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The Global Climate Hub 

The ¦b {ǳǎǘŀƛƴŀōƭŜ 5ŜǾŜƭƻǇƳŜƴǘ {ƻƭǳǘƛƻƴǎ bŜǘǿƻǊƪΩǎ ό{5{bύ response to the multifaceted contemporary 

challenges is the Global Climate Hub (GCH), which came as an initiative for change, leveraging science-

based solutions for a holistic and equitable sustainability transition [1,2]. These solutions are developed 

at regional, national, and sub-national level based both on the scientific expertise of its members, and the 

engagement with local policymakers (representatives of central and/or local government) ς there are 

dedicated teams of GCH scientists specialized across various fields, working in research projects, as well 

ŀǎ ŀ ƴŜǘǿƻǊƪ ƻŦ {5{b bŀǘƛƻƴŀƭ IǳōǎΣ ŦŀŎƛƭƛǘŀǘƛƴƎ ŎƻƳƳǳƴƛŎŀǘƛƻƴΣ ƻǳǘǊŜŀŎƘΣ ŀƴŘ ǎƻƭǳǘƛƻƴǎΩ 

implementation. The overall philosophy of the GCH can be summarized in the combination of five critical 

innovations, for developing acceptable and implementable sustainable pathways. These work as a 

framework for the analysis of any problem: 

I. Cutting-edge models: This includes the use/development of system-dynamics based cross-

sectoral simulation models.  

II. Powerful digital AI-driven infrastructure that supports the handling of big data, their 

harmonization and management, as well as the coupling of the various models and ǘƘŜ ǊŜǎǳƭǘǎΩ 

visualization. This facilitates the integration of the above models. 

III. Development of the socio-economic narrative for the just and equitable implementation of the 

science-based pathways, a process fostering the co-ownership of the pathways across 

stakeholders, such as scientists and technology developers, policymakers, finance and business 

sectors, NGOs and civil society. 

IV. Stakeholder engagement: Transformative participatory stakeholder approaches (workshop-

based) for co-designing the pathways in detail.  

V. Openness: The whole process of analyzing, co-designing, presenting and applying sustainable 

pathways supports the widespread adoption of the principles of Open Science and Open Access 

to data, models developed, and in general scientific infrastructure. 

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

and practical applications (see the table below). These units are scientific areas, conceived as necessary 

ΨǎǘŜǇǎΩ ǘƻǿŀǊŘǎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΣ ŀǎ ŜŀŎƘ ƻƴŜ ŎƻƴǘǊƛōǳǘŜǎ ŀ ǳƴƛǉǳŜ ǇŜǊǎǇŜŎǘƛǾŜ ŀƴŘ ƛƴǎƛƎƘǘ ǘƻǿŀǊŘǎ ǘƘŜ 

development of customized strategies for climate neutrality, resilience, and sustainability.  

All units operate under the philosophy of the five innovations explained in the previous section, together 

and always in coordination, to achieve the long-term goals. 

 

 

 

https://www.unsdsn.org/
https://unsdsn.globalclimatehub.org/


4 

 

 

 

 

Figure a. The 9 units of the Global Climate Hub. 

 

The GCH is hosted by Athens University of Economics and Business (AUEB) and the ά!ǘƘŜƴŀέ wŜǎŜŀǊŎƘ 

and Innovation Center in Information, Communication, and Knowledge Technologies (ATHENA RC), both 

integral components of the !ƭƭƛŀƴŎŜ ƻŦ 9ȄŎŜƭƭŜƴŎŜ ŦƻǊ wŜǎŜŀǊŎƘ ŀƴŘ LƴƴƻǾŀǘƛƻƴ ƻƴ ɮŜǇƘƻǊƛŀ ό!9пwL! ς in 

DǊŜŜƪ ΨŀŜǇƘƻǊƛŀΩ ƛǎ ŀ ǎȅƴƻƴȅƳƻǳǎ ŎƻƴŎŜǇǘ ǘƻ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘύΦ ²ƛǘƘƛƴ ǘƘŜ D/IΣ !9пwL! plays a 

vital role in securing funding from competitive projects, ensuring the necessary resources to fulfill its 

multidimensional mission. The Research Centre for Atmospheric Physics and Climatology of the Academy 

of Athens also supports the GCH. 

 

 

 

In this report we present a thorough study on an overlooked issue: post-fire floods and protection, 
along with a breadth of interrelated factors and modelling scenarios. A local case study is presented, 
and we argue on the generalization and transferability of the findings, by suggesting newly developed 
tools. 

 

https://www.aueb.gr/
https://www.athenarc.gr/en/home
https://www.athenarc.gr/en/home
https://ae4ria.org/
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Executive Abstract: 

Climate change-induced wildfires are increasingly prevalent, particularly during summer periods, with 

evident consequences in multiple regions worldwide. Wildfires affect and change the condition, 

functionality, and ecosystem services of the burned sites. Altered hydrologic processes make burnt areas 

more flood-prone. However, the actual effects of wildfires to flooding, the post-fire protection measures 

and their economic implications remain still overlooked issues. In this report, we cover these gaps in a 

multi-disciplinary way. More specifically: 

PART A: We present a novel, integrated and interdisciplinary computational framework that we have 

developed for the accurate modelling of post-fire flash-flood events. The 2019 post-fire flood in Kineta, 

Central Greece is used as a case study-example.  

The proposed approach assesses the fire impacts (burn extent and severity) with Remote Sensing 

techniquesΤ ΨǊŜŎǊŜŀǘŜǎΩ ǊŜŀƭ ǎǘƻǊƳǎ using the atmospheric model WRF-ARW; simulates the flood using the 

2D HEC-RAS hydraulic-hydrodynamic model; and validates the results with remote sensing analysis on the 

flood extent. We detail the linking of those models, step-by-step, for the first time. We build upon the 

findings by reviewing, selecting and designing the most appropriate Post-fire Erosion and Flood-protection 

Treatments (PEFTs), and represent them within a Geographic Information System (GIS), which allows their 

incorporation to the HEC-RAS hydraulic model. The flood event is simulated under three scenarios: pre-

fire; post-fire (real case, happened in November 2019), and post-fire with the PEFTs protection. Thus, for 

the first time, we reveal the effects of the fire on flooding (~25%), as well as the effectiveness of the 

suggested measures to mitigate the flood (completely offsetting ǘƘŜ ŦƛǊŜΩǎ ŜŦŦŜŎǘύ. 

In order to assess the economic implications of the potential flood protection interventions, we present 

also a detailed estimation of the: i) Costs of the proposed PEFTs, ii) The flood damage direct costs, which 

were estimated by a semi-automated AI-based approach using image segmentation and human-checks. 

The comparison of the costs reveals that protection could have cost just 13.6% of the direct damages. 

Part B: Drawing from the inaction and poor protection of our real case study, we explore the governance 

gaps. We performed a knowledge-transfer exercise from similar cases in Australia (climate and 

governance similarities), based on the VRK (Values-Rules-Knowledge) framework. We provide a detailed 

stakeholder engagement roadmap targeting changes in anachronistic perceptions about the extreme 

phenomena, the understanding and application of solutions, and their communication as necessary, 

multi-benefit and cost-effective measures. These findings are applicable to other case studies, too. 

Part C: For the facilitation of similar analyses nation-wide, we provide a national Greek inventory of design 

storms based on the official IDF (intensity-duration-frequency) Curves. For this purpose, we developed a 

novel tool called Catchment2Storm that provides customized design storms (return periods, durations, 

ǘƛƳŜ ƛƴǘŜǊǾŀƭǎύ ǳǎƛƴƎ Ƨǳǎǘ ǘƘŜ ŘŜǎƛǊŜŘ ŎŀǘŎƘƳŜƴǘΩǎ ƭƻŎŀǘƛon. We comment on the results of its Greek-wide 

application, highlighting the need for localized design considerations in critical sites such as urban centers, 

ports, and agricultural areas. 



6 

 

Finally, we synthesize all the above into a concrete, agenda-setting 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 worldwide [3,4]. This escalating trend threatens ecosystems and human communities, 

as evidenced by the recurring occurrence of record-high wildfire damages each summer [5ς9]. Countries 

with drier climate, such as the Mediterranean ones, are particularly susceptible to wildfires, and the 

summer of 2023 served as compelling evidence [10,11]. Although wildfires are strongly felt during 

summer periods, the associated damages last longer, posing severe risks [12]. Wildfires 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, heightening streamflow rates, and increasing sediment transport [13]. Thus, burnt areas are 

more vulnerable to extreme peak-flows [14,15].  

Text Box 1: 

 
Flood danger after wildfire ς Informational Material from the US National Weather Service, warning 
for the Mesa Country1. 
 

 

 

                                                           
1 Source: https://www.mesacounty.us/departments-and-services/sheriff/divisions/emergency-services/wildland-
fire-management/after/flood  

https://www.mesacounty.us/departments-and-services/sheriff/divisions/emergency-services/wildland-fire-management/after/flood
https://www.mesacounty.us/departments-and-services/sheriff/divisions/emergency-services/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, while such threats are anticipated to become more 

prevalent in the future [16ς18]. Thus, it is imperative to better understand the dynamics of such risks, as 

well as being proactive through continuous resilience-building efforts. 

Such effects have been explored from the perspective of identifying the driving factors of post-fire flood 

risks [19], and the post-fire hazards considering infrastructure sedimentation to hypothetical watersheds 

[20,21]. Also, previous works have examined the hydrological response of burnt sites [22], their 

hydrological and soil-hydraulic properties [23], and the formulation of hydrological models tailored to 

post-fire 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 rain-on-grid technique in the hydraulic model Telemac to explore the response of a 

Norwegian catchment to a design-flood. Chrysovergis et al. [27] studied a real post-fire event causing 

flood and erosion damages in Southern California, with the focus however being on the factors that 

caused the damages. Theochari and Baltas [28] analyzed the hydrological and hydraulic response of flood-

susceptible areas of a burnt site in Evia island, Greece, to a design-storm. Furthermore, the effect of flood 

protection works on flood risk scenarios has been explored for the case of Mandra (Attica, Greece), which 

is often under fire risk [29,30]. The findings of all these studies converge, demonstrating the large extent 

of flooded areas, following fires that increase the soil imperviousness, the peak discharge, reduce the time 

to peak of rainfall events and also underlying the need for post-fire protection treatments and flood 

protection works. However, there are only a handful of studies focusing on the response of burnt 

catchments to real flood events, represented by hydrometeorologic-hydraulic models [31,32]. We aim to 

fill this gap by simulating 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 the flood with hydraulic-

hydrodynamic modelling. 

1.2. Simulating post-fire 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 post-fire flood, the accurate 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 [33ς37], as well as flooded areas [38ς41]. 

RS techniques are very common in studies relevant both to fires and floods, and in general, are particularly 

useful for obtaining ready-to-use information that is not available through on-site observations 

[32,41,42]. RS has been used to assess fire impacts such as burn severity [43], burn extent and site 

recovery [44], along various other applications [45]. Additionally, RS applications have been widely used 

for identifying flooded areas [46] with satisfactory performance and spatial detail [47,48].  

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 critical factors that directly influence post-fire land use 

changes in the catchment, while the knowledge of the flooded area is essential for developing an accurate 

hydraulic model and validating it. 
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As mentioned, most studies considering post-fire floods use typical design storms, rather than the actual 

storm caused a real event. The simulation of the exact meteorological conditions of the event can be 

achieved though, by using meteorological modelling. In this work, the Advanced Weather and Research 

Forecasting (WRF-ARW) model enabled the precise representation of the flood event under real storm 

conditions [49,50]. The atmospheric model WRF-ARW has been used to simulate various meteorological 

conditions in Greece, demonstrating a satisfactory level of performance under different tests [51], 

including heavy precipitation events and storms, and their forecast [52ς54]. Rainfall inputs from WRF-

ARW have been coupled with land-hydrological models [55]. However, this report presents a novel 

approach, where the WRF-ARW weather model inputs are used directly for hydraulic modelling, exploiting 

the rain-on-grid technique of HEC-RAS [56], as it allows a higher level of spatial resolution reflecting the 

actual rainfall patterns and variability across the study area. Remote Sensing (RS) techniques were used 

for the identification of the flooded area (flood extent), and also for the impacts of the fire to the flood, 

through the determination of the burn extent and severity.  

Text Box 2: 

 

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

 

For the simulation of the flood event, the hydraulic-hydrodynamic modelling has been conducted using 

ǘƘŜ н5 IȅŘǊƻƭƻƎƛŎ 9ƴƎƛƴŜŜǊƛƴƎ /ŜƴǘŜǊΩǎ wƛǾŜǊ !ƴŀƭȅǎƛǎ {ȅǎǘŜƳ όI9/-RAS), one of the most commonly used 

software for that purpose [21,57ς59]. HEC-RAS is a common software for flood inundation mapping [60] 

which has been successfully performed under various scales [54,61] and data availability conditions 

[21,32,62,63]. 

 

1.3. Post-fire Erosion and Flood-protection Treatments (PEFTs) 

Watersheds receiving precipitation close to their usual-average levels, and have generally good hydrologic 

conditions, yield relatively small amounts of sediment, while their stream baseflow 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 rainfall becomes surface runoff, and erosion rates are low [64]. Even if such watersheds 
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receive enough rainfall, sustainable annual streamflow conditions and little sediment production can be 

achieved when there are good hydrologic conditions [65].  

However, this behaviour can significantly change after fires. Fires affect all watershed characteristics, 

including soils, vegetation, and land cover, which are critical to fundamental hydrologic processes such as 

runoff, streamflows, and sediment transport [65,66].  

In particular, depending on the burn severity and the fireΩǎ ŘǳǊŀǘƛƻƴΣ Ǉƻǎǘ-fire areas have reduced 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, even after mild precipitation events [67ς69].  

Robichaud et al. [70] find that the surface runoff can increase over 70% in such cases, while erosion can 

increase by three orders of magnitude. In general, after a fire, precipitation events have noticeable effects, 

such as the formation of water-repellent soils that cause immediate runoff, floods, roughness reduction, 

high peak flows, hydrological connectivity alteration, disruption of the infiltration processes, 

topographical alterations, delivery of sediment, post-fire debris flows and ash to streams [71ς73]. The 

above negatively affect habitats, bridges, roads, buildings, and other infrastructures [74,75]. Water quality 

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

particles. Studies also show the effects of such post-fire cascade effects and the impacts on erosion, flood 

risks, sediment transport, and water quality [76,77]. The hillside slopes can also be affected, leading to 

the immediate occurrence of dry ravels after a fire event [78]. This further enhances the transport of 

surface materials through channels [79,80]. Many studies provided evidence that the most severe 

sediment losses occurred within the first year after the fire [81,82]. However, the magnitude of the 

damages can vary depending on multiple factors, such as climate, fire frequency, soil type, geology, 

topography (especially slopes), and vegetation [22,83]. Regarding water quality, Rust et al. [84] studied 

several sites in the western USA, and found that nutrient flux (different forms of nitrogen and 

phosphorus), major-ion flux, and metal concentrations are the most common pollutants in streams within 

the first five years after a fire. 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 seasons [85]. Considering all the consequences mentioned in the previous para-graph, one can 

understand how many co-benefits lie in the timely restoration of post-fire sites. As Girona-DŀǊŎƝŀ Ŝǘ ŀƭΦ 

[72] noted, mitigating the prone areas to erosion and floods after fires is crucial to decreasing potential 

downstream risks and preserving the eco-systems' sustainability. In order to speed up a burned 

wŀǘŜǊǎƘŜŘΩǎ ƭŀƴŘ ŎƻǾŜǊ ǊŜǎǘƻǊŀǘƛƻƴ ŀƴŘ ǘƘǳǎ ōƻƻǎǘ ƛǘǎ ƘȅŘǊƻƭƻƎƛŎŀƭ ŀƴŘ ŜǊƻǎƛƻƴ ǊŜǎǇƻƴǎŜ [86], several 

practices have been developed, known as PEFTs. These can be cover-based and include barriers, mulch or 

hydromulch, erosion control mats, slit fences, seeding, or even in-channel treatments, such as check 

dams, grade stabilizers, in-channel tree felling, debris basins, channel deflectors, and stream channel 

armoring, while road and trail or even chemical treatments can be used. While the literature review 

highlights the importance of immediate action by applying various PEFTs, considerably less information is 

available about the operation and effectiveness of those PEFTs. The lack of consistency in evaluating and 

assessing the PEFTǎΩ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ƛǎ ŘǳŜ ǘƻ ǘƘŜ ƘƛƎƘƭȅ ǾŀǊƛŀōƭŜ ƛƴŦƭǳŜƴŎŜ ƻŦ ǎƛǘŜ-specific factors (climate, 

terrain slopŜǎΣ ƭŀƴŘ ǳǎŜǎΣ ōǳǊƴ ǎŜǾŜǊƛǘȅΣ ŎƻǎǘǎΣ ŜǘŎΦύΦ ¢ƘŜ ƭŀǊƎŜ ŘŜǇŜƴŘŜƴŎŜ ƻŦ ŀ ǿŀǘŜǊǎƘŜŘΩǎ ǊŜǎǇƻƴǎŜ ǘƻ 

PEFTs on multiple factors that interact makes any evaluation of PEFTs challenging and the generalization 

of most findings almost impossible. 
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Text Box 3: 

 

Examples of different post-fire recovery treatments, from the Watershed Center, US (2024)2. 

 

Thus, the literature is restricted to specific case studies on a regional or local scale, evaluating PEFTs under 

certain conditions. In this report, we provide a categorization and analysis of the effectiveness of PEFTs in 

relation to most factors reported by the existing literature, along with insights on their costs, from the 

available literature. 

 

1.4.  Design, Effectiveness, and Costs of PEFTs 

PEFTs include several interventions that are quite case-ǎǇŜŎƛŦƛŎΣ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ǎƛǘŜǎΩ ǇƘȅǎƛŎŀƭ 

characteristics, hence the literature around them is not rich or concise. The literature on PEFTǎΩ 

performance is poor, with the majority of the studied cases are in the US, Spain and Portugal [72]. While 

there are some papers on the application of PEFTs, these refer to certain types of measures, mostly 

focusing on soil-erosion rather than flood hazards, and they are highly case-specific [72,87].  

In one of the few examples evaluating the effectiveness of the PEFTs, Kastridis and Kamperidou [88] focus 

on two northern Greek basins where the applied measures referred to the cutting of burned trees, a total 

ban on grazing, and construction of log erosion barriers, log check-dams and contour branch barriers. 

They observed failures of these PEFTs, mainly due to the rush of construction and their poor 

implementation, which resulted in subsequent floods. The importance of the timely and proper 

                                                           
2 Source: https://watershed.center/project/post-fire-ecological-recovery/  

https://watershed.center/project/post-fire-ecological-recovery/
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installation of PEFTs to enhance their efficiency in mitigating flood risks is also highlighted by Mitsopoulos 

et al. [30], studying another Greek burnt site. A similar study by Posner and Georgakakos [89] evaluated 

the feasibility and impact of check-dams (gabion-dams) and vegetation coverage PEFTs 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 and channel vegetation effects are non-linear and dependent on storm characteristics.  

But, to our knowledge, there is no study simulating a real post-fire flood event along with the suitable 

PEFTs to test the effects of the fire and the role of PEFTs in the actual flooding. Even more scarce in 

academic literature are studies evaluating the PEFT costs, considering various components from 

installation to material and labour costs, probably due to the case- and context-specific nature of this 

problem. These costs are often argued to be the greatest obstacle for their implementation. For our case 

study, we provide detailed cost breakdowns in this report. 

 

1.5. Economic Implications 

From an engineering point of view, the post-fire flood resilience highly relies on the application of the 

necessary protection measures. From an economic or policy point of view however, the decision to apply 

the PEFTs is connected with the associated costs [90]. 

The costs for applying the necessary PEFTs and especially their comparison with the damage costs of a 

flood that can occur is a crucial analysis to reveal how beneficial the PEFTs can be in the long-run, and 

inform decision-making on flood protection. The estimation and comparison of a real- flood damage costs 

to the costs of the recommended protection 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 so far. However, performing such an analysis 

can be 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 flood damages. 

1.6. Policy Debate and need for Capacity Building  

The described situation is actually a complex problem, lying in the intersection of modelling and 

governance spaces, consisting of:  

i) combined hazards (climate change, wildfires, floods) ς where we do not always know the impacts and 

severity, or the ways they are linked and increase risks; 

ii) post-fire erosion and flood protection works (PEFTs) ς which are currently poorly studied, categorized, 

and there is limited information on their cost-effectiveness; 

iii) a decision that has to be made on the level (investment and work) of post-fire protection treatments 

(mitigation). 
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In practice, this is a difficult problem, as often information is lacking on both three points. For example, 

we do not have a clear picture at the local scale, 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 

ǘƘƛǎ ƛƴǾŜǎǘƳŜƴǘ ƛǎ ΨǇǊƻŦƛǘŀōƭŜΩΦ 

In reality, we often see cases being burnt and then flooded, even repeatedly, highlighting systematic 

failures [91]. In this report, we aim to bridge this governance gap with two ways: 

¶ Interdisciplinary simulation modelling, aiming to shed light on the effect 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, comparing it to the 

flood damages. 

¶ Stakeholder capacity building support, and a detailed roadmap, drawing upon real cases. This is 

applicable to any country, based on state-of-the-art theories for stakeholder engagement to cover 

any governance gaps in science-to-policy uptake and flood protection. 

 

1.7. Research approach summary 

In this report, we aim to cover the research and policy gaps mentioned above by:  

i) A detailed representation of a post-fire flood event in a typical Mediterranean site, combining 

atmospheric model with remote sensing and hydraulic modelling.  

ii) Assessing the most appropriate PEFTs and modelling them spatially, as a recommended protection plan 

for the study area.  

iii) Assessing their effectiveness for flood mitigation, by directly incorporating them in the hydraulic 

model. 

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

v) Analyze the 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, applicable to similar 

cases. 
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Text Box 4: 

 

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 direct 
practical and policy insights to address the increasing threat of post-fire flood effects, both in terms of 
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 operational character, both in terms of 
modelling and stakeholder analysis. 

 

 

 

1.8. Sustainability Implications 

The presented approach consists of: i) methodological advances and combined models for the simulation 

of post-fire floods; ii) the assessment of protection works; iii) their economic implications in terms of costs 

of protection versus the flood damage costs; iv) a capacity building roadmap to bridge similar science-to-

policy flood protection gaps. 
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All these four aspects are interdisciplinary and have multiple layers with implications for sustainability, 

resilience, climate change adaptation and mitigation, and science-supported policies. These principles are 

ŎƻǊŜ ŜƭŜƳŜƴǘǎ ŦƻǊ ǘƘŜ Dƭƻōŀƭ /ƭƛƳŀǘŜ IǳōΩǎ ǊŜǎŜŀǊŎƘ [92,93]. These are essential insights not only for the 

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 Sustainable Development Goals (SDGs), 

which are the blueprint of the Hub [94,95]. 

¶ SDG1 ς Poverty: Avoidance of consequences from combinations of disasters thanks 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 Mediterranean region [96].  

¶ SDG2 ς Hunger: Protection of agricultural crops from the loss of arable land as well as a large 
number of people who depend on agriculture [97,98]. 

¶ SDG3 ς 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 numerous diseases related to floods 
and extreme soil erosion events [99]. 

¶ SDG6 ς Water and Sanitation: Through the identification of the risks in the study, municipal water 
supply and irrigation networks and sanitation facilities can also be protected, ensuring the 
availability and quality of water [100]. 

¶ SDG8 ς Economy and Development: Economic development of areas that can avoid soil erosion 
and flood risks. Strengthening research and innovation, creating jobs, which can be achieved 
achieved through the creation of the proposed system [101,102]. 

¶ SDG9 ς Infrastructure: Measures to strengthen areas facing increased risks from the natural 
disasters under investigation [103]. 

¶ SDG11 ς Cities: Resilience to extreme events, protection of cities and settlements, allowing their 
continued development [104]. 

¶ SDG13 ς Climate: Management of the impacts of climate change by reducing the number of 
affected people and preserving the sustainability of the area [105]. 

¶ SDG14 ς Life Below Water & SDG15 ς Life on Land: Avoidance of degradation and desertification 
of vulnerable areas, preservation of biodiversity, and avoidance of pollution of coastal areas due 
to protection from erosion and floods [8,37,106]. 

¶ SDG17 ς Partnerships: Interdisciplinary nature of the proposal (methodologically and at the level 
of implementation and policy) with multiple benefits (see above), thus it can build bridges of 
cooperation for their implementation [107]. 

 

Structure of the report 

Text Box 5: 
 
The rest of this report is organized by presenting each step the approach, describing its methods and 
results in the same section, in order of application. 
  
In particular: 
 

¶ Study area, and research problem; 
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¶ vǳŀƴǘƛŦȅƛƴƎ ǘƘŜ ǿƛƭŘŦƛǊŜΩǎ ƛƳǇŀŎǘǎ ǘƻ ǘƘŜ ŎŀǘŎƘƳŜƴǘΩǎ ŦƭƻƻŘƛƴƎ ǊŜǎǇƻƴǎŜΤ 
 

¶ ΨwŜŎǊŜŀǘƛƴƎΩ ŀ ǊŜŀƭ ǎǘƻǊƳΤ 
 

¶ Representing the flood, and validating the result; 
 

¶ Reviewing available PEFTs; 
 

¶ Selecting and designing the most appropriate ones for the case study; 
 

¶ Running scenarios to reveal the effectiveness of the PEFTs, and compare their flooding and 
economic performance; 
 

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

The following schematic summarizes the modelling framework: 
 

 

 
While more details on the technical parts will be provided in the next sections. 
 
Drawing on the results of this framework, in the second part of the report, we: 
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¶ Present a governance assessment framework and analyze the existing gaps; 
 

¶ Propose a stakeholder capacity building framework, targeted to fill those gaps. 
 
The final part of this report presents the first step towards a national-scale resilience-building effort, 
by: 

 
¶ Using design storms for future flood protection assessments. 

¶ 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 selected as an application area: Kineta catchment in western Attica, 

central Greece (Fig.1). Kineta catchment, covering approximately 40 km2 is located in western Attica. Its 

northern part drains the Geraneia mountains towards its southern part, through the Pikas and two other, 

smaller, intermittent streams, where there is the coastal town of Kineta. A part 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, wet 

winters [108,109]. The main land uses are forests (pine forest in the 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).  

 
Figure 1: The map of the study area, showing the location of Kineta in Greece, and the catchment with the Digital 

Elevation Model (DEM), the river network, and the pre-fire land cover in 2018 (according to the CORINE 
classification) [58,110]. 

 

The Kineta area faces risks from fires, with notable incidents in 2017 and 2018 (Fig.2). On May 14, 2017, 

a fire broke out in the Panorama settlement in Agioi Theodoroi, Corinthia (northwest of Kineta), claiming 

ǘǿƻ ƭƛǾŜǎ ŀƴŘ ŎŀǳǎƛƴƎ ǘǿƻ ƛƴƧǳǊƛŜǎΦ ¢ƘŜ ŦƛǊŜ ǊŜŀŎƘŜŘ ŎƭƻǎŜ ǘƻ ǘƘŜ ŀǊŜŀΩǎ ǎŜǘǘƭŜƳŜƴǘǎ ŀƴŘ ŎƻƴǎǳƳŜŘ ƻƴŜ ƻŦ 

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

The fire was attributed to strong winds bringing power lines into contact, causing sparks that resulted in 

the ignition of dry grass [112], 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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Figure 2: A) Damages by the fire of 2017. Source: [111]. B) The burnt pine forest after the fire of 2018. Source: 
[114]. C, D) Damages by the fire of 2018. Source: [115]. 

 

bŜȄǘ ȅŜŀǊ όнлмфύΣ ŀƴ ŜȄǘǊŜƳŜ ǎǘƻǊƳ ŜǾŜƴǘΣ ƴŀƳŜŘ ΨDƛǊƛƻƴƛǎΩ ōȅ ǘƘŜ ƳŜǘŜƻǊƻƭƻƎƛǎǘǎΣ ǘƻƻƪ ǇƭŀŎŜ ŘǳǊƛƴƎ 

November 24-26 and caused a destructive flash flood [116]. Among the findings of the subsequent visual 

inspection, was that the fire of 2018 played a key role in the magnitude of the flood damages [114]. After 

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 amount of sediment (mud, 

trees, rocks, etc.) which, combined with the large volume of water, caused severe damages (Fig.3).  

However, there is no comprehensive, data-driven assessment so far, investigating the mechanisms 

involved and under which this flood occurred. 
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Figure 3: 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 / techno-economic assessment 

3 Assessing the fireΩǎ ƛƳǇŀŎǘ ŀƴŘ ƳŀǇǇƛƴƎ ǘƘŜ ōǳǊƴ ǎŜǾŜǊƛǘȅ ǘƘǊƻǳƎƘ wŜƳƻǘŜ {ŜƴǎƛƴƎ ǘŜŎƘƴƛǉǳŜǎ 

For the identification of the 2018 fire impacts, three Sentinel 2 satellite imageries of pre-fire (1 image) and 

post-fire (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 October 2019 (after the fire event and before the flood event under 

investigation), and downloaded from the Copernicus Open Access Hub [117]. The selection of the Sentinel 

2 imagery was based on the tiling grid which is available by the ESA [117] as a KML file, providing unique 

IDs for each tile (100 km x 100 km ortho-images in UTM/WGS84 projection). Followingly, Sentinel 2 images 

were pre-processed by being imported in the semi-automatic classification plugin (SCP) of the free and 

open-source cross-platform desktop Quantum Geographic Information System (Q-GIS), v. 3.6.3-Noosa to 

perform: (a) conversion of images from digital numbers (DN) to top-of-atmosphere reflectance (TOA) and 

(b) atmospheric correction (AC) by using the DOS1 method (an AC method widely used by the Earth 

Observation community) [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 that green 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 SWIR [121]. NBR index takes values ranging from -1 to 

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

ὔὄὙ
.)237)2

.)237)2
 

(1) 

Subsequently, the Change in Normalized Burn Ratio (Delta NBR-dNBR) [120] was twofold calculated to 

highlight the changes from the reference state, by subtracting the post-fire NBR values (02 August 2018 

and 16 October 2019) from the reference NBR value 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. 

ὨὔὄὙὔὄὙ ὴὶὩὪὭὶὩ ὔὄὙὴέίὸὪὭὶὩ        (2) 

Followingly, according to Rahman et al. [122] 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 dNBR values were multiplied by 1000 and afterwards 

classified according to burn severity ranges proposed by the United States Geological Survey (USGS), 
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(Fig.4). Two-fold calculation of dNBR, highlighted initially the most affected-from-fire areas for each 

period and then the observed changes in burn severity levels from August 2018 to October 2019. 

 

Figure 4: Pictures of KinetaΩǎ Burn severity levels, following the categorization proposed by the relevant USGS 

Table. 

 

Results: 

The two-fold calculation of the dNBR indicated a vegetation regrowth between August 2018 and October 

2019 with the percentages of unburnt areas and those characterized by low or low-moderate burn 

severity (2019) being increased compared to those of August 2018 (Fig.6). In addition, for both periods, 

burn severity classes covering the greatest areas are those subjected to moderate-high and moderate-

low severity and the unburnt areas (2018) and moderate-low and low severity and unburnt area for 

October 2019, respectively. It should also be noted that areas affected by high burn severity in October 

2019 are almost minimized compared to August of 2018 and are mainly replaced by areas impacted by 

moderate-low burn severity (Fig.5). 
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Figure 5: Results with the burn severity classes of the Kineta catchment during the fire (July-August 2018) and 

post-fire, before the flood event (Jul 2018 ς October 2019) [58]. 
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Figure 6: Percentage extent of burn severity classes (USGS) along the study area for both the studied time periods. 

 

4 Representing the storm that caused the flood through the Atmospheric model WRF-ARW 

The Advanced Weather and Research Forecasting (WRF-ARW) v4.2 model [49] was used to simulate the 

meteorological conditions resulting to the heavy precipitation event that caused the flash flood in Kineta. 

¢ƘŜ ƳƻŘŜƭ ƘŜǊŜ ǿŀǎ ǎŜǘ ǳǇ ƻƴ ǘƘǊŜŜ ƴŜǎǘŜŘ ŘƻƳŀƛƴǎ ƘŀǾƛƴƎ ƘƻǊƛȊƻƴǘŀƭ ƎǊƛŘ ǎǇŀŎƛƴƎǎ ƻŦ ф ƪƳ Ҏ ф ƪƳ όспп 

Ҏ осл ƎǊƛŘ ǇƻƛƴǘǎύΣ о ƪƳ Ҏ о ƪƳ όнфн Ҏ нус ƎǊƛŘ Ǉƻƛƴǘǎύ ŀƴŘ м ƪƳ Ҏ м ƪƳ όмут Ҏ мрп ƎǊƛŘ ǇƻƛƴǘǎύΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ 

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 parts of Europe, 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 

conditions prior to the flash flood and the simulation lasted 48 hours up to 26 November at 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 Prediction όb/9tύ ƻƴ ŀ ƘƻǊƛȊƻƴǘŀƭ ƎǊƛŘ ǎǇŀŎƛƴƎ ƻŦ лΦнрϲ Ҏ лΦнрϲΦ ¢ƘŜ ƛƴƛǘƛŀƭ ŎƻƴŘƛǘƛƻƴǎ 

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 boundary conditions of the simulation were 

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

ǇǊƻǾƛŘŜŘ ōȅ ǘƘŜ b/9t ƻƴ ŀ ƘƻǊƛȊƻƴǘŀƭ ƎǊƛŘ ǎǇŀŎƛƴƎ ƻŦ лΦлуоϲ Ҏ лΦлуоϲΦ ¢ƘŜ ƎǊƻǳƴŘ ǇǊƻŎŜǎǎŜǎ ǿŜǊŜ 

parameterized employing the unified Noah [123,124] land surface model. The long-wave and short-wave 

radiation processes were parameterized using the RRTMG scheme [125]. Also, the WSM 5-class scheme 

[126] was used to parameterize the cloud microphysics processes. Regarding the convective processes, 
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the Grell-Freitas ensemble scheme [127] ǿŀǎ ŜƳǇƭƻȅŜŘ ƛƴ ǘƘŜ ŎŀƭŎǳƭŀǘƛƻƴǎ ƻŦ ǘƘŜ ŦƛǊǎǘ ŘƻƳŀƛƴ όф ƪƳ Ҏ ф 

ƪƳύ ǿƘƛƭŜ ŜȄǇƭƛŎƛǘ ǊŜǎƻƭǾŜ ƻŦ ŎƻƴǾŜŎǘƛƻƴ ǿŀǎ ǳǎŜŘ ƛƴ ǘƘŜ ǎŜŎƻƴŘ ŀƴŘ ǘƘƛǊŘ ŘƻƳŀƛƴǎ όо ƪƳ Ҏ о ƪƳ ŀƴŘ м ƪƳ 

Ҏ м ƪƳύΦ aƻǊŜƻǾŜǊΣ ǘƘŜ ¸ƻƴǎŜƛ ¦ƴƛǾŜǊǎƛǘȅ ǎŎƘŜƳŜ ό¸{¦ύ [128] and the revised Monin-Obukhov scheme 

were employed for the planetary boundary layer and the surface layer processes, respectively. 

 

Results: 

On 24-25 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 and 25 November 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 west-southwest of Kineta recorded 206.8 mm of 2-day 

rainfall on 24-нр bƻǾŜƳōŜǊ όŘŀƛƭȅ Řŀǘŀ ŀǾŀƛƭŀōƭŜ ŦǊƻƳ ΨƳŜǘŜƻΩ ς Greek weather portal [129]).  

 

Text Box 6 (animations ς moving images): 
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The modelling results of the accumulated precipitation and river streamflow for the Greek grid 
(upper), and the sub-section of the study area (lower), over time. 

 

 

The WRF-ARW model simulation estimated 182.6 mm of 2-day rainfall at the same area, thus agreeing 

very well with the measurements. Most of the rain was simulated from 24 November at 20:00 UTC (22:00 

local time) to 25 November at 06:00 UTC (08:00 local time) as shown in Fig.7a. Especially in the early 

morning of 25 November, a severe storm occurred around Kineta, as indicated by the pattern and 

intensity of the 1-h accumulated precipitation in Fig.7(b-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 devastating flash flood. 



28 

 

 

Figure 7: (a) Simulated 8-h accumulated precipitation (mm) for the period from 24 November at 22:00 local time to 

25 November at 06:00 local time. Simulated 1-h accumulated precipitation (mm) for 25 November at (b) 03:00, (c) 

04:00, (d) 05:00 and (e) 06:00 local time [58]. 
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5 Delineation of flood inundated areas through Remote Sensing techniques 

The RS analysis provided us with a map of the flood extent. One Sentinel 2 (S2) image of 25 November 

2019 with processing level 1C and time 09:23:21:024Z was used to map flood inundated 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 areas. Concerning the delineation of water 

on land, spectral indices ŎƻƴǘŀƛƴƛƴƎ Ǿƛǎǳŀƭ ōŀƴŘǎ ǿƛǘƘ ǿŀǾŜƭŜƴƎǘƘ ό˃Ƴύ ōŜǘǿŜŜƴ лΦр ŀƴŘ лΦт ŀƴŘ ƴŜŀǊ 

infrared spectra with a wave-ƭŜƴƎǘƘ ό˃Ƴύ лΦт ǘƻ мΦм ƘŀǾŜ ōŜŜƴ ǇǊƻǾŜƴ ǘƘŜ Ƴƻǎǘ ǎǳŎŎŜǎǎŦǳƭ [130,131]. 

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 bands were 

ascribed to Red, Green, and Blue values (RGB) respectively and converted to the HSV (Hue, Saturation, 

Value) colours using a standardized transformation [132]. According to Pekel et al. [133,134] water can 

be effectively delineated by defining a relation between H, S and V com-ponents while more information 

about the theoretical background and the equations used can be found in Konapala et al. [135].  

Five water indices (WIs) were calculated on the S2 image of 25 November 2019, while the most significant 

task was to select 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 vegetation. In addition, 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 as logical 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 (Red)-3 (Green)-2 (Blue) natural composite of the 

ǊŜǎǇŜŎǘƛǾŜ {н ƛƳŀƎŜΦ LƴǘŜƴǎƛŦƛŜŘ ŀƴŀƭȅǎƛǎ ƘƛƎƘƭƛƎƘǘŜŘ ǘƘŜ w{²Lwн όŀŎŎƻƳǇŀƴƛŜŘ ōȅ ǘƘŜ ǘƘǊŜǎƘƻƭŘ ǾŀƭǳŜ җ -

0.1) as the best performing index for the detection of inundated areas (Fig.8), as it presented the most 

stable results. 
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Figure 8: Flood extent mapped through RSWIR2 index calculation. The flood extent at the location of Kineta town 

was used as the validation polygon, to validate the flood model (next section) [58]. 
 

 

6 Simulation of the flood extent and water depth through hydraulic-hydrodynamic modelling 

The hydraulic-ƘȅŘǊƻŘȅƴŀƳƛŎ ƳƻŘŜƭƭƛƴƎ Ƙŀǎ ōŜŜƴ ŎƻƴŘǳŎǘŜŘ ǳǎƛƴƎ ǘƘŜ н5 IȅŘǊƻƭƻƎƛŎ 9ƴƎƛƴŜŜǊƛƴƎ /ŜƴǘŜǊΩǎ 

River Analysis System (HEC-RAS), 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 hydraulic model setup (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. (NCMA).  

Roughness is a key input in flood inundation modelling, as it directly affects the flow conditions. The most 

ŎƻƳƳƻƴ ŀǇǇǊƻŀŎƘ ŦƻǊ ǘƘŜ ǊŜŀǎƻƴŀōƭŜ ƳŀǇǇƛƴƎ ƻŦ aŀƴƴƛƴƎΩǎ ǊƻǳƎƘƴŜǎǎ ŎƻŜŦŦƛŎƛŜƴǘǎ όƴύ ƛǎ ǘƘŜ ǳǎŜ ƻŦ 

typical values for land cover data based on the literature, combined with personal judgment based on the 

ŀǊŜŀΩǎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΦ ¢Ƙƛǎ ŀǇǇǊƻŀŎƘ ǿŀǎ ŦƻƭƭƻǿŜŘ ƛƴ ǘƘƛǎ ŎŀǎŜΣ ŎƻƳōƛƴƛƴƎ /hwLb9 ƭŀƴŘ ŎƻǾŜǊ Řŀǘŀ ŀƴŘ 

typical values for pre- and post-fire land use categories, always considering the burn severity conditions. 

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 particular: [25,137ς145]), aiming to the optimum set of values. After 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 

computational grid, and the rain-on-grid input constituted the model setup for the initial (pre-fire) and 

the post-fire conditions, respectively. In Table 1, the Classification Category field corresponds to the 

CORINE 2018 land cover categories (CLC2018), combined with the different 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, Enhanced regrowth low, High severity, Low severity, Moderate-low 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 to CORINE) with their different burn/recovered status 

(based on the RS observations). 

 

Table 1: aŀƴƴƛƴƎΩǎ ǊƻǳƎƘƴŜǎǎ ƴ ǾŀƭǳŜǎ ŦƻǊ ǘƘŜ ǇǊŜ-fire and post-fire scenario. The post-fire scenario corresponds to 

the actual simulated flood of November 2019. 

Classification Category (CLC2018 & RS obs) 
aŀƴƴƛƴƎΩǎ ƴ 

(pre-fire scenario) 

aŀƴƴƛƴƎΩǎ ƴ 

(post-fire scenario) 

Complex cultivation patterns enhanced regrowth, high (post fire) 0.650 0.4903 

Complex cultivation patterns enhanced regrowth, low (post-fire) 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 moderate-low severity 0.650 0.3305 

Complex cultivation patterns moderate high severity 0.650 0.1708 

Complex cultivation patterns unburnt 0.650 0.6500 

Coniferous forest enhanced regrowth, high (post fire) 0.800 0.6028 

Coniferous forest enhanced regrowth, low (post-fire) 0.800 0.2083 

Coniferous forest high severity 0.800 0.0110 

Coniferous forest low severity 0.800 0.6028 

Coniferous forest moderate-low 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 (post-fire) 0.060 0.0233 

Discontinuous urban fabric low severity 0.060 0.0478 

Discontinuous urban fabric moderate-low severity 0.060 0.0355 

Discontinuous urban fabric unburnt 0.060 0.0600 

Land principally occupied by agriculture, with significant areas of natural 

vegetation enhanced regrowth, high (post fire) 
0.050 0.0403 

Land principally occupied by agriculture, with significant areas of natural 

vegetation enhanced regrowth, low (post-fire) 
0.050 0.0208 

Land principally occupied by agriculture, with significant areas of natural 

vegetation low severity 
0.050 0.0403 

Land principally occupied by agriculture, with significant areas of natural 

vegetation moderate-low severity 
0.050 0.0305 

Land principally occupied by agriculture, with significant areas of natural 

vegetation moderate high severity 
0.050 0.0208 
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Classification Category (CLC2018 & RS obs) 
aŀƴƴƛƴƎΩǎ ƴ 

(pre-fire scenario) 

aŀƴƴƛƴƎΩǎ ƴ 

(post-fire scenario) 

Land principally occupied by agriculture, with significant areas of natural 

vegetation unburnt 
0.050 0.0500 

Mixed forest enhanced regrowth, low (post-fire) 0.800 0.2083 

Mixed forest high severity 0.800 0.0110 

Mixed forest low severity 0.800 0.6028 

Mixed forest moderate-low 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 enhanced regrowth, low (post-fire) 0.650 0.1708 

Natural grassland low severity 0.650 0.4903 

Natural grassland moderate-low severity 0.650 0.3305 

Natural grassland unburnt 0.650 0.6500 

Road and rail networks and associated land enhanced regrowth, high 

(post fire) 
0.013 0.0130 

Road and rail networks and associated land, enhanced regrowth, low 

(post-fire) 
0.013 0.0130 

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 

Sea and ocean, enhanced regrowth, high (post fire) 0.070 0.0700 

Sea and ocean, enhanced regrowth, low (post-fire) 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 regrowth, high (post fire) 0.025 0.0215 

Sport and leisure facilities, enhanced regrowth, low (post-fire) 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 facilities, moderate-low 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 

Transitional woodland/shrub, enhanced regrowth, low (post-fire) 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, moderate-low severity 0.800 0.4055 

Transitional woodland/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 high-resolution mesh computation point. The small mesh spacing especially around streams, 

makes the computations more demanding, but ensures a high level 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 flooded area (as shown in Fig.9). This allowed us to: 
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¶ Create an accurate representation of the validation polygon of the areas that flooded within the 
town of Kineta, by refining the RS results of Fig.8 according to the relevant descriptions and 
ǇƘƻǘƻǎΦ ¢Ƙƛǎ ƛƳǇǊƻǾŜŘΣ ΨƳƻŘƛŦƛŜŘΩ ǾŀƭƛŘŀǘƛƻƴ ǇƻƭȅƎƻƴ ƛǎ ǎƘƻǿƴ ƛƴ CƛƎ.9, along with the relevant 
photos and references. 

 
Figure 9: The actual flood extent, as extracted from the RS observations of Fig.8, and refined with the documented 

damages after the visual inspection of the flood event of November 2019 [114], sources from the Greek news 
[146] and a drone video by the UPstories team showing the aftermath of the flood [147]. 

 
 

¶ Consider the effect of the debris flow to the blocked drainage routes. In particular, after the fire, 
ƛǘ ǿŀǎ ǊŜǇƻǊǘŜŘ ǘƘŀǘ ŎƻƴǎƛŘŜǊŀōƭŜ ŀƳƻǳƴǘ ƻŦ ǊƻŎƪǎΣ ƳǳŘ ŀƴŘ ǿƻƻŘ Ƴŀǎǎ ōƭƻŎƪŜŘ ǘƘŜ tƛƪŀ ǎǘǊŜŀƳΩǎ 
drainage passage before the Olympia highway, and an underground culvert at the two other 
smaller streams in the east (Fig. 10). Figures and further details justifying this can be found in the 
Ǿƛǎǳŀƭ ƛƴǎǇŜŎǘƛƻƴΩǎ ǊŜǇƻǊǘ [114]. These, under the initial (pre-fire) conditions were not blocked, so 
the hydraulic model took into account these changes: 

o In the pre-fire 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 post-fire conditions, these are blocked, so the Pika stream was blocked above the 
Olympia (Athens-Corinth) highway (using HEC-w!{Ωǎ ǘŜǊǊŀƛƴ ƳƻŘƛŦƛŎŀǘƛƻƴ ǘƻƻƭōƻȄύΣ ŀƴŘ 
the culvert is inactive. 

 

 

Figure 10: The location of the Pika stream ς Olympia highway bridge (Athens-Corinth route), and in the second 

picture, there is the schematic of the underground culvert until its outlet to the sea. The post-fire flood of 

November 2019 blocked both drainage routes. Sources: [Google Earth; [114,146,147]. 

 

In these views from Fig.9 and 10, it is worth noting how many houses have been built close to the streams, 

maximizing thus their exposure risks from potential damage of a flood event. 
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The rain-on-grid technique was used, allowing us to apply spatially the detailed rainfall accompanying the 

storm that caused the flood event, as simulated by the WRF-ARW atmospheric model, on a grid over the 

Kineta catchment. The rain-on-grid is a relatively new technique that allows the user to apply spatial 

datasets of gridded precipitation to the study area, in contrast with the traditional point-observations 

[21,57]. The time-step of the rain-on-grid storm applied was 1 hour, so 20 spatial datasets (raster files ς 

20 grids from 24 November 2019 14:00:00 to 25 November 2019 09:00:00) representing the storm event 

were inserted in HEC-RAS. The simulation was configurated based on these inputs, as follows: the 

computation interval was set to 1 second, while the mapping, the hydrograph and the detailed output 

intervals were set to 5 minutes. The model provides the flood inundation (extent) and water depth for 

each time step of the simulated event, in both the pre-fire (hypothetically, if the same storm had 

happened before the fire), and the post-fire cases.  

 

Text Box 7 (animation ς video): 
 
The link video1.mp4  leads to a video of the 2D simulation, see screenshot below: 
 

 
 
This is a useful output, as it shows the evolution of the flood, with several insights that cannot be 
seen from a static flood map (e.g. which parts of the catchment flooded first, from where they 
got the biggest amount of water, or how fast this happened). 
 

 

 

file:///E:/publications/G.Reports/G.21_GCH_fire-flood%20report/video1.mp4
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The results of this simulation are shown in Fig.11, considering two initial3 scenarios: 

¶ Pre-fire ς the same storm hits Kineta catchment, with the pre-ŦƛǊŜ aŀƴƴƛƴƎΩǎ ŎƻŜŦŦƛŎƛŜƴǘǎ ŀƴŘ the 

ǎǘǊŜŀƳǎ ƴƻǘ ōƭƻŎƪŜŘ ǿƛǘƘ ŘŜōǊƛǎΦ ¢Ƙƛǎ ƛǎ ŀ ǘƘŜƻǊŜǘƛŎŀƭ ǎŎŜƴŀǊƛƻ ƛƴ ƻǊŘŜǊ ǘƻ ŜȄǇƭƻǊŜ ǘƘŜ ŦƛǊŜΩǎ ŜŦŦŜŎǘ 

to the actual flood. 

¶ Post-fire ς the reality of what happened in Kineta: the simulated Girionis storm hits the area 

considering the post-ŦƛǊŜ aŀƴƴƛƴƎΩs coefficients and blocked streams from debris.  

 

Figure 11: The results of the hydraulic-hydrodynamic model under the Girionis storm: Flood extent and depth for 

the pre-fire scenario (A, C) and the real post-fire conditions representing the flood event of November 2019 (B, D), 

over the validation polygon (D) [58]. 

 

 

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

For the validation of the model, the results of Figure 11D were compared to the validation polygon of 

Figure 8 (also presented in Fig.11D with red colour). 

In particular, ǘƘŜ ŦƭƻƻŘŜŘ ŀǊŜŀΩǎ polygon as obtained from the RS imagery was used (Figure 8) and assessed 

with typical indices that consider the flood ex-tent. In particular, the Critical Success Index (CSI), also 

known as threat score (TS) was used to assess the accuracy of the simulated inundated areas against the 

validation polygon [148ς151]. The CSI can be estimated according to Equation (3): 

#3)          (3) 

 

Where A is the correctly simulated flooded area (hits); B is the false-simulated 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 

Equation (3ύ ƛǎ ǳǎŜŘ ǘƻ ǇŜƴŀƭƛȊŜ ǘƘŜ ƳƻŘŜƭΩǎ ƻǾŜǊǇǊŜŘƛŎǘƛƻƴ [152ς154]. 

The CSI for the flood of November 2019 in Kineta was 0.65, which is a satisfactory value (CSIs above 0.5 

are acceptable). The total simulated flood inundation area was found 451,848 m2 (411,177 m2 inside the 

validation polygon) for the pre-fire scenario, and 595,246 m2 (549,308 m2 inside the validation polygon) 

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

in total, with the 138,131 m2 within the validation polygon. 

This practically proves that if the Kineta pine forest has 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 4.5 km2, the 0.138 km2 is not 

ƴŜƎƭƛƎƛōƭŜΦ Lƴ ŀƴȅ ŎŀǎŜΣ ŀǎ ƳŜƴǘƛƻƴŜŘ ƛƴ ǎŜŎǘƛƻƴΩǎ оΦм ǊŜǎǳƭǘǎΣ ǘƘŜ DƛǊƛƻƴƛǎ ǎǘƻǊƳ ǿŀǎ ƛƴŘŜŜŘ ŀ ǎŜǾŜǊŜ 

phenomenon. This indicates a potential flood risk in the area, regardless of the fire, as the hydraulic 

ƳƻŘŜƭΩǎ ǊŜǎǳƭǘǎ ŎƻƴŦƛǊƳŜŘ ŦƻǊ ǘƘŜ ƛƴƛǘƛŀƭ ǇǊe-fire conditions (Fig.11). This finding is in line with some historic 

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 October 2019, although not 

completely, but the high-burn 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 part of the catchment, 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 post-fire flood scenario was the 

streams being blocked by the debris flow. 

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

 

7 Post-fire Erosion and Flood Protection Treatments (PEFTs): A literature-based assessment, and 
analysis of their suitability 

There are many different kinds of PEFTs. All of them aim to speed up the recovery of burned watersheds, 

improving thus their response to hydrological processes and erosion. The way each PEFT tries to achieve 
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ǘƘƛǎ ŘƛŦŦŜǊǎΦ ¢ƘŜ Ƴƻǎǘ ŎƻƳƳƻƴ t¢¢ǎΩ ŎŀǘŜƎƻǊƛȊŀǘƛƻƴ ƛs based on which watershed element they are aiming 

to improve. According to Napper [155], PEFTs can be categorized per treatment type, such as land 

treatments, channel treatments, road and trail treatments. These are described as follows: 

¶ Land treatments: Stabilizing burned areas can be accomplished using several land treatments by 
providing soil cover (reducing erosion), trapping sediment (reducing sedimentation), and/or 
reducing water-repellence (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 cover-based (working on the land cover improvements, including 
seeding) or barrier-based (installed barriers to trap sediments, reduce excess flow, or slow runoff).  

¶ Channel treatments: Channel treatments focus on mitigating the negative post-fire effects on 
water quality, 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, deposition, and sediment 
transport.  

¶ Road and Trail Treatments: Combined with the previous two types (land and channel treatments), 
road and trail treatments can reduce the post-fire effect on the transportation infrastructure. 
They also protect life, safety, and property, 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 Annex of Papaioannou et al. [157] we provide a detailed overview of the most 

typical works under each type of treatment, along with a description, commenting on their suitability/ 

effectiveness. In this section, Table 2 highlights the main factors that one must consider when assessing 

the effectiveness and suitability per type of treatment. 

 

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

effectiveness [157]. 

Type of 

Treatment 

Typical works Suitability and Effectiveness 

Land ς  

Cover-based 

¶ Aerial Hydromulch 

¶ Ground Hydromulch 

¶ Straw Mulch 

¶ Slash Spreading 

¶ Erosion Control Mats, etc. 

¶ Suitability: Areas with high-moderate burn severity; steep slopes; soils with 
high erodibility factor; low winds.  

¶ Effectiveness depends on: Proper installation, application rates, slope length 
and steepness, and wind conditions. Combinations of mulching and seeding is 
more effective in germination but not necessarily in surface cover. Wood-
based mulches are equally or more effective than straw mulch in reducing 
post-fire erosion. Erosion Control Mats are costly solutions, with limited 
information about their effectiveness [155]. 

Land ς  

Barriers 

¶ Log Erosion Barriers 
¶ Fiber Rolls or Wattles 
¶ Silt Fences, etc.  

¶ Suitability: Areas with high-moderate burn severity and highly erodible and 
water-repellent soils; slopes between 20% - 60%; accessible for maintenance 
and inspection.  

¶ Effectiveness depends on: Proper installation, slope, tree size and length. 
Barriers are more effective in low-intensity storms only [158]. Their 
maintenance requires significant effort and attention. Barrier construction 
remains a typical hillslope treatment with better effectiveness when 
combined with other treatments [157]. 

Land ς  

Seeding 

¶ Soil Scarification 

¶ Ploughing 

¶ Seeding, etc. 

¶ Suitability: Areas with high-moderate burn severity and highly erodible slopes; 
vulnerable for invasive and noxious plants spreading. 

¶ Effectiveness: While there is limited available information, seeding is 
inefficient in reducing sediment yield compared to no treatment [158]. 
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Seeding (e.g. < 60% surface cover) is not very effective in the first year after a 
fire and is neutral in the following seasons. Combining seeding with mulch-
treatments increases the germination potential. 

Land - 

Chemical 

treatments 

¶ Polyacrylamides (PAM) 

¶ other polymers 

¶ Suitability: There is not adequate information to generalize their site 
suitability. Areas with very mild rainfall events are preferred, as they boost 
the vegetation development fast.  

¶ Effectiveness: Very few cases report their effectiveness, with no effects found 
on runoff and little erosion reduction achieved [159ς161]. 

Channel -
Barriers 

¶ Check dams 

¶ In-Channel Tree Felling 

¶ Grade Stabilizers 

¶ Stream Channel Armoring 

¶ Channel Deflectors 

¶ Debris Basins, etc. 

¶ Suitability: Areas with high burn severity; smooth slopes where sediment 
storage can be achieved; with <20 % ground cover; small catchments and 
drainage areas; where construction, maintenance, and inspection is 
accessible; high-risk value (road crossing, sensitive aquatic species) and need 
to protect the downstream areas. 

¶ Effectiveness: Channel barriers are more effective in smooth slopes, when 
used in series, and for mild storms and flows. They can reduce most of the 
runoff and also significant amounts of erosion, but they have short-term 
effectiveness and require maintenance following runoff events [162]. Debris 
basins are expensive treatments [155]. 

Road and 
Trail 

¶ Outsloping 

¶ Rolling Dips 

¶ Overflow Structures 

¶ Culvert Modification 

¶ Trail Stabilization, etc. 

¶ Suitability: Areas prone to flow concentration (e.g. mild slopes, bad drainage 
with undersized culverts) that need immediate protection from floods 
(important access, infrastructure, vulnerability, etc.). 

¶ Effectiveness: Limited data suggest that if properly designed and installed 
correctly, they provide significant benefits in terms of discharge, reduced 
sediment delivery to stream channels and less road maintenance [155,157]. 

 

It is worth noting that the costs of post-fire 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 infrastructure, the type of vegetation present, and the specific 

technique employed [158].  

These factors affect only the costs, but also the effectiveness of most treatments. There is very limited 

information on the cost-effectiveness of PEFTs. A recent assessment based on 63 sites in Spain, Portugal, 

USA and Canada [163], finds that land treatments are the most cost-effective (e.g. straw mulch, wood-

residue mulch, and hydromulch). The cost-effectiveness of barrier PEFTs was found to be low because 

their effectiveness is low related to the reduced erosion rates and they might have high implementation 

costs in some cases [163]. Concerning the barriers, it is noteworthy to mention that log erosion barriers 

had slightly better cost-effectiveness values than other barrier types [163]. Keeping in mind that the cost 

ranges can be highly variable, seeding PEFTs have in general low costs (but require considerable time and 

labour to implement), while chemical treatments erosion control mats are considered costly PEFTs. In 

certain cases, invasive plant management may also be necessary to prevent further damage to the 

ecosystem, but can be expensive. According to Girona-Garcia et al. [163], while all treatment types 

significantly reduce post-fire 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 line also with Robichaud et al. [70]. Mulch is generally more effective in 

short-duration and high-intensity 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. seeding) still have uncertain potential. Seeding can provide 

hardly little protection during the initial post-fire damaging runoff events, since it must grow first. For 

immediate protection from excess runoff and sediment transport, barrier treatments applied in the 

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 risk. Based on limited information, chemical treatments have been found to be inefficient 

for runoff and erosion reduction. According to Pizzeghello et al. [164] their effectiveness majorly depends 

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

 

Text Box 8: 
 

 

 
 
Examples of PEFTs, including (in order of appearance): Heli-mulching operations, contour-felled log, in-
channel check dams (wooden); hillslope log debris dam4. 
 

 

As shown, there are many kinds of PEFTs. All of them aim to speed up the recovery of the burned site. 

Although each treatment of the categories presented has case-specific factors and potentially different 

site suitability, we can draw a general conclusion regarding their effectiveness:  

¶ Land treatments can generally reduce runoff and/or sediment yields during the first rainfall 
events. Still, their effectiveness depends on several factors, such as the application rates, the 
proper installation (e.g., log barrier installation is vital for the effectiveness of the treatment [88]), 
post-fire climatological conditions (e.g., rainfall amount and intensity [157]), slope length and 

                                                           
4 Source: Papaioannou et al. [157]. 
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steepness-terrain gradient make/brand of tackifier, and the time (e.g., seeding does not provide 
instant protective effect, especially in the first year) [157]. 

¶ Channel treatments seem more efficient in gentle gradients and areas of low or moderate flows, 
as the risk of failure is lower. Moreover, channel 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 (short-term sediment control 
solution) [165]. Moreover, channel treatment effectiveness is usually a function of the proper 
installation (e.g., log dams' installation is essential for the effectiveness of the treatment [88]), the 
appropriate positioning of the treatment (e.g., some channel treatments should be constructed 
in series), their maintenance (e.g., debris basin maintenance) [155] and the post-fire 
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 sediment into channels. 
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 effectiveness [166]. 

Overall, the effectiveness of all treatment types is subject to large uncertainties due to the 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 several site-specific cases. According to 

Robichaud et al. [166] these factors can be divided into not-fire-dependent and fire-dependent, as their 

combination determines the actual watershed response and, subsequently, the effectiveness of the post-

fire treatments [167]. These factors are presented and further discussed in Table 3. 

 

Table 3. An overview of some important factors affecting the effectiveness of post-fire treatments where all 

ŦŀŎǘƻǊǎΣ ŜȄŎŜǇǘ ǘƘŜ άǘǊŜŀǘƳŜƴǘ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ-ƛƴǎǘŀƭƭŀǘƛƻƴέΣ ŀǊŜ ōŀǎŜŘ ƻƴ ǘƘŜ ŀƴŀƭȅǎƛǎ ƻŦ wƻōƛŎƘŀǳŘ Ŝǘ ŀƭΦ [70], 

references therein, and Papaioannou et al. [157]. 

Factors Description 

1. Factors Unrelated to Fire: 

Rainfall 

characteristics, 

especially rainfall 

intensity 

a. Intense, short-duration storms with high rainfall intensity and low rainfall volumes cause high stream 
peak flows, and substantial erosion episodes after fires. 

b. An increase in runoff, erosion rates, and stream flows means potentially lower effectiveness of any 
treatment. 

Topography 

a. Erosion rates are generally higher in bigger slopes and hillslope lengths (flow path). 
b. Drainage patterns and topographies that enhance erosion and peak flow concentration are more 

challenging for post-fire treatments. 

Land use and 

management 

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

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

Treatment 

implementation-

a. The effectiveness of many post-fire treatments depends on the accuracy of the installation, the 
selected design type, the post-installation maintenance, and the level of experience of the personnel 
used for the treatments [7,49,53].  
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Factors Description 

installation and 

design matters 

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

2. Fire-Dependent Factors: 

Burn severity (also 

ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άŦƛǊŜ 

ǎŜǾŜǊƛǘȅέύ 

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

b. In general, higher burn severity is translated into larger and quicker watershed responses to rainfall, 
being thus more challenging for the post-fire treatments. 

Soil burn severity 

a. {ƻƛƭ ōǳǊƴ ǎŜǾŜǊƛǘȅ ŜȄǇǊŜǎǎŜǎ ǘƘŜ ŦƛǊŜ ŜŦŦŜŎǘǎ ƻŦ ǎƻƛƭ ƘŜŀǘƛƴƎ ŀƴŘ ǘƘŜ ǎƻƛƭΩǎ ƻǊƎŀƴƛŎ ƳŀǘŜǊƛŀƭ 
consumption. Thus, higher soil burn severity leads to soil properties alteration resulting in soil 
infiltration reduction and high soil erodibility.  

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

Amount of bare soil 
a. A crucial factor for burn severity mapping is positively related to postfire erosion rates. 
b. Land cover treatments, such as natural or straw mulching, can reduce post-fire erosion. 

Soil water 

repellency 

a. Post-fire soil water repellency is associated with soil burn severity and reduced infiltration.  
b. Although its effects vary over space, time, and soil type, most relevant treatments aim to rewet the 

soil to minimize the soil water repellency and its negative consequences since it depends on soil 
moisture (it is reduced or absent following prolonged wet conditions). 

Soil erodibility 

a. The treatments' effectiveness is largely dependent on runoff, sediment transport, and soil erosion. 
Moreover, soil texture, structure, and organic matter content are important factors considering 
erosion resistance. 

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

Time since the fire 

a. This factor refers to the ecosystem's natural recovery (soil structure, vegetation, microclimate, etc.). 
For example, more significant and faster vegetation recovery means smaller instant surface runoff 
rates and reduced erosion rates. 

b. As discussed above, timely action with post-fire treatments can improve watersheds' overall 
response and avoid post-fire negative consequences. 

 

The factors of Table 3 are the main and more generic ones, but are not the only ones relevant to the 

effectiveness of the post-fire treatments (for example roughness also changes after a fire, affecting the 

water retention and flow [140]). Finally, we should keep in mind that all these factors are interrelated, 

resulting in more complex cause-effect relations in terms of watershed responses (damage, runoff, 

ŜǊƻǎƛƻƴΣ ŜǘŎΦύΣ ŀƴŘ ƳƻǊŜ ŎƻƳǇƭŜȄ ǊŜƭŀǘƛƻƴǎ ƻƴ ǘƘŜ ǘǊŜŀǘƳŜƴǘΩǎ ƛƳǇŀŎǘ ŀƴŘ ŜŦŦŜŎǘƛǾŜƴŜǎǎΦ 

 

8 Designing PEFTs for the case of Kineta, Greece 

The most important factors to consider when designing PEFTs, according to the studies reviewed are: 

¶ the burn severity and extent, as it determines the damages caused; 
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¶ the climatic conditions, especially rainfall 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; 

¶ the proper application ς installation of the works and their monitoring over time (e.g., annual time 
step) to ensure maximum efficiency; 

¶ other site-specific factors, including social and behavioural aspects that define the response for 
human interventions and other criteria such as costs and rehabilitation efforts [168].  

Thus, a combination of techniques will be the most efficient way (and also necessary) to mitigate and 

protect from erosion and flooding risks adequately. 

For the case of Kineta, we started from the most common PEFTs as categorized above, namely, land 

treatments, channel 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 applied PEFTs in 

Greece are barrier-based (land treatments) and channel-based (channel treatments), due to their 

relatively low costs, and ease of installation from local timber. In particular, these works include log- 

erosion barriers - LEBs (barrier-based) which are placed across the contours to retain peak flows and 

sediments, and wooden check-dams (channel-based), which are placed within the channels. Usually, 

these PEFTs aim to trap sediments, reduce excess flow, and slow runoff [169,170]. Depending on their 

placement spatially, they can offer sufficient protection to roads from floodwaters and sediments. 

For the case of Kineta catchment, these PEFTs (LEBs and wooden check-dams) were assessed, according 

to the respective official Greek guidelines, 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 application of these PEFTs [171ς173], 

the main criteria for their installation were retrieved: 

¶ LEBs are suitable for areas with high-moderate burn severity (at the time after the fire, to target 
the most vulnerable areas), and slopes between 20% - 50%, while it is also common for many 
applications to consider the slope installation starting from 10%, with looser spacing till 20%). 
LEBs are typically 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.  

¶ Wooden check-dams are constructed along channels of 1st and 2nd 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 durability). They are 
placed in constrictions of channels having an upstream widened bed and a slight stream slope 
(<20%), spaced at intervals of 50-100 meters (and always according to the expert of the on-field 
experts). They are usually 1 meter high.  

 

These criteria, namely, burn severity categories (as occurred from the RS analysis ς Fig.5), stream slopes 

and order (Fig.12A) were spatially visualized over the DEM of the study area in GIS, so the locations 

meeting the installation criteria for LEBs and wooden check-dams were 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, to ensure ǘƘŀǘ ǘƘŜ ΨǇǊƻǘŜŎǘƛƻƴ ƭƛƴŜΩ ƛǎ ƴƻǘ ƛƴǘŜǊǊǳǇǘŜŘΦ aƻǊŜƻǾŜǊΣ ǎǇŜŎƛŦƛŎŀƭƭȅ ŦƻǊ 

the studied catchment, instead of installing wooden check-dams in the channels of 1st and 2nd order 

streams, we recommend their installation in the 3rd order steams as well. The reason is the specific 

characteristics of the studied catchment, and in particular, its small size and the quite narrow morphology 

of the 3rd order streams. So, the wooden check-dams were placed in the 1st, 2nd and 3rd 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 the PEFTs that we considered for the Kineta 

catchment are quite conservative, with a dense network of LEBs (slope from 10%-50%) and wooden check-

dams, as can be seen from their spatial distribution (Fig.12B). 
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Figure 12: A) stream order and slope, and B) final map with the locations of LEBs, and wooden check-dams. Source: 

[174]. 
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9 Scenario analysis: Pre-fire, Post-fire no protection, and Post-fire with protection 

Besides the pre-fire and post-fire scenarios, a flood protection scenario was also considered, to quantify 

ǘƘŜ t9C¢ǎΩ ŜŦŦŜŎǘƛǾŜƴŜǎǎ. The PEFTs scenario considers the application of the PEFTs, namely the LEBs and 

the wooden check-dams, as shown in Fig.12.  

So, now the scenarios are the pre-fire and post-fire ones (as explain above), plus a post-fire PEFTs scenario. 
In summary: 

¶ Pre-fire (same as above): same storm, pre-fire conditions with the respective Manning's n 
coefficients, and no PEFTs in place.  

¶ Post-fire, No PEFTs (same as above, reality scenario): the same storm applies in the catchment 
with post-fire conditions, using the respective Manning's n coefficients, and no PEFTs in place. 
This is the reality of what happened in Kineta, so the results of this scenario were the ones that 
were validated, as shown in Fig.11. 

¶ Post-fire, With PEFTs (protection scenario): the same storm applies in the catchment, with post-
fire conditions, using the respective Manning's n coefficients. The suggested PEFTs now are 
included: Having designed the PEFTs spatially (Fig.12), we can modify the terrain of the HEC-RAS 
model accordingly. The terrain was modified to incorporate the suggested PEFTs according to 
Fig.12 using the R package "terra" to analyze the raster file with the designed PEFTs, the 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 the PEFTs suggested installation realistic (see Text Box 9). 
The model in this scenario has a terrain with the designed network of LEBs and WCD in place. This 
is our suggested wish-case, where protection should be considered after the wildfire, to mitigate 
potential future floods. In this scenario, it was assumed that PEFTs works would retain debris, and 
thus, major culverts and bridges would not be blocked. 

 

Text Box 9: 
 
A central part of the protection scenario was to run the hydraulic model HEC-RAS with a terrain 
reflecting the protection scenario with the spatially designed PEFTs in place. 
In order to incorporate the PEFTs (log-erosion barriers (LEBs) and wooden check-dams (WCD)) of Fig.12 
ƛƴ ǘƘŜ ǘŜǊǊŀƛƴ ƳƻŘŜƭΣ ǿŜ ǳǎŜŘ ǘƘŜ w ǇŀŎƪŀƎŜǎ ΨǘŜǊǊŀΩ ǘƻ ŀƴŀƭȅȊŜ ǊŀǎǘŜǊǎΣ ΨǎŦΩ ǘƻ ŀƴŀƭȅȊŜ ǾŜŎǘƻǊǎ ŀƴŘ 
ΨǎƳƻƻǘƘǊΩ ŦƻǊ ƭƛƴŜǎ ǎƳƻƻthing.   
First, we exported the PEFTs layout (Fig.12) as a high-resolution raster mask. Using the R package  
ΨǘŜǊǊŀΩΣ ǿŜ ƭƻŀŘŜŘ ǘƘŜ ƻǊƛƎƛƴŀƭ ŘƛƎƛǘŀƭ ŜƭŜǾŀǘƛƻƴ ƳƻŘŜƭ ό59aύ ŀƴŘ ƻǾŜǊƭŀƛŘ ǘƘŜ t9C¢ǎ ǊŀǎǘŜǊΣ ŀŘƧǳǎǘƛƴƎ 
elevation values where barriers and check-dams were to be installed. For each LEB, we raised the DEM 
by 0.2 m along the contour lines at 10 m spacing; for each WCD, we inserted 1 m high linear features 
within stream channels at specified intervals. 
bŜȄǘΣ ǘƘŜ ΨǎŦΩ ǇŀŎƪŀƎŜ ǇŀǊǎŜŘ ǘƘŜ ǾŜŎǘƻǊ ŘŀǘŀΣ Ǉƻƛƴt and line shapefiles representing PEFTs locations, 
allowing precise georeferencing of structure footprints and extents. Finally, to avoid artificial 
hydrological artifacts caused by unnaturally jagged barrier alignments, or odd curves in the LEBs as they 
ŦƻƭƭƻǿŜŘ ǘƘŜ ŎƻƴǘƻǳǊǎ ƻŦ ǘƘŜ 59aΣ ǿŜ ŀǇǇƭƛŜŘ ΨǎƳƻƻǘƘǊΩ ǘƻ ƎŜƴǘƭȅ ǎƳƻƻǘƘ ƭƛƴŜŀǊ ŦŜŀǘǳǊŜǎΣ ǇǊŜǎŜǊǾƛƴƎ 
their designed geometry while ensuring flow continuity in the hydraulic mesh. The result is a modified 
terrain surface that realistically incorporates PEFTs elevations and geometries, ready for HEC-w!{Ωǎ 
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rain-on-grid simulation, thus capturing how these treatments divert, slow, and attenuate post-fire flood 
flows. 
 

 

The results of these scenarios were tested in terms of i) flood extent (area), ii) water depth, 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 flood protection performance of PEFTs 

The total simulated flood inundation area for the (real) post-fire case was 595,246 m2, covering almost 

24% of the townΩs total residential area. The pre-fire simulation resulted in a flood inundation area of 

451,848 m2 (Fig.13B and Fig.13D). 
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Figure 13: The extent of the 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 hypothetical Pre-fire scenario (A),(B); the real Post-fire, No PEFTs 

scenario (C),(D); and the hypothetical Post-fire, With PEFTǎ ǎŎŜƴŀǊƛƻ ό9ύΣόCύΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ ¢ƘŜ ǊŜŘ άǾŀƭƛŘŀǘƛƻƴ 

ǇƻƭȅƎƻƴέ ƛƴ CƛƎΦ{п5 ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ōƻǳƴŘŀǊȅ ƻŦ ǘƘŜ ǿŀǘŜǊ ŜȄǘŜƴǘ ŀǎ ǊŜǎǳƭǘŜŘ ŦǊƻƳ w{ ŀƴŀƭȅǎƛǎ. Source: [175]. 
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Text Box 10: 
The difference in the flood extents of pre-fire vs post-fire reflects the impact of the wildfire on the 
flooding, which is 143,398 m2 (the one fifth of the flood ~ 25%), as also mentioned in the previous 
sections.  
Here is the difference of the floods of the post-fire ς pre-fire scenarios: 

 

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

 

 

If the PEFTs were in place after the wildfire, the flood extent would have been 447,575m2. Therefore, the 

effect of these recommended protection measures would have reduced the flood-inundated area by 

мптΣстм Ƴч όнпΦу҈ύ όCƛƎΦ13F).  

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

avoided with the PEFTs. 

As shown in Fig.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 delaying them. 
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Figure 14: The water velocity (A),(C),(E), and the flood maximum arrival time in the Kineta town (B),(D),(F). These 
are shown for the hypothetical Pre-fire scenario (A),(B); the real Post-fire, No PEFTs scenario (C),(D); and the 

hypothetical Post-fire, With PEFTs scenario (E),(F), respectively. Source: [175]. 

 

 


































































