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EXTENDED ABSTRACT 
 

Processes of founding and expanding cities in coastal areas have undergone great 
changes over time driven by environmental conditions. Coastal settlements looked for 
places above flood levels and away from swamps and other wetlands whenever possible. 
As populations grew, cities were extending trying to avoid low and wet lands. No city has 
been able to limit its growth. The risk of flooding can never be eliminated, but only 
reduced to the extent possible. 
 
Flooding of coastal areas is today dramatically attributed to eustasic sea level rise caused 
by global climate change. This can be inaccurate. Current climate change is generating 
an average sea level upward trend, but other regional and local factors result in this trend 
being accentuated in some places or attenuated, and even reversed, in others. Then, the 
intensity and frequency of coastal flooding around the planet, although not so much as a 
unique result of this general eustasic elevation, but rather of the superposition of marine 
and crustal dynamic elements, the former also climate-related, which give rise to a 
temporary raising in average sea level in the short term.  
 
Since the Little Ice Age the planet has been suffering a global warming change leading to 
sea level rise. The idea of being too obeying to anthropogenic factors may be attributed 
to Arrhenius (1896), though it is of much later highlight after the sixties of the last century. 
Never before, the human factor had been able of such an influence on climate. However, 
other types of changes in sea levels became apparent, resulting from vertical movements 
of the crust, modifications of sea basins due to continents fracturing, drifting and coming 
together, or to different types of climate patterns. Coastal zones are then doubly 
susceptible to floods. 
  
Precipitation immediately triggers pluvial flooding. If it continues upland or when snow 
and glaciers melt eventually fluvial flooding can occur. The urban development presence 
represents modifying factors. Additional interference is caused by river and waste water 
drainage systems. Climate also influences sea levels in coastal areas, where tides as 
well as the structure and dynamic of the geoid and its crust come into play. From the sea, 
waters can flood and break or push back berms and other coastline borders. The sea 
level, controlling the mouth of the main channel of the basin’s drainage system, is 
ultimately what governs flood levels. A temporary rise in sea level acts as a dam at the 
mouth. Even in absence of that global change, so, floods are likely going to increase in 
many urban coastal areas. Some kind of innovative methodologies and practices should 
be needed to get more flood resilience cities. 
 

Keywords: changes of the climate, coastal urban flood, types of flooding, sea level rise, 
flood resilience. 
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1.  INTRODUCTION 
 

Current climate change has an anthropogenic component and it is generating a current 
upward trend in average sea level (Arrhenius, 1896). But other regional and local factors 
result in this trend being accentuated in some places or attenuated, and even reversed, in 
others. Consequently, the intensity and frequency of coastal flooding around the planet 
originating from the ocean is increasing, although not so much as a unique result of this 
general eustasic elevation, but rather of the superposition of dynamic elements, also 
climate-related, which give rise to a temporary raising in average sea level in the short 
term.  
 
Precipitation in the form of rain immediately triggers pluvial flooding (flash flooding when 
the intensity is extreme). If it continues, eventually fluvial flooding can occur. This can 
also take place when snow and glaciers melt. Other flash flooding can occur when glacial 
melting is sudden, as happens in Iceland and the Andean “Nevados” when volcanoes 
erupt (figure 1). 
 

  
Figure 1: Pictures of the Grímsvötm event (left) and Laki´s eruption (right). Volcano –

glacier events are main causes of coastal floods in Iceland 
 
Processes of founding and expanding cities in coastal areas have undergone great 
changes over time. Populations have been driven by climatic conditions and they have 
moved in both latitude and altitude with changes in climate. Damages due to floods are 
increasing not only in number but also in magnitude. Then, resilience practices will be 
necessary to protect, as much as possible, urban developments. 
 
2.  CLIMATE AND FLOODING CAUSES 
 
Climate is in fact the main cause of flooding events, though some catastrophic 
phenomena as recent Japan Tsunami, or last Indonesian ones, may burst into our minds 
confusing our reflection analysis. But Climate needs to be seen in its whole nature: as the 
result of the continuously working double thermal machine, established in a coupled way 
by sun radiation through the unequally distributed temperature on the two phases of the 
planet fluidosphere: atmosphere and hydrosphere (mainly oceans). 
 
Climate develops winds, waves, storms and currents, but also temperature and rain/snow 
processes which lead to hydrologic systems; and all these components have as a main 
regulator in the oceans so that maritime factors of the climate become the “angular stone” 
of the system: current climate, weather, generates present sea level variability as 
pluvial/fluvial/groundwater episodes which lead to most of floods, onshore as on inland 
areas, and climate changes are main factor on global sea level changes. 
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But climate changes also bring changes in the localization of meteorological events: 
latitude of extra-tropical cyclons moves upward/downward in latitude depending on 
wormer/colder climate, and so rains and dry zones do; and the same being supposed to 
happen with hurricanes and typhoons. Monsoons, however, may supposed to maintain 
their position, being mainly determined by continental and oceanic masses relative 
position, but they have to move lightly wind direction, just to displace a little their influence 
zones affecting so the evolution of the great deltas in their geographical areas, but also to 
likely affect the rain and fluvial process on the continental mountains and plains under 
their influence.       
 
If the current trend in sea level elevation is accepted, it is important to determine 
accurately its causes, being them anthropogenic or natural, climatic or morphodynamic, 
geological or quaternary. Only thusly the different trends in its direction (sign) and period 
(time) could be discerned to predict and diagnose both the extent and duration of coastal 
flooding. 
 
It is essential to distinguish between sea level rise - S. L. R. - (amount on a global scale, 
attributable to every coast and ocean on the planet) and the average specific sea level 
variation along any given coast, and also between the possible causes of general sea 
level rise due to global change (Diez, 2001). 
 
But not only changes in average sea level can lead to flooding risks; this should be taken 
into account planning urban development along the coast in order to prevent these risks. 
Other natural phenomena result in modifications to the short-term level, with the ensuing 
additional risk of flooding. Those of a variable random nature include climatic 
phenomena, and as such a last question is that of determining all the relationships 
between global climate change and those climate variables that affect sea level in the 
short term, and which have a bearing on flooding risk. In studying the trends in S. L. R., 
these effects must be gleaned from the records. 
 
3.  COASTAL FLOODING TYPES: RISKS 
 
Coastal flooding has several possible causes. However, those of a marine origin are 
generally more prevalent in the observer’s mind. In the current planetary state of alarm 
resulting from global change, any potential flooding as a result of S.L.R. has led us to 
ignore other types of coastal flooding. We should note from the beginning that not all 
coasts, much less all coastal cities, are prone to marine flooding. Except for specific 
accidents involving their own infrastructure, only those cities located in flat coastal areas 
experience flooding of a marine nature, and even then only along their most recent 
developments. Other coastal cities may be prone to flooding, but it is almost always of 
continental origin. 
 
Coastal and marine flood concepts can be open to misinterpretation. Coastal flood must 
be understood as inundation of land areas adjacent to the coast by any type of waters 
and any cause; then, sea level can make the evacuation difficult and also make the 
pluvial or fluvial coastal flood worse. And marine flood must be defined as inundation of 
land areas adjacent to the coast by sea waters or inundation, in a temporal or permanent 
way, of land areas by sea water; these are mainly due to sea level but wave and 
anthropogenic actions have to be taken into account also. 
 
In the hydrological process, the presence of urban land and landscape represent 
important, modifying factors; filtration is reduced due to the relative impermeability of the 
soil. The quantity as well as the speed of runoff consequently increases regardless of the 
slope because there is less friction. Buildings become obstacles that creates damming, 
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leading to localized flooding due to accumulation. River courses and their “floodplains” 
are often urbanized, increasing floodability and invariably the inflexibility of their banks 
and beds. The latter creates a narrowness that makes the water dam up and generates a 
wave of backwater or upstream flooding. Additional interference is caused by drainage 
systems and infrastructures carrying river and waste water.  
 
Permeability, gradual or negative slopes, and the accumulation of water on free surfaces 
favor soil infiltration and cause pooling when the quantity of water is greater than its 
drainage capacity. This pooling can be considered the first form of flooding (groundwater 
flooding) or a consequence of it. The accumulation and runoff of water on free surfaces 
can be considered the second, and the speed of runoff water can be considered the third. 
This is common in steeply-sloped land where the energy of the water, with its sediments 
and other debris, produces the greatest effect.  As the slopes of basins are reduced, the 
overflow and depth of the water’s surface becomes more decisive in the production of 
effects and damages, which are magnified by buildings and other obstacles acting as 
dams.  
 
However, climate also influences water enclosed in basins, and is particularly complex 
and diverse in the case of oceans and adjoining seas. This dynamic can also change sea 
levels in coastal areas, where tides as well as the structure and dynamic of the geoid and 
its crust come into play. From the sea, coastal plains can flood, invade sub-aerial and 
submarine estuaries, and break or push back berms and other coastline borders.  
 
Types of flood damage vary depending on the location and characteristics of the urban 
area, ultimately affected by the nature and structure of the land, the characteristics of the 
rain, and the base or evacuation level to be considered in each stretch. The latter is 
created (carved, sculpted) by upriver erosion toward the source of each headwater 
according to a parabolic curve. 
 
Sea (or lake) level, controlling the mouth of the main channel of the basin’s drainage 
system, is ultimately what governs flood levels, the structure of the channels and flood 
plains, and the evolution of the river’s profile. Climate changes and movements of the 
crust affecting the relative sea level – principal base level - cause this profile to be in a 
state of ongoing adjustment. A temporary rise in sea level acts as a dam at the mouth, 
blocking river drainage and causing a rise in the water level on the river, its floodplain and 
the surrounding areas.  If these are urban, the little natural drainage through filtration and 
the relative emergence of accompanying sub-basin or underground water accentuates 
flooding (Diez et al, 2011). 
 
Continental precipitation can occur frequently (hurricanes, extra-tropical cyclones, 
monsoons) under atmospheric conditions of relative low pressure and/or with winds from 
the sea. This raises the sea level at the estuary and on the coast in the form of a storm 
surge, and the wind blowing from the sea or accompanying the Coriolis force causes 
additional set-up (tide). Under these conditions flooding from the continental side is 
accentuated by the rise of the drainage flow base level (case of Rías Baixas, Galicia) 
(figure 2). Many floods like this are actually due to recent planning and development in 
which the variability of sea level is not properly taken into account; traditional knowledge 
of the territory had avoided the occupation of these areas. In fact, the sea level rise 
process since the Little Ice Age and other tectonic and subsiding processes have actually 
been acting in the same manner. 
 
It is possible to distinguish between: a) flooding caused by rain water where it occurs 
(pluvial), which can be intensified in urban areas because of an increase in runoff 
compared to filtration; b) flooding caused by an increase in the concentration of runoff in 
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a river channel (fluvial), which in an urban area can be intensified by the occupation of 
the floodplain or the increased rigidity of the channel; and c) flooding caused by the 
emergence  of underground and sub-basin waters (groundwater flooding) resulting from 
the saturation of the soil and subsoil from intense and prolonged periods of  infiltration 
without sufficient drainage. In urban areas this can be accentuated by drainage 
infrastructures. And d) flooding caused by the elevation of the base drainage level, typical 
of sea and lake coastal zones where tides or other causes can increase with greater or 
less frequency, and which in urban areas can be accentuated by the reduction of the 
filtration capacity of the natural soil. There also exist situations called joint flooding in 
which two or more types of floods can occur simultaneously when their causes converge. 
 

 
Figure 2: Paths of Hurricane Katrina and Hurricane Ike 

 
4.    URBAN DEVELOPMENT OF COASTAL AREAS. FLOODING VULNERABILITY 
 
Coasts in temperate climates with moderate or low humidity have allowed for earlier 
urban development. And structural coasts, especially if protected by some elevated 
orographic feature that affords a defensive stronghold, have favored cities more than 
those coasts of a sedimentary nature, for reasons of security, health and hygiene. But 
sedimentary coasts offer better conditions for agriculture and have attracted later a larger 
population.  
 
This apparent contradiction has been solved through the selective settling of cities atop 
hills or on hillsides, or atop peaks or other elevated features of deltas and other littoral 
plains that are easy to drain and above flood levels. This happens in the Mediterranean, 
where its coastal cities are close to a protective mountain (Athens, Genoa, Monaco, 
Barcelona, etc.). In their absence, cities had to be built on drier and higher ground more 
inland (Rome on its seven hills, Valencia or Alexandria on their deltas, Venice on an 
interior relict barrier island of the ancient Po Delta). 
 
Risk of flooding can never be eliminated, but only reduced to the extent possible. With 
time, as populations grew and expanded, cities were established in other climates, above 
flood levels and away from swamps and other wetlands whenever possible. New 
Orleans, for example, suffered from Katrina’s floods. No less typical is the occupation of 
the new Dutch polders in the 16th and 17th centuries, which required significant 
modifications of the terrain to drain them.  
 
But no city has been able to limit its growth, and the systems for protecting against floods 
have not kept up with the pace of expansion of coastal cities. Enormous conurbations in 
the world today are at huge risk, mainly in deltaic areas of South and Southeast Asia, 
Sub-Saharan and equatorial Africa and the Gulf of Mexico. The great European delta 
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formed by the Rhine, Meuse and Scheldt rivers has required drastic transformations in 
order to protect its many large cities (most of them on land reclaimed from the sea) from 
the risk of flooding, or to lessen it.  
 
The problems in all of these areas are not just from S.L.R. and associated climatic 
effects, but also due to subsidence and isostasy, which always affect these types of 
coasts, and which are exacerbated by the transformation of terrain and by settlements, by 
urbanization and edifications, and by the expansion of their cities into ever lower 
elevations. In every case in question, the cities have spread into areas below the 
probable average sea level if not originally founded there. 
 
As consequence, damages due to floods are increasing in number and even in 
magnitude. This drives then to the necessity of more resilient policies about urban 
development.  

 
5.  URBAN FLOOD RESILIENCE 

 
As consequence, living with floods became an aim in many coastal cities; and we can 
consider this process to be the origin of the concept of Urban Flood Resilience (Pasche 
et al, 2007).  
 
Traditional flood defence strategies try to reduce the flood risk through blocking the 
pathway using dikes and walls. Flood risk management deals with the flood problem in a 
more holistic way adapting all components of flood risk. In this context the flood resilience 
strategy gains great importance as it seeks to reduce the exposure and vulnerability of 
the receptors which are the population, the built environment and the urban infrastructure.  
 
Resilience measures not only consist of individual technical solutions but they need to be 
integrated to a safety chain (Ashley et al, 2007) which requires the development of 
resilience systems and tools. The most important aspect of those new strategies is their 
adaptability and flexibility. The strategy, where the solutions can be gradually 
implemented, giving the time to the system to develop capacity for the changes, becomes 
an imperative for managing floods in urban areas. It follows the resilience principle, which 
is defined as the ability of a system/community/society/defense to react to and recover 
from the damaging effect of realized hazards (FLOODsite). 
 
Urban flood resilience can be obtain not only through planning and building 
infrastructures, that in many cases may not be enough, but through different technologies 
and systems too. A way to improve Flood Resilient (FRe) technology is to reduce 
deficiencies and obstacles in the implementation of Flood Resilience Measures, 
facilitating the design of more holistic flood defense systems and supporting the 
implementation of the new flood risk management policies (DEFRA, 2007).  
 
This technology may be based on so called smart systems that incorporate sensor 
technology, automatic control, innovative materials and high levels of performance. This 
innovation will improve the effectiveness especially in the case of pluvial and flash floods 
where extreme short response time requires automatic deployment of Flood Resilience 
systems (Salagnac, 2006). Flood Resilience systems will substantially reduce the 
damage, the costs and the health impacts associated with flood hazards. 
 
Flood resilience in urban environments relies on systems involving technical as well as 
organizational arrangements. The detail of the corresponding measures depends on local 
factors such as authorities’ flood prevention priorities, the type of flood hazard, the 
topography, the urban structure and the underground networks.  The level of resilience 
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will depend on the way the system behaves in actual conditions. It then relies on many 
factors including the efficiency of the implementation of protection measures, the 
effectiveness of these measures, the instructions given by local authorities before, during 
and after flood. 
 
6. CONCLUSSIONS 
 
Urban expansion on coastal zones has been increasing by population grown and 
displacement; and the process itself is highly increasing during last century. Climate has 
been changing in the sense of coastal flooding growing, through both sea level rising and 
several meteorological phenomena accentuation. Other longer term local/regional coastal 
changes, most occasionally favoring floods, interfere leading to more frequent and 
intense flood risks and damages. 
 
The concept of a coastal area is very imprecise, and can be understood in its broadest 
sense to apply to every territory that is directly subjected to climatic phenomena of a 
maritime nature. Using this definition, even most of the Mississippi Valley could be 
considered a coastal area. Coastal and marine floods are different in their concepts. 
Coastal flood must be understood as inundation of land areas adjacent to the coast by 
any type of waters and any cause; then, sea level can make the evacuation difficult and 
also make the pluvial or fluvial coastal flood worse. Marine flood must be defined as 
inundation of land areas adjacent to the coast by sea waters or inundation, in a temporal 
or permanent way, of land areas by sea water; these are mainly due to sea level but 
wave and anthropogenic actions have to be taken into account also. 
 
Current climate change is generating an upward trend in average sea level, but other 
regional and local factors result in this trend being accentuated in some places or 
attenuated, and even reversed, in others. Consequently, the intensity and frequency of 
coastal flooding around the planet originated from the ocean is increasing, although not 
so much as a unique result of this general eustasic elevation, but rather of the 
superposition of dynamic elements, also climate-related, which give rise to a temporary 
raising in average sea level in the short term. 
 
Flooding risk is increasing, and also the vulnerability of urban developments. Then, it is 
essential to improve the resilience of these urban developments. Planning may help to 
improve resilience in many cases, especially in new settlements; and infrastructures can 
do it in many other cases; but in most of them may be necessary other measures, as FRe 
Technologies and Systems. Better knowledge appears to be necessary to make the 
design of more holistic flood defense systems easier and to support the implementation 
of new flood risk management policies. It is essential to improve the knowledge of the 
performance of different resilience technologies, products and systems.  
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