd MapAAAnAa BewpolvTal KoL TO TIO ONUAVTIKA. AKOAOUBEL n
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opada 2 n onola anmoteA&lTal ano KpLtHpLla UKPOTEPNG onuaciag and avtd tg opadag 1.
Jtov [Mivako 6 TOPOUCLACTNKE 1N KALMOKA OXETIKAG oOnuooiag Ttou Saaty kat Ba
BaBuoloyrooupe Ta KpLtrpla xwpoBEtnong Ue Bacon autr. Mo CUYKEKPLUEVA, TA KPLTHPLA
™¢ opadag 1 Babuoloyouvtal pe 3 (LETPLA TPOTIUWHUEVO) O OXEON UE TA KPLTAPLA TNG
opadag 2. Avtiotpoda, Ta kpttrpla tng opadag 2 Babuoloyouvtal pe 1/3 og oxéon Ue autd
¢ opadag 1. Tuvoilovtag Aowmoy, yla kabe dUo SladoxlkeG opadec, aveBaivoupe pia

Katnyopia otnv KALLOKA OXETIKNC onuooiag tou Saaty.

N/A K1 K2 K3 K4 K5 K6 K7
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

sumMm 5.000 5.000 5.000 15.000 | 15.000 7.000 13.000

Mivakag 9 Syetikn ouoxetion kpttnpiwv aéloAoynong

Ztov Mivaka 9 €xeL umtoAoyloTel kal to aBpolopa tnG kaBe otAANG. To emouevo Brua
elval va kavovikormownBel o mivakag, Slalpwvtag ta otowela tng kABe oTAANG HE TO
avtiotolyo aBpolopa, dnAadn Ba mpokL P el Evag véog Tivakag (Mivakag 11) otov omoio to

KABe otoelo a’jj (i: aplOUOG ypappng Kat j: aplOpog otiAng ) Tou umtoAoyiletal wg EAG:

Y a13j
OOV ajj elval ta otolyeia tou Mivaka 12.
To Bapog wi Tou KABe Kpltnpilou elvol 0 HECOC OPOC TWV TIHWV TNG AVTLOTOLXNG
ypauung, dniadn:

W, = 2=y [3.3.7]

n

omou n=7: to mAnBo¢ Twv Kpttnplwv kat i€[1,2,...7].
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InUelwveTOL OTL To dBpolopa Twv Papwv Ba mpenel va woovutal pe 1. Me tnv
epapuoyn Twv mapanavw npdafewv oe Aoylotikd ¢UANo Excel umoloyilovtal ta Bapn ta

omola ¢aivovtal oTov mMapaKATW TivaKa.

Kwdkag Kputiplo BAPOZ (w)
K1 Anootaon onod pEuota 0.196
K2 KAion 0.196
K3 Yy opetrpo 0.196
K4 Anootaon ano aoTiko LoTo 0.072
K5 Anootaon ano o81ko Siktuo 0.072
K6 KOopEVEG EKTACELS 0.196
K7 KaAuyn yng 0.072

Mivakag 10 Bapn kpntnpiwv

N/A K1 K2 K3 K4 K5 K6 K7 Bapog Bapog %
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

Mivakag 11 Mivakac urtoAoyiuoou Bapwv twv kpitnpiwv aéloAoynong

ITn ouvéxela, Snuioupyeital évag véog mivakag (Mivakag 12) pe otoweia bj twv

OTtolWV 0 UTIOAOYLOWOG YiveTal cUudwva UE T oxEon:
bij = al-j Wi [338]

Yroloyiletat n otnAn W.SV. ( =Weighted Sum Value ), wg 10 dBpolocpa twv
ETUUEPOUG OTOXELWV TNG KABE ypapuung. H otiAn W.S.V. eivat n 8" otiAn tou véou mivaka
Kal ot 9" tou TomoBeTouvTal Katd oslpd ta Bapn. Xtn 10" tnv omola thv ovopaloupe Ratio

yivovtal urtohoylopol we e€nc:

M.S.V.i

wi

Ratio,i = [3.3.9]
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O péoog 6pog Twv TLHwv Ratio, looUtal pe Amax= 7,511. Epapudlovrtag tnv e€iocwon
ylia tov Seiktn Cl yia Amax=7,511 kat n=7, umoloyiletal o deiktng Cl= 0,085. T€Aog,
umoAoyiletal kat o &eiktng CR=% =0,058 1 2,1%<10% pe RI= 1,48, cuvenwg n

pneBodoloyia ou epapUOCTNKE TANPOL TA KPLTAPLA CUVEXELOAG.

Bapog 0.196 0.196 0.196 0.072 0.072 0.196 0.072
Kputiplo K1 K2 K3 K4 K5 K6 K7
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

Mivakag 12 YrtoAoytouog twv Sektwy tne uedodou AHP.

Kpwtrplo W.S.V. | Weight Ratio Amax

K1 1.430 0.196 7.288

7.511
K2 1.430 0.196 7.288
K3 1.430 0.196 7.288 Cl
K4 0.560 0.072 7.808

0.085
K5 0.560 0.072 7.808
K6 1.430 0.196 7.288 CR
K7 0.560 0.072 7.808 0.058

Mivakog 13 Agiktec tng uedodouv AHP

Ao tnv edappoyn twv kpttnplwv kat Twv Bapwv tou¢ pe tnv uEBodo AHP (Analytical

Hierarchy Process), mpoékue oto GIS 0 XApTNG HE TIG EMITPEMOUEVECG BECELG emMepPACEWY

yla AUoels Baolopéveg otn duon otnv AeKAvn Amoppong Tou ApTEULOLOU.
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YNOMNHMA

[ opia reréms anappotic

EYSTHMA ANAGOPAS ; ETTA'87
LTKAPEIA MLPKATOPIKH NPOBOAI
KCNTPIKOE MCEHM BPINOE k=24

- 0.9995
False Fasting = 500,000,000
False Northing = 0,000

Xaptne 7 Xaptng KataAAnAotntag yia tn Snutouvpyio NBS

Onwg ATaV aVOoEVOUEVO OL TIEPLOXEC e TNV VPNAGTEPN KaTtaAAnAOTNTA yla TV dnuLlovpyLa
AUoswv Baolopévwy otn ¢uon Pplokovial MAVW OTIC HLOYAYKELEG TNG TEPLOXNG HEAETNC.
Bdon tou xaptn 5 emAéyetal n Snuoupyia U0 TANUUUPLKWY ALUVWVY Kol TwV SACIKWY
PUBULOTIKWY {WVWV TOUG, KATA UNKOC TNG KUPLOC ULOYAYKELAG TNG AEKAVNG OMOPPONE TOU

Aptepioiov pe BaBog d = 4 u €kaotn, OMwe daivetal oTov MAPAKATW XAPTN.
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4316000

436000

4316000

Kilometers

YNOMNHMA

Optat Aekavng anopporg
Alpvn 1

‘ Adpvn 2

- Buffer zone Aipvng 1
- Buffer zone Aiuvng 2

ZYETHMA ANADOPAS ; ETZA'87
ETKAPZIA MEPKATOPIKH NMPOBOAH
KENTPIKOI MEXHMBPINOZ A = 24 °

k =0.9996
False Easting = 500.000,000
False Northing = 0,000

Alpvn 1

Alpvn 2

Oykog V = 5.05 hm?

Oykoc V =3.23 hm?

BdBogd =4.00m

BdBogd =4.00m

Xaptne 8 XwpoIEtnon twv texvntwv Auvwv

Me ta Sedopéva Tou Oykou Twv SU0 Aluvwy ekmovnBnke Eava n uSpoloyikn €miAucn Tng
AEKAVNG ATTOPPONG TNG TIEPLOXNC UEAETNC KOl UTTOAOYLOTNKOV OL ATOPPOEG Tou SikTtuou pall
HE TNV KOTAKPATNON TOU OYKOU VEPOU TIOU KAVOUV oL ALUVEG OoTnV TEPLOX Tou ApTeuiolou,
yla emeloodia Bpoxng d = 6h yia meptdédoug emavadopdc T=25y, T=50y kat T = 100 y Kot
yla enelcodo Bpoxng d = 9h yia mepldédoug emavadopdg T =25y, T=50y kat T = 100 vy.

MNapakdtw Bplokovtal Ta amoteAéoparta tne eniAuonc.
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T =100years,d=6 h
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Anoppon (Q m3/sec)
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4. Edappoyn System Dynamics oto Aptepiolo B. EUBolag

To povtého SnuioupynBnke xpnoLdomolwvIag To Aoylopkd Vensim yia tnv Snuoupyia
Causal Loop Slaypappdtwy, Ta onoia gival oAU xpriowua yla tTn cUAANYN Kal mkowvwvia
TwVv Sopwv toug. Ta Staypappata autd ovopalovtal €Tl eMeldn KABe cUVEEOUOG EXEL HLaL
attiakn epunveia. Eva Bélog mou mnyaivel amo to A oto B umodeikvuel 6tL To A TIpOKaAEL TO
B. H dnuioupyia Staypappdatwy atttwdoug Bpdxou sival MoAU XpAoLdn akoun kat otav dev
Snuoupyeital povtéAo mpooopoiwong. EmutAéov, eMITPEMEL TO EUKOAO KOl EUPNLOTLKO
KaBoplopd twv ocuvlBnkwv €lo06dou yla TNV Mpocopoiwaon, umootnpiloviag emiong tnv
TPAYUATIKOU XPOVOU OTMTIKOTOINON TWV OMOTEAEOUATWY KAl Twv aAAaywv Tou
T(POKOAOUVTOL QMO TIC METAPBOAEC OTNV KATAOTOON TWV HETABANTWY €L0060u. AgUTtEpOV,
umooTnpPLlel ULa CUYKPLTIK avAaAuon oevapiwy Kal MepAapBAVEL APKETA pyaleia yla TNV

avaAuon Tou povtélou (m.x. avaiuon guvatocBbnoiag). Anpoupynbnke emopévwg, to Casual

YMOMNHMA

ubpevn kurdotaan
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2xnua 2 Causal Loop Diagram yia tnv epapuoyr NBS oto Apteuioto tne Bopeiag EvBotacg
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Loop diagram oto omoio yivetat awobntr n nmoapépPacn pe AVoeL Baolopéveg otn ¢duon

OTNV UGLOTAREVN KOTAOTOON TNG MEPLOXNG LEAETNG, KABWC KAl OL EMUTTWOELG TOUG.

To Causal Loop O&waypappa eivat amotédecpa tou ouvduaopol TNG UDLOTAEVNG
Kataotaong kat tng edapupoynsg NBS otnv meploxn HeAETNG. Mo OUYKEKPLUEVQ,
QITOTUTIWVOVTOG TNV YewHopdoAloyia tou ApTeELOioU, TO LOTOPLKWV TIANUUUPWY, KAl TLG
KOLTOYEYPAUUEVEG KATAOTPODEG TIOU QUTEG EXOUV ETULPEPEL OTNV TEPLOXN, TOOO OE UALKA
ayabad, 600 kal o avOpwrveg {wEC, ELCAYOUUE PECA OTO CUOTNUA QUTO TNV TIPOTELVOUEVN
edappoyn NBS, SnAadn tig SU0 MANUUUPLKEG ALUVEG Kal TG pUBULOTIKEG Toug {wveg. Me Tig
V0 emAUoELG IOV €xouv TponynBel oto udpoypadLkd SIKTUO TAPATNPELTOL N CNUAVTLKA
Helwon TWV EKPOWV TNE AEKAVNE AOPPONE TPOC To ApTepiolo. To vepO aUTO KATAKPATELTOL
Qo TLG TANMUPLKEG ALVEC KOl OTTO TLG SOOIKEG PUBULOTIKEG TOUG {WVEG, OL OTIOLEG UELWVOUV
TNV TaxUTNTO TOU VEPOU KOl ATTOTPETOUV TA TIANUUUPLKA patvopeva. Emopévwe, Ta NBS mou
eTMAEXONKay, BACN TNG UEAEING TIOU TIPAYHOTONMOLONKE HE EMITUXIO QTIOTPEMOUV TNV
MANUUUPO HETA TNV UTapEn TUPKAyldg, Kol Onuoupyolv SUo ¢uokég Sefopeveg
anoBrKevong vepou, oL OMOoLEG KATA TtV eplodo Enpaciag urmopouv va XpnoLdomnotnbouy
OO TOUC KOTAVTL OWKIOHOUG yla USpeuon kot yla apdeuon, kabwg emniong pmopouv va

Slatnpricouv tnv avida tng meEPLOXNG.

OL EVEPYELEG QUTEG €XOUV CNUAVTLKO OVTIKTUTIO OTNV OLKOVOWULO KAl oTnVv rolotnta {wng Twy
Katoikwv tng Bopelag EVPBolac. Me tnv avaBabpion tou meptBAAAOVTOG ammo £va KOUEVO Kal
ayovo 8Acog o€ €vav MAOUGLO BLOTOTO AVAVEWVETAL KAl EVIOXUETAL TO KOPECoUEVA €6adog
Kal epmAoutiletal Gpuolka e ToooTNTeG AvOpaka. MeyAAoG aVTIKTUTIOC UTIAPXEL ETIONG KOl
otnv molotnta {wng Twv KoTolkwv KoBwg ot Alpveg pe TI¢ pubuotikég toug lwveg Oa
armoTeAOUV €va emumA£ov xwpo avauxnc kat afloB£ato yla Toug TouploTeg TNG MEPLOXNAG.
‘EVOG QPKETA ONUOVTIKOC TApAyovIac £ival €miong Kol n OLKOVOULKI) TTASUPA TOU £pyou
autou. e avtiBeon pe éva €pyo umodoung dnuloupyiag dpaypato¢ n dnuioupyia
TIANUHUPLKWV ALUVWV E(VOL OPKETA TILO OLKOVOLKI) TOGO OTNnV Snuoupyia Toug, 600 Kal oTnv
ouvtipnon toug, kabwg emiong kat MOAU Mo PpAkd Tpog to mepLPAAAov, epocov TO
tedevtaio avadnuloupyeital pe Ta OGN UTIAPXOVTA OTOLXELOL TOU, UE QMOTEAECUA UETA TO
TEPACUA OPLOMEVWY ETWV va €lval évag MANpws Guoikog Blotomog adopolwUéVOS ota

dUOLKA XOPAKTNPLOTIKA TNG SACLKAG EKTOONG.
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5. Zuunepaopata

210 MAQLOLO TNG METATMTUXLAKNG Epyaciag avamtuxOnkav kot ebpappootnkav dU0 HOVIEAQ
Bpoxng amoppong éva pe ta dedopéva Bpoxomtwong ylo TNV UGLOTAPEVN KATAOTOON TNG
TIEPLOXNG MEAETNG Kal €va He tnv enépfacn twv AVoswv Paclopévwv otn ¢uvon yla
neplodoug enavadopadg 25, 50 kat 100 stwv Kat yla Stapkela emelcodiov Bpoxng 6 kat 9
wpwv. Ta CUUTTEPACKATA TIOU TIPOKUTITOUV AT TNV MAPATAPNON TWV QMOTEAECUATWY TNG

€peuvag ouvoilovtal mopaKATw:

» Me v edappoyn Twv NBS otnv meploxn HEAETNG MOPATNPELTOL ONUAVTIKN HElwon
TOU OYKOU aImoppPONrC POG TNV MEPLOX Tou ApTEpLoiov £wg Kat 64,7 m3, cuykpLTIKA
HE TNV UDLOTAPEVN KATAOoTAoN TNV 8la Xpovikr oTyur). To amoTtEAECUA AUTO Eival
OVAUEVOUEVO KOBWE HEYAAOG OYKOG VEPOU amoBnKeVETAL OTLG ALUVECG TIPWTOU QUTEG
unepxetAiocouyv. OL EMUTTWOELG TIOU UMOPEL va €XeL auTh N MapEpBaon oxL pévo otnv
TiEPLOXN MEAETNG, AAAQ KOl OTLG UTTOAOLTIEG KATAVTL TIEPLOXEG ELVAL ONUAVTLKH, KABWG
TA EMELOOSLA TWV MANUUUPWY PETA TLG TIUPKAYLEG UITOPOUV VO LELWOOUV OnUavVTLKA
Kol N HeETadopd GePTWV UAKWYV PE OTMOTEAETUA TNV aAAayr) TG YewHopdoAoyiag Tng
nieploxng Ba amotparel. Ol SaoKEG PUBULOTIKEG {wVECG TA{OUV ONUAVTLKO POAO OE
outo Kabwg Ba ouykpatouv TOoo Ta GepTd UAKA OAAG, TapAAAnAa Opwg Ba
petatpePouv to unédadog oe €va o oteped unOBabpo yla Ta emidpavelaKa
OoTPpWHOTA, OTO omoio Ba cuykpatoLVTal TOCOTNTEC VePOU Kol Ba amoteAolv TN
Bdaon yla tnv avadnuioupyla Twv KAUEVWY SACLKWY EKTACEWV.

» H dnuioupyla MANUUUPLKAG Alpvng €ival pla kootoBopa evépyela pall pE TN
Snuoupyia Saokwv pubuloTikwy wvwy, OxL OUWG TILO KootoBopa amod TN
KATAOKEUN HEYAAOU pAyUaTOC Ao OMALOUEVO OKUPOSEUA, OTWG €miong Kal To
KOOTOC CUVTHPNONC TOUG Elval xapunAotepo.

» Anuoupyla duoikol meptBarlovtog, To onoilo BonBa téco otnv avadnuioupyia tng
YAwpidag Kal tnv mpootacia tn¢ mavidag, 6co Kal otnv avapfaduion tng MePLoXn,
npoodEpovtag xwpoug avaluxng ywa Toug Katoikou¢ tng Bopelag EuPBolag. H
EVEPYELDL QUTH OUMPPBAAAEL KAl OTNV avakapyn TOU TOUPLOHOU, TPpoadEPovTac

aloBéata yla Toug TouploTeg.
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» Xtn pelétn pe nepiodo emavadopag T = 50 years kat didpketa Bpoxng d = 9 hours
napatnpeital kKeBuoTtépnon NG MANUUUPOG WG KAl Kia wpea, KATL TTOAU ONUOVTIKO
yla TV mpoAnydn Twv KATAVTL TEPLOXWV KOL TWV KATOLKWV TouG. H onuUavtikn auth
kaBuotépnon He TNV xprnon Kot GAAwv cuotnuatwv NBS pmopel va yivel akopa
HeyoAUTEPN.

» e ONQ TA OEVAPLA TIOU UEAETAONKAV €XEL YIVEL KATOKPATNGON OYKOU VEPOU OO TLG
Alpveg. MO OUYKEKPLUEVOL KOTA HAKOG TNG HMEYAANG HLOYAYKELAG, OTOU £XOUV
tonoBetnBel oL duo Alpveg yivetal otadlakd KaTakpATnon OYKOU VEPOU Kal
napaAAnAa amodoptiletal n meploxn and T pio Aipvn otnv AAAn. AutO HELWVEL
TIOAU TLG TaXUTNTEG PONC TOU VEPOU KOL ATIOTPETIEL TIG EVTOVEG TMANUUUPEG, OL OTIOLEG
TIAPOOEPVOUV LEYAAOUG OYKOUG GEPTWV UALKWV.

» MapakoAouBwvtag Ta OMOTEAECUOTA TIOU TIPOKUTITOUV amo TIG avOpwILVES
enepyPaocslg otn dvon, Slakpivoupe OTL 600 avadopd tTn yewpopdoloyia twv
TIEPLOXWV Yla Ta USpoAoyikd Siktua o AvBpwmog Sev TIPEMEL val KAVEL AAOYLOTN
XpNnon Twv Guokwv Mopwv Tou dlatiBevtal anod v ¢uaon, ONMwc ivat To Ynalwpo
PEUATWY, N METATPOTI) MANUUUPKWY TESLAdWV O OWKIOMOUG, N OTEVWON Twv
TIOTAPWY, K.0.K. Ta armoteAéopata Twv MPALEWV aUTWV €XOUV TNV €KTOVWON TOU
vepoU e AAAOUC TPOTIOUG, TIEPA TNG GUOLKNAC TOU PONC, oL omoiot Sev yivovtal Apeca
avtlAnmtol and Toug avBpwrmoug, mapd PoOvo ot akpaia dalwvopeva, ota omoia
UETEMELTO amatTeltal LEAETN TOUC.

» O AUoelg Baolopéveg otn duon otnpilovtal 6TouG UNXAVIOHOUE TG dUoNnG yLa TtV
OVTILETWTILON TIPOPANUATWY OMWC €lval N KAWMOTIKA aAlayr, wg n BEATotn Avon
TOCO yLla To mepLBarAov, 600 Kat yla Tov avBpwro. OL AUCELG AUTEC ExOuV €pBeL w¢
OTTOTEAECHA TWV SOKLUWY KAl XPOVLWV TTAPATNPNOEWY TWV €pywv uTtodounc. Mvetat
OQVTIANTITO TwG N ouykpon twv NBS pe ta €pya umodourng amotelel otoleio
HEAAOVTIKWYV EPEUVWY, KOBWG SeV €XEL MEPAOCEL APKETOC XPOVOG yla vor LeAETNOEL n

mopela kot n Stapketa {wng Touc.
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6. MeANOVTLIKN €peuva

‘Eva peyalo Bépa oulntnong amoteAel n LEAAOVTIKA €pguva TIoU pnopel Ba unmopouoe va
$TACEL TNV ATIOKATACTACN TNG TEPLOXNG TNG Bopelag ELPolag oe akdpa kaAutepo emninedo.
Juxvn mapéupaon mou xpnoldomnoleitatl otnv EAAGSA ylo va aVTLUETWITIOEL TIG MANUUUPEG
Kal Ba pmopoloe va epapUooTeEL Kal oTtnv AekAvn amoppong tou Apteploiou eival n
Snuoupyla pkpwy METPVWY dpaypdTwy péylotou UPoug 0.5 p ta omola emiBpaduvouy Tn
por) Tou vepoU aAAd tautoxpova dnptoupyolV Kal £va (60¢ UIKPpWV TAULEUTHPWY, OL OTtoiol
OUYKPATOUV LLKPOUG OYKOUG VEPOU OAAG GNUOVTLKOUG YLO VO KABUOTEPGOUV pLa TTANUUU PO

KaBwg KaL TV opur TnG.

Eva emiong peyalo mpoBAnuo otnv meploxn tng EUPBolag eival ta pKpd amoBEpata
avBpaka TouU UTApXouv OTo £60¢0o¢ amod TIC KAUEVEC OOOIKEC €KTACELG. MEeAETEC TOU
TPy HOTOTOONKAV O€ KOUEVEG SAOLKEG EKTAOCELG €Xouv Seifel OTL N kKAAUTEPN AUGN Yyl TNV
avakaupn tou egudopiag tou £8Addoug Kol KOTA CUVEMELA KoL Tou Bldétomou eival n
HETATPOT TWV OOOKWVY EKTACEWV OE YEWPYLKEG EKTACELG, N AUON aUTH OPWE EXEL €va
HUEYAAO HELOVEKTNUA 000 avadopd To amobepa Tou avOpaKa, TO OToLo Elval LELWUEVO ATIO
NV Kauon opyavikoU UALkoU. MNa va prnopécel 1o €8adog va eUSOKIUNCEL AV aypOTLKA
€Ktoon 600 avadopad TNV TIEPLEKTLKOTNTA TOU O AvOpaAKQ, €ite opyaviko, £ite avopyavo
anatteltal peyain xpovikn nmepiodog evalAayng aypoTikKwy TPoioviwy, oUTWE WOTE AUTA va
gvioxUoouv To £€60¢0o¢ Pe To opyavikd Tou¢ ¢optio. To gunmoddlo autd dnuiolpynoe TtV
QVAYKN ylo Jla TILO QTTOTEAECUATIKA AUOH, TNV UETATPOTH TWV SACLKWV EKTACEWV OF
aypotodacokopia. H epapuoyn avtr Ba unmopoloe va EUSOKIUACEL OTNV TIEPLOX UEAETNG
KaBw¢ mépa anod tnv mpoaotoaoia mou Ba dwoel Kal tTnv avakapdn tou Sacoug, Ba umapxel
mMapAAAnAa KAl TPOOTACIO TOUG amd TOUuG aypPoTeG, OUTWG WOTE VO OMOTPATEL TO

evOEXOUEVO VEAC EMELOOSIOU TTUPKAYLAG.

Ev katakAeidt, KaBwc ol HEALTEC TwV AUOEWV BaclopEVWY 0T dUoN elval AKOUO OE TIPWLUN
daon, kabwg oL gpeuvnTtég otnv TAsloPndia toug peletave pebddoug avakauPng otov
HOKPOKOOLO LE TIOLO € UNXOVLKEC» LEBOSOUG, UTIAPXEL LEYAAO TIEPLOWPLO OTNV ETUOTAKN TWV

NBS yLa eupeon AUCEWV 0€ KALLAKO & LLKPOKOGLOU».
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