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The GlobalClimate Hub

Thel b {dzadl Ayl 6fS 5S@St 2 LIV SeSponsé ta themulfifaceted comtemparary\NJ Qa o
challenges is th&lobal Climate Hub (GGhyhich @ame as an initiative for change, leveraging science

based solutions for a holistic and equitable sustainability transitlg]. These solutions are developed

at regional, national, and suhational level baed both on the scientific expertise of its members, and the
engagement with local policymakers (representatives of central and/or local governmémnéye are

dedicated teams of GCH scientists specialized across various fields, working in researt$, pojeell
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implementation. The overall philosophy of the GCH can be summarized in the combination of five critical
innovations, for developing acceptable and implenadiie sustainable pathways. These work as a
framework for the analysis of any problem:

I.  Qutting-edge models:This includes the use/developmemtf systemdynamicsbased cross
sectoralsimulationmodek.

II.  Powerful digital Adriven infrastructure that supports the handling of big datatheir
harmonizationand managementas well as the coupling of the variom®desandi KS NX & dzf § &
visualizationThis facilitates the integration of the above models.

lll.  Development of the socieconomic narrativdor the just and equitable implementation of the
sciencebased pathways a process fostering the cownership of the pathways across
stakeholders, such as scientists and technology developers, policymakers, finance and business
sectors, NGOs and civil society

IV. Stakeholder engagementTransformative participatory stakeholder approaches (workshop
based) for cedesigning the pathwayis detail.

V. OpennessThewhole processof analyzing, calesigning, presenting and applying sustainable
pathwayssupportsthe widespread adoption of the principles of Open Science and Open Access
to data, models developedindin generalscientific infrastructue.

The GCH consists of nine separate units/working teams that have expertise to handle relevant research

and practical applations (see the table below). These units are scientific areas, conceived as necessary
YaisSLlaQ G261 NRa adadlrAylroAtAdes +ra SFEOK 2yS 02y
development of customized strategies for climate neutrality, resiles and sustainability.

All units operate under the philosophy of the five innovations explained in the previous section, together
and alwaysn coordination, to @hievethe longterm goak.
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vital role in securing fundingdm competitive projects, ensuring the necessary resources to fiffill
multidimensional missiornThe Research Centre for Atmospheric Physics and Climatology At#temy

of Athensalsosupport the GCH.

In this report we present a thorough study on an overlooked issue:-fiestloods and protection
along with a breadth of interrelated factors and modelling scenarios. A local case study is pres
and we argue on the generalization and transferabilityhef findings, by suggesting newly develop
tools.
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Exeutive Abstract

Climate changeénduced wildfires are increasingly prevalent, particularly during summer periods, with
evident consequences in multiple regions worldwid#ildfires affect and charmg the condition,
functionality, and ecosystem services of the burned sites. Altered hydrologic proceakedurntareas
more flood-prone.However, the actual effects of wildfires to flooding, the pbst protection measures
and their economic implications remain still overlooked isslreghis report,we cover these gaps in a
multi-disciplinary way. More specifically:

PART AWe presenta novel, integrated and interdisciplinargomputationalframework that we have
developed for the accurate modelling of pdse flashflood events. The 2019 pofite flood in Kineta,
Central Greece is used as a case stexpmple.

The proposed approaclassesses the fire impactburn extent and severily with Remote Sensing
techniqueT NBYO NB | (i S & Osind\tBehtrhosphéri@ middah WRRARW simulates the floodising the
2D HEQRAS hydraulibydrodynamic modeklnd validates the results witlemote snsinganalysis on the
flood extent. We detail the linking of those models, stepstep, for the first time We build uponthe
findings by reviewing, selecting and desigrtimgmost appropriatd?ostfire Erosion and Floegrotection
Treatments (PEFTSs), and represent them withBeagraphic Information System (GMhich allows their
incorporation to theHEGRAS hydraulic modeThe flood event is simulated under three scenarios: pre
fire; postfire (red case, happened in November 2019), grudt-fire with the PEFTprotection. Thusfor
the first time, we reveal the effects of thére on flooding(~25%) as well as the effectiveness of the
suggested measures to mitigate the flommpletely offsettindi KS  FANB Q& SFFSOG 0

In order to assess thecenomic implication®f the potential flood protection interventions, we present
also a detailed estimation of th@: Costs of the proposed PEFilsTheflood damage direct costsvhich
were estimated by a sei-automated Adbased approach using image segmentation and hugtacks.
The comparison ahe costs revealthat protection could haveostjust 13.6% of thedirectdamages

Part B:Drawing from the inaction and poor protection of our real case studyexydore the governance
gaps. We performed a knowledgensfer exercise from similar cases in Australia (climate and
governance similarities), based on the VRKlfesRulesKknowledg¢ framework. We provida detailed
stakeholder engagement roadmaprgeting changes in anachronistic perceptions about the extreme
phenomena, the understanding and application of solutions, and their communication as necessary,
multi-benefit and coseffedive measuresThese findings are applicable to other case studies, too.

Part CFor the facilitation of similar analyses natiande, we provide a national Greek inventory of design
stormsbased on the official IDF (intensitigration-frequency) Curves. For this purpoge developed a

novel toolcalled Catchment2Storrihat provides customized design storms (return periods, durations,

GAYS AVGUGSNDIE &0 dziAy 3  SodzVé comriedt orRiii dekuNsoRits Greelid®O K Y Sy G Q
application, highlighting the need for localized design considerations in critical sites such as urban centers,
ports, and agricultural areas.




Finally, we synthesize all the above into a concrete, agaetting list of policy recommendations to
foster resilience to combined hazards.
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1 Background

1.1. Post-fire floods

Wildfires have become an increasingly pressing challenge, with the changing climate exacerbating their
extent and severity worldwidg8,4]. This escalating trend threatens ecosystems and human communities,
as evidenced by the recurring occurrence of recbigh wildfire danages each summgb¢9]. Countries

with drier climate, such as the Medi®nean ones, are particularly susceptible to wildfires, and the
summer of 2023 served as compelling evideit®,11] Although wildfires are strongly felt during
summer periods, the associated damages last longer, posing severfL@sR#/ildfires notably alter the
vegetation and land cover composition, and soil properties. These fundamental changes directly affect
the hydrological behaviour of burnt catchments, removing their canopy cover, modifying their runoff
patterns, heighteningstreamflow rates, and increasing sediment transpfd]. Thus, burnt areas are

more vulngable to extreme peaflows[14,15]

Text Box 1:

> Rapid rainfall runoff over burned areas and can cause flash flooding
> Stay weather ready if you are near an area affected by wildfire

"7 | Weather-Ready Nation National Weather Service
-

weather.gov/flood

National Oceanic and Atmospheric Administration

Flooddanger after wildfireg Informational Material from the US National Weather Service, wartf
for the Mesa Country

1 Source: https://www.mesacounty.us/departmentsnd-services/sheriff/divisions/emergeneservices/wildland
fire-management/after/flood
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The Mediterranean region, a climate change hotspot, has been particularly vulnerable to increasingly
severe fire and flood events over the last years, whkileh threats are anticipated to become more
prevalent in the futurd16¢18]. Thus, it is imperative to better understand the dynamics of such risks, as
well as being proactive through continuous resilietteglding efforts.

Such effects have been explored from the perspective of identifying the driving factors dfrpdtdod
risks[19], and the posffire hazards considering infracture sedimentation to hypothetical watersheds
[20,21] Also, previous works have examined the hydrological response of burnt [8R&stheir
hydrological and sclhydraulic propertied23], and the formulation of hydrologid models tailored to
postfire runoff simulation[6,24,25]

Some studies have also analyzed the flood mapping of burnt sites through hydraulic modelling: Godara et
al. [26] applied a rairon-grid technique in the ydraulic model Telemac to explore the response of a
Norwegian catchment to a desiglood. Chrysovergi®t al. [27] studied a real postire event causing

flood and erosion damages in Southern California, with the focus however being dactioes that
caused the damage$heochari and Baltd28] analyzed the hydrological and hydraulic response of flood
susceptible areas of a burnt site in EviaridlaGreece, to a desiggtorm. Furthermore, the effect of flood
protection works on flood risk scenarios has been explored for the case of Mandra (Attica, Greece), which
is often undeffire risk[29,30] The findings of all these studies converge, demonstrating the large extent
of flooded areas, following fires that increase tlual Enperviousness, the peak discharge, reduce the time

to peak of rainfall events and also underlying the need for fiiostprotection treatments and flood
protection works. However, there are only a handful tfidses focusng on the response of burnt
catchments to real flood events, represented loydrometeorologiehydraulic model$31,32] We aim to

fill this gap by simulatigy a real storm that caused a flash flood in a Greek burnt catchment (Kineta in
Central Greece), using meteorological modelling, combining it with remote sensing techniques for the
assessment and validation of the fire and flood events, and mapping thel fleith hydraulie
hydrodynamic modelling.

1.2.  Simulating postfire conditions, storms and flood events

A challenge in flood simulation studies is the accurate knowledge of the flooded areas, and additionally in
our case, considering a pefite flood, the accuate knowledge of the burnt area. New technologies such

as Remote Sensing (RS) have been successfully used to provide detailed information on burn extent and
severity[33¢37], as well as flooded are§’38¢41].

RS techniques are very common in studies relevant bofinet® and floods, and in general, are particularly
useful for obtaining readyo-use information that is not available through -site observations
[32,41,42] RS has been used to asséiss impact such as burn severif¢3], burn extent and site
recovery[44], along various other applicatiof$5]. Additionally, RS applications have been widely used
for identifying flooded areapt6] with satisfactory performance and spatial de{div,48]

In this work we leverage the use of RS to assess both the burn extent and severity, and the flooded parts
of the study area. Burn severity and extent are critizators that directly influence podire land use
changes in the catchment, while the knowledge of the flooded area is essential for developing an accurate
hydraulic model and validating it.



As mentioned, most studies considering péist floodsuse typical design storms, rather than the actual
storm caused a real eventhe simulation of the exact meteorological conditions of the ewant be
achieved though, busingmeteorological modellingln this work,the Advanced Weather and Research
ForecastingWRFARW) model enabtethe precise representation of the flood event under real storm
conditions[49,50] The atmospheric model WR¥RW has been used to simulate various meteorological
conditions in Greece, demonstrating a satisfactory level of performance under different [&idts
includng heavy precipitation events and storms, and their fored&&;54]. Rainfall inputs from WRF
ARW have been coupled with lahgidrological modelg55]. However, this report presents a novel
approach, where th®VRFARW weather model inputs are used directly for hydraulic mouglexploiting

the rainron-grid technique of HERAS56], as i allows a higher level of spatial resolution reflecting the
actual rainfdl patterns and variability across the study ar@emote Sensing (RS) technigues were used
for the identification of the flooded area (flood extent), and also for the impacts ofitheo the flood,
through the determination of the burn extent and seitgr

Text BoxX2:

A schematic animation of the different components of our framework: Remote Sensing assess
(burnt conditions) atmospheric modelling (storm), and hydrawdimulations (flood).

For the simulation of the flood eventhé hydrauliehydrodynamic modelling has been conducted using

GKS W5 | @RNRf23IA0 9y 3IAYSSNRRAES)INS theSreddéommoklpSad) ! v I f
software for that purpos¢21,57¢59]. HECRASs a common software for flood inundation mappif@]

which has been succeséifju performed under various scalg¢54,61] and data availability conditions
[21,32,62,63]

1.3. Postfire Erosion and Floogbrotection Treatments (PEFTS)

Watersheds receiving precipitation close to their usaarage levels, and have generally good hydrologic
conditions, yield relatively small amounts of sediment, while their strbaseflow remains sustained for
extended periods, or even the entire year. For example, in watersheds where hydrologic conditions are
satisfactory (e.g., dominated by litter and vegetation, exceeding the 75% of their ground cover), only
about 2% of rainfalbecomes surface runoff, and erosion rates are [@4]. Even if suchvatersheds
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receive enough rainfalfustainable annual streamflow conditions and little sediment production can be
achieved when there are good hydrologic conditifsis].

However, this behaviour can significantly change afiess. Fires affect all watershed characteristics,
including soils, vegetation, and land cover, which are critical to fundamental hydrologic processes such as
runoff, streamflows, and sediment transpd@5,66]

In particular, depending on the burn severity and fleQ & R dzNJ -firdia2egs>havedauaed organic

litter and vegetation covering the ground surface (even less than 10% of the ground), so there is very
limited water retention. Subsequently, increased runoff leads to sediment transport, soil erosion, and
water quality deterioration, eveafter mild precipitation eventf§67¢69].

Robichaud et a[70] find that the surface runoff can increase over 70% in such cases, while erosion can
increase by three orders of magnitude. In general, aft@neaprecipitation events have noticeable effects,

such as tk formation of waterrepellent soils that cause immediate runoff, floods, roughness reduction,

high peak flows, hydrological connectivity alteration, disruption of the infiltration processes,
topographical alterations, delivery of sediment, pdise debrs flows and ash to streanjg1¢73]. The

above negatively affect habitats, bridges, roads, buildings, and other infrastru¢@d,@%] Water quality

and channel stability are also severely aféal, along with soil erosion, due to the movement of soil

particles. Studies also show the effects of such fiostcascade effects and the impacts on erosion, flood

risks, sediment transport, and water quali6,77] The hillside slopes can also be affected, leading to

the immediate occurrence of dry ravels afteffiee event[78]. This further enhances the transport of

surface materials through channe]9,80] Many studies provided evidence that the most severe
sediment losses occurred within the first year after thie [81,82] However, the magnitude of the

damages can vary depending on multiple factors, such as climate, firaefney, soil type, geology,
topography (especially slopes), and vegetati2®,83] Regarding water qualityRustet al. [84] studied

several sites in the western USA, and found that nutrient flux (different forms of nitrogen and
phosphorus), majeion flux, and metal concentrations are the mostmon pollutants in streams within

the first five years after éire. The importance of having good hydrologic and land cover conditions in
watersheds will be more valuable in the future, as the changing climate increases the length of the fire
weather seaons[85]. Considering all the consequences mentioned in the previousgragzh, one can

understand how many cbenefits lie in the timely restoration of pofite sites. As Giron® I NONI S { I f
[72] noted, mitigating the prone areas to erosion and floods afiess is crucial to decreasing potential
downstream risks and preserving the esystems' sustainabilityln order to speed up a burned

w6 SNEKSRQa flyR O2@0SNJ NBau2NI GA2y | yRe6)isa&vedrd 06224
practices have been developed, known &HR. These can be cowased and include barriers, mulch or
hydromulch, erosion control mats, slit fences, seeding, or everthamnel treatments, such as check

dams, grade stabilizers)-channel tree felling, debris basins, channel deflectors, and stream channel
armoring, while road and trail or even chemical treatments can be u¥édile the literature review

highlights the importance of immediate action by applying varied&3, congierably less information is

available about the operation and effectiveness of th&&3. The lack of consistency in evaluating and
assessingthPEFA Q STFFSOGAOPSySaa Aa RdzS (-Secilicistors klihétd, @ O NJ
terrainslo a4 flFyR dzaSax o0dz2NYy aSOSNAGesx Oz2aidaszx SGOdL P
PEF3$ on multiple factors that interact makes any evaluatio®P&F3 challenging and the generalization

of most findings almost impossible.

11



Text Box:

Examples of different podire recovery treatments, from the#vatershed CenteruS (2024)

Thus, the literature is restricted to specific case studies on a regional or local scale, evél&&dngnder
certain conditionsln this report, we provide aategoriation and analgis ofthe effectiveness oPEFS in
relation to most factors reported by the existing literatyr@ong with insights on their costs, from the
available literature

1.4. Design, Effectiveness, and Costs of PEFTs

PEFS include severalnterventions that are quite cas@ LISOA FAOX RSLISYRAYy3 2y
characteristics, hence the literature around them is not rich or concise. The literaturBEsh Q
performance is poor, with the majority of the studied cases are in the US, &paiRortuga[72]. While

there are some papers on the application PEFS, these refer to certain types of measures, mostly
focusing on soikrosion rather than flood hazards, and they are highly esgmeeific[72,87]

In one of the few examplesvaluating the effectiveness of tHREFS, Kastridisand Kamperido(i88] focus

on two northern Greek basins where the applied measures referred to the cutting of burned trees, a total
ban on grazing, and consttion of log erosion barriers, log chedams and contour branch barriers.
They observed failures of thesBEF$, mainly due to the rush of construction and their poor
implementation, which resulted in subsequent floods. The importance of the timely aogep

2 Sourcehttps://watershed.center/project/postfire-ecologicairecovery/
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installation ofPEF3 to enhance their efficiency in mitigating flood risks is also highlightéditsppoulos

et al.[30], studying another Greek burnt site. A similar studyPimgnerand Georgakakd®9] evaluated

the feasibility and impact of chealams (gabiordams) and vegetation coverageEF$ in the
mountainous areas of Haiti, indicating that hillslope revegetation primarily impacts lower return period
storms, while channel vegetation reduces peak discharge and delays flood peaks, and combined gabion
dams andcchannel vegetation effects are ndimear and dependent on storm characteristics.

But, to our knowledge, there is no study simulating a real {fiostflood eventalong with the suitable
PEFS to test the effects of the fire and the role BEFS in the actual floodingEven more scarce in
academicliterature are studies evaluating th®EFTcosts, considering various components from
installation to material and labour costs, probably due to the easel contextspecific nature of this
problem. These costs are often argued to be the greatest obstacle for their implementd&i@rour case
study, we provide detailed cost breakdowns in this report.

1.5. Economic Implications

From an engineering point of view, the pdse flood resilience highly reliesn the application of the
necessary protection measures. From an economic or policy point of view however, the decision to apply
the PEF¥ is connected with the associated co€8].

Thecosts for applying the necessaPEFS and especially their comparison with the damage costs
flood that can occur is a crucial analysis to reveal how beneficidPEFES can be in the longun, and
inform decisioamaking on flood protectionThe estimation and comparison of a refdod damage costs

to the costs of the recommended proteoti measures is a challenging task that requires extensive data,
specific for the studied case, and needs to be based on comprehensive modelling.

To our knowledge, it has not been performed in the literature scHakvever, performing such an analysis
canbe highly valuable and informative, as the findings might be similar for several cases (e.g. comparable
numbers/magnitudes of costs and damages). In this report, we present such an analysis, showing a
detailed breakdown of both protection costs and floddmages.

1.6. Policy Debateand need for Capacity Building

The described situation is actuallg complex problem, lying in the intersection of modelling and
governance spacespnsising of:

i) combined hazards (climate change, wildfires, floapshere wedo not always know the impacts and
severity, or the ways they are linked and increase risks;

i) postfire erosion and flood protection works (PERJ®hich are currently poorly studied, categorized,
and there is limited information on their cosffectiveness;

iii) a cecision that has to be made on the level (investment and work) of-fiasprotection treatments
(mitigation).

13



In practice, this is a difficult problem, as often information is lacking on both three points. For example,
we do not have a chr picture at the locascale of the effect of a wildfire to a subsequent flood, the risks

it can bring, what PEFTs exactly to consider, how effective they will be, how much they will cost, and if
GKAA Ay@SadyYSyid A& WLINRBFAGEIOE SQo

In reality, we often seeases being burnt and then flooded, even repeatedly, highlighting systematic
failures[91]. In this report, weaim to bridge this governance gap with two ways:

1 Interdisciplinarysimulation modelling,aiming to shed light on theffect of a wildfire to a
catchment, the simulation of extreme storms and floods that can occur, the design of specific and
tailored PEFTs, and a thorough assessment of their costs and effectiveness, ingntparthe
flood damages.

1 Stakeholder capacity building support, and a detaregdmap,drawing upon real cases. This is
applicable to any countpypased on stat@f-the-art theories for stakeholdezngagemento cover

any governance gaps in scieroepolicy uptake and flood protection.

1.7. Research approach summary

In this eport, we aim to cover theesearch and policy gaps mentioned abdwe

i) A detailed representation of a podire flood event in a typical Mediterranean site, combining
atmospheriomodel with remote sensing and hydraulic modelling.

i) Assessing the most appropriatEF's and modelling them spatialys a recommended protection plan
for the study area

i) Assessing their effectiveness for flood mitigation, by directborporating then in the hydraulic
model.

iv) Estimating their costs, as well as comparing them with the estimated direct flood damage costs.

v) Analyzehe drivers behind the current inaction in terms of flood protection, and reflect on them based
on a transformation framework used for similar cases in Australia.

vi) Propose a capacity building roadmap, targeting existing flood governance gaps, apptcsibiilar
cases.
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Text Box¥:

Post-wildfire flood assessment and mitigation framework

Atmospheric
modelling & Remote
Sensing & Hydraulic

modelling

Desianin Economic
gning Assessment
protection .
(protection
treatments
costvs
l damage cost)
Wildfire
impacts on Policy insights
flooding
T Scenario
Evaluation (pre-
Real post- fire, post-fire,
wildfire flood protection
event treatments)
simulation

Schematic summary of our research approach, as described in the points above.

Each one of these analyses, and especially their combination, is a novel contribution with
practical and policy insights to addrebe increasing threat of podire flood effects, both in terms o
understanding and mitigation.

For each analysis, novel tools have been developed aiming to couple/link models.
The findings are easily transferable and the approach has an operatiorrakctéra both in terms of
modelling and stakeholder analysis.

1.8.  Sustainability Implications

Thepresented approach consists of: i) methodological advances and combined models for the simulation
of postfire floods; ii) the assessment of protection works; iii) their economic implications in terms of costs
of protection versus the flood damage cgdtg a capacity building roadmap to bridge similar scietoce
policy flood protection gaps.
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All thesefour aspects are interdisciplinary and have multiple layers with implicationsustainability,

resilience, climate change adaptation and mitigation, acigncesupported policies. These principles are

O2NB StSYSyida FT2N (G§KS [203 dhede aré dsdenfial insights ndeadysfor tN&S & S | N
study area, but for any area where such a thorough analysis can be carried out. These sustainability
implications are briefly outlined below, in relation to the relevant Sustam&mvelopment Goals (SDGs)

which are the blueprint of the Hul®4,95]

1 SDQ@ ¢ Poverty: Avoidance of consequencEesm combinations of disasterthanks to the
implementation of the proposed mitigation measures. Resilience against flood risks is crucial to
avoid the economic decline of the critical agricultural sector of the Medinean regiorf96].

1 SDGZ; Hunger: Protection of agricultural crops from the loss of arable land as well as a large
number of people who depend on agriculty&7,98]

1 SDG3; Health: The results of the implementation of the proposed system are directly related to
the protection of human lives, as well as the avoidance of numedsesases related to floods
and extreme soil erosion eveniig9].

1 SDG& Water and Sanitation: Through the identification of the risks in the studpicipal water
supply and irrigation networks and sanitation facilities can also be protected, ensuring the
availability and quality of watdf00].

1 SDG& Economy and Development: Economic development of areas that can avoid soil erosion
and flood risks. Strengthening research and innovation, creating jobs, whittbe achieved
achievedhrough the creation of the proposed systd01,102]

1 SDG9 Infrastructure: Measures to strengthen areas facing increased fiskn the natural
disasters under investigatiofiL03].

1 SDGI1L Cities: Resilience to extreme events, protection of cities and settlements, allowing their
continued developmenf104].

1 SDG1Z; Climate: Management of the impacts of climate change by redutiagnumber of
affected people and preserving the sustainability of the di€¥b].

1 SDG14 Life Below Wate& SDG1%, Life on LandAvoidance of degradation and desertification
of vulnerable areas, preservation of biodiversity, and avoidance of pollution of coastal areas due
to protection from erosion and flood8,37,106]

1 SDG1% Partnerships: Interdisciplinary nature of the propo@akthodologically and at the level
of implementation and policy) with multiple benefits (see above), thus it can build bridges of
cooperation for their implementatiofil07].

Structure of the report

Text BoYs:

The rest of this report is organizéyy presenting each step the approach, describing its methods
results in the same section, in order of application.

In particular:

9 Study area, and research problem;
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1 Representing the flood, and validating the result;

1 Reviewing available PEFTS;

1 Selecting and designirige most appropriate ones for the case study;

1 Running scenarios to reveal the effectiveness of the PEFTs, and compare their flood
economic performance;

1 Specifically, for the economic performance, we compare the costs of PEFTs vs the flood
costs, for each scenario;

The following schematic summarizes the modelling framework:

Effect of wildfire on burnt area's hvdrological

response
_ Remote sensing analysis of pre- and post fire
Storm representation images, to determine the burn extent and burn
Atmospheric model (WRF-ARW) severity

AN —

Flood event simulation
Hydraulic-Hydrodynamic model (HEC-RAS), using:
- spatiotemporal storm inputs, from the WRF-ARW
- topography, land cover & wildfire-effects

expressed by Manning's roughness coefficients for

the post-fire conditions
Ii\
V)
Flood inundation validation
Observed: Remote sensing analysis (producing "water images")
Vs

Simulated: HEC-RAS model result

PEFTs Design

Literature Review: Qualitative sclection of cost-effective PEFTs,

Choosing the PEFT types that are usually applied in Greece,

Designing them in the studied catchment based on the official technical guidelines
(density, construction specifics, etc.),

Further modify their design to make them more efficient for the specific flood
event (e.g. increasing density of small dams in parts & streams that flooded first)

While more details on the technical parts will be provided in the next sections.

Drawing onthe resultsof this framework in the second part of the report, we:
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The final part of this report presents the first step towardsationatscale resiliencéuildingeffort,
by:

1 Present a governance assessment framework and analyze the existing gaps;

1 Propose a stakeholder capacity building framework, targeted to fill those gaps.

9 Using design storms for future flood protection assessments.
1 Applying a novel tool in all officially delineated Greek catchments (~11,000).
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2 Post-fire flood in Kineta, Central Greece

A Mediterranean catchment was selectad an application area: Kineta catchment in western Attica,
central Greece (Fig.1Kineta catchment, covering approximately 40%kmlocated in western Attica. Its
northern part drains the Geraneia mountains towards its southern part, through the Riklasva other,
smaller, intermittent streams, where there is the coastal town of Kin&tpart of the Geraneia mountains

is a Natura 2000 Protected Area.

The climate of the Kineta catchment has, like most Mediterranean areas, hot, dry summers and mild, we
winters[108,109] The main land uses are forests (pine foresthie north, which was the main burned

area), complex cultivation patterns with the various fields in the southern part, and the urban settlements
(the coastal Kineta town).

Legend
[ «ineta Catchment

DEM (2m)

High : 1369

“Low: 0

~MN\_~~— Streams
Land Cover (2018)
Complex
cultivation pattems

GConiferous forest

Discontinuous.
urban fabric

Land principally
occupied by
agriculture, with

areas of natural
vegetation

Mixed forest

Natural grassland

Road and rail
networks and
assaciated land

o
@

a and ocean

Sport and
leisure facilties

100

Transitional
woodland/shrub

0 07515
]

3 Kilometers

v

Figurel: The map of the study area, showing tleeation of Kineta in Greece, and the catchment with the Digital
Elevation Model (DEM), the river network, and thefire land cover in 2018 (according to the CORINE
classification[58,110]

The Kineta area faces risks fréimes, with notable incidents in 2017 and 2018 (BEigOn May 14, 2017,
a fire broke out in the Panorama settlement in Agioi TheoddZoirinthia (northwest of Kineta), claiming

Gog2 tAODSa
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them[111] On July 23, 2018, a large fire ravaged the pine forest of Gernheintains above Kineta.

The fire was attributed to strong winds bringing power lines into contact, causing sparks that resulted in
the ignition of dry gras§l12], while there were also debates regarding the possibility of an organized
arson[113]. The fire advanced and burned down the Panorama and Galini settlements, as well as houses

in Kineta, causing 14 injuries.
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Figure2: A) Damages by the fire of 201Source{111]. B) The burnt pine forest after the fire of 2018. Source:
[114]. C, D) Damages by the fire of 2018. SoJfcE5].

bSEG &@SIFEN ounmpus Iy SEGNBYS &i2Ny SgSyidz yIYSR
November 2426 and caused a destructive flash flgdd6]. Among the findings of the subsequent visual
inspection, was that the fire of 2018 played a key role in the magnitude of the flood daifidggsAfter

the fires in 2018, an inspection revealed that there were already loose sediments in significant quantities

within the riverbeds[114]. The flood brought downstream a considerable ambof sediment (mud,

trees, rocks, etc.) which, combined with the large volume of water, caused severe dafirag8s

However, there is no comprehensive, datdven assessment so far, investigating the mechanisms
involved and under which this flood carred.
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Figure3: Damages by the flood of 2019 to infrastructure, road networks, and the coastline of the Kineta area
[111,114,115]
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PART A: The modelling framework / techrezonomic assessment

4

3AssessingthéireQa A YLI OG0 FyR YIFLIWLAYy3a GKS o0dz2Ny aS@SNRGe 0l

For the identification of the 2018re impactsthree Sentinel 2 satellite imageries of gie (1image) and
postfire (2 images) were used for the mapping of the burnt area of the Kineta area, after the fire of 23
July 2018. Sentinel 2A Level 1C tiles (Tile ID: T34SFH) were acquired on 20 July 2018 (before the fire event)
and 02 August 2018 and 16 tOer 2019 (after the fire event and before the flood event under
investigation), and downloaded from the Copernicus Open AccesglHidb The selection of the Sentinel

2 imagery was based on the tiling grid which is available by the EiSAas a KML file, providing unique

IDs for each tile (100 km x 100 km ortimsages in UTM/WGS84 projectiofpllowingly, Sentinel 2 images

were preprocessed by being imported in the seaitomatic classification plugin (SCP) of the free and
opensource crosplatform desktop Quantum Geographic Information Syster(Q), v. 3.6-8loosa to
perform: (a) conversin of images from digital numbers (DN) to topatmosphere reflectance (TOA) and

(b) atmospheric correction (AC) by using the DOS1 method (an AC method widely used by the Earth
Observation communiy{118,119]

The study area was delineated by using the shapefile of the Kineta catchment including adjacent
watersheds while the mapping of burnt areas has been conducted for two periods; the first one concerns
the period between July and August 2018 and the second one the period between July 2018 and October
2019 with basic aim the detection of regrown vegetation.

Burnt areas were mapped based on the double calculation of Normalized Burn Ratio (NBR) (Equation 1)
[120] for both of periods, by using bands B08 (NIR) and B12 (SWIR). This index uses the differences of
reflected light between healthy and burnt vegetation based on the fact thegig vegetation presents a

very high reflectance in the NIR and low in the SWIR portion of the spectrum whilst recently burnt areas
present low reflectance in the NIR and high in the SA/2R]. NBR index takes values ranging frdnto

+1 with the healthy green and burnt vegetation presenting high and low values, resggcti

Poa, ) 237) 2 (1)
VoY 53Ty 2

Subsequently, the Change in Normalized Burn Ratio (DeltadNBR)120] was twofold calculated to
highlight the changes from the reference state, by subtracting the-fimsNBR values (02 August 2018

and 16 October 2019) from the reference NBRig of 20 July 2018 (Equation 2). In this way, burn severity

is more accurately assessed than through the NBR index, as it is based on the measurement of per pixel
changes in reflectance values.

Q0 6'Y0 6 Y1 QQW YR E 6QQ Q @)

Followingly, according to Rahman et[dR2] a threshold value of +0.1 (proposed for Sentinel 2 images)

was set to both dNBR files for each period to appropriately differentiate the burnt from unburnt areas
along the study area. Conclusively, the resulted dNBResalere multiplied by 1000 and afterwards
classified according to burn severity ranges proposed by the United States Geological Survey (USGS),
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(Fig4). Twofold calculation of dNBR, highlighted initially the most affeefman-fire areas for each
period ard then the observed changes in burn severity levels from August 2018 to October 2019.

Severity Level dNBR Range (scaled by 103) dNBR Range (not scaled)
[ Enhanced Regrowth, high (post-fire) -500to-251 -0.500 to -0.251

Enhanced Regrowth, low (post-fire) -250to -101 -0.250to0 -0.101

Unburned -100 to +99 -0.100 to +0.99

Low Severity +100 to +269 +0.100 to +0.269

Moderate-low Severity +270 to +439 +0.270 to +0.439

Miderate-high Severity +440 to +659 +0.440 to +0.659
. High Severity +660 to +1300 +0.660 to +1.300

Figure4: Pictures of Kinet@ Burn severity leveldpllowing the categorizatioproposed by the relevant USGS
Table

Results:

The two-fold calculation othe dNBRindicated avegetation regrowth between August 2018 and October
2019 with the percentages of unburmreas and those characterized by low or {owderate burn
severity(2019) being increased compared to those of August 2(Hig6). In addition for both periods,

burn severity classesoveringthe greatest areas are those subjected to moderaigh and moderate

low severity and the unburnt areas (2018) and modeilate and low severity and unburnt area for
October 2019, respsively. It should also be noted that areas affected by high burn severity in October

2019 are almostninimized compared to August of 2018 aak mainly replaced by areas impacted by
moderatelow burn severity(Fig5).
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Figureb: Resultswith the burn severity classes the Kineta catchment during the fire (Julygust 2018) and
postfire, before the flood event (Jul 20X80ctober 2019)58].
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Figure6: Percentage extent of burn severity classes (USGS) along the study area for both the studpstitdse

4 Representing the storm that caused the flood through the Atmospheric model WARW

The Advanced Weather and Research Forecasting - v4.2 moddh9] was used to simulate the
meteorological conditions resulting to the heavy precipitation event that caused the flash flood in Kineta.

¢tKS Y2RStf KSNB g1 a aSi dzJd 2y GKNBS ySaGdSR R2YlIAya
P ocn INAR YLIPAYWIFOUWZ OHPH P Hyc INRAR LRAYGa0 YR ™M |
The third domain well covered the flooded area and some adjacent regions, the second domain covered
Greece, and the first one covered a wide area including paEsiaipe, Mediterranean, North Africa and

West Asia, respectively.

The simulation was initialized on 24 November at 00:00 UTC (02:00 local time) to capture the atmospheric
conditionsprior to the flash flood and the simulation lasted 48 hours up to 26 Ndwemat 00:00 UTC

(02:00 local time). The initial and boundary (every 6 hours) conditions of the simulation were constructed

using operational analysis data of the Global Forecasting System (GFS) provided by the National Centers

for Environmental Predictiod b/ 9t 0 2y | K2NAT 2y dFf 3INAR &LJ OAy3 2
involved atmospheric data at several atmospheric layers and near the surface as well as soil moisture and
temperature. The sea surface temperature (SST) in the lower boundagjtioms of the simulation were

updated every 6 hours and they were constructed using-tiead global (RTG) SST analysis data, also

LIN2 JARSR o0& 0KS b/ 9t 2y | K2NRT 2y al € IANAR &LJ OAy
parameterized employing thenified Noah[123,124]land surface model. The lomwgave and shorvave

radiation processes were parameterized using the RRTMG scli@bk Also, the WSM-6lass scheme

[126] was used to parameterize the cloud microphysics processes. Regarding the convective processes,
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the GreltFreitas ensemble schenjg@27]¢ | a
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Results:

On 2425 November, Greece was affected by severe weather conditions. A deep barometric low from the
west brought heavy precipitation in many areas. More specifically, a cold front, accompanying the
barometric low, passed through the night between 24 andNttvember causing torrential rainfall in

Kineta and adjacent areas. A meteorological station of the National Observatory of Athens (NOA) network

at Agioi Theodoroi located approximately 8 km westthwest of Kineta recorded 206.8 mm ctidy
rainffallon2-Hp b2@BSYOSNI ORI Af & RdGiekk weatherpdrtfl®d)S FTNRBY WYS

SYLX 28SR Ay (GKS OFf Odz I GA2Y A
1Y0 6KAES SELX AOAG NBaztgS 2F 02y @SOiGAz2y 41 a S R
(KS [L2BYaiddhe reyisd bBREBURhGvEsChén@ K S Y &
were employed for the planetary boundary layer and the surface layer processes, respectively.
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The modelling results of the accumulated precipitation and rétegamflow for the Greek grid
(upper), and the suisection of the study area (lower), over time.

The WRFARW model simulation estimated 182.6 mm edi&@ rainfall at the same area, thus agreeing
very well with the measurements. Most of the rain vasulated from 24 November at 20:00 UTC (22:00
local time) to 25 November at 06:00 UTC (08:00 local time) as shown 7a.Fgpecially in the early
morning of 25 November, a severe storm occurred around Kineta, as indicated by the pattern and
intensity d the 1-h accumulated precipitation in Fitfb-d) for 03:00, 04:00, 05:00 and 06:00 local time
respectively. The high rainfall rates caused significant increase of surface water runoff in the watershed
upstream of Kineta, finally resulting to the devastatiflash flood.
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WRF-ARW v4.2 24/11 22:00 - 26/11 06:00 local time
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Figure?: (a) Simulated & accumulated precipitation (mm) for the period from 24 November at 22:00 local time to
25 November at 06:00 local time. Simulatett Accumulated precipitation (mm) for 25 Novembei(la} 03:00, (c)
04:00, (d) 05:00 and (e) 06:00 local tif68].
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5 Delineation of flood inundated areas tlmugh Remote Sensing techniques

TheRS analysis provided us with a map of the flood ext@®ne Sentinel 2 (S2) image of 25 November

2019 with processing level 1C and time 09:23:21:024Z was used tdlondpnundated areas in Kineta

while the flood event started on 24 November 2019. The S2 image was subjected to the same pre
processing procedure as those used for the mapping of burnt a@@scerning the delineation of water

on land, spectral indice®2 y G AYAy 3 @Aadzf o6FyRaA 6AGK ¢l @St Sy3air
infrared spectra with awave SY 3G K o6>Y0 nd1t G2 mMom KIF g280,183Sy LINE
Therefore, in this study several spectral indices (NDWI, MNDWI, AWEI, RSWIR1, and RSWIR2) have been
evaluated by employing S2 bands. In addition to the spectral indices, the SWIR2, NIR and red b@ands we
ascribed to Red, Green, and Blue values (RGB) respectively and converted to the HSV (Hue, Saturation,
Value) colours using a standardized transformafib82]. According to Pekel et dlL33,134]water can

be effectively delineated by defining a relation between H, S and Vpmrants while more information

about the theoretical background and the equations used can be found in Konapal§l&5l.

Five water indices (WIs) were calculated on the S2 image of 25 November 2019, while the most significant
task was to selg the most representative threshold value for each WI. Analysis of their histograms
indicates a different magnitude peak while positive indices' values normally correspond to water while
negative or zero values correspond to soil or terrestrial vegetatlanaddition, manual (subjective)
adjustment of the thresholds is proven to achieve a more accurate result in the water delineation, which
was performed based on the actual images (pictures) and drone videos from the visual inspection after
the flood [114,136] Then, after the application of the thresholds, each image file representing each
distinct WI was binarized, putting &mgical value (true) for values greater than the threshold and false for
lower values.

Results:

For the mapping of the flood extent, all calculated WIs were compared, interpreted by using expert
knowledge and visually checked, aligned to the 4 (Be@reen)}2 (Blue) natural composite of the
NEALISOGABS {H AYI ISP LYyGSyaArAFASR lylteaira KAIKE AT
0.1) as the best performing index for the detection of inundated areas8jFags it presented the most
stableresults.
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Figure8: Flood extent mapped through RSWIR2 index calculafibe flood extent at the location of Kineta town
was used as the validation polygon, to validate the flood model (next se¢i8h)

6 Simulation of the flood &tent and water depth through hydraulichydrodynamic modding

The hydraulieKk @ RNRRey I YAO Y2RStftAy3a KFra 0SSy 02y RdzO0GSR dz
River Analysis System (HEBS), to map the inundated areas of the studied catchment, and analyze the

water depth and velocity during the studied event. The main components needed for precise flood
inundation modelling and mapping, include the digital elevation model (DEM), stream channel
characteristics (such as river flowpaths and banks), the hydrawidehsetup (including initial and

boundary conditions, roughness coefficients, and engineering structures), as well as the depiction of

urban areas. A 2m resolution DEM was applied in this case, obtained by the National Cadastre and
Mapping Agency S.A. (NB).

Roughness is a key input in flood inundation modelling, as it directly affects the flow conditions. The most
O02YY2y I LIWNRBFOK F2NJ GKS NBlFaz2ylrofS YFILLAYy3I 2F al
typical values for land cover data basedtba literature, combined with personal judgment based on the

I NBl Q4 OKFNIOGSNRAGAOAD C¢KAA FLIINRIFOK gta F2tt26S
typical values for preand postfire land use categories, always considering the burn sgveoinditions.

The spatially distributed roughness values used for the Kineta area were derived after testing considering
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the typical minimum, median, and maximum n values provided by the literature for similar areas and
conditions (in particularf25,137%145]), aiming to the optimim set of valuesAfter the tests performed,

two set of values of the n roughness coefficient have been defined (Table 1). These values were used in a
spatially distributed format for the Kineta area and combined with the DEM, the 2D flow area
computationd grid, and the rairon-grid input constituted the model setup for the initial (pfiee) and

the postfire conditions, respectively. In Table 1, the Classification Category field corresponds to the
CORINE 2018 land cover categories (CLC2018), combimetthevdifferent conditions derived from the

RS observations (RS obs). So, the CLC2018 categories (e.g., Complex cultivation patterns, Coniferous
forest, Mixed forest, etc.), were spatially combined with the RS observations (e.g., Enhanced regrowth
high, Eimanced regrowth low, High severity, Low severity, Modetate severity, Moderate high severity,
Unburnt), and produced the categories of the first column of Table 1. This actually shows us spatially all
the different land cover categories (according toRIRE) with their different burn/recovered status
(based on the RS observations).

Tablela | YYAY 3Qa N dz3 Ky Sird ang posfirefsarthdio. ThephidirdiskeBarid dutBsponds to
the actual simulated flood of November 2019.

I Ay3c I Ay3IQi
Classificatbn Category (CLC2018 & RS obs) alyyiy albyyAay

(pre-fire scenario) (postfire scenario)
Complex cultivation patterns enhanced regrowth, high (post fire) 0.650 0.4903
Complex cultivation patterns enhanced regrowth, low (pirt) 0.650 0.1708
Complex cultivation patterns high severity 0.650 0.0110
Complex cultivation patterns low severity 0.650 0.4903
Complex cultivation patterns moderatew severity 0.650 0.3305
Complex cultivation patterns moderate high severity 0.650 0.1708
Complexcultivation patterns unburnt 0.650 0.6500
Coniferous forest enhanced regrowth, high (post fire) 0.800 0.6028
Coniferous forest enhanced regrowth, low (pdise) 0.800 0.2083
Coniferous forest high severity 0.800 0.0110
Coniferous forest low severity 0.800 0.6028
Coniferous forest moderatiow severity 0.800 0.4055
Coniferous forest moderate high severity 0.800 0.2083
Coniferous forest unburnt 0.800 0.8000
Discontinuous urban fabric enhanced regrowth, low (pfios) 0.060 0.0233
Discontinuousurban fabric low severity 0.060 0.0478
Discontinuous urban fabric moderatew severity 0.060 0.0355
Discontinuous urban fabric unburnt 0.060 0.0600
Land principally OC(?upIed by agriculture, Wl.th S|gn|f|c§nt areas of na 0.050 0.0403
vegetation enhancedegrowth, high (post fire)
Land principally occ.upled by agriculture, with S|gn|f|f:ant areas of na 0.050 0.0208
vegetation enhanced regrowth, low (pefite)
Land principally occupied by ggnculture, Wl-th significant areas of na 0.050 0.0403
vegetation low severity
Land principally occupled. by agriculture, with S|gn|f|cant areas of na 0.050 0.0305
vegetation moderatdow severity
Land principally occupied by agriculture, with significant areas of na 0.050 0.0208

vegetation moderatéigh severity
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I Ay3ac I Ay3aAQ:
Classificatbn Category (CLC2018 & RS obs) albyyry alyyry ‘

(pre-fire scenario) (post-fire scenario)
Land principally occupied by agrlculture, with significant areas of na 0.050 0.0500
vegetation unburnt
Mixed forest enhanced regrowth, low (peBite) 0.800 0.2083
Mixed forest high severity 0.800 0.0110
Mixed forest lowseverity 0.800 0.6028
Mixed forest moderatdow severity 0.800 0.4055
Mixed forest moderate high severity 0.800 0.2083
Mixed forest unburnt 0.800 0.8000
Natural grassland enhanced regrowth, high (post fire) 0.650 0.4903
Natural grassland enhanceegrowth, low (postfire) 0.650 0.1708
Natural grassland low severity 0.650 0.4903
Natural grassland moderafew severity 0.650 0.3305
Natural grassland unburnt 0.650 0.6500
Road and rail networks and associated land enhanced regrowth, ¥
) 0.013 0.0130
(postfire)
Road and rail networks and asso<':|ated land, enhanced regrowth, 0.013 0.0130
(postfire)

Road and rail networks and associated land, low severity 0.013 0.0130
Road and rail networks and associated land, unburnt 0.013 0.0130
Seaand ocean, enhanced regrowth, high (post fire) 0.070 0.0700
Sea and ocean, enhanced regrowth, low (pios) 0.070 0.0700

Sea and ocean, low severity 0.070 0.0700

Sea and ocean, unburnt 0.070 0.0700

Sport and leisure facilities, enhanced regrowifgh (post fire) 0.025 0.0215
Sport and leisure facilities, enhanced regrowth, low (dos) 0.025 0.0145
Sport and leisure facilities, high severity 0.025 0.0110

Sport and leisure facilities, low severity 0.025 0.0215

Sport and leisure facilitiespoderatelow severity 0.025 0.0180

Sport and leisure facilities, moderate high severity 0.025 0.0145

Sport and leisure facilities, unburnt 0.025 0.0250

Transitional woodland/shrub, enhanced regrowth, high (post fire) 0.800 0.6028
Transitionalwoodland/shrub, enhanced regrowth, low (pefite) 0.800 0.2083
Transitional woodland/shrub, high severity 0.800 0.0110
Transitional woodland/shrub, low severity 0.800 0.6028
Transitional woodland/shrub, moderadew severity 0.800 0.4055
Transitionawoodland/shrub, moderate high severity 0.800 0.2083
Transitional woodland/shrub, unburnt 0.800 0.8000

Streams 0.060 0.0950

The 2D hydrodynamic calculations were based on a computational grid covering the study area, using a
variable highresolution mesh computation point. The small mesh spacing especially around streams,
makes the computations more demanding, but ensures h ldgel of modelling detail.

Moreover, the hydraulic model considered the information retrieved from the visual inspection after the
fire of 2018 and the flood of November 2019, as reported in the respective report, the news, and a drone
video of the floaled area (as shown in F%. This allowed us to:
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1 Create an accurate representation of the validation polygon of the areas that flooded within the
town of Kineta, by refining the RS results of.&i@ccording to the relevant descriptions and
LIK2(023® ¢KA& AYLINRGSRI WY2RA BlabigWithdhe felevant G A 2y L
photos and references.

1.6
Kilometers|

Figure9: The actual flood extent, as extracted from the RS olmens of Fig8, and refined with the documented
damages after the visual inspection of the flood event of November P14, sources from the Greek news
[146]and a drone video by the UPstories team showing the aftermath of the ftbéd.

1 Consider the effect of the debris flow to the blocked drainage routes. In particular, after the fire,
AG 61 a4 NBLR2NISR GKIFIG O2yaARSNIOES IY2dzyld 2F NP
drainage passage before the Olympigghway, and an underground culvert at the two other
smaller streams in the east (Fif)). Figures and further details justifying this can be found in the
@A &adzZ £ Ay a [134) GThes yuarar thNBitia(pdEe) conditions were not blocked, so
the hydraulic model took into account these changes:
o0 In the prefire conditions, the Pika stream is considered to be a typical surface, open
stream. While the other two streams have an orthogonal culvert 3 x 5 m for water
drainage to the sea.
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o In the postfire conditions, these are blocked, so the Pika stream was blocked above the
Olympia(AthensCorinth) highway (using HE@! { Qa4 GSNNI Ay Y2RAFTAOI i
the culvert is inactive.

Legend
[] Modified Flood Extent RSWIR2

1.6

to the sea

FigurelO: The location of the Pika streagOlympia highway bridge (Ather@orinth route), and in the second
picture, there is the schematic of the underground culvert until its outlet to the sea. Thdipa#ibod of
November 2019 blocked both drainage routesu®es:[Google Earth[114,146,147]

In these views from Figand10, it is worth noting how many houses have been built close to the streams,
maximizing thus their exposure risks from potentlamageof a flood event.
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The rainon-grid technique was used, allowing us to apply spatthiydetailed rainfall accompanying the
storm that caused the flood event, as simulated by the WARMV atmospheric model, on a grid over the
Kineta catchmentThe rainon-grid is a relatively new technique that allows the user to apply spatial
datasets ofgridded precipitation to the study area, in contrast with the traditional paibservations
[21,57] The timestep of the rairon-grid storm applied was 1 hour, so 20 spatiatasets (raster fileg

20 grids from 24 November 2019 14:00:00 to 25 November 2019 09:00:00) representing the storm event
were inserted in HERAS. The simulation was configurated based on these inputs, as follows: the
computation interval was set to 1 send, while the mapping, the hydrograph and the detailed output
intervals were set to 5 minute¥.he model provides the flood inundation (extent) and water depth for
each time step of the simulated event, in both the fiire (hypothetically, if the sameterm had
happened before thdire), and the posfire cases.

Text Box 7gnimation ¢ video):

The linkvideol.mp4leads to a video of the 2D simulation, see screenshot below:

25NOV2019 05:00:00

Tim —

b O

} ‘ 4 » 00:11.51 3

=

=

This is a useful output, as it shows the evolution of the flood, with several insights that can
seen from a static flood map (e.g. which parts of the catchment flooded first, frommeathey
got the biggest amount of water, or how fast this happened).
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file:///E:/publications/G.Reports/G.21_GCH_fire-flood%20report/video1.mp4

The resuls of this simulationare shown in Fig.1Xonsidering twanitial® scenarios:

 Prefire ¢ the same storm hits Kineta catchment, with the ffeA NB al Yy Ay 3 Qthe 02 ST T A
AGNBlIYa y2i 0f201SR ¢6AGK RSONARADP ¢KAA Aa | GKS
to the actual flood.

1 Postfire ¢ the reality of what happened in Kineta: the simulated Girionis storm hits the area

considering the posF A NB  aslcoéffickentsafd blocked streams from debris.

Legend

DEM (2m) il
Elevation (m) 5,
High : 1368

— o0

Legend
DEM (2m)

Elevation (m)
High 1268
-

— |10

Pre-fire Scenario
‘Water Depth (m)
[ Jo-02

Poz-o05
o510

Post-fire Scenario
Water Depth (m)
[lo-02

Legend

Legend

) [ validation Polygon
Pre-fire Scenario Post-fire Scenario
Water Depth (m) Water Depth (m)
[lo-02 [o-o02
[ 02-05 [ o2-05
I o5- 1.0 I os5-10
-1,0_2,0 -1.0»2‘0
Bl - 20 2o

Kilometers|

Kilometersl

D 01503 0.6 0.9 12 D 0.150.3 0.6 09

Figurell: The results of the hydraulicydrodynamic model under the Girionis storm: Flood extmd depth for
the pre-fire scenario (A, C) and theal postfire conditionsrepresenting the flood event of November 20(®, D)
overthe validation polygor{D)[58].

% In the following sections, one more scenario is added, considering the application of PEFTSs.
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Model validation:

For the validation of the modethe results of Figure TLwere compared to the validation polygon of
Figure 8 (also presented in Figlivith red colouy.

In particular{i KS T f 2 2pBl®éh a$ otBine@®fdom the RS imagery was used (Figure 8) and assessed
with typical indices that consider the flood tent. In particular, the Critical Success Index (CSI), also
known as threat score (TS) was used to assess the accuracy of the sinmulaidated areas against the
validation polygori148¢151]. The CSI can be estimated according to Equation (3):

#3) —— 3)

Where A is the correctly simulated flooded area (hits); B is the-fitsalated flooded area (false alarms);
C is the flooded area that is not predicted by the model (misses); and the term B at the numerator in
Equaton80 A& dzASR (2 LISyl f AI[BSxIBHAS Y2RSt Qad 2 OSNLINBRA O

The CSiI for the flood of November 2019 in Kineta was 0.65, which is a satisfactory value (CSls above 0.5
are acceptable)The total simulated flood inundation area was found 451,848411,177 Minside the
validation polygon) for the préire scenario, and 595,246%(549,308 M inside the validation polygon)

for the postfire scenario. So, the actual effect of the fire on the flood extent is 143,398 m2 more flooding

in total, with the 138,131 rfwithin the validation polygon.

This practically proves that if the Kineta pine fdreas not been burned, and the streams were not then

blocked, the flood extent would have been reduced by 25.1%. At the catchment scale, this might sound a

small difference, however, for a small coastal town covering approximately £,5Hhen0.138 krhis not
ySItAIA0tSd Ly lye OFrasSs +ta YSyYyldAz2ySR Ay aSOiAz2y
phenomenon. This indicates a potential flood risk in the aregardless othe fire, as the hydraulic

Y2RSt Qa NBadzZ Gda Oefifeanditors FEigT).ZINg fiddiaGis in liishwithisbnie histiiid

flood events, as mentioned in the study area section. Moreover, the results of the RS analysis showed that

the land cover and vegetation have recovered from August 2018 since Octoth@r although not

completely, but the higiburn severity areas were minimized.

An interesting finding is that the Pikas stream was not the main responsible for the flood. The water came
in principle from the other two smaller streams in the eastern pathefcatchment, and mainly the one

in the east. These are intermittent streams, but it seems that the more abrupt slopes contributed to the
increased streamflows. Another factor that contributed to the increased-fiosflood scenario was the
streams beig blocked by the debris flow.

The next step is to explore what kind of protection (PEFTSs) could have been applied in Kineta.

7 Postfire Erosion and Flood Protection Treatments (PEE™S)literature-based assessment, and
analysis of their suitability

Ther are many different kinds ¢fEF3. All of them aim to speed up the recovery of burned watersheds,
improving thus their response to hydrological processes and erosion. The wal?E&dhes to achieve
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GKAE RATFSNE® ¢KS Y2 aisbaSed ohYvBich watetshedl Blem@rit they @@ diding | (G A 2
to improve. According to Nappdd55], PEF$ can be categorized per treatment type, such as land
treatments, channel treatments, road and trail treatments. These are described as follows:

1 Land treatments: Stabilizing burned areas can be accomplished using several land treatments by
providing soil cover (reducing erosion), trapping sediment (reducedingentation), and/or
reducing watefrepellence(improving infiltration). These ways aim to speed up recovery while
maintaining ecosystem functionality and integrity by limiting the expansion of unwanted species
[156]. Land treatments can be covbased yorking on the land cover improvements, including
seeding) or barriebased (installed barriers to trap sediments, reduce excess flow, or slow runoff).

1 Channel treatments: Channel treatments focus on mitigating the negativefpestffects on
water qualty, loss of water control, lower water velocity, trapping sediment, and preserving
channel characteristics. As a result, they are highly beneficial for downstream areas, minimizing
the hazardous impact of potential high flows and flooding, erosion, déposiand sediment
transport.

1 Road and Trail Treatments: Combined with the previous two types (land and channel treatments),
road and trail treatments can reduce the pdse effect on the transportation infrastructure.
They also protect life, safety, dmproperty, supporting thus critical natural or cultural resources.

Since the available information on PEFTs is so limited and not concisely presented, we conducted first a
literature review:In the Annexof Papaioannou et a[157] we provide a detailedbverview of the most

typical works under each type of treatment, along with a description, commenting on their suitability/
effectiveness. In this section, Talddighlights the main factors that one must consider when assessing
the effectiveness and daibility per type of treatment.

Table 2 Different treatment types with the most common works, and comments on site suitability and

effectivenesg157].
Type of Typical works Suitability and Effectiveness
Treatment
Landc 1 Aerial Hydromulch 1  Suitability: Areas with higinoderate burn severity; steep slopes; soils wi
Coverbased 9§ Ground Hydromulch high grodibility factor; low winds. . . s
1 Effectiveness depends on: Proper installation, application ratepedength
. Straw Mulch and steepness, and wind conditions. Combinations of mulching and seed
I  Slash Spreading more effective in germination but not necessarily in surface cover. \W(c
1  ErosionControl Mats, etc. based mulches are equally or more effective than straw mulch in redu
postfire erosion. Erasn Control Mats are costly solutions, with limite
information about their effectiveneqd455].
Landg 1 Log Erosion Barriers Suitability: Areas with higmoderate burn severity and highly erodible ar
Barriers 1 Fiber Rolls oWattles wate_r—repell_ent soils; slopes between 26%0%; accessible for maintenanc
1  Silt Fences, etc. and inspection.
Effectiveness depends on: Proper installation, slope, size and length.
Barriers are more effective in leimtensity storms only[158]. Their
maintenance requires significant effort and attention. Barrier construct
remains a typical hillslope treatment with better effectiveness wh
combined with other treatment§157].
Landg 1 Soil Scarification Suitability: Areas with higimoderate burn severity and highly erodible slope
. . vulnerable for invasive and noxious plants spreading.
Seeding 1 Ploughlng Effectiveness: While there is limited availabieformation, seeding is
1 Seeding, etc.

inefficient in reducing sediment yield compared to no treatmdmb8].
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Seeding (e.g. < 60% surface cover) is not very effective in the first year ¢
fire and is neutral in the following seasons. Combining seeding with mt
treatments increases the germination potential.

Land- 1 Polyacrylamides (PAM) Suitability: There is not adequate information to generalize their ¢
Chenical 1 other polymers suitability. Areas with very mild rainfall events are preferred, as they bc
the vegetation development fast.
treatments Effectivenessvery few cases report their effectiveness, with no effects fot
on runoff and little erosion reduction achievgtb9¢161).
Channel - q  Check dams Suitability: Areas with high burn severity; smooth slopes where sedin
Barriers 1 In-Channel Tree Felling stor_age can be .achleved; with2& %_ ground cover, small catc_hments_ a
. drainage areas; where construction, maintenance, and inspectior
i Grade Stabilizers accessible; highisk value (road crossing, sensitive aquatic species) and |
M  Stream Channel Armoring to protect the downstream areas.
1 Channel Deflectors Effectiveness: Channel barriers arere effective in smooth slopes, whe
9 Debris Basins, etc. used in series, and for mild storms and flows. They can reduce most ¢
runoff and also significant amounts of erosion, but they have stesrh
effectiveness and require maintenance following runoff evdt&?2]. Debris
basins are expensvtreatments[155].
Road and q Outsloping 1  Suitability: Areaprone to flow concentration (e.g. mild slopes, bad draine
Trail 1 Rolling Dips with undersized culverts) that need immediate protection from floo
(important access, infrastructure, vulnerability, etc.).
' Overflow Structures 1 Effectiveness: Limited data suggest that if properly designed andlliedt
1 Culvert Modification correctly, they provide significant benefits in terms of discharge, redu
9  Trail Stabilization, etc. sediment delivery to stream channels and less road maintenfirE® 157]

It is worth noting that the costs of po$ire erosion and flood protection techniques can vary widely
depending on factors such as the size and severity of the burn area, the steepness and slope of the terrain,
the proximity to water bodies and infrastrtize, the type of vegetation present, and the specific
technique employed158].

These factors affect only the costs, but also the effectiveness of most treatments. There is very limited
information on the coseffectiveness oPEFS. A recent assessment based on 63 sites in Spain, Portugal,
USA and Canada63], finds that land treatments are the most cesffective (e.g. straw mulch, woed
residue mulch, and hydromulch). The ceffiectiveness of barriePEF$ was found to be low because
their effectiveness is low related to ¢hreduced erosion rates and they might have high implementation
costs in some casg$63]. Concerning the barriers, it is noteworthy to mention that log erosion barriers
had slightly better coseffectiveness values thanloér barrier typeg163]. Keeping in mind that the cost
ranges can be highly variable, seediigF$ have in general low costs (but require considerable time and
labourto implement), while chemical treatments erosion coritroats are considered costREFS. In
certain cases, invasive plant management may also be necessary to prevent further damage to the
ecosystem, but can be expensiv&ccording to Giron&arcia et al[163], while all treament types
significantly reduce posdire soil erosion, the cover and barrier treatments reduce significantly also the
runoff. In particular, straw and wood mulches were much more effective in mitigating erosion than
hydromulch. This finding is in linesal with Robichaud et aJ70]. Mulch is generally more effective in
shortduration and highntensity rainfall events than erosion barrier treatments that provide little ground
cover. However, the effectiveness of the different mulch types depends on several factors, e.g.,
application rates, while other measures (e.g. segjl still have uncertain potential. Seeding can provide
hardly little protection during the initial podire damaging runoff events, since it must grow first. For
immediate protectionfrom excess runoff and sediment transport, barrier treatments appliedhe
appropriate slopes were found to be effective. Channel and road treatments are effective when properly
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applied to serve certain purposes, namely, to avoid expected failures in certain channels, culverts and
road passages at risRased on limited fimrmation, chemical treatments have been found to be inefficient

for runoff and erosion reduction. AccordingRizzeghell@t al.[164] their effectivenessnajorly depends

on the occurrence of light rainfall events in order to allow vegetation to grow shortly after fire.

Text BoX8:

Examples of PEFTSs, including (in order of appearaneimtichingoperations contourfelled log in-
channel check dams (woodetjjislope log debris dafn

As shown, here aremany kinds oPEF$. All of them aim to speed up the recoverytioé burned site.
Although each treatment of the categories presented has gmific factors and potentily different
site suitability, we can draw a general conclusion regarding their effectiveness:

1 Land treatments can generally reduce runoff and/or sediment yields during the first rainfall
events. Still, their effectiveness depends on several factord) agcthe application rates, the
proper installation (e.g., log barrier installation is vital for the effectiveness of the treatf@8sit
postfire climatological conditions (e.g., rainfall amount and inten§lty7]), slope length and

4 Source: Papaioannou et §l57].
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steepnesgerrain gradientmake/brand oftackifier, and the time (e.g., seeding does not provide
instant protective effect, especially in the first yeftp7].

Channel treatments seem more efficient in gentle gradients and areas of low or moderate flows,
as the risk of failure is lower. Moreover,arinel treatment effectiveness is highly correlated with
the adjacent areas' land treatments since these areas supply the channels with water and
sediments [155]. However, specifically for check dams with finite storage capacity, their
effectiveness is restricted due to their limited life expectancy (stemin sediment control
solution) [165]. Moreover, channel treatmengffectiveness is usually a function of the proper
installation (e.g., log dams' installation is essential for the effectiveness of the treaf&jptthe
appropriate positioning of the treatment (e.g., some channel treatments should be constructed
in series), their maintenance (e.g., debris basin maintenar[d®b] and the postfire
climatological conditions (e.g., rainfall amount and intensity affect the erosion, sediment
transport, and deposition processes).

Road and trail treatments may benefit road facilities and deliver less sedimenthannels.
However, similar to the channel treatment, the effectiveness of these treatments can be affected
due to their poor installation and/or due to insufficient maintenance. On the other hand, there
are limited data documenting their effectivengd$6].

Overall, the effectiveness of all treatment types is subject to large uncertaintiesodire difficulty in
monitoring their actual effect and the multiple factors that can affect it. Even listing and documenting
these factors is not easy, as it would be an attempt to generalize severalpstafic cases. According to
Robichaud et a[166] these factors can be divided into nite-dependent and firedependent, as their
combiration determines the actual watershed response and, subsequently, the effectiveness of the post
fire treatments[167]. These factors are presented and further discussed in Table

Table3. An overview of some important factors affectingetbffectiveness of podire treatments where all

TLOG2NESE SEOSLI (KS -AGyUaNIS H it Y SiyAdR yAS YZLIEF SWES yoll FalSARg7gg v G K S

references thereinand Papaioannou et a[157].

Factors Description
1. Factors Unrelated to Fire:
Rainfall a. Intense, shordduration storms with high rainfall intensity and low rainfall volumes cause high s
characteristics, peak flows, and substantial erosion episodes dfiress.
especially rainfallb. An increase in runoff, erosion rates, and stream flows means potentially lower effectivenasy
intensity treatment.

a. Erosion rates are generally higher in bigger slopes and hillslope lengths (flow path).

Topography b. Drainage patterns and topographies that enhance erosion and peak flow concentration ar

Land usaand
management b

Treatment
implementation

challenging for posfire treatments.

a. In addition to natural elements like rainfall and topography, the extent of a watershed's reac
a hydrological event is also influenced by manmade activities like road construction, fuel rec
and timber harvesting.

The cumulativeeffect of these anthropogenic activities can lead to the rise of runoff severity a
extension, erosion, and flooding, posing important challenges for any treatment.

a. The effectiveness of manyopt-fire treatments depends on the accuracy of the installation,
selected design type, the paststallation maintenance, and the level of experience of the persc
used for the treatment$7,49,53]
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Factors

Description

installation and b.

design matters

With proper treatment implementation, we can & failures and improve functionality a
effectiveness over the long term.

2. FireDependent Factors:

a.

Burn severity (als
NBE ¥ SNNBR
aSJOSNAb.

a.

Soil burn severity

Amount of bare s

Soil water
repellency

b.

&
b.
a.
b.

Soil erodibility b.

a.

Time since the firt

b.

Burn severity can be seen as a measure of damage to ecosystem properties. It is usually €
by the degree of soil heating and/or vegetation mortality or precisely the degree of overston
mortality.

In general, higher burn severity is transldti@to larger and quicker watershed responses to rait
being thus more challenging for the pefsie treatments.

{2At o0dzNYy aS@SNriGe SELINBaasSa (kS TFANB ¢
consumption. Thus, highesoil burn severity leads to soil properties alteration resulting in
infiltration reduction and high soil erodibility.

Both these effects lead to an increase in surface runoff, higher peak flows, flow concen
sediment transport, and erosion.

A crucial factor for burn severity mapping is positively related to postfire erosion rates.
Land cover treatments, such as natural or straw mulching, can reducdippstosion.

Postfire soil water repellency is associated with soil burn severity and reduced infiltration.
Although its effects vary over space, time, and soil type, most relevant treatments aim to re\
soil to minimize the soil water repellency and iitsgative consequences since it depends or
moisture (it is reduced or absent following prolonged wet conditions).

The treatments' effectiveness is largely dependent on runoff, sediment transport, and soil e
Moreover, soiltexture, structure, and organic matter content are important factors consid:
erosion resistance.

Soil texture (namely its inorganic particles by size, such as sand, silt, and clay) is ordinarily u
by the fire. On the other hand, soil structuiseaffected by fire (namely, the arrangement of prin
particles into aggregates). Therefore, soil structure can become disaggregated, making s
erodible and reducing its infiltration capacity.

This factor refers to the ecoggsn's natural recovery (soil structure, vegetation, microclimate, ¢
For example, more significant and faster vegetation recovery means smaller instant surfac
rates and reduced erosion rates.

As discussed above, timely action with pbst treatments can improve watersheds' ove
response and avoid pofire negative consequences.

The factors of Tabl8 are the main and more generic ones, but are not the only ones relevant to the

effectiveness of the podire treatments (for example rouglass also changes after a fire, affecting the
water retention and flow[{140]). Finally, we should keep in mitigat all these factors are interrelated,

resulting in more complex causdfect relations in terms of watershed responses (damage, runoff,
SNearAz2yz Si0d0: yR Y2NB O2YLX SE NBflGAz2ya 2y

8 Designing PEFTSs for the case of Kineta, Greece

The most importanfactors to consider when designing PEREsording to the studies reviewed are:
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the burn severity and extent, as it determines the damages caused;
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the climatic conditions, especialiginfall intensity and duration, as it determines the risk;
the slopes and roughness; or in general, the terrain morphology (geomorphology) of the areas, as
they affect the runoff and sediment movements, as well as the accessibility for applying the
treatments reviewed;
1 the proper applicatiorg installation of the works and their monitoring over time (e.g., annual time
step) to ensure maximum efficiency;
91 other sitespecific factors, including social and behava aspects that define the response for
humaninterventions and other criteria such as costs and rehabilitation ef{aas].
Thus, ecombination of techniques will be the most efficient way (and also necessary) to mitigate and
protect from erosion and flooding risks adequately.

=a =4

For the case of Kineta, watarted from the most common PEFTs as categorized above, namely, land
treatments, dilannel treatments, and road and trail treatments.

The literature on specific treatments in Mediterranean sites is mainly focused on soil erosion, and there
are very limited studies focusing specifically on flood protection. The most commonly apEdin
Greece are barriebased (land treatments)and channebased (channel treatments) due to their
relatively low costs, and ease of installation from local timber. In particular, these works include log
erosion barriers LEBs (barriebased) which are lpced across the contours to retain peak flows and
sediments, and wooden chedams (channebased), which are placed within the channels. Usually
these PEFS$ aim to trap sediments, reduce excess flow, and slow ruyié®,170] Depending on their
placement spatially, they can offer sufficient protection to roads from floodwaters and sediments.

For the case of Kineta catchment, theBEF$ (LEBs and wooden ched&ms) were assessed, according

to the respective official Greek guilifees, to specify their recommended installation strategy. In
particular, according to the Hellenic Technical Specification on the Technical Guidelines for erosion control
structures, and relevant studies and technical reports describing the applicatibasdPEF$[171¢173],

the main criteria for their installation were retrieved:

1 LEBs are suitable for areas with higloderateburn severity (at the time after thére, to target
the most vulnerable areas), and slopes between 288%, while it is also common for many
applications to consider the slope installation starting from 10%, with looser spacing till 20%).
LEBs are typadly installed every 8m along the contour lines, while in practice, longer distances
are also considered (usually 10m or even 20m) to reduce the installation costs, the labour and
maintenance requirements. They are usually 0.2 meters high.

1 Wooden checldams are constructed along channels &f dand 29 order streams (the small
tributaries, because they are more controllable in smaller channel openings, due to the
practicality of installing small wooden structures, where they exhibit higher durabilityy. aitee
placed in constrictions of channels having an upstream widened bed and a slight stream slope
(<20%), spaced at intervals of-B00 meters (and always according to the expert of thdieh
experts). They are usually 1 meter high.

These criteria, amely, burn severity categorieaq occurred from the RS analysiBig.5, stream slopes
and order (Fidl2A) were spatially visualized over the DEM of the study area in GIS, so the locations
meeting the installation criteria for LEBs and wooden ckaankiswere identified.
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The LEBs were installed in every 10m, along the contour lines according to the usual practice followed in
Greece. At the spots where the LEBs meet a stream, we recommend the installation of wooden check
dams within this stream, toensufe K I i G KS WLINRGSOUA2Y fAYySQ Aa yz2i
the studied catchment, instead of installing wooden chdekns in the channels ofland 2¢ order
streams, we recommend their installation in th& 8rder steams as well. The r®an is the specific
characteristics of the studied catchment, and in particular, its small size and the quite narrow morphology
of the 39 order streams. So, the wooden chedams were placed in the®1 2% and 3¢ order streams,

every approximately 10m contour lines, within the streams. Compared to the general guidelines, as
mentioned in the bullet points above, it is worth noting that tREF$ that we considered for the Kineta
catchment are quite conservative, it dense network of LEBs (slope from 151%6) and wooden check

dams, as can be seen from their spatial distribution. {218).
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Figurel2: A) stream order and slope, and B) final map with the locations of LEBs, and woodelaimsc&ource:
[174].
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9 Scenaricanalysis:Prefire, Postfire no protection, andPostfire with protection

Besides the prdire and postfire scenariosa flood protectionscenario was alsoconsideed, to quantify

0KS t 9C¢aQ. TRePER Ostenadi&obrBideis the application of the PEFTs, namely the LEBs and

the wooden checkdams, as shown in Fi@.

So, now the scenarios are the giree and postfire ones (as explain above), plus a pfxst PEFTS scenario
In summary

1 Prefire (same as above)same storm,pre-fire conditionswith the respective Manning's n
coefficients andno FE-Tsdn place.

1 Postfire, No BFTs ¢ame as abovagality scenario): the same storm applies in the catchment
with postfire conditions, using the respective Manning's n coefficieatsd ro PEFS in place.
This is the reality of what happened in &ia, so the results of this scenario were the ones that
were validated, a shown in Fig.11

91 Postfire, With FF-Ts (protection scenario): the same storm applies in the catchment, with post
fire conditions, using the respective Manning's n coefficieritse suggested PEFTs now are
included:Having designed the PEFTSs spatially (Fig.12), we can modify the terrain of tRABEC
model accordingly. The terrain was modified to incorporate the suggeBEdTsiccording to
Figl2using the R package "terra" to anadythe raster file with the designdREFT,.2he R package

"sf" to analyze vectors (placing thus the LEBs and WCD in the defined intervals), and the R package

"smoothr" for lines smoothing, making tHREFTsuggested installation realistic (see Text Box 9).
The model in this scenarhmas a terrain withtie designed network of LEBs and WCD in place. This
is our suggested wisbase, where protection shoulte considered after the wildfire, to mitigate
potential future floods. In this scenario, it was assumtest PEFTw/orks would retain debris, and
thus, major culverts and bridges would not be blocked.

Text BoXo:

A central part of tle protection scenariovas to run the hydraulic model HEAS with a terrair
reflecting the protection scenario with the spdtiadesignedPEFS in place.

In order to incorporate the PEFTs @degsion barriers (LEBs) and wooden chdakns (WCD)) of Fif
Ay GKS GSNNIAY Y2RSt> ¢S dzaSR GKS w LI Ol
WaY220iKND ®igghd f AySa avzz

First, we exported the PEFTs layout (Elpas a higkresolution raster mask. Using the R package
WGSNNI Qx ¢S t2FRSR (KS 2NAIAYyLFE RAIAGEE Sf
elevation values where barriers and chetaéms were to be installed. For each LEB, we raised the
by 0.2 m along the contour lines at 10 m spacing; for each WCD, we inserted 1 m high linear f
within stream channels at specified intervals.

bSEGEZ GKS WwWatQ LI O | AtSndlite Stageies teftSentih$ PElFBs Nkatk
allowing precise georeferencing of structure footprints and extents. Finally, to avoid art
hydrological artifacts caused by unnaturally jagged barrier alignments, or odd curves in the LEBY
F2f{f26SR GKS O2yG2dz2NB 2F (GKS 59a3x ¢S | LILX A
their designed geometry while ensuring flow continuity in the hydraulic mesh. The result is a mc
terrain surface that realistically incorporates PEEIEvations and geometries, ready for HEC {
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rain-on-grid simulation, thus capturing how these treatments divert, slow, and attenuatefpresiood
flows.

The results of these scenarios were tested in terms of i) flood extent (area), ii) deyén, iii) water
velocity, iv) flood maximum arrival time, and v) costs and damages (analyzed in the following sections).

10 Comparing the results of the scenarios: Insights on flgmdtection performance of PEFTs

The total simulated flood inundation @a for the (real) posfire case was 595,246 3ncovering almost
24% of the tow® total residential area. The pfee simulation resulted in a flood inundation area of
451,848 m (Fig.13B and Fig.13D).
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Figurel3: The extent othe flood in Kineta catchment (A),(C),(E) and the water extent and depth in the Kineta
town (B),(D),(F). These are shown for the hypotheticalfifeescenario (A),(B); the real Pe#te, NOPEFS

scenario (C),(D); and the hypothetical Pfigt, WithPEFTa a4 OSY I NA2 690XI06C0X NBaALISOD

L2ted2yé Ay CAIP{n5 NBLNBaSyia (GKS 02 dzSBurct[E5.2F (K
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Text Box 10:

The difference in the flood extentsf prefire vs postfire reflects the impact of the wildfire on th
flooding, which is 143,398 fthe one fifth of the flood ~ 25%), as also mentioned in the prev
sections

Here is the difference of the floods dfd postfire ¢ pre-fire scenarios:

Legend

I Difference in
flooding
between the pre-
fire and post-fire
scenarios

T e s Kilometer:
0 0.1250.25 0.5 0.75 1

In simple words, if there was no fire the previous summer, the illustrated flood water would not
been there!

If the PEFTwvere in place after the wildfire, the flood extent would have been 447,575inereforethe
effect of these recommended protection measures would have reduced the -flaotlated area by
MATZcTM Yul3gHn dy:z0 O6CAITD

It is worth noting that this difference indicates that the effect of the wildfire could have been entirely

avoided with thePEFE.

As shown irFig.14, the effect of the fire and of the PEFTs are also evident in terms of water velocity and
flood arrival time. In fact, the proposed works could have offset significant parts of water velocity in other

parts of the town, while delagg them.
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Figurel4: Thewater velocity (A),(C),(E), and the flood maximum arrival time in the Kineta town (B),(D),(F). These
are shown for the hypothetical P4fire scenario (A),(B); the real Pdse, NoPEFS scenario (C),(D); and the
hypothetical Posfire, With PEF$ scenario (E),(F), respectivebpurce]175].
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