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PROJECT MOSAIC.PT – MULTI-SOURCE FLOOD RISK ANALYSIS FOR SAFE 

COASTAL COMMUNITIES AND SUSTAINABLE DEVELOPMENT 

Final Report 

Abstract  

The final technical report of the project Mosaic.pt – multi-source flood risk analysis for safe coastal 

communities and sustainable development (ref. PTDC/CTA-AMB/28909/2017) is presented. The 

project was funded by the Portuguese Foundation for Science and Technology (FCT - Fundação para 

a Ciência e a Tecnologia) and took place between 2018 and 2022. The project aimed to develop tools 

to support coastal flood risk management, based on the integration of predictive models and real-time 

monitoring data, and taking into account territorial diversity. The main outcomes included: knowledge 

improvement on historical coastal flooding occurrences and associated damages along the continental 

Portuguese coast, and the definition of critical coastal typologies and risk factors; increase capacity for 

coastal flooding prediction with the development, implementation and validation of a real-time 

prediction system at a local scale that incorporates models and data; development and 

implementation of a WebGIS platform to access multi-source data that can be used as a decision-

support tool. 

Keywords: Coastal flooding / Critical typologies / Real-time prediction and monitoring / 

Territorial vulnerability / WebGIS platform for multi-source data 

PROJETO MOSAIC.PT – MULTI-SOURCE FLOOD RISK ANALYSIS FOR SAFE 
COASTAL COMMUNITIES AND SUSTAINABLE DEVELOPMENT 

Relatório Final 

Resumo  

Apresenta-se o relatório final do projeto Mosaic.pt – Análise do risco de inundação costeira a partir de 

múltiplas fontes para comunidades seguras e desenvolvimento sustentável (ref. PTDC/CTA-

AMB/28909/2017), financiado pela Fundação para a Ciência e a Tecnologia, e que decorreu entre 

2018 e 2022. O projeto visa desenvolver ferramentas de apoio à gestão do risco de inundação na 

zona costeira, integrando modelos de previsão e monitorização em tempo real, tendo em conta a 

diversidade do território. Dos resultados salienta-se: a melhoria do conhecimento do histórico de 

ocorrências de inundação e danos associados na zona costeira continental portuguesa, assim como a 

definição de tipologias críticas e fatores de risco; o aumento da capacidade de previsão da inundação 

costeira, através do desenvolvimento, implementação e validação à escala local de sistema de 

previsão em tempo real que integra modelos e dados; a criação de uma plataforma WebSIG que 

integra dados multi-fonte e que pode ser usada como instrumento de apoio à decisão. 

Palavras-chave: Inundação costeira / Tipologias críticas / Previsão e monitorização em tempo real / 

Vulnerabilidade territorial / Plataforma WebSIG para dados multi-fonte 
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1 | Introduction 

1.1 Objectives 

The present document constitutes the final report of the project Mosaic.pt – multi-source flood risk 

analysis for safe coastal communities and sustainable development, funded by the Portuguese 

Foundation for Science and Technology. 

The major identifying elements of the project are listed below: 

‒ Project reference: PTDC/CTA-AMB/28909/2017 

‒ Call / Program / Area: PTDC 2017 / 3599-PPCDT / Ciências do Ambiente 

‒ Scientific Domain: Natural sciences 

‒ Main Area: Earth and Related Environmental Sciences 

‒ Secondary area: Environmental Sciences 

‒ Principal Investigator: Paula Maria de Santos Freire 

‒ Principal Contractor: National Laboratory for Civil Engineering (LNEC) 

‒ Participating Institution: Centre for Social Studies (CES) of the University of Coimbra  

‒ Starting date: 01-10-2018  

‒ Final date: 30-09-2022 

‒ Funding (National Funding): € 238.585,87 

1.2 The project Mosaic.pt  

1.2.1 Context, objectives and workplan 

Each year, coastal flooding affects millions of people around the world with high socio-economic 

losses that will grow with sea level rise and extreme water levels increase (Kulp et al., 2019; Kirezci et 

al., 2020). In Portugal, the coastal zone extends for 987 km with diverse geomorphologies and land-

use occupations. About 60% of the population inhabits coastal municipalities, where the risk of sea 

level rise is high and will keep on increasing (EC, 2009; Antunes, 2019). Although the authorities had 

foreseen the storm Hercules in January 2014 and warned the populations, losses in the coastal zone 

were more than 16 million euros and about 20 people had to be assisted (Santos et al., 2015). To 

adequately contribute to emergency planning and response in uncertain future conditions, coastal 

floods predictions should incorporate the several risk dimensions, such as territory vulnerability and 

exposure (Bedsworth and Hanak, 2010; UNISDR, 2015). 

The objective of the Mosaic.pt project was to develop an innovative flood risk framework for coastal 

zones, integrating predictive models and real-time monitoring data, and taking into account the 

diversity and complexity of the territory. Specific objectives were: 
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‒ To improve flood prediction in different coastal typologies, through the integration of data from 

multiple (in-situ and remote) sources and numerical models; 

‒ To identify the coastal typologies affected by flooding aiming to support the development of an 

integrated risk analysis methodology;  

‒ To contribute to the emergency response capacity of the coastal management institutions and the 

affected communities. 

To accomplish the proposed objectives the project approach considered two spatial scales of analysis: 

a regional scale and an observatory scale for development and validation of the predictive, monitoring 

and data integration methodologies, and evaluation of the different dimensions of vulnerability. 

Following this concept, the project work plan was built on 10 activities (Figure 1.1): 

 Activity 1 - Critical typologies selection through preliminary flood evaluation 

 Activity 2 - Numerical modeling of coastal inundation 

 Activity 3 - Vulnerability dimension assessment 

 Activity 4 - Development of a multi-source monitoring and predictive methodology 

 Activity 5 - Risk framework design 

 Activity 6 - Institutional capability for emergency response  

 Activity 7 - Safe communities involvement and response  

 Activity 8 - Data management  

 Activity 9 - Project scientific and technical management  

 Activity 10 - Project dissemination and communication 

 

 

Figure 1.1 – Mosaic.pt project Activities 
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1.2.2 Project team 

The Mosaic.pt team is presented in Table 1.1.  

Table 1.1 – Project team 

Institution Researcher 

LNEC 

Paula Freire (project Principal Investigator and leader of Activities 1, 5 , 9 and 10) 

André Fortunato (Co-Principal Investigator and leader of Activity 2) 

Anabela Oliveira (leader of Activities 4 and 8) 

Alberto Azevedo 

Alphonse Nahon (doctoral researcher) 

Ana Rilo 

Conceição Fortes 

Filipa Oliveira  

Gonçalo Jesus 

João Nuno Oliveira (Ceased to collaborate with the project in 31-12-2021) 

João Rogeiro (Ceased to collaborate with the project in 05-09-2022) 

Maria João Henriques 

Nádia Braz (Ceased to collaborate with the project in 11-03-2022) 

Ricardo Martins 

Teresa Reis 

Alice Bortoli (Research fellow) 

Luís Simões Pedro (Technical staff) 

Fernando Brito (Technical staff) 

Hugo Silva (Technical staff) 

CES 

Alexandre Tavares (leader of Activity 6 and 7) 

Pedro Santos (leader of Activity 3) 

Jorge Alexandre de Almeida (ceased to collaborate with the project in June 2021) 

CES/LNEC Leandro Barros (Research fellow) 

 

Also collaborating with the project were: 

‒ IT Expert Miguel Rocha (LNEC), in Activity 4; 

‒ Masters' student Jules Buquen (LNEC), in Activity 4 

‒ Senior technician Joana Simão (LNEC), in Activity 2 

‒ Masters’ student Paulo Cabrita (LNEC), in Activity 2 

‒ Luís Perdiz (CES), in Activities 5, 6 and 7 

1.3 Report structure 

This report is structured in 14 sections. Section 1 presents the major identifying elements of the 

project as well as its context and objectives, general structure and the team. Sections 2 to 11 

correspond to the project Activities, and present the objectives and the main results. Section 12 lists 

the project publications, and section 13 presents the institutions, projects and people that collaborated 

with the project. Finally, the main results are summarized in section 14, together with a critical 

appraisal. The projects’ publications are referred along the text in square brackets. 
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2 | Activity 1 - Critical typologies selection through 
preliminary flood  

2.1 Overview 

This activity aimed to: 

● Characterize coastal flood events in the Portuguese West coast and to develop a database of 

flood occurrences; 

● Select “observatories” for developing detailed tasks of activities 2, 3 and 4; 

● Characterize the coastal flood processes in the observatories.  

The main results of this activity, described below, were: 

‒ A geographic database of coastal flood events in mainland Portugal between 1980 and 2018; 

‒ An improved knowledge of historic flood events and their associated damages; 

‒ The characterization of the observatories’ morphological state and their short-term response to 

different oceanographic and meteorological forcings. 

2.2 Evaluation of historical events and database development  

A literature review, as well as the compilation and analysis of the newspaper information on 

overtopping and flooding events on the west coast of mainland Portugal were carried out. A 

geographic database of coastal flooding occurrences for the period 1980-2018 for the continental 

Portuguese coast zone was constructed based on the hemerographic analysis of three national and 

five regional newspapers [A6, C1, C11]. The database was constructed on a set of fields that 

characterize each occurrence, the area affected, the associated triggering factors and the impacts 

(Figure 2.1). This database provides relevant information about coastal overtopping and flooding 

occurrences at a regional scale that did not exist before for the Portuguese coast. The database 

information was analyzed and compared to flooding forcing conditions. These conditions were 

obtained from hindcast models of the daily maximum significant wave height Hs (Hsmax) and sea 

level (Fortunato et al., 2019) [A6]. The regional spatial distribution of occurrences shows that the area 

between Ovar and Marinha Grande (Portuguese central west coast) was the one with the highest 

number (Figure 2.2). The temporal distribution of the yearly number of occurrences indicates that the 

highest number corresponded to 2014, and was largely associated with the storm Hercules in early 

January (Figure 2.3). The number of occurrences by category of losses and damages reveals that 

damages in public areas were the ones with the highest number of occurrences; in terms of human 

impacts, the displaced sub-category was the one with the highest expression (Figure 2.4).  

A critical analysis of the use and importance of historical data to obtain flood risk information was 

performed along with the methodologies applied to qualitative sources [A10, A11, C6, C28]. 
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Figure 2.1 – Structure of Mosaic.pt database (source: [6]) 

 

 

Figure 2.2 – Spatial distribution of database occurrences: a) Continental Portugal; b) Spatial Coastal Zone Plans - 
POC (source: [6]) 
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Figure 2.3 – Temporal distribution of database occurrences: a) monthly; b) annual (source: [6]) 

 

 

 

Figure 2.4 – Main losses and damages of the Mosaic.pt database occurrences (source: [6]) 
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2.3 Observatory selection  

An exploratory analysis was carried out in several coastal areas located in the Portuguese central 

west coast, with a historical record of overtopping and flood events, and showing different territorial 

contexts (Figure 2.5). Based on the historical information and data acquired in-situ, three 

observatories were chosen: Costa Nova, Cova-Gala and São Pedro de Moel beaches (Figure 2.6). In 

these observatories, comprehensive local studies, namely predictive models development (Activity 2), 

vulnerability assessments (Activity 3) and the development of the multi-source monitoring and 

prediction methodology (Activity 4) were carried out during the project. 

Barra-Costa Nova is a coastal stretch south of the Aveiro Lagoon’s inlet, approximately 2 km long, 

characterized by a low-lying sandy beach limited by a fragile dune system, which is susceptible to 

coastal erosion and flooding. During the last decades several interventions took place to protect the 

urban fronts, with the construction of groynes and longshore defense structures. The Cova-Gala 

beach is a sandy beach-dune system about 2 km long, located south of the Mondego river mouth. 

Since the mid XX
th
 century this sector was subjected to several human interventions, including the 

construction of the Mondego river mouth jetties, seawalls, groynes, tubes placement to reinforce the 

dune, and several interventions related with the port regularization, including dredging and artificial 

nourishment. Finally, the São Pedro de Moel beach is an embayed narrow beach approximately 

400 m long. The beach backshore is limited by a seawall, an alongshore defense structure and an 

active cliff carved in consolidated rocks at both extremes. Rocky outcrops and boulders cover the 

beach lower foreshore and nearshore zones, which are alternately covered and uncovered by sand. 

 

Figure 2.5 – Mosaic.pt project study areas  

a) 
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b) 

 

c) 

 

Figure 2.6 – Mosaic.pt observatories: a) Barra – Costa Nova; b) Cova-Gala; c) São Pedro de Moel 
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2.4 Characterization of coastal flood processes in the observatory  

The morphological state of the observatories and the short-term response to different oceanographic 

and meteorological conditions (spring high tide level, storm surge, high wave height), which can 

promote overtopping and inland flooding were characterized through 15 field campaigns between 

February 2019 and March 2020 (Table 2.1). Data acquired during the campaigns included: 

GPS/GNSS and drone topographic surveys; superficial sediment sampling; and report on territorial 

elements affected by overtopping/flooding [R1, R2, R5] (Figure 2.7). Between March 10 and 12, 2020, 

a hydrodynamic data acquisition campaign was carried out at the Cova-Gala observatory [R3] (Table 

2.1) to acquire hydrodynamic (wave and current) and topographic data to validate the hydro- and 

morphodynamics numerical models developed in Activity 2.  

Table 2.1 – Mosaic.pt field campaigns overview: date, location and activities  

Date Beach Activities 

08/Jan/2019 
Cova-Gala, Vieira, Pedrógão and São 

Pedro de Moel 
Sediment sampling 

04/Feb/2019 Cova-Gala 
GPS/GNSS topographic survey, territorial 

elements report 

11/Feb/2019 Cova-Gala 
Sediment sampling, drone topographic, 

territorial elements report survey 

12/Feb/2019 São Pedro de Moel 
GPS/GNSS topographic and drone 

surveys 

19/Feb/2019 São Pedro de Moel and Vieira 
GPS/GNSS topographic survey, territorial 

elements report 

21/Feb/2019 Cova-Gala 
GPS/GNSS topographic survey, territorial 

elements report 

25/Feb/2019 
Cova-Gala, Vieira and São Pedro de 

Moel 
GPS/GNSS topographic survey, territorial 

elements report 

27/Feb/2019 Vieira beach drone survey 

26/March/2019 
Cova-Gala, Vieira and São Pedro de 

Moel 
GPS/GNSS topographic survey, territorial 

elements report 

26/September/2019 
Cova-Gala, Vieira and São Pedro de 

Moel 
GPS/GNSS topographic survey, territorial 

elements report 

30/September/2019 
Cova-Gala, Vieira and São Pedro de 

Moel 
GPS/GNSS topographic survey, territorial 

elements report 

28/November/2019 
Cova-Gala, Vieira and São Pedro de 

Moel 
GPS/GNSS topographic survey, territorial 

elements report 

21/January/2020 Cova-Gala and São Pedro de Moel 
GPS/GNSS topographic survey, territorial 

elements report 

10-12/03/2020 
Cova-Gala Hydrodynamic monitoring, drone survey 

Cova-Gala and São Pedro de Moel GPS/GNSS topographic survey 
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Figure 2.7 – Aspects of the field data campaigns at the Mosaic.pt observatories 

 

Morphological indicators were obtained based on topographic field data and their evolution analyzed 

taking into account the oceanographic and meteorological overtopping conditions. Results showed 

that under the same forcing conditions the short-term response of the cross-shore beach profile 

depends on the nature of the lower and upper limits of the beach face, on the profile gradient and on 

its alongshore context [A1] (Figure 2.8). A comparative analysis of overtopping and flooding conditions 

in Cova-Gala and São Pedro de Moel during recent events showed that the main trigger of 

overtopping are the water level and beach cross-shore profile gradient in Cova-Gala, while the wave 

set-up and incoming wave direction can force inland inundation in São Pedro de Moel beach, 

independently of the beach morphological state [C3] (Figure 2.9). 
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Figure 2.8 – Example of Cova-Gala beach morphological indicators (source: [C3]) 

 

 
 

Figure 2.9 – Aspects of Cova-Gala dune overwash on 21/02/2019 (left) and São Pedro de Moel inundation on 
22/12/2019 (right) 

 

For the Cova-Gala observatory, the characterization of the morphological state was complemented 

with topo-bathymetric surveys from the COSMO monitoring program (of the Portuguese Environment 

Agency - APA). The comparison of all the surveys yielded the characterization of the seasonal and 

annual morphological evolution of this observatory since 2019 (Figure 2.10). This characterization 

accounted for the impact of the nourishment operations performed by the port authority in the 
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observatory to restore the littoral drift captured by the river mouth jetties. The results highlight the 

vulnerability of the two southern cells of the Cova-Gala groyne field and the short duration of the 

geotextile encapsulated-sand bags based solution, implemented south of the southern groyne. 

The results of Activity 1 contributed to the validation of the flood predictive models (Activity 2) and to 

support the design of the risk framework (Activity 5). 

 

 

Figure 2.10 – Cova-Gala coastal zone:  dredged deposit location (a); and maps of the morphological differences, ∆z, 
in 08/2019 - 08/2020 (b), 08/2020 - 07/2021 (c), 08/2019 - 03/2020 (d), and 03/2020 - 08/2020 (e) 
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3 | Activity 2 - Numerical modeling of coastal inundation 

3.1 Overview 

The main objective of this activity was to develop and test an approach to provide short-term 

predictions of hydro-morphological variables (including inundation), combining process-based 

numerical models and remote sensing data. 

The main results achieved, described below, were: 

‒ A hydrodynamic forecast system implemented in Cova-Gala [A4]; detailed validation and 

experimentation with the process-based model XBeach, and development of methodology to 

generate inundation maps [A13]; implementation of XBeach in the backend of LNEC’s 

OPENCoastS platform (Oliveira et al., 2019); comparison of the performance of XBeach and 

empirical formulae to estimate the overtopping of defense structures [C7]; morphodynamic 

simulations for the Caparica coast [A14]. 

‒ Development and implementation in a public platform (WORSICA, https://worsica.incd.pt/index) of 

a method to extract shoreline data from satellite images [C24, R6]; development and assessment 

of a method to assimilate the satellite-derived shoreline data into morphodynamic models [C21]. 

3.2 Development of flood predictive models for the selected coastal 

typologies 

This activity aimed at developing, implementing, and testing a suite of hydro-morphological models to 

predict inundation and morphological evolution in real-time. This suite is composed of large-scale 

models for tides (FES2014) and waves (WW3), an intermediate model for coupled circulation and 

waves (SCHISM) and a small-scale model for tides, short-waves and infra-gravity waves (XBeach). 

The use of empirical formulae for overtopping was also foreseen, but then abandoned considering the 

results obtained herein. 

XBeach (1D and 2D) was first run in morphodynamic mode at the Caparica coast [A14, C16] and 

compared with empirical overtopping formulations, for several storms. The run-up, overtopping and 

inundation area were evaluated, contributing to the establishment of a Bayesian network in the scope 

of a companion project [C16]. The XBeach 1D overtopping results were tested and compared with 

empirical formulations in São Pedro de Moel beach [C2, T1] and Cova-Gala [C7]. In general, XBeach 

provided the best results [C2, C7, T1], so empirical formulae were abandoned. These studies 

highlighted the sensitivity of the model XBeach, and the need for a thorough calibration based on 

extensive datasets. 

The Cova-Gala beach was therefore selected as the primary case study due to the availability of 

extensive bathymetric surveys, its vulnerability and the variability of its morphology (estuary/beach, 

groyne field and jetties, protected/unprotected dune). The occurrence of inundation events during the 

https://worsica.incd.pt/index
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project also allowed the creation of a useful set of field data to validate the models [A1]. Several 

surveys carried out by the team provided additional data required to validate the models [R2, R6]).  

The intermediate model (SCHISM) was implemented using OPENCoastS, LNEC’s infrastructure for 

on-demand forecast generation [A4]. The model was first validated with field data (Figure 3.1) and has 

been producing daily forecasts since 2020. 

The local model (XBeach) was implemented next [A13]. An extensive validation of the model (Figure 

3.2) combined with sensitivity analyses showed the ability of the 2D-surfbeat version of the model 

XBeach to provide accurate and robust predictions of coastal inundation and provided important 

insights into the most appropriate choices of the model’s parameters (Milestone 2.1). XBeach non-

hydrostatic was applied in 1D to determine run-up and overtopping in several profiles of the Cova da 

Gala beach, for the storm of February 2019. A sensitivity analysis was conducted to establish some 

model parameters. XBeach non-hydrostatic was also applied in 2D to evaluate the inundation extent. 

Results were compared with in situ measurements [C20, C29], and a sensitivity analysis of the 

parameters of XBeach was carried out. XBeach was also implemented in the backend of LNEC’s 

OPENCoastS platform. This implementation greatly simplifies the generation of forecast systems 

coupling the SCHISM and XBeach models. 

 

Figure 3.1 – Plots of modelled (blue lines) and observed (orange points and lines) elevation and significant wave 
height (Hs) for the different datasets available for validation (source: [C4]) 
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Figure 3.2 – Observed and modelled nearshore water levels and mean wave parameters at the Cova-Gala beach, 
modelled curves obtained with the original 2D-surfbeat model with default and calibrated settings (source: [A13]) 

 

3.3 Bathymetry data assimilation in real-time predictions 

A method to extract intertidal elevation contours from satellite images was developed and 

implemented in a publicly-available platform (WORSICA, https://worsica.incd.pt/index), then tested in 

Cova-Gala [R6]. A method to assimilate the satellite-derived intertidal elevation contours into 

morphodynamic models was then developed and implemented (Figure 3.3). However, preliminary 

tests suggested that the quality of the contours remains a severe limitation in the assimilation of these 

data into morphodynamic models [C21]. This limited quality stems both from the horizontal resolution 

of Sentinel 2 images, and from the difficulty in estimating the bed elevation at the shoreline. 

Simultaneously, numerical tests demonstrated the importance of accurate intertidal bathymetry for 

overtopping predictions [C26]. Hence, further work is needed to improve the quality of satellite-derived 

contours to assimilate in morphodynamic models.  

 

 

https://worsica.incd.pt/index
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Figure 3.3 – Assessment of the data assimilation method (source: [C21]) 
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4 | Activity 3 - Vulnerability dimension assessment 

4.1 Overview 

The objective of this activity was to assess the vulnerability in the observatory considering its different 

social and territorial dimensions. This task was also intended to assess the efficiency of installed flood 

mitigation infrastructures and local perceptions.  

The main results were: 

‒ Inventory of structural interventions in the observatory areas and along the Central Portuguese 

coast; 

‒ Inventory of exposed elements in the observatory areas; 

‒ Development of a replicative methodology for the assessment of territorial vulnerability, and the 

respective assessment in the observatory areas; 

‒ Portrait of the local perceptions and values of residents and users of the coastal areas, from the 

qualitative analysis of newspapers. 

4.2 Assessment of natural and building local exposure and 

vulnerability  

A multidimensional methodology called Coastal Territorial Vulnerability Index (CTVI) was developed 

and applied in the three observatories (Barra - Costa Nova, Cova-Gala e São Pedro de Moel) with a 

historical record of coastal impacts, to analyze, evaluate and interpret the local vulnerability. The 

methodology considers four components of coastal territorial vulnerability (Figure 4.1): morphology, 

land value, buildings and public areas characteristics. These four components are combined to 

calculate and map the CTVI in the observatory areas (Figure 4.2). The methodology highlights the 

differences for the analyzed areas, allowing the differentiation of natural and artificial areas. The 

creation of the methodology was based on the collection and treatment of a wide variety of variables 

(33) that represent the territorial complexity and multidimensionality of vulnerability.  
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Figure 4.1 – Components, variables and calculation process of the Coastal Territorial Vulnerability Index (source: 
[A7]) 

 

Figure 4.2 – The Coastal Territorial Vulnerability Index in the study areas (source: [A7]) 
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4.3 Assessment of the installed mitigation infrastructures and 

practices  

Diagnosis of the impact of structural and non-structural measures at place was achieved with the 

contribution of 1) the field campaigns carried out by the LNEC team (mainly in the São Pedro de Moel 

and Cova-Gala study areas) and 2) with the analysis performed over the database of infrastructures 

and interventions done along the coast under the responsibility of the Portuguese Environment 

Agency (APA), in the last 30 years (Figure 4.3 and Figure 4.4) [T2]. The work related to the collection 

and subsequent treatment and georeferencing of the different variables that make up the methodology 

developed. 

 

Figure 4.3 – Coastal protection priority interventions: maximum (red) to low (salmon) priority. Adapted from the 
Action Plan for the Protection and Valorization of the Coastal Areas - PAPVL 2012-2015 (source: [T2]) 

 

Figure 4.4 – Interventions of coastal defense from 1950 to 2017 in Portugal: hard structural coastal defense (blue); 
artificial sand reposition (orange) (source: [T2]) 



PROJECT MOSAIC.PT – MULTI-SOURCE FLOOD RISK ANALYSIS FOR SAFE COASTAL COMMUNITIES AND SUSTAINABLE 
DEVELOPMENT 

Final report 

 

 

20 LNEC - Proc. 0604/1101/21070 

4.4 Local perceptions, values and practices appraisal 

The pandemic phase did not allow the full development of this activity, namely with regard to the 

realization and questionnaires representing local perceptions, values and flood interviews mitigation 

local practices. However, work was carried out in the previous task (Assessment of the installed 

mitigation infrastructures and practices), related to the qualitative analysis of the news that formed the 

basis of the hemographic analysis of the database referred in Activity 1, which is part of a master 

thesis developed during the project (Figure 4.5) [T2]. The Q-Methodology was also applied in the 

Local Communication Workshop of the project (see section 10), which allowed a brief analysis of local 

perceptions, values and flood mitigation local practices [C18, A7]. 

 

Figure 4.5 – Example of residents’ perception of coastal hazards, extracted from the newspapers. Example 
newspaper “Diário de Aveiro”, 2010.02.25 (source: [T2]) 
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5 | Activity 4 - Development of multi-source monitoring and 
predictive methodology 

5.1 Overview 

This activity aimed at developing a methodology to provide an integrated monitoring framework for 

coastal inundation and erosion in multiple coastal typologies, aggregating all available information 

sources as: conventional and low-cost fixed stations, remote sensing from satellites and unmanned 

aerial vehicle-UAV (from LNEC), and model-supported forecast systems. 

The main results, described below, were: 

‒ Multi-source and real-time monitoring methodology; 

‒ WebGIS platform to access multi-source data. 

5.2 Development of a multi-source and real-time monitoring 

methodology, combining conventional and low-cost sensors and 

forecast systems 

The new monitoring framework was developed and tailored to the conditions of the observatories 

under study. The procedure started with the deployment of a forecast system in one of the 

observatories (Cova-Gala) as described in Activity 2. The service OPENCoastS [A4] was used as the 

starting point for a first deployment, taking advantage of the automatic comparison with processed 

Sentinel 2 images. This system was complete with the installation of a low cost, remote sensing 

device that provides water levels and allows for comparison with model predictions. Other sensors 

were considered, but the very harsh conditions at the Cova Gala beach prevented the installation of 

in-situ sensors at the beach and the absence of a pole nearby the beach for installation of a local 

camera prevented the usage of this monitoring source. 

In the São Pedro de Moel observatory, local conditions prevented the deployment of a forecast 

system. Monitoring was established with the installation of a camera in collaboration with the local 

municipality taking advantage of an existing pole. Camera images were processed at 1 min intervals 

and served as input for several algorithms that aimed at defining the inundation water line, the 

breaking zone and the run-up [C23, C24, C25]. 

The two applications of Mosaic.pt illustrated the flexibility of combining information sources at the 

coast, demonstrating that several solutions can be created and tailored to the specific site conditions. 

Results were able to achieve the required outcomes. 

A versatile WebGIS platform was developed to access multi-source data, hydrodynamic and 

morphodynamic predictions, and historical information [A5] that can be used as a risk management 
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supporting tool (Figure 5.1). Most of the data produced during the project was made available in the 

Mosaic.pt WebGIS platform.   

 

Figure 5.1 – Examples of products from Mosaic.pt WebGIS platform 

 

5.3 Automatic validation with satellite images, establishing a new set 

of products with reliable remote sensing data assimilation 

Satellite-derived products retrieved from the WORSICA platform were tested within the scope of Cova-

Gala observatory [R6]. The main objective was to assess the quality of the geomorphological 

information retrieved from single and multiple satellite images. For single images, the waterline 

extraction workflow was incremented for obtaining subpixel details (Figure 5.2 a). The extracted 

subpixel waterlines were converted into elevation contours by associating them with a vertical 

elevation; elevations were computed from instantaneous FES2014 tidal prediction summed to the 

instantaneous atmospheric inverse barometer. For multiple images, elevation time series were used to 

create digital elevation models (DEMs) of the intertidal beach area. To do so, a series of images is first 

converted into a spatial repartition of the frequency of inundation (Figure 5.2 b). For each image pixel, 

the frequency of inundation is then converted into an elevation based on the corresponding percentile 

of water level over the temporal period covered by the set of images. Comparison was made against 

survey data for the summers of 2019, 2020 and 2021 (Figure 5.3). For the satellite-derived elevation 

contours, the Root Mean Square differences with the ground truth were of 0.50 m to 0.71 m, against 

0.09 m to 0.34 m for the DEMs. 

Alternate methodologies were developed through the installation of on-site cameras. The workflow 

was based on an installation of a camera in the São Pedro de Moel observatory (Figure 2.6) and 

comprised two alternative processing methodologies.  
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In the first one, the remote camera images were processed using Python 3, OpenCV, numpy 

(mathematical module) and scikit-learn/scikit-image (modules for image processing and machine 

learning). The methodology follows three steps: 1) image averaging and masking, 2) lines extraction 

and 3) image rectification. The averaging procedure filters out the variability associated with wind 

waves, making the data readily comparable to phase-averaged wave models. Processing the images 

before their rectification is expected to minimize errors. First, images are time averaged. The image 

bank is composed of all images obtained between 10 minutes before and 10 minutes after a specific 

time. Figure 5.4a illustrates an average image from the São Pedro Moel camera, at daylight with a 

temporal resolution of 1 minute. Then, features that can complicate line detection are eliminated using 

a mask created by the user specifically for these images (Figure 5.4b). Secondly, the wet/dry 

interface, the run-up and the breaker lines (which indicate the position of submerged bars over which 

waves break) are determined. The RGB image is converted to the HSV (Hue-Saturation-Value) 

colorspace, and the K-Means algorithm is applied for image segmentation and feature classification 

(Figure 5.4c). K-Means is an unsupervised machine learning algorithm that defines (randomly) the 

class' centroid values of each of the K clusters. Pixels are classified by calculating the difference of the 

centroid value with the pixel value, choosing the cluster class that has the nearest/smallest difference 

as the candidate, and iterating until the convergence of the cluster values. For the clustering, the color 

component(s) of the image must be specified a-priori, in this case Hue from HSV. Extracting the water 

lines requires the determination of the K-Means classes on the image for wet sand, dry sand, water, 

and wave foam. These classes are used to define the corresponding boundary lines: two classes for 

the wet/dry boundary line (dry sand, wet sand); three classes for the run-up line (wet sand, run-up 

wave and run-up middle); and one class for the breaker lines (wave foam). For each boundary 

detection, an image is generated with the chosen classes. To detect the wet/dry boundary and run-up 

lines, OpenCV’s morphology to close loose pixels and the Canny algorithm as edge detection to 

generate the lines are applied. To detect and distinguish the breaker lines, which use the same class, 

the corresponding areas on the image to indicate where to extract each one are defined, and the 

skeletonize algorithm from scikit-image to generate them is applied. 

An alternative approach for this remote detection was also performed using Microsoft Azure cognitive 

services. The proposed solution will be compared and, simultaneously, fed by the other machine 

learning approach that uses expert knowledge to detect the water boundaries in a beach area. This 

approach will be validated in the future with the application of the Microsoft Azure cognitive services, 

in recognizing and classifying stationary camera frames of one of the MOSAIC.pt case studies sites.  

The cloud-based framework is divided in two parts (Figure 5.5): the local server procedures and the 

cloud-based ones. In the mentioned figure, arrows 1.a, 1.b and 1.c refer to the procedures currently in 

place. These are necessary because their outcomes will feed the database storage that will support 

the required cognitive training process. The cognitive services are able to detected objects or shapes 

in images, according to a determined set of features identified in the training images dataset. If done 

from scratch, we would need to identify on each frame the relevant visual aspects, which would be a 

long and difficult process. Using the images constructed with the current procedures, we are able to 

use domain models to detect and identify domain-specific content of the camera frames. Once the 
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training process is finalized, we will be using only the Cloud-based procedures to promote the 

intended detection, as identified in Figure 5.5 by the arrows 2.a and 2.b. 

 

 

Figure 5.2 – a) Computed subpixel waterline compared with the original pixel-resolved lines and their smoothed 
counterpart obtained with a GIS software; b) Example of a spatial repartition of flooding frequency used for DEM 

generation 

 

Figure 5.3 – Beach evolution from summer 2019 to summer 2020: comparison of satellite derived DEMs (Worsica) 
with ground truth. Left: selected topographic beach profiles; right: evolution along selected profiles 
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a)        b) 

 

c) 

 

Figure 5.4 – a) Average RGB image obtained on March 11, 2020, from São Pedro de Moel remote camera; b) Average 
Image filtered with mask and applied K-Means in HSV colorspace; c) Images of detected breaker line (left) and 

wet/dry (right) boundary line 

 

 

 

 

Figure 5.5 – Cloud based framework 
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6 | Activity 5 - Risk framework design 

6.1 Overview 

The aim of this activity was to develop a comprehensive flood risk framework to support emergency 

planning and response. The territorial complexity and the multidimensionality of territorial vulnerability 

identified in activities 1 and 3, imposed to carry out a holistic and multidimensional analysis that would 

allow the identification and differentiation of local characteristics. Therefore, it was necessary to carry 

out a local scale analysis in the different coastal sectors in study. Consequently, the initially proposed 

methodology has been changed to meet the objectives and two approaches were followed for two 

different spatial scales of analysis (regional and observatory scales).  

The main results, described below, were: 

‒ The identification of critical coastal typologies to overtopping and flooding for the continental 

Portuguese coast; 

‒ Coastal typologies and associated risk factors characterization in the observatories; 

‒ Inundation maps for different hazard scenarios in Cova-Gala observatory. 

6.2 Regional scale 

A new methodology for defining coastal typologies considering the territory complexity was developed 

at a regional scale. The history of occurrences obtained in Activity 1 allowed the definition of 53 

sectors (Figure 6.1) along the Portuguese continental coast all affected by flooding and overtopping 

events. A set of 17 variables representing the different aspects of the territorial complexity (e.g. 

coastal morphology, elements at risk, coastal protection and hazard forcings) were defined to 

characterize the sectors and treated with statistical techniques, namely Cluster Analysis and Principal 

Component Analysis.  

The results allowed the identification of critical coastal typologies to overtopping and flooding for the 

continental Portuguese coast, representing the natural and artificialized coastal diversity. This 

innovative approach also allowed the identification of the main impact factors contributing to support 

risk reduction and contingency measures [A12, C19]. The results contribute to a “simplification” of the 

reality of the coastal zone, allowing for the identification of different typologies, whether from the point 

of view of coastal zone management or coastal disaster risk reduction. The information obtained 

contributes to the definition and implementation of differentiated mitigation and adaptation measures, 

taking into account the relevance and priorities identified in each sector and typology. The definition of 

coastal typologies developed contradicts the top-down and “one size fits all” trend associated with 

coastal zone management. The diversity, multidimensionality and complexity of this territory can only 

be analyzed from a bottom-up perspective in which the combination of different characteristics that 

differentiate each area can be analyzed and valued. 
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Figure 6.1 – a) Coastal municipalities and occurrences distribution; b) coastal sectors and POCs; c) population 
density of mainland Portugal by municipality  (source: [A12]) 

6.3 Local scale 

On a local scale, overtopping and flood risk analysis was performed for different coastal typologies 

[T2]. For the Cova-Gala observatory, coastal flood maps were created for three scenarios. These 

scenarios were based on the storm Hercules that hit mainland Portugal in early 2014. The first 

scenario used the waves and water levels hindcasted for the peak of Hercules; these were 

dynamically downscaled using the same model workflow presented in [A13]. The second and third 

scenarios used the same wave forcing, but were combined with a tidal + surge water level of +2.20 m. 

This water level corresponds to a return period of ~70 years and was summed to both the present 

Mean Sea Level (MSL; 0.19 m ALTH39, 2nd scenario) and to a MSL which, due to sea level rise, 

could be expected to occur in about 50 years of time (0.49 m ALTH39, 3rd scenario) [A13, C28]. For 

the three scenarios, a series of runs were performed to account for the stochasticity of the long- and 

short-wave fields. Based on each series, an exposure index was computed for each scenario. The 

exposure index ranges for zero (low exposure) to one (high exposure), and was mapped as shown in 

Figure 6.2.  
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Figure 6.2 – Overtopping exposure maps created for Cabedelo area in Cova-Gala observatory 

 

The results of this activity as well as the information collected in-situ in Activity 1 allowed the 

identification of relevant information for a comprehensive coastal flood assessment and a suitable 

decision supporting tools development. The dedicated WebGIS platform presented in Section 5 can 

be managed in real time as a decision support tool allowing multi-source data and information access 

[A5, C8, C13].  
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7 | Activity 6 - Institutional capability for emergency response 

7.1 Overview 

This activity aimed at contributing to improve the response capacity of the institutions responsible for 

the emergency management with the design of a comprehensive real-time emergency response 

system. 

The main results, described below, were: 

‒ Definition of requirements and procedures for the put-in place of an early warning system for 

coastal flooding; 

‒ Screening of the regional, municipal and local stakeholders with competences in the coastal 

flooding emergency response system. 

7.2 Evaluation of installed institutional capacity for emergency 

response  

A qualitative analysis of the coastal management plans (POC) was conducted for the entire main 

Portuguese coastal zone, and in particular in the observatory study areas. The analysis included the 

evaluation of the protection measures (structural and non-structural), the planned uses and constraints 

in use based on coastal zonation and public regulations (Table 7.1) [T2]. A comparison between the 

1st and 2nd generation planning instruments (1999 and 2017) was also performed. 
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Table 7.1 – Comparison of measures and interventions proposed for the Cova Gala Observatory between the 
Coastal Management Plans of 1999 (POOC) and 2017 (POC) 

POOC - 1999  POC - 2017  

(1) Interventions based on defensive 
infrastructure 

Total 

(0) 

(1) Interventions based on defensive 
infrastructure 

Total 

(0) 

(2) Re-qualification of infrastructures or 
interventions of sand reposition 

 

Total 

(1) 

(2) Re-qualification of infrastructures or 
interventions of sand reposition 

Total 

(5) 

Dune rehabilitation near urban front-line (the area 
of intervention is smaller that the one covered by 
the POC 2017) 

 

Dune rehabilitation near urban front-line 

Dune system rehabilitation south of the beach 

Pier re-qualification and conservation 

Artificial sand deposition laterally to the pier 

Assessment study for the bypass of sediments 
extracted from the Figueira da Foz port 

 

(3) Spatial planning measures Total 

(4) 

 

(3) Spatial planning measures Total 

(7) 

Construction of 6 beach facilities 

Construction of 2 pedestrian walkways 

Landscape and environmental re-qualification 

Public spaces re-qualification and existing 
facilities’ upgrade 

 

Construction of 1 beach facility  

Cova’s intervention plan – removal of degraded 
buildings and re-qualification of the urban front-
line 

Road connection between the Cova beach and 
the Gala beach 

Creation of an artificial sand foreland (promontory) 

Relocation of 1 building 

Invasive species control 

Vehicle interdiction of circulation in dunes 

 

(4) Sensitizing and risk management 
actions 

Total 

(1) 

(4) Sensitizing and risk management 
actions 

Total 

(2) 

Creation of a environmental educational centre 

 

Monitoring and evaluation of the coastal defense 
structures 

Monitoring and evaluation of risk zones 

 

7.3 Design of a real-time emergency response system  

A real-time forcasting system based on OPENCoastS was implemented for the Cova-Gala 

observatory, as described in Activity 2 (Figure 7.1). The forecasts are made accessible through 

Mosaic.pt’s WebGIS platform to be integrated in a real-time emergency response system (Figure 7.2). 
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Figure 7.1 – Implementation and validation of an operational forecasting system for nearshore hydrodynamics with 
OPENCoastS. Source: Nahon et al. (2020) [C4] 

 

 

Figure 7.2  – Example of the Mosaic.pt WebGIS platform forecast products at regional and intermediate scales  

 



PROJECT MOSAIC.PT – MULTI-SOURCE FLOOD RISK ANALYSIS FOR SAFE COASTAL COMMUNITIES AND SUSTAINABLE 
DEVELOPMENT 

Final report 

 

 

32 LNEC - Proc. 0604/1101/21070 

8 | Activity 7 - Safe communities involvement and response 

8.1 Overview 

The objective of this activity was the evaluation of the emergency response capabilities of the 

community as well as the development of guidelines of how the community should be prepared.  

The obtained results, described below, were: 

‒ The validation of the institutional actors and local representatives based on the historical events 

reported and on the participatory methodologies applied; 

‒ The screening and interests, values and conflicting topics in the conciliation of the use of coastal 

areas and the goal of disaster risk reduction from hazardous coastal processes; 

‒ The production of materials and methodologies to be applied in training actions related with the 

management of coastal areas. 

8.2 Identification of focal elements 

In this activity, a survey from coastal and emergency-related legislation and local contexts was 

performed that identified the cross-scale focal points. Complementarily, the online technical workshop 

that occurred in October 2020 and the local dissemination session of September 2022 contributed to 

the validation of the previously identified actors, and allowed for the screening of local involved parts 

(from the local economy, local users and residents) that are “invisible” at the regional and national 

levels of decision. 

8.3 Design and application of participative methodologies  

After the October 2020 online technical workshop, a survey was conducted with the participants that 

resulted in the expression of expertise and views on the management strategies that are, in the 

abstract (i.e., not specific to a particular site), more efficient according to sustainability and disaster 

risk reduction goals. During the September 2022 local session, a Q-methodology dynamics was 

applied to almost 40 participants in Cova-Gala study area (Table 8.1 and Table 8.2). The results 

supported to local oral auscultation through discussion with the scientific community and local 

decision-makers (civil parish and municipality). Additionally, Q-methodology results were statistically 

analyzed providing the responders visions and interests in regard to four perspectives: occupation of 

the coastal zone (group 1 of statements); coastal hazards (group 2 of statements); management and 

planning on the coastal zone (group 3 of statements); relevance of forecasting and early warning in 

risk scenarios (group 4 of statements). 
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Table 8.1 – Statements (A1 to A16) applied during the Q-Methodology dynamics in the Cova-Gala Local Workshop 

Group 1: on the occupation and evolution of the coastal zone (4 questions) 

A2: The present evolution of the coastline is only determined by oceanographic, atmospheric, 
geological and morphological factors. 

A10: The human occupation of the coastline and the different activities carried out there have been 
adapting to the projections of rising sea levels. 

A12: The coastline of mainland Portugal is characterized by its natural heritage and economic 
potential. 

A14: The demographic and tourist pressure on the coast generates conflicts of various kinds. 

Group 2: on coastal risks (4 questions) 

A1: Structural coastal protection works (spurs, longitudinal adhering works or others) are the option 
to stabilise the line and safeguard people and property. 

A8: Relocation and planned retreat are the response to the increased intensity and frequency of 
extreme events. 

A5: The articulation of the various public and private entities in coastal risk management is the 
answer to deal with the territorial complexity of coastal areas. 

A16: Non-structural coastal protection works (resettlement or sediment replacement, dune cordon 
reinforcement or others) are the option to stabilize the coastline and safeguard people and property. 

Group 3: on coastal zone management, planning and management (4 questions) 

A13: Integrated and sustainable coastal zone management requires institutional cooperation, 
accessibility to data and information mechanisms, communication and involvement of the various 
stakeholders. 

A15: The Coastal Zone Programs (POC's) reflect the dimensions (economic, social, environmental, 
cultural and territorial) and the multiplicity of risks with expression in the coastal zone. 

A7: The model of coastal zone governance reflects scientific and technical knowledge.  

A4: The model of coastal zone governance reflects the knowledge and interests of local 
communities and frequent users. 

Group 4: on the importance of forecasting risk scenarios (4 questions) 

A9: Forecast models for risk scenarios should be based on historical databases of coastal 
inundation and overtopping events. 

A6: Forecast models for risk scenarios should incorporate territorial vulnerability and exposure of 
buildings and infrastructure. 

A11: Forecast models for risk scenarios should incorporate monitoring, real time data production 
and the construction of dynamic models of coastal inundation and overtopping. 

A3: Forecast models for risk scenarios should contribute to warning and alert and to allocate civil 
protection resources. 
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Table 8.2 – Participants’ points of view regarding the Group 1 statements, as expressed during the Q-Methodology 
dynamics in the Cova-Gala Local Workshop  

Statements 

 

Increasing level of 
disagreement 

Nor 
agree or 
disagree 

Increasing level of 
agreement 

III II I  I II III 

The present evolution of the coastline is only 
determined by oceanographic, atmospheric, geological 
and morphological factors. 

A2 7 5 6 6 3 3 1 

The human occupation of the coastline and the 
different activities carried out there have been 
adapting to the projections of rising sea levels. 

A10 5 12 8 6 1 0 0 

The coastline of mainland Portugal is characterized by 
its natural heritage and economic potential. 

A12 0 1 5 17 5 3 1 

The demographic and tourist pressure on the coast 
generates conflicts of various kinds. 

A14 0 2 7 14 7 1 1 

 

8.4 Development of training activities and specific mitigation actions 

In this activity, part of the results from the previous activities was applied in lectures and training 

activities to post-graduation students and professionals from the fields and civil protection, geology, 

geography, engineering, and other Social Sciences (psychology and sociology). During the MEC2022 

conference at LNEC (6-8 June 2022), one course of a new service targeted at detecting shoreline and 

run-up areas (WORSICA) and one course of a software targeted and forecasting water circulation and 

quality (OPENCoastS+) were delivered to post-graduate students, scientists and practitioners from the 

regional and local authorities. 
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9 | Activity 8 - Data management 

9.1 Overview 

This activity aimed the development of a Data Management Plan (DMP) to handle data collection, 

sharing and preservation during the project. A Data Management Plan was developed and 

implemented [R4]. 

9.2 Data Management Plan and its implementation 

This task aimed at developing the necessary tools for data sharing, by placing the data in an open 

access repository and organizing it along a data management plan that support the data management 

life cycle for all data that will be collected, processed or generated by the project. This plan should 

present the methodology and standards compliance of the data collected and generated in the project 

and the ways to access it.  

A Data Management Plan (DMP) was developed to handle data collection, sharing and preservation 

during the project, using a software promoted by the European Commission for DMP construction. 

The DMP planned to be updated at months 19-20, but data description did not change and a single 

DMP was used [R4].  

The choice of the repository started with Zenodo, for the open publications 

(https://zenodo.org/search?page=1&size=20&q=mosaic.pt) but a different choice was made for the 

data. An open research data infrastructure to allow third parties to access, mine and exploit the data 

was built using an instanciation of Dataverse, a software promoted by FCT for data repository 

purposes. Dataverse has advanced tools for metadata generation and was deemed more adequate 

for the project data. Given data uploading to Dataverse is complex, a temporary excel file was built to 

help the researchers to characterize their data and thus provide metadata for the data to be upload in 

the repository. 
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10 | Activity 9 - Project scientific and technical management 

10.1 Overview 

This activity aimed the scientific and technical management of the project. 

The main results were: 

‒ A kick-off project meeting, monthly general meetings, and a final project meeting; 

‒ The realization of a Technical Project Workshop; 

‒ Three scientific progress reports and a final report of the project. 

10.2 Management 

The project scientific and technical management was ensured by the Principal Investigator (PI), 

assisted by the Co-Principal Investigator and the coordinators of the activities, in order to guarantee 

the fulfilment of the work program. In addition to the kick-off project meeting that took place in LNEC 

on 23/10/2018, the scientific and technical project management included monthly online meetings with 

all the team during the full project duration (ANNEX I). These meetings allowed the discussion of each 

activity’s progress, planning the future actions and discussing management issues. For each meeting 

a minute was prepared and disseminated within all project team. Several sectorial task meetings took 

place whenever needed. Specific meetings with local stakeholders from the observatories also took 

place during the project. A final project meeting took place online on 28/10/2022 in which the activity’s 

leaders presented the main achievements of each activity. 

A Technical Project Workshop took place live streaming on 19/10/2020, under the theme “Coastal 

flood risk management”. The workshop aimed to present and discuss with the scientific community, 

coastal managers, stakeholders, and the general public the relevant project achievements in the 

scope of coastal risk management. The workshop included 9 oral communications, 2 from the project 

team and 7 from invited speakers representing different institutions: Portuguese Agency of the 

Environment, the Aveiro and Figueira da Foz Port Authority, Marinha Grande Municipality, universities 

of Aveiro, Coimbra, Lisbon and Algarve (ANNEX II). The workshop had 329 inscriptions from 138 

different institutions and the maximum number of simultaneous participants was 154. A feedback 

survey about the workshop was performed and the main results are available in the project webpage 

(http://mosaic.lnec.pt/pdfs/MOSAIC_Inqu%C3%A9ritoWorkshop1.pdf). The results showed that 51% 

of the attendees worked in organizations that might benefit from project results, 25% worked in 

scientific institutions; citizens represent 12%, and 6% were residents in the project study areas. 

Participants pointed out the relevance of stakeholders’ participation in project dissemination actions, 

and the importance to discuss flood risk management measures with the coastal communities. 
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Due to delays in several activities and the constraints arising from the pandemic situation, it was 

decided to join the second technical project workshop, initially proposed, with the final technical 

workshop that is described in Section 11. 

Partnerships with the Portuguese Agency of the Environment and the National Emergency and Civil 

Protection Authority were formalized, and a Collaboration Protocol was signed with the Marinha 

Grande Municipality for collaboration and information transfer during the project. 

Three annual scientific progress reports and a final report were submitted to FCT in due time.  
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11 | Activity 10 - Project dissemination and communication 

11.1 Overview 

This activity aimed to ensure an effective communication and wide dissemination of the project 

findings addressing three main target groups: scientific and technical communities; end-users and 

stakeholders, local communities, and general public. 

The results, described below, were: 

‒ A project website in Portuguese and in English; 

‒ A wide dissemination of the project at both national and international levels; 

‒ The realization of the Final Project Workshop; 

‒ The realization of a dedicated Local Communication Workshop. 

11.2 Dissemination and communication 

The dissemination and communication of the project outcomes took place throughout the project using 

different channels for different targeted audiences. 

A dedicated webpage in Portuguese and English was developed and maintained: 

EN: http://mosaic.lnec.pt/index_en.php 

PT: http://mosaic.lnec.pt/ 

The project dissemination to the scientific community was made essentially through publications in 

peer-review international journals and presentations at national and international conferences. The 

project’s publications included 11 papers in peer-review international journals, and 2 submitted, one 

paper published in a national journal, 14 publications in proceedings of international conferences and 

15 of national conferences and 6 reports. Advanced training was also achieved through two PhD 

theses and two master’s degree theses. In addition, targeting the scientific and technical communities, 

other channels were used as: ResearchGate, LNEC’s Site, Newsletter from LNEC’s Hydraulics and 

Environment Department (ANNEX III).  

The dissemination and communication of the project to managers, local and national stake-holders 

and general public was made through different channels including: 

 A flyer of the project was prepared for project dissemination 

(http://mosaic.lnec.pt/pdfs/Folheto_MOSAIC.pdf) 

 A QR Code was generated including information of the project; 

 Specific meetings with stakeholders and end-users for the project presentation; 

 News in regional and local newspaper, Facebook, etc (ANNEX III). 

http://mosaic.lnec.pt/pdfs/Folheto_MOSAIC.pdf
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The Technical Project Workshop (described in Section 10) and the Final Project Workshop (described 

below) promoted a broad dissemination of the project results both to the scientific community and to 

managers and technicians to national and local stakeholders (ANNEX II). 

In order to have a broader audience to communicate the project findings, the Final Project Workshop 

was organized as a special session in the scope of the conference MEC2022 (6ª Conferência sobre 

Morfodinâmica Estuarina e Costeira- http://mec2022.lnec.pt/index.html) that took place in LNEC on 6-

8 June 2022. This special session under the theme “Coastal flooding: processes, vulnerability and 

risk” was organized in collaboration with the EWCOAST project (https://www.cima.ualg.pt/ew-coast/) 

and took place on 07/06/2022 (ANNEX IV). The session accounted for 6 oral communications of the 

Mosaic.pt project and promoted the dissemination of project findings within the scientific community 

and national stakeholders (e.g. Portuguese Agency of the Environment). Other 3 oral communications 

from the project took place in other conference sessions. 

The Local Communication Workshop took place on 28/09/2022 in the Desportivo Clube Marítimo da 

Gala (Figueira da Foz), with the support of the Figueira da Foz municipality and the São Pedro parish 

council. This communication session had as target-public the local stakeholders community aimed to 

present and discuss the most relevant results of the project for the Cova-Gala (Figueira da Foz) 

observatory. The event included a presentation of the project and a moment to acquire the 

participants’ viewpoints about different aspects of coastal risks, applying the participatory Q-

Methodology technique followed by a period of discussion (see program in ANNEX V). The workshop 

had more than 30 participants, including representatives of the Figueira da Foz municipality and São 

Pedro parish council, local associations, the local population and the media (Figure 11.1). In addition, 

news from the session were published in the most important local newspapers (o Diário de Coimbra e 

o Diário As Beiras – ANNEX III). 

  

  

Figure 11.1 – Aspects of the Local Communication Workshop  
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12 | Publications of the project 
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14 | Main results and critical appraisal 

The project's scientific objectives were clearly achieved. The Mosaic.pt project contributed to improve 

knowledge on coastal overtopping and flooding processes, and to enhance the capacity-building of 

participant institutions through improved tools and approaches. The main results towards the project 

objectives are: knowledge improvement on historic flood events and associated damages at the 

Portuguese continental coast, through an original geographic database of flooding occurrences; 

characterization of the Mosaic.pt observatories response to different overtopping and flooding 

forcings; the implementation and validation of a hydrodynamic forecast system at the observatory 

scale; development and assessment of methods to improve predictive models by shoreline updating 

data extracted from Sentinel images; flood hazard assessment at the observatory scale for different 

scenarios through numerical modeling; development of a replicative methodology for territorial 

vulnerability assessment and application in the observatory areas; multi-source and real-time 

monitoring methodology development; development and implementation of a dedicated WebGIS 

platform to access multi-source data; critical coastal typologies to flooding for the continental 

Portuguese coast assessment based on a new methodology developed within the project; 

requirements for a coastal flooding emergency response system identification; portrait of the 

perceptions to risk of local residents and users; identification of interests, values and conflicts of the 

coastal areas use and disaster risk reduction measures. 

A broad dissemination and communication of the project results to different targeted audiences was 

achieved through diverse channels. The expected output indicators were in general exceeded (Table 

14.1): 11 papers published and 2 submitted in peer-review international journals (3 proposed); one 

paper in a national journal (0 proposed); 14 communications in international conferences (7 

proposed); 15 communications in national conferences (11 proposed); 6 reports (3 proposed). The 

exception is the publication in book chapters, clearly compensated by a higher number of papers in 

international journals. Advanced training was also achieved through two PhD thesis (one proposed), 

two master’s degree theses (2 proposed), 3 fellowship reports, and the integration of knowledge in 

several lectures and training activities to post-graduation students.  

Other output indicators are:  

 A geographic database of coastal flooding occurrences the continental Portuguese coast zone 

[A6, C1, C17] 

 A dissemination video on coastal erosion and flooding processes (product) - 

https://youtu.be/Km0uIjRUM7A 

 Models:  

- Model for the Territorial Vulnerability Assessment [A7, C18] 

- Model for the Territorial Typification of Coastal Flood Risk Sectors [A12, C19] 
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 Model applications: 

- Hydrodynamic forecast system of Cova-Gala and Mondego estuary [A4, C4] 

- Local scale hydrodynamic applications of XBeach to Cova-Gala [A13, C12, C25, C28] 

- Local scale applications of XBeach to Costa da Caparica [A14, C16] 

- Local scale applications of XBeach to the São Pedro de Moel beach [C2] 

- Local-scale morphodynamic applications of XBeach to Cova-Gala [A2, C5] 

- Regional scale application of WaveWatch III to the Portuguese coast [A6, A12] 

 Innovative processes: 

- Software to extract coastlines from satellite images [C21] 

- Software to assimilate coastline data into a morphodynamic model [C21] 

- Mosaic.pt Web platform [A5, C13] 

- Software to identify waterlines from camera images [C23, C24, C25] 

- Coupling between models XBeach and SCHISM within the forecast platform WIFF 

 

Table 14.1 – Expected and accomplished output indicators  

Description proposed achieved 

A - Publications   

Books chapters 3 0 

Papers in international journals 3 11* 

Papers in national journals 0 1 

B - Communications   

Communications in international meetings 7 14 

Communications in national meetings 11 15 

C – Reports  3 6 

D - Organization of seminars and 
conferences 

5 3 

E - Advanced training   

PhD theses 1 2 

Master theses 2 2 

Others 3 3 

F - Models 0 2 

G - Computational applications 4 6 

H - Pilot plants   

I - Prototypes   

J - Products 1 1 

K - Productions/artistic creations   

L - Innovative processes 2 5 

M - Databases 1 1 

N – Knowledge integration in university 
education activities 

3 3 

Webpage 1 1 

* plus 2 submitted 
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07/05/2021; 07/06/2021; 02/07/2021; 17/09/2021; 
15/10/2021; 12/11/2021; 07/01/2022; 04/02/2022; 
04/03/2022; 08/04/2022; 13/05/2022; 24/06/2022; 
22/07/2022; 19/09/2022 

Final Project Meeting Online, 28/10/2022 

Technical Project 
Workshop 

Online, 19/10/2020 

Final Project Workshop LNEC, 07/06/2022 

Local Communication 
Workshop 

Desportivo Clube Marítimo da Gala (Figueira da Foz), 28/09/2022 
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ANNEX II 
Technical Workshop 
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ANNEX III 
Dissemination  
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Newspapers 
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FACEBOOK AND OTHERS  
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http://www.dha.lnec.pt/newsletter/index.html

 

 

 

 

 

 

 

 

 

 

 

 

http://www.dha.lnec.pt/newsletter/index.html
http://www.dha.lnec.pt/newsletter/index.html
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ANNEX IV 
Final Technical Workshop  
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Full program in http://mec2022.lnec.pt/pdf/mec2022_programa_final.pdf 

 

http://mec2022.lnec.pt/pdf/mec2022_programa_final.pdf
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ANNEX V 
Local Communication Workshop 
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