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The aim of this study is to propose a set of adaptive strategies and design solutions to manage floods and storm 
water in cities from the perspective of an architect and urban planner, based on empirical evidence and the level 
of effectiveness of the suggested measures. The study takes as an example the city of Bilbao due to its high risk of 
suffering fluvial and pluvial flooding exacerbated by tidal variations and see level rise projections. 

Based on the application of adaptation strategies grounded on the use of green solutions and innovative design, 
scientific literature and ongoing initiatives an projects in cities have been reviewed to prepare a complete state-of-the-
art of measures and experiences to minimize the risk of flooding and provide co-benefits to Climate Change such as 
fresh water storage, biodiversity, water treatment, quality public spaces, etc.
The applicability of this inventory of solutions is analyzed in detail for the case study of Bilbao, taking into account the 
current situation with regard: a)  plans, b) stakeholders involved, c) needs and d) opportunities, and in order to give 
a respond to the lack of concreteness of many of the existing proposals against adaptation to Climate Change and 
flooding.

The result are four different projects in hotspot areas of the city that put into practice the previously gathered measures 
organized in drainage systems (from the source to the downstream control). Recommendations are suggested for 
plans (General Master Plan) and policies to accompany the physical solutions and to set a complete basis for its 
operative use by public institutions (Bilbao City Council) or even professional practitioners (architects, urban designers, 
landscape architects, engineers). 

To conclude, the paper seeks to propose alternatives to the traditional defensive approach of flooding prevention by 
implementing measures that provide other benefits for cities against Climate Change.

ABSTRACT 
Adaptation - Urban floods - Drainage Systems - Urban Design - Planning
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Climate change caused by a combination of green gas 
house emissions (GHG) generated by anthropogenic 
activities and natural factors such as cyclical variations 
in weather conditions (ESPON Climate, 2011) threaten 
the stability and global environmental balances of 
many Earth systems around the world (UNEP, 2009). 
Europe is not an exception and “extreme weather 
events resulting in hazards such as heat waves, floods 
and droughts are expected to happen more frequently” 
(EEA no.12, 2012: 6). 

Cities are the major representation of human built 
environments constituting unique artificial micro-
climates due to the constant alteration and degradation 
of their natural original conditions –replacement of 
local vegetation with artificial surfaces and buildings, 
deviation of rivers and flows, changes of the water cycle, 
etc..–. But these transformations are not innocuous, 
there is a direct cause and effect exacerbating the 
impacts Climate Change has and will have on urban 
areas. One example that illustrates this fact, is the 
reduction of storm water infiltration to the ground owe 
to the use of impermeable surfaces (asphalts and 
other continuous pavements), increasing considerably 
the risk of suffering floods (EEA, 2012). 

According to EEA (2012), flooding and storms are 
the natural hazards that have caused the greatest 
economic losses in Europe during the last decades. 
Loss of stability or collapse of buildings, damages 
in infrastructures and technical networks, health 
problems, loss of lives or downgrade of urban 
ecosistems are some of the direct impacts of floods in 
cities. Others such as the increase of social inequalities, 
loss of wellbeing and downturn of the urban economy 
can affect a whole region for longer decades. 

In 2002, more than 21 billion of USD of material 
damages were associated to rebuilding costs after 
major flood events (EEA, 2012). Furthermore, climate 
change (CC) projections for Europe (EEA, 2012) show 
a further increase in the risk of flooding –river floods, 
urban drainage flooding and risk of coastal floods 
due to the combination of sea level rise and storms– 
combined with water scarcity periods – caused by 
droughts, growing level of ground water salinity and 
unbalance between water demand and availability–.

The city of Bilbao due to its location 
and climatic conditions will be specially 
affected by river and pluvial flooding, sea-
level rise, heat waves and air pollution 
(Ramses-cities, 2013).

That is why, CC mitigation measures that seek to 
reduce the anthropogenic forcing of the climate 
system by reducing greenhouse gas sources and 
emissions are not enough. It is time for pro-active 
adaptation strategies that can act in response to 
current or expected climatic effects, take advantage 
of opportunities or cope with the consequences of CC 
(EEA, 2012).

Thus, cities as the epicentres of human settlements have 
to adapt their urban structures and growing patterns 
into an overarching long-term target, resilience. A 
concept that can be understood as “the ability of a 
social or ecological system to absorb disturbances 
while retaining the same basic structure and ways of 
functioning, the capacity for self-organisation and the 
capacity to adapt to stress and change.” (EEA, 2012: 
126). In line with this, the EEA report (2012) suggests 
how green1, grey  and soft infrastructures can be 
improved to enhance the level of resilience in cities.

Considering all these aspects, my intention is to 
address the topic from the eyes of an architect and 
urban planner focusing on resilience strategies to 
urban flooding in cities. The goal is to adapt these 
concepts into feasible design solutions, exploring the 
transformation of public spaces and buildings under 
these circumstances. Base on empirical evidence 
from scientific literature and already applied initiatives 
in other cities, the main objective is to analyse their  
level of effectiveness for their application in hotspot 
areas of Bilbao. Taking into consideration that the 
municipality of Bilbao has not yet fully developed a 
resiliency plan and the General Master Plan for Urban 
Planning is under revision, the present proposal takes 
even a greater significance. 

1 According to EEA (2012:92) Water or blue elements are comprised 
in the definition of ‘Green Infrastructures (see glossary).

INTRODUCTION 

CHAPTER 1

This first chapter presents the topic of the research, identifies the 
main problems, aim and objectives, research questions, theoretical 
framework on which is based the study and the methodologies and 
materials used.
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1.1 AIM OF THE PROJECT
The aim of the study is to present a set of operative 
strategies and practical recommendations to increase 
the level of resilience in architecture, infrastructures 
and urban space with regard to flooding and indirectly 
water management measures, which could be further 
included in the planning documents of cities, used by 
public institutions and professional practitioners.

Taking as a case study a city in constant urban 
transformation as Bilbao, potential risks result of 
extreme future urban climate conditions in regard 
flooding will be considered from a current to a long 
term perspective, impacts on future urban scenarios 
–built environment– will be assessed and design 
strategies propose based on empirical evidence and 
contextualised for hotspots areas.
 
River and flash floods exacerbated by 
tidal variations are one of the major 
identified risks that the city of Bilbao 
has periodically faced along its history 
(Ramses-cities, 2013; Euskalmet, 
2011). Future perspectives considering 
Climate Change, forecast even more 
extreme weather conditions and  “a 
rise of more than 1.2 m of sea-level rise 
(SLR) by 2100” (EEA Report No.12/2012: 
234) along the North Cantabric coast of 
the Iberian Peninsula.

“Coastal flooding has impacted low-lying coastal 
areas in north-western Europe in the past and the 
risks are expected to increase due to sea level 
rise and an increased risk of storm surges. […] 
Higher winter precipitation is projected to increase 
the intensity and frequency of winter and spring 
river flooding”. (EEA, 2012: 25).

Having these premises in mind, design strategies will 
be based on a combination of measures –technical 
and ecosystem grounded solutions– such as, SUDS 
sustainable urban drainage systems together with the 
reinforcement of green infrastructures in urban areas.   
With the clear objective that they could equally adapt 
as well as minimize the negative effects of extreme 
precipitations and draughts. Thus, these mixed –
green and grey– solutions will be assessed and their 
associated benefits and efficacy to handle urban floods 
and water related services questioned  (Demuzere et 
al.2014; EEA, 2012; Stahre, 2006) in the next chapters.

The goal is to have evidence of the real effectiveness 
of the suggested solutions to maximize the positive 
thinking on adaptive flood risk management and water 
harvesting in cities and to convince reluctant minds 
of these advantages. With this purpose, the following 
aspects will be assessed: 

• green networks in connection with open drainage 
systems; active ground, taking into account the 
level of impervious surfaces; water treatment 
(Demuzere, 2014), etc..,

• grey infrastructures: separative sewage system, 
open network for storm water; performative 
buildings, in regard design, adequate uses and 
materials; amongst others (Shaw et al., 2007),

• and soft measures (policies and planning) 
how  and by whom these questions – technical 
solutions or other initiatives– can be discussed to 
be performed.

1.2 RESEARCH QUESTIONS
It is not new that many cities when trying to review and 
redefine their planning policies to up-to-date strategies 
in the field of CC adaptation face the complexity of a 
problem that requires a global cross-disciplinary vision. 
Questions that are even difficult to grasp for specialist 
and scientist. On the other hand, certain degree of 
courage, long-term vision and desire to innovate is 
needed to move step forward from the dependency 
of a certain ways of acting (Pierson, 2000). The 
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integration of adaptive strategies to flooding in urban 
planning processes can be seen as a clear example 
of this. The approach needs a deep collaboration and 
participation of a broad group of actors to be truly 
effective and consistent (drainage engineers, policy 
makers and planners from different departments of 
the municipality, geologists, architects and landscape 
architects, ecologists, researchers, etc..).

With the idea of unblocking this problem, the present 
thesis presents an inventory of solutions and applied 
initiatives in cities around the world that could be 
considered in Bilbao. 

In this line, research questions will be used as a help to 
fulfil the aim of the project. These are:

• How can flooding adaptation measures being 
performed in cities? 

• Which are the main needs to manage urban floods 
in the case of Bilbao?

• Who are the main stakeholders involved in the city 
of Bilbao?

• Which ones are the opportunities linked to 
adaptation strategies to manage floods?

• Depending on the context, which measures that 
deal with urban flooding can be considered the 
most effective to manage floods? Which ones are 
the main benefits and limitations of these solutions?

• How does a mixed drainage system work? Which 
ones are the main components of the system= and 
their impacts?

• How can all these measures be applied into the 
spatial planning of concrete areas of the city of 
Bilbao? And in the General Master Plan and other 
policy plans as general recommendations?  

1.3 THEORY
The theoretical framework applied in the thesis 
has several points of departure motivated by the 
different research questions and the approach. The 
report is  based on social-ecological urban theories 
and adaptation discourse to CC including concrete 
technical strategies such as sustainable urban 

drainage systems to prevent flooding in urban areas.

Social-ecological urbanism

Folke et al. (2005) states that the major challenge 
for research on sustainability is how to stimulate the 
emergence of multilevel and adaptive management 
systems that can secure the capacity to sustain 
the ecosystem services. By this perspective, cities 
function as a part of social-ecological systems, due to 
the fact that they are “demander” of resources but also 
provider of services, knowledge and capital.

“From an ecological perspective two global 
challenges are of particular importance in this 
context; to slow down the extinction of species 
and the ecosystem services generated by the 
interplay between organisms, and to reduce the 
emissions of greenhouse gases to mitigate the 
climate change. To meet these challenges we 
need new models and new ways of thinking, 
where cities are better integrated with living 
ecosystems”. (Barthel et al., 2013: 9).

According to Barthel et al. (2013) the integration of 
ecosystem services (water treatment, pollination, 
improved outdoor climate, improved dispersal 
corridors, etc..) and urban system services (diversity, 
recreation, safety, accessibility, etc..) in the spatial and 
institutional components of the city (vegetated areas, 
buildings, policies, social networks, etc..) provides a 
number of benefits to be considered such as:

• reduces the risks and effects of heat islands, 
floods, air pollution (safety),

• improves the living conditions (health of the 
inhabitants),

• buffers the green house gases and manages 
waste (composting, etc.),

• increases the biodiversity and food security 
(pollination, urban farming, etc.),

• guarantees the access to ecosystem services can 
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be linked indirectly with principles of justice and 
equity. (Resilient cities-ICLEI, 2013)

In chapter 3, “Measures and Experiences”, these 
considerations will be further treated along positive 
and negative experiences of their implementation 
through the analysis of case studies. 

Adaptive approach, a combination of 
non-traditional solutions to floods (SUDS 
Sustainable Urban Drainage Systems)

Built from the premise that flooding will always 
occur and even more intensively accounting future 
climatic predictions (EEA, 2012), the implementation 
of adaptive measures is pointed as crucial by many 
authors to limit the negative impacts and to take 
advantage of opportunities flood risk management 
provides in health, ecology,  business and recreational 
spaces by transforming the urban landscape. 

The approach to manage urban flooding could be 
embodied according their functionality in two main 
blocks: risks and opportunities.

Risk minimization

The risk management approach pretends to minimize 

the risk of suffering flooding episodes. For that, Shalt 
et al. (2007) expose four different groups of actions to 
control and decrease it:

• Assess risk by identifying the hotspot areas and 
degree of exposure to flooding. It is important to 
study the type of flooding that affects the area in 
order to address efficiently the problem.

• Manage the risk: urban planning documents –
comprehensive or site development plans– should 
be adjusted to the flooding control requirements 
avoiding hazardous or residential uses from 
floodable areas –zoning and adequate land uses–. 
The importance of co-ordinating with a common 
strategy the different planning levels –national, 
regional and local– is essential to formulate a 
consistent approach and to avoid conflicts. 

• Reduce risk: develop resilient design in buildings, 
outdoor spaces and infrastructures.

• Form partnerships to raise the awareness of CC 
and flooding management issues by involving 
stakeholders –institutions, academia, companies 
and citizenry– not as mere observers, but as 
actors and participants implicated in the process. 
The benefits can be multiples like obtaining 
financial support, maintenance and care of the 
design services by introducing the concept of 
responsibility, providing technological or scientific 
knowledge, amongst others.

Fig. 1. Mind map.
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Opportunities

Identify and maximise opportunities due to the new 
climatic conditions will be further explored in Chapter 4. 
Other benefits, such as increase the biodiversity levels 
by strengthening the green and blue infrastructures 
(open storm systems and separative networks),  
reduce the urban heat island effect and improve the 
environmental quality –avoiding CSO (Stahre, 2006)– 
are some examples that will be investigated.

SUDS Sustainable Urban Drainage Systems

Consist of a combined open drainage system 
integrated in the GUI network transforming the image 
of the urban landscape and the traditional concept of 
urban drainage. Many authors highlight its benefits 
(Barthel et al., 2013; EEA, 2012; Stahre, 2006). In 
chapter 4, a state of the art inventory on scientific 
empirical evidence of effectiveness of measures 
in terms of flooding and ‘state of the applied art’ of 
potential measures and approaches used by other 
cities will be addressed to assess the advantages and 
disadvantages of its implementation.

Both discourses, the social-ecological urban principles 
and the adaptive approach with the study of SUDS 
constitute the theoretical framework of the project that 
will be developed in the following pages.

1.4 DELIMITATIONS
The present report will be focused on the study of the 
management of surface runoff water in the urban context 
of Bilbao, although fluvial, tidal and ground water flooding 
risks cannot be ignored, specially to propose consistent 
solutions in hotspot areas of the city affected by them (see 
chapter 5).

1.5 METHODS AND MATERIALS
To cover the complexity of the topic “Guidelines for 
an adaptive management to urban floods and storm 
water use taking as a case study the city of Bilbao” 
several methods and materials have been used:

• As a start, to have a better understanding of the 
present situation of the city of Bilbao, five key 
planning documents and two relevant reports 
on impacts of future mega-projects have been 
analysed in order to identify needs, opportunities 
and threats in regard adaptive urban flooding 
strategies (see chapter 4): 1) Study of the Territorial 
and Sectorial Planning impacts in the  Municipality 
of Bilbao, Territorial Sectorial Plan  of River Margins 
and Coastal Areas; 2) Action Plan for Sustainable 
Energy 2020 Bilbao, 3) Plan of Sustainability 
Indicators of Bilbao, 4) Manual of Urban Planning in 
the Basque Country for Mitigation and Adaptation 
to Climate Change, 5) Pre-diagnosis  of the 
Revision of the General Urban Plan of Bilbao.

• In parallel to this phase, relevant scientific 
literature and built projects from other cities  
–Malmö, Rotterdam, Copenhagen, London, 
etc..– have been reviewed and classified to 
shape a complete state-of-the-art map and to 
assess the level of efficiency or problems in their 
implementation.

• During a STSM Short Term Mission in Bilbao, 
interviews and meetings with stakeholders 
2and visits to the most problematic areas were 
held as well as an occasional contact to discuss 
some aspects and clarify concepts regarding the 
planning framework.

• The combination of empirical evidence from 
scientific literature and physical projects set 
the basis to analyse its applicability in hotspot 
areas of Bilbao. This phase is followed by a set 
of practical recommendations to be considered 
in the General Master Plan for Urban Planning of 
Bilbao (when and how include flooding issues in 

2 Susana Ruiz, Main Responsible of General Master Plan 
Revision, Jorge Vergniory, Director of Green and Public Spaces 
and Fran Viñez, Director of the Area of Works and Public Services 
of the Bilbao City Council
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Fig.3. Flooding risk in Bilbao.
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the planning processes).
• Lastly, an overall discussion on the main findings  

and outcomes will complete the report. 

1.6 CASE STUDY: BILBAO
Bilbao is a dense and compact post-industrial seaside 
city that has grown along the Nerbioi river margins for 
centuries. Despite the urban metamorphosis of the 
last decades, they city is undergoing a process of 
redefining the development pattern (GMPUP) for the 
forthcoming years in an uncertain global scenario of 
climatic crisis. An open possibility to respond  to the 
challenges of CC introducing innovative adaptation 
and mitigation strategies in the new plan. 

The climate hazards identified for the city are: river 
and pluvial floods, sea level rise, heat waves and 
air pollution (Ramses-cities, 2013), but with special 
virulence urban floods, something not new for the 
locals after serious historical events (Ramses-cities, 
2013). In addition, like many other European urban 
areas, it has a traditional combined sewage system in 
mostly all the parts and a denaturalized riverfront and 
estuary result of the past industrial activity (despite the 
regeneration efforts, 30 fish and 12 birds species are 
catalogued and the aquatic vegetation is scarce and 
damaged (Pre-diagnosis of the Revision for the GMUP 
of Bilbao, 2013:165). 

Fig.3. Location map of Bilbao.

13

City Council) as well as an occasional contact 
to discuss some aspects and clarify concepts in 
regard the planning framework.

• The combination of empirical evidence from 
scientific literature and physical projects set the 
bases to analyze its applicability in hotspot 
areas of Bilbao. For that two scenarios will serve 
as a basis to apply the adaptative strategies: 
a business-as-usual situation and adaptative 
scenario as a future image. Design guidelines will 
be assessed.This phase will be followed by a set 
of practical recommendations to be included in 
the planning documents –when and how include 
flooding issues in the planning processes–.

• Lastly, using as a guide the two visions developed 
previously, an overall discussion on the proposal for 
a resilient flooding and storm water management 
control –efficiency, implementation and integration 
in planning– will complete the research. 

1.6 CASE STUDY: BILBAO
Bilbao is a dense and compact post-industrial seaside 
city that has grown along the Nerbioi river margins for 
centuries. Despite the urban metamorphosis of the 
last decades, they city is undergoing a process of 
redefining the development pattern (GMPUP) for the 
forthcoming years in an uncertain global scenario of 

Fig.2. Map of location of Bilbao.

climatic crisis. An open possibility to respond  to the 
challenges of CC introducing innovative adaptation 
and mitigation strategies in the new plan. 

The climate hazards identified for the city are: river 
and pluvial floods, sea level rise, heat waves and 
air pollution (Ramses-cities, 2013), but with special 
virulence urban floods, something not new for the 
locals after serious historical events (Ramses-cities, 
2013. In addition, like many other European urban 
areas, it has a traditional combined sewage system in 
mostly all the parts and a desnaturalized riverfront and 
estuary result of the past industrial activity –despite the 
regeneration efforts, 30 fish and 12 birds species are 
catalogued and the aquatic vegetation is scarce and 
damaged (XXX Manual, 2013:165)–. 
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regard the planning framework.
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scientific literature and physical projects set the 
bases to analyze its applicability in hotspot 
areas of Bilbao. For that two scenarios will serve 
as a basis to apply the adaptative strategies: 
a business-as-usual situation and adaptative 
scenario as a future image. Design guidelines 
and urban design indicators will be developed.
This phase will be followed by a set of practical 
recommendations to be included in the planning 
documents –when and how include flooding 
issues in the planning processes–.

• Lastly, using as a guide the two visions developed 
previously, an overall discussion on the proposal 
for a resilient flooding and storm water 
management control –efficiency, implementation 
and integration in planning– will complete the 
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1.6 CASE STUDY: BILBAO
Bilbao is a dense and compact post-industrial seaside 
city that has grown along the Nerbioi river margins for 
centuries. Despite the urban metamorphosis of the 

Fig.2. Map of location of Bilbao.

last decades, they city is undergoing a process of 
redefining the development pattern (GMPUP) for the 
forthcoming years in an uncertain global scenario of 
climatic crisis. An open possibility to respond  to the 
challenges of CC introducing innovative adaptation 
and mitigation strategies in the new plan. 

The climate hazards identified for the city are: river 
and pluvial floods, sea level rise, heat waves and 
air pollution (Ramses-cities, 2013), but with special 
virulence urban floods, something not new for the 
locals after serious historical events (XXXX, 2013). In 
addition, like many other European urban areas, it has 
a traditional combined sewage system in mostly all the 
parts and a desnaturalized riverfront and estuary result 
of the past industrial activity –despite the regeneration 
efforts, 30 fish and 12 birds species are catalogued 
and the aquatic vegetation is scarce and damaged 
(XXX Manual, 2013:165)–. 

With this perspective, urban floods, water quality and 
water cycle improvement (cited in the Manual....., 
2013:174) will the main scope of the study.
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With this perspective, urban floods due to pluvial 
causes, stormwater treatment and reuse will be the 
main scope of this report.

Bilbao

With this perspective, urban floods due to pluvial 
causes, storm water treatment and reuse will be the 
main scope of this report.

1.7 STRUCTURE OF THE STUDY
The core of the report is structured in two main parts 
–general context and case study– and 6 chapters. 
Each chapter addresses relevant aspects of the topic 
starting with the background and state-of-the-art of 
adaptive solutions and their effectiveness in other 
places, continuing with the analysis of the main needs 
of Bilbao with regard urban flooding –risks and already 
taken measures through the analysis of key policy 
documents– and ending investigating the physical 
applicability and adequacy of those solutions in 
certain areas of the city. The final goal is the integration 
of these considerations in the planning framework of 
the city. 

All the parts are analysed according to the selected 
case study, topic –urban flooding and water 
management– and linked to relevant theories including 
resilience, social-ecological principles and adaptation 
to CC, concepts that are used for further explanations 
and argumentations. During the process, planning 
documents and scientific literature have been reviewed 
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and urban and architectural projects analysed. In 
Chapter no.5, design strategies embodied in four 
projects are proposed in concrete areas of Bilbao. The 
section ends with a series of recommendation of how 
address these questions in the General Master Plan of 
Urban Planning of Bilbao.

The report concludes with a chapter of final 
considerations.



PART I
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BACKGROUND

CHAPTER 2

This chapter aims to give a general overview and understanding of the 
different urban flooding categories by analysing the main causes and 
consequences that lead into a disaster.

Along the history, cities around the world have 
suffered flooding events due to the proximity to rivers 
or other water sources necessary for human life and 
economical development (e.g., almost all European 
cities are located along a major river). (EEA, 2012).

“In Europe the natural hazards which have caused 
the greatest economic losses are flooding and 
storms”. (EEA, 2012: 35).

Floods are natural phenomena. They can be caused 
by a combination of meteorological, hydrological or 
human factors. According to Bloch et al. (2012)  and 
other authors seriously aggravated by man-made 
activies (fig.5)

2.1 CAUSES  AND 
CONSEQUENCES OF FLOODS
IN CITIES
“Understanding the type and source of a flooding 
are both essential if the appropriate flood risk 
reduction measures are to be identified”. (Bloch 
et al., 2012: 54).

Natural events like heavy precipitations caused by 
rainfalls, storm surges, temperature variation, snowfall 
or fast snowmelt, and other environmental factors such 
as soil moisture retention level, groundwater level, 
presence of impervious cover surfaces, topography 
like river confluences or low lying areas, presence 
of strong ice cover on rivers blocking the water flow, 
synchronization of run-offs from various watersheds, 
basin shape or simultaneity with high tides, are the 
natural factors that trigger into flooding hazards.

But, there are other events associated to human 
activity that exacerbate the impacts of natural floods. 
Land-use transformation with the alteration of the cover 
sealing into impervious surfaces due to urbanisation 
processes, deforestation and degradation of local 

habitats like wetlands, etc., influences drastically the 
devastating effects of flooding. Building in risk areas, 
inefficiency or lack of maintenance of sewage systems 
and river margins, or reduction of retention areas are 
other examples of human alterations of the landscape 
(Bloch et al., 2012).

A further description about causes that lead into 
different type of flooding events is addressed in page 
18-19.

  
2.2 FLOODING IMPACTS IN 
EUROPEAN URBAN AREAS
During the last decades, Europe has 
experienced an increasing number of urban 
floods. From 1998 to 2004 100 major floods 
occurred causing a total of 700 deaths and 25 
billion EUR of losses in insured cost (European 
Commission, 2012).

The increase in the level of precipitations during winter 
time and its decrease in summer periods is one of 
the consequences of CC in Europe. The direct effect 
of these extreme climatic conditions will be serious 
flooding episodes and scarcity of water resources 
and quality –droughts and salinization of fresh water–. 
Other aspects linked with the rise in temperature and 
droughts is the loss of the soil moisture, which will 
accelerate erosion aggravating flash flooding events. 
Another impact of CC will be on water potability, during 
droughts and high temperature periods its quality is 
expected to decrease due to the organic nitrogen 
decomposition plus the increasing salinization effect.  
(Ramses-cities, 2013 results from a CC simulation).
All these circumstances will have a direct impact on 
urban areas: 

• Built environment: Storms, extreme weather 
conditions and floods can affect the building stock 
by diminishing its structural capacities and stability. 
Heritage sites, poorly constructed buildings –
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low-income areas– will be specially damaged. 
Infrastructures such transport networks, technical 
systems (power, telecommunications, water pipes, 
etc..) can have disruptions and be affected by 
inundation and water combined with debris.

• Health: loss of lives, diseases due to water pollution 
are some examples of the devastating effects of 
floods in cities’ population (EEA, 2012).

• Urban ecosystems will be downgraded and 
biodiversity will decrease drastically (EEA, 2012).

Floods tend to cause indirectly other devastating 
effects on urban areas due to the location of goods, 
and social-economical activities. 

• Urban economy: floods together with fresh water 
scarcity have a direct implication on cost of food 
and production –agriculture, fishing and other basic 
materials can be concerned. Transport disruption 
–damaged transport and technical infrastructures– 
is another major impact that will influence 
negatively the economical development of a city. 
Without considering the economic investment 
needed for a post disaster reconstruction. 
(AIANAY, 2013).  “For many businesses these 
impacts can be  catastrophic [...] 43 percent of 
companies experiencing a disaster never reopen 
and 29 percent of the remainder close within two 
years” (Wenk, 2004 in Bloch et al., 2012: 169).

• Society: Social inequalities will grow together with 
a widespread loss of well-being due to urban 
population health problems, loss of jobs and 
businesses.

• Environment: migration or disappearance of 
species will have serious implication on food chain 
and biodiversity.

2.3 URBAN DRAINAGE 
SYSTEMS
“In regions with an increase in average precipitation, 
the occurrence of intense precipitation events 
(frequency or proportion of total precipitation) is 
very likely to increase”. (IPCC, 2012 in EEA, 2012: 
41).

One of the major problems in urbanised areas is the 
design of urban drainage systems. Extreme precipitation 
events –storms and heavy downpours– can cause 
overflow in low lying areas of the urban drainage 
network. The consequence can be aggravated when 
the drainage system is combined and the storm water 
collected, mixed with the sanitary water, is disposed 
polluting rivers or certain areas of the city. 

Fig. 4. Urban floods, Copenhagen, July 2011.
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In urbanized areas, the runoff water is traditionally collected 
in underground pipes, which their function is to discharge 
rapidly the water from the streets and avenues and pour it 
again in rivers, sea or treatment plants. 

Historically  prior to 1950 pipe networks were combined 
conveying sanitary sewage water with storm water 
(Stahre, 2006). It was in the 1960s when the separative 
pipe system was introduced progressively –storm 
water and sanitary water running in independent pipes.
 
Nowadays in Europe, the separative system is mostly 
limited to new development areas and as Stahre (2006: 
9) mentions “larger cities often have a mixture of both 
types of systems –combined sewer in older, central 
parts of the city and separate sewer in more peripheral 
areas”. All this means, than when heavy precipitations 
occur the water to be discharged exceeds the level 
and capacity of the pipes increasing the risk to have 
overflows of untreated combined sewage water (CSO). 
So, in this case there is an adding consequence to 
the general flooding damages, pollution –a mixed of 
sanitary water that contaminated the inundated areas. 
(E.g., In July 2011, Copenhagen suffered a flash flood 
event exacerbated by CSO combined sewer overflow). 
(EEA, 2012). 

Fig. 5. Hydrographs showing generalized flow conditions for a stream before and after urbanization (SOURCE: EPA, 2012).

The main reasons that tend to increase the risk of 
urban drainage floods are:

• old drainage infrastructure with a limited capacity, 
unable to evacuate the runoff water of the on-going 
urbanisation during storm episodes,

• combined underground sewer systems being 
more vulnerable to excessive rainfall than a 
separate network,

• lack or inadequate maintenance of the system,
• and  the reduction of the drainage and water 

infiltration capacity of the soil, a direct effect of 
urbanisation (e.g., use of impermeable paving 
surfaces).
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Pre-urban hydrograph
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CSO combined sewer overflow.
Flashy flow regime marked by elevated peak flows and runoff 
volumes, short flow duration; precipitation is not infiltrated 
due to impervious surfaces, causing peak flows and CSOs.

Post event flow may persist between storm 
events, because infiltrated precipitation 
continues to enter channels by surface routes.
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METEROROLOGICAL HYDROLOGICAL
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LAND-USE AND URBANISATION 
CHANGES 
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REDUCING/CUTTING OFF 
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Fig. 6. Factors that contribute to urban flooding.



Ground water flooding is the consequence of long 
periods of precipitation rising to the surface level.

River floods are commonly  the effect of heavy 
rainfall, sudden temperature variations melting 
snow from upstream areas or high tidal variations, 
occurring when the river run-off volume exceeds 
normal flow inundating certain areas. The river level 
rises slowly and progressively lasting several weeks 
or months to overflow and return to the original 
state.

Flash floods are the result of a rapid accumulation 
of run-off water from upstream areas due to heavy 
rainfall, landslides or a cloud burst. “They typically 
occur in the instance of more than 200 mm of rain 
during less than six hours, while in built-up areas 
even rainfall of 50 mm within one hour can produce 
a local flash flood” (EEA, 2012: 36). They are 
characterized by a sharp rise of water volume and a 
relatively rapid decline to initial levels.

Coastal floods occur during heavy storms provoking 
the inland entrance of sea water inundating low level 
coastal areas. 

Heavy precipitations
Tidal variation

Heavy precipitation
Landslides
Cloud burst

Storms
Hurricanes

Continuous precipitations

Snow melting or ice due to a 
rise in temperature

NATURAL CAUSES: CONSEQUENCES (flooding types):ICONS:



Deforestation is another major cause of land 
erosion, landslides and  loss of natural defensive 
system against flooding disasters. They can be 
linked with flash floods events.

The failure of flooding control infrastructures in 
rivers or other artificial infrastructure can provoke a 
serious flooding event. They can be prevented by a 
periodical maintenance control.

The degradation and pollution of the natural habitat 
(e.g.,wetlands, mangrove, dunes) aggravates the 
negative impacts of storms and increase erosion 
(coastal flooding).

Failure of dams or other 
artificial flooding control 
infrastructures

Impervious surfaces due to 
urbanization processes

Degradation of natural 
defensive habitats

Deforestation

Deficient urban drainage 
system

Landuse and building in  
flood-prone areas

The incapacity to absorb the rainfall and run-off 
water by the pipe or local drainage network during 
extreme precipitation episodes might cause sewer 
overflow. Pollution is one of the main problems 
associated to this category.

HUMAN CAUSES:ICONS: CONSEQUENCES (flooding types):

The growing urbanization of cities results in the 
lack of permeability of the soil. Impervious paving 
surfaces such as asphalt reduce the infiltration 
capacity and are the major cause of saturation of 
the drainage systems and urban floods.

Landuse and building in floodable areas increases 
the negative effects of a flooding episode. 
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CHAPTER 3

This chapter  analyses the municipal strategies, main needs on adaptative 
flooding and water management issues, and the stakeholders involved 
in the process, through the review of key planning documents and two 
meetings with members of the Bilbao City Council.

The city of Bilbao is the capital of the province of Biscay 
in the Autonomous Community  of the Basque Country. 
It is located in the Northwest of the Iberian peninsula  
(Lat: 43°15’24.08”N; Long:  2°55’26.62”O) along a 
river estuary of 16 Km (Nerbioi river and tributaries: 
Ibaizabal, Kadagua, Asua, Galindo, Gobelas, Udondo 
and Bolintxu creek) and between two mountain ranges 
: Pagasarri (671 m) and Ganekogorta (997 m) on the 
West; and Artxanda on the East (400 m).

Bilbao is the most populated human settlement of 
the Basque Autonomous Community with an urban 
population of 354,145 and a metropolitan of 872.540 
registered inhabitants (Eustat, 2011).

3.1 CLIMATIC AND 
HYDROLOGICAL CONDITIONS
According to the European Environment Agency and 
Euskalmet (2011), Bilbao has an oceanic/Atlantic 
climate, characterized by mild winters and fresh 
summers with low thermal oscillations (average of 
annual temperature: 19ºC) and frequent rainfall spread 
through the year (average of annual precipitations: 
1200-2000 mm). 

The existing topography –mountains and hills sited in 
close proximity to the Cantabric Sea– and the climatic 
conditions influence the hydrographic characteristics of 
the rivers –short and fast flowing–. The regional analysis 
of the climatic models (2050) suggests a 10% rise in 
the extreme precipitations in the Basque Country as 
well as an impact on the degree of virulence (>30mm), 
which in turn will lead to an increase in the losses due 
to flooding (K-Egokitzen, 2010). Moreover, the study of 
potential flooding in the metropolitan area of Bilbao as 
a result of climate change, expects an increase of costs 
by 56.4% (IHOBE, 2007). On the other hand, draught 
periods could occur owe to the general decrease of 
over 350 mm in the volume of rainfalls during the year. 
(K-Egokitzen, 2010). Therefore, the climate conditions 
by 2050 suggest a tendency characterized by more 
virulent storms but less volume of storm water. 

3.2 IDENTIFIED CLIMATIC 
HAZARDS: FLOODS
River and pluvial flooding are the main identified 
climatic hazards in the area of Bilbao (Ramses, 2013). 
In the last 600 years Bilbao has experienced 39 flood 
disasters (Ibisate et al., 2000 in Ramses, 2013) , above 
all, from October 50s coinciding in time with the urban 
expansion of the city due to the industrial boom.

While during the first half of the twentieth century no 
notable events occurred (except Nerbioi floods of 
December 1908 and May 1913), flooding started to 
affect the city and its surroundings again coinciding 
in time with the greatest urban expansion of the whole 
valley –Greater Bilbao– due to the industrial boom: 
October 1953, June 1975, June 1977, August 1983 
(39 victims and massive economic losses), March of 
1991 or October 1992 (Ramses, 2013).

The main problems in the Nerbioi watershed are 
associated with flood events aggravated by rapid 
urban growth and increasing urban sprawl, erosion 
processes due to inadequate management of 
forests for timber extraction and cattle raising or 
abusive recreational practices (Ramses, 2013) that 
lead to significant problems in the water cycle and 
in the sustainable management of the hydrological 
ecosystem services  in river basins. 

3.3 DIRECT AND INDIRECT 
IMPACTS IN BILBAO
The main CC impacts that affect now and in the future the 
city of Bilbao were identified after a workshop session 
in December 2013 by Ramses and heads of different 
departments of the municipality of Bilbao (Department 
of Transportation, Works and Infrastructures, Urban 
Planning and Building, Civil Protection and the Office 
for the GMPUP Revision) (see section of stakeholders). 
The result of the meeting is summarized below in to 
direct and indirect impacts.

CURRENT CONTEXT IN BILBAO
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Direct impacts

Impacts in local climate conditions:
• Rise in temperature
• Increase in storms, extreme weather events, 

floods, etc. 
• Wind, what will happen with the wind due to the 

climate change, knowing its tendency is taken into 
consideration as an important factor

Impacts in the built environment:
• Damage to public facilities and amenities, 

structural problems due to the risk of flooding and 
landslides.

• Increase of flows in rivers and debris accumulation 
that can affect the stability of bridges and other 
infrastructures.

• Interruption of the supply systems and breakdowns 
as a result of floods

• Increase of landslides and movements of hillsides
• Water scarcity will affect urban greenery (forests 

and mass of trees).
Impacts in the living conditions and biodiversity:
• Discomfort due to high temperatures and changes 

in the physic environment
• Pressure on ecosystems and habitats: change to 

the water regime, growth rate, etc.
• 

Indirect impacts

• Damage to the physical environment (material), 
relocation of industries, changes in land use. 

• Rise in demand for drinking and irrigation water 
due to floods

• Transport disruption due to floods or heat waves.
• Extreme climate conditions would increase 

the exposure of insurances: higher costs and 
difficulties for households and businesses to get 
insurance covers to flooding. Risk management 
can lead into new business opportunities.

• Mitigation/adaptation: greater need that public 
institutions get involved in the adaptation/mitigation 
strategies. 

• Mitigation/adaptation: new opportunities for 
creative companies to have benefits from 
adaptation.

• The damages cause by floods if the current 
scenario does not change will increase the 
vulnerability of low-income households. 

• Damages on historical sites and cultural heritage.

It is clear that to minimise the effect of these impacts, 
Bilbao has to transform its urban, social and planning 
structures implementing measures that could mitigate 
and adapt to CC.

Fig. 7. Nerbioi Estuary and Bilbao Metropolitan Area.
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3.4 REVIEW OF THE 
PLANNING DOCUMENTS
In order to have an overall vision of the  situation in 
Bilbao, five key planning documents (municipal and 
regional level) and two reports of specific studies 
have been analysed. The intention of the analysis 
is to gather information about the current and future 
plans, projects and policies the municipality of Bilbao 
is developing in regard adaptive urban flooding and 
water management strategies.
From the regional level:
• Study of the Territorial and Sectorial planning 

impacts in the municipality of Bilbao (“Estudio de 
Afecciones Territoriales y Sectoriales al Municipio 
de Bilbao”) (November, 2010). Considering the 
Territorial Sectorial Plan of River Margins (“Plan 
Territorial Parcial de Protección y Ordenación de 
Márgenes de Rios y Arroyos”) and the Territorial 
Sectorial Plan of Coastal Areas (“Plan Territorial 
Parcial de Protección y Ordenación del Litoral”).

• Manual for Mitigation and Adaptation to Climate 
Change (“Manual de Planeamiento Urbanístico 
en Euskadi para la Mitigación y Adaptación al 
Cambio Climático”) (October 2012).

From the municipal level:
• Action Plan for Sustainable Energy 2020 Bilbao 

(“Plan de Acción para la Energía Sostenible de 
Bilbao 2020”) June 2012.

• Plan of Sustainability Indicators of Bilbao (“Plan de 
Indicadores de Sostenibilidad Urbana de Bilbao”) 
(December 2013).

• Pre-diagnosis of the Revision of the General Urban 
Plan of Bilbao (“Prediagnóstico de la Revision del 
Plan General de Ordenación Urbana de Bilbao”) 
(November 2012) 

Reports about specific interventions and effects of the 
regional planning on the municipal level or vice versa:
• Report of the effects on the GMPUP of the Territorial 

Sectorial Plan of River Margins and Coastal Areas 
(“Informe de la Repercusión en el PGOU de las 
Afecciones Hidraúlicas y Costas”) (November 
2010).

• Hydraulic Report of the Opening-up of the Deusto 
Canal (“Estudio Hidráulico de la apertura del 
Canal de Deusto”) (May, 2007).

The regional level plans –TSP of River Margins and 
TSP of Coastal Areas– have a highest hierarchy and 
a legally binding effect on the municipal plans since 
November, 2013. In the Spanish planning framework 
the highest municipal planning figure corresponds 
to the GMPUP which establishes the bases of the 
future city-planning model. The GMPUP has to include 
and comply the prescriptions and regulations set by 
regional documents in regard flooding areas and 
protected riverine zones that cannot be urbanised.

Fig. 8. Flash flood event in Bilbao, August 1983 (Source: Deia).
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REGIONAL LEVEL: BAC Basque Autonomous Community

• Study of the territorial and Sectorial planning impacts in the municipality of Bilbao, 
Territorial Sectorial Plan of River Margins and TSP of Coastal Areas
Institutions: Basque Government, Environmental Department. (Nov.2010, final approval Nov. 2013).

General considerations: Regulates the river margins according environmental values, flooding risk issues and 
their urban development potential. 
Flood-prone areas and special areas to be preserved are identified following the criteria below: 
• according return flood periods (10, 100 and 500 years),
• river flows (100km2, between 10km2 and 1km2 and less than 1km2),
• and land development level (rural or urban) together with channelling infrastructures (river flows channelled 

or not).
In general terms, floodable areas are considered undeveloped land and building is not allowed (residential, 
commercial or industrial uses are not permited), although there are some exceptions depending on the 
location ( if the area is placed in an existing urbanised area or in rural land), return period and the justification 
of corrective measures (lack of land for urban development in a municipality or in some ocasions improvement 
solutions to minimize the risk of flooding).

Adaptation measures for urban flooding and water management

Soft measures:
• In flood-prone areas:

• Return periods of 10 years in undeveloped land: only uses compatible with maintenance of the fluvial 
ecosystem are permited. In developed land: plans to relocate the existing uses to safe locations have 
to be launched (P.50).

• Return periods of 10-100 years in undeveloped land: residential, commercial, industrial and linear 
infrastructures in parallel to rivers are not allowed. In developed land: plans to relocate the existing 
uses to safe locations and defensive projects for historical sites will be launched. Riverine parks and 
green areas are permitted (P.53).

• Return periods of 100-500 years in undeveloped land: some uses can be allowed depending on the 
correction measures that minimize the risk of flooding (raising the ground level) (P.55). In developed 
land: corrective measures to minimize risks are recommended (P.55).

• In river margins:
• Set building-free areas from the river margins in urban land (E.g. In Bilbao from the Nerbioi river margin 

the distance has to be 15m, new development areas of the Kadagua river have to respect a distance of 
30m).

• Set building-free areas from the river margins in rural land (E.g. In Bilbao from the Nerbioi river margin 
the distance has to be 50m).

• In protected areas (ecological values) the distance is 10m from the preserved limits to buildings.

• Manual of Urban Planning in the Basque Country for Mitigation and Adaptation to CC
Institutions: Basque Government, Environmental Department and Udalsarea 21. (October, 2012).

General considerations: It is not a legally binding document on the municipal plans, it presents a list of 
useful adaptation and mitigation strategies to be implemented in the municipalities of Basque Country within 
the Basque legal framework.
Due to the general content of the document cost assessment analysis is not included.
Flooding and heat waves are considered one of the main future climatic hazards in the BAC. Moreover, 54,6% 
of the municipalities and 80,3% of the population will be affected by pluvial or flash floods in urban areas (P.5, 
22). Furthermore, pluvial flooding are considered one the highest  climatic hazards in the BAC (P.19).

Adaptation measures for urban flooding and water management

Green measures:
• Usage of green roofs (P.47) 
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Grey measures:
• Upstream control of rivers by using detention basins, filter barriers for debris and discharge channels to 

control the water flow of rivers. 
• Design infrastructures to protect urban areas against flooding events, sewage systems and treatment 

plants (P.38) and monitor them (P.39).
• Implement defensive works. In historical sites the works have to respect the landscape and cultural 

values. Integrate removable flood barriers to handle flash floods (P.46)
• Permeable materials and well calculated drainage systems that could reduce the runoff volume (P.46)
• Act in the building foundations and basements. It does not mentioned if the aim is to reinforce the 

structure or to use these low lying spaces as temporary storm water chambers –storage–. (P.22)

Soft measures:
• Security studies when excavating channels and other hydraulic works
• Precautionary and smart land use. Logic location of communication infrastructures and other technical 

networks out of vulnerable areas (P.22).
• Assess the potential flood-prone areas including the surfaces of the future developments that can have a 

direct influence exacerbating the impacts of urban floods. (P.22)
• Make hydraulic models to understand the urban flows of vulnerable cities (areas). (P.22)
• Flooding database for each municipality: registering the historical flooding events, the areas affected and 

installing alarms connected to the regional and national level emergency services.
• Forbid residential or industrial uses in flood-prone areas (P.43)

MUNICIPAL SCALE: Municipality of Bilbao.

• Action Plan for Sustainable Energy 2020 Bilbao
Institutions: Bilbao City Council, BIO Bilbao Office for Climate Change (Covenant of Mayors). (June, 2012).

General considerations: Emphasis on mitigation strategies to reduce GHG emissions by improving the level 
of efficacy of technical networks and construction systems focusing mainly in the public indoor services (sport 
centres, public buildings and municipal dwellings) and the public outdoor spaces (street lighting renovation 
and district heating in certain areas). The improvement of the green infrastructure is mentioned –green belt–, 
but its potentiality and effectiveness to adapt and reduce CC impacts are not covered –UHI effect, flooding, 
etc.–. Priorities and actions to accomplish are ranked, but without a CC impact assessment. Although 
general weaknesses and threats regarding the challenge of CC adaptation are identified there is not a costs 
estimation nor a description of impacts. 
Although the document describes that flooding events are expected to happen more frequently in the future 
together with sea level rise, erosion processes and rise in water temperature (P.12), nothing is said about 
adaptation strategies to handle flooding episodes.

Adaptation measures for urban flooding and water management

Grey measures:
• Reduce leakages of the water supply system (P.128-129)

The aim is to reduce leakages to increase the efficiency of the network and to reduce associated GHG 
emissions.
The measure gathers the following works: 
• renovation of pipes,
• auscultation of pipes,
• repair of breakdowns,
• division of the water supply network in independent sectors,
• and implementation of a telecontrol system to locate rapidly failures of the network.
Responsible: Bilbao Town Council.
Reduced GHG with this operation is 37.650 tCO2 
Public budget: 72.801.600 € until 2020
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Soft measures:
• Raise awareness on CC and responsible water consumption (P.130-131)

The aim is to reduce by 8% the water demand of households
BIO (Bilbao’s municipal office on CC) will conduct the following initiatives:
• develop a manual of good practices on responsible water management and consumption for the 

public administration and citizenry 
• create and launch an information campaign on water use and quality
Responsible: Bilbao City Council (BIO)
Reduced GHG with this operation: unknown
Public budget: 600.000 € until 2020 

• Plan of Sustainability Indicators of Bilbao
Institutions: Bilbao City Council, PGBU Oficina del Plan General (Office of the General Master Plan), 
BCN Ecología: Agència d’Ecologia Urbana Barcelona. (December, 2012).

General considerations: Sustainability indicators are the main scope of the document. A range of generic 
measures is proposed, but needs to be extended with a detailed description of the work plan –how to 
conduct the initiatives– and the specific impacts of interventions. The document also needs to be extended 
with, or refer to, cost assessment studies of vulnerability or potential measures to increase resilience for 
specific measures and areas.The planning framework has to be developed to include these sustainable 
indicators and measures in order to ensure their effective implementation.

Adaptation measures for urban flooding and water management

Green measures: 
• Include an analysis by areas of impervious surfaces and the soil sealing level by areas and 

districts   (P.165-170). (Instead of a measure is an analysis that could be transformed into an action by 
the usage of permeable surface such as green roofs, lawns, etc..). (P.166, Source: Senate Department for 
Urban Development and the Environment).
The aim is to calculate the existing percentage of soil for green life and water infiltration (retention) in the 
city. The result is that the less permeable districts are those located in the downtown area while in the 
peripheries the percentage decreases. E.g., Matiko and Amezola present levels of 5 to 7% of permeable 
soil while Txurdinaga and Arangoiti present levels of 35% of permeability (according to these calculations 
and acceptable level is 35% of permeable surface) (P.167).

Grey measures:
Water sufficiency (P.223-225) (Initiative more than a concrete measure).
The aim of the measure is to foster the use of local water sources through water harvesting and reusing.
Through local recycling and previous treatment of grey water –not sanitary or black waters–, rainwater 
from roofs and public spaces for non potable uses such as, toilet flushing, irrigation of parks and gardens, 
urban farming, etc.. The water demand reduction in building blocks can be at least of a 20% of the current 
consumption and of 13% in a detached house (data from Barcelona, 2004). 
There are not values of the volume of water  –grey and storm water– that is reused in Bilbao and of the ground 
water level. According to report the optimal parameters of total water sufficiency should be more than 40%.

Soft measures:
• Reduce potable water demand (P.219-222).

The analysis presents an overview of the current water consumption level in the city (105,4 lpd, litres per 
person and day) and a sustainable level (70 lpd). 
The objective of the calculation is to raise the awareness to optimize water consumption habits and 
foster the recovering of local water sources and water reuse. It will be addressed to dwellings, industries, 
business and commerce.
The only two measures proposed to reduce the water demand are the double-flushing cisterns and the 
installation of limited flow taps in dwellings. Nothing is said about measures to reuse storm water in the 
city or recover local water sources.
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• Pre-diagnosis of the Revision of the General Urban Plan of Bilbao
Institutions: Bilbao City Council, PGBU Oficina del Plan General (Office of the General Master Plan) and 
UPV-EHU University of the Basque Country. (November, 2012)

General considerations: There is a need to establish solid principles for a longer horizon based on adaptive 
strategies to CC. Risk anticipation, and cost-benefit analysis of proposed actions need to be considered. For 
that, first of all a risk assessment of the city of Bilbao has to be accomplished and secondly an analysis of 
prioritise actions according to the risk assessment. 
In order to not repeat the same patterns, the improvement and development of green and blue infrastructures 
should be placed with the same level of relevance as other key infrastructures and services of the city –
General Systems of the General Master Plan for Urban Planning (GMPUP)–.

Regarding flooding strategies the GMPUP has to include the prescriptions of the Territorial Sectorial Plans  –
areas of special protection that cannot be developed–.
• Territorial Sectorial Plan of River Margins: The Hydrographic Confederation is developing a project to 

prevent Nerbioi river flooding. It will be included in the General Master Plan in case the project affects or 
require municipal land (P.21).

• Territorial Sectorial Plan of Coastal Areas: the estuary margins of the Nerbioi river and tributaries 
(Kadagua) affected by tidal variations are included in this plan as areas of special protection. (P.21)

Other plans and projects that have to be considered by the GMPUP are:
• Plan of the water supply and sewage network of the Bilbao Metropolitan area: design and 

functionality (maintenance) of the water supply and sewage system. There are not planned major 
projects, but the GMPUP has to classify and reserve land for these networks. (P.22)

Adaptation measures for urban flooding and water management

Green measures: 
It does not mention a specific adaptive strategies to urban flooding and water management. 
There is a list of green general services that gathers 22 relevant parks located in different districts and local 
green services or smaller green areas. One of the objectives is to connect and project more green spaces in 
the urban core. The total area of green spaces is 1.000.000 m2  , 24,6% of the total area of Bilbao (P.197).

Soft measures: 
It does not mention a specific soft adaptive measures to urban flooding and water management, apart from 
the legally binding effect, the Territorial Sectorial Plans of River Margins and Coastal Areas have on the 
Territorial Partial Plan for Bilbao Metropolitan area and subsequently, this document on the GMPUP of Bilbao. 
Land use and zoning are the main tools used by the GMPUP to categorize protected river areas and green 
networks already decided by the sectorial plans. The functionality of the protected areas are the landscape 
and amenity values, water reuse and sustainable urban drainage systems –detention ponds or flood plain 
zones– are not included. (P.180). 

Report: effects of the TSP of River Margins and Coastal Areas on the GMPUP (Nov. 2010)

The urban development area of Zorrotzaurre and the area UE 841.01 are affected by the TSP as floodable 
zones with a return periods of 100 years, which means that the sites could not be urbanised. Despite these 
considerations, both areas will be developed in the forthcoming years keeping a distance of 15-30m from  
river margins because they are in developable land. According to the current regulations both areas fulfil 
the requirement and despite being in floodable zones, they just have to keep a security distance to the river 
margins of 15m (red dashed line, fig.8).

Hydraulic Report of the Opening-up of the Deusto Canal (Nov. 2010)

• Works to open a canal of 75m width and reduce the risk of floods. Recommendation of increase the level 
of the Peninsula of Zorrotzaurre in 5-4,7m above sea.

• Two underground tunnels of 12m of diameter and 3,8km of length will be built to reduce the risk of floods 
in the historical site.

Table 1. Summary of the adaptation measures to manage floods from the planing documents review.
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Fig. 9. Map of flooding return periods, distances to rivers in urban areas and flooding preventive infrastructures (Source: Ficha 3.1. PTS MR y Arroyos)

Return period of 10 years

Return period of 100 years

Return period of 500 years

FLOODING RETURN PERIODS:

1 NEW INFRASTRUCTURES AND FACILITIES TO MANAGE RIVER FLOODS (overflow tank, flood diversion tunnels, canal)

2 NEW RE-DEVELOPMENTS IN FLOOD-PRONE AREAS (Improvement works). 
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P.ZORROZA



28

The review of the documents show the lack of 
coordination between the different planning levels in 
terms of landuse and the lack of adaptive strategies to 
deal with urban flooding and storm water use. 

Flood-prone areas regardless the land classification 
should fulfil the requirements set by the TSP (areas 
affected by a flooding return period cannot be 
developed with the exception of returns of 500 years, 
if improvement measures to avoid the risk of floods are 
taken).  Both cases, Zorrotzaurre and Punta Zorroza, 
registered as urbanised areas by the municipality, 
correspond to brownfields that will undergo a major 
process of urban development in the next years 
and as the TSP includes, will accomplish a series of 
precautionary measures to minimise flood hazards in 
order to make it feasible (e.g., rise the ground level). 

But apart of these considerations, there is a lack of 
logic in these processes because the flooding risk 
continues. The question is it really necessary to develop 
these areas? –i.e, to include living uses, business, 
etc.– or are there other alternatives like redensification 
of the existing or built in more secure places?. These 
questions go beyond the municipal limits being a matter 
of territorial development as the Territorial Partial Plan 
from the Bilbao Metropolitan Area mentions. Bilbao 
might have reached its limit of expansion due to its 
topography and indentified risk areas. Considering the 
existing transport infrastructures (subway lines) and 
distances with other urban cores in the Nerbioi estuary, 
it makes sense to rethink twice the growing model into 
a more balance decentralized regional distribution 
(Prediagnosis of the Revision of the GMPUP of Bilbao, 
2012:11). It is obvious that areas like the historical site 
have to put into practice defensive works to minimise 
the risk of flooding, but as it can be seen in the 
following pages, other measures could increase the 
level of resilience of the city (reduce the impervious 
surfaces, take upstream and downstream control 
measures like reforestation, renaturalization of rivers 
and creeks, wetlands, floodable parks, etc.). Although 
the expected works to open the deviation tunnels and 
the overflow tank in Etxebarri can reduce the risk of 
suffering floods in the inner-city immediately or in a 
medium term, their efficiency under CC circumstances 

is uncertain. Currently, elevated cost of works and 
maintenance, ecological impact in the river basin 
and local biodiversity could be some of impacts to be 
considered. 

3.5 NEEDS TO MANAGE 
URBAN FLOODS: RUNOFF 
AND STORM WATER REUSE
As a result of the analysis of the planning documents 
and the workshop session of December 2014 with 
heads of the municipal department of Bilbao, the main 
needs to face the impacts of CC in the city of Bilbao 
–flooding events and water scarcity– are identified 
below:

• Coordination and closer collaboration between 
the different departments of the municipal and 
county level is seeing as a key together with the 
development of a safe evacuation system in case 
of disaster. Collaboration with other municipalities 
at least from the metropolitan/catchment area.

• More flexibility to adapt the planning processes 
and decisions to a more logic adaptive approach. 
Landuse is fundamental, the development of flood-
prone areas should be reconsidered. The planning 
documents have to be coordinated corresponding 
to the same time period and addressing the same 
strategy, but from a different level (territorial, local).

• Identify and locate the risk areas affected by 
flooding and CSOs. Develop a map including the 
different type of flood hazards, not just the fluvial.

• Increase the green areas and the level of 
permeable surfaces. Give importance to the 
development of GUI as the same level of other 
infrastructures.

• Control the river flow and margins against 
floods, as well as improve the water quality. Take 
upstream and downstream measures, reduce the 
runoff in the urban areas.

• Increase the level of security of the infrastructure 
in terms of connectivity, accessibility and supply 
system in extreme cases, in order to avoid a major 
collapse.
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• Improve the water drainage system (some areas 
are affected by flooding events from pluvial causes 
and others like the historical centre, are in risk of 
suffering CSOs during flash floods).

• The optimization of the energy and water 
supply resources, guaranteeing a safe service 
without disruptions (e.g., the Ordunte swamp 
which supplies of drinking water Bilbao and 
its Metropolitan area, is considered an old 
infrastructure with a limited capacity).

• Launch active participation processes between 
the different groups (business, education, 
research, citizenry, etc.).

All these circumstances make it necessary to find a 
new solution to deal with urban flooding and water 
management in Bilbao, with a long term perspective 
balancing pros and cons of each action.

3.6 STAKEHOLDER ANALYSIS
The actors involved in the exposed needs, cover a 
wide range of sectors and realms, from the local, 
county and  autonomous community level and from 
public to private institutions or communities. But the 
first step is to identify the stakeholders related to 
floods and storm water management This has been 
done by investigating relevant planning and policy 
documents and internet pages (section 4.4). Some of 
the stakeholders from the Basque Government were 
contacted via telephone and the ones from the Bilbao 
City Council during a meeting session in April 2014. 
Susana Ruiz, responsible of the revision of the GMPUP 
of Bilbao, has been the contact person providing first 
hand information about projects and problems in the city.
 
Formal

Local level

Bilbao City Council:
Directly involved:
• Department of Urbanism: plan from a sustainable 

approach the urban development of the city 

according the municipal strategies. Control the 
fulfilment of the of the legal planning framework 
and bylaws in terms of: spatial and physical 
planning; building license and works; support to 
accomplish renovation works in the building stock; 
foster the participatory processes; and control the 
security, safety and design of the buildings.

• Department of Works and Services: management, 
maintenance and renovation of the public space 
(green spaces, squares) water supply and sewage 
system in the city.

• Department of Safety: in charge of the civil 
protection and prevention, medical and emergency 
services and citizen safety.

Indirectly involved:
• Department of Local Budgets
• Department of Traffic and Transport
• Department of Health and Consumption
• Department of Culture and Education

County level

Consorcio de Aguas is a public agency constituted 
by the Biscay County Council, the Basque Government 
and 80 municipalities of Biscay. Responsible of the 
primary network of the water supply and sewage 
system of 80 municipalities of Biscay, one of them the 
whole metropolitan area of Bilbao. It is also in charge of 
the taxation for the water supply and sewage system.

Autonomous Community Level

Basque Government:
• Ura: is the water agency of the BAC. Its main 

functions are the following ones: safeguard the 
water quality; guarantee an universal service in 
the BAC; keep the efficiency of the service and 
foster technological innovations; support hydraulic 
works of general interest; and delimitations and 
organization of areas of special protection due to 
flooding (rivers, coast, creeks, etc.).

• Territorial Planning Department:
• Environmental Department
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National and International Level

European Union: Floods directive that requires 
member states to develop and implement flood risk 
maps and non-traditional management plans. Member 
states are in the process of uploading their preliminary 
flood risk assessment to the European Commission 
and the EEA and will be later included in the Water 
Information System for Europe (WISE) (EEA, 2012: 48).

Informal

• BIO, Office on CC (Department of Urbanism and 
environment): Bottom-up initiatives and campaigns 
to raise the awareness of citizens on CC (good 
practices, responsible consumption and habits, 
etc.). 

• Investors: from banks or other funds.
• District associations and grassroots
• Local citizens and residents 
• Land owners: some land owners within the flood 

prone areas.
• Employees of public or private companies in the 

areas.
• Professional advisers: architects, engineers, 

landscape architects, lawyers, geologists, 
biologist, etc.

• Companies and business in the affected areas
• Schools and universities (UPV-EHU University of 

the Basque Country and Deusto).
• Tourists, as temporal visitors to the city.

A classification of stakeholders into clusters or types 
does not necessarily say anything about the power 
or influence structures between the stakeholders 
(Dair and Williams, 2006). Therefore, the different 
groups has been clustered according the matrix of 
interest-influence (Reed et al., 2009)  to have a deeper 
understanding of the interests at stake.

High interest, high power
Department of Territorial Planning Basque Govern-
ment
URA and Department of Environment
Politicians of the Bilbao City Council and BAC
High interest, low power
Department of Urbanism of the Bilbao City Council
Department of Works and Services Bilbao City Council
European Union
Consorcio de Aguas
Department of Safety
BIO
Employees
Professional advisers
Business and companies
Universities
Low interest, low power
Citizens and district associations
Tourist
Low interest, high power
Department of Local Budgets
Investors

Table. 2. Interest-influence matrix (Source: Reed et al,, 2009)

The roles of the stakeholders are defined based on the 
review of the previous planning documents (section 
4.4).

The Environmental Department of the Basque 
Government develops the Territorial Sectorial Plans 
of River Margins and Coastal Areas establishing 
the areas of special protection (due to flooding or 
ecological interest). At the municipal level of Bilbao 
(i.e., the different local departments), the GMPUP,  
as the main figure of the local urban planning, has to 
fulfil the requirements of the TSP with regard to river 
and coastal flooding. So the planning framework, 
in this sense is quite hierarchical. Politicians have a 
considerably power and interest. Considering that 
Bilbao is the main urban core in the Basque Country, 
they influence and are influenced by the decisions 
from regional levels. But consensus between the two 
spheres is convenient to launch policies and obtain 
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economical benefits from the Biscay City Council and 
the Basque Government. Private investors, such as 
banks or other financial entities play traditionally an 
important role showing interest when there can gain an 
economic benefit.

The Department of Urbanism has competences 
to locate general interest services and classify the 
municipal land, as well as reserve areas for parks, 
etc. On the other hand, the Department of Works and 
Services have total mandate to fix the design guidelines 
of the public spaces (squares, parks, streets) and the 
drainage and water supply system.

Therefore, despite the consideration on river and tidal 
flooding, these two departments have sufficient power 
to promote adaptive policies to handle storm water 
and pluvial flooding in Bilbao (categorized in the box: 
“high interest, low power”).

The crowd, formed mainly by citizens, districts 
associations and tourist might have a low interest 
as long as construction works or flood events do not 
affect them directly. The lack of information and active 
participation on municipal plans can be one of the 
reasons for the lack of implication and concern on CC 
issues.

The relation between these groups of interest and 
power leads into relationships that are characterised 
by conflicts and lack of effectiveness , complementary 
and cooperation. The matrix of interests and power 
reflects how each stakeholder is or will be affected in 
a different degree by the flooding hazards and water 
use.

Those citizens that live in flood-prone areas will be in a 
more vulnerable situation to suffer directly the impacts 
of flash floods, landslides, CSOs, sea level rise, etc. 
But this, does not mean that the rest of the population  
(from policy makers to potential investors) will not be 
exposed to CC hazards. 

The lack of coordination between the public institutions 
and the departments has an effect on the effectiveness 
of the solutions in terms of adaptation and mitigation: 
citizenry, special the most vulnerable, are put in risk 
as well as future generations; professional advisers, 
workers and research companies reduce their 
employment opportunities; schools loss the possibility 
to train a new generation of citizens more aware of 
CC and universities of exploring new alternatives or 
imaginative solutions. In this sense, it is quite important 
decision makers think beyond the immediacy and 
explore long term strategies.

De-
part. 
Terri-
torial 
Plan-
ning

URA 
and 
Dep. 
Envi-
ron-
ment

Policy 
mak-
ers 
BAC 
and 
local

Dep.
Ur-
ban-
ism 
Bil-
bao

D.W 
and-
Ser-
vices
Bil-
bao

EU Con-
sorcio 
de 
Agua

Dep. 
Safe-
ty

BIO Em-
ploy-
ees

Pro-
fes-
sional 
advis-
ers

Com-
pa-
nies
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versi-
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Citi-
zens

Dep. 
Local 
Bud-
get

Inves-
tors

D. Territ.Plan. 3 2 2 2 2
URA 1 1 3

Policy 
makers

3 3

D.Urban-
ism BI

1

D.W Ser. BI 1
EU 2
Consorcio 
de Aguas

3

D.Safety
BIO
Employees
Profession-
als advisers
Companies
Universities
Citizens
D.Local 
budget
Investors

1 32Conflicts CollaborationComplementary

Table 3. Actor linkage matrix: relationships between stakeholders (source: Reed et al., 2009).
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The implementation gap from ideas to actions is a 
matter that affects  all the stakeholders except the ones 
from the box: “High interest and high power”. If good 
thoughts about the benefits of having less impervious 
surfaces and more green areas are just suggested, but 
not well performed, then the effort will be in vain and 
the efficacy of the solution decrease. 

Despite the barriers, the revision of the General Master 
Plan of Bilbao opens a good opportunity to redefine the 
drainage system and reinforce the presence of GUI.

3.7 OPPORTUNITIES
CC adaptation strategies and the coincidence of 
the current revision of the GMPUP offer a unique 
opportunity to re-convert Bilbao in a Climate-proof city 
and in one of the best places to live in. Runoff control 
and water storage and treatment systems are the 
backbone of these strategies.

Technical value
Minimize the risk of flooding and due to the 
implementation of storage basins, anticipation to 
draught episodes or intrusion of salted water from sea 
level rise.

Aesthetic and recreational value: a greener and 
bluer city
Preservation and recovery of green areas. Combination 
with water bodies integrated in tidal parks, green 
arteries, squares, etc., together with playgrounds and 
other activities, increasing the level of acceptance 
and attractiveness of these drainage facilities by the 
citizens.

Biological and ecological value
Improve the ecological value by connecting green 
and blue networks to increase biodiversity and control 
extreme temperatures, which has important benefits 
above all in densely developed areas of the city centre 
such Indautxu, Abando, etc.

Environmental value
Removing the level of pollutants through the use of 

vegetated detention ponds, bioswales or basins for 
their sedimentation. Contributing to increase the water 
quality of the Nerbioi river and tributaries.

Economy
Development of research and innovation companies 
to  propose, build, monitor, assess or offer associated 
services to CC adaptation. 

Added values for the community (education, jobs, etc.)
Creation of new skilled jobs to maintain, construct, 
investigate these facilities. Other business opportunities 
along green corridors or othe  attractive areas, cafés, 
retails, etc. Educational values to inform and educate 
children and indirectly their families, etc.

Cultural values
Increase the level of identity and attachment to certain 
areas.

Apart from leading in other opportunities, e.g., urban 
farming, water self-sufficiency, improve the image 
of the Bilbao City Council as an environmental 
friendly and modern municipality and city, etc.
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MEASURES AND EXPERIENCES
This chapter  presents a set of existing solutions and applied examples to 
handle urban flooding and stormwater reuse from an adaptive perspective. 

CHAPTER 4

The following classification is based on the review 
of scientific literature and applied resilient initiatives 
in different cities. It pretends to give a complete 
inventory of the current state-of-the-art that will be 
further assessed in terms of efficiency and associated 
benefits. 

4.1 STATE-OF-THE-ART 
BASED ON SCIENTIFIC 
EMPIRICAL EVIDENCE 
OF EFFECTIVENESS OF 
MEASURES
The classification of the measures to manage flooding 
and water use in cities has been made following the 
EU’s White Paper (EC, 2009b in EEA, 2012) responding 
to the type of infrastructures they refer to. 
 
• Grey infrastructures: “Corresponds to physical 

interventions or construction measures that use 
engineering services to make buildings and 
infrastructures” (EEA, 2012: 16) 

• Green infrastructures or GUI: they can be define as 
“vegetated areas and elements such as meadows, 
forests, wetlands, shores, parks, green roofs and 
walls, trees, etc..” (Demuzere et al., 2014: 2), “ 
A network of green and blue spaces in an urban 
area” (EEA, 2012:92), or “An interconnected 
network of open and green spaces, both natural 
and designed, that can provide multiple functions 
and services such as water and air purification, 
aesthetics, cultural and socio-economic benefits, 
recreation, and habitat.” ( Sadahisa Kato, Research 
Associate, ICAS, Ibaraki University, Japan cited in 
ICLEI, 2013: 17).

• Soft measures correspond to policies, land-use 
criteria, information and economic incentives 
to reduce vulnerability and change of habits 
(EEA,2012). Inside this cluster human health and 
well-being are included as crucial aspects related 
with adaptation measures.

The existing adaptive measures to manage urban 
flooding are sub-classified according the points 
bellow: 
  
• firstly, the measure is described,
• secondly, the impacts associated are indicated,
• thirdly, the measure is placed in the spatial scale 

of a city: building or site (plot); neighbourhood or 
district; and city or region (catchment area),

• forthly, the action is related according the runoff 
water control cycle in cities: source or upstream 
control; onsite control, transport; and, finally, 
downstream control,

• and finally, the level of responsibility: private or 
public (Stahre, 2006), of the concrete action 
pointed out

Urban scale: Building / site

Neighbourhood, district

City / Region 
(Catchment area)

Water cycle: Source control

Onsite control

Transport

Downstream  control

Responsibility: Public

Private

Pu
Pr

The main purpose of this differentiation is to provide a 
menu of actions and their impacts, in order to design 
an effective and adaptive system to manage storm 
water, placed in the complex spatiality of the city and 
supported by policies and other initiatives. 
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• Green and blue infrastructures

No. Measure Impact Spatial 
scale

Water 
control

Re-
sponsi-
bility

01 Maintain and increase green 
infrastructures in cities, parks and 
gardens, wetlands, green roofs, etc.. 
(EEA, 2012: 48).

Maintain and manage
green areas outside and
inside the cities for flood
retention including the use of
appropriate agricultural and
forest practices.

Carbon sink (photosynthesis), storm 
water drainage, outdoor and indoor 
cooling, water and air treatment 
(Demuzere et al., 2014; EEA, 2012; 
Stahre, 2006).

Increase the ecosystems resilience 
and the biodiversity. (EEA, 2012).

Decrease the vulnerability of suffering 
urban flooding (Stahre, 2006) and 
landslides (EEA, 2012).

Green areas provides vital ecosystem 
services slowing down water runoff 
and by storing fresh water maintaining 
ground water levels for later use (EEA, 
2012: Demuzere et al., 2014).

“While up to 60% of rainwater 
contributes to runoff in vegetation-free 
cities, vegetated areas contribute 
between 5-15%, thereby reducing 
peak discharge and recharging 
the groundwater (Bolund and 
Hunhammar, 1999; Spatari et al., 
2011, in Demuzere et al., 2014: 8).

02 Remove or reduce the use of 
impervious surfaces. (EEA, 2012: 48).

Idem to no.01.
 

04 Renaturalization of rivers, creeks and 
wetlands (EEA, 2012: 48)

Idem to no.01. 

Restoration of water cycle (EEA, 
2012).

05 Combined green infrastructure and 
blue infrastructures to ensure water 
supply and storm water treatment.  

Idem to no.01.

GUI improve the physio-chemical 
characteristics of the water by 
removing suspended solids, nutrients, 
hydrocarbons, and heavy metals 
(Demuzere et al., 2014: 10).

Pu

Pu
Pr

Pu
Pr

Pu
Pr

Urban scale: Building / site

Neighbourhood, district

City / Region 
(Catchment area)

Water cycle: Source control

Onsite control

Transport

Downstream  control

Responsibility: Public

Private

Pu
Pr
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Public

Private

06 Green roofs (combination of sedum 
and moss that withstand long periods 
without water supply) (Stahre, 2006: 
24; Demuzere et al., 2014: 9) and 
walls to absorb and store rainwater 
(EEA, 2012).

Investigations in Sweden show that on 
a yearly basis storm water runoff can 
be reduced by a half (Stahre, 2006: 24). 
German studies on the use of intensive 
green roofs demonstrate a reduction of 
runoff of 65-85% depending of the roof 
composition and thickness. (Mentens 
et al., 2006, in Demuzere et al., 2014: 
9).

With a 3-4 cm and a weight of 40-60 kg/
cm2 of thickness –what is considered 
a light roof, tiles 50 kg/cm2– water 
retention can be of 40-50%  and a light 
rain totally absorbed. Pitched roofs 
can be built with slopes from 5º-45º ( 
further assessment is required) (Green 
Roofs, www.optigreen.co.uk).

Other benefits: thermal insulation 
reducing the energy use (Demuzere et 
al., 2014: 146); carbon sink and outdoor 
cooling effect; increase biodiversity 
by creating green spaces in urban 
areas; potential savings to developers 
since the number of drainage outlets 
get reduced; extended roof life, the 
green layer protects the degradation 
of the roof’s waterproofing membrane 
doubling its life expectancy (Shaw et 
al., 2007:43).

07 SUDS Sustainable Urban Drainage 
Systems as a combined or mixed 
system and alternative approach to 
traditional underground drainage net-
work (grey and green infrastructures). 
SUDS separative open or partially 
open drainage systems (Stahre, 2006: 
19) that mimic natural drainage pat-
terns (Shaw et al., 2007: 43).

It gains in effectivity –flood risk man-
agement, water storage, biodiversity 
and amenity– when using different 
solutions –green and grey– along 
the runoff path such as: green roofs, 
infiltration lawns and rain gardens, 
ponds, soakaways, permeable pav-
ing, filter strips, swales, open canals, 
ditches, floodable areas, lakes and 
wetlands. (Stahre, 2006).

SUDS can reduce surface water run-
off, encourage recharge of groundwa-
ter, and provide amenity and wildlife 
enhancements. By employing pollut-
ant trapping (see no.05) can protect 
water quality. (Shaw et al., 2007: 43).

SUDS are cost effective solutions in 
comparison with building a separate 
underground system with increased 
capacity or by incorporating detention 
facilities in pipes (Stahre, 2006:10).

They could be placed along roads 
and green arteries providing dispersal 
corridors for aquatic organisms, polli-
nators, birds, batrachians and insects 
(Barthel et al. 2013: 58).

Co-benefits: water harvesting and 
storage apart from flooding control 
(Shaw et al., 2007: 43). Reduce UHI 
effect by filter strips, swales and the 
combination with GUI. (EEA, 2012).

Requires maintenance to remove silt 
and debris and space to proceed. 
(Shaw et al., 2007: 43).

Pu
Pr

Pu
Pr
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• Grey infrastructures

No. Measure Impact Spatial 
scale

Water 
cycle

Re-
sponsi-
bility

08 Innovative design of buildings: 
elevated entrances ensuring 
accessibility (handicapped), building 
on poles, floating constructions, green 
roofs (no.06) collection and recycling 
of roof runoff water by tanks to be 
reuse –irrigation, toilet flushing or 
other non-potable use– (EEA, 2012; 
Stahre, 2006). Include one-way valves 
in pipes to prevent back-up of water 
into buildings (Shaw et al., 2007:44).
Provide emergency exit at the first
floor above flood elevation (AIANY, 
2013:21).

Medium to long-term measures 
focused on the climate-proof 
design of buildings and new urban 
development can facilitate the 
reduction of storm/flood damages. 
(EEA, 2012; AIANAY, 2013).

09 Programmatic usage of lower floors in 
flood-prone buildings, underground 
parkings or other infrastructures as 
water reservoir or floodable areas 
when necessary. (EEA, 2012; AIANY, 
2013:16)

Idem to no.08 and linked with 
measure no.15.

10 Innovative design of public spaces 
for water storage and flooding control. 
E.g., watersquares (EEA, 2012:49).

Carefully designed flood protection 
infrastructures reduce the visual 
impact and can provide attractive 
spaces in cities.  (Rebuild by Design, 
2013).

11 Innovative design for waterfronts. 
E.g., integrate the use of permanent 
or removable protective walls, project 
flooding parks, plan softer transitions 
between city and water, more friendly 
waterfronts and water-walls by using 
terraces, stairs, etc.. 

Double purpose: act as a buffer 
and defensive infrastructures for the 
spaces behind; increase the space 
for future flood waves –floodplain 
areas– and, provide an attractive 
waterfront landscape.  (Rebuild by 
Design, 2013, The BIG ‘U’).

12 Integrate removable flood barriers 
in the urban landscape (flood-prone 
areas). (Shaw et al., 2007:44)

Idem to no.10 and 11.

13 Avoid/remove the use of impervious 
surfaces (EEA, 2012:31; Shaw et al., 
2007:43).

The use of permeable and porous 
pavements enable the water cycle.
(Shaw et al., 2007: 43).

14 Building with safety margins raising 
ground level (EEA, 2012: 89; AIANY, 
2013).

Complex in already built areas, but a 
possibility in new developments.

Assess the impact and the bearing 
capacity of the landfill.

Pu

Pu

Pu

Pu

Pu
Pr

Pu
Pr

Pu
Pr



37

15 Design defensive mega- 
infrastructures to control flooding 
hazards. E.g.,storm flood-water 
diversion facilities, floodable tunnels, 
river flooding barriers, delta dikes, 
etc..(AIANY, 2013:14,15)

Require long-term funding for their 
maintenance (AIANAY, 2013). 

They have an impact on ecosystems.

16 Maintenance of drainage systems, not 
combined –i.e., disconnected from 
sewage to avoid CSO pollution– to 
evacuate storm water (EEA, 2012; 
Stahre, 2006).

Correct performance of the system 
in order to avoid urban flooding and 
unwanted CSOs. (EEA, 2012; Stahre, 
2006)

17 Reduce losses from water supply 
systems and build local water storage 
facilities and local treatment plants. 
(EEA, 2012:15; Bathel et al., 2013:58).

Increase the level of efficiency and 
performance of the networks reducing 
the energy and water demand (EEA, 
2012).

18 Protection of technical –power, 
water supply, telecommunications, 
etc.– and transport networks – e.g., 
elevate subway entrances– against 
flooding or create multiple supply 
lines to avoid failures. (EEA, 2012:15). 
Planning smart, try to avoid the 
location of transport infrastructures in 
floodable areas (AIANY, 2013).

Encourage redundancy and flexibility 
to avoid “cascade failures” when 
planning technical and transport 
networks. Integrate in design 
solutions to protect and make more 
resilient the urban infrastructures 
(AIANY, 2013:13).

19 Storm water management must be 
controlled –returned to the natural 
water cycle– as closer to the source 
the better. (Stahre, 2006)

Reduce the possibility of suffering 
flooding episodes (Stahre, 2006).
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• Soft measures

Sub-category: Policies and planning regulations

No. Measure Impact Spatial 
scale

Water 
cycle

Re-
sponsi-
bility

20 Integrated planning approach 
including expertise from several 
different administration departments 
in the city. (Stahre, 2006:17). Establish 
a trustful co-operation patterns 
between municipal departments (E.g.: 
Technical departments and others 
like departments of environment, 
education and real state, private 
developers, ecologist, amongst 
others).  (Stahre, 2006:67, 74).
 
“Studies have demonstrated that the 
integration into the urban landscape 
is not so much a technical problem 
as a matter of successful co-
operation between different technical 
departments in the city administration, 
and with residents and other 
interested parties”. (Stahre, 2006:74).

Although traditionally the drainage 
department (“Obras y Servicios”) is in 
charge of the urban drainage systems 
, experience shows that integrated 
approach of the different departments 
inspire innovative and exciting new 
drainage solutions (Stahre, 2006:17).

A high level of independency of 
the technical departments is not 
recommended minimizing the level of 
effectivity of the adaptive measures. 
(Stahre, 2006).

21 Long term planning strategies and a 
common vision should be developed 
(Stahre, 2006:75). Local media can 
play an important role promoting the 
ideas of managing the storm water 
open facilities (Stahre, 2006:77).

More inclusive and just planning 
system, including the impacts on 
future generations and the benefits of 
the adaptive solutions.

22 Form partnerships to raise the 
awareness of CC and flooding 
management issues or to support 
projects financially or by other means. 
(EEA, 2012; Stahre, 2006).

Raise the awareness on CC by active 
participation of private stakeholders 
(also vulnerable groups) (EEA, 2012). 
Promote innovation in industry and 
business sector and indirectly jobs. 

23 Launch policies that foster public 
participation of local residents, 
schools, private companies, 
universities, different lobbies groups. 
(Stahre, 2006: 76)

Idem to no.20 

24 Established routines have to be 
challenged and try new paths in the 
planning processes. Water related 
issues –floods, harvesting, storage, 
treatment, drainage– have to influence 
planning and being discussed in the 
early planning stages. It cannot be 
taken for granted that the drainage 
engineer shall be able to find a suitable 
solution after the outline of the plan has 
been decided. (Stahre, 2006:67, 76).

Idem to no.20
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Sub-category: Spatial planning

No. Measure Impact Spatial 
scale

Water 
cycle

Re-
sponsi-
bility

25 Precautionary and co-ordinated urban 
planning (landuse), which includes: 
prohibition of building dwellings and 
industries in current and future flood-
prone areas; adaptation of future 
developments to the risk of flooding;  
an appropriate land use avoiding 
hazard or vulnerable uses from risk 
areas; protect forestry, agricultural 
land, and river flood plains from 
urban development; reserve land 
for sustainable urban drainages 
(wetlands, retention ponds, lakes, 
etc..). (EEA, 2012; Stahre, 2006).

Good land-use planning will decrease 
vulnerability and is important for 
cross-sectorial adaptation (EEA, 
2012).

Potentially greater damage prevention 
(EEA, 2012:48).

Decreases potential damages to 
property and improves hydrological 
conditions, thereby decreasing the 
severity of flooding (EEA, 2012:81).

26 Include the location of adaptive 
flooding services (e.g., SUDS, green 
corridors and large detention ponds) 
in the comprehensive plans (‘PGOU’ 
General Master Plans) with the same 
level of importance of other traditional 
relevant services and infrastructures 
of the city. (Stahre, 2006:68).

Sub-category: Information and education 

27 Increase local active participation 
and education programs from schools 
(Stahre, 2006).

“Evidence from studies on the effect 
of urban environmental training 
programs shows that increased 
awareness does not necessarily 
promote pro-environmental 
behaviours” (Hashimoto-Martell et al., 
2011 in Demuzere, 2014:14). 

 “More practically-oriented and 
hands-on learning curricula would 
enable to better understand the 
depth and delicate balance of cause 
effect relationships between their own 
actions and ecosystem” (Dearborn 
and Kark, 2010, in Demuzere, 
2014:14). 

Stronger attachment to a place 
promoting climate-positive behaviours 
and social interactions. (Demuzere, 
2014). 

28 Rain water management and 
facilitation of water saving habits. 
(EEA, 2012).

Reduce water demand and promote a 
responsible water use.(EEA, 2012).
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29 Forecasting and early warning 
systems (EEA, 2012:48) to support 
evacuation plans and health and 
social care systems.

Reduced the risks of wealth 
destruction and human health 
impacts (EEA, 2012). 

30 Include the concept of “responsibility” 
for the source control of the storm 
water in private properties.

Although the reduction of storm water 
runoff from and individual property 
may not be important, the combine 
effect of the systematic utilization and 
the level of implication of the citizenry 
increases its effectivity. (Stahre, 2006: 
23).

It can be linked with measure no.31.

Sub-category: Economical incentives and taxation

31 Economical incentives and taxation 
benefits (reduction in the water bill)
to private owners and real state 
developers to accomplish renovation 
or new building works (green roofs, 
reduce the area of impervious 
surfaces, storm water harvesting and 
reuse, etc..)

Increase awareness by active 
participation (Demuzere et al., 2014).

Manage storm water runoff more 
efficiently, closer to the source 
(Stahre, 2006).

Reduce water and energy demand 
(pumps).

32 Coalition research projects. Financing support from partners, 
European Union, national or regional 
government.
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The measures gathered offer a general overview of 
many cities’ initiatives to handle urban floods and other 
expected risks as a result of CC. 

The approach of the described strategies differs 
from one measure to another. While some handle 
urban floods from a defensive point of view, based on 
engineering or grey solutions (reinforce the resistance 
and robustness of certain infrastructures to withstand 
natural forces), others emphasise the importance 
of more adaptive actions, based on the use of 
ecosystems. 

Although maintenance is common to all the measures,  
Defensive infrastructure can “demand burdensome 
long-term funding and management” (AIANAY, 2013: 
6). Future scenario planning –either explorative or 

target fulfilling– (Börjesson, 2006) of each particular 
situation offer a better platform of analysis than 
traditional or predictive methods to determine whether 
a hard infrastructure (grey infrastructure) or green 
based solution will be more effective in the long run. 
Specially Normative or target fulfilling theories are 
specially interesting for CC time frames (horizons of 
50-100 years) –the focus of study is set in the future, 
as a certain target to achieve, in the process it is 
investigated how that goal could be met and if it is 
necessary to transform or preserve through structural 
changes the current situation– (Börjesson, 2006).

Table 4. State-of-the-art based on scientific review.
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Public

Private

4.2 STATE-OF-THE-ART 
BASED ON APPLIED 
STRATEGIES
 
This section presents a list of significant adaptation 
examples to urban flooding implemented by different 
cities that have used as a basis a combination of 
the measures described previously in section 3.1. 
Challenges, actions taken and outcomes have been 
summarized for each case study. The aim is to show 
how the initiatives are designed and the results or 
expected outcomes after their applicability. 

CASE 1: ROTTERDAM, NETHERLANDS

Expected outcomes
Tackle the water problem –floods and fresh water 
scarcity– and the lack of public spaces with a mixed 
of GUI and grey solutions: watersquares, water, 
underground storage for sewage overflow, sponge 
roofs , and resilience profiles combined with GIS data
to set new targets for ecosystem services. 34.9 m2 of 
green space per person and higher life expectancies.  
(ICLEI, 2013: 17).

CASE 2: MALMÖ, SWEDEN

Challenges
Security, quality, water storage and lack of public 
spaces to manage storm water (Rotterdam Waterplan 
2, 2007)
Measures
• Improve water quality and ecology: identify the 

areas that do not meet the quality standards 
(GIS), establish a criteria of wastewater collection, 
progresive disconnection of storm water outlets 
from the drainage system, deal with storm water by 
changing the traditional idea of presence of water 
in cities, reinforcement of the GUI, etc..(Rotterdam 
Waterplan 2, 2007: 75-81)

• Water storage and lack of space: water squares in 
low-lying public spaces as temporary open water 
storage facilities. The rest of the time is dry place 
and the main use is an attractive recreational area 
with playgrounds, benches, vegetation, etc..

Type of measure
A combination of green and grey mixed technical 
solutions. Measures no.01, 10, 17, 24, 25.

Challenges
Overload of the downstream conveyance system and 
water pollution (Stahre, 2008)
Measures
• Shift from the traditional drainage system to a 

SUDS. In 20 years, 18 different interventions in the 
city. The first action was to project an integrated 
park and drainage facility, Toftanäs Wetland 
Park (1990), but later a series of measures were 
performed, e.g., ponds, detention lakes, swales, 
green roofs and eco-corridors like the case of 
Tygelsjö in 2008 (the whole network was designed 
a wetland, water course and ponds).

Type of measure
A combination of green based technical solutions. 
Development of SUDS. Measures no.01, 02, 05, 06,07, 
20, 21, 22, 23, 24, 25, 26, 27, 28.
Outcomes
After 5-10 years of developing SUDS, eco-corridors 
have become the most popular technical configuration 
in Malmö due to recreational and ecological values 
amongst others and the big drainage capacity, higher 
than traditional buried pipe systems (Stahre, 2008). 
Significant reduction in surface run-off after downpours 
(EEA, 2012:92; Stahre, 2006).
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CASE 3: COPENHAGEN, DENMARK CASE 4: NEW YORK, US

Challenges
Manage urban floods and avoid CSOs
Measures
• “First, disconnection is focused within sites that are 

relatively easy to disconnect, due to water quality, 
soil conditions, and the provision of open space. 
Secondly, up to 30% of the annual storm water 
run-off is infiltrated in areas with relatively deep 
groundwater levels. Third, neighbourhoods located 
near low-lying wetland areas are disconnected and 
the sloping terrain is utilised for the conveyance 
of storm water runoff. Fourth, the promotion  of 
coherent urban green infrastructures is linked with 
SUDS transformations, urban greening and urban 
climate-proofing.” ( Fryd et al., 2012: 1).

• Training courses for water and urban planning 
professionals, a series of national seminars, 
launched eight individual PhD projects, and two 
joint PhD case studies.

• Elevated entrances in one of the recently built 
metro lines to avoid storm water flooding (EEA, 
2012:49).

• A new rescue service (EEA, 2012:43)
• Communication with business and citizens to 

provide advice and protective measure (EEA, 
2012:43).

Type of measure
A combination of green and grey mixed technical 
solutions. Measures no.01, 08, 23. 
Outcomes
In a case study area of 15km2 and 100.000 inhabitants 
60% of the impervious area will be fully or partially 
disconnected from the sewer system and managed by 
SUDS increasing the water quality for bathing or other 
uses and avoiding CSOs (Fryd et al., 2012).

Challenges
Security, quality, water storage and lack of public 
spaces to manage storm water (Plan NY, A Stronger 
and More Resilient New York, 2007)
Measures 
(Bellow summary of the main points related with flooding. 
The document covers many other interesting aspects).
• Coastal protection: different waterfront solutions 

depending the geological and soil compositions, 
level of exposure and elevation. E.g.: dunes, 
wetlands and floodable parks, barrier islands, 
polders, armor stone waterfronts, etc.. (P.48)

• Building protection, criteria for a new building code 
according the risk degree to floods and the uses 
(residential, commercial, etc.). E.g.: flood resistant 
structures, integrate flood shields in buildings, 
elevated buildings, floating houses, elevated 
entrances, etc..(P.72)

• Protection of technical and transport infrastructures. 
• Protection, modification and planning of new green 

infrastructures. E.g.: modification of shorelines to 
protect adjacent communities, fortify marinas and 
piers, green corridors as huge drainage systems 
and restoration of local habitats.

• Reduce CSOs with GUI (P:216). Plans to recover 
degraded creeks. Construction of a separative 
system high level system to discharge storm water 
(a system of buried pipes independent from the 
sanitary system). But in Staten Island there is a 
project for know as ‘Blue-belt’ for store and filter 
storm water.

Type of measure
A combination of green and grey mixed technical 
solutions. Measures no.08, 11, 12, 14.
Lessons learned
Increase the resilience of the city. Reduce the risk by 
taking preventive actions today, “a dollar spent today will 
save multiple dollars tomorrow”. The Sandy Hurricane 
in 2012 was a wake-up call (AIANAY, 2013:40).
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CASE 5: LONDON, UK CASE 6: PORTLAND, US

Challenges
Increase resilience to floods: predict and manage 
(Nickson et al., 2011)
Measures
• From vision to policy: improve the understanding 

of flood risk and CC raising public awareness, 
collaborative working to gain economical support, 
prioritise vulnerable areas.

• From policy to action: map of flooding areas from all 
flood sources, explore the implementation of SUDS 
for the city of London, online data portal, create 
a flood incident reporting system, form cross-
departmental flood groups, launch a project with 
Thames Water and the Environmental Agency to 
trial extensive areas to manage surface water flood 
risk. Bylaws and building regulations concerning 
new development oblige to built a front garden 
bigger than 5m2 using permeable paving (Nickson 
et al., 2011). The Thames Flooding Barrier is one 
example of a mega-infrastructure built to avoid the 
river overflows in the city of London.

Type of measure
A combination of green and grey mixed technical 
solutions. Measures no.01, 15, 29.
Expected outcomes
Although many actions have not been implemented yet, 
the objective is to develop a resilient city for business 
and live. The outcomes expected are to decrease the 
risk of flooding, harvest storm water and reuse it in 
order to reduce external dependencies (Nickson et al., 
2011). 

Challenges
Increase resilience to floods, avoid CSOs and increase 
water quality with GUI (The City of Portland, 2014).
Measures
• Increase the awareness and implication of citizens 

by launching a handbook with instructions to 
construct your own raingarden. Detail guide with 
materials, plant species, graphical examples and 
designs, distances, etc.. It also contains a section 
to test the degree of infiltration of the property. ( 
Emanuel et al., 2009)

• Installation of three big pipes along (3.5-4m of 
diameter). (The City of Portland, 2014).

• Other projects based on SUDS were started: 
eco-roofs, green streets, swales and storm water 
planters. (The City of Portland, 2014).

• CBO Community Benefit Opportunity program was 
initiated to increase the resilience of vulnerable 
neighbourhoods with a budget of $1.77 million 
(projects include bank restoration along the 
Willamette River, street tree planting, community 
gardens, and sustainable storm water management 
facilities). (The City of Portland, 2014).

Type of measure
A combination of green and grey mixed technical 
solutions. Measures no.01, 16, 30.
Outcomes
The program reduced CSOs to the Columbia Slough 
by more than 99% and to the Willamette River by 94% 
(The City of Portland, 2014).  
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CASE 8: SINGAPORECASE 7: ARLINGTON, US

Challenges
Increase water quality and manage storm water 
(ARWD, 2007).
Measures
• Eight rain gardens to reduce storm water volume 

an prevent sediment and nutrient pollution.
• Eight infiltration trenches under two local avenues 

to reduce the amount and speed of runoff water.
• A large underground storm water storage and 

infiltration facility.
• Redesign and recovery of a local lake park as a 

regional level pond, known as “Como Park”.
• Monitoring stations to quantify pollutant load 

reductions such as removal of Total Phosphorus 
(TP) and Total Suspended Solids (TSS).

Type of measure
A combination of green and grey mixed technical 
solutions. Measures no.01, 16, 30.
Outcomes
TP reduction of 155 pounds (70kg) per year. The 
Arlington Hamline Underground Storm water facility 
remove 35 pounds (15kg) of TP and 32.000 pounds 
(14,50 tonnes) of TSS from reaching the local lake. 
The Como Park retains 90 pounds (40 kg) of TP and 
156.000 (70,76 tonnes) of TSS from entering the lake 
annually. (ARWD, 2007).

Challenges
Minimise flooding risk, reduce health diseases (malaria), 
store storm water for supply, urban development (PUB, 
2012) and reduce UHI effect (Demuzere et al., 2014).
Measures
• Reserve land for storm water facilities before urban 

development is projected.
• Develop a COP code of practice on surface water 

drainage specifying design criteria and capacities 
of the drainage.

• Upgrade existing drainage system.
• Implement SUDS (source, slow pathways and 

receptors or reservoirs) and construct  drainage 
channels, an extensive blue network of 8, 000km of 
drains, canals, parks, mangrove areas and rivers 
in the whole island of Singapore. 

• Launch a technical guide on onsite water detention 
and management for private users and industries.

• Develop an Early Warning System by SMS, flooding 
sensors (CCTVS) and an app for smart phones. 
(PUB, 2012)

Type of measure
Based on GUI. Measures no.01, 21, 26, 29.
Outcomes
With an investment of a total of S$2 billion since 1970s, 
flood prone areas have been reduced from 3,200 ha 
in 1970s to 56 ha currently (PUB, 2014). Together with 
these results, “thermal benefits of the city’s natural 
reserve, as well as a neighbourhood park indicated the 
cooling impact of GUI” (Demuzere et al., 2014:146).
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Fig.10. Water square, Rotterdam (Source: Delta Programme 
Commissioner).

Fig.11. Malmö, courtyards (Photographer: Michele Turriani). Fig.12. Bo01, Malmö, drainage channel with green filter 
(Photographer: Sebastian Ludwig).

Fig.13. Augustenborg, Malmö (Source: Climate Adapt, www.vasyd.se)

Fig.15. Sankt Jørgens Sø, Copenhagen, downstream control 
amenity (Source: Københavns Kommune).

Fig.14. Søder Boulevar, Copenhagen, slow transport and onsite 
control of storm water (Source: Københavns Kommune).

Fig.16. Thames Barrier, London (Source: CLMA).
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4.3 WHICH MEASURES CAN 
BE CONSIDERED THE MOST 
EFFICIENT TO MANAGE FLOODS?
BENEFITS AND LIMITATIONS
Apart from the description of the applied measures, 
Demuzere et al. (2014) suggest the following tool 
(fig. 16)  that illustrates the cross-benefits of certain 
action, related with the spatial context where its placed 
and the empirical evidence that proof it. The diagram 
could be transformed including two more concepts: 
cost-effectiveness and time frame (long-term, medium 
or immediate lasting solutions). These two aspects 
provide broader information to test technical measures.

Relevant based on empirical evidence

Inconclusive based on empirical evidence

Less relevant based on empirical evidence

Inconclusive: no empirical evidence

Reduced 
problems with 
floods, peak 
flows and 
droughts

CO2 

Thermal comfort 
& reduced 
energy use

Health & 
restorative 
benefits (social 
,ecological, 
education)

Improve air 
quality Improve water 

quality

CITY / 
REGION

DISTRICT / 

BUILDING / SITE

Cost-
effectiveness

Time frame

Fig.17. Diagram to assess the level of benefits and effectiveness of 
the measures (Source: Demuzere et al., 2014:15).

what issues need to be taken into consideration and 
to discuss previous to their performance, the validity of 
the proposed strategies.

Thus, strategies based on GUI to manage floods and 
fresh water storage –storm water– gather a wider 
range of proof benefits in comparison with technical 
solutions, based solely on engineering services. As 
it has been showed in the previous state-of-the-art 
sections, the application of adaptive storm drainage 
systems on surface combined with green technical 
services provide the following cross-benefits: 

• Reduce the problems with peak flows, but instead 
traditional drainage systems, they offer other 
functions like storage of fresh water, increasing 
the groundwater reserves through soil infiltration, 
wetlands or by artificial pools. This multiple 
functionality, makes adaptive open storm drainage 
systems as one of the most efficient solutions  
to control floods and to increase the water 
reserves in case of draughts. 

• Outdoor and indoor thermal comfort reducing the 
demand of energy.

• As a consequence CO2 and GHG emissions 
decrease. Furthermore, vegetated areas trough 
the process of photosynthesis absorb CO2 from 
the atmosphere.

• Thus, air quality in urban areas can be improved.
• Increase water quality. As we have seen, the use 

of vegetated areas –bioswales– acts as a filter for 
heavy metals, discharging treated fresh water for 
other uses or to be infiltrated to the soil.

• Improve health and other restorative benefits 
–ecological values, biodiversity, education 
and population awareness to CC, etc..– as a 
consequence of ameliorating the life conditions

• Regarding, cost-effectiveness, in comparison 
with other drainage technical solutions, they 
offer better results with less investment. Re-
dimensioning of the drainage pipes of a city 
requires an important work budget plus the impact 
and the results obtain that might be insufficient 
in a long-term CC perspective.  Cost related with 
maintenance have to be studied in detail. 

Testing each design component of an adaptive 
drainage system it would be an arduous task 
distracting from the objective of the research. But, it 
could be used as guidance for setting the bases of 
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• Time frame is an important aspect to consider 
related with the cost of implementation and 
maintenance in the long-term. Adaptive solutions 
to flooding and water storage required a 
maintenance, but much affordable than other 
solutions such as dikes, barriers, etc..

The main limitations to implement these solutions 
to deal with floods and water use in cities, can be 
analysed from a physical and  non-physical approach 
(institutional and social). 

• The requirements of space to accomplish green 
and blue infrastructures might be a challenge in 
many areas. The re-organization of streets might 
require major changes involving wide groups of 
stakeholders (see 3.6 –indirect stakeholders), 
(municipal Department of Traffic and Transport, 
Works and Services, Urbanism, Budgets, etc..). 
Bigger scale drainage and water storage facilities 
demand a close collaboration between different 
municipalities, county and even national level. 
It might seem complex, but cities have been 
transformed making space for other public 
technical commodities, e.g., trams, playgrounds, 
subways, etc.., so this process it cannot be seen 
as a more complicated threat .

• A pre-evaluation of the infiltration capacities 
of the soil and the level of the groundwater is 
fundamental for the effectiveness of the drainage 
system in order not to cause unwanted overflows. 
The collaboration not just of different municipal 
departments, but of professional advisers to 
implement these systems is a key of succeed. 

• In this line, the lack of research partnerships 
with academia and innovative companies could 
diminish the number of imaginative  and new 
solutions, as well as hinder the take-up of and 
economy based on research and innovation. 

• Considering that these solutions are more or less 
recent to cope with the uncertainties of adaptation 
to CC. Monitoring of the implemented strategies 
provides added information to improve them 
or explore new alternatives. It can be seen as a 
laboratory, a good platform for education programs 
of schools. 

• Habits and behaviours. Many of these aspects 
should firstly be assimilated by the residents, 
because their collaboration and responsibility to 
adopt open drainage solutions and water storage 
facilities is fundamental. Institutional, media 
and experts should make an effort to change 
preconceived ideas of the presence of water 
in the city (water squares, swales, open canals, 
wetlands, etc.).

• Funding is another delimitation to implement these 
solutions. Partnerships, EU funding, contribution 
or permit fee for developers, taxation, amongst 
others, should be studied by economist and group 
of experts to find solutions in order to make these 
strategies done.

• Coordination between the different planning 
levels and political will to foster these measures. 
Without their support a system that must be unitary 
can fail.

• Reluctance to change. Real state developers 
and construction companies are another group of 
stakeholders apart from staff from policy makers, 
resistant to changes, they want to offer their usual 
services, work as always and  sell, naturally, 
their traditional products. Although companies 
specialized in sustainable solutions are growing, 
still a major change in the construction market 
and public institutions is required. In this sense, 
training workshops and a closer collaboration with 
experts and other institutions should be done to 
facilitate a gradual shift. 

As Stahre (2006) mentions from his experience in 
Malmö, open drainage systems might not always be 
the best solution –due to space conditions, etc.–. That 
is why, multi-disciplinary collaboration and implication 
is essential to provide more effective and imaginative 
ideas. The goal is to maximize the positive values 
associated to the use of adaptive drainage facilities 
based on GUI and innovative design concepts.
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4.4 HOW DOES A MIXED 
DRAINAGE SYSTEM WORK, 
MAIN COMPONENTS AND 
IMPACTS?  
The integration of adaptive strategies in cities has 
to be done from an holistic approach. In this line, 
Stahre (2006) from the experience in Malmö, says 
that the whole set of actions has to constitute a unitary 
system, which it make quite sense to guarantee the 
well performance of the system and to avoid unwanted 
results. 

The way adaptive drainage systems –based on the 
use GUI– function, is ‘similar’ somehow to the natural 
water cycle, but using facilities with high infiltration 
capacities and other roles such water treatment (heavy 
metals retention), reduce peak flows, amongst others.

Thus, the operation scheme is quite clear, once the 
storm water has been collected or infiltrated to the 
ground (as closer to the source, in private or public 
land, the better to deal with less volume of rainwater 
flowing), the network controls its path from the upper 
or source level to a downstream or closer located 
drainage facility. The transportation must to be slow to 
allow the storm water to be gradually infiltrated to the 
ground. For this purpose, a combination of different 
facilities can be installed (bioswales, floodable parks,  
underground or on surface storage facilities, etc..). 
The exceed water that has not being infiltrated or store 
reaches the downstream control area, large open 
facilities that due its volume and space requirements 
should be integrated in public parks or riverine 
recreational areas.

Therefore, the application of these measures coincide 
with the following pattern based on the operational 
structure of the drainage system : 

• Source control: areas where  rainwater falls. 
Within the city boundaries (not regional catchment 
areas) can be considered as “small scale facilities 
where the handling of storm water takes place in 
private land” (Stahre, 2006: 20).

BUILDING
SITE

NEIGHBOURHOOD // DISTRICT

SOURCE CONTROL ONSITE CONTROL

PRIVATE LAND PUBLIC LAND + RESPONSABILITY

SLOW TRANSPORT DOWNSTREAM CONTROL

DISTRICT // GREEN ARTERIES

SOURCE CONTROL ONSITE CONTROL

PRIVATE LAND PUBLIC LAND + RESPONSABILITY

‘SLOW’ TRANSPORT DOWNSTREAM CONTROL

CITY // CONURBATIONDISTRICT // AVENUES AND CORRIDORSBUILDING // SITE

• Onsite control: it is considered as a source 
control system, located also in the upper part of 
the drainage network, but on public land. 

• ‘Slow’ Transport: channels or other water 
pathways that conduct or drain the water from the 
source to retention or downstream facilities, rivers 
and sea. The speed is slow to not overload the 
drainage system and result in floods.

• Downstream control: comprises large-scale 
facilities, such as wetlands, lakes, etc., for water 
storage (temporary or permanent) before it ends 
in rivers or the sea.

In order to design an effective storm water management 
system, each control zone should combine a series of 
green, grey and soft measures. The components of the 
system are summarized  in the following table

Fig.18. Sustainable drainage pattern.
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SOURCE CONTROL                                                   PRIVATE LAND AND RESPONSIBILITY
BASED ON GREEN AND BLUE MEASURES
ICON DESIGN COMPONENTS: TECHNICAL SPECIFICATIONS:

Green roofs Green roofs with vegetation cover –sedum and 
moss less water requirements–. Adequate for flat or 
pitched roofs (5-45º of slope) and renovation works. 
Weight of 40-60 kg/cm2. Water retention of 40-50%.

Infiltration on lawns and rain 
gardens

Infiltration areas must be designed avoiding erosion 
due to volume and speed of the water flow (use of 
prefabricated grass is convenient) and controlling 
the soil absorption and groundwater level. Excess 
water can be diverted by using a porous pipe to a 
storm water transport facility. 

Detention ponds It has to be shallow and with gentle slopes, keep 
a permanent pool level with a riser outlet to devict 
water in case of heavy rain and outlets on the bottom 
to empty and clean the pond of algae. To avoid the 
appearance of algae a constant water circulation 
(e.g., fountain) and vegetation (e.g., trees) to avoid 
the direct sun radiation are recommended.

BASED ON GREY MEASURES
Permeable paving Course gravel / course gravel stabilized by hard 

polyethylene / grid concrete blocks with open cells 
/ Porous asphalt (not adequate for heavy traffic 
roads) / Natural stones with open joints (Calçeteiros)

Roof or underground 
tanks/cisterns and recycling of 
roof runoff 

The collected water previously treated could 
be reuse for non-potable purposes. E.g., as a 
complement for gardening, cleaning, toilet flushing, 
fire fighting, etc.. 

Performative buildings Programmatic usage of lower floors for storm water 
storage, elevated entrances, emergency exits at 
first floors, one-way valves, reinforcement of the 
building structure, etc..

BASED ON SOFT MEASURES
Economical incentives and 
taxation benefits

To accomplish renovation works or new 
developments.

Early warning systems Apps, SMS or other kind of accessible and fast 
warning system
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‘SLOW’ TRANSPORT                                                  
BASED ON GREEN AND BLUE MEASURES
ICON DESIGN COMPONENTS: TECHNICAL SPECIFICATIONS:

Bioswales for water treatment and 
slow transportation

It has to be designed with a gentle slope for 
maintenance (mowe the grass and remove litter). The 
bottom can be combined with a soakaway or paved 
with open joints to avoid the erosion (Calçeteiros) and 
to improve the infiltration capacity. The swale must 
have a maximum of 2% slope in the flow direction and 
it can end in a sub-drain and connected to a storm 
sewer. It is normally dry, but in case it has a constant 
flow it needs an extra permeable material to avoid 
erosion (Stahre, 2006)

Green/blue corridors Drainage corridors replacing the traditional 
drainage system. They can be combine with 
detention ponds or temporary storage solutions. An 
option is to place them following an existing creek. 
During extreme rainfalls the green corridors act as a 
flood/water pathway (Strategic Urban flood Plan of 
Copenhagen). 

BASED ON GREY MEASURES
Open canals

 

Exclusive design solution (costly). Require high 
level of maintenance to remove litter, but less spatial 
requirements than other solutions. Safety has to be 
addressed, flat shorelines with a vegetation bed to 
avoid fails or fences can be a solution. They can be 
designed with bullets to reduce the water speed.

Permeable paving (See source control)

ONSITE CONTROL                                                      PUBLIC LAND AND RESPONSIBILITY
BASED ON GREEN AND BLUE MEASURES
ICON DESIGN COMPONENTS: TECHNICAL SPECIFICATIONS:

Soakaways Handle runoff from small connected areas 
(Stahre, 2006:30). The soil needs to have good 
drain properties and ground water level has to 
be controlled, can be wrapped with geotextile 
depending the soil characteristics and installed 
with porous pipe. It has to be a minimum of 5m from 
habitable buildings (Stahre, 2006). It infiltrates 30% 
of the rainfall (tested in Copenhagen).

Infiltration on lawns and gardens
Small ponds

(See source control)

BASED ON GREY MEASURES
Programmatic usage of 
underground parkings or other 
adaptable infrastructures in the city

Adequation and maintenance is required. For the 
new infrastructures long-term funding for their 
correct performance is needed (AIANAY, 2013:14). 
E.g., “MuseumPark, Rotterdam, The Netherlands 
Underground parking garage designed by Paul de 
Ruiter Architects accommodates 1,150 cars and a 
10-million-liter water reservoir” (AIANAY, 2013:16).

Water squares or other designed 
options –skateparks, underground 
storage tanks in streets, etc.– to 
increase the water storage capacity 
in the city

Multifunctional and high quality public spaces, 
attractive designed squares with playgrounds and 
areas for skating as well as an innovative onsite 
control facility (temporary storage of storm water). 
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Returning to the concept of adaptation, minimize risk 
and maximize opportunites, the existing infrastructures 
of cities should be adapted to function in combination 
with GUI and other technical improvements. Unitary 
drainage system (EEA, 2012 cited as one of the 
main causes of urban flooding and water pollution) 
should be converted in a separative system without 
expending considerably amounts of money and 
energy. From a technical point of view, open storm 
drainage systems based on the usage GUI provided 
good results to drainage storm water reducing urban 
floods to occur together with many other benefits and 
can be implemented in extensive urban areas (e.g., 
water treatment, maintain water natural cycle, fresh 
water storage, etc.).

But, the applicability of these measures is not similar 
in all the cases. Local legal planning frameworks, as 
well as other factors can hinder the implementation of 
new systems. In the next section these questions will 
be further discussed and a set of action to overcome 
certain barriers propose. 

Table 5. Summary of components for an adaptive drainage system.

€
!

DOWN STREAM CONTROL                                               
BASED ON GREEN AND BLUE MEASURES
ICON DESIGN COMPONENTS: TECHNICAL SPECIFICATIONS:

Designated flood areas Large facility to handle runoff from large catchment 
areas. They can be integrated in parks or recreational 
areas and their function is the temporary storage of 
storm water, the rest of the time are dry. Care and 
maintenance (grass cut at least twice a year) is 
important to improve their effectiveness. There is a 
security level in which the water has to be diverted.

Large detention ponds or lakes Carefully designed with soft and shallow slopes 
in the borders and the deepest part located in the 
centre of the lake. Maintenance has to be regular 
and it can be integrated in the urban landscape 
(city parks or gardens). 

BASED ON GREY MEASURES
Removable/permanent barriers 
in flood prone areas

Flood barrier can be integrated in flood-prone areas 
that have a lack of space to implement other drainage 
facilities. Design is fundamental to develop imaginative 
alternatives, apart from walls. With an adequate and 
respectful design they can be mimetised in the urban 
landscape (riverine parks, historical sites, etc.) or 
become an sport facility (boulders, skateparks, etc.).

Waterfronts/ gradual transitions Waterfronts could be designed to increase the overflow 
area in case of a river rise, e.g., with softer transitions
between city and water, by using terraces, stairs, etc..

BASED ON SOFT MEASURES
Precautionary and co-ordinated 
landuse and urban planning and 
partnerships

Avoid and control the urban development in flood 
prone areas. Improve the resilient conditions in 
already built zones. Establish partnerships to 
support financially, investigating or by other means.



PART II
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PROPOSED MEASURES
This chapter  will present a series of concrete recommendations for 
specific areas and for the General Master Plan for Urban Planning of 
Bilbao under revision.

CHAPTER 5

5.1 RECOMMENDATIONS FOR 
SPECIFIC AREAS 
The proposed strategies for the municipality of Bilbao will 
be embodied according the diagram bellow, resulted from 
the previous analysis of needs/threats, opportunities and 
ideas.

A set of measures will be proposed to respond to the 
needs and overcome the main barriers. Considering 
that there is not information on zones affected by pluvial 
flooding, just on river floods, the areas of intervention  have 

RISK ANALYSIS

MEASURES

IMPLEMENTATION

POLICIES (legally 
binding effect)

NEEDS / THREATS
IMPROVE THE DRAINAGE SYSTEM

MINIMIZE THE RISK OF FLOODS

STORM WATER TREATMENT AND REUSE

REDUCE WATER/ENERGY DEMAND, 
INCREASE LEVELS OF SELF-SUFFICIENCY

INCREASE AND RECONNECT 
THE GREEN AREAS

CROSS-COOPERATION/PARTNERSHIP BETWEEN DIFFERENT 
DEPARTMENTS, INSTITUTIONS AND STAKEHOLDERS

LAUNCH ACTIVE PARTICIPATION AND RAISE AWARENESS 
TO CC ISSUES

RETHINK OR FIND WAYS TO INCREASE THE FLEXIBILITY OF 
AN HIERARCHICAL PLANNING SYSTEM

PRIORITISE ACTIONS-COSTS. DEVELOP A 
RISK ASSESSMENT PLAN OF FLOODS

IDENTIFICATION OF HOTSPOT AREAS (Meeting session with 
S.Ruiz, D. Urbanism of the Bilbao City Council) AND OTHERS 

OPPORTUNITIES

PHYSICAL NON-PHYSICAL 

ECONOMY (Research&Innovation, employment)REDUCE FLOOD RISK

ENVIRONMENTAL VALUES (Water treatment)

BIOLOGICAL + ECOLOGICAL (local biodiversity)

SOCIAL VALUES (Health, educational, recreational)

ATTRACTIVENESS+ QUALITY PUBLIC SPACES

CLIMATE-PROOF CITY (Draughts, UHI, CO2) CULTURAL AND IDENTITY VALUES

being chosen according to the identified flooding risks 
from Chapter 2 (i.e., high presence of impervious surface: 
Abando and Indautxu), the findings from the review of the 
planning documents in Chapter 3 (i.e. building in flood-
prone area: Zorrotzaurre), one of the areas suggested  by 
Susana Ruiz (Department of Urbanism of the Bilbao City 
Council) where its likely to implement certain measures in 
future urban redevelopment projects (Olabeaga. P.Zorroza 
has not been studied due to its low risk of flooding) and 
due to its heritage value and risk level the historical city 
centre (Casco Viejo). Other neighbourhoods like Peñascal 
with a high risk of landslides due to flooding has not been 
included.

Fig.14.Procedure proposal to Climate Adaptation and floods for the city of Bilbao
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Zorrotzaurre
The master plan for the urban development of the area 
has been approved and the works for the opening-up 
of the Deusto Canal started in May, 2014. The whole 
peninsula is affected by a return period of 100 years. 
Although the urban plan is already defined, the design 
of the public spaces could admit proposals.

Olabeaga
Olabeaga is one of the districts suggested by the 
municipality affected in this moment by a redevelopment 
plan, which it means that the prescribed bylaws are 
mandatory and have a legally binding effect. Apart 
from this, part of the area (Muelle Olabeaga) is in a 
flood-prone zone with a return period of 100 years 

ABANDOINDAUTXU

CASCO VIEJO - LA PEÑA

OLABEAGA

ZORROTZAURRE

SALT-WATER 
(Tidal variations)

FRESH WATER

(without considering CC simulations) and at the end of 
the double flood deviation tunnel (La Peña-Olabeaga).

Indautxu, Abando
Even though these inner-city districts are not specially 
affected by floods, the level of impervious surface 
together with the GHG emitted is the highest of the whole 
city (see appendix: Map of pervious surfaces and GHG). 

Casco Viejo - La Peña
Historical centre of the city, seriously affected by 
different floods causes. Due to planning restrictions, the 
measures have to be respectful with the environment.  
La peña is a low-income neighbourhood seriously 
damaged in the floods of 1983.

Fig.19.Flooding Risk Map in Bilbao

2 TUNNELS D:12M

OPENING UP. 
(D.CANAL)
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PROJECT no.01
CASE 1: Zorrotzaurre
WHAT?
Step 01. Map the flood-prone areas updated with long-term CC simulations data of flooding (ground, river, 

sea-level rise and runoff) to identify causes and priorities to address the problems efficiently. Test the 
ground water level and the absorption capacity of the soil in green areas (Zorrotzaurre Master Plan, 
2014).
Build climate scenarios (current, 2050, 2100): a) moderate (+1ºC in 2050 compare to levels of 1990) ; 
b) moderate with changing air circulation currents (+1ºC in 2050 and wind variations); c) warm (+2ºC); 
d) warm with changing air circulation currents (+2ºC in 2050 and wind variations). CC scenarios can 
be combined with socio-economic scenarios: decline and growth (Rotterdam Adaptation Strategy, 
2013: 34).

Step 02. Analysis the alternatives with the departments involved and stakeholders to prioritise actions, seek 
funding (public, private participation, EU adaptation to flood risk management funds, etc..) and to 
choose the most convenient decisions in terms of risk minimization, adaptation and cost-effectiveness 
in a long-term perspective (similar matrices to the stakeholders’ relationships table can be used to 
facilitate the collaboration between the stakeholders and to conduct an action plan).

Step 03. Increase the level of resilience of the existing buildings and demolish the most vulnerable ones (ZMP, 
2014) > remove the hazardous uses from the ground floor and basements. Reinforce the building 
structures and study the possibility of installing temporary floodable/sponge chambers under the 
streets or buildings. Foster the renovation of existing roofs with tiles for green covers. Promote water 
harvesting policies and the installation of raingardens in private land after testing the infiltration 
capacity of the soil (Portland, 2014).

Step 04. Reduce runoff storm water, treatment and reuse it for non-potable purposes> green roofs, water 
harvesting facilities (i.e., tanks or deposit to reuse the storm water for non-potable uses like toilet 
flushing, watering and fire), bioswales, rain gardens and series of detention ponds to infiltrate the water 
and for treatment (oil or pollutants separators), use permeable pavings (concrete grass pavers, gravel 
courses, porous asphalt due to the low traffic density planned. See ZMP), water squares or pools could 
be designed for a temporary water storage. Integrate these solutions along green arteries and parks 
to share the cost of maintenance with other departments and to provide additional values (tram line, 
bicycle lanes, rest areas, pedestrian promenades, playgrounds and commerce, farming, etc.).

Step 05. Implement a waterfronts with a multi-purpose defensive against floods, recreational and environmental 
(a chance to naturalized the river front)> give more space for water rise by designing floodable 
waterfronts that act as buffers (reduce the ground level by stair or terraces). These measures could 
decrease the risk of suffering floods in adjacent areas like Olabeaga or Deusto.

WHY?
To reduce the risk of river floods, tidal variations and to mitigate the effects of constructing in a flood-prone area.
WHO (Stakeholders)
Department of Urbanism
Department of Works and Services
Department of Traffic and Transport
BIO (active participation initiatives)
Consorcio de aguas (Taxation reduction)
URA and Environmental Department of the BG.
Practitioners
Local residents and neighbourhood associations (“Asociación de vecinos de Zorrozaurre”)
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PROJECT no.02
CASE 2: Olabeaga
WHAT?
Step 01. Map the flood-prone areas, identified causes and priorities to address the problems efficiently.
Step 02. Analyse the alternatives with the departments involved and stakeholders to planned future scenarios 

and to prioritise a series of actions.
Step 03. Increase the level of resilience of the most vulnerable buildings > remove the hazardous or uses from 

the ground floor and basement. Reinforce the building structures and study the possibility of installing 
temporary floodable/sponge chambers under the streets or buildings.

Step 04. Reduce runoff storm water, treatment and reuse in the public/private land> green roofs, bioswales 
(street width), rain gardens, basins to reduce the level of impervious surfaces.

WHY?
Reduce the runoff and reuse the storm water. Due to the lack of space other measures cannot be implemented.
WHO (Stakeholders)
Department of Urbanism
Department of Works and Services
Department of Traffic and Transport
BIO (active participation initiatives)
Consorcio de aguas (Taxation reduction)
URA and Environmental Department of the BG.
Practitioners
Local residents
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PROJECT no.03
CASE 3: Indautxu and Abando
WHAT?
Step 01. Map the flood-prone areas due to CSOs.
Step 02. Analysis the alternatives with the departments involved and stakeholders to planned future scenarios 

and to choose the most convenient decisions in terms of risk minimization, adaptation and cost-
effectiveness in a long-term perspective. 

Step 03. Reduce the impervious surfaces. Promote renovation policies to install green roofs and storm water 
reusing facilities in roofs and courtyards. Act in the courtyards launching a greening plan for increase 
their quality (rain gardens, water tanks). Start by implementing these solutions in public buildings. 

Step 04. Reinforce and connect the existing GUI with drainage facilities as green and blue arteries. Plan an 
inner city green belt.

Step 05. Disconnect inlets gradually while implementing this solutions to reduce CSOs.
WHY?
Reduce the impervious surfaces and reduce the water consumption by reusing the storm water.
WHO (Stakeholders)
Department of Urbanism
Department of Works and Services
Department of Traffic and Transport
BIO (active participation initiatives)
Practitioners
Local residents, Neighbourhood Associations, NGOs
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Promote the instalation of green roofs and 
water harvesting deposits/tanks in buildings.

ZORROTZAURRE

OLABEAGA

CASCO VIEJO

1

1

2

Increase the presence of raingardens and 
ponds (courtyards and squares).2
Bioswales and permeable pavings along 
pedestrian avenues –green arteries–.3

3

3 3

Green/blue corridor along avenues with sufficient space 
(autonomía, hurtado amezaga, sabino arana) + tram line 
+ bike lane. Connect the GUI (inner green belt)

4

4
4

Open drainage system

Reinforcement of existing GUI

4

Tram line

Bike lanes

2

ADAPTATION PROPOSAL: PROJECT 03. ABANDO AND INDAUTXU
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PROJECT no.04
CASE 4: Casco Viejo (La Peña)
WHAT?
Step 01. Map the flood-prone areas, identify causes and priorities to address the problems efficiently. Consider CC simulations 

and future scenarios.
Step 02. Analyse the alternatives with the departments involved and stakeholders. Build future scenarios to 

choose the most convenient decisions in terms of risk minimization, adaptation, cost-effectiveness in a 
long-term perspective, preservation of cultural and other added values.

Step 03. Increase the level of resilience of the most vulnerable buildings > Start reinforcing the structure of the 
most exposed constructions. Remove hazardous uses and dwellings from ground floors.

Step 04. Test the level of the groundwater to increase the ground permeability and construction of raingardens. Install 
green roofs in non-protective buildings. Construct a separative network for storm water in Casco Viejo.

Step 05. Implement a riverfront with a double purpose defensive against floods and recreational> removable or 
permanent flooding barriers integrated riverine parks. 

Step 06. Construct the first floodable park of Bilbao in La Peña with large detention ponds, local water plants to 
treat the runoff water and to be inundated in case of cloudburst acting as a buffer for the downstream 
areas and the historical centre. Link the area with the city centre and Etxebarri with bike lanes (in 
project, see appendix) and a river front promenade. Upgrade the river front from San Anton to La Peña, 
connecting with Marzana, removing the current parking places from Uribitarte. The intervention could 
transform the area in  an attractive focus centre to be visited and to reactivate the neighbourhood (e.g., 
increase the number of visitors during weekends, schools, etc..).

WHY?
To reduce the risk of river floods, naturalize the river and preserve the cultural heritage against CC impacts.
WHO (Stakeholders)
Department of Urbanism
Department of Works and Services
Department of Traffic and Transport
BIO (participation)
Consorcio de aguas)
URA and Environmental Department of the BG.
Practitioners 
Researchers
Local residents, NGOS and neighbourhood associations.
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Promote the instalation of green roofs in new 
buildings and water harvesting deposits/tanks1
Improvement measures for existing/
heritage buildings2
Usage permeable paving. Provide early warning 
systems and monitoring (sms or mobile apps) 3
Provide early warning systems and 
monitoring (sms or mobile apps) 4

Tram line

Bike lanes

LA PEÑA

Programmatic usage of the underground parkings 
(Arenal, P. Nueva)5

5
1

4

3

2

2
3

CASCO VIEJO

ADAPTATION PROPOSAL: PROJECT 04. CASCO VIEJO
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5.2 RECOMMENDATIONS FOR 
PLANS AND POLICIES 
(GENERAL MASTER PLAN)
Barriers Recommendations
Formal institutions
• Adaptive strategies to manage urban floods 

have not been considered for the moment by the 
Departments of the Bilbao City Council.

• Consider adaptive drainage facilities as an opportunity 
to solve question such as flooding, mitigation of UHI, 
CO2 absorption, etc., Adaptive drainage facilities must 
be equally important than other infrastructures of general 
interest for the city. Downstream control facilities should 
be consider Systems of General Interest by the GMPUP 
(“Sistema de Equipamientos Generales”). Their location 
should be discussed in detail between the different 
departments of the municipality , Basque Government 
(URA) and County Council and Consorcio de Aguas..

• Sectoral or very independent departments. 
The Department of Works and Services is the 
only responsible for the design of the drainage 
system design and its installation.

• At least two municipal departments should be involved 
from the early stages of building a common long-term 
vision (Department of Urban Planning, Works and 
Services and ideally the Environmental Department). The 
vision of the system should be introduce in the earliest 
stages of the physical planning process (Stahre, 2006). 
Then, planners, architects, engineers and developers 
should meet to develop the best solutions. This should be 
done in the earlier stages before definitive solutions about 
the layout have been set.

• Established routines are very rigid and 
hierarchical planning structures (Basque 
Government, Biscay County Council, Municipality 
and different agencies).Lack of cross-sectoral/
trasdisciplinary vision, any decision making 
body is in charge of this. Cross-connections 
(horizontal structures) are needed. Include 
climate change perspectives in the strategies : 
lack of up-down strategies to set this target.

• Found a spirit of close and trustful cooperation between 
the involved departments and stakeholders, concerning 
to the local sphere of the municipality. Maintain regular 
meetings with the different departments and staff from 
the Basque Government, Biscay County Council and 
agencies. Other department might see opportunities 
adding new values.

• Involved technical department have to be open-minded 
(Stahre, 2006).
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Materialities
• Lack of municipal funding. • After the vision is developed,  seek additional partners 

that can enrich the project and participate financially or 
in other ways.

• If many partners and municipal departments are involve 
the financing and maintaining cost can be shared.

• Possibilities for new business can support financially the 
projects.

Informal institutions and discourses
• Improve the knowledge • It is fundamental to increase the knowledge of the 

municipal staff. One option is to organize workshops by 
experts to improve the knowledge of CC issues.

• Collaborate with other forums that take place in the city 
and in research programs.

• Provide knowledge to developers and contractors (Building 
permits). (www.laridanmark.dk/vejledninger/31261)

Table 6. Recommendations to overcome identified barriers (workshop sesion of December 2013, policy documents and queries to the Department of 
Works and Services and Urbanism) for the GMPUP of Bilbao.
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FINAL CONSIDERATIONS

CHAPTER 6

6.1 DISCUSSION 
Climate Change impacts on towns and cities and their 
inhabitants will be significant in the coming years (Shaw 
et al., 2007). Some cities will be specially vulnerable 
to certain climatic events such as heavy precipitations 
leading into flooding, heatwaves, draughts or sea level 
rise (EEA, 2012). Thus, design and management of the 
urban environment from their different spatial scales –
building, neighbourhood, city, catchment area in case 
of floods, etc..–, plays an important role in supporting 
and enhancing the resilience of the city against these 
extreme conditions. 

As Shaw et al. (2007) mention, it is definitively time 
for adaptation measures, supported with mitigation 
strategies, with a clear double objective, minimizing 
risks and taking advantage of the new opportunities 
offered due to the ongoing change in the climatic 
conditions. This is indeed the main core of this study, 
explore strategies and current initiatives of cities to 
manage flooding risks and at the same time, provide 
solutions with associated cross-benefits to adapt to 
CC in a sustainable way. In line with this, measures 
grounded on an ecosystem based adaptation together 
with imaginative design solutions to transform the public 
space offer optimal results, in terms of costs, technical 
aspects such as reducing peak flows, maintenance 
and other benefits like: improve water and air quality; 
reduce the energy use and increase the outdoor 
thermal comfort; reduce the CO2 emissions, etc.

Floods have a natural origin –meteorological, 
hydrological or a combination of both–, but in cities the 
causes of suffering them are substantially exacerbated 
by human activities (e.g., building in flood-prone 
areas, permisive landuse, high levels of impervious 
surfaces due to urbanisation processes, amongst 
others). When these factors result into a flooding event, 
the consequences can lead into unwanted sewer 
overflows polluting areas with contaminated water, a 
mixture of sanitary and rainwater. 

Bilbao has been taken as a case for many reasons: 
elevated risk of flooding; open possibility to influence 
the  General Master Plan for Urban Planning of the city, 

under revision; and the manifest desire to rethink the 
urban model and to be assessed in terms of strategies 
to implement a resilience plan by the Bilbao City 
Council.

Many cities have learnt the lesson, Malmö, Portland 
or recently Copenhagen are some examples of how 
to manage floods, CSOs and storm water reuse. Their 
strategy is to perform sustainable drainage systems 
in combination with green infrastructures, transforming 
positively the built environment of cities, with high 
quality public spaces for the enjoyment of citizens and 
with a notorious effect increasing the biodiversity of 
flora and fauna –pollinators, birds, plants, amphibians–, 
amongst others.

But to launch these programs, cities have to 
overcome certain barriers, some of them linked with 
to rigid planning frameworks, not flexible enough 
to enable these changes, excessive reliance just on 
technical  solutions or reluctancy to change (Stahre, 
2006). Knowledge and implementation gaps are 
another identified problem, that can be related with 
more conservative positions (path-dependency 
approaches), hindering the performance of concrete 
measures from ideas or strategies (Wangel, 2012). 

During this study, a detail review of the planning 
documents confronted with meetings, interviews and a 
workshop sessions1 have been gathered and analysed 
to have a clear picture of the ongoing measures 
already undertakenby the municipality. Additional 
information from other sources like newspaper articles 
was also confronted to have a good understanding of 
the stakeholders involved, relationships between them 
(collaborative behaviours, conflicts, etc..) and to have 
another version different from the institutional.  The 
main findings, show that one of the main problems is 
the lack or difficult collaboration between stakeholders, 
an aspect that should be overcome and the matrix 
showing the relationships between them could therefore 
look different. On the other hand, I think that participation 
of the affected communities should be addressed 
with a more active approach. Increase responsibility 
1 I was not present in the workshop that took place in De-
cember 2013, but I transcribe and translate the notes in to English 
in January, 2014.
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is a way together with education programs to raise 
the level of understanding of CC adaptation initiatives 
and implication. All these questions together with 
partnerships or cooperation agreements can lead to 
more coherent visions and plans, decreasing somehow 
the implementation gaps owing to a better acceptance 
of new plans and proposals (i.e., collaboration  with 
academia, research institutions and professional 
practitioners).

The main considerations from the review of the policy 
documents of Bilbao suggest also a lack of concrete 
implementation approaches to certain adaptation 
strategies based on the reinforcement of GUI. 
However, mitigation aspects are more define with 
analysis of costs, workplans or duration of the works, 
(e.g., reduce the leakages from pipes, implement a 
telecontrol system to detect failures, amongst others). 

In this line, the “Consorcio de Aguas” commissioned by  
the Biscay County Council, national government and 
URA will carry out a series of ‘upstream’ measures to 
reduce the risk of flooding and CSOs during cloudbursts 
in the catchment area (underground tanks or deposits 
for storm water from combined sewer systems, to be 
storaged in case of cloudburst). Two of these tanks will 
be ready in September 2014 with capacities of 70,000 
m3  (Nerbioi River, Etxebarri) and 25,000 m3 (Ibaizabal 
River, Iurreta) and three new ones are expected to 
be built in the following years (Galindo, Asua and 
Lamiako). On the other hand, the municipality together 
with the Basque Government, Biscay County Council 
has started the opening-up works of the Deusto Canal 
and have in mind the installations of two underground 
pipes of 12 m of diameter (from La Peña to Olabeaga) 
to mitigate the risk of river floods in the historical 
centre (Casco Viejo). Many of these measures used as 
a basis risk maps from URA (Basque Water Agency) 
which, at the same time, are references from ‘PIPI’ ( 
Plan to Prevent Flooding  from the Spanish National 
Level, “Plan Integral de Prevención de Inundaciones”) 
without including data from CC simulations.

So, without questioning the functional effectiveness of 
these solutions in certain areas, grey measures cannot 
be the only criterion, there are other ways to manage 

urban floods offering optimal technical results plus 
cross-benefits to adapt to CC –reduce energy use, 
improve water quality, CO2 absorption, etc..–. The 
state-of-the-art based on a scientific review and the 
already applied initiatives in cities around the world 
justify their positive values and serve as a source of 
inspirations to be implemented in other places.

On the other hand, the performance of these solutions 
are partial. Instead of having a more holistic and unitary 
approach, as it has been suggested by Stahre (2006), 
the solutions are concentrated to control just a concrete 
part of the problem, the downstream pluvial control, 
while Stahre recommends to manage the storm water 
control from the upper levels. In other words, cope with 
manageable storm water volumes from the source by 
using small facilities located in private or public land 
(i.e., green roofs, permeable paving, infiltration lawns 
or storage tanks).

The proposed measures consist of a list of concrete 
actions that I have organized in different steps to 
implement a sustainable drainage system in Bilbao. 
These solutions follow the drainage structure and 
classification that I developed in chapter 4, based 
on the use of green solutions, from the source to the 
downstream control according to the different spatial 
scales –building, neighbourhood, district, city–. 
Stakeholders involved and the reasons why these 
measures should be taken, complete each project 
sheet.

The level of efficiency of the measures depends on the  
local context where this solutions will be implemented. 
For this, a deep risk analysis of the site including a 
variety of long term scenarios based on CC simulations 
is fundamental to propose well-functioning solutions. 
The active involvement of the different stakeholders 
and the cross-level collaboration between departments 
and institutions (local, regional, national, International) 
is a key to launch consistent legally binding policies 
and to find financial funding for their implementation. In 
this sense, overall, long time perspectives on planning 
of a drainage system to manage urban flooding and 
storm water use, enhance a consistent CC adaptation 
strategy. Shorter time perspectives could be important 
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to consider as well, but this can probably be done 
when planning for the steps of implementation of the 
measures and by following-up these steps.

6.2 SUMMARY AND 
CONCLUSIONS
To conclude, the purpose of this paper has been to 
increase the level of resilience of the city of Bilbao 
to manage pluvial flooding, storm water recycling 
and treatment by presenting a set of sustainable 
solutions with a clear operative objective in order 
to be implemented by the municipality and also for 
professional practitioners. For that, I have used as 
a starting point the existing plans for the city, but 
with the idea of their improvement by proposing 
a series of operative guidelines and practical 
recommendations, gathered through the analysis of 
ongoing plans in cities and scientific literature. It has 
been organized in two different parts, the first one 
(flooding background, analysis of the current context 
in Bilbao and measures and experiences) which were 
the backbone of the report, followed by a second part 
that explores the applicability of adaptive strategies 
suggesting recommendations in specific areas of 
Bilbao (spatial planning) and a final section with 
general recommendations for the Master Plan of the 
City and other policy documents. The analysis of all 
these different aspects led to an interesting discussion 
of how all these parts are interrelated and how they 
can affect the desired outcomes.

In this study, I have argued that to handle the ongoing 
CC situation and projections, cities have to transform 
their urban structures (buildings, infrastructures, plans, 
policies, etc) with adaptive solutions that could prevent 
major risks and maximize the opportunities these new 
climatic conditions could bring. I have also investigated 
how in comparison with more traditional methods, 
innovative and polyvalent design solutions with 
green based components to cope with runoff water in 
architecture, infrastructures and public spaces, is and 
example of how to deal with floods and at the same time 
provide other co-benefits such as increase the fresh 

water reserves, biodiversity, etc. Somehow, the barrier 
between CC risk and opportunity become blurred, 
finding synergies and changing the perspective of a 
negative concept, ‘floods’ (flooding are controlled and 
the excess storm water could be storaged, infiltrated 
to the ground or reused as a precautionay measure 
for future scarcity periods). The core of this idea is the 
basis of a new drainage system, not just composed 
by a network of pipes buried under streets, but by 
changing the concept bringing storm water to surface 
and integrating the system into quality, multifunctional 
and natural public spaces, thoroughly designed and 
regulated by consistent plans and policies that follow 
the same long-term strategy.

This study highlights that despite traditional 
(engineering) based solutions to manage floods, there 
are other alternatives that provide optimal results and 
long term co-benefits (ensuring fresh water reserves, 
biodiversity, providing high quality spaces, improving 
living conditions, etc.).

The present project proposal has been developed individually by 
Naia Landa as a part of a cooperation agreement between RAMSES-
Cities program, lead by the NTNU, Norwegian University of Science 
and Technology, and the municipality of Bilbao to further develop 
guidelines for resilient architecture and infrastructure that can be 
implemented at building, neighbourhood and whole city scale by 
city authorities.
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GLOSSARY

Adaptation to Climate Change is the adjustment 
in natural or human systems (e.g. urban areas) in 
response to actual or expected climatic stimuli or 
their effects. It moderates harm or exploits beneficial 
opportunities of climate change. 

Adaptive Capacity is the ability of a system, such as 
urban areas, to adjust to climate change to moderate 
potential damages, to take advantage of opportunities 
or to cope with the consequences. 

Cascade Failure of technical networks occurs 
when failure of one system can lead to the collapse 
of other networks. The level of interdependency of 
infrastructures is crucial to avoid these situations.

Ecosystem Services are the direct and indirect 
contributions of ecosystems to human well-being 
(TEEB D0). They support directly or indirectly our 
survival and quality of life (Harrison and RUBICODE 
consortium, 2009).

Flood: An overflowing or irruption of a great body 
of water over land in a built up area not usually 
submerged. (Oxford English Dictionary).

Green Urban Infrastructures is a network of green and 
blue spaces –vegetated areas and water bodies– in an 
urban area (EEA, 2012:92). (Water or blue elements 
are included in the definition) 

Grey Infrastructures: “Corresponds to physical 
interventions or construction measures that use 
engineering services to make buildings and 
infrastructures” (EEA, 2012: 16) 
 
Mitigation of Climate Change is an anthropogenic 
intervention to reduce the anthropogenic forcing of 
the climate system. It includes strategies to reduce 
greenhouse gas sources and emissions and enhancing 
greenhouse gas sinks. 

Mixed Drainage Systems: a combination of green 
based solutions and grey infrastructures to manage 
storm water from urban areas. The concept is similar 
to the definition of sustainable drainage systems, but 

it is more accurate considering that there is a support 
of the existing or new engineering developed services. 

Resilience can be understood as the ability of a 
social or ecological system to absorb disturbances 
while retaining the same basic structure and ways of 
functioning, the capacity for self-organisation and the 
capacity to adapt to stress and change.(EEA, 2012)

Soft Measures: non-physical measures such as
policies, plans, programmes, procedures. (EEA, 
2012). Human health and well-being as psychological 
and social benefits have been included in this group.  

Vulnerability: Many definitions exist according to the 
context. For example, the United Nations International 
Strategy for Disaster Reduction (UNISDR, 2009) 
defines vulnerability as the characteristics and 
circumstances of a community, system or asset that 
make it susceptible to the damaging effects of a 
hazard. The Intergovernmental Panel on Climate 
Change defines vulnerability to climate change as 
the degree to which a system is susceptible to, and 
unable to cope with, adverse effects of climate change, 
including climate variability and extremes. Vulnerability 
is a function of the character, magnitude and rate of 
climate change and variation to which a system is 
exposed, its sensitivity, and its adaptive capacity (CoR, 
2011a; IPCC, 2007). While being aware of the different 
definitions and concepts of vulnerability, we do not use 
a specific definition or concept stringently in this report 
but rather use the term in a more generic way. 
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ACRONYMS

BAC: Basque Autonomous Community

CC: Climate Change

CSO: Combined Sewer Overflow
 
GHG: Green House Gases

GMPUP: General Master Plan of Urban Planning 

GUI: Green Urban Infrastructures

UHI: Urban heat Island Effect

SUDS: Sustainable Urban Drainage Systems
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APPENDIX

Flood-prone areas and return periods from Bilbao until Getxo (Source: URA)

DEMARCACIÓN HIDROGRÁFICA CANTÁBRICO ORIENTAL
ÁMBITO DE LAS CUENCAS INTERNAS DE LA COMUNIDAD AUTÓNOMA DEL PAÍS VASCO

MAPAS DE PELIGROSIDAD Y RIESGO DE INUNDACIÓN
JUNIO 2013

CÓGIGO: ES17-BIZ-IBA-01 DENOMINACIÓN: BILBAO-ERANDIO
UBICACIÓN

Demarcación Cantábrico Oriental

U.H. Ibaizabal

Cursos 
fluviales: Ibaizabal, Kadagua, Gobela, Udondo

T.H. Bizkaia

Municipios: Bilbao, Erandio

Núcleos 
urbanos: Bilbao, Altzaga, Lutxana-Enekuri

DELIMITACIÓN DE ZONAS INUNDABLES

TOPOGRAFIA Y BATIMETRIA
Modelo Digital del Terreno de 2008 (tecnología LIDAR, resolución de pixel 1 m con precisión en cota de 
15 cm) con levantamiento batimétrico específico para lecho y márgenes de 2012. Nuevos taquimétricos y 
alzados de obstáculos al flujo.

HIDROLOGIA
Caudales obtenidos en el marco del estudio “Caudales Extremos de Avenida en la CAPV” (2012)
UD (m3/s)

CAUCE PK inicial PK final MCO Q10 Q100 Q500
IBAIZABAL 14+305 6+156 537 832 1861 2510
IBAIZABAL 6+156 2+569 708 1120 2478 3216
KADAGUA 2+569 0+000 237 438 806 1155

HIDRÁULICA

Simulación en régimen estacionario, lento y 1 dimensión mediante software HEC-RAS. Rugosidad del 
cauce estimada según formulación de Cowan y de llanuras de inundación en función del uso de suelo. Se 
han incorporado al cálculo 12 puentes.

MAPAS DE PELIGROSIDAD
Delimitación del Dominio Público Hidráulico a partir de la Máxima Crecida Ordinaria y la geometría 
natural del terreno, se incluyen las Zonas de Policía y Servidumbre. Cartografía de las zonas inundables 
para T = 10, 100 y 500 años y de la Zona de Flujo Preferente, según la definición recogida en el RD 
9/2008.

GEOMORFOLOGÍA
Ajuste final de la delimitación del Dominio Público Hidráulico, de las Zonas Inundables y de la Zona de 
Flujo Preferente mediante criterios geomorfológicos: análisis del relieve y estudio de la evolución 
temporal del cauce, integrando a su vez aspectos ambientales.

MAPAS DE RIESGO
Las afecciones a la población se refieren a población censada y edificio residencial afectado. Las 
pérdidas económicas esperables se han evaluado en función del calado para los siguientes elementos 
vulnerables: edificios, bienes, actividades económicas, vehículos e infraestructuras. Para la estimación 
de daños máximos se ha utilizado información de Catastro y del Consorcio de Compensación de Seguros. 
Se identifican también los riesgos ambientales más significativos, incluidos elementos puntuales 
vulnerables.

RESUMEN DE RIESGOS
Nº de habitantes que pueden verse 

afectados dentro de la zona inundable 727 hab/año

Daños económicos medios esperables en 
zona inundable 5.261.894 €/año

Vías de comunicación 
afectadas

T10 ---

T100 BI-711, Metro Bilbao, RENFE Barakaldo, Euskotran Bilbao

T500 BI-711, Metro Bilbao, RENFE Barakaldo, Euskotran Bilbao

Riesgos ambientales dentro de la zona 
inundable EDAR ETAP   Empresas Riesgo Químico

Interferencias con Registro de Zonas 
Protegidas del Plan Hidrológico

CAU   PEASE ZAB ZSE   ZH

RN2000  PPAMT   ZPE fluvial ZPE otras

Otros Elementos Intermutua Euskadi

ÁMBITO
INICIO

Pto. Cauce X Y
1 Ibaizabal 506406 4788434
2 Kadagua 502118 4790611
3 Udondo 500758 4795976
4 Gobela 500567 4796149
-- --- --- ---
-- --- --- ---
-- --- --- ---

FIN
Pto. Cauce X Y

5 Ibaizabal 500433 4795737
-- --- --- ---

Longitud 19,4 km
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GROUND WATER BILBAO
21/04/2014 (16:56:39)

FLOOD-PRONE AREAS BILBAO
21/04/2014 (16:48:10)

Ground water, Bilbao 
(Source: URA, (2014), Ground water, Bilbao [ONLINE]. Available at: http://www.uragentzia.euskadi.net/appcont/gisu-
ra/ [Accessed 21 May 14].)

Flood-prone areas and return periods, Bilbao 
(Source: URA, (2014), Flood-prone areas and return periods, Bilbao[ONLINE]. Available at: http://www.uragentzia.
euskadi.net/appcont/gisura/ [Accessed 21 May 14].)
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PISUBILBAO PLAN DE INDICADORES DE 
SOSTENIBILIDAD URBANA DE BILBAO

[168]

N
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Índice biótico del 
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 Sin suelo permeable o semipermeable
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Level of pervious surface (Source: Plan of Sustainable Indicators of Bilbao, P:168)

PISUBILBAO PLAN DE INDICADORES DE 
SOSTENIBILIDAD URBANA DE BILBAO

[170]

 CIUDAD

Índice biótico del suelo (IBS): % efectivo de superficie permeable
Resultado (%)  % Mínimo % Deseable Puntos (sobre 10)

Tejido
central
(25%)

Abando 12,6 50,2 41,8 2,5

Amézola 7,4 29,5 24,6 1,5

Casco Viejo 40,9 100,0 100,0 10,0

Castaños 26,8 100,0 89,4 6,8

Indautxu 13,5 54,1 45,1 2,7

S. Pedro Deusto 29,3 100,0 97,5 9,3

Tejido 
medio
(30%)

Arangoiti 34,9 100,0 99,6 9,9

Atxuri 26,6 88,5 75,9 4,4

Basurto 19,0 63,4 54,3 3,2

Begoña 21,4 71,3 61,1 3,6

Bilbao la Vieja 26,9 89,7 76,9 4,5

Errekaldeberri 28,7 95,7 82,0 4,8

Ibarrekolanda 26,3 87,5 75,0 4,4

Iralabarri 23,2 77,5 66,4 3,9

Iturralde 14,6 48,6 41,6 2,4

Matiko 5,4 17,9 15,4 0,9

Miribilla 25,1 83,7 71,8 4,2

S. Ignacio-Elorrieta 28,4 94,7 81,2 4,7

San Adrián 23,7 78,9 67,6 3,9

San Francisco 12,9 42,9 36,8 2,1

Santutxu 19,2 63,9 54,8 3,2

Solokoetxe 20,9 69,7 59,8 3,5

Txurdinaga 37,5 100,0 100,0 10,0

Uribarri 20,6 68,6 58,8 3,4

Zabala 15,8 52,6 45,1 2,6

Zurbaran - Arabella 23,4 78,1 67,0 3,9

Tejido 
residencial

(35%)

Altamira 37,7 100,0 94,2 7,7

Bolueta 35,0 100,0 87,5 5,0

Ciudad Jardín 59,9 100,0 100,0 10,0

La Peña 49,8 100,0 100,0 10,0

La Ribera 36,8 100,0 91,9 6,8

Larraskitu 57,2 100,0 100,0 10,0

Mas.-Mte Caramelo 53,7 100,0 100,0 10,0

Olabeaga 47,4 100,0 100,0 10,0

Otxarkoaga 35,2 100,0 87,9 5,2

Peñascal 50,7 100,0 100,0 10,0

Uretamendi 55,6 100,0 100,0 10,0

Zorroza 38,9 100,0 97,3 8,9

Puntuación media final por tipo de tejido

Índice biótico del suelo (IBS): % efectivo de superficie permeable

CIUDAD Parámetro de evaluación Resultado alcanzado % alcanzado (sobre 100) Puntos (sobre 10)

Objetivo mínimo >30%  suelo permeable
30% 

100%
5,0

Objetivo deseable >35% suelo permeable 85,7%

5%

19%

37%

26%

13%

IBS
 0  - 10 %
 10 - 20%
 20 - 30%
 30 - 50%
 50 - 100%

TEJIDOS

Resultados por ciudad y barrio 1 2 3 4 5 6 7 8 9 10

 Espacios verdes y biodiversidad
 Índice biótico del suelo25

Gráfica del porcentaje de barrios dentro de cada rango 
representado en el mapa.

8,6

4,2

5,5

0 2 4 6 8 10

TEJIDO RESIDENCIAL

TEJIDO MEDIO

TEJIDO CENTRAL
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PISUBILBAO PLAN DE INDICADORES DE 
SOSTENIBILIDAD URBANA DE BILBAO

 Espacios verdes y biodiversidad
 Espacio verde por habitante26

[173]

Espacios verdes:
urbanos y forestales

Espacio verde

 Verde forestal (900 ha; Anillo Verde)
 Verde urbano (143,6 ha)

PISUBILBAO PLAN DE INDICADORES DE 
SOSTENIBILIDAD URBANA DE BILBAO

 Espacios verdes y biodiversidad
 Espacio verde por habitante26

[174]

N
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Espacio verde por 
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cálculo por barrio
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UribarriCastaños

Matiko

Ciudad Jardín

 <2,5
 2,5 a 5

Superficie verde (m2)/habitante

5 a 10
 10 a 15
 15 a  20
 > 20 

 Sin superficie verde

Green areas in the city and urban forests (Source: Plan of Sustainable Indicators of Bilbao, P:173)
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 Espacios verdes y biodiversidad
 Espacio verde por habitante26

[174]
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 2,5 a 5
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5 a 10
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 15 a  20
 > 20 

 Sin superficie verde

Percentage of green areas per district (Source: Plan of Sustainable Indicators of Bilbao, P:174)
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PISUBILBAO PLAN DE INDICADORES DE 
SOSTENIBILIDAD URBANA DE BILBAO

 Espacio público y habitabilidad
 Confort térmico

[70]

N

200 m

07

% Horas de confort 
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66 a 80
50 a 66
35 a 50
< 35 
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 Espacio público y habitabilidad
 Compacidad corregida03

Clasificación del
espacio público

Carril bici
Rotondas/Divisor de tránsito
Calzada

Acera ancha
Paseos, bulevares, ramblas

Escaleras
Calle peatonal

FFCC
Tranvía 

N

200 m

Tipología

Acera estrecha

Parques
Plazas, patios interiores o exteriores
Verde residual
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 Espacio público y habitabilidad
 Compacidad corregida03

Clasificación del
espacio público

Carril bici
Rotondas/Divisor de tránsito
Calzada

Acera ancha
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Escaleras
Calle peatonal

FFCC
Tranvía 

N

200 m

Tipología

Acera estrecha

Parques
Plazas, patios interiores o exteriores
Verde residual

Classification of the public space (Source: Plan of Sustainable Indicators of Bilbao, P:52)

%Hours of thermal comfort/day (Source: Plan of Sustainable Indicators of Bilbao, P:70)
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 Espacio público y habitabilidad
 Confort térmico

[70]
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PISUBILBAO PLAN DE INDICADORES DE 
SOSTENIBILIDAD URBANA DE BILBAO

[222]

 Metabolismo urbano
 Consumo de agua potable para usos urbanos
 Metabolismo urbano
 Consumo de agua potable35

Consumo doméstico (lpd)

CIUDAD Parámetro de 
evaluación

Resultado 
alcanzado

% alcanzado 
(sobre 100)

Puntos (sobre 10)

Objetivo mínimo <100 lpd

105,4 lpd 

-
4,7

Objetivo deseable <70 lpd -

Resultados por ciudad 1 2 3 4 5 6 7 8 9 10

 CIUDAD

Representación gráfica del consumo de agua por sectores.
Fuente: Ayuntamiento de Bilbao, 2011

57%
22%

18%

3%

Doméstico
Público 
Comercial
Otros

Consumo de agua por habitante, por sectores (2011)

Consumo de agua (m3)

Año Doméstico Público Comercial Otros Total

2011 13.569.374 5.149.420 4.278.089 771.844 23.768.727

PISUBILBAO PLAN DE INDICADORES DE 
SOSTENIBILIDAD URBANA DE BILBAO

34

[217]

N

200 m

 Metabolismo urbano
 Emisiones de gases de efecto invernadero
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1,5 - 2 t CO2 eq./hab.
>2 t CO2 eq./hab.

<1 t CO2 eq./hab.
1 - 1,5 t CO2 eq./hab.

Emisiones de CO2 equivalente 
generadas por habitante

34GHG emissions/district and inhabitant (Source: Plan of Sustainable Indicators of Bilbao, P:217)

PISUBILBAO PLAN DE INDICADORES DE 
SOSTENIBILIDAD URBANA DE BILBAO

34

[217]

N

200 m

 Metabolismo urbano
 Emisiones de gases de efecto invernadero

Emisiones de CO2 
equivalente por 
habitante
cálculo por barrio

San Ignacio-Elorrieta

Zorroza

Ibarrekolanda

La Ribera S. Pedro Deusto

Arangoiti

Olabeaga

Indautxu
Altamira

Mas.-Mte.Caramelo

Basurto

Uretamendi

Peñascal

Iralabarri

Amézola

Errekaldeberri

San Adrián

Larraskitu

Miribilla

Zabala

San Francisco

Abando

Casco Viejo

Bilbao la Vieja

Atxuri

Solokoetxe

La Peña

Iturralde

Begoña

Santutxu

Bolueta

Txurdinaga

Otxarkoaga

Zurbaran-Abella

UribarriCastaños

Matiko

Ciudad Jardín

1,5 - 2 t CO2 eq./hab.
>2 t CO2 eq./hab.

<1 t CO2 eq./hab.
1 - 1,5 t CO2 eq./hab.

Emisiones de CO2 equivalente 
generadas por habitante

34

Water consumption levels (Source: Plan of Sustainable Indicators of Bilbao, P:222)
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 Ocupación del suelo
 Compacidad absoluta??
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Las variantes de mercancías no están representadasFutura estación tranvía (localización estimada)

Escenario tendencial
TRANSPORTE PÚBLICO DE INFRAESTRUCTURA FIJA
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[307]

 Ocupación del suelo
 Compacidad absoluta??

RED DE BIDEGORRIS

Situación actual

Proyectada
En construcción

Escenario tendencial
RED DE BIDEGORRIS

Public transport, current and future infrastructures (Source: Plan of Sustainable Indicators of Bilbao, P:306)
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Existing and projected bicycle lanes,  (Source: Plan of Sustainable Indicators of Bilbao, P:307)
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