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PROJECT MOLINES: MODELLING FLOODS IN ESTUARIES. FROM THE HAZARD 
TO THE CRITICAL MANAGEMENT 
Final Report 

Abstract  

The final technical report of the project “MOLINES - Modelling floods in estuaries. From the hazard to 

the critical management” (ref. PTDC/AAG-MAA/2811/2012) 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 2013 and 2016. The MOLINES project aims at improving 

knowledge on estuarine margins inundation processes, considering different climate scenarios, and 

developing an approach to support risk management in terms of preventive and response measures. 

The outcomes included the definition of a new decision-making supporting framework and Web 

platform for emergency and land-use planning, based in three different spatial scales of analysis 

(regional, municipal and local), that fully benefited from the different skills and experience of the 

participant institutions and the involvement of the stakeholders.   

Keywords: Estuarine flooding / Territorial vulnerability / Extreme events / Early-warning system 

/ Risk management 

 

PROJETO MOLINES: MODELAÇÃO DA INUNDAÇÃO EM ESTUÁRIOS. DA 
AVALIAÇÃO DA PERIGOSIDADE À GESTÃO CRÍTICA 
Relatório Final 

Resumo  

Apresenta-se o relatório final do projeto “MOLINES - Modelação da inundação em estuários. Da 

avaliação da perigosidade à gestão crítica” (ref. PTDC/AAG-MAA/2811/2012), financiado pela 

Fundação para a Ciência e a Tecnologia, e que decorreu entre 2013 e 2016. O projeto MOLINES tem 

como objetivos melhorar o conhecimento científico do processo de inundação em estuários, 

considerando diferentes cenários climáticos, e desenvolver uma estratégia coordenada de apoio à 

gestão do risco de inundação em estuários que contribua para promover ações preventivas e de 

resposta. Dos resultados obtidos destaca-se a abordagem metodológica inovadora de apoio à gestão 

do risco de inundação em estuários e a respetiva plataforma Web, baseada em três escalas espaciais 

de análise (regional, municipal e local), que beneficia da integração das múltiplas valências das 

instituições participantes e do envolvimento de outras entidades que incorporam as várias dimensões 

da gestão do risco. 

Palavras-chave: Inundação estuarina / Vulnerabilidade territorial / Eventos extremos / Sistema de 

alerta / Gestão do risco 
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1 | Introduction  

1.1 Objectives 

The present document constitutes the final report of the project MOLINES: Modelling floods in 

estuaries. From the hazard to the critical management, funded by the Portuguese Foundation for 

Science and Technology (FCT – Fundação para a Ciência e a Tecnologia).  

The project was developed within the scope of the LNEC’s Planned Research Program (P2I) for 2013-

2020 and contributed to the R&D&I strategic lines of the Hydraulics and Environment Department, 

namely Risk Management and Safety, Environment and Aquatic Systems and Information and 

Decision Support Technologies. 

Below are listed the major identifying elements of the project: 

- Project reference: PTDC/AAG-MAA/2811/2012 

- Scientific Domain: Natural Sciences and Environment 

- Main Area: Environment and Global Changes - Modelling and Environmental Assessment 

- Secondary area: Marine Sciences - Estuarine Systems, Coastal and Coastlines 

- Principal Investigator: Paula Maria de Santos Freire 

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

- Participating Institutions: Centre for Social Studies (CES) of the University of Coimbra and 

National Authority for Civil Protection (ANPC) 

- Project advisor: Xavier Bertin, Université de La Rochelle, France 

- Starting date: 01-07-2013  

- Final date: 29-02-2016   

- Funding: € 149.954,00 

1.2 The project MOLINES 

1.2.1 Context and objectives 

In the context of climate change, floods in estuarine lowland areas are becoming a general concern 

and the scientific and management communities are asked to present well-supported prevention and 

mitigation solutions. Flood risk assessment in coastal and fluvial areas has different approaches, 

which are not always compatible, and specific methodologies for estuarine environments are still 

missing. A better and integrated understanding of these events and improved tools to support 

solutions are needed, and required for the objectives of the European Floods Directive 

implementation. 

The motivation for the MOLINES project is to contribute to improve the state-of-the-art on flood 

management support through a better understanding on the integration of different hazards in 
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estuaries and to develop flood risk management guidelines that are adequate for transition areas. The 

main challenge of this project is to integrate different strategies and approaches that are typically used 

independently in flood risk analyses, and to use two different spatial scales of analysis, on regional 

and local levels.  

The specific objectives of the project are: 1) knowledge improvement on estuarine margins inundation 

processes including storm surges combined with tide effects, and urban drainage, for different climate 

scenarios; 2) flood risk assessment of margins with different typologies, including urban and interface 

areas; 3) development of a coordinated approach to risk management to promote preventive 

measures of planning, forms of risk mitigation, and alert and warning system optimization, supported 

by a monitoring network and real time forecasts.  

1.2.2 Study area 

The Tagus estuary, where the most important infrastructures, equipment and strategic services at 

national level are located, was chosen as study area (Figure 1.1). Its particular morphological settings 

and hydrodynamic conditions promote high risk to natural and urban flooding, well-illustrated in recent 

past events and associated damages. The estuary was chosen as case study because it is a 

paradigmatic case of territory conflict occupation along its margins, with exposure of critical and 

sensitive infrastructures, and high potential to flooding from different sources whose consequences 

are abundantly illustrated in recent past events. The estuary is included in the territorial unit of Lisbon 

and Tagus Valley, involving 18 municipalities in the metropolitan area of Lisbon, holding an estimated 

population of about one million inhabitants exposed directly or indirectly to floods.  

 

Figure 1.1 – Tagus estuary and the detailed study areas locations: A- Seixal; B - Dafundo 
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1.2.3 Project structure 

To accomplish the project objectives, the research plan was built on 5 interlinked Work Packages, 

including a total of 12 Tasks (Figure 1.2), with 3 Milestones (Table 1.1). 

 

 

Figure 1.2 – MOLINES project flowchart 

 

Table 1.1 – List of milestones 

Milestone  Objetives 

M1 
Estuarine 
hydrodynamics and 
exposed elements 
evaluation 

Characterization of Tagus estuary hydrodynamics and 
estuarine exposed elements evaluation. Concluded Tasks 
1 and 2 of the WP1 and Tasks 4, 5 and 6 of the WP 2. 

M2 
Integrated 
approach of flood 
modeling in 
estuarine areas 

Development of an integrated approach for natural and 
urban flood modelling in estuaries applied at a local scale. 
Concluded WP1 (T3), WP2 (T7) and WP3 (T8 and T9) 

M3 Risk assessment of 
the study areas 

Natural and urban flood risk mapping and analysis, in a 
local scale and for different climatological scenarios. 
Concluded WP4 (Tasks 10 and T11). 
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1.2.4 Team 

The Project team is presented in Table 1.2. The project benefited from the scientific consultant 

Dr. Xavier Bertin from the CNRS-La Rochelle University (France). 

Table 1.2 – Project team 

Institution Researcher 

LNEC 

Paula Freire (project Principal investigator and leader of WP1, 4, 5 and 6) 
André Fortunato (leader of WP1 and 3) 
Anabela Oliveira (leader of WP 2) 
Maria Adriana Cardoso (leader of WP 3) 
João Palha Fernandes 
Maria do Céu Almeida 
Sérgio Teixeira Coelho (resigned from the project in 07/10/2014) 
Ana Rilo  
Gonçalo Jesus 
João Gomes 
João Rogeiro 
Kai Li 
Pedro Santos 
Pedro Pinto 
Paula Beceiro 
Ricardo Costa  
Rita Salgado Brito 
Luís Simões Pedro (Technical staff) 
João Vale (Technical staff) 

CES Alexandre Tavares (leader of WP 2 and 4) 
Pedro P. Santos 

ANPC 

Luís Sá (leader of WP 5) 
Patrícia Pires 
Giuseppe Cornaglia  
Jorge Dias 

 

1.3 Report structure 

This report is structured in 10 sections. In section 1 the major identifying elements of the project are 

presented as well as its context and objectives, general structure and the team. The following 

sections, from 2 to 7, are organized by the project work packages (WP), in which the objectives and 

the main results of each task are presented. The list of publications constitutes the section 8 and in 

section 9 a list of the institutions, projects and people that collaborated with the project is presented. 

Finally, the main results and a critical appraisal are present in section 10.  
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2 | WP1 ESTUARINE FLOOD MODEL SIMULATION 
(TASKS 1-3) 

The first Work Package (WP1) addresses the assessment of flood hazard at the estuary scale and is 

divided in 3 tasks. 

2.1 Task1. Historical accounts and data survey 

Task 1 is devoted to the literature review, compilation and analysis of available data, including the 

construction of a historical flood events data base. Part of this information supports the set-up of the 

hydrodynamic numerical model in Task 2. 

Based on literature review and the compilation and analysis of the available data the hydrodynamic 

and the morphological settings of the Tagus estuary were characterized, providing the set-up data for 

the estuary hydrodynamic models (e.g. bathymetry and digital terrain model). 

Past flood impacts were assessed by the construction and analysis of a geodatabase of historical 

flood damages for the Tagus estuary area. The data sources included an extensive set of national 

newspapers, previously collected by DISASTER project (FCT funded: PTDC/CS-GEO/103231/2008) 

and further complemented in the framework of MOLINES project, totalizing 147 newspapers. 

Additionally, a national database of flood occurrences provided by ANPC and a collection of 21 

photographs provided by Lisbon Port Authority (APL) were also consulted and integrated when 

appropriate as data sources. The coverage period of the entire database is situated between 1864 

and 2013. 

The geographic incidence of the database was constrained to the area where estuarine processes are 

dominant - Oeiras (downstream) and Vila Franca de Xira (upstream) - and between the highest 

astronomical tide line and 20m above sea level. A set of definitions (occurrence and event) and 

inclusion criteria were built in order to establish coherency in the input data. The database was 

structured in four main groups of information: a) basic relevant data on location and data; b) flood 

impacts (e.g. human causalities, property and infrastructure damages); c) flood characteristics (e.g. 

extension, depth); d) flood triggering factors (e.g. rainfall, tides, fluvial discharges, urban drainage). An 

overall of 235 occurrences were registered in the geodatabase comprising 45 flood events. The 

analysis on flood triggering factors, temporal and seasonal distribution of flood occurrences was 

performed (Figure 2.1), published in Rilo et al., 2015, and a detail analysis on damage assessment is 

now in preparation to be submitted to the Journal of Flood Risk Management.  
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Figure 2.1 – Database estuarine flood occurrences in the Tagus estuary: spatial distribution (a) and temporal 
distribution (b) (in Rilo et al., 2015) 

To complement the historical information, the maximum extension of a historical flood episode, which 

occurred in February 2010 and affected particularly the Seixal water front, was reconstructed in situ 

using a RTK-DGPS and with the support of the Seixal Municipal services. The results were further 

complemented with photographs and other records acquired during the event.  Instrumental data of 

the potential water level forcings (tide, atmospheric pressure, wind and Tagus river discharge) 

observed during the historical events, with major impact, was analyzed providing crucial information 

for understanding the flooding process and hazard assessment validation. Results are presented in 

Freire et al., 2015, Freire et al., 2015a and Freire et al., 2016.  

Six monitoring field surveys were also performed in the Seixal during particular oceanographic and 

meteorological conditions that occurred in 2014 and 2015 (Figure 2.2) in order to characterize the 

flooding episodes at municipality / local level, their impacts and the possible flooding triggering factors. 

The data acquired included water level, flood extension and height, and the main territorial and social 

impacts, and are described in the reports of field surveys (section 8.6.2). The main results are 

published in Freire et al., 2015 and Freire et al., 2015a.  

a 

b 



PROJECT MOLINES: MODELLING FLOODS IN ESTUARIES.  
FROM THE HAZARD TO THE CRITICAL MANAGEMENT 

Final Report 

LNEC - Proc. 0604/111/18595 7 

 

 

Figure 2.2  – Monitoring field surveys performed in Seixal 

The collected information was both useful for flood forecasting modelling validation (task 2) and for 

management purposes namely in the early-warning bulletin construction (task 12) and management 

guidelines.The engagement of the team in the in-situ data acquisition exceeded the initially proposed 

but the achieved results were essential for the understanding of the flooding forcing mechanisms in 

the study area. All the expected results of this task were achieved. 

2.2 Task 2 Hydrodynamic numerical modelling  

In this task a hydrodynamic numerical model is used to predict the estuarine inundation levels for 

different climate scenarios and return periods. It was carried out at two distinct levels: regional (NE 

Atlantic Ocean, with a major focus on the Portuguese shelf) and local (Tagus estuary, with a major 

focus on the Seixal bay). 

At a regional level, a tide and storm surge model was developed and validated for the NE Atlantic 

Ocean. Hindcast simulations were performed for 1980-2010. Statistical analyses performed on those 

hindcast simulations led to the development of maps of extreme sea levels along the Iberian coast for 

different return periods (Figure 2.3, published in Fortunato et al., 2014a, b, c, 2016a). Simultaneously, 

this regional model provided boundary conditions for the local Tagus model (published in Fortunato et 

al., 2015a, 2016b). 

At a local scale, a 2D hydrodynamic model was developed and validated for the Tagus estuary, 

including flood-prone areas in the southern margin of the estuary. In its simplest form, the model was 

forced only by tides, storm surges and river flows. Using this simpler model, we analyzed the 

hydrodynamics of the estuary and made a prospective analysis on how this hydrodynamics would 

change in the future, considering climate change and the morphological evolution (Figure 2.4, 
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published in Guerreiro et al., 2015). This model was also used to provide boundary conditions for the 

urban flood model (Task 9, Cardoso et al., 2015). 

 

Figure 2.3 – Extreme sea levels along the Iberian Atlantic coast for a return period of 100 years. From Fortunato et 
al. (2016) 

 

Using a more sophisticated implementation of the model, we simulated the coupled circulation and 

wave propagation, including atmospheric and wave forcings. This model allowed us to explore specific 

extreme events, such the Xynthia storm (Fortunato et al., 2015b). A preliminary analysis of the relative 

importance of the various forcings was also performed (Fortunato et al., 2015b) and is now being 

extended in the scope of another project. This implementation of the model was the one implemented 

operationally in the forecast system (Task 12, Fortunato et al., 2015a, 2016b). 

All the expected results of this task were achieved. 
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Figure 2.4 – Map of extreme water levels in the Tagus estuary for a 100 year return period (adapted from Guerreiro et 
al., 2015) 

 

2.3 Task 3 Flood hazard mapping  

The ability of the model developed in Task 2 to reproduce marginal inundation during extreme events 

was validated by comparison with the inundation extent that occurred in the Seixal area during the 

Xynthia (2010) storm (Figure 2.5, Fortunato et al., 2015b, 2016b). Two alternative approaches to 

determine flooded areas were compared: an approach based on a statistical analysis of the sea levels 

at the estuary mouth, and the simulation of past extreme events (Fortunato et al., 2015b, Freire et al., 

2015). Once validated, the model was then used to determine the extent of inundation in the Tagus 

estuarine margins in the Seixal Bay (Tavares et al., 2015, Santos et al., 2015a, b) and to compute a 

hazard index for the Seixal waterfront (tasks 9 and 10). 

All the expected results of this task were achieved. 
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Figure 2.5 – Validation of the Tagus model for an extreme event (Xynthia storm, February 2010). The red circles 
indicate the surveyed extent of the flooding in the city of Seixal. The wet elements (elements with three wet nodes) 
are indicated in dark blue, and the partially wet elements (elements with one or two wet nodes) are shown in light 

blue. From Fortunato et al., 2016b 
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3 | WP2 ESTUARINE EXPOSED ELEMENTS AND 
VULNERABILITY ASSESSMENT (TASKS 4-7)  

WP2 is devoted to assessing the demographic elements, the support capabilities exposed and the 

environmental status to the different scenarios modelled for the case of an estuarine flood. This WP is 

divided into 4 tasks of evaluation and a synthesis task.  

3.1 Task 4 Population 

A cartographic expression of the exposed population was obtained at the statistical sub-block, from 

data provided by the Population Census of 2011. Census data also allowed an evaluation of both 

resident and floating population using the Census fields related to the concept of “present population”. 

Additionally, and given the role of fluvial transportation between the margins of the Tagus estuary, the 

mobility and transiency of population was evaluated at two levels: 

- With passenger data from the fluvial transport operator in the fluvial stations; 

- With Census fields related to the means of transportation used by employed and studying 

population (boat, bus, car, train). 

During this task 4, the Population Census data was analyzed and prepared in order to support the 

assessment of vulnerability that was conducted in Task 7. So, beyond the absolute number of 

exposed population, other dimensions of vulnerability were mapped such as the Census fields related 

to age, educational level, employment and population with special needs. This analysis was 

conducted for 1147 geographical units of analysis that are affected both directly and indirectly by 

flooding. 

 

Figure 3.1 – Population density at the statistical block in the selected 1147 geographical units 
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The methodological approach adopted in task 4 considered the outputs assumed in Milestone 1 that 

set the scope for the following tasks. After completion of the evaluation of exposed population, a 

reflexive analysis was done regarding the constraints that would exist in task 7 (vulnerability mapping) 

in terms of availability of data, typology of data to be collected and geographic scale of analysis to be 

adopted. Decisions on these aspects were taken considering the usability of results in defining the 

flood risk management strategies at the estuary level, which comprises 11 municipalities. 

3.2 Task 5 Infra-structures and equipment 

Data provided by the National Authority of Civil Protection (ANPC), partner of the project, constitute 

the major source of geographic data used in this task. Data in GIS format was directly integrated in the 

built GIS platform, allowing an efficient analysis with population and environmental data. ANPC data 

include road network, railroad network and stations, airports, electric power grid and stations, gas 

pipelines and gas stations, parking lots, touristic attractions, cultural heritage sites and buildings, 

industrial buildings, commercial buildings, public gardens, education, health, hotel, sports, leisure, 

administration and civil protection equipment. 

Data from the Portuguese Social Chart (www.cartasocial.pt) revealed extremely crucial in the 

evaluation of the installed capacity in terms of social equipment (namely regarding the child, youth, 

elder and special needs population). Data for the 92 parishes that could be directly or indirectly (road 

network disruption, for example) was collected and include the number of equipment, number of 

current users (in April 2014) and number of maximum users’ capacity. 

 

Figure 3.2 – Ratio between users and capacity in the social equipment for child and youth population. Source: 
Social Chart, 2014 
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Apart from the simple cartographic representation of the collected elements, indicators based in the 

relation with the area (densities in km/km2, for example) and with the population (number of retirement 

houses’ users per resident population) were calculated for each of the 1147 statistical blocks. 

The selected infrastructure and equipment considered the objectives assumed in Milestone 1, thus 

providing an initial set of data that would support the territorial vulnerability assessment (task 7). 

3.3 Task 6 Environmental resources 

The identification of the typology of environmental resources to be considered in the evaluation in this 

task 6 follows the elements identified in several European Union directives. In detail, cartographic 

elements were collected that define ecological areas classified as “Rede Natura 2000” and Ramsar 

sites; areas classified under the Water Framework Directive (beaches, marshlands, stream network, 

river mouths and aquifer water sources); pollution sources classified under the Seveso-III and the 

Integrated Pollution Prevention and Control (IPPC) directives. 

Most of this geographical data is publicly available from official institutions such as the Portuguese 

Environment Agency (APA), although not always with the most adequate level of geographical detail, 

considering the refinement achieved by the flood hazard model. Land use, ecological and sedimentary 

data provided by the MORFEED project (a previous research coordinated by LNEC) was also used.   

 

 

 

Figure 3.3 – Land use and wetlands in the 11 municipalities contacting the Tagus estuary 
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Land use data provide a first approach to assess vulnerability (cf. the methodology proposed by APA 

to assess vulnerability to flooding under the “Floods Directive”), and so, results from task 6 include a 

representation of urban and rural areas at the statistical block, that supported the territorial 

vulnerability mapping conducted in task 7. 

3.4 Task 7 Vulnerability mapping 

Vulnerability mapping is based on the methodology defined in the calculation of the Social 

Vulnerability Index (SoVI©).The centre of the methodological sequence is the Principal Components 

Analysis (PCA) performed with a set of data collected for the 1147 statistical blocks that comprise the 

areas around the Tagus estuary, directly or indirectly affected (Santos et al., 2015a). 

The more dimensions of vulnerability are represented the more accurate and holistic will the 

understanding of vulnerability location, sources and processes be. In this task, an initial set of 126 

variables was considered (Table 3.1). Results of PCA, presented in Table 3.2, identify eight principal 

components. 

 

Table 3.1 – Characteristics of the initial 126 input variables considered in the vulnerability assessment 

Source Aggregation Dimension of vulnerability represented by the variables No. 

Population Census Sub-statistical block Age, gender, education, housing, employment, socio-
economic status, mobility and commuting 76 

Population Census Parish 
Particular features of vulnerability dimensions (mobility and 

commuting, persons with special needs, immigration, housing 
accessibility, homelessness)  

27 

Social Chart Parish Child, youth, adult and community social support (no. of 
beneficiaries and equipment) 9 

Official mapping 
institute Polygonal Land use 7 

Civil protection 
national authority 

Point, linear and polygonal 
data 

Educational, health, transportation, civil protection, road 
network and elderly equipment and infrastructure 6 

Fluvial transport 
company Point data Passengers between fluvial stations 1 
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Table 3.2 – Principal components of vulnerability in the Tagus estuary (source: Tavares et al., 2015) 

# of FAC – Principal component 
(% variance explained) Signal No. of 

variables Explicative variables (loading > 0.5) 

1 – Old neighborhoods and 
population with constraints 

(21.9) 
+ 9 

Buildings needing repair (0.820) 
Resident population who use a car as a regular means of transportation 

(-0.778) 
Housing units with only one member (0.699) 

Resident population with at least one difficulty (0.667) 
Residential construction built before 1919 (0.613) 

Renter-occupied housing units (0.543) 
Single-parent families (0.534) 

Residential construction built between 1971 and 2011 (-0.504) 
Resident population studying or working in the municipality of residence 

(0.563) 

2 - Residential areas of families 
with care-giving responsibilities 

(15.7) 
- 6 

Resident population between 15 and 24 years old (0.865) 
Families with 5 or more members (0.753) 

Resident population attending secondary school (0.737) 
Mean family size (0.681) 

Resident population attending secondary school in the municipality of 
residence (0.659) 

Resident population over 65 years old (-0.537) 

3 - Residential areas of 
population with high economic 

status (10.5) 
- 6 

Housing units with an area greater than 200 m2 (0.796) 
Resident population with higher education completed (0.696) 

Housing units with an area between 50 m2 and 100 m2 (-0.676) 
Housing units with 5 or more rooms (0.650) 

Resident population with 3rd cycle of primary education completed (-
0.570) 

Housing units without parking spaces (-0.596) 

4 - Population mobility (9.2) - 4 

Mean duration of commute (-0.840) 
Employed or studying resident population who potentially use fluvial 

transportation (-0.799) 
Resident population between 3 and 5 years old attending pre-primary 

education (0.684) 
Resident population studying or working in the municipality of residence 

(0.600) 

5 – Building size (6.5) + 3 
Buildings with 3 or more housing units (0.810) 

Buildings with 5 or more floors (0.783) 
Floors by building (0.772) 

6 - Old urban areas with an 
aged population (4.2) + 3 

Residential construction built between 1991 and 2011 (-0.778) 
Resident population over 65 years old (0.674) 
Housing units without parking spaces (0.609) 

7 - Educational level of the 
population (3.9) - 2 Resident pop. with secondary education completed (0.818) 

Illiterate resident population (-0.780) 

8 – Urban development (3.2) + 3 
Road network density (0.823) 

Population density (0.766) 
Building density (0.766) 

 

The individual interpretation of each principal component (FAC) allowed to identify the drivers of 

vulnerability in each block, thus providing a valuable tool in the task 12 (flood risk management 

guidelines). In fact, the distinct territorial, demographic and social dynamics are underlined in the 

cartographic expression of individual (Figure 3.4) and composite result of vulnerability scores. A 

scaling of vulnerability scores is done, at the parish level, in order to differentiate areas at a higher 

administrative level, to support the definition of regional planning instruments. 
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Figure 3.4 – Principal components of vulnerability in the Tagus estuary. Source: Tavares et al., 2015 
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4 | WP 3 INTEGRATE NATURAL AND URBAN FLOOD 
MODELLING IN STUDY AREAS (TASKS 8 and 9)  

In WP3, that includes 2 tasks, the natural and urban flood modelling at the local scale allowed a more 

refined assessment of the flood hazard. 

4.1 Task 8 Selection of study areas and scale analysis identification  

In this task the selection of the local study areas and the identification of the more suitable scale for 

flood hazard analysis were supported by the hazard, exposure and territorial vulnerability 

assessments at a regional scale obtained in tasks 1 to 7 (Tavares et al. 2015; Freire et al. 2015). The 

waterfront of the Seixal Municipality (Figure 1.1) was particularly affected by past floods and shows 

specific territorial vulnerability characteristics, both justifying its choice to assess flooding risk and 

implement the warning-system. 

This area, including the old downtown of Seixal, was also initially selected regarding the urban 

drainage component of the project. In the first phase related to data collection of the urban drainage 

catchment and the sewer systems, information was provided by the Municipality of Seixal, regarding 

project implementation of sewer networks of domestic and storm water systems of the Integrated 

Project for the Seixal Public Space Qualification. It was necessary to carry out field inspections and it 

was found that the available project mapping and inventory information has not yet been built. The 

configuration of the current system does not provide results that significantly contribute to the 

MOLINES project objectives. Consequently, it was considered to include an additional study area that 

would allow contributing more significantly to the MOLINES project objectives. After a joint analysis 

with the project partners it was decided to integrate the urban drainage catchment of Dafundo as 

additional study area (Figure 1.1). 

4.2 Task 9 Modelling natural and urban flood hazard of study areas  

For different climatic scenarios, numerical modelling of natural and urban floods was performed for the 

chosen areas and results supported an integrated flood hazard analysis at a local scale. 

The different morphological characteristics of the two study areas justified the distinct approaches 

followed in each one. In the Seixal area, only the inundation associated to the overflowing of estuarine 

waters was considered because 1) the role of the urban drainage system was considered negligible, 

and 2) its simulation was prevented by the lack of detailed and updated information on this system. 

The inundation was therefore simulated with the estuary model, as described in section 2.2. The 

opposite situation occurs in the Dafundo area. Inundation by overflow of estuarine waters is prevented 

by an elevated railroad that runs parallel to the estuary margin. Hence, the estuary water level only 

affects inundation by determining the downstream boundary conditions of the urban drainage system. 

These boundary conditions were therefore provided by the estuary model to the urban drainage 
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model. Hence, both in the Seixal and the Dafundo areas a detailed integration of the estuary and 

urban drainage models was not necessary. 

Mathematical modelling of the urban drainage system was applied to the study site in Dafundo. The 

main storm water sewer corresponds to the local stream, the Junça river, which has been canalized 

for decades. In the lower area of the catchment, downtown of Dafundo, a parallel duplication of the 

canalized Junça river was constructed, to solve flooding problems. Flooding in the estuarine marginal 

area was significantly reduced in terms of frequency, severity and flooded area. However, after the 

construction of the parallel sewer, flooding still occurs and it was studied using the 1D/2D coupled 

modeling. During field work, significant sediment deposition in sewers was detected, as well as a 

relevant sand deposits accumulation at the system outfalls to the Tagus estuary (Figure 4.1). The 

natural tidal dynamics at the Dafundo beach promotes frequent accumulation of sediments at the 

outfalls. After sand removal operations, sediments were naturally replaced two or three weeks after. 

 

a) Junça river (left) and parallel sewer (right) 
2014/09/04 

 

b) Junça river totally obstructed 

and parallel sewer 2014/10/21 

Figure 4.1 – Sand accumulation at the outfalls to the Tagus estuary at different dates 

 

In situ inspections detected a vertical drop between two branches in the storm water system. This 

condition allowed considering the Dafundo catchment segmented into upper and lower hydraulic 

areas, being the hydraulic behaviour of the network almost independent in each of them. The vertical 

drop controls the flow from its upstream to its downstream branches, and reduces the possibility of 

sewer surcharge in the lower area, which was of particular interest for MOLINES purposes. In terms of 

urban drainage modelling, the presence of the vertical drop allowed using a simplified model for the 

upper area, whereas the lower area was modelled using a 1D/2D coupled model. The 1D 

mathematical model was applied to the storm water network, using Mike Urban (DHI, 2014). The 2D 

overland flow model was applied to the surface runoff modelling, using Mike Flood (DHI, 2014). 

Several scenarios were simulated to analyse the consequences in terms of flooding extension and 

water depths over the surface. The objective was to forecast flooding in the Dafundo catchment, in 

three hour time-windows, based on estuarine water level and rainfall for a forecast horizon of two 

days, in order to support population alerts. For the forecast, the accumulated rainfall forecast for a 

three hours period and the estuarine water level at the Dafundo beach are available. The aim was to 
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create a set of simulations that reproduce the typical flooding in the area, for different conditions of 

rainfall and tide. These simulations are the basis of the urban flood forecast. 

However, for a time interval of three hours, the same accumulated rainfall may have significantly 

different consequences, in terms of flooding, depending on the hietogram configuration during this 

period. Therefore, the characteristics of the event (in terms of previous dry weather period, maximum 

rainfall intensity and the variation of rainfall intensity before and after the peak) have an important role 

and must be taken into account. The simulated scenarios were intended to assess, for each pair of 

values x1, x2 (tide, accumulated precipitation in 3h), the best and worst case scenarios (as far as 

water depth over the surface is concerned). 

The influence of the hietograms’ shape was analysed through the calculation of maximum average 

precipitation intensity associated with the return periods (T) of 10, 20 and 50 years, based in the IDF 

(intensity-duration-frequency) curves of the national Decree-Law 23/95 for Portugal. The 

corresponding maximum intensities were, respectively, 56 mm/h, 63 mm/h and 73 mm/h. The shape 

of the rain event was defined by a design rainfall pattern (Figure 4.2). For the corresponding 

generated rainfall volume, an additional uniform hietogram was defined, during the pre-established 

time-interval of 3h. Three monitored rain events, registered in the Dafundo catchment, were also 

simulated. 

The tide scenarios were established taking into account both the tidal amplitude and the storm surge 

effect, which is due to extreme conditions of atmospheric pressure. Low levels of pressure result in a 

sea level over-elevation. To consider the storm surge effect, a variation of the water level of 0.5m and 

-0.3m was considered. A maximum and minimum limit of 4.2m and 0.8m, respectively, were 

considered for the amplitude value of the tide, based in Fortunato et al. (2014). The scenarios for the 

tide level were defined with reference to the mean sea level (MSL) of 0.14m, leading to a minimum 

sea level of -2.3m and a maximum sea level of 2.7m, corresponding to the best and worst case 

scenarios, based in Fortunato et al. (2014). The tide values are referred at the topographical zero, 

considering that this value is 2.08 m above the hydrographical zero in the region. Around ten 

intermediate levels of the tide were simulated. 

As referred, besides accumulated rainfall and tide, flooding can be related to the operational 

conditions of the sewers, such as sediment deposition or obstruction of the outfalls. A sediment depth 

of 0.20 m was established as the standard condition and a 90% cross-section obstruction was 

adopted at the outfalls. These values were considered based in the previous field work and their 

conjugated effect was designated as the operational condition with obstruction. 
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Figure 4.2 – Design rainfall pattern (Matos, 1987) 

For the operational condition without obstruction, flooding presents a reduced dependence on the tide 

level at the Tagus estuary. The tide level only acts as a restriction in term of the duration of flooding, 

but the flooding area and the water depths do not change. For the scenarios of low precipitation and 

uniform intensity, a significant area in the main street in downtown Dafundo is flooded, but the 

maximum water depths over the surface are low. The highest water depths are obtained for a return 

period of 50 years being the flooding area quite large, although the water depths are below 10 cm. For 

the higher intensity scenarios, such as the ones corresponding to the design rainfall, the eastern 

locations in the study area also floods. For the maximum rain intensity studied, the main central 

avenue, a very important transportation route in greater Lisbon, is also flooded, but still with reduced 

water depths (Figure 4.3a). 

For the operational condition with obstruction, the system presents higher dependence on the tide 

level. The water level in the flooded area, for the higher simulated tide levels and for the rainfall event 

with higher intensity, triplicates the water depth obtained for the operational condition without 

obstruction, mainly due to the reduced outfall capacity to the Tagus estuary. The flooded area reaches 

even further eastern areas, and goes all the way up to almost 30 cm (Figure 4.3b). Stricter additional 

sediment and obstruction rates were simulated, but generally the same results were obtained. 

The results were confirmed with the historical data (Figure 4.3c and d) in terms of extension and depth 

of the flooded area.  An overall good model performance was obtained, allowing identifying the main 

technical shortcomings of the storm water drainage system. 
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a) Without obstruction 

 

b) With obstruction 

 

c) Historical flooded area records 

 

d) Flooded area records 
 

Figure 4.3 – Flooded area and water depths over the surface (max_H, in m) in downtown Dafundo, for the design 
rain event for T=50 years, tide elevation of 2.7 m and historical records 
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5 | WP 4 RISK ANALYSIS (TASKS 10 and 11)  

The WP4 aims at the flood risk analysis of the local study areas based on the WP3 results and 

includes 2 tasks.  

5.1 Task 10 Impact hazard dimension for the study area  

Based on the numerical modelling results for different return periods and sea level rise scenarios, 

obtained in task 9, flood hazard was assessed for the Seixal waterfront. Considering that the flood 

hazard at a given location depends on the hydrodynamic conditions, its assessment was based on the 

hazard index defined by DEFRA (2006): 

       (Eq. 1) 

where H (in m) is the total water depth and U (in m/s) is the depth-averaged velocity. Four classes of 

increasing hazard are defined based on the value of Ih (Table 5.1). The hazard maps are presented in 

Figure 5.1 (published in Freire et al., 2016). 

 

Table 5.1 – Classes of the hazard index and description based on DEFRA (2006) 

Hazard index Ih ≤0.75 0.75< Ih ≤1.25 1.25< Ih ≤2.5 Ih >2.5 

Degree of hazard 1 - low 

 

2 - moderate 

 

3 - significant 

 

4 - extreme 

 

Description caution dangerous for some dangerous for most 

people 

dangerous for all 

 

The maximum water levels were extracted from the model and compared with the Digital Elevation 

Model values in order to obtain water height and inundation extent maps, using ArcGis capabilities 

(published in Rilo et al., 2014; Freire et al., 2015). 
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Figure 5.1 – Flood hazard index classification for different scenarios: a) 20-year return period; b) 100-year return 
period; c) 100-year return period with sea level rise (image: ESRI Aerial Imagery) (source: Freire et al., 2016) 
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5.2 Task 11 Risk assessment of study area  

Damage evaluation in Seixal study area was assessed through a compilation of two local databases of 

flood records provided and maintained by Seixal fire department and Seixal Municipal Service for Civil 

Protection (SMPCS). Those two databases were gathered and compiled into a single local database 

structure in order to integrate different types of information, following similar criteria as described in 

2.1. In total 48 occurrences between 2002 and 2013 in Seixal water front area were registered. 

Results show that societal impacts related with traffic disruption due to flooding forcing is the most 

common damage (42%) followed by damages in basements, commercial stores and private houses 

area e (40%) (Freire et al, 2016). 

The analysis allowed a full evaluation on the most important damages types in the study area and 

provided background information to emergency and spatial planning guidelines (Task 12). 

The refinement of flood hazard at the local level motivated the decision of conducting risk assessment 

in the Seixal study area at two levels: one for the entire waterfront of the municipality and another for 

the Seixal old city centre. Accordingly, two distinct methodologies to assess vulnerability were 

adopted. 

5.2.1 Vulnerability and exposed elements assessment for the Seixal municipality 

The identification of exposed elements was based on geographic data obtained from the National 

Authority for Civil Protection (ANPC), the Municipal Service for Civil Protection (SMPCS) and from the 

results of previous projects (essentially, the MORFEED project) or made publicly available by Central 

Administration entities. The typology of exposed elements includes: building implantation, road 

network and business/commercial points of interest; critical infrastructures: civil protection, elderly 

population, childhood and education, leisure and sport, health, transportation, industrial areas, water 

supply and treatment; cultural and architectural heritage; land use and land value; environmental 

assets sensitive zones and coastal ecosystems. The spatial representation of these elements was 

overlaid with the considered present and future estuarine flooding scenarios. 

The vulnerability assessment is resumed in the Vulnerability Index, which considered the following 

input data (Freire et al., 2016) (Table 5.2). 
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Table 5.2 – Input data and processing for the evaluation of the vulnerability index  

Input data 
Variables Units Scores 

Road network density (a) km/km2   
Proportion of built areas (b) %   

Vehicles’ location (c) Average of the number of vehicles in 3 
different time frames 

Bus stop coverage (d) 
Dimensionless 

1 – exact location, 
0.5 – adjacent 

location, 0 – other 
locations (1) 

ATM and bank coverage (e) 
Fluvial station (f) 

Environmental infrastructures (g) 

People Vulnerability (Pv) Dimensionless 
Score of the 

territorial 
vulnerability 
assessment 

(between 0 and 1) 
Intermediate parameters 

Mobility parameter (Mp) Mp=[(c)+(d)]/2 
Concentration areas’ parameter (Cap) Cap=[(e)+(f)]/2 

Area Vulnerability (Av) Av=[(a)+(b)+(Mp)+(Cap)+(g)]/5 
Vulnerability Index (Iv) Iv=Av.Pv 

(1)In regard to the triangular network:  score 1 if the geographical entity (bus stop, etc.) touches a given 
triangle; score 0.5 if a given triangle is adjacent to the triangle(s) touched by the geographical entity 

 

Finally, the Vulnerability Index was combined with the Hazard Index to result in the Risk Index (Figure 

5.2). The cartographic expression of this index shows that the Seixal old city centre and the fluvial 

transport station of Transtejo are the most critical areas. The mapping also shows that not only built 

areas are identified with high risk, as specific sites related to accessibility and socioeconomic activities 

were also scored with high and very high risk (Freire et al., 2016).  
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Figure 5.2 – Cartographic expression of risk index in the Seixal waterfront for different scenarios: a) 20-year return 
period; b) 100-year return period; c) 100-year return period with sea level rise (image: ESRI Aerial Imagery) (source: 

Freire et al., 2016) 
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The identification of diverse territorial typologies that resulted from the risk assessment was nuclear 

for the selection of critical points, and therefore, contributed to the establishment of a comprehensive 

framework of emergency and spatial planning guidelines (Task 12), strongly supported by the 

implemented early warning system. 

5.2.2 Vulnerability assessment for the Seixal old city centre 

As mentioned, the high levels of risk and vulnerability in the Seixal old city centre led to the exploratory 

definition of a detailed assessment of vulnerability in that specific location. Field collected data at the 

building and the statistical sub-block, and statistical data from the Population Census of 2011 at the 

statistical sub-block supported the mapping of vulnerability in the Seixal old city centre. 

Eight parameters were defined, scored and summed in order to – individually as well as condensed in 

a single indicator – quantify vulnerability to flooding (Santos et al., 2016) (Table 5.3): 

Table 5.3 – Local parameters for the assessment of vulnerability in the Seixal old city centre 

Data collection level Parameter Raw units Source 

Sub-statistical block P1. Profile of the more vulnerable population % Census data 

Sub-statistical block P2. Absolute resident population n.º of inhabitants Census data 

Sub-statistical block P3. Present population Scores [0,1] Field matrix 

Sub-statistical block P4. Surrounding urban context Scores [0,1] Field matrix 

Building P5. Vital functions in buildings: social, health, administrative 
and civil protection infrastructures Scores [0,1] Field matrix 

Building P6. Severity of the individual loss Scores [0,1] Field matrix 

Building P7. Buildings’ physical vulnerability Scores [0,1] Field matrix 

Building P8. Human presence inside buildings Scores [0,1] Field matrix 
 

Results highlight the vulnerability of specific buildings whose characteristics in each of the parameters, 

combined with the urban context provided by the parameters assessed at the statistical sub-block, 

allow a detailed representation of vulnerability factors. A differentiation of blocks in terms of permanent 

and transient occupancy was also made possible. 
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Figure 5.3 – Cartographic expression of the vulnerability parameters in the Seixal old city centre. Source: Santos et 
al., 2016 

The advantages and constraints of the adopted methodologies, as well as the applicability of results in 

risk management were discussed between the team members, in light of the objectives described in 

the Milestone 3. 
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6 | WP5 ESTUARINE FLOOD MANAGEMENT (TASK 12)  

The WP5 is organized in one task: Task 12 Flood risk management guidelines. It is dedicated to 

design consistent and integrated guidelines and advanced information technology tools for flood risk 

management in the Tagus estuarine margins that can be applied and tangible for other areas. The 

objective of this task is to develop new tools to improve early-warning and emergency and support 

preventive measures related to land use and occupation planning. 

6.1 Innovative early-warning systems for the Tagus estuary, Dafundo 
area and the Portuguese coast  

In order to provide timely warnings of inundation events in the study areas, dedicated early-warning 

systems were built based on the modeling structures developed for the Portuguese coast, Tagus 

estuary (including the Seixal area) and Dafundo area. The first two are presented in section 2.2 and 

the last one in section 4.2. 

These early-warning systems were built using different strategies for the Tagus estuary and coastal 

areas and for the Dafundo area, developed taking into account the approach used for the hazard 

calculation. For the estuarine and coastal modeling, a real time forecast system for the Portuguese 

coast and Tagus estuary was built using LNEC’s operational prediction infrastructure WIFF (Water 

Information Forecast Infrastructure). It was carried out at two distinct levels: regional (NE Atlantic 

ocean, with a major focus on the Portuguese shelf) and local (Tagus estuary, with a major focus on 

the Seixal bay). At a regional level, the tide and storm surge forecast system for the NE Atlantic ocean 

was developed and presented in Fortunato et al. 2015 and 2016b.  These regional forecasts provided 

boundary conditions for the local Tagus forecast system (published also in Fortunato et al., 2016b). As 

the Tagus forecast, that includes the Seixal bay, is forced by tides, waves, river flow and storm surges, 

an additional regional model is necessary to provide the wave boundary conditions. These boundary 

conditions were provided by WIFF’s application to the North Atlantic’s and Portuguese coast’s wave 

propagation, developed in a previously FCT-funded project (G-Cast) and summarized in Fortunato et 

al., 2015. 48 hour forecasts are provided for both regions. 

As these forecast systems are computationally intensive, computer science strategies were explored 

to determine the best resources to provide a faster warning, as described in Oliveira et al., 2015. 

Likewise, the integration of real time data, for validation purposes, with forecasts was explored using 

sensor-fusion techniques. Results are published in Jesus et al., 2015. 

The early-warning system for the Seixal bay was built along the following steps, developed in strong 

cooperation with the Seixal municipality: 
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- Define the critical areas at risk, based on the vulnerability and hazard analysis and historical 

records 

- Define critical points to support the alert bulletin and establish carefully the topographic level 

for these points  

- Define the water level thresholds and corresponding alert levels 

- Define the methodology to extract the water levels from the forecast model results 

This information was then implemented and an alert bulletin for the Seixal bay was created, providing 

alert evolution in time for all critical points as well as relevant information for emergency response: 

maximum water levels and corresponding times of occurrence, maximum wind speed and minimum 

atmospheric pressure. Whenever alert levels exceed the “no alert” level, this bulletin is sent by email 

to the national and local civil protection agents. The following figures illustrate this bulletin (Figure 6.1) 

and corresponding email (Figure 6.2). 
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Figure 6.1 – Sample alert bulletin for the Seixal bay (source: Freire et al., 2016) 



PROJECT MOLINES: MODELLING FLOODS IN ESTUARIES.  
FROM THE HAZARD TO THE CRITICAL MANAGEMENT 

Final Report 
 

32 LNEC - Proc. 0604/111/18595 

 

Figure 6.2 – Sample alert email 

A similar alert bulletin was conceived for the Tagus estuary based on the analysis of historical events 

and the team’s scientific knowledge on inundation in the Tagus estuary. An early-warning system for 

the coast was also built based on the regional wave and storm surge forecasts. Based on a statistical 

analysis of occurrences at several points along the coast, a matrix of alerts was built. A conceptual 

alert bulletin was also envisioned and both were presented to the relevant end-users for approval. An 

implementation of this bulletin for the May 2016 event is shown in Figure 6.3. 

For the Dafundo area, the 48 hour forecasts were built using the several hazards scenarios defined in 

section 4.2, As the scenarios set of simulations reproduce the typical flooding in the area, for different 

conditions of rainfall and tide, a sequence of forecast snapshots was built based on the prediction of 

the maximum estuarine water level and prediction of precipitation provided by the WINDGURU site 

(published in Cardoso et al., 2016). 
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Figure 6.3 – Alert bulletin for the West Portuguese Coast (source: Oliveira, et al., 2016) 

 

The early-warning system was built by identifying three critical points in the affected area. As 

inundation impact is distinct in each point, the threshold values for emission of alerts were defined 

accordingly.  

Inundation forecasts as well as alert information (including the bulletin) were included in an innovative 

real-time, responsive WebGIS platform for enhanced support to flood risk emergency in urban and 

nearby coastal areas, targeting multiple users with distinct access privileges. The platform addresses 

several user requirements such as 1) fast, simple, online access to relevant georeferenced information 

from wireless sensors, high-resolution forecasts and comprehensive risk analysis; and, 2) the ability 

for a two-way interaction with civil protection agents in the field. The platform adapts automatically and 

transparently to any device with data connection. Given its specific purpose, both data protection and 

tailored-to-purpose products are accounted for through user specific access roles. The platform 

constitutes a single point of access to all information developed in the MOLINES project both for 

emergency and planning purposes.  

Gomes et al., 2015 and Gomes et al., 2016 described this platform in detail. The following figures 

(Figure 6.4 to Figure 6.7) illustrate some of the services provided. 
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a) 

b) 

Figure 6.4 – Snapshots of the forecast of a) water weight and b) significant wave weight 
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Figure 6.5 – Forecast validation against real time data 

 

Figure 6.6 – Forecast of urban inundation and alert information 
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Figure 6.7 – Forecast of inundation levels at a critical point 

 

The platform is also a repository of all hazard, vulnerability and risk information. Figure 6.8 illustrates 

the risk-dedicated section of the portal. 

 

Figure 6.8 – Risk level for a 100-year return period plus SLR scenario 
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6.2 Population warning system design and testing in controlled 
conditions  

The main objective of this subtask was to design and test an intelligent and reliable population warning 

system for multi-hazard risks that could also be used in inundation events. First, we decided to 

disseminate the warnings through the mobile phone network, by sending text messages. 

Consequently, the success of the population warning system became linked to the use of this 

communication channel. In a real emergency situation, the population warnings should be 

disseminated through various channels, such as local radios or sirens, but could also be enhanced by 

the system proposed herein.  

Framework specification  

The requirements for the population warning system using mobile technology were defined in 

dedicated meetings between the MOLINES team and the local and national civil protection authorities. 

Three criteria were identified: 

� The warning system should provide the mobile service provider with the area of the warning, 

based on the early-warning information; 

� The system should be location-based so that the warning could be sent to all the mobile 

phones in the chosen area, including visitors as well as residents present in the chosen area; 

� The message should be clear and simple to contribute to the best response from the 

population. 

After defining the criteria for the warning system, the next steps were to define the text message, the 

location for the test and also the way to identify the people to be warned. The setting chosen for the 

warning exercise was the Seixal municipality, as it is one of study areas of the project. .  

The purpose of the MOLINES “warning message” test was to demonstrate how modern technologies 

can be used and enhance current warning systems. In particular, our intention was to send a mobile 

phone-based warning message to selected phone numbers in Seixal to determine the reliability and 

coverage of such systems, as well as a preliminary evaluation of the possible population response. 

The planning of the exercise was carried by LNEC, in cooperation with the local and national civil 

protection authorities. 

In general, phone-based warning messages can be sent through the use of different technological 

solutions: population-based technology and location-based technology. 

Using a population-based technology, identified residents on the warning area would receive a 

warning on their mobile phone, but visitors travelling through the warning area would not receive the 

warning. In this case, mobile phones belonging to residents in warning area, but not being in warning 

area during the exercise, would also receive the warning. Visitors travelling through the warning area 

would not receive the warning. 
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In the case of using a location-based technology, all system provider mobile phones within the 

warning area would receive the warning as a text message. Hence visitors or tourists roaming on the 

system provider’s network would also receive the warning. 

For simplicity and independence relative to the SMS providers, the project team opted for a 

population-based technology. The warning exercise was done with the cooperation of the local 

authorities. No information was sent about the exercise, to better simulate the real behavior of the 

warning recipients. 

The warning exercise was performed on February 25th, 2016 using the facilities provided by the Seixal 

municipality mobile phone services provider bulk message platform. The warning message was sent 

out at 17:50, to 252 people. 

 

Figure 6.9 – Warning message: Drill – The Seixal municipality is testing a population warning system using SMS. 
Please cooperate with this drill and send back GOT IT to 931234567 

Evaluation 

An analysis of the test was then performed. By combining the logging capabilities of the bulk message 

platform with an electronic survey we aimed to measure the efficiency of the warning system by 

answering the following questions: 

� Did the warning message reach everyone we targeted? 

� How many were alerted? 

� How many reacted to the warning? 

� Does the population want to be warned through this channel? 

� How should this communication channel be supplemented? 

The warning message asked for a reply from the part of the recipients to simulate their action in a real 

crisis situation. The log capabilities of the bulk message platform (Figure 6.10) registered that 225 out 

of the 252 phones received the message, while 26 didn’t receive because the message validity time 

(1:10) expired (e.g. because the phones were disconnected or without battery).  
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Figure 6.10 – Bulk message platform 

 

The electronic survey was completed by 125 people (Figure 6.11), several of whom had received the 

message.  

 

Figure 6.11 – Warning Population Electronic Survey 

Some of the respondents are heavy users of SMS (23.2% receive more than 30 SMS per day), while 

others use this service lightly (25.6% receive less than 5 SMS per day) (Figure 6.12). 
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Figure 6.12 – Results of the electronic survey 

Nearly all of the respondents (97.5%) supported this way of sending warnings, but a small minority 

would prefer to receive through other channels. Everybody would prefer to have supplementary 

warning channels. In a real emergency situation, the use of a local radio would probably be one of the 

best ways to supplement the information to the general public. 

This analysis showed that by implementing emergency population warning systems, civil protection 

authorities can effectively inform the general public of an incoming hazardous event. These systems 

have the ability to improve emergency and rescue operations. Implementing reliable and efficient 

population warning systems should be a high priority for emergency management, in order to save 

lives and better protect the population. 

Given that the technical aspects of location-based technology in mobile phone networks are entirely 

feasible (e.g. by using cell broadcast or by using the internal databases of the phone network), the 

roadblocks for adopting the technology can be solved by improvements in the emergency legislation 

(e.g. requiring the operators to participate as was done in Netherlands and Lithuania) and addressing 

some aspects of the data protection legislation (e.g. allowing location logging of recipients in crisis 

situations). 

6.3 Emergency guidelines  

Emergency guidelines are defined according to the two scales of analysis that characterize the 

project: regional scale for the entire Tagus estuary, and local scale for the Seixal municipality. 

Subjacent to the defined guidelines at the regional level, it was concluded that a proactive and 

preventive approach is needed which – based on the results of the risk assessment-related tasks 

(tasks 1 to 7) regarding historical impacts, hazard, exposed elements and vulnerability (see Figure 

6.13) –, anticipate the consequences and recurrence of flooding scenarios, permitting to plan risk 

management strategies in advance. 
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Figure 6.13 – Applications of vulnerability assessments in risk management 

At a regional scale, early warning systems were identified as crucial in the management of risk 

communication and stakeholder involvement. The former would be devoted to inform and make more 

aware risk groups, families and citizens, and the later would require an institutional approach 

connecting civil protection agencies, sectorial risk managers, local municipalities and transport 

entities. In terms of planning, flood risk management was concluded to be much more extended than 

the emergency response alone, to incorporate risk planning for social assistance and population’s 

mobility.  

Table 6.1 – Potential applications of territorial vulnerability Information in early  
warning and planning of estuarine flood risk management (Source: Santos et al., 2015b) 

Early Warning 

Communication Involvement 

Risk groups 

Families 

Citizens 

Civil Protection 

Sectorial Risk Managers 

Local Municipalities 

Transport Entities 

   

Planning 

Social Assistance 
Population 

Mobility 

Emergency 

Response 

Critical infrastructure 
management 

Redundancy 

system capacity 
Contingency plan 
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At the local level, the research developed in the Seixal municipality allowed to sustain a set of 

emergency guidelines which involve local and national civil protection agents (see Freire et al., 2016). 

The guidelines are contextualized in the four emergency management stages that define the 

commonly designed disaster cycle: preparedness, response, recovery and prevention/mitigation. This 

is also the logic behind the official and mandatory emergency planning instruments at the municipal 

level, to which the defined guidelines are complying with. A list of recommendations was defined in 

order to facilitate the integration of the present guidelines in the Seixal Municipal Emergency Plan: the 

early warning system implemented within the MOLINES project continuously monitors and informs 

local civil protection agents; depending on the level of the alert, assets and population at risk, 

communication routines are foreseen to upscale the level of involvement (to the district or national 

level) as well as to involve local and regional entities (related to economic activities, mobility, fluvial 

transport, education, environment and health equipment, and individually to risk groups and potentially 

affected citizens); the defined critical points are suggested to be the target of specific civil protection 

preparedness and response procedures. 

In both scales of analysis, the guidelines highlight a concern for mobility contingency, as demonstrated 

by the historical databases of damages (both regional and local databases) and the identification of 

exposed elements and vulnerability drivers. 

6.4 Spatial planning guidelines  

Based on relevant literature and field observations a set of 26 possible adaptation actions for the 

urban riverfront of Seixal were compiled. These actions were divided into structural-/non-structural 

measures, and further sub-divided into “hard/grey”, “green” and “soft” adaptation actions. A sub-set of 

19 actions was then selected as viable and recommended to be implemented locally in Seixal 

waterfront (Figure 6.14). These actions range in scope (from small actions at the dwelling scale to 

large, region-wide policy shifts or improvements to the legal framework), in the time horizon expected 

for their full implementation (some have already been implemented or could be within a couple of 

years, others would require a generations’ time or more to be concluded), and in the costs involved. 

The actions are equally characterized on the level of “regrets” they entail. Some actions, and 

especially those garnering multiple benefits and flood protection with existing conditions, are 

considered of low- or no-regrets. Others, would only be of real use if expected scenarios of sea-level 

rise come to be, and would be either wasteful or would be of negative impact if not. These are high-

regrets actions, and should be avoided while there is a significant level of uncertainty over the 

timeframes of sea-level rise. A description of these actions is presented in Pinto (2016) and complete 

discussion is in Freire et al., 2016. 
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Figure 6.14 – Selection of adaptation actions to coastal flooding and sea-level rise in the municipality of Seixal 

 

6.5 Flood risk management guidelines for actors (dissemination) 

Based on the work developed within the project, a Flood Risk Management Guidelines for Actors was 

developed (Sá et al., 2016). This publication aims to list the best practices and existing tools for the 

management of floods, based on the framework for action of Floods Directive - Directive 2007/60/EC - 

with special attention to urban and peri-urban component, where there are significant risks and 
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vulnerabilities, being also a contribution to a more sustainable development by increasing the 

resilience of communities thus assisting to an effective implementation of a National Strategy for 

Disaster Reduction in the framework of United Nations ISDR. From the point of view of protection and 

relief this document is an asset in seeking to systematize the procedures inherent in the whole 

process of planning in areas of risk, specifically to the entities responsible for the development of civil 

protection emergency plans and generally to all the entities directly linked to the Portuguese National 

System of Civil Protection and others with the duty of cooperation in pursuit of Civil Protection 

purposes. 



PROJECT MOLINES: MODELLING FLOODS IN ESTUARIES.  
FROM THE HAZARD TO THE CRITICAL MANAGEMENT 

Final Report 

LNEC - Proc. 0604/111/18595 45 

7 | WP6 MANAGEMENT AND DISSEMINATION (TASKS 13 
and 14)  

The project scientific and technical management and dissemination activities are gathered in the WP6, 

divided in two specific tasks.  

7.1 Task 13 Scientific and technical management  

This task is dedicated to the scientific and technical management. The functioning and coordination of 

the team was ensured by the Principal Investigator (PI), assisted by the coordinators of the work 

packages (Table 1.2), in order to ensure the fulfillment of the project program and the technical 

coordination. General and sectorial team meetings were fundamental to promote the collaboration in 

task execution and the good communication within the team and with the project consultant. The 

technical workshops promoted the communication between the team and the local and national 

stakeholders. 

Four general project team meetings, 2 technical workshops and a final workshop took place (Table 

7.1, agendas in Appendix 1). The team general meetings, involving the project consultant, Dr. Xavier 

Bertin, by skype, allowed a periodical monitoring of the project progress and the planning of the future 

actions, as well as the discussion of management issues. In the project technical workshops, a 

detailed discussion of the on-going activities with national and local stakeholders allowed the 

integration of different views and dimensions in the project activities with a great benefit to the final 

outcomes. Several sectorial task meetings and specific meetings with the stakeholders (e.g. to discuss 

the early-warning system or the population warning exercise with the municipality services and local 

civil protection agents) also took place whenever needed. The final workshop promoted a broad 

dissemination of the project results to managers and technicians, to national and local stakeholders, 

as well as general public (described in detailed in task 14). 

A cooperation protocol between the Consortium of the project and the Municipality of Seixal was 

signed for collaboration and information transfer during the project. Partnerships between the 

Consortium of the project and the Portuguese Environment Agency (Agência Portuguesa do 

Ambiente - APA) and the Port of Lisbon Authority (Administração do Porto de Lisboa - APL) were also 

made official. 

Two annual scientific progress reports were submitted to FCT.  

A dedicated folder in Dropbox facilitated the file exchange between the project participants and the 

stakeholders. 

The expected results of this task were clearly achieved. 
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Table 7.1 – Project general meetings and workshops 

Type Designation, local, date 

Team general 
meetings 

Kick-off meeting 
LNEC 
24/09/2013 

1 st Progress meeting 
ANPC 
24/02/2014 
 

2 nd Progress 
meeting 
LNEC 
27/06/2014 
 

3nd Progress 
meeting 
LNEC 
20/04/2015 
 

Tecnhical workshops 

1st Project Workshop 
LNEC 
27/06/2014 (1) 
 

2nd Project Workshop 
LNEC 
20/04/2015 (1) 
 

  

Final Workshop 
Final Workshop 
ANPC 
12/11/2015  

   

(1) with representation of the following institutions: Agência Portuguesa do Ambiente (APA), Administração 
do Porto de Lisboa (APL), Câmara Municipal do Seixal, Simarsul e Simas de Oeiras/Amadora. 

 

7.2 Task 14 Dissemination  

The dissemination 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: 

PT: http://www.lnec.pt/hidraulica-ambiente/pt/projectos/detalhe/molines-modelacao-da-inundacao-em-

estuarios-da-avaliacao-da-perigosidade-a-gestao-critica/ 

EN:  http://www.lnec.pt/hidraulica-ambiente/en/projects/details/molines-modelling-floods-in-estuaries-

from-the-hazard-to-the-critical-management/ 

The dissemination to the scientific community was made essentially through the publication in peer-

review journals and presentations in national and international conferences (section 8). The 

publications of the project include 3 book chapters, 3 papers in peer-review journals and 2 submitted, 

7 publications in proceedings of international conferences and 12 of national conferences, one PhD 

thesis and a Guideline for Actors. 

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

general public was made through different channels including: 

- A flyer of the project in Portuguese and English was prepared in two different formats 

(Appendix 2): presentation of the project and dissemination of the main final results; 

- Project technical workshops; 

- Specific meetings with stakeholders for the project presentation; 

- Invited presentations in seminars (e.g. at the Portuguese Agency of the Environment - 

Appendix 3); 

- Publications in dedicated newspapers (Jornal Água e Ambiente and Jornal Alto Risco – 

Appendix 3). 
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Besides the above channels, the final workshop of the project allowed a wide dissemination of the 

project objectives and results. The final workshop (Figure 7.1 and Appendix I for the agenda) included 

7 communications of the project team and two invited speakers, the project consultant Dr. Xavier 

Bertin (La Rochelle University) and Dr. John Tacken (NL-Alert). The workshop had about 90 attendees 

representing several institutions (e.g. Portuguese Agency of the Environment, Port of Lisbon Authority, 

Hydrographic Institute, municipal civil protection services and municipalities, other research 

institutions), most of which with national and local responsibilities in flood risk management. 

 

 

 

Figure 7.1 – Aspects of the Final Workshop that took place in the Autoridade Nacional de Proteção Civil 

The document Flood Risk Management Guidelines for Actors (Sá, 2016), prepared within the project, 

lists the best practices and existing tools for the management of floods and is addressed to all the 

entities directly linked to the Portuguese National System of Civil Protection, and others with the duty 

of cooperation in pursuit of Civil Protection purposes. 

The expected results of this task were clearly achieved with a broad dissemination of the project 

results in different targeted audiences. The expected output indicators were in general reached and in 

some cases exceeded: 8 papers in international journals and books chapters (4 proposed); 7 

communications in international conferences (6 proposed); 12 communications in national 

conferences (6 proposed); 20 reports (2 proposed); 3 organizations of seminars and conferences (2 

proposed). Exception is the publication in national papers that was compensated by a wider 
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dissemination in proceedings of national conferences and other forms targeting different audiences as 

described above. Advanced training was also achieved through a PhD thesis.  
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8 | Publications of the project 

8.1 Book chapters  

Rilo, A., Freire, P., Tavares, A.O., Santos, P.P:, Sá, L., 2015. Historical flood events in the Tagus 

estuary: Contribution to risk assessment and management tools. In: Safety and Reliability of Complex 

Engineered Systems – Podofllini et al. (Eds) 2015, Taylor & Francis Group, London, ISBN 978-1-138-

02879-1: 4281-4286. 

http://www.lnec.pt/fotos/editor2/dha/DHA%20PDFs/534_rilo_et_al_2015_historical_flood_events_esrel

.pdf 

Santos, P., Tavares, A.O., Fortunato, A.B., Rilo, A.R., Freire. P., 2015. Assessment of social 
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8.4 Proceedings in national conferences 
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2014, Instituto Hidrográfico, Lisboa: 151-154. 
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Freire, P. M. S., Tavares, A. O., Fortunato, A. B., Sá, L., Oliveira, A., Rilo, A., Santos, P. P., 2015. 
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Freire, P., Fortunato, A. B., Rodrigues, M., Santos, P. P., Rilo, P., Tavares, A. O., 2016. The effect of 

storm events in the Tagus estuarine margins. Atas das 4as Jornadas de Engenharia Hidrográfica, 
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10 | Main results and critical appraisal  

The proposed project scientific objectives were clearly achieved. The project contributed to the 

knowledge improvement on flood process in estuaries, and in particular the Tagus system, and with 

an innovative approach to support flood risk management in transitional systems taking into account 

different levels of the decision-making process. The results of the project also contributed to the 

capacity-building of the participant institutions through the availability of information and the 

improvement of tools (e.g. risk assessment approaches, numerical modelling, real-time forecast 

system).  

The main project results are: 1) the knowledge improvement of estuarine margins flooding processes 

taking into account different hazard sources; 2) the characterization of the causes and effects of floods 

in the Tagus estuary, in particular at the study sites that include urban areas (Dafundo and Seixal); 3) 

numerical modelling of natural and urban floods to support an integrated flood hazard analysis at a 

local scale (Dafundo); 4) the assessment of flood risk in the Seixal waterfront for different climate 

scenarios through the integration of hazard, exposed elements and territorial vulnerability evaluations; 

5) the development and application at a local-scale of an integrated approach to support flood risk 

management in transitional systems taking into account different levels of the decision-making 

process, emergency and land-use and occupation planning; 6) at the emergency level, the 

development of a WebGIS interface providing innovative early-warning systems for the Tagus estuary 

(including Seixal and Dafundo areas) and the Portuguese coast; 7) the proposal of emergency 

planning guidelines to assist the municipal civil protection authorities in preparedness and emergency 

response; 8) the proposal of a set of flood adaptation actions based on land-use and occupation 

measures to increase resilience in face of flooding and future sea-level; 9) the design of a population 

warning system and a warning test in controlled conditions using mobile technology; 10) Flood Risk 

Management Guidelines for Actors, listing the best practices and existing tools for the management of 

floods. 

The team dynamics enhanced a wider dissemination of the project results than the expected at the 

time of the proposal. The expected output indicators were in general exceeded (Table 10.1): 8 papers 

in international journals and books chapters (4 proposed); 7 communications in international 

conferences (6 proposed); 12 communications in national conferences (6 proposed); 20 reports (2 

proposed); 3 organizations of seminars and conferences (2 proposed). Exception was the publication 

in national papers that was compensated by an extensive dissemination in proceedings of national 

conferences and other forms of communication, targeting different audiences (project webpage and 

flyer, technical workshops, specific meetings with stakeholders for presentation of the project, invited 

presentations in seminars, publications in newspapers). Within the project, advanced training was also 

achieved through a PhD thesis.  
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The expertise of the participant institutions and the other dimensions added by the close collaboration 

with the local and national stakeholders made possible the integration of different strategies and 

approaches that typically are used independently in flood risk analysis. Also, the development and 

implementation of the early-warning system for the Seixal waterfront benefited from the strong 

cooperation with the Seixal municipality and the local civil protection services. 

 

Table 10.1 – Expected and accomplished output indicators 

Description proposed achieved 

A - Publications   
Books chapters  3 
Papers in international journals 4 5 
Papers in national journals 6  

B - Communications   
Communications in international meetings 6 7 
Communications in national meetings 6 13 

C – Reports (including the Guidelines for 
Actors) 

2 20 

D - Organization of seminars and 
conferences 

2 3 

E - Advanced training   
PhD theses  1 
Master theses   
Others   

F - Models   
G - Software 5 5 
H - Pilot plants   
I - Prototypes   
J - Patents   
L - Other  
Webpage 
 

 
1 

 
2 
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First Progress Meeting Agenda 
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First Technical Workshop and Second Progress Meeting Agenda 
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Second Technical Workshop and Third Progress Meeting Agenda 
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Final Workshop Program 
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ANNEX II 
Project flyer
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Flyer the the project presentation  
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Flyer for dissemination of the project main final results 
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ANNEX III 
Dissemination of the MOLINES project





PROJECT MOLINES: MODELLING FLOODS IN ESTUARIES.  
FROM THE HAZARD TO THE CRITICAL MANAGEMENT 

Final Report 

LNEC - Proc. 0604/111/18595 79 

 

Invited conference in Agência Portuguesa do Ambiente, 04/12/2013 
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Newspaper: Jornal Água e Ambiente, 04/02/2016 
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Newspaper: Suplemento do Jornal Alto Risco da Associação Nacional de Bombeiros 
Profissionais (instituição de utilidade pública), N.º54 | 7ª Série | Dezembro 2015 
 
 
 

 



Divisão de Divulgação Científica e Técnica  - LNEC




