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Abstract. Coastal areas are highly vulnerable to climate change and, in these areas as elsewhere, the assessment and 
management of climate risks is a key issue. Among natural hazards, flood is one of the most damaging. Flood mapping 
supports risk assessment and management. In the last decade, new technologies have allowed many innovations in 
cartography, both in the data acquisition, processing, and modelling phases. In flood mapping, the identification of data 
and the methodological approach are the first key aspects. Other fundamental aspects are the visualization, transfer and 
communication of data to different users. Graphic semiology is the discipline that identifies the techniques that make 
data usable.  In this contribution, key steps of flood mapping are analysed, through the study of techniques and products. 
Furthermore, possible directions for mapping research and development to support flood assessment and management 
are identified. To validate the theories, the process of developing a flood risk map of road system will be illustrated.   

1 Introduction   
Coastal zones are areas of transition and high 

interaction between the terrestrial and the marine 
environment, vital areas for the biosphere where 
continuous exchanges of energy and matter take place in a 
mutual and continuous equilibrium. The natural richness 
of the coastal zone has allowed the development of many 
activities and the establishment of numerous cities. 
However, at the same time the areas are highly vulnerable 
from both environmental and climatic aspects (Crossland 
et al., 2016).  

Compared to the pre-industrial period, by the end of the 
21st century, global temperatures are expected to increase 
from +1.5° to +2°. The change of temperature directly rise 
the frequency and intensity of natural phenomena, such as 
sea level rise, sea temperature and concentration of CO2 
and consequently acidification of water, intensification of 
extreme weather events (cyclones, storms and storm 
surges), alteration of wave motion, alteration of 
precipitation, and finally the increase of run-off (Nicholls 
et al., 2007).  

In major coastal cities, flood risk is a critical hazard in 
terms of damage to people and to the built and natural 
environment (Hallegatte et al., 2013). Flood is defined as 
the overflowing of the normal confines of a water body or 
the accumulation of water in areas normally without it. 
Floods can occur due to a variety of causes such as river 
floods, flash floods, heavy rainfall, storm surges in coastal 
areas or failure of the sewerage system in urban areas 
(IPCC, 2018). In coastal areas, hazards are interconnected, 

e.g. gradual sea level rise contributes to erosion 
phenomena accelerating the dynamics of sediment 
transport. At the same time, erosion and sea level rise 
increase the likelihood and intensity of possible flooding 
due to tides, storm surges, wind or heavy rainfall (Zhu et 
al., 2010). 

In recent decades, with the introduction of computer 
modelling and mapping, coastal flood risk analysis has 
been greatly improved. Flood mapping is a crucial 
component of flood risk management process, in which 
advances in analytical modelling must be accompanied by 
advances in communication and dissemination of 
information (Coller et al., 2018).  

There are many research institutions working on risk 
assessment through multiple projects such as EUROFlood, 
EUROTAS, FLOODAWARE, FLOODsite, FLOOD-serv, 
FLOODS or LISCOAST. Several large-scale European 
flood maps have been developed. Despite the significant 
socio-economic impacts of coastal flooding and the 
imperative menaces of climate change, there is a lack of 
information and predictive capability of local-scale 
modelling, mainly due to the complexity of coastal 
environment and the strong interaction between different 
hazards (Paprotny et al., 2019). 

In the context of flood risk management planning in 
Europe, a positive impulse was given with the introduction 
of the 2007 European Flood Directive focusing on flood 
risk assessment and management. In addition, two specific 
directives for coastal zone management can be 
highlighted: the Maritime Spatial Planning (MSP) and the 
Integrated Coastal Zone Management (ICZM) 
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(2013/0074/COD). The two instruments are 
complementary: the MSP plans define a mapping of 
existing human activities and identify possible future 
developments, while the ICZM aims to ensure an 
integrated management of these activities (Addis et al., 
2015). The MSP is one of the main instruments for the 
implementation of the ICZM in the marine part of the 
coastal zone, and the integrated application of the two 
instruments is necessary due to the strong environmental, 
social and economic interactions between land and sea 
(Ramieri, Bocci et Markovic, 2019). Both directives must 
be applied in coherence with the Water Framework 
Directive (WFD) (2000/60/EC). 

The article aims to identify the key steps of traditional 
coastal and non-coastal flood mapping methodologies and 
contextualise them in the contemporary era, characterized 
by the big data and the new technologies. Finally, will be 
identify future research and development prospects for 
coastal flood mapping. 

2 Flood hazard and flood risk mapping 
  
Flood mapping allows the visualisation of the results 

of floods assessments, and the two processes are therefore 
closely interrelated. Four phases can be identified: 
assessment, evaluation, management and measuring 
(IRGC, 2006). The mapping phases mainly support the 
assessment and management phases where the 
visualisation of flood hazard, flood risk and of 
management options, in the geographical context, is very 
important. 

Assessment and mapping processes are complex, 
multidisciplinary and involve technical, social ecological 
and economic aspects, requiring specific, systemic, and 
rigorous methodological approaches. To prepare a flood 
map, it is essential to define the purpose, the target 
audience, the covered area and therefore the degree of 
detail and the scale (APFM, 2013). 

In the article 6 of the European Flood Risk Directive, 
the European Union requires its member states to prepare 
flood hazard maps and flood risk maps. Flood hazard 
represents the potential occurrence of a natural or human 
induced event, trend or physical impact that may cause loss 
of life or damage to health, as well as damage to buildings, 
infrastructure, services, ecosystems and/or resources 
(IPCC, 2014). Flood risk is the combination of the 
probability of a flood event and of the potential negative 
consequences associated, so flood risk maps show the 
consequences associated with the flood scenarios 
presented in the flood hazard maps. The hazard map is 
therefore the fundamental input for the vulnerability and 
risk maps and can be obtained through an historical, 
geomorphological, or modelling approach.  

Flood mapping supports spatial planning, prevention, 
through preliminary assessment and risk management 
planning, response and recovery phases after critical 
events. It also supports the increase of risk awareness 
among the public and insurance management (van Alphen 
et al, 2009). The types and main characteristics of flood 
hazard maps (Tab. 1) and flood risk maps (Tab. 2) are 

illustrated. Other types of maps such as emergency maps 
or insurance maps complete flood risk assessment 
(Excimap, 2007). 

 

Maps Main characteristics 

Flood hazard 
maps Spatial distribution of flood hazard   

Flood extent map Spatial distribution of possible floods 
for given probabilities 

Flood depth map Spatial distribution of water height 
obtained through 2D and 1D models 

Flow velocity and 
flood propagation 

map 

Spatial distribution of flood hazard 
through water flow velocity and/or 

velocity of flood propagation 

Flood danger map 

Spatial distribution of the degree of 
flood hazard (in terms of depth, 
velocity, debris, frequency), the 
evaluation can be quantitative or 

qualitative 

Event map Spatial distribution of the historical 
events 

Table 1. Types and contents of flood hazard maps, own 
elaboration from (Excimap, 2007). 

Maps Main characteristics 

Vulnerability 
maps 

Spatial distribution of vulnerabilities 
such as population, assets, 

infrastructures, and activities 
potentially affected by a flood 

Flood defences 
map 

Spatial distribution of defence 
systems and/or their ability to protect 

natural and/or anthropic systems 

Flood damage 
map 

Spatial distribution of potential 
damage elements, existing or related 
issues in flood hazard areas, such as: 
population, infrastructures, activities, 

heritage, buildings, etc.  
Table 2. Types and contents of flood risk maps, own 

elaboration from (Excimap, 2007). 

The challenges in mapping urban coastal flooding 
derive from complexity the phenomena and of the coastal 
environment. Coastal flooding is in fact the product of 
several hazards, event-based, such as storm surge and 
wave action, or gradual, such as high tide and sea level 
rise. At the same time, defence systems greatly influence 
the mapping, making necessary more accurate modelling.  

3 Cartography and cybercartography for 
flood risk mapping 

Cartography, the discipline that focuses on the study of 
maps, was born in ancient times as a tool to support 
humans in their travels and explorations. The aim of 
cartographers has always been to find the right balance 
between the multiple information that maps contain and 
communicate and the most realistic reproduction of 
territories. The introduction of new technologies has 
changed the ways in which maps work through 
representation, visualisation, and design (MacEachren, 
1995).  
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Coastal flood mapping has been developed in recent 
years and the wide variety of models has replaced the 
traditional use of paper maps thanks to the use and 
facilities of web mapping (Batista, 2018). To produce risk 
maps, paper o digital, it is necessary to: 
1) identify data sources and methodological approach; 
2) transform data into usable information through graphic 
semiology; 
3) merge all the information operating an overlay; 
4) and finally, analyse the data. 

The four steps are represented and described in the 
following paragraphs, through the exemplification process 
of the elaboration of flood damage map of roads-buildings 
system in a coastal area.  

Road transport system is one of the critical 
infrastructures most impacted by flood events and, at the 
same time, has a fundamental role allowing the movement 
of people and assets especially during emergencies events 
(Pregnolato et al., 2017). 

3.1 Data identification and methodological 
approach 

In the processes of climate risk assessment and 
management, the knowledge of territories and hazards 
requires the integration of both technical and operational 
expertise. Cartographers identify the main data sources 
and methodological approach to develop flood maps as 
firsts key aspects in relation to the accuracy and to the 
degree of detail and to the scale. 

Before the advent of new technologies, were used to 
construct maps written texts, such as newspaper articles or 
detailed reports, historical photographs, historical maps 
(Fig. 1) or even paintings and data, archived in libraries or 
in national archives. In recent times, a multitude of written 
and geographic data can be used, obtained through 
modelling and simulations, surveys, investigations, and 
remote sensing data processing (APFM, 2013).  

For flood mapping, two essential data are hazard data 
(historical or obtained through simulation models) and an 
accurate topography of the terrain. In order to complete the 
analysis, data on land use and related information are 
required, including data on population, socio-economic 
aspects, presence of critical infrastructure, protected 
natural environments among others. 

For example, for analysing the road system impacted 
by flood scenarios, are necessary at least two database, 
road infrastructures and flooded areas, showing the 
necessity of multiple data to understand direct and indirect 
impacts. 

3.2 Graphic Semiology 

To transform the main data sources into usable 
information, it is necessary to graphicise the data. In the 
flood risk assessment process, the main problem is how the 
information is communicated and perceived by 
stakeholders.  

Data representation and visualization are one of the 
main issues in the production of flood maps. The discipline 
that deals with the representation of data and information 

is the graphic semiology. Jacques Bertin, in his book 
Sémiologie graphique, shows how the three elements of 
the plane  (points, lines and polygons), adequately 
positioned, can be represented through six visual variables: 
size, value, grain, colour, orientation and shape (Bertin, 
1967; Fig. 1). 

 

 
Figure 1. Application of the six visual variables of J. Bertin for 

flood mapping, exemplification of a flood map of subways 
stations. Edited by the authors. 

The professor and geographer Gilles Palsky points out, 
in his research, how the principles introduced by Bertin 
can be considered as a new "grammar" based on the 
preliminary analysis of the information (the meaning) and 
the means of the graphic system (the signifier). This 
grammar is made up of rules, e.g. for the construction of 
images it is fundamental the correct use of visual variables 
and the rules of legibility considering the reading capacity 
of the human eye. Is, for example, important the selection 
of the correct density of symbols or the correct separation 
between figures.  The application of the rules is a guarantee 
of effective communication (Palsky and Robic, 2000; 
Palsky, 2012).  

An example of the application of graphic semiology is 
shown in (Fig. 2). 
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Figure 2. Graphic semiology, application on flood mapping for 

the road infrastructures system. Edited by the authors.  

In figure 2 the road infrastructures system is 
represented by lines, the flooded areas by polygons (maps 
1 and 3). Through the use of colour and size variables it is 
possible to identify the degree of risk determinates from 
the flood hazard level classified as high risk, medium risk 
and low risk (map 2). Furthermore, roads are classified in 
function of its importance as main road, secondary road 
and minor road (map 4). 

3.3 Graphic Overlay 

After data graphicisation, it is necessary to transform 
data into usable information.  

 The third step is the overlay method that has its roots 
in the famous book "Design with nature" by landscape 
architect Ian McHarg, known as the first intellectual who 
brought ecological planning to the attention of a mass 
audience (McHarg, 1969). McHarg's intuition was to 
superimpose transparent films containing different 
information on a base map creating a spatial model and 
recognising the analyses as an integral part of the design 
processes. Today, with the development of computer 
technology, it is possible to archive and visualise digital 
data in multiple layers using tools such as GIS or CAD 
systems (Herrington, 2010).  

By overlaying different data or maps, containing 
information of different origins and nature, it is possible to 
create composite maps to understand the complex nature 
of the urban environment. The overlaying of the different 
layers allows to visualize multiple information 
simultaneously and its therefore a complex operation that 
requires appropriate graphic techniques. Aspects of risk 
perception and communication, in fact, are key issues in 
the flood management cycle, as they contribute to public 
awareness and thus can influence the collective behaviours 
(Kellens et al., 2013). 

An example of the application of graphic overlay is 
shown in (Fig. 3).  

 
Figure 3. Graphic overlay, application on flood mapping for the 

road infrastructures system. Edited by the authors. 

Figure 3 shows an overlay (map 5) of the flood hazard 
map (map 2) and of the road infrastructures map (map 4). 
The interpretation of the maps is always subjective, e.g. 
the user can see both the non-flooded roads (map 6) or the 
flooded ones (map 7). It is therefore important to 
understand what and how it should be communicated. 

3.4 Final maps and data analysis  

To create a flood risk map, the last step is the analysis 
of the data, which can be supported, or not, by others 
information.  

Cartographers are the first to interpret the data and 
transform it into maps, then, the users have to interpret the 
graphical information (Sluter, 2001). Hazard and risk 
maps can greatly influence the awareness and risk 
perception of citizens, thus it is important to consider the 
target audience when developing maps (Houston et al., 
2017).  

An example of elaboration of the final damage maps 
for the road infrastructures impacted by coastal flooding is 
shown in (Fig. 4). Data analysis is entrusted to readers and 
so is always subjective. 
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Figure 4. Final maps and data analysis, application on flood 
mapping for the road infrastructures system. Edited by the 

authors. 

In the case of flooding on infrastructures, such as the 
road infrastructures, the interconnected nature of the 
system causes indirect damage over the spatial boundaries 
of the directly flooded area (Pant et al., 2018) as visible in 
Figure 4 (map 8). Considering intersections with other 
roads it is possible to identify as indirectly affected areas 
also crossroads (map 9) that could cause congestion also 
for roads not directly affected by floods (map 10).  

From these initial analyses it is possible to carry out 
further analyses by replicating the processes. For example 
in Figure 5 is verify the accessibility of buildings that insist 
on the road infrastructures impacted by the flood event 
(Fig. 5).  

 

 
Figure 5. Final maps and data analysis, application on flood 
mapping for the road-building system. Edited by the authors. 

As shown in Figure 5 there will be buildings whose 
access will be directly impacted (map 12) and some 
indirectly (map 13) (Fig. 5). 

3.5 Contribution of cybercartgraphy 

With the introduction of the Information and 
Communication Technologies (ICTs), such as Geographic 
Information System (GIS), web-based GIS platform and 
smartphone applications, maps have evolved into 
cybermaps and the way how data are visualized and used 
has changed. Key elements were the possibility to develop 
3D maps, the association of attributes to cartographic 
elements, the georeferencing of data into maps and the 
user-defined parameterization. In recent times, the 
introduction of virtual reality and real time updates have 
made further improvements (Semmo et al., 2015). 

The term "cybercartography" was introduced by 
Professor F. Taylor in his keynote speech during the 18th 
International Cartography Conference in Stockholm 
(Sweden), the term identifies the changing nature of maps 
and cartography related to the digital age (Taylor, 1997).  
Seven key concepts define the paradigms of 
cybercartography: maps are multimedia, multisensory and 
interactive instruments, including qualitative and 
quantitative information, are produced by interdisciplinary 
teams and can cover multiple topics responding to the 
demands of society creating research and development 
partnerships (Taylor, 2003). 

Cybercartography contributes significantly to flood 
mapping by combining three functions: integration of 
multiple resources, simultaneous data visualisation and 
map overlay, allowing users to control settings and 
zooming in/out. There are several online platforms that use 
online GIS systems and that can be considered as open 
cybermaps such as the web Géoportail of the French 
government (https://www.geoportail.gouv.fr) or the US 
federal agency NOAA's service specifically for coastal 
areas (https://coast.noaa.gov/floodexposure/; Fig. 6).  

 
Figure 6. The Coastal Flood Exposure Mapper, a service 
powered by the US National Oceanic and Atmospheric 

Administration NOAA. 

The synergy between GIS and cybercartography makes 
it possible to visualise and manage complex analyses of 
large volumes of geographical data. Tools from static have 
evolved into dynamic and geospatial big data have opened 
new fields of application in GIS systems (Ki, 2018). 

Today, web-GIS platforms are an effective decision 
support tool for decision-makers and communication to 
citizens, interactivity and user parameterisation have 
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become key requirements. Geovisualisations combine 
visualisation approaches from scientific computing, 
traditional cartography, image analysis, geographic 
information systems (GIS) for visual exploration, analysis, 
synthesis and presentation of georeferenced data 
(MacEachren et al., 2001). 

4 Current and future development   
The development of hazard and flood risk maps is a 

complex process of synthesis using different techniques. 
In coastal zones, the validation of flood risk maps is 
complex due to the highly dynamic characteristics of the 
phenomena, the exceptional nature of the events and the 
peculiarities of the coastal environment. Some parameters 
that can reduce the uncertainty of the maps are the quality 
and quantity of the data and the improvement of the flood 
simulation and visualisation processes. 

4.1 Quality of data sources 

The quality of the maps is closely related to the quality 
of the input data. The key data required to model coastal 
flooding are an accurate topographic model, tide levels, 
wave overtopping rates and floodplain friction parameters 
(Smith, 2012). The quality of information is a key issue 
especially in this historical era of abundance of 
information, in fact the data value derives from a rigorous 
approach to their use, in the aspects of selection, analysis 
and interpretation (Faghmous and Kumar, 2014). 

Given the complexity of the urban coastal 
environment, among remote sensing data, satellite data are 
strategic assets for the continuous temporal update and for 
the global coverage, to analyse, monitor and manage both 
the variables linked to natural events and to the complexity 
that characterises the territories through a multiscalar, 
multitemporal and multisource approach. Through digital 
and smart processes, it is possible to extract data without 
needing an in-situ survey. Quantitative information about 
the built and natural environment are acquired through 
sensor registration and the data are produced as a 
multispectral raster image (Brivio et al., 2006).  

For flood maps, detailed topography of terrain, DTM - 
Digital Terrain Model (Fig. 7) or surface elevation, DEM 
- Digital Elevation Model, are crucial in terms of spatial 
resolution and accuracy (Van de Sande et al., 2012).  

 
Figure 7. DTM – Digital Terrain Model Naples, obtained from 

the LIDAR relief of the National Remote Sensing Plan 
MATTM 2007, elaboration on the Naples area. Edited by the 

authors. 

Several open source databases are also available 
online, obtained by processing remote sensing images 
from planes, drones or satellites. Among them the MERIT 
DEM (Multi-Error-Removed Improved-Terrain DEM) 
developed by the University of Tokyo (Yamazaki et al. 
2017). The resolution of the DEM model for reliable 
results is desirable to be less than < 10 m (Vousdoukaset 
al., 2012).   

Also for climate data, there are a large number of 
datasets available online, as in the case of the JRC - Joint 
Research Centre Data Caralogue of the European Union, 
which has data from the Liscoast project - Large Scale 
Integrated Sea-level and Coastal Assessment Tool 
(https://data.jrc.ec.europa.eu/collection/liscoast). 

While for hazard and topographic data, detailed 
information can be obtained thanks to the contribution of 
new technologies, socio-economic information still relates 
to large scales, requiring more analytical surveys to 
produce more detailed maps. Identification legends and, 
where necessary, accompanying texts should be included 
in the maps especially if the uncertainty that characterises 
events is to be communicated. In fact, representing even 
these parameters could lead to an overabundance of 
information making the map unclear, thus the use of 
appendices and accompanying texts is preferable (Bukvic 
et al., 2020).  

4.2 Quantity of data sources  

More data sources contribute to more accuracy in flood 
risk maps by creating multiple indicators to analyse 
specific vulnerabilities and exposed elements.  

Geospatial big data have brought new challenges and 
opportunities for cartographic researchers in both 
technical, methodological and artistic aspects (Robinson et 
al., 2017). For example, through the use of socio-
economic, technological, ecological and organisational 
data sources, it is possible to investigate information on 
population structure, building characteristics or economic 
dynamics to develop urban resilience maps to flood risk 
(Serre and Heinzlef, 2018). 

For land cover/land use, several open source databases 
are available online, obtained through remote sensing 
techniques. In this context, data from the European 
Copernicus Land Monitoring Service provide a mapping 
of the European coastline for a 10 km band identifying 71 
land use classes through the Coastal Zones database. A 
more specific and detailed database, for the urban system, 
is the Urban Atlas, which consider 27 land use classes and 
it is available for the major coastal cities.  

From the Urban Atlas, for example, it is possible to 
extract data about the road system with a discrete degree 
of detail. The spatial resolution is 10m. Applying a graphic 
overlay between the road system and the Digital Terrain 
Model (Fig.7) in the Naples area, it is possible to identify 
the roads that could be impacted by a flood event and thus 
define their vulnerability (Fig. 8).  

Finally, concern the flood risk on road transport 
system, the possibility of acquiring big data in real time 
through social media alerts during a risk event allows 
authorities to intervene quickly in the areas that are most 



FLOODrisk 2020 – 4th European Conference on Flood Risk Management 

at risk through the use of GIS and GPS systems; however, 
this information must be appropriately selected (Smith et 
al., 2017). 

 

 
Figure 8. Overlay of the DTM obtained from the LIDAR relief 
of the National Remote Sensing Plan 2007 on the Naples area 
and the road system obtained from the Urban Atlas database of 
the Copernicus Land Monitoring service. Edited by the authors. 

4.3 3D flood simulation and visualization  

Over the last decades, the technical and financial 
obstacles for flood simulations have become increasingly 
low, thanks to the increase in IT technology and accuracy, 
and to the growing availability of remote sensing data.  

For hazard modelling there are two approaches the first 
and widely used considers inundated all areas below a 
certain depth of water and can be easily performed in a GIS 
system, but today new technologies allow more accurate 
modelling of coastal flooding processes through 
simulations that show overestimates of static models. 
However, the potential of GIS systems remains in the 
capability to analyse and assess vulnerable elements 
(Seenath et al., 2016). New technologies manage to 
integrate into the modelling the maximum height of the 
water comprising together with the SLR (Vousdoukas et 
al., 2016), as well as the effects of coastal defence and 
drainage (Gallien et al., 2014). From the modelling, 
datasets are then processed and made available online, 
often open source. 

Traditional cartographic methods of visualisation and 
communication of flood analyses sometimes appear 
obsolete due to the impossibility of managing and 
representing both the complexity that characterises the 
territories of contemporary cities and the high dynamism 
that characterises natural hazards, in terms of intensity, 
frequency and scale (Barroca and Serre, 2018). 

 The origins and development of graphical semiology 
were founded on the visualisation of data on a two-
dimensional plane. Today, the conversion of maps into 
three-dimensional plans allows users to visualise both the 
simulation of water flows and the topographical 
complexity that characterises the territories (Jacquinod and 
Langumier, 2010). Three-dimensional visualisations bring 
numerous benefits by supporting plans, policies and 
projects in coherence with flood risk simulations and 
predictions by combining multiple data (Wang et al., 
2019).  

Video representations are also an effective 
communication tool to involve even less experienced users 
through gamification methods (Cornel et al, 2020).  

5 Conclusion   
Flood mapping is a key aspect of the hazard assessment 

and management process. Paper or digital maps must be 
produced with appropriately derived and classified data 
through rigorous methodological approaches. 

For flood mapping, research is now pushing towards 
the integration of more and more accurate quantitative and 
qualitative data into specific support tools systems, such as 
GIS where empirical flood analyses can be carried out and 
mapped through overlay operations.  

Thanks to the support of new technologies and the 
introduction of geospatial big data, new aspects of flood 
risk in urban areas can be investigated. In this context, the 
remote sensing sector is a strategic asset. Numerous open 
source databases are available online, such as the data 
offered by the European service Copernicus. In the big 
data era, the analysis of the state of the art shows the need 
of more detailed data on socio-economic aspects, while 
new computational support tools make possible accurate 
climate hazard simulations. Hazard information can be 
either calculated or obtained from multiple online 
databases. 

The highly dynamic characteristics of the coastal 
environment and of the climate hazards suggest making 
maps in relation to the target audience, trough the graphic 
semiology. Graphic semiology, introduced by J. Bertin in 
the 1960s and today made a computerised operation, is a 
fundamental aspect for the communicative effectiveness of 
maps. Flood maps can considerably influence the 
awareness and risk perceptions of the target audience and 
are therefore crucial in flood cycle management. The 
introduction of cybermaps and related benefits allows 
users and decision-makers a greater understanding of 
floods. The introduction of 3D maps also greatly supports 
the perception of the hazard, especially for inexpert users. 

Critical infrastructures, such as the road transport 
network, are particularly sensitive to floods and it is 
difficult to assess in advance the direct and indirect effects 
that cross the spatial boundaries of the area directly 
affected by the event. However, given the strategic 
importance of allowing the movement of goods and 
people, it is important to understand the interdependencies 
that may occur. Social media data can support analysis.  

This article aims to summarise the main steps for 
traditional risk mapping and provide guidance for 
improved coastal flood mapping, identifying the quantity 
and quality of data source and the use of new technologies 
as key aspects. However, the lessons of graphic semiology 
and of overlay techniques remain fundamental. Future 
developments may lead to more detailed studies on urban 
coastal flood mapping, both in relation to risks on critical 
infrastructure and socio-economic systems. In particular, 
the integration of gradual and event-based hazards into a 
single map suggests future investigations. 
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