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1. INTRODUCTION 

1.1. Background  

The BINGO project proposes a "Framework for Managing the Risk" (FMR), which can 

be seen as a central theme connecting the climate scenarios with the CC adaptation 

strategies set up. WATER is the central resource in BINGO. Climate change is the 

driving force for adaptation. Deviations from average weather patterns can lead to two 

main types of extreme conditions scenarios: dry periods or droughts, and inundations 

(by river or groundwater flooding, by extreme rainfall and sewage overload, or by 

marine origin as storm surges, spring tides and sea level rise), with different time 

scales of events (hours to days or weeks, for inundations; months to years, for drought) 

and different types of adaptation strategies. 

Many entities, organizations and scientific studies have already identified and listed 

many possible climate change adaptation measures, related to water resources 

management and adaptation in various economic sectors. In order to make a 

difference, the BINGO project incorporates already known adaptation measures, as 

well as new ones designed in BINGO, into CC risk-based validated adaptation 

strategies for six Research Sites (RS), and then extrapolates the results achieved at 

those RS level to European policies. 

The approach proposed in BINGO is based on ISO 31000:2009 (Figure 1), consisting 

of a general Framework for Managing Risk (FMR) that supports and frames the specific 

categories of risk to be managed through a "Risk Management Process" (RMP). 

 

 

 

Figure 1: Relationships between the FMR and RMP (Rocha, 2016) 

Design of 
Framework for 
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The Framework for Managing the Risk (FMR) expresses the risk objectives and policy 

of an Entity (Organization). Aiming to achieve its objectives, an Organization can 

perform a Risk Management Process (RMP) covering all possible risks which 

compromise the accomplishment of its objectives or, alternatively, can isolate certain 

particular types of risks or sectors, and perform a more targeted RMP covering those 

specific cases (Rocha, 2016). 

BINGO is not suitable for a full Risk Management Framework implementation. 

Methodologies, tools, strategies and policies are envisaged outputs of BINGO, not 

compatible with a complete implementation of an ISO RMP, structured and oriented for 

an organization. In fact, when applying such a framework to an organization, the 

outputs are risk management plans or safety plans or other sets of activities. The 

output of BINGO will be mainly CC adaptation strategies (Figure 1).  

1.2. RMP and links with WP4 and other BINGO WP s  

A Risk Management Process includes several key steps, each of them with a 

significant purpose, that, when undertaken in sequence, enable continual improvement 

in decision-making (Figure 2): 

o Establishment of the RMP context; 

o Risk assessment, consisting of: 

Á risk identification; 

Á risk analysis and 

Á risk evaluation. 

o Risk treatment; 

o Communication and consultation; 

o Monitoring and review. 

The objective of WP4 is to perform the first to steps of RMP: i) to establish the context 

and ii) to perform risk assessment (including risk identification, analysis and evaluation) 

at the BINGO RS. The first step will be carried out throughout Task 4.1 and the second 

will be carried out in Task 4.2 (Risk Identification) and Task 4.3 (Risk Analysis and Risk 

Evaluation). The latter will provide decision on the risks that need treatment, which is 

based on the comparison of results from risk analysis with previously set criteria 

(WP5).  
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Figure 2: Steps of the Risk Management Process (ISO 31000:2009) 

In what concerns the RMP links to others BINGO WP (Figure 3), based on the climate 

change scenarios, defined in WP2, and on the predictions of their effects on the water 

cycle (water quantity and quality, inundation areas and drought spatial coverage), 

achieved on WP3, WP4 will then focus on the impacts of these effects on water-related 

human activities, namely: water resources management, water supply, agriculture, 

tourism, urban activities, etc. 

 

Figure 3: RMP in relation to BINGO Work Packages (source: Figure 5 of BINGO proposal) 

Once the risks are identified, analysed and evaluated it is possible to prioritize them, in 

order to support decision making in adaptation strategies definition. WP5 will produce 

and analyse options for risk validated adaptation strategies to cope with climate 

change. To support these processes, WP6 (communication and consultation) will act 

as a cross-cutting issue throughout the entire project.  
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1.3. BINGO common language  

Different scientific disciplines have different risk definition concepts. A frequent 

difference is observed between hydrologists, who consider risk as the probability of 

occurrence of an extreme event, and those that manage the consequences of those 

events. The concept of risk differs significantly and, therefore, the methodologies to 

address it. 

Whenever possible, the risk definitions from ISO Guide 73:2009 have been used, 

aiming to achieve a BINGO project risk common language. The clarification of some 

terms has been agreed among partners. Complementary terms will be defined when 

considered necessary. This information is included into the BINGO GLOSSARY 

presented in Annex I. For an overview here, the most relevant definitions are presented 

in Table 1 below. 

Note that risk constitutes the first definition to carry out, and within BINGO it will be 

defined as a combination of the consequences (damage) of a hazardous event 

(including changes in circumstances), and the associated likelihood of occurrence 

(probability).  The level and magnitude of the consequences will depend on the 

characteristics of the hazardous event as well on the vulnerability of the system, 

namely on: 

o Exposure, which is the extent to which a system is subject to an event 

and basically depends on the presence of people, livelihoods, species or 

ecosystems, environmental services and resources, infrastructure, or 

economic, social, cultural assets in places that could be adversely 

affected (IPCC, 2013); 

o Susceptibility which is the degree to which the system is affected, 

depending on the own intrinsic characteristics of its elements (for 

instance, the social and economic context of the exposed community, 

the physical and environmental characteristics of the impacted system, 

etc.); 

o Resilience which is the adaptive capacity of the system in a complex 

and changing environment, a factor which decreases the potential 

damaging effects, and which must therefore also be considered when 

assessing the risk (ISO Guide 73:2009).  
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Table 1: Most relevant definitions within BINGO  

Expression Definition 

Risk Owner 
A risk owner is the organization that has been given the authority to manage a 
particular risk and is accountable for doing so. 

End-user 
An organization that develops activities subjected to the Risk Management 
Process. In BINGO, the end-user is the Risk Owner. 

Stakeholder 
Organization that can affect, be affected by, or perceive to be affected by a 
decision or activity developed by an end-user. 

Hazard 
Source of potential harm. A hazard can be a risk source (ISO Guide 73:2009). 
A dangerous phenomenon that may cause loss of life, injury or other health 
impacts, property damage, loss of livelihoods and services, social and 
economic disruption, or environmental damage (MRC-CCAI, 2013). 

Event 
Occurrence or change of a particular set of circumstances. An event can be 
one or more occurrences, can have several causes, can consist of something 
not happening. An event can be referred to as an ñaccidentò or ñincidentò. The 
latter is an event without consequences (ISO Guide 73:2009). 

Risk source 
Element which alone or in combination has the intrinsic potential to give rise to 
risk. A risk source can be tangible or intangible. The risk source is where a 
potentially hazardous event begins (ISO Guide 73:2009). 

Consequence 
Considered as the extent of harm, which can be expected under certain 
conditions of exposure, susceptibilities and resilience. The indicators for this 
component can be separated in two categories; the first one gives details on 
the general characteristics of the hazardous event and the second one covers 
the vulnerability of the different elements at risk. 

Vulnerability 

 

Vulnerability refers to the propensity of exposed elements (such as human 
beings, their livelihoods and assets) to suffer adverse effects when impacted by 
hazard events. Vulnerability is related to predisposition or capacities that 
favour, either adversely or beneficially, the adverse effects on the exposed 
elements. Vulnerability refers to exposure, susceptibility and resilience. 

Exposure 
Extent to which a system is subject to an event. Refers to the inventory (and 
values) of elements that are present in areas in which hazardous events (floods 
or other) may occur and can be adversely affected (potentially damaged or 
disrupted) by those events. These values depend on the presence of people, 
livelihoods, species or ecosystems, environmental services and resources, 
infrastructure, or economic, social, cultural assets in places that could be 
adversely affected (IPCC,  2013) 

Susceptibility 
Susceptibility (within BINGO susceptibility and sensitivity, will act as synonyms) 
is the degree to which the system is affected, depending on the own intrinsic 
characteristics of its exposed elements within the area in which hazardous 
events may occur. These intrinsic properties include, for instance, the physical 
characteristics of exposed elements (infrastructures, buildings, etc.), the 
economic and social context of the community, etc. For floods, for instance, 
important capacities are the awareness and preparedness of affected people 
and the existence of mitigation measures to reduce the effects of the hazards, 
like warning systems and emergency plans. 

Resilience 

 

Considered as the adaptive capacity of a system to endure any perturbation, 
like floods, droughts or other hazardous event, maintaining significant levels of 
efficiency in its social, economic, environmental and physical components; 
resilience to a hazardous event damages can be considered only in places with 
past events, since the main focus is on the experiences encountered during 
and after the events (ISO Guide 73:2009). 
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In conclusion, in a more social based risk approach, the risk can be assessed through 

the combination of the hazard likelihood and the vulnerability of the system referring to 

the propensity of exposed elements such as human beings, their livelihoods, and 

assets to suffer adverse effects when impacted by hazard events. In this framework 

and according to Figure 4, vulnerability is related to exposure, susceptibility, and 

resilience of the exposed system to cope with and adapt to extremes and non-

extremes. 

 

Figure 4: Factors affecting the consequences of an event 

 

1.4. Structure of the document  

The main purpose of this report is to establish the RMP context in the six RS of the 

BINGO project, providing guidelines and background information, as well as suggesting 

methods and criteria to be used for risk evaluation.  

Following this introduction, in Chapter 2, information requirements and methodologies 

to establish the internal and external context for the research sites are recommended. 

Also, guidelines to identify the risk scope and objectives of the BINGO project and 

criteria to perform risk evaluation are recommended for implementation, including 

examples of thresholds and indicators based on respective EU Directives. 

Chapter 3 through Chapter 8 present the risk context for each of the BINGO RS, and in 

Chapter 9 the similarities and the singularities between those RS are identified and 

analysed. 

Finally, a risk glossary is presented in Annex I and Annex II contains an overview of 

risk assessment methodologies. 

 

 CONSEQUENCE factors: 

Exposure 

Susceptibility  

Resilience 

Elements at risk 
Characteristics of hazard event 

System characteristics  
Social context 
Awareness / Preparedness 
/ŀǇŀōƛƭƛǘȅ ǘƻ ŎƻǇŜΣ Χ 

Coping capability 
Recovery Capability 

Vulnerabilities 
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2. GUIDELINES FOR THE ESTABLISHMENT OF THE RMP CONTEXT 

2.1. Background  

The establishment of the context for the RMP requires setting the risk management 

scope, defining the external and internal parameters to be taken into account when 

managing risk, and identifying objectives and risk criteria for the end-user of the risk 

management strategy ï the Risk Owner. Risk criteria evaluation must be aligned with 

the objectives.  

Prior to the establishment of the RMP context within the BINGO RS, two important 

notes are due: 

o stakeholder identification and understanding their different risk 

perceptions and values is a key step in the development of the work; 

o it is important to know that within the BINGO CC RMP, the extent of 

RMP development is not the same across the RS, meaning the level of 

analysis that each of the systems/sectors of activity of BINGO RS will 

undergo: for some, only CC impact assessment (knowledge for later 

decision making, for instance) will be performed as for others the full 

RMP, until the risk treatment, will be carried out.  

Note that it is also necessary to have finalized the research sites systems 

characterization from the risk assessment perspective, to have a clear understanding 

of the risk management scope of each research site and for drafting the boundaries of 

information needed to establish the overall context.   

In conclusion, the establishment of the context for RMP in the BINGO RS involved: 

o Definition of the extent of RMP development.  

o Characterization of the research sites for risk assessment. 

o Definition of the external and internal parameters to be taken into 

account. 

o Identification of the risk management scope. 

o Identification of the objectives and criteria for risk evaluation. 

2.2. Modus operandi used for developing deliverable D4.1  

The six RS address a wide range of water systems, strategic uses, and key problems 

(Figure 5). Therefore it was considered important to clarify from the start which 
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systems, events and end-users must be considered for each case, as well as the 

objective of the study that is undertaken within the BINGO work plan. 

 

Figure 5: BINGO RS: Range of water systems, strategic uses and key problems addressed  

In order to establish the RMP context in the different RS, a first step was carried out 

with the creation of an Excel Table where all BINGO research partners introduced the 

main information regarding the scope and focus of their specific research site. This 

matrix contained the following information: 

o Systems to address (natural water cycle; urban water cycle, public or 

economic sectors); 

o Climate change impacts to be addressed (impacts on the water cycle - 

water quantity or quality, evaporation - , sea level rise, floods, droughts); 

o Extent of RMP development at each research site (scientific knowledge 

or innovation; knowledge for latter decision making; any of the three risk 

assessment steps; risk treatment); 

o Assemble Team (involved Experts and RS stakeholders for risk 

assessment in WP4 and for risk treatment in WP5); 

o Scope of risk treatment; 

o Objectives and criteria for risk evaluation. 

Further characterization of the six research sites for the RMP was based on the 

following approach: 
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i. definition of the approach to obtain the information to characterize the internal 

and external contexts for the categories of risk that are going to be managed in 

each research site; 

ii. production of all the necessary information, carried out by the stakeholders, 

supported by the WP4 scientific partners that coordinate each research site1;  

iii. summary and harmonization among research sites of the scopes, contexts, and 

objectives as well as risk criteria, identifying the similarities and the singularities; 

this was carried out by LNEC supported by others scientific partners.  

2.3. Identification of the ext ent of RMP development at each RS   

Prior to the establishment of the RMP, the extent of RMP development at each BINGO 

research site must be clearly defined, identifying the different levels of analysis to be 

carried out. In fact, although they all contribute to the definition of CC adaptation 

strategies, not all of them will go through a complete RMP, designed for an 

organization or an economic sector, i.e. defining adaptation strategies and policies to 

be implemented by the correspondent end-users and stakeholders. Some systems of 

the research sites will not even go through a full risk assessment process. This 

distinction is relevant in order to distinguish how to address them in WP4.  

At this point, it is relevant to bear mind Figure 2 and the various steps of RMP. Four 

possibilities of RMP objectives are imaginable at the RS: 

i. systems where the main objective is to increase the scientific knowledge, for 

example the study of evapotranspiration effect on water availability;  

ii. systems where the main objective is to produce knowledge for latter decision 

making, as for example the identification of the elements at risk under some CC 

scenarios; in this case research site does not go through a RMP; 

                                                           

1 In order to gather some of the necessary information, interaction with stakeholders was crucial.  In fact, 

the most effective way of gathering information was addressed: searches in the web and at the sites of the 

stakeholders provided relevant information, telephone calls, email, questionnaires or other approaches 

were found useful. 

Note that, as designed in the BINGO work programme, the several workshops planned to take place within 

WP5 and WP6 activities were designed to create awareness and share views and information among 

researchers and stakeholders, in order to enhance the co-production of results. The workshops were, in 

fact, opportunities to gather relevant information concerning the establishment of the internal and external 

contexts. 
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iii. systems where the objective is to perform the three steps of CC risk 

assessment (risk identification, analysis and evaluation) and, in some cases, to 

define a list of CC adaptation measures; but do not persecute an economic 

valuation analysis; 

iv. systems that will carry out a full risk management process, including  designing 

adaptation strategies for climate change related challenges and measures to be 

taken at governmental level (legislation or funding for infrastructure, for 

example), river basin district level (water resources management procedures) 

and at private and/or sectoral level (structural, such as dams, dykes, etc., and 

non-structural solutions, such as water safety plans, land-use alterations, flood 

emergency plans, warning systems etc.). 

2.4. Characterization of the systems at each RS   

At this point, it is necessary to have the research sites systems characterization for the 

risk assessment point of view, namely to describe the main features related to the risk 

being addressed (storage capacity, quality etc.) and the modeling results for selected 

scenarios. 

It is also necessary to describe the extreme events, the possible water-related 

problems and, depending on the system to study, to characterize, for example: 

o Public Water Supply Systems (PWS) and water sources and water 

treatment facilities;  

o agriculture and its relative importance in the research site; describe 

water sources for irrigation, type of crops, irrigation practices, protection 

systems against salinity intrusion, etc.; 

o flood prone areas, vulnerabilities, exposure, etc.  

2.5. Informa tion requirements and methodologies to establish the 

internal and external contexts  

2.5.1. Introduction  

The internal context is the environment in which the organization (risk owner) seeks to 

achieve its objectives and is established by the fully characterization of aspects related 

to governance (decision chain), objectives and planned results, resources available, 

etc. The external context is the environment conditioning the achievement of the 

organization´s objectives and is related to legislation, standards, codes of practices etc. 
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Within BINGO, what is relevant is to focus on the establishment of the context of each 

entity (risk owner), at each research site, for scoping the risk management process. 

The identification of all the relevant stakeholders is also required2.  

2.5.2. External context  

The type of information that is needed for the establishment of the external context is 

the following: 

1. Policies, standards and laws, regulations or codes of practice (European, 

national or regional/local) that must be adhered to are to be listed for all 

research sites and study environments. The focus lies on the following topics  

a. Regulation/legislation meant to protect the natural water system 

(depending on the research site situation); 

b. Regulation/legislation that the risk owner must comply with (e.g. 

regulating their sector of activity). 

2. Key drivers, trends and other external factors affecting the organizational 

objectives whether local, regional, national or international: 

a. Economic trends. 

b. Sociological trends (cultural, social, demographic etc.). 

c. Technological trends. 

d. Environmental trends. 

 

A PESTLE analysis is normally used to help organisations to identify and understand 

the external environment in which they operate and how it may change in the future. 

The PESTLE acronym stands for: Political, Economic, Social, Technological, Legal and 

Environmental (cf. Table 2). As PESTLE is easy to understand and use, it is the 

methodology recommended in BINGO, allowing for comparison and harmonization 

cross RS and, more important, allowing easily to identify key conditioning factors 

relevant for later extrapolation of adaptation strategies being defined. 

It is common to find a lot of interlinkages ï for example policies under political factors 

leading to legal and environmental trends. The focus of applying PESTLE should 

                                                           

2 Note that at each research site, the majority of the end-users are already partners in the project ï  in fact, as already 

stated, they are the Risk Owners at each site. Nevertheless, there are also stakeholders that play relevant roles, but are 

not BINGO partners. Stakeholders may be from different sectors of activity, private or public, including Environmental 

Agencies or Government Regulatory Bodies.  
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therefore not be too strong on fitting each subject/factor into the right category, but to 

foster the understanding of the framework and picture the context as a whole. 

2.5.3. Internal context  

The general characterization of each organization should contain the following 

information in order to establish the internal context  (cf. Table 3): 

1. Governance of the risk owner  (decision chain and relation with stakeholders). 

2. Organizational objectives of the risk owner (Take into consideration BINGOôs 

temporal horizon of 2025). 

3. Planned results of the end user activity. 

4. Description of resources available to the risk owner (that are needed to 

support the organizational objectives) (Such as, staff; information sources; 

funding; infrastructures; technologies; equipmenté ). 

5. What are the strategies that are already in place to achieve the organizational 

objectives? 

a. Strategies that are successful; 

b. Strategies that are not (so) successful; 

c. Strategies that are planned for the future. 

6. What metrics could be used to define success or failure of the risk owner 

activity/objectives? 

a. Flood risk examples: reduction in flood damages. 

b. Agriculture examples: area of land irrigated; crop yields. 

7. What is the risk owner´s and stakeholder´s perception of risks (to what extent 

and level)? 

8. What are the existing Risk Management expertise and practices? 

Additionally, two main overview issues that must be addressed and properly evaluated 

in the definition of the internal context are: 

9. Relationship of the risk owner with stakeholders and the different risk 

perceptions and values they may have. 

10. Identification of conflicting objectives among the different stakeholders.  
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Table 2: Establishment of the external context. PESTLE approach 

 

 
Some explantion 

Key questions 
(types of questions we 

should ask) 
Factors here might include: 

POLITICAL 

These are the aspects of the political 
environment in which you operate, which have 
the potential to impact on your plans.  

ω ²Ƙŀǘ ŀǊŜ ǘƘŜ ƪŜȅ 
political factors? 

 --> Government type and policies 
 --> Funding, grants and initiatives 
(These might include political stability, Worldwide, European and Government 
5ƛǊŜŎǘƛǾŜǎΣ ƴŀǘƛƻƴŀƭ ŀƴŘ ƭƻŎŀƭ ƻǊƎŀƴƛȊŀǘƛƻƴΩǎ ǊŜǉǳƛrements, institutional policy, tax 
policy, trade restrictions and reform.) 

  

  

ECONOMIC 

These are factors relating to the local, national 
or global economy 

ω ²Ƙŀǘ ŀǊŜ ǘƘŜ 
important economic 
factors? 

 --> Funding mechanisms 
 --> Labour and energy costs 
 --> Liability 
 --> Inflation and interest rates 
 (Funding mechanisms/streams; business/enterprise economical directives, internal 
funding models, budgetary restrictions, income generation targets; liability costs,  
growth/decline, interest rates, exchange and inflation rates, credit availability, 
unemployment rate, cost of living.) 

  

  

SOCIOLOGICAL 
Consider what is occurring socially in the 
"markets" in which you currently operate or 
plan to operate.  

 What are the 
important sociological  
factors? 

 --> Population, education, media 
 --> Lifestyle, fashion, culture 
(General lifestyle changes, demographic trends, population distribution, migrations, 
age distribution, education, cultural norms, fashions and trends and social 
expectations.) 

TECHNOLOGICAL 
The rate of change in new technologies is 
increasing.  

ω ²Ƙŀǘ technological 
innovations are likely to 
occur? 

 --> Emerging technologies; WEB, for instance. 
 --> Information & Communication 
(Major current and emergency technologies of relevance for the sector/ goals, for 
instance, rapid developments in mobile phone technology and greater use of social 
networking sites may impact on your products and services.) 

LEGAL 

These could be things like changes in legislation 
relevant to the sector/company. 
What legal structures must your company 
operate within? Are there compliance 
requirements? 

ω ²Ƙŀǘ ŎǳǊǊŜƴǘ ŀƴŘ 
impending legislation 
may affect the sector? 

 --> Regulations and standard 
 --> Other binding laws (Employment law) 
(Worldwide and national proposed and passed legislation, aspects relating 
imports/exports, taxation, access to materials, quotas, professional practice etc.) 

ENVIRONMENTAL 

This refers to what is happening with respect to 
ecological and environmental issues. Some of 
the environmental factors, however, may also 
be economic or social in nature. 

ω ²Ƙŀǘ ŀǊŜ ǘƘŜ 
environmental 
considerations? 

 --> Climate, weather 
 --> Pollution 
 --> Ethical issues 
(Local, national and international environmental impacts, outcomes of political and 
social factors.) 
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Table 3: Establishment of the internal context. 

 

 

 

 

SECTOR (of risk owner): Public Water Supply

SCOPE of RMP: Continuity and sustainability of services as well as fulfill needs and expectations of consumers and other users (Manage risk associated with the main water source for Public Water Supply to Lisbon and surrounding - Castelo do Bode.)

Some explantion
Key questions

(types of questions we should ask)
Might include:

GOVERNANCE & 

INTERNAL 

STAKEHOLDERS

Intend to identify the decision chain and services 

strcture, and identify the person or sectors within the 

organization crucial for assinting in information gathering 

and risk management

What are the relevant Organization's 

Governance issues?

 --> Decision chain within the organization

 --> Services strcture, person or staff groups 

crucial for assinting in information gathering 

and risk management

GOALS & OBJECTIVES
Intend to articulate the organizational objectives and 

planned results of the end user activity

What are the objectives and specific 

goals?

 --> Clear objectives identification

 --> Determine the significance of the activity in 

achieving the organization's goals and 

objectives

 --> What metrics could be used to define 

success or failure of the activity/objectives?

STRATEGIES
Identify strategies that are in place to achieve thegoals/ 

objectives

What are the strategies that are 

already in place to achieve the 

organizational objectives?

a. Strategies that are successful;

b. Strategies that are not (so) successful

c. Strategies that are planned for the future

RESOURCES

Description of resources available to the risk owner (that 

are needed to support the organizational objectives) 

(Such as, staff; information sources; funding; 

ƛƴŦǊŀǎǘǊǳŎǘǳǊŜǎΤ ǘŜŎƘƴƻƭƻƎƛŜǎΤ ŜǉǳƛǇƳŜƴǘΧ ύΤ

What capabilities does the 

organization have in terms of people, 

systems, processes, equipment and 

other resources to aachieve the 

objectives?

 -->staff;

 --> existing Risk Management expertise and 

practices

 --> information sources; 

 --> funding; 

 --> infrastructures; 

 --> technologies; 

 ππҔ ŜǉǳƛǇƳŜƴǘΧ 

INTERNAL CULTURE
Intends to identify inside organization resistence to 

adaptation

Is there an internal culture that needs 

to be considered? 

 -->  Is there staff Resistant to change? /  

professional culture that might create 

unnecessary risks ?
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2.6. Definition of the risk management scope and objectives at each 

RS  

Overall, to identify the risk management scope is to define the primary aim of the RMP.  

The scope must be aligned with the framework for managing and adapting to the risks, 

which is the focus of WP5, where the policy for CC change adaptation is defined, with a 

clear rationale and formulation of objectives for adaptation and for inherent risk 

management. 

The risk management scope normally includes safety of population and environment 

protection aspects. Whenever economic sectors are involved, the scope can also 

include economic aspects (aiming at the definition of policies to reduce the values of 

impacts and damages and/or of strategies to augment income targets, for example), 

i.e. aiming to strengthen the economic activity. 

In conclusion, the risk management scope can cover aspects such as: 

¶ protection of public health; 

¶ safeguard public safety; 

¶ protection of the environment; 

¶ sustainable use of resources (water, energy, etc.); 

¶ continuity and sustainability of services as well as fulfil needs and expectations 

of consumers and other users; 

¶ strengthening of key economic activities (agriculture, tourism, etc.). 

2.7. Definition of the criteria to evaluate the risk  

The risk evaluation is the process of comparing the results of the risk analysis with "risk 

criteria" to determine whether the risk or its magnitude is acceptable or tolerable. Risk 

evaluation assists the decision on which risks need treatment, which is based on the 

comparison of results from the risk analysis with a set of criteria previously defined. 

The definition of criteria for risk evaluation depends on: 

¶ the risk management objectives and scope; 

¶ the nature and types of water systems to analyse, namely if they are natural 

ecosystems (catchment basins, reservoirs, estuaries and coastal waters) or 

anthropogenic systems (water supply systems or stormwater and drainage 

systems, etc.);  
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¶ the consequences to be included and how they will be measured; 

¶ how the level of risk will be determined; 

¶ the views of stakeholders; 

¶ the level at which risk becomes acceptable or tolerable (define the acceptable 

level of risk for each activity and determine what is unacceptable); 

¶  the responsibilities for accepting risk and at what level. 

Criteria that are usually chosen largely depend on the framework for managing the 

risks, particularly on the objectives defined for adaptation and for inherent risk 

management and therefore must be preferably defined by the risk-owners (see 

above for the most common objectives).  

Criteria can be of different types, and can be expressed according to different variables 

and dimensions. For example: 

¶ for Public Safety (urban services and infrastructures), criteria can be 

expressed in terms of: 

o severity (e.g. flow depth and velocity runoff in public streets or water 

depths flooding in public or private properties); 

o extension (e.g. size of affected area or duration of event); 

o thresholds for losses and damages (number of people at risk or 

economic losses) derived from legal requirements or from good 

technical practices);  

¶ for  the Protection of public health, criteria can be expressed in terms of: 

o number and severity of injuries; 

o number and severity of people affected by disease; 

o number of people affected permanently (mortality and disability); 

¶ for the Protection of the environment, criteria can be expressed in terms of: 

o severity (e.g. expected recovery time, water quality parameters); 

o extension (e.g. dimension of affected area or water body volume, 

volume or duration of event);  

o vulnerability (e.g. protected areas, ecosystems of species at risk, areas 

of influence for water supply abstraction); 
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¶ for Continuity of service (water supply; electricity supply, etc.),  criteria can 

be expressed in terms of: 

o interruptions of the service (availability and compliance with minimum 

standards), which can include the differentiation of type of client affected 

(e.g., residential, hospital, firefighting);  

o performance measures (e.g. client-hours lost without supply, number of 

interruptions) using thresholds derived from legal requirements;  

o various reliability measures (e.g. number of specific failures or failure 

modes per time unit), using thresholds derived from legal requirements; 

¶ for the Strengthening of key economic activities (agriculture & forest urban 

services and  infrastructures),  criteria can be expressed in terms of: 

o financial impacts on the utility, usually expressed on monetary value; 

o classes of consequences can also be defined and should reflect the size 

of utility e.g. annual operating budget (AOB); 

o affect the clients confidence (future economic impacts); 

¶ for Sustainable use of resources (reservoir operation),  criteria can be 

expressed in terms of: 

o thresholds for maximum reservoir outflow; 

o thresholds for reservoir levels, for groundwater levels, river flows and 

defining proper water allocation for water supply, irrigation, energy, etc.  

For the private sector, thresholds can be dictated by economic management. In what 

concerns the objectives of public management bodies and the balance of water 

systems, they are usually derived from legal requirements, as for example from EU 

Directives.  
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3. RMP CONTEXT AT THE VELUWE RESEARCH SITE  

3.1. Extent of RMP development  

The Veluwe is the Dutch research site selected in the framework of the BINGO project 

to evaluate the effects of drought on a rain fed groundwater system. The Veluwe is 

located in the middle of the Netherlands and is part of the province of Gelderland 

(Figure 6).  

 

Figure 6: Veluwe  location in Netherlands 

The Veluwe covers an area of 125.000 hectares and consists of sandy hills, which 

were formed in a glacial period some 150.000 years ago. The sandy and therefore dry 
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nature of the area makes it less suitable for agriculture, so it consists mainly of forests 

and other natural vegetation. The groundwater system has provided energy (18th 

century watermills), reliable source of water of good quality (20th century chemical and 

paper industry) and 21th century drinking water. The area is the biggest land-based 

Natura 2000 region in the Netherlands and an important tourist destination.  

The risks to be investigated have their base in the possible changes in vegetation of 

the Veluwe system due to changes in temperature and rainfall patterns. 

3.2. System characterization  

The Veluwe system has an area of 125.000 hectares and ranges over several 

municipalities. Around 80% of the area is covered by natural vegetation. Altogether 22 

pumping stations with a total of 110 million  m3  are dependant of the Veluwe system. 

The yearly input in the system is 350 ï 550 million m3.  

20 to 30 small stream valleys and springs are dependant of the groundwater system of 

the Veluwe. The ecology and cultural history of these streams is very important. 

Estimates of the base flow of these systems range from 30 to 50 million m3.  

The input of the system is the rainfall excess computed by rainfall minus actual 

evapotranspiration. Looking at the average water balance the input in the system is 

1 mm a day, which is equivalent of 456 million m3 a year. 

3.3. Establishing the external context  

The Pestle approach used to establish the external context of the Veluwe RS is 

presented in the Table 4.  
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Table 4: Veluwe RS. PESTLE approach  

 

  
PESTLE 

dimension 
RS KEY ISSUES LIST 

POLITICAL 

Policies on groundwater 
protection 

Changing policies on groundwater protection (possible, not foreseen) 

Governance structure Change in responsibilities between state, province, water board and drinking water company 
(possible, not foreseen) 

ECONOMIC 

Development in national and 
regional economy 

Development of national economy: increase in water use. 
Development in regional economic and tourism sector: increase in pressure on Veluwe. 
Change in water resource pricing and cost recovery:  Can landowners be paid for extra water 
production? 

SOCIAL 

Changes in attitudes The Veluwe system provides important ecosystem services: a change in attitude towards 
ecosystem services can have an effect on key issues. 
 

Effects on appreciation Will the change in vegetation and management of natural vegetation change the appreciation 
of the Veluwe? 

TECHNOLOGICAL 
Sustainable technologies Development of sustainable technological  solutions for ecological questions, such as horizontal 

drilling for water suppletion 

LEGAL 

Legal framework In the study area the following laws are important in relation to the key problems: 
Water frame work directive (2000/60/EG), Habitat directive (92/43/EG), the drinking water law 
(July 2009), the Water law (January 2009), Provincial spatial planning regulations (July 2015), 
Policy on strategic groundwater resources, ministry of infrastructure and environment, 2015. 

ENVIRONMENTAL 
Vegetation 

Change in vegetation cover due to climate change can through evapotranspiration affect 
underground hydrology. 
 

Land use Change in land use due to new policies on groundwater protection or new economic activity 
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3.4. Who is who? Establishing the internal context  

Three main actors take part in the water management in the Veluwe research site. The 

provincial government, the water company Vitens and the regional water board Vallei 

en Veluwe. The provincial government and the water company Vitens are included in 

the BINGO project as internal stakeholders. The water board is the water management 

authority in the region. This is a very important stakeholder. The day to day 

management of the surface water systems close to the Veluwe is their main task. 

Another important task is the implementation of the Water Framework Directive.  

Other important actors are: 

Å NGOs for nature management and forestry. The natural vegetation and 

forests are managed by NGOs. Because the Veluwe water system is 

dependent on the actual evapotranspiration of this vegetation, these NGOs play 

an important role in the research site. The three most important NGOs are 

Staatsbosbeheer, Natuurmonumenten en Gelders landschap en Kastelen. 

Å Private landowners are another important group of end users. Because there 

are many different landowners, contact with this group is established through 

their society of private landowners, or through a NGO, de bosgroep, an 

organisation in support of forest owners. 

Å The foundation of springs and streams (de Sprengen en beken stichting): 

This foundation focuses on the preservation of historical and ecological values 

of springs and streams in the Veluwe area. 

1. GOALS & OBJECTIVES 

The provincial government, the water board and Vitens are working together on the 

sustainable use of the Veluwe groundwater system. The main question is: "Are we at 

the boundary of sustainable use or can this system provide more ecosystem services?" 

Some guiding principles are: 

 

1. Environmental protection of the groundwater pumping stations. 

2. Balance between economic and ecological requirements. 

3. Efficient provision of services. 

4. Partnership and sensitivity to the needs of other stakeholders. 

5. Efficiency and effectiveness of use of the water system. 

 

2. STRATEGIES 
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a) Strategies that are successful: 

1. Only allow groundwater use for high quality objectives. 

2. Share knowledge of the water system. 

3. Involve all stakeholders in important policy changes. 

 

b) Strategies that are planned for the future: 

Up to now, the existing strategies showed to be successful. New strategies may 

be developed within this project. 

 

3. RESOURCES 

The following resources are available to support the organizational objectives:  

a) Staff 

In order to implement the policies on nature management and drinking water 

protection, the provincial government, the water board and the water company employ 

approximately 35 - 50 employees with professional qualifications in environment and 

water. Technical employees as well as experts from the fields of law and management 

are employed. 

 

b) Existing Risk Management expertise and practices 

The existing risk management practices for the Veluwe area are a network of 

landowners, municipalities, police and the regional safety authority on forest fires. 

 

c) Information sources 

An intensive network of measuring wells, a database with recent and historical data, 

and an existing 3d model are available.  

 

4. INTERNAL CULTURE 

To meet the increasingly complex processes in their duties, the provincial government 

seeks to achieve its goals in cooperation with other partner organisations and 

stakeholders. In the last 15 ï 20 years, considerable experience in this field was 

developed. Therefore the cooperation and moderation skills of individual employees 

are trained. This should accompany difficult projects from the outset and thus provide 

assistance for the efficient handling of these projects. 

Competence development of employees also means skills development for our 

partners. 
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3.5. Risk scope and objectives  

The risk scope in the Veluwe research site includes: public health and safety, flow 

continuity, environmental impacts, managing of a scarce resource. 

The objective is the risk management for the following main key problems: 

1. Provison of raw water - PWS  

The Veluwe system provides raw water for drinking water and the provincial 

government and the water supply company have to deal with water quantity and quality 

issues, which may be affected by CC. The Vitens water company is responsible for the 

provision of drinking water in a sufficient amount and quality to the customers. The 

provincial government is responsible for the provision of raw water in a sufficient 

amount through licensing. Licences to the water supply company exist concerning the 

provision of the needed raw water quantity. Quality aspects are regulated by provincial 

law. The provincial government and the water company are therefore the risk owners 

for raw water quantity. The objective within BINGO is the management of the risk to be 

able to provide good quality drinking water now and the expected future increase in 

water demand in relation to CC. 

2. Ecological flow 

The Veluwe system provides a minimum flow necessary to preserve individual 

groundwater dependant ecosystems and aquatic ecosystem in the small stream valleys 

of the Veluwe system. Water availability may be affected by CC. The provincial 

government sets ecosystem objectives and plays an important role in the protection of 

these ecosystems. The water board óVallei en Veluweô is responsible for the day to day 

management. The objective within BINGO is the management of the risk to miss the 

target of sufficient water flow (i.e. water quantity) and quality in the future due to CC. 

3. Changes in natural vegetation 

The Veluwe is the biggest land-based Natura 2000 area in the Netherlands. In the 

Natura 2000 management plan, a number of measures and investments is planned in 

order to preserve and develop the biodiversity of the area. Will these investments be 

effective in the future in relation to CC?. The provincial government is responsible for 

the management plan. The objective within BINGO is the management of the risk of 

change in vegetation in the future due to CC. 
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3.6. Objectives and criteria to evaluate the risk  

The scope and criteria to evaluate the risks are treated for each key problem listed in 

chapter 3.5. The listed items reflect the state of knowledge at the beginning of the 

project and it must be expected that the descriptions may change during the working 

time, because of the increase of knowledge and the intensification of cooperation 

among the BINGO partners, the scientific partners and the stakeholders. 

The levels where the risks will become acceptable are frequently already defined in 

some degree by the legal requirements. Nevertheless, it may be possible that stronger 

levels may be determined according to the (perhaps even already existing) agreements 

with stakeholders. Within the BINGO-Project these levels will be reviewed, updated or 

fixed according to the needs of adaptation to CC together with the stakeholders who 

have to accept the agreed risk levels. 

1. Ecological flow 

The problem addresses stream valleys dependent on the Veluwe system. In Table 5, a 

summary of the main scopes and the criteria to evaluate these issues can be seen. 

Table 5: Veluwe RS. Risk evaluation criteria: ecological flow 

Risk Scope 
Criteria to evaluate the risk 

(risk unacceptable) 

Stakeholders/Group 

of stakeholders 

Objectives 

Flow continuity 
No flow longer than 1 week Water board, 

Foundation of Springs 

and Streams 

Provision of 

needed water 

flow 365 d/y 

 

Environmental 

impacts 

Decrease of key species in 

streams 

Water board, 

Foundation of Springs 

and Streams, 

Federation of 

environmental societies 

(GNMF) 

Keeping of 

ecological  

objectives in 

streams. 

 

Permanent decrease of 

groundwater levels by 25% of 

peak level (over period of 30 

years) 

Keeping of 

groundwater 

levels 
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3. Provision of raw water PWS  

In Table 6, a summary of the main scopes and the criteria to evaluate the risk on 

provision of raw water can be seen. 

Table 6: Veluwe RS. Risk evaluation criteria: provision of raw water PWS 

Risk Scope 
Criteria to evaluate the risk Stakeholders/Group 

of stakeholders 

Objectives 

Health and safety 
Increase of 30% in extraction 

cannot be met. 

Political parties, water 

utilities, customers 

Meeting future 

groundwater 

demands for  

drinking water 

Service continuity 
Negative external effects of 

extraction are greater than 

foreseen in permit 

Political parties, water 

utilities, customers 

Provision of 

needed amount 

of raw water 24 

h/d; 365 d/y 

 

Environmental 

impacts 

No flow longer than 1 week Political parties, water 

utilities, NGOôs in 

nature management  

Keeping of 

ecological flow 

in rivers 

Measurable decrease or change 

in vegetation  

Keeping of 

groundwater 

levels for 

groundwater 

dependent 

natural habitats 

 

Economic  

 

Financial losses at drinking 

water suppliers and water 

consuming industry   

Water utilities, 

customers 

Maintaining a 

cost covered 

water supply 

Social 
Restrictions in everyday life 

Restrictions in water supply to 

customers e.g. customer 

minutes loss 

Customers No increase in 

restrictions to 

access to 

drinking water 
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4. Changes in natural vegetation 

In Table 7, a summary of the main scopes and the criteria to evaluate the risk on 

changes in natural vegetation can be seen. 

Table 7: Veluwe RS. Risk evaluation criteria: changes in natural vegetation  

Risk Scope 
Criteria to evaluate the risk Stakeholders/Group 

of stakeholders 

Objectives 

Health and safety 
Increase in ticks and lime 

disease 

Increase in forest fires 

Tourist companies, 

tourists and local 

workers and civilians 

No change in 

both 

parameters 

Environmental 

impacts 

Measurable decrease or change 

in vegetation  

Political parties, water 

utilities, NGOôs in 

nature management  

Keeping of 

habitat 

objectives 

 

Measurable decrease or change 

in vegetation  

Keeping of 

groundwater 

levels for 

groundwater 

dependent 

natural habitats 

 

Economic  

 

Financial losses through less 

tourists visits   

Tourists companies and 

local economy 

Maintain an 

economically 

viable tourist 

industry 

Social 
Less than 60% of stakeholders 

accept changes in management 

NGOôs, landowners, 

tourist companies, local 

citizens. 

Acceptance of 

change in 

vegetation 

management to 

reach water 

system 

objectives 
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4. RMP CONTEXT AT BADALONA RS 

4.1. Badalona Research Site general description  

Badalona is the Spanish Research Site selected in the framework of the BINGO project 

to evaluate the effects of CC on flooding and pollution of the receiving water bodies 

related to combined sewer overflows (CSOs). 

Badalona is located in eastern Catalonia (Spain) and is part of the Barcelona 

metropolitan area. It is situated on the left bank of the Besòs River and on the 

Mediterranean Sea, backed by the Serra de la Marina mountain range (Figure 7 and 

Figure 8). With 220.000 inhabitants, Badalona is the third most-populated municipality 

in Catalonia after Barcelona and L'Hospitalet de Llobregat. The morphology of its 

catchment is characterized by high gradients (with an average of 4%) in the upper part 

of the cities and very flat areas in the lower parts.  

      

Figure 7: Badalona location in Spain and Catalonia 

 

       

Figure 8: Main water course and catchments of Badalona 
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Moreover, the land of the municipality was strongly urbanized during the last decades. 

All these aspects facilitate urban flash floods in several critical areas with significant 

economic damages and high hazard conditions for pedestrian and vehicular circulation 

(Figure 9). 

       

Figure 9: On the left consequences of flooding problems during one of the last heavy storm event. 
On the right, hydraulic behaviour of drainage system (in red surcharged sewer pipes with flooding 

problems are shown) 

Regarding environmental issues, Badalona presents several km of beaches with a 

significant impact on the tourism of the city. During rain events, a part of the stormwater 

is not entering into Waste Water Treatment Plant (WWTP) and generates Combined 

Sewer Overflows (CSOs), with significant social and economic damage related to the 

pollution of bathing waters. Badalona has more than 15 areas where CSOs can 

happen (Figure 10).  

 

Figure 10: CSOs impacts in Badalona bathing waters 

4.2. Extent of RMP development at the Research Site Badalona  

The extent of RMP in Badalona will involve the effects of CC on the functioning of the 

urban drainage system with special regard to: 

- Flash floods problems with consequences on: 
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o People´s safety. 

o Economic impacts on goods and properties. 

o Impacts on urban transport. 

- CSOs spills and the related impacts on water quality of the receiving water body 

(Mediterranean sea) with direct consequences on: 

o Public health. 

o Tourism. 

In the first case, Badalona municipality, as responsible of the sewerage system, will act 

as main risk owner, although Catalan Water Agency (ACA) is the responsible of the 

management of the ephemeral natural streams crossing the city. In the second case, 

Badalona municipality, Barcelona Metropolitan Area (AMB) and Aigües de Barcelona, 

as company in charge of interceptor and WWTP management will play this role. In both 

cases, the extent of the RMP will cover the three steps of CC risk assessment (risk 

identification, analysis and evaluation) and the risk treatment phase.  

4.3. System Objective within BINGO in Bad alona  

The main objectives for the Badalona Research Site are the assessment of the impacts 

(in terms of risk) of CC on the flooding and CSOs problems and the proposal of 

adaptive measures to cope with these impacts. In order to accomplish these goals, the 

current situation will be analysed, characterizing and updating the urban drainage 

system of the city and all the related boundary conditions intended in their broadest 

sense (including physic pressures, economic and social inputs, etc.). 

The current scenario could be considered as a reference or baseline scenario to be 

compared with future ones. 

4.4. Badalona urban drainage s ystem characterization  

Badalona´s urban drainage system is a complex system whose main elements can be 

summarized as follows:  

- 318.4 km of pipes. 

- 9232 manholes. 

- 9 gates. 

- 57 weirs. 

- 20 siphons. 
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During 2009 and 2010, the Drainage Master Plan (DMP) of the city was carried out in 

order to analyse the current deficiencies in structural and functional terms of the sewer 

system and to propose adequate measures to mitigate flooding and CSOs problems.  

Significant problems were detected during field visits and the studies carried out in this 

phase, namely sedimentation, a poor state of conservation and poor capacity of the 

most important channels/sewers (Figure 11). 

   

Figure 11: Sedimentation and structural problem in the Badalona sewer network 

In the first phase of the elaboration of the DMP, several important goals were achieved 

(Figure 12): 

- Sketches and planes of the network (sections, singular elements, chambers, 

etc.). 

- Map of the sag point of the city 

- Map of the sediment levels in the sewer network. 

 

  

Figure 12: Cartography of the sewer network, sag points and sediment planes of Badalona 
elaborated in the DMP 

Once all these goals were achieved, the second phase of the DMP started. An 

integrated model (1D sewer model + a marine model) was developed in order to 

analyse the urban drainage behaviour and the pollution propagation in coastal waters. 

The 1D simulation of the sewer network for current daily peak flow scenario was done. 

A proper operation of the different structures involved in the network was observed 

(Figure 13). 










































































































































































































































































































