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1

Introduction

1.1

Aim of the IVAVIA guideline

This document offers a practical guideline for conducting a risk-based process for assessing
impacts and vulnerabilities of urban areas and their infrastructure related to consequences of Climate Change (CC). The objective of this guideline is to describe the methodology
in a way that is understandable for a variety of stakeholders, thus providing the base for
the collaborative execution of a Vulnerability Assessment according to IVAVIA (Impact and
Vulnerability Analysis of Vital Infrastructures and built-up Areas). IVAVIA is a result of the
EU H2020 project RESIN (http://www.resin-cities.eu/home/). However, this guideline is addressed not only to the RESIN city partners but should also enable a wider range of cities to
implement IVAVIA.
The contents of this document are based on the specifications given in deliverable “D2.1
Design IVAVIA” (RESIN D2.1). The structure of this guideline is an adaptation of the modules
introduced in D2.1, which are themselves based on “The Vulnerability Sourcebook” published by the German Society for International Collaboration (GIZ), cf. BMZ 2014a.
The overall aim of a risk-based Vulnerability Assessment using IVAVIA is to facilitate the
understanding of cause-effect relationships of climate change, identify geographical hotspots of vulnerability and risk, and assess what impact on people, economy and built-up
area under study can be expected now and for the future due to the changing climate.
This allows to identify entry-points for adaptation measures and areas where actions are
needed first.

1.2

Guideline document structure

The remainder of this introduction characterises the target audience of IVAVIA and introduces some important concepts that are prerequisite for following the guide. The main part
of the document describes in detail the steps for realising the seven modules of IVAVIA.
Although this guideline is self-contained, it assumes a reader with a basic knowledge in CC
risk assessment (e.g., provided by the IPPC AR5 reports). The Guideline Appendix provides
definitions of the most essential terms from the RESIN glossary, references to relevant information sources regarding data, policy documents, and case studies, as well as indicators
from the Covenant of Mayors for Climate and Energy Reporting Guidelines, and sample
Impact Chains.
Disclaimer for this second draft version (October 2017):
The module description of IVAVIA module 6 is currently only rudimentary. A first full version
of the guideline document is planned to be ready in March 2018.
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1.3

Target audience of the IVAVIA guideline

The persons addressed by this guideline at first hand are the initiator and the coordinator
or manager of a city’s overall risk-based Vulnerability Assessment project or the person
responsible for the climate change adaptation planning. The initiator would typically be
a member of the city administration and would start the process. The coordinator could
also belong to the city administration or s/he could be someone externally hired. If the
coordinator is hired externally, then the next primary audience for this document would
be the persons in the city administration who would survey and monitor the project from
within the administration, and therefore closely collaborate with the external manager. In
general, the coordinator must tailor the methodology described in this guideline before its
practical application. This includes the translation into the local language as well as the
adaptation of terms in official language according to the given situation. The planned RESIN
e-guide will provide valuable support for this task. How-to guides, templates, and software
tools will enable a broader audience in the city to understand the underlying methodology
of IVAVIA and to contribute to its application.

1.4

Important IVAVIA concepts you need to know

When conducting a risk-based Vulnerability Assessment, the object under study is usually a
geographical area, potentially consisting of several distinct regions, defined by its natural /
physical environment, its built environment, its inhabitants, its economic activities, and its
societal characteristics. Examples of such areas are:
•

a city and its administrative or wider boundaries (i.e. its functional area),

•

a smaller district or neighbourhood within a city’s administrative boundaries,

•

a vital infrastructure and the service area of its provider.

In general, the scale that IVAVIA can be applied at is arbitrary: any area or infrastructure is
possible as long as sufficient indicators and data are available for it.
The ultimate result of the risk-based Vulnerability Assessment process is a characterisation
of the potential climate change risk imposed on the area under study. For IVAVIA, we will
focus on risks that are imposed by occurrences of climate-related hazards. The specific
type and intensity of the considered hazard are defining factors of the risk. In addition to
the type and intensity of the considered hazard, the probability of its future occurrences is
another decisive factor of the risk-based Vulnerability Assessment. In this sense, risk is determined as a combination of expected occurrences of hazards and the estimated damages
they might cause. Mathematically, you can speak of the expected value of loss or damage
events.
You may apply probability in the classical statistical way as a number between 0 and 1,
where 0 stands for completely improbable or ‘will definitely not occur’ in the prospected
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future, and 1 stands for ‘will definitely occur’ in the prospected future. However, in most
Vulnerability Assessments, the probability is not calculated as a quantitative value because
the available data about prior occurrences of hazards and their future occurrences do not
allow deriving exact quantitative values. Instead, many assessments reasonably apply categorical or qualitative values. For example, one might use the categories: very likely, likely,
slight chance, unlikely, and very unlikely.
The prospected future refers to the time horizon for the climate change-related risk-based
Vulnerability Assessment. According to IPCC, climate modellers often use scenarios that
look forward 100 years and more (IPCC 2014a, p. 1146); however, time horizons of about 20
years may be more appropriate for policy makers.

Figure 1: A risk-adapted Vulnerability Assessment schema. Source: Fraunhofer.

Figure 1 shows the different underlying elements of the risk concept of IVAVIA: drivers, hazard, exposure, stressors, sensitivity, coping capacity and vulnerability. The arrows depict
the relationship between these concepts. Risk will finally be computed as the combination
of probability of the hazard and its impacts and consequences. With this in mind, one can
understand IVAVIA as a risk assessment with a Vulnerability Assessment component (or
shortened: as a risk-based Vulnerability Assessment).
Figure 1 and Figure 2 show that the estimation of risk and its components is dependent
on the considered hazard as well as its intensity and probability. Your city is and will be
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differently affected depending on the different types of hazards, e.g. storm, flooding,
draught and heat wave. More formally, a hazard is defined as “…the potential occurrence of
a natural or human-induced physical event or trend, or physical impact that may cause loss
of life, injury, or other health impacts, as well as damage and loss to property, infrastructure,
livelihoods, service provision, and environmental resources.” (IPCC 2014a, see also glossary in
the annex of this document and RESIN Glossary D1.2). A climate-related hazard is a special
case that is (at least partially) caused by climatic drivers.
The question of which objects in your city are potentially hit by a hazard is captured by the
concept of exposure. It is the presence of people, livelihoods, species or ecosystems, environmental services and resources, infrastructure, or economic, social, or cultural assets
in specific places that could be adversely affected. Exposure is a determining factor of the
potential damages or losses, e.g. if there are 40,000 buildings in your city potentially all of
them could be hit by a flood.
Non-climatic trends and events, which are called stressors, can have an important effect
on the system exposed. Examples are population growth or change of land-use; a larger
percentage of sealed surface will in general increase the probability of flooding events and
thus the risk for all exposed objects.
Different objects are more or less sensitive to a hazard. For example, a well-built stone
house is less sensitive to a storm than a wooden shack. This is captured by the concept of
sensitivity. It is defined as the degree to which an exposed object, species or system could
be affected by the considered hazard. As such, you may perceive sensitivity towards a hazard as a property of an exposed object in regard to a specific hazard.
Your city as a whole will have some means of coping with a hazard, e.g. you have flood barriers and/or ready and trained emergency personnel. These kinds of capacities are captured
by the concept of coping capacity. It is the ability of people, institutions, organizations,
and systems, using available skills, values, beliefs, resources, and opportunities, to address,
manage, and overcome adverse conditions in the short to medium term.
Vulnerability is then derived from the interplay of the elements stressors, sensitivity, and
coping capacity. It contributes directly to the impact or consequences that a hazard causes
to the exposed objects.
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Figure 2: Vulnerability is hazard specific. The same object of analysis may be differently
vulnerable to various hazards. Columns represent Impact Chains. Source: Fraunhofer.

Adaptive capacity versus coping capacity – what is the difference?
Since the usage of this term constitutes one of the significant changes with respect to the
original Vulnerability Sourcebook (VSB – BMZ 2014a), we provide an explanation here. In the
VSB, one assessment step comprises determining the adaptive capacity. Adaptive capacity
(or adaptability) is defined in the IPCC AR5 (2014a) as “The ability of systems, institutions,
humans, and other organisms to adjust to potential damage, to take advantage of opportunities, or to respond to consequences.” Adaptive capacity has a medium to long-term perspective and determines the capacity for adaptation, which is a subsequent stage of the cycle of
assessment of climate risk, adaptation planning, and implementation. For the assessment
of risk related to climate change, the concept of coping capacity is a complementary way
of looking at this issue. The IPCC AR5 (2014a) defines coping capacity as “The ability of people, institutions, organizations, and systems, using available skills, values, beliefs, resources,
and opportunities, to address, manage, and overcome adverse conditions in the short to medium term.”
In this sense, adaptive capacity could be viewed as the ‘room to move’ for adaptation:
the capacity for increasing the coping capacity, reducing the sensitivity, reducing the
severity of impacts, and reducing the influence of stressors. Therefore, adaptive capacity should be considered when determining adaptation options and for adaptation planning.
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1.5

A note on scenarios

It is often required not only to analyse the current situation but also to consider future climatic developments, i.e. scenarios. In the context of IVAVIA, a scenario is the combination
of a hazard, a temporal stage, and a climate pathway. A temporal stage is a future point
in time or a time interval for which projections are derived. For example, in addition to the
‘present’ (or baseline), scenarios for the years 2050 and 2100 could be examined. For more
consistent analyses and comparisons, you should develop and study scenarios using the
same set of temporal stages.
Climate pathways identify possible changes in climate development. In many examples,
one central (or median, or medium) scenario will be considered together with two more
extreme ones towards both ends of the spectrum, which may e.g. be called ‘low and high’,
‘hot and cold’, or ‘dry and wet’ according to the considered variables and circumstances. We
suggest encompassing at least three different climate pathways for every future temporal
stage considered.
For every identified hazard, you then get seven different scenarios. For example, for Fluvial
Flooding (FF) with temporal stages for present (FF-p), 2050 (FF-50), and 2100 (FF-100) and
the three climate pathways as above, the resulting scenarios would be
•

FF-p. There is only one scenario for present time

•

FF-50-l, FF-50-c, FF-50-h. 		

•

FF-100-l, FF-100-c, FF-100-h

‘l’ for low, ’c’ for central, ‘h’ for high

Figure 3 illustrates how the set of scenarios could be defined when considering two different hazards, two future temporal stages, and three different climate pathways.
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Figure 3: The set of 14 scenarios for two hazards (Fluvial Flooding and Drought), two
temporal stages (2050 and 2100), and three climate pathways (low, central, and high).
Source: Fraunhofer.

Figure 4: EEA Climate Change Projection Map. Scenario: Year 2021-2050, Annual temperature change for a balanced (central) model. Source: https://www.eea.europa.eu/
themes/climate/interactive/annual-temperature-changes-for-2021-2050
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Figure 5: EEA Climate Change Projection Map. Scenario: Year 2021-2050, Annual precipitation change for a balanced (central) model. Source: https://www.eea.europa.eu/
themes/climate/interactive/annual-precipitation-change-2021-2050

A good example of how to support the construction and selection of scenarios are the
interactive maps and data viewers from the European Environment Agency (Figure 4, Figure 5). They provide charts and maps with historical and projected trends from changes in
greenhouse gas emissions, to transport demand, as well as annual temperature and precipitation.
Another good example is the KNMI Climate Explorer (Figure 6), a web application from
the Royal Netherlands Meteorological Institute (Koninklijk Nederlands Meteorologisch Instituut, KNMI) for the analysis of statistical climate data. Its Climate Change Atlas provides
climate change projection maps for several data sets. For example, for projections based
on Global Climate Models (GCMs) as available from the Coupled Model Intercomparison
Project (CIMP5, http://cmip-pcmdi.llnl.gov/cmip5/), Phase 5, which is the same data used
to support the IPCC Fifth Assessment Report.
The climate information provided by these tools is usually based on a 50X50 km or sometimes on 12x12 km grid, which is sufficient to get general climate indicators for your city.
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Figure 6: KNMI Climate Change Projection Maps. Left: Mean temperature deviation
between 2030-2059 to 1986-2005 for a low climate change pathway. Right: Mean temperature deviation between 2030-2059 to 1986-2005 for a high climate change pathway.
Source: https://climexp.knmi.nl/start.cgi?id=someone@somewhere
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2

IVAVIA module descriptions

At a broad level, the process of conducting a risk-based Vulnerability Assessment consists
of the following stages:
1.
2.
3.
4.
5.

Prepare Vulnerability Assessment and gather information
Structure the information
Quantify and combine vulnerability indicators
Assess risk
Present outcomes

The IVAVIA methodology breaks these stages down into a sequence of seven modules,
which are themselves comprised of several steps each. The number of modules and steps
should not be intimidating; they rather establish a structure for the whole process and
make it more manageable. Following the whole sequence of seven tasks/ modules is
not mandatory. If you are an expert and/ or already have existing material from a previous vulnerability assessment, lack resources to conduct a complete assessment, or just
want to use different approaches to specific steps, you may opt for customizing IVAVIA and
its respective modules to your particular needs; you can do this when applying step 5 of
module 1, which is about preparing the specific work plan for the VA in your city.
Figure 7 shows how the high-level process is mapped onto the IVAVIA modules, which are
based on the modules of the Vulnerability Sourcebook (VSB, BMZ 2014a).

High level process stages mapped to IVAVIA modules
Prepare VA
and gather
information

Structure the
information
Qualitative
Quantitative

Quantify and
combine
vulnerability
indicators

M0

Selecting hazards
and drivers

M1

Preparing the
Vulnerability Assessment (VA)

M2

Developing Impact
Chains

M3

Identifying Indicators
and Data Acquisition

M4

Normalisation,
Weighting and Aggregation of Indcators

M5

Aggregating Vulnerability Components
to Risk

M6

Presenting the Outcomes of your VA

Assess risk

Present
outcomes

Figure 7: The high-level process of risk-based Vulnerability Assessment (VA) divided into
the seven IVAVIA modules
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For each particular step within the module description, it must be determined in advance
who will conduct it. In general, this will be a well-defined subset of:
•

Initiators (Expert(s) from city and possibly academic / research partners)

•

Coordinator of the project (internal or externally hired)

•

Stakeholders from the city

Each step of the module descriptions contains information about input needed and output
to be created. The output items are numbered according to the scheme m.s.n., where m
represents the module, s the step, and n the sequence within the step.
Example: 1.5.2 means the second output item of step 5 of module 1. An input item created
by an external source is marked with ‘EXT’. An input item created internally (i.e. the output
of a previous step) is referenced by its m.s.n number, so you can easily see where a specific
input item comes from.
For a full qualitative and quantitative assessment, you should execute the modules in the
given sequence, because input is needed from previous modules. For a qualitative assessment only, you would run the process up until Module 2. The whole assessment process
would vary, depending on the size of the studied area (city, district) and the scope of the
evaluation.
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Module 0:
Systematically selecting
hazards and stressors
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2.1

Module 0:

Systematically selecting hazards and stressors
Module 0 is a preparatory action integral to the official process of a risk-based Vulnerability
Assessment, and ends with a kick-off meeting with the stakeholders. Imagine a situation
where the city council has officially decided to pursue such a process, and the mayor subsequently tasked the head of the environmental or city planning department with the management of the process. Within this respective department, someone (let’s assume: you!)
will eventually be assigned as operational manager (coordinator) of the IVAVIA project. You
will have to assemble a project team consisting of internal and external officials and stakeholders, and to eventually start the project with a kick-off meeting.
As IVAVIA is about risk-based Vulnerability Assessment, the methodical identification of
relevant hazards and stressors is a key element for a successful application of IVAVIA. This
does not necessarily mean that you have to start from scratch. Most cities know about
their relevant hazards and the responsible departments should be included in the process.
However, you should not restrict the analysis to the already known threats but also think
about future scenarios that might introduce new challenges for the city caused by climate
change, e.g. referring to non-climatic drivers (called stressors) adding or changing impacts
from hazard.
This identification should be done before the kick-off meeting, so the purpose of this Module 0 is to introduce and explain the very first activities that should be initiated and accounted for by the coordinator up until then. The following steps help formulate an initial
overall plan as well as identify the relevant hazards and stressors and start gathering
information. It will thus serve as informational and motivational background for later participants of the project. Steps 1–3 should be presented in the kick-off meeting as planned in
Step 4 of this module.

Step 0.1

Identify the hazards considered potentially relevant

Step 0.2

Gather information about the identified hazards

Step 0.3

Identify generally relevant drivers and stressors

Step 0.4

Kick-oﬀ meeting and management decisions
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Step 0.1: Identify relevant hazards
Input

Step 0.1: Identify relevant hazards

EXT

Resolution and/or mandate, e.g. by the city council or by superordinate administration, leading to the start of the project.

EXT

Any background information related to the resolution or mandate that legitimates
the risk-based Vulnerability Assessment.

In this step, you will identify which hazards can potentially affect your city and choose
which ones to include in your study. Be broadminded in your consideration of choices. It is
easy to reduce the list in a later stage. Also, a more concrete prioritisation of the potentially
relevant hazards will follow later. For the recording of hazards and past occurrences you
may use the spreadsheet that is provided in the Appendix to this guideline.
It might be the case that your city is actually already focusing on a certain type of challenging hazard, either initiated by the city on its own, or by superordinate administrations. In
that case, it would still be reasonable following the procedures described below. For example, if there is an existing national agenda to reduce the effects of heat waves, focusing on
this alone could lead you to overlook other threats and possible dependencies between different threats. A systematic analysis (on a local level) as described here could still provide
new insights for the priority setting. You may consult stakeholders, e.g. universities and
knowledge institutes for support, e.g. by sending them a questionnaire.
As a result of step 0.1 you should provide a list of hazards that are potentially harmful for
your city. In many applications, there will be one or two types of hazard that quite obviously
stand out as the primary originators of loss. You could gather data on recent hazard events
in the city as a starting point. There may be one or two more that are occasional troublemakers. You may have reason to exclude any others as their occurrence ranks between ‘never’ to ‘highly improbable’; be aware that this depends on what timeframe you are looking
at. You may keep a type of hazard that is deemed very rare but would cause very high losses.
As already stated, be generous at this stage.
Be aware that you will need to consider hazards both from a current and future perspective
– both are necessary. The current perspective is based on records and experience of hazard
events, which is the topic of step 0.2, while the future perspective is where future climate
scenarios need to be introduced. This will be covered in step 0.3 and step 1.4 of Module 1.
For those hazard candidates kept on your list, you should find out from your local or regional administration if recordings of extreme events linked to the hazards exist. Later you will
continue this investigation by looking into other sources, e.g. media, and by considering
climate change more seriously.
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Output
0.1.1

Step 0.1: Identify relevant hazards
Initial, common sense-based list of hazards of concern for the city, including an
account of their historical occurrences and impacts.

Step 0.2: Gather information about the identified hazards
Input
0.1.1

Step 0.2: Gather information about the identified hazards
Initial, common sense-based list of hazards of concern for the city, including an
account of their historical occurrences and impacts.

Information about past occurrences of the hazards and the past trends regarding the relevant drivers should be ‘easily available’. If you are lucky, the environmental department
within the city or of superordinate administrative levels will be able to provide information
such as:
•

the historical return periods (expected frequencies) of the respective hazards,

•

the past intensities (e.g. high water marks, precipitation in l/sqm/h, wind forces (1-12)),

•

the past recorded impacts,

•

all available hazard, vulnerability and risk maps (done with historical and current data).

Aside from historical information, initial information about expected future climatechange-related developments should be collected. Probably, such information has already
been acquired within the city departments or at regional level. Experts from city departments or regional authorities may support you in checking if the existing information fits
the purpose, or if updates or extensions would be adequate. You may additionally consult
local media as well as various public and private, national and international online resources such as:
•

EM-DAT (Emergency Events Database, http://www.emdat.be/) was initially set up by
the WHO (World Health Organisation) and the Belgian Government. It contains essential core data on the occurrence and effects of over 22,000 mass disasters in the world
from 1900 to today, cf. as an example. Their website states that: “The initiative aims to
rationalise decision making for disaster preparedness, as well as provide an objective base
for vulnerability assessment and priority setting.”
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•

The Climate Change Knowledge Portal (http://sdwebx.worldbank.org/climateportal/)
is hosted by the World Bank Group. They state on their web page:
“Here you can query, map, compare, chart and summarize key climate and climate-related information”.

•

The European Environment Agency (EEA, http://www.eea.europa.eu/) is an agency of
the European Union. Their task is to provide sound, independent information on the
environment. They are a major information source for those involved in developing,
adopting, implementing and evaluating environmental policy, and also for the general
public.

•

Climate-Adapt (http://climate-adapt.eea.europa.eu/) is an initiative of the European
Commission that aims to support Europe in adapting to climate change. The platform,
maintained by EEA, includes a database that contains quality-checked information that
can be searched easily.

•

If a commercial service is an option for your city, then climate-related web-services as provided by the world-largest re-insurance group, Munich Re (https://www.munichre.com/
de/reinsurance/business/non-life/natcatservice/index.html), offer very fine-grained
data and assessment support.

•

Intergovernmental Panel on Climate Change (IPCC, http://www.ipcc.ch/news_and_
events/docs/factsheets/FS_what_ipcc.pdf) is the international body for assessing the
science related to climate change.

Figure 8: Spreadsheet downloaded from a query to EM-DAT.
It shows a summary of hazards (Disaster) that happened in Spain since the year 1900
(http://www.emdat.be/country_profile/index.html (retrieved 2016-09-29)). More detailed searches within this portal are available. Source: http://www.emdat.be/

22

IVAVIA MODULE DESCRIPTIONS

IVAVIA provides a context and scope for the identification and prioritisation of adaptation
measures best preventing losses caused by future occurrences of hazards. Adaptation
measures of this kind probably also have been implemented in the past. If your city had
adapted to risks in the past, then you should create a list of such significant historical adaptation measures. If available, the adaptation ‘events’ could be sorted into the timeline of
significant historical hazards.

Output

Step 0.2: Gather information about the identified hazards
Timeline of prior significant occurrences of the relevant hazards with

0.2 .1

•
•
•
•

their intensities
their historical frequencies, resp. their intensity-based past return periods
their impacts
hazard, vulnerability and risk maps

0.2.2

List of historical adaptation measures and their effects

Step 0.3: Identify relevant drivers and stressors
Input

Step 0.3: Identify relevant drivers and stressors
Timeline of prior significant occurrences of the relevant hazards with

0.2.1

•
•
•
•

their intensities
their historical frequencies, resp. their intensity-based past return periods
their impacts
hazard, vulnerability and risk maps

Hazards are mostly seen as climate-related extreme events of a delimited duration. Human
activities interact with climate change effects; and this interaction of climate-(change)related and non-climate-related trends increases the probabilities, intensities and, hence,
the risks of those hazards happening. We term climate-related trends as drivers. Non
climate-related trends, that have an influence on vulnerability and risk, are called stressors.
Both may have an important effect on the system exposed and increase its vulnerability to
climate-related risk. Both can be short term, but are mainly long term.
•

(Climatic) drivers in general include: sea-level rise, increased temperatures, lack of precipitation, increase of precipitation, carbon dioxide fertilisation.

•

(Non-climatic) stressors include: land use change, urban sprawl, deforestation, migration, population and demographic change, economic development patterns, technological change, changing lifestyles.
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Such drivers and stressors and their future developments can have a strong negative or
positive impact on future risk depending on the direction of their developments. In this
step, you should try to get some initial statements from domain experts about their opinions regarding relevance and direction of those developments for your city. Points of contact include the Environmental department, the Emergency department, and departments
responsible for social and economic matters of your city as well as universities and knowledge institutes.
Output
0.3.1

Step 0.3: Identify relevant drivers and stressors
Initial list of relevant drivers and stressors with regard to the city
(without detailed characterization as this will be done later)

Step 0.4: Kick-off meeting and management decisions <Decisions>
Input

Step 0.4: Kick-off meeting and management decisions

0.x.x

All documents developed in Module 0 so far

Of course, having a successful kick-off meeting is crucial for the whole project. You might
consider the meeting as ‘successful’ if:
•

Many important stakeholders approve, in principle, to support the project.

•

Potential methodological approaches to govern the process are discussed and agreement is reached on how to approach the process.

•

A general timeline for the whole process has been negotiated.

•

The set of project participants, including those having been suggested and agreed on
in the meeting, are agreed upon, and are close to confirming their participation.

Achieving good results demands professional preparation of these issues and further
requires
1.

A set of slides, i.e. any kind of presentation, explaining the need of the risk-based Vulnerability Assessment process. This will include the information about the specifically
relevant hazards and their possible future developments as collected earlier.

2. A presentation and statement of the political context of this specific project, ideally
presented by the responsible contracting body.
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3. A set of slides explaining the overall risk-based Vulnerability Assessment process. A
sample presentation of the overall IVAVIA process has been included in the appendix
of this guideline.
4. A set of slides explaining the possible concrete next steps immediately following the
kick-off meeting.
For points 1 and/or 3 you may consider inviting external experts for presentations.

Output

Step 0.4: Kick-off meeting and management decisions

0.4.1

Kick-off meeting: location, date and time, agenda, list of participants and their
invitations

0.4.2

Presentation of potential risks the city might be facing in the future (slides)

0.4.3

Outlook on IVAVIA and the assessment process (slides)

0.4.4

Plan for the immediate next steps after the kick-off meeting (slides)

0.4.5

Proposal about the project’s managerial approach and staffing
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2.2
Module 1:
Preparing the Vulnerability Assessment
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2.2 Module 1:
Preparing the Vulnerability Assessment
As a starting point, the information gathered in Module 0 about relevant hazards for the
city and background information about their past occurrences and the increasing risks related to climate change effects will have been communicated, discussed, and informally
assessed in the kick-off meeting. This may also have served to identify relevant missing
information and to task expert persons with gathering further relevant input and carrying
out analyses to be utilised during the prospected process.
Your major objective of this module is to find a common agreement with the initial party of participants and relevant stakeholders of the Vulnerability Assessment process about the overall
objectives, scope, ultimate participants with their roles and responsibilities, and target audience
of the risk-based Vulnerability Assessment project – taking into account the results of Module 0.
You will be addressing the following key information and decisions in this preparatory phase:
•
•
•
•
•
•
•

Decision about the managerial approach of the project.
Overview of relevant institutions and individuals, within or outside of the project.
Key strategic documents of the organisations involved (programme documents, sector
strategies, community or national development plans).
Preliminary information on adaptation priorities, plans, strategies and on-going or
planned adaptation measures.
Information on climatic conditions, past extreme events, climate change projections as
well as potential climate change impacts.
Information on socio-economic conditions (livelihoods, education, health issues, natural resource dependency, etc.).
Information about the sectors that shall be addressed in the risk considerations (social,
cultural, economic, health, etc.).

Overall, Module 1 comprises the following steps for the preparation of the subsequent riskbased Vulnerability Assessment process.

Step 1.1

Understand the context of the risk-based Vulnerability Assessment

Step 1.2

Identify the objectives and expected outcomes

Step 1.3

Determine the scope of the Risk Assessment

Step 1.4

Develop the scenario settings

Step 1.5

Prepare a work plan for risk-based Vulnerability Assessment
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Step 1.1: Understand the context of the risk-based Vulnerability Assessment
Input
EXT

Step 1.1: Understand the context of the risk-based Vulnerability Assessment
Requirements from the contracting party

0.4.4

Plan for the immediate next steps after the kick-off meeting (slides)

0.4.5

Proposal about the project’s managerial approach and staffing

Overall, in this step 1.1 of Module 1 you will address and clarify the following issues:
•

At what stage of adaptation planning is the assessment taking place?

•

Are there already results of vulnerability or impact assessments for your topic or region?

•

What are the development and adaptation priorities (if already defined)?

•

How will the assessment process be organized (managerial/social approach, staffing)?

•

Who will become the owner of the assessment results?

The first three questions may already have found partial answers within Module 0, and may
have been discussed and further clarified with participants in the context of the kick-off
meeting. If the choice of the managerial approach and/or the staffing of the management
positions should not have been finally resolved around the kick-off meeting, then it should
be brought to a decision as soon as possible.
Another important decision regards the ownership of results. We suggest identifying the
eventual ‘owner’ of the VA results at the outset. This owner, which will most likely be an
organisation or department, should ensure that all necessary rights are obtained to utilise
the available data in the envisioned way, and to publish results based on these data.

Output

Step 1.1: Understand the context of the risk-based Vulnerability Assessment

1.1.1

Definition of status and position of the assessment process within the general planning environment of the city, including the decision about the ultimate owner of the
assessment results

1.1.2

Decision about the project’s managerial approach and staffing
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Step 1.2: Identify the objectives and expected outcomes
Input
EXT
0.4.4

Step 1.2: Identify the objectives and expected outcomes
Requirements from the contracting party
Plan for the immediate next steps after the kick-off meeting (slides)

In Step 1.2 you will be addressing the following issues:
•

What do you and key stakeholders wish to learn from the assessment?

•

Which other processes will the Vulnerability Assessment support or feed into?

•

Who is the target audience for the results of the Vulnerability Assessment?

At a first view, you may think that these questions look to be quite general. Nevertheless,
making answers to these questions explicit and writing them down will greatly facilitate a
common and motivating understanding within the project team. E.g., this may include useful outputs to feed reporting requirements of the city or links to wider civil contingencies/
protection activities.
It will be interesting for you and all participants to receive feedback from every other participant about their particular expectations of what they wish to learn from the assessment.
Given their different professional backgrounds and pre-existing knowledge about Vulnerability Assessment and climate change, their expectations will be different in terms of topic
and level of detail.
Related projects or processes, such as superordinate climate-change-related policies, action plans or laws, may have been the triggering reason for conducting this Vulnerability
Assessment. As such, national or federal agencies or ministries will notice if it is done or
not.
You should clarify and formulate a statement from within the project about its major target audiences. It is very important to make this explicit and clear as it will oblige you with
regard to reports and communication. Be aware that every audience will expect to be addressed in particular ways. The city council will demand formal reports, and the public will
want to see you concerned and enthusiastic. So, it can be important to be reserved in the
selection and number of your target audiences. You will ultimately need this information
in Module 6 again.
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Output

Step 1.2 Identify the objectives and expected outcomes

1.2.1

Written or graphical representation of the learning targets of the participants

1.2.2

Statement about the positioning and role of this project in the context of other
existing or planned projects

1.2.3

Statement about the major target audiences of the project

Step 1.3: Determine the scope of the risk-based Vulnerability Assessment
Input

Step 1.3: Determine the scope of the risk-based Vulnerability Assessment

0.x.x

Results of Module 0

1.2.1

Written or graphical representation of the learning targets of the participants

After initial considerations in Module 0, Step 1.3 will, for the first time, exactly define and
confirm the scope of the assessment process. You will find answers to these questions:
•

Do we need spatial results?

•

Do we need qualitative or quantitative results?

•

What is the exact study area of the Vulnerability Assessment: which geographical area will be
considered, usually consisting of multiple regions (city with surrounding area, boroughs, …)?

•

What resolution will the assessment take into account?

•

Which topics (sectors, groups) should the Vulnerability Assessment cover, considering
the hazards identified in Module 0?

•

Which expertise and respective participants (e.g., relevant stakeholders) should be included in the project team?

Climate change impacts do not halt or change at virtual or real spatial borders such as the
city limit or the greater urban district. However, you must take a decision about the project’s territory. There is a good chance that you will get involved in highly political processes
and debates about this issue. During the process, a document with arguments for considering narrower or larger territories were brought forward. This may become very helpful later
should debates arise about possible influences that might exist between the selected area
and its surroundings or components.
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The selected spatial resolution will depend on the availability of respective data, as well
as on time and human resources to be spent on the project. Also relevant are any policy
documents it should be linked with, such as a city master plan or a local development plan.
The type of hazard considered may also have an influence on the selection of the spatial
resolution. For instance, a severe drought will affect the whole territory uniformly, so its
impact will be defined by the sensitivity and Coping Capacities of the concerned objects.
Flooding will have more local impacts: if a detailed elevation model exists for the territory,
you can quite exactly determine its exposure to flooding.
It will greatly facilitate a structured and consistent assessment if you discern potential effects of climate change on different sectors. This will provide a better focus later when
thinking of possible impacts and constructing Impact Chains. As a very valuable example,
the German Federal Office of Civil Protection and Disaster Assistance has published its
‘Method of risk Analysis for Civil Protection’ (BBK 2001). The method separates the analysis
into five sectors (categories of exposed objects), which are further divided into a total of
twelve subcategories as shown in Figure 9. For cities, some more categories could be useful:
public spaces, living quarters, and vulnerable objects (not being infrastructure) such as hospitals and elderly homes.

CATEGORY

INFORMATION
Number of inhabitants

HUMAN

Population density
Number of households

ENVIRONMENT

ECONOMY

SUPPLY

IMMATERIAL

POSSIBLE SOURCES
OF INFORMATION
• Statistical oﬃces
• Federal Institute for Building,
Urban and Rural Research
• Registry oﬃces

Protected areas

• Federal Agency for Nature Conservation
• Environment oﬃces

Agricultural land

• Statistical oﬃces
• Oﬃces for agriculture

Economic performance
Business tax receipts

• Statistical oﬃces
• Economic authorities

Infrastructures of water supply

Economic authorities
Infrastructure suppliers

Infrastructures of electricity
supply

Economic authorities
Infrastructure suppliers

Infrastructures of gas supply

Economic authorities
Infrastructure suppliers

Infrastructures of telecommunication

Economic authorities
Infrastructure suppliers

Cultural assets

Authorities for preservation

Figure 9: Sectors of risk-based Vulnerability Assessment as proposed by the German Federal Office of Civil Protection and Disaster Assistance (cf. BBK 2001, p. 24)
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Regarding institutions and people that should be involved in the process, feedback in the
kick-off meeting will probably have suggested several more parties that should be included.
It is of utmost importance that the overall expertise of the project members will sufficiently
cover all the addressed sectors. You should now consolidate the list of participants by
checking if required expertise from the addressed sectors is missing. If you detect gaps then
contact relevant organisations to acquire additional expertise for the project.

Output

Step 1.3: Determine the scope of the risk-based Vulnerability Assessment

1.3.1

Definition of the project’s territory with a first set of various thematic maps at your
disposal

1.3.2

Decisions about the spatial resolution that should be taken into account and about
the sectors to be addressed

1.3.3

Final list of institutions and participants as project members of the risk-based Vulnerability Assessment

Step 1.4: Develop the scenario settings
Input

Step 1.4: Develop the scenario settings

0.x.x

Results of Module 0

In this step, you will
•

finalise the list of hazards, drivers, and stressors to be considered,

•

determine, which temporal stages the project should consider for assessment,

•

acquire climate pathways based on the timeframe, and

•

determine the set of scenarios for the future analysis.

You should first look into the initial list of hazards, drivers, and stressors. Also, take into
account discussions from the kick-off meeting. Now is the time to make a decision about
the hazards, drivers, and stressors to be addressed in the future proceedings. As this will be
a prime decision for the whole project, you will need to find consent from all major parties
involved, including environmental and climatological experts as well as responsible city
officials.
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The next activity should be the clarification of the temporal stages to be addressed. One
option, which should always be included, is the present time. More precisely, you should
always start with assessing the current vulnerability of your city. You may consider this as
providing the baseline. If you select 2050 as a temporal stage, this is rather closeby, with
not much difference between the scenarios; you could take a high and a low variant for the
climate pathways. The alternative is to go for 2100, which shows clear differences between
climate pathways, but is less of immediate policy relevance.
For the next activity, you should check the availability of climate pathways with regard
to the selected hazards and drivers such as temperature, precipitation, river discharges or
water levels. Data for these variables are available from so-called climate service providers,
e.g. (hydro) meteorological services.

Output

Step 1.4: Develop the scenario settings
Definition of all scenarios to be considered

1.4.1

•
•
•

list of selected hazards, drivers, and stressors
temporal stages to be addressed
climate pathways based on the timeframe

Step 1.5: Prepare a work plan for risk-based Vulnerability Assessment
Input
EXT

Step 1.5: Prepare a work plan for risk-based Vulnerability Assessment
Requirements from the contracting party

0.4.4

Plan for the immediate next steps after the kick-off meeting (slides)

1.x.x

Results of all preceding steps in Module 1

It is now time to prepare the further work of the project by:
•

defining the pieces of work to be done (tasks),

•

assigning responsibilities of these tasks to members of the project, and

•

creating a work plan, including responsible persons, timing of tasks, and deadlines.

A risk-based Vulnerability Assessment is not so different from other projects involving
a large number of parties. In order to succeed, you need a clear work plan consisting
of scheduled tasks and assignments of roles and responsibilities to project members.
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Nevertheless, as the coordinator of the project, you will be challenged by a number of special characteristics of the project that may cause complications:
•

Members of the project, e.g. university staff or students, may not be particularly well
paid for their project work, or may be complete volunteers. They must be highly motivated to keep interest – a challenge for your capabilities as a manager!

•

Stakeholders will have many diverse backgrounds, expertise, objectives, political stances, intrinsic motivation, etc.

•

Project members also will have very different time slots and person-hours they can
spend on the project. Experts from providers of critical infrastructures might have particularly sparse resources, and their contributions should be planned effectively. It will
be critical to understand the available time and efforts of stakeholders in order not to
be too ambitious.

The appendix to these guidelines provides you with a sample implementation plan. You
may start with this outline and extend it to the level of detail you feel comfortable with.

Output

Step 1.5: Prepare a work plan for risk-based Vulnerability Assessment
Implementation plan, including

1.5.1

•
•
•

Definition of tasks
Assignment of responsibilities for tasks to project partners
A schedule including deadlines
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2.3
Module 2:
Developing Impact Chains
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2.3 Module 2:
Developing Impact Chains
Impact Chains are a good foundation for a qualitative Vulnerability Assessment. An Impact
Chain describes a cause-effect-relationship among elements that contribute to the consequences of a given combination of hazard and exposed object. You develop Impact Chains
by means of Impact Chain diagrams, which make these relationships visible (Figure 10).
This development takes place usually in joint workshops with experts and stakeholders.
Be aware that impact chains are not exhaustive, but describe the common understanding
of the stakeholders present at the workshop. The IVAVIA Impact Chain diagrams used in
RESIN differ intentionally from the diagrams of the Vulnerability Sourcebook. We are using IPCC AR5 definitions for central notions like ‘exposure’, ‘sensitivity’ and ‘vulnerability’.
These notions are elements of Impact Chain diagrams. Hence, we have adapted the syntax
and semantics of the IVAVIA Impact Chain diagrams accordingly. Each of these elements
may be described in a qualitative way by a set of specific variables, and then in a quantitative way by assigning measurable indicators to each variable.
The relevance of possible variables essentially depends on the considered hazards and
sectors of the analysis. If several hazards (e.g. extreme precipitation and heat waves) or
sectors (e.g. road-traffic infrastructure and health) are considered, then you should use a
separate hazard exposure combination for each of those. As a prerequisite to develop Impact Chains, you must therefore identify the hazards and exposed objects of interest. The
example in considers public health as an object exposed to the hazard heat wave. If there
are more exposed objects to be covered, you should create additional Impact Chains.

Hazards
Increasing average
temperature

Coping capacity
Stressors
Sensitivity

Vulnerability

Heat wave
Availability of air
condition in ﬂats
Rising
ozone level

Green & blue
infrastructure
Availability of
hospital beds
Availability of
cooling rooms

Public
health

Strike of
garbage workers

Impacts
Age dependency
of population
Urban heat island
High rise residential buildings

Loss of human
lives, injuries
Increased risk
of diseases
Loss of GDP

Figure 10: Sample IVAVIA Impact Chain diagram for the hazard exposure combination “heat
wave on public health” with impacts, sensitivities, coping capacities, drivers and stressors.
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The Vulnerability Assessment is based on attributes and impacts within the Impact Chain
diagrams. For example, the age dependency of population is an attribute of the city’s sensitivity to heat waves. On the other hand, the availability of cooling rooms is an attribute of
the city’s coping capacity for heat waves.
The key question is “which sensitivities and coping capacities might influence the nature
and extent of impacts?” In the following modules, you will use this information as a basis
for the actual Vulnerability Assessment. It is quite obvious that the result of the Vulnerability Assessment will be better when a sufficient amount of data is available for the indicators. However, be aware that quantifiable indicators will not be available in all cases. And
be careful, an indicator cannot be in both sensitivity and coping capacity (otherwise, the
indicator would be counted twice).
Although the IVAVIA Impact Chain diagrams are created initially for single combinations of
hazard and exposed object, it will be considered later in the analysis (Module 5) that there
are dependencies and interdependencies that can lead to cascading effects.
Iconography of IVAVIA Impact Chain diagrams
There are some simple rules for the construction of IVAVIA Impact Chain diagrams regarding the use of shapes and colours. First, IVAVIA Impact Chain diagrams are composed of
elements with specific shapes (Table 1).

Hazard/Driver

The hazards, drivers, and stressors (non-climatic
drivers) under study

Exposed
object

Exposed objects under analysis

Attribute

Inherent characteristics of the objects under analysis,
such as sensitivity and coping capacity

Indicator
(measurable)
Impact

Measurable indicators for attributes
Impact
Relation
Simple connection for attributes and indicators

Table 1: Meaning of shapes in IVAVIA Impact Chain diagrams

Second, you should use colours in a consistent way (Table 2).
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Hazard, driver

light blue

Stressor

light purple

Coping capacity

blue green

Sensitivity
Impact
Exposure
Vulnerability

green
light orange
grey
dark red

Table 2: Meaning of colours in IVAVIA Impact Chain diagrams

Figure 11 shows a generic IVAVIA Impact Chain diagram scheme, including definitions of
terms.
Relevant experts and stakeholders collaborate to develop the IVAVIA Impact Chain diagrams in an incremental way consisting of five steps, which are described in detail in the
next sections. Note that there might be reasons to change the suggested sequence, e.g. to
perform step 2.5 before step 2.2. As a general rule, you should start with Step 2.1 and then
continue with the aspects for that the most amount of information is available.

Step 2.1

Determine exposure and hazard combinations

Step 2.2

Identify potential Impact

Step 2.3

Determine sensitivity

Step 2.4

Determine coping capacity

Step 2.5

Identify speciﬁc drivers and stressors
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IVAVIA Impact Chain Diagrams – for IPCC AR5
Climate-related events and
trends, which have an important eﬀect on the system
exposed and can increase
vulnerability to climate-related risk. Examples: Sea-level
rise, increased temperatures,
lack of precipitation, increase
of precipitation, storm surge.

The potential occurrence of a
natural or human-induced physical event or trend, or physical
impact, that may cause loss of
life, injury, or other health impacts, as well as damage and
loss to property, infrastructure,
livelihoods, service provision,
known attributes
and environmental resources.
and indicators

DRIVER

HAZARD

Indicator

Sensitivity Stressors Coping capacity

possibly more than one

Vulnerability
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The ability of people, institutions, organizations, and
systems, using available
skills, values, beliefs, resources, and opportunities,
to address, manage, and
overcome adverse conditions in the short to medium
term.

Indicator

The presence of people, livelihoods,
species or ecosystems, environmental services and resources,
infrastructure, or economic, social,
or cultural assets in places that
could be adversely aﬀected.

EXPOSURE
Stressor or non-climatic
driver: not climate-related
events and trends, which
have an important eﬀect on
the system exposed and can
increase vulnerability to
climate-related risk.
Examples: Urban sprawl,
changes of land-use,
population growth.

COPING
DRIVER
CAPACITY

possibly more than one

Indicator

SENSITIVITY

STRESSOR

possibly more than one
The degree to which a
system or species is aﬀected,
either adversely or beneﬁcially, by climate variability
or change. The eﬀect may be
direct… or indirect.
Examples: Degrees of surface sealing, age of population, density of population,
low household-income.

Indicator

possibly more than one

Indicator

IMPACT
possibly more than one

The term impact is used primarily to refer to the eﬀects
on natural and human systems of extreme weather and
events and of climate change. Impacts generally refer to
eﬀects on lives, livelihoods, health, ecosystems, economies, societies, cultures, services and infrastructure due to
the interaction of climate changes of hazardous climate
events occurring within a speciﬁc time period and the
vulnerability of an exposed society or system. Note:
Impacts are also referred to as consequences and outcomes.

©2016-2017 Fraunhofer IAIS

Figure 11: Generic IVAVIA Impact Chain diagram scheme
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Step 2.1: Determine exposure and hazard combinations
Input

Step 2.1: Determine exposure and hazard combinations
Timeline of prior significant occurrences of the relevant hazards with

0.2.1

•
•
•
•

their intensities
their historical frequencies, resp. their intensity-based past return periods
their impacts
hazard, vulnerability and risk maps

1.3.x

Results of Step 1.3 (scope of risk-based Vulnerability Assessment)

EXT

A generic IVAVIA Impact Chain diagram template as reference

The first step towards creating Impact Chain diagrams consists of selecting a set of combinations of hazards and exposures (objects affected by the hazard). The selection of the
hazard and exposure combinations should be guided both by strategic assessment or adaptation goals, and by the available resources. Since the full definition of an Impact Chain
is time-consuming, the selection and prioritisation is a crucial decision. Therefore, the hazards and sectors identified in Modules 0 and 1 should be reviewed in this step. The results of
the review and the reasons for making selections should be documented.
For each of the final set of hazard-exposure combinations, create a draft Impact Chain diagram template (see Figure 12 for a generic diagram), to be extended and completed in the
remaining steps of this Module 2.

Output

Step 2.1: Determine exposure and hazard combinations

2.1.1

Set of draft IVAVIA Impact Chain diagram templates, one for each selected exposure
and hazard combination.

2.1.2

Documentation of the review process, including the reasons for selecting hazard
exposure combinations and for not selecting some combinations.
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Sensitivity Stressors Coping capacity

Heat wave

Vulnerability
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DRIVER
possibly more than one

ATTRIBUTE
possibly more than one

Public
health

STRESSORS
possibly more than one

ATTRIBUTE

Impact

possibly more than one

possibly more than one

Figure 12: Sample IVAVIA Impact Chain diagram template for the hazard exposure combination ‘heat wave on public health’. Here, ‘DRIVER’, ‘STRESSOR’, ‘IMPACT’ and ‘ATTRIBUTE’ are placeholders for items to be provided in the next steps of Module 2

Procedure for Steps 2.2–2.5
For conducting the next four steps (Steps 2.2–2.5) during a workshop, there are three basic
possibilities:
1.

Conduct each individual step for all Impact Chains, starting with all impacts, then all
sensitivities, etc.

2. For each Impact Chain, conduct all remaining steps 2.2–2.5 until the Impact Chain is
complete, and then continue for the next Impact Chain (hazard-exposure combination)
until all Impact Chains are considered as complete by the participants
3. Mix both procedures
a. Firstly, conduct all steps for one Impact Chain
b. Secondly, conduct each individual step for all remaining Impact Chains
All methods have their advantages and disadvantages. Find out what works best for you
and follow that path.
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Please note that elements like impacts, sensitivities, coping capacities, drivers and stressors
could be reused. You might want to assess more than one hazard for an exposure (affected
object under investigation), yielding similar or identical impacts. For example, the impact
indicator ‘hours of lost service’ for road or rail transport could be used for several different
hazards. Therefore, it is essential to document the results and to build up an ‘inventory’
that facilitates reuse and that helps accelerating the process.
In case the number of named impacts, sensitivities, coping capacities, drivers and stressors is too large to handle or has too many levels of detail, we recommend using clustering
techniques.

Step 2.2: Identify potential impacts
Input

Step 2.2: Identify potential impacts
Timeline of prior significant occurrences of the relevant hazards with

0.2.1

•
•
•
•

their intensities
their historical frequencies, resp. their intensity-based past return periods
their impacts
hazard, vulnerability and risk maps

2.1.1

Set of IVAVIA Impact Chain diagram templates. For each selected exposure and
hazard combination, there is a diagram template depicting the hazard exposure
combination.

2.1.2

Documentation of the process of selecting the hazard exposure combinations for
assessment.

In the second step of Module 2 you identify potential direct and indirect impacts that the
selected hazard(s) have on your exposed object(s). We recommend doing this in a participatory workshop in collaboration with the stakeholders from the city.
One source for the identification of potential impacts is the collection of historical data
that you have created in step 0.2. Probably, most of the impacts listed there will also be
relevant for future occurrences of the hazards.
A brainstorming session, with the participation of experts, regarding the hazard or the exposed
object under consideration will help to complete your list of potential impacts. You should avoid
overly extensive discussions on direct and indirect impacts. When it comes to Impact Chains, there
is a fundamental motto: keep it simple. Otherwise, you might get lost in a huge amount of indirect, e.g. socio-economic, consequences of the given combination of hazard and exposed object.
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It is recommended that the participants of the workshop assign priorities to the clusters
according to their opinions on which are the most critical effects to the exposed object.
Ethical aspects like ‘protection of humans must come first’ will play an important role here.

Output
2.2.1

Step 2.2: Identify potential impacts
Set of partially completed draft IVAVIA Impact Chain diagrams for each relevant
hazard, describing the cause effect relationship determining the vulnerability of
exposed objects. Elements defined so far: hazard, exposure, and impacts.

Step 2.3: Determine sensitivity
Input

Step 2.3: Determine sensitivity

0.2.2

List of historical adaptation measures and their effects

2.2.1

Set of partially completed draft IVAVIA Impact Chain diagrams for each relevant hazard, describing the cause-effect-relationship determining the vulnerability of exposed
objects. Elements defined so far: hazard, exposure, and impacts.

In the third step of Module 2 you identify sensitivities of your exposed system towards the
selected hazard(s). IPCC AR5 2014a defines sensitivity as “The degree to which a system or
species is affected, either adversely or beneficially, by climate variability or change. The effect
may be direct … or indirect ….”.
In this step, you need to clarify what characteristics make your exposed system susceptible
to the effects of the hazard(s). There are basically two types of sensitivities: those that cannot be changed, and those that could be changed and therefore constitute a potential for
adaptation. For a further discussion of sensitivity, we refer to the Vulnerability Sourcebook
(BMZ 2014a, p. 64–65).

Output
2.3.1

Step 2.3: Determine sensitivity
Set of partially completed draft IVAVIA Impact Chain diagrams for each relevant
hazard, describing the cause-effect-relationship determining the vulnerability of exposed objects. Elements defined so far: hazard, exposure, impacts, and sensitivities.
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Step 2.4: Determine coping capacity
Input

Step 2.4: Determine coping capacity

0.2.2

List of historical adaptation measures and their effects

2.3.1

Set of partially completed draft IVAVIA Impact Chain diagrams for each relevant hazard, describing the cause effect relationship determining the vulnerability of exposed
objects. Elements defined so far: hazard, exposure, impacts, and sensitivity elements.

In the fourth step of Module 2 you identify coping capacities of your exposed system that
enable it to handle the effects of the selected hazard(s). You need to identify what makes
your exposed system resilient to the effects of the hazard(s).
Example: The coping capacity of a city district with respect to pluvial flooding could be
determined by the green area of the city district (size, nature of soil, state of soil) and the
sewer system. The latter is typically designed for being able to cope with an amount of pluvial water that occurs once in a certain period of years (based on historical data). If climate
change is expected to change the periodicity of this amount of pluvial water, it might be an
adaptation option to increase the capacity of the sewer system.

Output
2.4.1

Step 2.4: Determine coping capacity
Set of partially completed draft IVAVIA Impact Chain diagrams for each relevant
hazard, describing the cause effect relationship determining the vulnerability of
exposed objects. Elements defined so far: hazard, exposure, impacts, sensitivities,
and coping capacities.

Step 2.5: Identify drivers and stressors
Input

Step 2.5: Identify drivers and stressors

0.3.1

List of relevant drivers and stressors with regard to the city

2.4.1

Set of partially completed draft IVAVIA Impact Chain diagrams for each relevant hazard, describing the cause-effect-relationship determining the vulnerability of exposed
objects. Elements defined so far: hazard, exposure, impacts, sensitivities, and coping
capacities.
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In the fifth step of Module 2 you identify drivers that influence the probability or strength
of the selected hazard(s), and stressors (non-climatic drivers) that could intensify negative
effects on your exposed system.
Examples of drivers and stressors are listed in the description of step 0.3 in Module 0.
Examples of more specific stressors:
•

frequent strikes could be a stressor for public transport infrastructure

•

lack of wastewater treatment is a stressor of water quality

•

overuse of fertilizer is a stressor of water quality

•

ageing infrastructure is a stressor of urban systems

•

lack of road maintenance is a stressor of road transport infrastructure.

Continuing the example given in the previous step, the maintenance state of the sewer
system (deterioration due to mining subsidence) and possible obstructions of parts of it
(wipes, grease) may act as a stressor that increases the sewer system’s sensitivity.
Warning: Keep this analysis simple and stay with the stressors that are immediately relevant for your city or system!
At the end of Module 2, you will have a set of preliminary IVAVIA Impact Chain diagrams
for all selected hazard/exposure combinations. These Impact Chain diagrams structure the
qualitative information provided by the experts from your city. The structured information
already sketches areas for possible adaptation actions, aimed at reducing sensitivity, increasing coping capacity, reducing impacts and stressors etc.

Output
2.5.1

Step 2.5: Identify drivers and stressors
Set of preliminary IVAVIA Impact Chain diagrams for each relevant hazard, describing the cause-effect-relationship determining the vulnerability of exposed objects.

2.4
Module 3:
Identifying indicators and
data acquisition
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2.4 Module 3:
Identifying indicators and data acquisition
The purpose of this module is to identify indicators for the previously defined elements of
the IVAVIA Impact Chain diagrams, gather the required data, check the quality of the data,
prepare it for the risk component aggregation, document it, and store it in a suitable database.
Indicators are used to quantify the intensifying or mitigating elements of an exposed system with regard to selected hazard(s), as well as the potential impacts hazards may have
on the exposed system. Indicators provide information about states or conditions that are
not directly measurable; they may relate directly or indirectly to the element they are intended to measure. Indicators are usually compared against critical thresholds or previous
measurements.
The values of the selected indicators will later be aggregated to risk components and provide the basis for the calculation of the composite risk score. Therefore, you will need to
select at least one indicator for each risk component of your preliminary Impact Chain diagrams.
How to start identifying indicators?
There is no fixed sequence for indicator identification. However, we recommend starting
with identifying indicators for the selected hazard and drivers, before identifying indicators
for stressors, impacts, sensitivity, and coping capacity.
Because identifying indicators is so closely related to gathering data, you should already
start considering existing and necessary data when compiling your potential indicators.
The best indicator is inoperable if there is no feasible way of acquiring the necessary data.
The problem is that you need to find out about data availability to select a possible indicator, but you most likely only have enough resources to determine the availability for a
limited number of potential indicators. The whole indicator selection and data acquisition
activity is an iterative and potentially time-consuming process: identifying an indicator,
checking its suitability, gathering data, reformulating the indicator if no suitable data can
be found to substantiate it, checking data quality and finding alternative sources where
necessary. Subsequently, the steps of this module should not be considered as isolated
parts of a sequential process, but rather as different views of an iterative process. Consequently, we advise you to read all step descriptions before starting the indicator identification and data acquisition process.
It is important and advisable to include local expertise, e.g. from technicians and other
experts working within your city, who know which data is available, as well as researchers.
Additionally, you may want to examine previous studies in order to reduce the number of
potential indicators for which to check data availability. Finally, it is important to find a
consensus between the involved experts and stakeholders.
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What makes a good indicator?
A good indicator has the following characteristics:
•

It is valid and relevant, i.e. it represents well the element you want to assess.

•

It is reliable and credible and allows for data acquisition and measurement in the future.

•

It has a precise meaning, i.e. stakeholders agree on what the indicator is measuring in
the context of the vulnerability assessment.

•

It is clear in its direction, i.e. an increase in value is unambiguously positive or negative
with relation to the risk component.

•

It is practical and affordable, i.e. it comes from an accessible data source.

•

It is appropriate, i.e. the temporal and spatial resolution of the indicator is right for the
vulnerability assessment.

Document your indicators!
During and after indicator identification and selection you should thoroughly gather and
document information for each potential indicator that allows you to retrace and justify
your decision process later on. Amongst others, this information includes:
•

A brief description of the indicator with a justification for selecting (or rejecting) it, and
how it relates to the corresponding risk component and its measurement.

•

The coverage area and resolution required for the indicator data.

•

The unit of measurement and resolution required.

•

The temporal coverage required.

•

Potential data sources.

•

Documentation of the corresponding data: age of the data, privacy level, ownership
and intellectual property rights level (copyright, license model…), row and column
meanings in tabular data sources, etc. (for a detailed description of data requirements
see below).

Any content-specific information should be defined and documented at this point in the
Vulnerability Assessment.
Where does the data you intend to use come from?
The potential data for the preliminary indicators will most likely come from different sources and subsequently be compiled using different methodologies, which may come with
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certain (dis-)advantages. Some of the ways data may have been compiled and their (dis)
advantages are:
•

Physical measurements. These are usually conducted using instruments like thermometers, hygrometers, or gauges to measure indicators like surface temperature, air humidity, or water run-off, but also encompass other methods like the analysis of satellite
data to determine land cover. Data from these sources is usually highly accurate, but
may require context-specific expertise for sample selection and statistical analysis to
obtain robust results.

•

Censuses and surveys. This methodology can provide data like age distribution of
households, education levels, or availability of air-conditioning in buildings. However, conducting censuses and surveys is very time-consuming and, similarly to physical
measurements, may require context-specific expertise, e.g. for drafting questionnaires,
conducting surveys, selecting representative samples, or analysing statistical data.

•

Modelling/Simulation. This methodology employs calculation frameworks integrating
a variety of information in order to represent complex functional relationships of several input parameters in a simplified way. Examples of this approach are hydrological
models to convert rainfall volume into run-off volume or groundwater models to describe groundwater flow systems. Due to the complexity of most models, developing
and gathering data this way is usually time- and resource-intensive, and requires the
expertise of researchers from research centres, universities, and private companies. Additionally, the quality of the output data is highly dependent on the quality of the input
data, which usually comes from physical measurements.

•

Expert judgement. If data is not available in the required quantity or quality, if there
is not enough time to generate data specifically for the assessment using the above
mentioned methods, or if the study area is very much localised, you should draw on
the knowledge of local experts to quantify certain indicators. This can be done using
methods like participatory workshops or interviews. For example, asking local farmers
if the rainy season shifted over the past years and if so by how many weeks. However,
expert judgement is based on the experience and perception of respondents and is subsequently highly subjective.

Document your data!
As already mentioned, you should thoroughly gather and document information (for all
data) that allows you to retrace and justify your decision process later on and also allows
colleagues (currently) not involved in the process to understand it. This is especially true, if
the Vulnerability Assessment is conducted by an external, maybe non-local, project partner. Abbreviations and non-descriptive names should be avoided, especially if data is provided in a language that differs from the native language of the person conducting the assessment. The documentation for every piece of data should at least comprise information
about
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•

which object it relates to (e.g. road network, population, buildings),

•

where it came from, who owns it, and what the intellectual property rights (IPR) level is,

•

how it was compiled (e.g. physical measurement, survey, modelling, or expert judgement),

•

how old it is, which time span it covers, and how often it gets updated,

•

what the privacy level is, which security protection has to be guaranteed, and whether
or not it has to be anonymised,

•

how it is structured in general (e.g. number of population in different age groups per
gender),

•

how it is structured specifically, i.e. which row/column/field represents which information and how this information is formatted (e.g. percentage, absolute number, categorization). This also includes detailed information about applied categorizations, e.g.
traffic intensities between 0 and 3 need further explanation about which number represents exactly which intensity, and

•

what the level of uncertainty is.

Additionally, the documentation should include information about how the data shall be
used to measure the corresponding indicator. For example, the location of electronic road
signs can be used to measure (potential) information flow in case of an emergency. However, the position itself does not provide enough information, i.e. shall the absolute number
of signs per district be calculated or shall the number of signs be related to the length of
the road network of the corresponding district?

Step 3.1

Select indicators

Step 3.2

Check if the indicators are suitable

Step 3.3

Gather data

Step 3.4

Data quality check

Step 3.5

Data management
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Step 3.1: Select indicators
Input

Step 3.1: Select indicators
Timeline of prior significant occurrences of the relevant hazards with

0.3.1

•
•
•
•

their intensities
their historical frequencies, resp. their intensity-based past return periods
their impacts
hazard, vulnerability and risk maps

0.3.2

List of historical adaptation measures and their effects

0.4.1

Initial list of relevant drivers and stressors with regard to the city (without detailed
characterization as this will be done later)

2.5.1

Set of preliminary IVAVIA Impact Chain diagrams for each relevant hazard, describing the cause-effect-relationship determining the vulnerability of exposed objects.

During this step you identify and select potential indicators for all elements of your IVAVIA
Impact Chain diagrams. Similar to the processes of Module 2, we recommend conducting this
step as part of a participatory workshop in collaboration with the stakeholders from the city.
Indicators for hazards and drivers largely consist of directly measurable climate-related
parameters, such as average temperature, amount and distribution of precipitation, or
evapotranspiration, that allow you to measure their intensity and probability. When selecting indicators for hazards and drivers you should already bear in mind, which potential
methods you plan to employ for the assessment of potential consequences during later
steps (see step 4 of module 5). For example, if you plan to employ flood depth-damage
functions, flood depth needs to be selected as a potential hazard indicator. Depending on
the chosen hazard-exposure combination, you may also need to specify the frequency of
data values you require. For example, average monthly rainfall data may suffice as a measurement for water availability for crops. However, for assessing the reduction in traffic volume due to precipitation you will need daily – or even hourly – rainfall data.
Indicators for stressors consist mainly of measurable non-climatic trends that influence
the vulnerability of the exposed object(s) to the selected hazard, e.g. projected changes in
the area covered with sealed surfaces or the share of elderly in the population. Be aware
that the range of stressors can be very large. It might be commendable to focus on a subset
of most relevant, most common, or most influential stressors.
Indicators for impacts may consist of both directly and indirectly measurable parameters,
e.g. number of fatalities or loss in GDP due to reduced working hours. Impact indicators
may also cover second-order, third-order… impacts (i.e. impacts that result from cascading effects, including from failing Critical Infrastructure). As with the selection of hazard/
driver indicators, you should bear in mind, which potential methods you plan to employ
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for the assessment of potential consequences during later steps (see step 4 of module 5).
For example, if you plan to estimate heat wave related injuries, you need to have access to
detailed historical medical records and choose an appropriate impact indicator.
Indicators for sensitivity are often directly measurable (bio-)physical and/or socio-economic parameters, e.g. the share of elderly in the population or the percentage of sealed
surfaces. Preferably, you should choose indicators for sensitivity that you can act upon, i.e.
indicators that you can influence, be it in the short or long-term. The percentage of sealed
surfaces in a city is a good example of a sensitivity indicator that can be changed via city
planning procedures that raise the amount of permeable soil, e.g. through green and/or
blue infrastructure.
Indicators for coping capacity are often less direct than indicators for hazard, drivers, or
sensitivity and subsequently not self-evident, e.g. awareness of the population due to the
frequency they receive information about a hazard or the response time of emergency facilities. Similar to sensitivity indicators, you should preferably choose indicators for coping capacity that you are able to influence. The percentage of grey infrastructure, e.g. storm tanks
or sewer pipes, is a good example for a coping capacity indicator, which can be influenced
by city planners. The extent of personal social networks, e.g. neighbourhoods, friends, and
family, on the other hand is not as influenceable and subsequently a weaker indicator.
Potential pitfalls
Due to the iterative and necessarily collaborative process of selecting indicators and gathering data, it can be prone to some non-obvious pitfalls, such as
•

Identical indicator influence on all regions of the study area. This often is a result of
choosing an indicator with an inappropriate resolution. For example, measuring temperature increases of the whole city does not allow to identify spots with high ambient
temperature within districts. Subsequently, if the resolution of the assessment were
the different city districts, the city-wide indicator could be left out of the assessment
without loss of result accuracy.

•

Indicators/data not measuring the desired effects. This is usually the case if a discrepancy exists between the chosen indicator and the employed data source, i.e. the data
does not represent the information described by the indicator. For example, using surface temperature maps captured with satellites will show hotspots in harbour areas
with a lot of asphalt or in open sand areas, but will miss high ambient temperatures in
street canyons.

•

Correlation between indicators and double counting. The most common occurrence
of this problem is multiple indicators measuring the same effect, potentially in different directions. For example, green infrastructure often corresponds to areas with high
soil permeability. If the assessment included both the area of green infrastructure as
well as the area of highly permeable soil, the same effect would be counted twice.

You should keep these challenges in mind while identifying indicators.
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Output
3.1.1

Step 3.1: Select indicators
Preliminary list and documentation of all potential indicators for your IVAVIA Impact
Chain diagrams: hazards, drivers, stressors, impacts, sensitivity, and coping capacity.

Step 3.2: Check if the indicators are suitable

Input

Step 3.2: Check if the indicators are suitable
Timeline of prior significant occurrences of the relevant hazards with

0.3.1

•
•
•
•

their intensities
their historical frequencies, resp. their intensity-based past return periods
their impacts
hazard, vulnerability and risk maps

0.3.2

List of historical adaptation measures and their effects

0.4.1

Initial list of relevant drivers and stressors with regard to the city (without detailed
characterization as this will be done later)

2.5.1

Set of preliminary IVAVIA Impact Chain diagrams for each relevant hazard, describing the cause-effect-relationship determining the vulnerability of exposed objects.

3.1.1.

Preliminary list and documentation of all potential indicators for your IVAVIA Impact
Chain diagrams: hazards, drivers, stressors, impacts, sensitivity, and coping capacity.

After you have identified potential indicators, you should assess whether they are suitable:
•

Are they valid and relevant, i.e. do they represent well the elements you want to assess?

•

Are they reliable and credible and allow for data acquisition and measurement in the
future?

•

Do they have a precise meaning, i.e. do stakeholders agree on what the indicators are
measuring in the context of the vulnerability assessment?

•

Are they clear in their direction, i.e. is an increase in value unambiguously positive or
negative with relation to the corresponding risk component?

•

Are they practical and affordable, i.e. do they come from accessible data sources?

•

Are they appropriate, i.e. is their temporal and geographical coverage right for the vulnerability assessment?
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Especially relevant in this regard are the two dimensions of appropriateness :
•

Geographical coverage. The identified indicators should cover the full extent of the
study area (e.g. the whole city) and have an appropriate resolution (e.g. population data
on a district level).

•

Temporal coverage and time frame. Depending on the different indicators you identified and whether or not you will be looking into the past/future you may need historical records and/or future climate projections. Additionally, you should try to choose
indicators covering the same temporal interval with the same resolution, e.g. daily
precipitation and traffic volume for a whole year. The required temporal coverage also
depends on the frequency and intervals at which you plan to repeat the Vulnerability
Assessment, e.g. for monitoring purposes.

Indicators that are not suitable should be disregarded and their entry in the list of potential
indicators amended with a corresponding comment to allow for the reconstruction of the
process by non-participating colleagues later on.
Should the pruning of the potential indicator list result in elements of the preliminary Impact Chain diagrams without indictors, you may need to go back to the corresponding step
in the process, try to find new indicators and re-iterate the specificity check. If not at least
one suitable indicator per risk component can be identified, you may have to go even further back in the IVAVIA process and refine the Impact Chain diagrams.
Some sample indicators can, for example, be found in annex 3 of the Vulnerability Sourcebook (BMZ 2014b, p. 14-17) or annexes III and IV of the Mayors Adapt Reporting Guidelines
(Neves et al. 2016, p. 61-67).). In addition, the indicators from the Mayors Adapt Reporting
Guidelines are included in appendix B of the guideline document.

Output
3.2.1

Step 3.2: Check if the indicators are suitable
List and documentation of potential indicators for your IVAVIA Impact Chain diagrams that are specific enough: hazards, drivers, stressors, impacts, sensitivity, and
coping capacity.
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Step 3.3: Gather data
Input

Step 3.3: Gather data

2.5.1

Set of preliminary IVAVIA Impact Chain diagrams for each relevant hazard, describing
the cause-effect-relationship determining the vulnerability of exposed objects.

3.2.1

List and documentation of potential indicators for your IVAVIA Impact Chain diagrams
that are specific enough: hazards, drivers, stressors, impacts, sensitivity, and coping
capacity.

The process of gathering data for your indicators can range from extremely simple to highly
challenging. It may suffice to download available census data or GIS maps from open access websites. In some cases, time and resources permitting, you may wish to conduct your
own surveys or process large, complex data sets like satellite images from NASA, which
might require specialist skills.
What kind of data do you need to quantify your indicators?
There is no standard solution for all risk components. While indicators for hazards and
drivers will most likely require physically measured or modelled (historical) data, indicators
for coping capacity, sensitivity, and stressors will often require survey and census data or
data from expert judgement. However, the most important decision criteria for what data
you need are the study area of your assessment (e.g. your city as a whole or different city
districts), the resolution of your assessment (e.g. districts, neighbourhoods, smaller areas
within neighbourhoods), and the output type (e.g. maps, diagrams, tables) and level of
detail you want to produce (e.g. result validation via visual analysis of the employed data
sets).
For example, if the assessment is to be conducted at district level, data should have a district level resolution or higher (e.g. population data for complete districts or individual
households, which then can be assigned to corresponding districts). Data at a lower resolution (e.g. population data for the whole city) usually cannot be disaggregated without
loss of validity. As another example, if the results of the assessment should be represented
visually as a map, you need corresponding geographic data (e.g. a shapefile, see step 3.4)
to which you can relate the calculated risk scores. Similarly, if detailed (visual) validation
of results seems necessary or helpful (e.g. to validate that a certain road segment does
indeed not cross a zone prone to flooding), the corresponding data needs to be provided in
an appropriate format.
Does the data already exist?
Based on the information you gathered in the previous module you should be able to identify
a first set of relevant organizations, facilities, and experts on a local, regional, national, or international level that may be able to provide you with the necessary data. The huge number
of institutions and experts you may need to contact can make this one of the most time-consuming steps of the assessment, especially as follow-up negotiation is often required.
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Depending on your indicators, you may want to contact statistical offices, meteorological
authorities, and different national and local government departments. ‘National Spatial
Data Infrastructures’ (NSDI) are another key entry point for data acquisition. NSDIs have
been established in many countries and will ideally offer standardised data, even where it is
sourced from multiple institutions (cf. BMZ 2014a, p 96).
When gathering data and contacting institutions and experts, be aware of intellectual
property rights (IPR) levels and sharing policies that may be in place; formal agreements
with the respective rights holders could be required.
How many resources can you commit to generate data?
If there is no data available or it is of insufficient quality, you may need to collect data
yourself (or choose a different indicator). In this case you need to carefully assess the required costs and expertise needed for the data collection. The Vulnerability Sourcebook
gives some useful tips (cf. BMZ 2014a, p. 96-100):
•

“For meaningful results, observation of biophysical indicators such as precipitation, temperature and run-off must be made over long periods – often over decades. The time and
money required for this means it is almost certainly unfeasible for [you to gather this data
yourself]. Luckily, however, most countries can provide such data [, e.g. via climate service
provides such as hydrometeorological offices]. If you require highly localised data, expert
judgement may be a worthwhile alternative.”

•

“Data for socio-economic indicators such as average household income, average size
of household and livelihood strategies can be captured in surveys. The time and money
required depend largely on the sample size. A representative survey may cover a whole
country, or just a few communities. At the sub-national level, surveys can be an effective
means of gathering information not captured by national institutions, such as perceptions
around climate and environmental change. [In large cities, socio-economic survey data
often might have already been collected by a statistics or data department.] Be sure to
involve a local expert who can help in drafting the survey, selecting a representative sample
and analysing the resulting data.”

•

“Modelled data are both time- and resource-intensive and usually require measured data
as input. […] For meaningful results, you will need to ensure that you can call on the required modelling skills.” Often, models for fluvial/pluvial flooding, temperature, and urban heat isles may already available on a regional or national level.

•

“Where time and financial resources are limited, expert judgement can be a good, fast way
of quantifying indicators that cannot otherwise be assessed. This is most often the case
at a very local level – [e.g. when gathering information on the municipal sewer system
from city technicians] – which is rarely covered by detailed statistical data, and where the
climatic and hydrological characteristics are too specific to be captured by modelling. This
local knowledge – captured using participative methods as well as scoring and ranking –
can be used to either complement or replace surveys.”
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Given the extent of the data gathering process and its inherent iterative nature, it is perfectly acceptable to conduct the quantitative Vulnerability Assessment process in an iterative fashion starting from Module 3. That is, instead of gathering all potentially necessary
data before calculating vulnerability and risk scores, it may be more practicable to start
with a minimum amount of data necessary to calculate first score estimates and iteratively
expand the calculation with more data. While partial results may lack validity, they may
help you when communicating with your stakeholders and to secure stronger stakeholder
commitment.

Output

Step 3.3: Gather data

3.3.1

Amended documentation for all potential indicators for your IVAVIA Impact Chain
diagrams that are specific enough: hazards, drivers, stressors, impacts, sensitivity,
and coping capacity. Including what kind of data is needed to quantify the indicator
and if it already exists or not.

3.3.2

Potential data sets for each preliminary indicator, with documentation.

Step 3.4: Data quality check

Input

Step 3.4: Data quality check

2.5.1

Set of preliminary IVAVIA Impact Chain diagrams for each relevant hazard, describing
the cause-effect-relationship determining the vulnerability of exposed objects.

3.3.1

Amended documentation for all potential indicators for your IVAVIA Impact Chain
diagrams that are specific enough: hazards, drivers, stressors, impacts, sensitivity, and
coping capacity. Including what kind of data is needed to quantify the indicator and if it
already exists or not.

3.3.2

Potential data sets for each preliminary indicator, with documentation.

Data is vital for the Vulnerability Assessment, because the quality of the assessment result
depends strongly on the quality of the input data. Subsequently, you need to assure that
the data you gathered is of sufficient quality. The quality check may reveal major issues
with the data quality, which may necessitate going back to step 1 and gather new data. To
avoid this, you ideally should consider the quality criteria below already during the data
collection.
Is the data in the correct format?
Data can be provided in different formats. To enable easy data handling, data should be
provided in a well-structured, preferably digital file format that is easy to interpret, does
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not need manual reformatting, and can be handled by different colleagues without the
need for specific (software-)tools. The appendix provides a (non-exhaustive) list of digital
file formats that comply with these requirements.
Does the data have the correct temporal and geographical coverage?
The geographical and temporal coverage of different data sources may vary. Thus, you need
to determine whether different data sources can be combined and compared or not.
In general, the data you employ for the Vulnerability Assessment should have the same
geographical and temporal coverage. For example, if you want to relate traffic intensity to
amount of precipitation, both data sets need to covert the same study area, have the same
resolution and need to cover the same time interval. Additionally, data should ideally be
as recent as possible and have the same temporal resolution (e.g. hourly precipitation and
traffic volume from June 2017).
However, some differences in data timeliness and temporal coverage may be tolerable.
This is especially true if you employ data for the assessment that changes comparatively
slowly, e.g. age distribution of citizens or other census data. Additionally, if indicators are
independent from one another using data sources with different temporal coverage and
resolution may be acceptable. For example, the amount of green infrastructure in a city and
the annual household income will most likely not be related and subsequently a difference
in temporal coverage may not be significant.
Another problem may arise if geographical data use different coordinate systems and projections. This is especially frequent when working on cross border regions. In order to combine and compare different data sources, you need to make sure they employ a common geographic reference system, such as the Universal Transverse Mercator coordinate system.
In any case, having some data is preferable to having no data at all. If you have no other
alternative at all, use the data you have available, but be aware that the results of the Vulnerability Assessment may be less reliable or may even be misleading.
Are there any missing values or ‘outliers’ in the data?
Missing values (e.g. regions omitted from geographical data) are problematic for quantitative assessments. Smaller gaps can be closed with interpolation, i.e. finding existing data
nearest to the gaps (in space or time) most likely matching the missing data, or by using the
average value as a replacement, if no other data is available. The Handbook on Constructing
Composite Indicators by the OECD (cf. OECD 2008, p. 24-25) goes into more detail about
missing values and how to deal with them.
‘Outliers’ on the other hand are values that are so far outside the expected range of your
data that they may indicate an error in the capturing or calculation method.
Once enough indicators have be identified and passed the suitability check and their corresponding data has passed the quality check, the associated Impact Chain diagrams can be
finalized by including the indicators in them.
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Output

Step 3.4: Data quality check

3.4.1

Final list and documentation of all indicators for your IVAVIA Impact Chain diagrams: hazards, drivers, stressors, impacts, sensitivity, and coping capacity. Including
what kind of data is needed to quantify the indicator and if it already exists or not.

3.4.2

Data sets for each indicator, with documentation.

3.4.3

Set of final IVAVIA Impact Chain diagrams for each relevant hazard, describing the
cause-effect-relationship determining the vulnerability of exposed objects.

Step 3.5: Data management
Input
3.4.2

Step 3.5: Data management
Data sets for each indicator, with documentation.

To avoid data loss and lower the risk of data redundancy, you should store the gathered
data sets in a common data storage system. This may range from a simple collection of
data files in a set of folders to a more complex database system (e.g. Excel spread sheets or
a distributed web-based database). Depending on the system you employ, you may need to
transform the different data sets into a common data format, utilising export and transformation routines from multiple software products.
If you work with multiple (external) partners and stakeholders you may need to ensure that
they can all access the different datasets and work with the same format. Additionally, you
may need to assign responsibilities for database management and maintenance or commission an external service provider. Finally, you need to be ensure that sensitive data is
stored in a secure way, only accessible by the appropriate users.
At this point all the data you gathered should be documented precisely and comprehensively, allowing all internal and external colleagues, partners, and stakeholders to understand the format and meaning of the data and work with it. Although documentation
is a time-consuming exercise, it is extremely important, particularly when qualitative or
quantitative questions regarding the data arise. Insufficient knowledge about the data can
lead to unnecessary duplicate effort from colleagues, data loss, missing results, or a lack in
transparency and credibility.

Output
3.5.1

Step 3.5: Data management
Common data storage system containing all data sets for the indicators of your
IVAVIA Impact Chain diagrams, including documentation.

2.5
Module 4:
Normalisation, weighting
and aggregation of indicators
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2.5 Module 4:
Normalisation, weighting, and aggregation of indicators
At this stage of the IVAVIA process you have already achieved many valuable results:
•

You have structured the cause-effect relationship between the most relevant hazards
and exposed objects, identifying important intensifying and mitigating elements of the
exposed object as well as potential impacts.

•

You have gathered and/or defined indicators to quantify the different elements of your
Impact Chains.

•

You have acquired and analysed the necessary data sets for the measurement of the
indicators, which each in itself and in combination already may provide you with an
impression of the vulnerability of the examined system.

Some users may want to stop at this point and use the gathered results to determine the
vulnerability of the study area. However, communicating a multitude of complex, multi-dimensional indicators in a comprehensive way is extremely complicated. Instead, composite
indicators are easier to comprehend, both by policy makers and the public. Therefore, we
highly recommend to put in the extra effort of normalising, weighting, and aggregating the
gathered data, as described in this module.
Because the indicators you selected and calculated in the previous modules use different
measurement units and scales (e.g. cm of water, °C), they cannot be combined into risk
components without normalisation. Normalisation is the process of using mathematical
operations to transform values measured on different scales and in different units into
unit-less values on a common scale. Additionally, normalisation allows you to assess the
criticalness of different indicator values when placing them on a fixed scale, e.g. when employing a scale from 0 to 1 a value of ‘0’ could be defined as ‘optimal, no improvement necessary or possible’, while a value of ‘1’ could be defined as ‘critical’.
This module will show you how to normalise indicator values, by first determining the
measurement scale of your indicator values and then using this information to normalise
the values.
Afterwards, this module will show you how to weight and combine the coping capacity and
sensitivity indicators selected in module 3 into composite indicators for their respective
risk components, which will in turn be aggregated to the risk component ‘vulnerability’ in
module 5. The indicators for the other risk components do not have to be aggregated any
further and subsequently will not be covered in this module.
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Step 4.1

Determine the scale of measurement

Step 4.2

Normalising coping capacity and sensitivity indicator values

Step 4.3

Weighting coping capacity and sensitivity indicators

Step 4.4

Aggregating coping capacity and sensitivity indicators

Step 4.1: Determine the scale of measurement

Input

Step 4.1: Determine the scale of measurement

3.4.1

Final list and documentation of all indicators for your IVAVIA Impact Chain diagrams:
hazards, drivers, stressors, impacts, sensitivity, and coping capacity. Including what
kind of data is needed to quantify the indicator and if it already exists or not.

3.4.3

Set of final IVAVIA Impact Chain diagrams for each relevant hazard, describing the
cause-effect-relationship determining the vulnerability of exposed objects.

3.5.1

Common data storage system containing all data sets for the indicators of your IVAVIA
Impact Chain diagrams, including documentation.

The measurement scale of an indicator determines which normalisation methods can be
employed (Step 4.2). Therefore, you have to determine the measurement scale for each of
your chosen indicators before starting the actual normalisation process.
The scale, in turn, is determined by the phenomenon you observe and how you intend to
describe it (e.g. household income in absolute numbers or grouped in classes). The scale
types most relevant to your Vulnerability Assessment are metric, ordinal, and nominal:
•

A metric scale uses ordered, numerical values with a clearly defined, fixed interval between two values, i.e. the difference between 7 and 10 is the same as the distance between 36 and 39; metric scales allow you to determine whether two values are equal or
not, whether one value is larger than another, and to apply basic mathematical calculations (+,-,*,/) to them.

•

An ordinal scale is used, if an order on a range of values can be established, but the interval between two values is undefined or unknown. School marks are one example for
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an ordinal scale; ordinal scales allow you to determine whether two values are equal or
not and whether one value is larger than another, but you cannot apply basic mathematical calculations (+,-,*,/) to them.
•

A nominal scale only allows simple categorization of values without establishing any
order, e.g. names or soil type; nominal scales subsequently only allow you to determine
whether two values are equal or not.

Output
4.1.1

Step 4.1: Determine the scale of measurement
Amended data documentation for all indicators, including information about the
scale of the indicator values.

Step 4.2: Normalising coping capacity and sensitivity indicator values
Input

Step 4.2: Normalising coping capacity and sensitivity indicator values

3.4.1

Final list and documentation of all indicators for your IVAVIA Impact Chain diagrams:
hazards, drivers, stressors, impacts, sensitivity, and coping capacity. Including what
kind of data is needed to quantify the indicator and if it already exists or not.

3.4.3

Set of final IVAVIA Impact Chain diagrams for each relevant hazard, describing the
cause-effect-relationship determining the vulnerability of exposed objects.

3.5.1

Common data storage system containing all data sets for the indicators of your IVAVIA
Impact Chain diagrams, including documentation.

4.1.1

Amended data documentation for all indicators, including information about the scale
of the indicator values.

There is no standard approach to normalisation. Different approaches have different (dis)advantages. Which one you should employ depends on
•

your measurement goals,

•

on how you and your colleagues interpret the indicators,

•

on the scale types of the indicators, and

•

what your normalised target scale is (e.g. from 0 to 1 or from 1 to 2).

However, you should employ the same normalisation approach across all indicators, otherwise you might distort the results of the calculations. Subsequently, you should confer
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with the rest of your team and other experts (if available) before starting the normalisation
process and keep to a consistent methodology.
Check the direction of the value range
Depending on which normalisation and aggregation method (see steps 4.4 and 5.1) you
employ, you need to check whether the normalised indicator values increase in the right
direction. If vulnerability scores are calculated using arithmetic or geometric mean, the
normalisation of an indicator should result in lower values for positive conditions in terms
of vulnerability and higher values for more negative conditions. For example, household income may be selected as an indicator for coping capacity, where a higher income represents
a higher coping capacity and subsequently lowers vulnerability. As a result, the direction
of the indicator’s value range is negative: vulnerability increases as the indicator value decreases. In this case your normalised indicator values increase in the wrong direction and
you need to invert the value range by subtracting the normalised indicator value from the
maximum normalised value of your scale. For example, in the case of our example scale
from 0 to 1, you would subtract the normalised indicator value from ‘1’.
Output
4.2.1

Step 4.2: Normalising coping capacity and sensitivity indicator values
Common data storage system containing all data sets and normalised values for the
indicators of your IVAVIA Impact Chain diagrams, including documentation.

Step 4.3: Weighting coping capacity and sensitivity indicators
Input

Step 4.3: Weighting coping capacity and sensitivity indicators

3.4.1

Final list and documentation of all indicators for your IVAVIA Impact Chain diagrams:
hazards, drivers, stressors, impacts, sensitivity, and coping capacity. Including what
kind of data is needed to quantify the indicator and if it already exists or not.

3.4.3

Set of final IVAVIA Impact Chain diagrams for each relevant hazard, describing the
cause-effect-relationship determining the vulnerability of exposed objects.

4.1.1

Amended data documentation for all indicators, including information about the scale
of the indicator values.

4.2.1

Common data storage system containing all data sets and normalised values for the
indicators of your IVAVIA Impact Chain diagrams, including documentation.

Usually, you will have chosen multiple indicators per risk component. These indicators
may not necessarily have equal influence on their corresponding risk component, which
should be reflected by assigning weights to them when combining them into composite
indicators. Subsequently, indicators with greater (respectively: lesser) weight will have a
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greater (respectively: lesser) influence on the respective risk component. However, there
are also valid reasons for assigning equal weights to all indicators: for example, when no
information about indicator influence is available, no consensus between stakeholders can
be achieved, or not enough resources for defining different weights are available. This is
especially true, if a large number of indicators for the different risk components is used,
which can make the definition of meaningful weights unfeasible. Nonetheless, weighting
can have a major influence on the assessment results and should be undertaken with care
and in a transparent process.
Weights can be assigned based on existing literature, participatory approaches including
stakeholders and experts, and statistical procedures. It is important to know that neither participatory nor statistical procedures provide objective ways of defining weights.
Consequently, weights should always be regarded as value judgement.
If the Vulnerability Assessment is part of a larger monitoring and evaluation process and
has to be repeated later, you must ensure that weights remain constant over time. Otherwise it is impossible to determine whether changes in risk components result from wider changes in the system under examination, from the effect of implemented adaptation
measures, or simply from differences in weighting.
Lastly, remember to document the chosen or calculated weights as well as the reasons for
choosing a specific calculation method.
Output
4.3.1

Step 4.3: Weighting coping capacity and sensitivity indicators
Amended documentation for coping capacity and sensitivity indicators. Including
what weights they were assigned and how they were derived.

Step 4.4: Aggregating coping capacity and sensitivity indicators
Input
3.4.3

Step 4.4: Aggregating coping capacity and sensitivity indicators
Set of final IVAVIA Impact Chain diagrams for each relevant hazard, describing the
cause-effect-relationship determining the vulnerability of exposed objects.

4.1.1

Amended data documentation for all indicators, including information about the scale
of the indicator values.

4.2.1

Common data storage system containing all data sets and normalised values for the
indicators of your IVAVIA Impact Chain diagrams, including documentation.

4.3.1

Amended documentation for coping capacity and sensitivity indicators. Including what
weights they were assigned and how they were derived.
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As with normalisation, there is no standard approach for indicator aggregation into composite risk components. The literature covers several aggregation methods, each with their
own (dis)advantages (cf. OECD 2008). Two commonly used approaches are the weighted
arithmetic mean and the weighted geometric mean. Which method you chose, ultimately
depends on which of their properties are most suitable for your assessment.
Regardless of which method you chose, you should document your choice and the reasons
for it, to allow non-participating colleagues (and yourself) to reconstruct the process at a
later point in time.
Potential pitfalls
As mentioned in step 4.2, regardless of which aggregation method you choose, you have to
make sure that all indicators that are to be aggregated are aligned in the same way, i.e. low/
high indicator values have the same meaning in terms of the vulnerability.
Lastly, you should apply a plausibility check to your aggregation (to see, for example, if
a single indicator dominates a risk component) by presenting the results (e.g. in form of
maps) with experts or stakeholders knowledgeable on the subject and the area under review. If the plausibility check results in changes to weights or the aggregation method, the
change process has to be as transparent as the initial process.

Output

Step 4.4: Aggregating coping capacity and sensitivity indicators

4.4.1

Aggregated risk components for coping capacity and sensitivity.

4.4.2

Amended documentation for coping capacity and sensitivity indicators. Including
what weights they were assigned, how they were derived and which method was
used for their aggregation to composite risk components.

2.6
Module 5:
Aggregating components
to vulnerability / risk
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2.6 Module 5:
Aggregating components to vulnerability / risk
The goal of this module is to finally show you how to make use of all the data you gathered
and calculated in the previous modules, and calculate risk scores. First, you will further
aggregate the composite coping capacity and sensitivity indicators from module 4 to vulnerability scores. Then you will assess the probability and intensity of your selected hazard
scenario before combining intensity and vulnerability score to estimate expected consequences, which finally will let you calculate risk scores.

Step 5.1

Calculating vulnerability scores

Step 5.2

Assessing hazard probability and intensity

Step 5.3

Assessing impact/consequences

Step 5.4

Calculating risk scores
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Step 5.1: Calculating vulnerability scores
Input

Step 5.1: Calculating vulnerability scores

1.4.4

Definition of all scenarios to be considered

3.4.3

Set of final IVAVIA Impact Chain diagrams for each relevant hazard, describing the
cause-effect-relationship determining the vulnerability of exposed objects.

4.2.1

Aggregated risk components for coping capacity and sensitivity.

You derive the vulnerability scores for the regions of your study area for a given Impact
Chain by aggregating their respective composite coping capacity and sensitivity indicators.
As in the previous module, there is no standard method for aggregating these composite
indicators. Instead, various methods – some of which were already mentioned in the previous module – exist, each with its own strengths and weaknesses. Again, which aggregation
method you choose should primarily depend on which properties are most suitable for your
assessment.
Regardless of which method you chose, you should document your choice and the reasons
for it, to allow non-participating colleagues (and yourself) to reconstruction the process at
a later point in time.
Lastly, you should apply a plausibility check to the resulting vulnerability and if necessary
adjust the calculation of the composite coping capacity and sensitivity indicators, for example by adjusting the weights of the constituent indicators or, in the worst case, choosing
different indicators for their calculation.
A note on normalisation of vulnerability scores
Contingent on the calculation method you employed, re-normalisation of vulnerability
scores might be unavoidable. However, you might choose to re-normalise the vulnerability
scores anyway, if it suits your examination goal: should different regions of your study area
be positioned relative to one another to establish an internal ranking or should they be
placed on a predetermined fixed scale to establish their criticalness? The former approach
would employ normalisation, e.g. min-max normalisation with the minimum and maximum preliminary scores as threshold values, to make sure the scores occupy the whole
vulnerability range and allow you to easier rank the regions according to their vulnerability.
On the other hand, using a predetermined fixed scale allows you to identify where the different regions lie within a broader vulnerability spectrum. For example, the vulnerability
aggregation might result in (non-normalised) vulnerability scores between 0.16 and 0.38
on a fixed scale between 0 (‘optimal’) and 1 (‘critical’), indicating that all regions have a low
to medium overall vulnerability. Normalising these scores to the same scale using the minmax normalisation with 0.16 and 0.38 as threshold values would result in the regions with a
non-normalised score of 0.16 getting a normalised value of 0, the region with a non-normalised score of 0.38 getting a normalised score of 1, and positioning all other regions between

69

them. While this normalisation allows for easier ranking between different regions, it distorts the overall picture: the information that even the region with the highest vulnerability
score only exhibits a medium overall vulnerability is lost. Both approaches have their value
and will be revisited in more detail in Module 6.

Output

Step 5.1: Calculating vulnerability scores

5.1.1

Vulnerability scores for all regions of the study area.

5.1.2

Documentation for vulnerability scores: What weights were assigned, how they were
derived, and which method was used for calculating the score.

Step 5.2: Assessing hazard intensity and probability
Input

Step 5.2: Assessing hazard intensity and probability
Timeline of prior significant occurrences of the relevant hazards with

0.3.1

•
•
•
•

their intensities
their historical frequencies, resp. their intensity-based past return periods
their impacts
hazard, vulnerability and risk maps

1.4.4

Definition of all scenarios to be considered

3.4.3

Set of final IVAVIA Impact Chain diagrams for each relevant hazard, describing the
cause-effect-relationship determining the vulnerability of exposed objects.

4.2.1.

Common data storage system containing all data sets and normalised values for the
indicators of your IVAVIA Impact Chain diagrams, including documentation.

To assess the intensity and probability of a hazard for a given Impact Chain, the specific
hazard scenario under examination has to be defined first. For example, the scenario might
be a five day period of extreme precipitation resulting in fluvial flooding. The scenario can
be based on historical data from prior occurrences or on (future) projections.
Given the scenario, you can then specify the hazard probability based on the data for the
indicators defined in the previous modules, for example, by analysing and aggregating corresponding historical data, employing climate projections or simulation methods, or using
expert judgement. For the extreme precipitation scenario from above, the historical number of days in a year with a precipitation above a critical threshold of x l/m²/hour could be
calculated and used to estimate the hazard probability.
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The hazard intensity can be assessed in similar fashion: you might correlate historical precipitation data to historical data on flood depth and coverage area from the same time
period, giving you an inkling of the hazard intensity following a specific amount of precipitation. Alternatively, the historical precipitation data might be fed into a flood simulation model of your city to calculate the relevant hazard indicators.As an example for
heat waves, you could relate historical monthly or weekly temperature data to monthly or
weekly mortality rates.
If multiple hazard scenarios for a given Impact Chain are to be examined, intensities and
probabilities might have to be estimated multiple times, once for every hazard scenario.

Output
5.2.1

Step 5.2: Assessing hazard intensity and probability
Hazard intensities and probabilities for all examination units.

Step 5.3: Assessing impact/consequences
Input

Step 5.3: Assessing impact/consequences
Timeline of prior significant occurrences of the relevant hazards with

0.3.1

•
•
•
•

their intensities
their historical frequencies, resp. their intensity-based past return periods
their impacts
hazard, vulnerability and risk maps

1.4.4

Definition of all scenarios to be considered

3.4.3

Set of final IVAVIA Impact Chain diagrams for each relevant hazard, describing the
cause-effect-relationship determining the vulnerability of exposed objects.

4.2.1.

Common data storage system containing all data sets and normalised values for the
indicators of your IVAVIA Impact Chain diagrams, including documentation.

5.1.1.

Vulnerability scores for all examination units.

5.2.1

Hazard intensities and probabilities for all examination units.

5.3.1

Exposure for all examination units.

Once vulnerability scores and hazard intensity have been assessed, the expected consequences of a given hazard on an exposed object under a specific scenario can be determined. We use the term ‘consequences’ here instead if ‘impact’ to differentiate between
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concrete estimates for a specific scenario (‘consequences’) and more general effects modelled in an Impact Chain (‘impacts’).
In addition to the exposed object directly defined by the Impact Chain (e.g. built-up area),
further exposed elements might need to be considered, depending on the impacts defined
by the Impact Chain. For example, if fatalities and injuries should also be assessed, data on
the exposed population needs to be gathered, in addition to the building data.
The process of estimating the expected consequences of a hazard scenario is called
Consequence Analysis. In the context of IVAVIA, it is the process of relating hazard intensities to expected consequences. There is no hard and fast standard process, but rather a
suite of tools, models, and approaches that may be employed, depending on the data and
resources (in terms of personnel, time, and funds) available. Here are some of the most
frequently:
•

Damage functions correlate hazard intensity, often quantified using a single measure,
with potential damage. For example, flood depth-damage functions relate flood depth
to damages; these may be damages in terms of monetary values, reductions in travel
speed, number of fatalities, or other damages. Sources for damage functions include,
for example, the JRC Technical Report on global flood depth-damage functions by Huizinga, Moel, and Szewczyk (Huizinga 2017) or the standard method for damage and
casualty estimation in the Netherlands by Kok, Huizinga, Vrouwenvelder, and Barendregt (Kok 2004).

•

Computable General Equilibrium models can be used to model links between economic sectors and subsequently cascading effects between different sectors resulting from
a hazardous event. They use input-output tables, i.e. symmetrical matrices describing
transactions between economic sectors, and combine them with standard assumptions about economic behaviour of households, firms, and governments to analyse the
responses of the economy.

•

Computer simulations are computer programs that use abstract digital representations to imitate (parts of) real or hypothetical processes, mechanisms, or systems. Depending on their level of detail they may require quite a lot of data and other resources,
as well as expert knowledge to calibrate the underlying models and validate their results.

•

Inter-/Extrapolation may be used if only historical data on past intensities and consequences is available, but no further sources on their correlation are on hand. In this case
the historical data may be used to inter- or extrapolate the consequences resulting
from given hazard intensities.

•

Expert judgement may be employed if absolutely no other data is available. Here, local
experts are employed to estimate the consequences resulting from the given hazard
intensities.
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Regardless of which method you employ to estimate the consequences of a hazardous
event, you should include the vulnerability scores in the assessment. Examination units
with a high vulnerability score should suffer stronger consequences than similarly exposed
examination units with low vulnerability scores. For example, building damages from
fluvial flooding could be estimated by multiplying damage values obtained from flood
depth-damage functions with vulnerability scores – assuming a scale from 0 (‘optimal’) to 1
(‘critical’). Thus, examination units with the highest vulnerability score suffer the maximum
amount of damage under the given hazard intensity, while examination units with lower
vulnerability scores only suffer reduced damages.
Which specific consequences should be considered is determined by the impacts, hazard,
and exposed System defined in the corresponding Impact Chain. You should at least assess
consequences for each formulated impact in the Impact Chain.
If multiple scenarios for a given Impact Chain are to be examined, consequences have to be
estimated multiple times, once for every scenario.

Output
5.4.1

Step 5.3: Assessing impact/consequences
Impact/consequences for all regions of the study area.

Step 5.4: Calculating risk scores
Input

Step 5.4: Calculating risk scores

1.4.4

Definition of all scenarios to be considered

3.4.3

Set of final IVAVIA Impact Chain diagrams for each relevant hazard, describing the
cause-effect-relationship determining the vulnerability of exposed objects.

5.2.1

Hazard intensities and probabilities for all examination units.

5.4.1

Impact/consequences for all examination units.

The derived consequences from the previous step have to be combined with the hazard
probabilities estimated in step 5.2 to form risk scores. For the IVAVIA process we use a
modified risk analysis approach employing risk matrices, based on the approach used by the
German Federal Office of Civil Protection and Disaster Assistance.
In this approach, consequences and probabilities are classified using broad classes (e.g. ‘insignificant’, ‘minor’, or ‘disastrous’ for consequences and ‘very unlikely’, ‘likely’, and ‘very
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likely’ for probabilities) based on expert judgements. The resulting consequence and probability pairs, i.e. the risk scores, are then assigned to risk classes by positioning them in a
matrix. This matrix has one axis for the consequence classes and one axis for the probability classes and defines risk classes for every combination of the two. Figure 13 shows an
example risk matrix, in use at the German Federal Office of Civil Protection and Disaster
Assistance. Using this matrix as an example, a ‘very likely’ event with ‘insignificant’ consequences is assigned a ‘low’ risk class, while a ‘very unlikely’ event with ‘moderate’ consequences is assigned an ‘intermediate’ risk class.

CONSEQUENCES

In general, the process of deriving risk scores consists of the following steps. If multiple
scenarios for a given Impact Chain are to be examined, steps 4 to 6 of this process will need
to be repeated for every scenario.

Probability
Figure 13: Modified risk matrix used by the German Federal office of Civil Protection and
Disaster Assistance (cf. BBK 2001)
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1.

Define the number of consequence and probability classes

Before classifying consequences and probabilities, you need to define the classification system you want to use, i.e. how many consequence and probability classes do you want to
employ. Usually, between five and seven classes are used (see Figure 13 and Figure 14 for
examples of risk matrices with different numbers of classes). For many European countries
national or regional standards or at least guidelines for risk analysis using matrices exist,
which already define consequence, probability, and risk classes and their relationships. It
is advisable to try and find out if a local version of such a document exists for your city,
which you may (have to) adhere to when defining consequence and probability classes. If
no standard or guideline exists, you may want to consult risk analysis experts, e.g. from city
departments, adequate regional/national government agencies, or local research institutions to make sure, that there not already exists a best practice approach, which you may
employ.

improbable

RISK

very little
probable

PROBABILITY
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very high

high

little
probable

medium
probable

low
very low

quite
probable

negligible

very
probable

negligible

minimal

low

significant

considerable

serious

very serious

CONSEQUENCES
Figure 14: Modified risk matrix recommendation used in Spain (cf. Solaun 2014)

2. Define consequence and probability thresholds
In order to classify the probabilities and consequences you estimated in steps 5.2 and 5.3,
you need to define threshold values for all consequence and probability classes, e.g. in
which value range do potential consequences/probabilities have to lie to be classified a
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certain way. Thresholds for consequence classes will usually be defined differently for different consequence categories (e.g. human consequences or economic consequences) and
use varying measurement units (e.g. number of fatalities or Euros). On the other hand,
threshold values for probabilities are generally not hazard specific, so that a single classification scheme might be employed. As with the number of consequence and probability
classes, local standards or guidelines for risk analysis might already specify some threshold
values. If no standards/guidelines exist or if they do not give guidance for a specific consequence category or probability crucial to your assessment, you should once again consult
with relevant experts. In any case, be aware that the definition of threshold values, especially concerning consequences to humans, is a highly political issue and not at all an easy
task. However, if you wish to differentiate between multiple consequence classes – and
subsequently multiple risk classes – you have to undertake this step.
3. Define risk classes
All potential combinations of the defined consequence and probability classes have to be
assigned to risk classes. Usually, three to seven risk classes are employed (see Figure 13 and
Figure 14 for examples). Risk analysis standards or guidelines might again help you by predefining risk classes and the allocation of consequence/probability combinations to them.
Otherwise, you should consult with relevant experts, e.g. from your stakeholders.
4. Classify estimated consequences and probabilities
Once you have defined all classes and thresholds you can classify the probabilities and consequences you estimated in steps 5.2 and 5.3. Every estimated consequence and probability should be classified on its own by assigning them to the relevant classes based on the
threshold values you defined.
5. Aggregate classified consequences
Most likely your Impact Chain will contain more than one impact and subsequently you will
have estimated multiple consequences, e.g. damage to buildings as well as transport infrastructure in Euro. In order to aggregate different consequences to a single consequence
value, risk analysis approaches usually assign numerical values to consequence and probability classes (see Figure 13 for an example). Aggregation of multiple consequences values
can then be done using similar aggregation methods as used during step 4 of module 4,
i.e. weighted arithmetic or geometric mean. Additionally, the numerical values for consequence and probability classes enable you to employ a more nuanced classification scheme,
e.g. given the numerical values for the consequences classes from Figure 13, an event with
a probability between ‘conditionally likely’ (numerical value 3) and ‘likely’ (numerical value
4) could be assigned a numerical probability value of 3.5.
It is important to notice that certain consequence categories should be kept separate and
not be aggregated into a single consequence value. For example, for obvious ethical reasons human consequences and economic consequences should be kept separate. In this
case you would end up with multiple consequence values and subsequently multiple risk
scores.
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As with the previous steps, existing risk analysis standards or guidelines might already address aggregation of classified consequences and should be consulted. For example, the
aggregation method described above is recommended by the German Federal office of Civil
Protection and Disaster Assistance.
6. Assign risk scores
After classifying consequences and probabilities for all examination units of your assessment, aggregating consequences where possible and necessary, you can assign risk scores,
by simply locating the appropriate class in the risk matrix.
Document your process!
As during all previous steps, a thorough documentation of the risk score calculation process is very important. You should precisely and comprehensively document why and how
you derived consequence, probability, and risk classes, how you aggregated multiple consequence values, and which standards or guidelines you employed (if any).

Output
5.5.1

Step 5.4: Risk score calculation
Risk scores for all examination units.

2.7
Module 6:
Presenting the outcomes of IVAVIA
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2.7 Module 6:
Presenting the outcomes of IVAVIA
<not yet finished; to appear in the final version of this guideline>
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