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1 Introduction 

1.1 Aim of the IVAVIA guideline 

This document shall offer a practical guideline for conducting a Risk-based process for as-

sessing Impacts and vulnerabilities of urban areas and their infrastructure related to conse-

quences of Climate Change. The objective of this guideline is to describe the methodology in 

a way that is understandable for the stakeholders, thus providing the base for the collaborative 

execution of a Vulnerability Assessment according to IVAVIA (Impact and Vulnerability Analy-

sis of Vital Infrastructures and built-up Areas). IVAVIA is a result of the EU H2020 project 

RESIN, however this guideline is addressed not only to the RESIN city partners but should 

also enable wider user cities to implement IVAVIA according to this guideline. 

The contents of this document are based on the specifications given in deliverable “D2.1 De-

sign IVAVIA”1, which should be used for further reading. The structure of this guideline is an 

adaptation of the modules introduced in D2.1, which are themselves based on “The Vulnera-

bility Sourcebook” published by the German Society for International Collaboration (GIZ), cf 

BMZ, 2014. 

The overall aim of a Risk-based Vulnerability Assessment using IVAVIA is to facilitate the 

understanding of cause-effect relationships of climate change and to 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. It enables the identification of geographical hotspots of Vulnerability, 

which can be used as entry-points for adaptation measures. The identification of these 

hotspots will enable prioritizing the areas where actions are needed first. 

 

1.2 Guideline document structure 

The remainder of this introduction characterises the target audience of IVAVIA, introduces 

some important concepts that are prerequisite for following the guide, and finally locates IVA-

VIA in the RESIN conceptual framework. The main part of the document describes in detail 

the steps for realising the nine 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). For convenience, Appendix A pro-

vides definitions of the most essential terms from the RESIN glossary. Appendix B provides a 

set of Vulnerability-related indicators from the Mayors Adapt reporting guidelines. Appendix C 

contains sample Impact Chain diagrams. Appendix D includes references to relevant infor-

mation sources regarding data, policy documents, case studies, and more. 

Disclaimer for the second draft version (June 2017): Module description of IVAVIA mod-

ule 8 is currently only rudimentary. A first full version of the guideline document is 

planned to be ready in August 2017. 

                                                

1 RESIN project deliverable D2.1: Design IVAVIA – Conceptual and functional design and architecture of Impact and 

Vulnerability Analysis of Vital Infrastructures and built-up Areas. http://www.resin-cities.eu/fileadmin/user_up-

load/RESIN-D2.1-Design_IVAVIA.pdf 
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1.3 Target audience of IVAVIA 

The person addressed by this guideline at first hand is the coordinator or manager of the city’s 

overall Risk-based Vulnerability Assessment project or the responsible for the climate change 

adaptation planning. This coordinator could be a member of the city administration, or some-

one externally hired. If the overall manager has been hired externally, then the next primary 

audience for this document are the persons in the city administration who will survey and mon-

itor the project from within the administration, and therefore intimately collaborate with the ex-

ternal manager. In general, the coordinator must tailor the methodology described in this guide-

line 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 RESIN e-

guide provides valuable support for this task. Localized 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 would need to know 

When conducting a Risk-based Vulnerability Assessment, the object under study is a geo-

graphical area defined by its natural / physical environment, its built environment, its inhabit-

ants, economic activities, and societal characteristics. The specific geographical areas consid-

ered by the RESIN project are: 

 The city and its wider boundaries (i.e. its functional area) 

 The administrative boundaries of the city 

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

The ultimate result of the Risk-based Vulnerability Assessment process is a characterisation 

of the climate change Risk potentially imposed on the area under study. The scale of IVAVIA 

may be the same as stated above for the RESIN project in general, but it mainly depends on 

the availability of indicators and data for the investigated area. 

For IVAVIA, we will focus on Risks that are imposed by occurrences of climate-change-related 

Hazards and climate or non-climate-related Drivers; the latter are also known as Stressors. 

The specific type and intensity of the considered Hazard will strongly determine the factors 

that ultimately define 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 Assessment. In 

this sense, Risk is determined as a combination of expected occurrences of Hazards and the 

estimated damages they might cause. Mathematically, one would speak of the expected value 

of events of loss or damage.  

You may apply probability in the classical statistical way as a number between 0 and 1; 0 

stands for completely improbable or “will definitely not occur” in the prospected future, and 1 

stands for “will definitely occur” in the prospected future. Here, the prospected future refers to 

the time horizon that will have to be determined for the climate change-related Risk Assess-

ment. 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.  
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In most applications, the probability is not calculated as a quantitative value because the avail-

able data about prior occurrences of Hazards and their future occurrences do not allow deriving 

exact quantitative values. Instead, many Risk Assessments reasonably apply categorical or 

qualitative values. For example, one might use the categories: very frequent, frequent, slight 

chance, unlikely, very unlikely. 

 

Figure 1: A Risk-adapted Vulnerability Assessment schema2 

Figure 1 shows the different underlying elements of the Risk concept of IVAVIA: Drivers, Haz-

ard, Exposure, Stressors, Sensitivity, Coping Capacity and Vulnerability. The arrows de-

pict the relationship between these concepts. Risk will finally be computed as the product of 

probability of the Hazard and the intensity of the Impacts and consequences. With this in mind, 

one can understand IVAVIA as a Risk Assessment with a Vulnerability Assessment compo-

nent (or shortened: as a Risk-based Vulnerability Assessment). 

Figure 1 and Figure 2 show that estimation of Risk/Vulnerability and their components (Expo-

sure, Stressors, Sensitivity and Coping Capacity) are strongly dependent on the type and in-

tensity of the considered Hazard. Your city is and will be differently affected depending on the 

different types of Hazards, e.g. storm, flooding, draught and heat wave. More formally, a Haz-

ard 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 cf RESIN Glos-

sary D1.2). A climate-change-related Hazard is a special case that is (at least partially) caused 

by climate-related Drivers. 

                                                

2 Own design by Fraunhofer IAIS 
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Which objects in your city are potentially hit by a Hazard is captured by the concept of Expo-

sure. More formally, Exposure is 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 in a specific location. Exposure determines the poten-

tial damage or losses, e.g. if you have 40,000 buildings in your city you possibly know that 

potentially all of them could be hit by a flood. 

Not climate-related 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: a well-built stone house is less sensi-

tive to a storm than a wooden shack, for example. This is captured by the concept of Sensi-

tivity. Formally, Sensitivity may be defined as the degree to which an exposed object, species 

or system could be affected by the considered Hazard. You can perceive it as an inherent 

attribute of an exposed object.  

 

 

Figure 2: Vulnerability is Hazard specific. The same object of analysis may be differently vul-

nerable to various Hazards. Columns represent Impact Chains. 

Your city as a whole will have some means of coping with a Hazard, e.g. you have flood bar-

riers and/or ready and trained emergency personnel. These kinds of capacities are captured 

by the concept of Coping Capacity. Formally, Coping Capacity is the ability of people, insti-

tutions, organizations, and systems, using available skills, values, beliefs, resources, and op-

portunities, 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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Adaptive Capacity versus Coping Capacity – what is the difference? 

Since this step is one of the significant changes with respect to the original Vulnerability 

Sourcebook (VSB – BMZ 2014), we provide an explanation here. In the VSB, this step would 

comprise the determining of 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 conse-

quences.” Adaptive Capacity has a medium to long-term perspective and determines the ca-

pacity for adaptation, which is a subsequent stage of the cycle of assessment of climate Risk, 

adaptation planning, and implementation (Figure 3). For the assessment of Risk related to 

climate change, the concept of Coping Capacity is better suited. The IPCC AR5 (2014a) de-

fines Coping Capacity as “The ability of people, institutions, organizations, and systems, using 

available skills, values, beliefs, resources, and opportunities, to address, manage, and over-

come 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 Capac-

ity should be considered when determining adaptation options and for adaptation planning. 

 

1.5 IVAVIA in the Climate Change Adaptation Framework 

It is important to note that the relative importance of Hazards and Drivers might change over 

longer time periods, which often necessitates the re-assessment of Risk. The overall RESIN 

conceptual model explicitly supports periodic re-assessment cycles including modifying adap-

tation options, strategies or the types of Hazards to be considered. 

 

Figure 3: The RESIN Conceptual Framework3. 

                                                

3 Carter et al., 2016 
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The RESIN Conceptual Framework (RCF) views the city as a ‘system of systems’ comprised 

of social, ecological and technical sub-systems which overlap and interact with one another. 

Cities are influenced by multiple and interacting Drivers of change; only one of which is climate 

change. The RCF situates climate change adaptation and resilience processes and outcomes 

within this complexity, and shows how these agendas may be progressed. 

Figure 3 clearly illustrates the positioning of climate Risk Assessment as a starting point for 

subsequent activities devoted to climate adaptation, Risk avoidance and resilience building. 

All activities must be monitored, evaluated and re-assessed in the mid- and long-term per-

spective. That is, as an element of the right hand cyclic process shown in Figure 3, IVAVIA 

would have to be repeated regularly. A re-assessment of the Risk related to climate change 

would be the start of a new iteration of the process of adaptation to climate change. 

1.6 Relevant Hazards in the context of IVAVIA 

Figure 4 illustrates the most important natural Hazards that occurred in 2015 in a worldwide 

map developed by Munich RE. In addition to climate-related Hazards, it also shows geophys-

ical events. The combination of both categories is then termed “Natural loss events”. For this 

guideline, we will only consider climate-related (natural) Hazards.  

 

 

Figure 4: Natural loss events 2015 as comprised of geophysical events and climate-related 

Hazards. Source: Munich Re. 

Presenting a comprehensive list and a discussion of all potential climate-related Hazards at 

this point would be tedious and unnecessary for the purposes of this guideline. For a more 

detailed explanation of such Hazards, we refer to the RESIN State of the Art report on Hazards: 

Carter, 2015. In previous discussions with the RESIN Tier 1 cities (Bilbao, Bratislava, Man-

chester, and Paris), the set of Hazards relevant for their concerns has already been con-

strained to the following clearly arranged set in the categories of climatological and hydrologi-

cal events, as specified in Carter (2015): 
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 Flooding 

o Coastal flooding 

o Fluvial flooding 

o Pluvial flooding 

 Heat wave (high temperatures) 

 Drought and water scarcity 

There will be others that may be relevant to cities, but that they are not covered in detail here 

or in the RESIN project, e.g. forest fires, land instability, groundwater flooding, storms and high 

winds. Next, the event categories of flooding, heat waves, droughts, and scarcity of potable 

water will be explained in more detail.  

Flooding. The Risk of flooding is addressed in the “European Water Directive” 2007/60/EC4 

of the European Parliament and of the European Council of 23 October 2007 on the assess-

ment and management of flood Risks. Its preamble §10, particularly brings the member states 

and their cities and regions into action: 

“Throughout the Community different types of floods occur, such as river floods, flash 

floods, urban floods and floods from the sea in coastal areas. The damage caused by 

flood events may also vary across the countries and regions of the Community. Hence, 

objectives regarding the management of flood risks should be determined by the Member 

States themselves and should be based on local and regional circumstances.” 

All types of flooding may cause a flood within urban areas. Floods may occur slowly, or very 

fast. The latter case is reflected by the collective term Flash Floods caused by storm surges 

that may occur in short time. For coastal low lying, flat areas storm surges with relatively low 

power may cause relatively high damage. A high tide at the time of a storm surge intensifies 

potential damage.  

Fluvial flooding occurs when rivers carry excessive amounts of waters so it overflows over 

the edges of a river or stream. Excessive water is caused by longer periods of high precipita-

tion. Another, or additional reason, could be heavy snow and ice melt.  

Pluvial flooding, which is also called surface flooding or urban flooding, is caused by a lack 

of drainage in an urban area after high intensity rainfall5. Hillsides that are unable to absorb 

flowing water from precipitation can be particular mean sources of urban flooding. 

Heat wave. The notion of “heat wave” – as it would be the case for a cold wave – needs further 

clarification, as it is a relative concept. Temperatures that could be felt as a cold wave in India 

would still be regarded as a heat wave in Sweden. Therefore, a heat wave clearly depends on 

the normal conditions for a given time of year in the respective place. As a consequence, 

definitions of heat waves vary from country to country, and from region to region within larger 

countries. In England and Wales, the Meteorological Office foresees four explicitly defined 

                                                

4 cf European Flood Directive: http://eur-lex.europa.eu/legal-con-

tent/EN/TXT/HTML/?uri=CELEX:32007L0060&from=EN 

 

5 http://www.floodsite.net/juniorfloodsite/html/en/student/thingstoknow/hydrology/urbanfloods.html 

http://www.floodsite.net/juniorfloodsite/html/en/student/thingstoknow/hydrology/urbanfloods.html
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levels of heat wave above threshold average conditions for an area. Each level raises the state 

of awareness and public welfare. 

 

Figure 5: Heat waves of summer 2015 (https://de.wikipedia.org/wiki/Hitzewellen_in_Europa_2015) 

Many countries apply the definition of the World Meteorological Organization defining it a heat 

wave "when the daily maximum temperature of more than five consecutive days exceeds the 

average maximum temperature by 5 °C, the normal period being 1961-1990". The recent past 

has seen several heat waves all over Europe, in many cases already causing high numbers of 

casualties. Figure 5 shows the exceptional maximum temperatures reached over Europe in 

summer of 2015. The future may prevent that these kinds of summers will not be the typical 

ones in, say, 2030.  

Drought and water scarcity. .6  

The US National Weather Service defines “Drought is a deficiency in precipitation over an 

extended period, usually a season or more, resulting in a water shortage causing adverse 

Impacts on vegetation, animals, and/or people. It is a normal, recurrent feature of climate that 

occurs in virtually all climate zones, from very wet to very dry. Drought is a temporary aberra-

tion from normal climatic conditions, thus it can vary significantly from one region to another. 

Drought is different than aridity, which is a permanent feature of climate in regions where low 

                                                

6 http://www.eea.europa.eu/data-and-maps/indicators/river-flow-drought-2/assessment 
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precipitation is the norm, as in a desert.”  (http://www.nws.noaa.gov/om/brochures/cli-

mate/DroughtPublic2.pdf) 

The National Drought Mitigation Center, USA, defines drought as “less rainfall than is expected 

over an extended period of time, usually several months or longer. Or, more formally, it is a 

deficiency of rainfall over a period of time, resulting in a water shortage for some activity, group, 

or environmental sector.” (http://drought.unl.edu/DroughtBasics.aspx,   

http://drought.unl.edu/DroughtBasics/Glossary.aspx) 

The company Live Science (http://www.livescience.com/21469-drought-definition.html) dis-

cusses drought definitions on their web page. Interestingly, they distinguish four main catego-

ries of drought: 

 “Meteorological drought is specific to different regions. For example, 20 inches (51 cen-

timeters) of rainfall in a year is normal in West Texas, but the same amount would be 

less than half the yearly average in Virginia.  

 Agricultural drought accounts for the water needs of crops during different growing 

stages. For instance, not enough moisture at planting may hinder germination, leading 

to low plant populations and a reduction in yield. 

 Hydrological drought refers to persistently low water volumes in streams, rivers and 

reservoirs. Human activities, such as drawdown of reservoirs, can worsen hydrological 

droughts. Hydrological drought is often linked with meteorological droughts. 

 Socioeconomic drought occurs when the demand for water exceeds the supply. Exam-

ples of this kind of drought include too much irrigation or when low river flow forces 

hydroelectric power plant operators to reduce energy production.” 

The EU defines “Droughts can be considered as a temporary decrease of the average water 

availability due to e.g. rainfall deficiency. Droughts can occur anywhere in Europe, in both high 

and low rainfall areas and in any seasons. The Impact of droughts can be exacerbated when 

they occur in a region with low water resources or where water resources are not being 

properly managed resulting in imbalances between water demands and the supply capacity of 

the natural system.” (http://ec.europa.eu/environment/water/quantity/about.htm) 

Droughts as natural phenomena have always occurred and been well documented for hun-

dreds or thousands of years. Worldwide, climate change is resulting in more precipitation. An 

increasing global warming is, however, also resulting in more intensive, and more frequent 

droughts and accompanying erosion in areas such as East-Africa and various parts of Aus-

tralia. 

Scarcity of potable water. 

“Water scarcity occurs where there are insufficient water resources to satisfy long-term 

average requirements. It refers to long-term water imbalances, combining low water 

availability with a level of water demand exceeding the supply capacity of the natural 

system.”7  

 

                                                

7 http://www.eea.europa.eu/themes/water/featured-articles/water-scarcity 

http://drought.unl.edu/DroughtBasics.aspx
http://www.livescience.com/21469-drought-definition.html
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2 IVAVIA module descriptions 

Overall, the IVAVIA methodology recommends following a sequence of nine major tasks 

(called modules), which are described in the following sections. You should not be afraid by 

the amount of single steps; they establish a structure for the whole process according to the 

well-known principle of “divide and conquer”. 

Figure 6 shows the sequence of the nine modules, which are based on the eight modules of 

the Vulnerability Sourcebook [BMZ2014]. Except for M7, we have kept the names of the mod-

ules, although the steps inside the modules often differ due to the adaptation of the assess-

ment to a Risk-based process. 

 

Figure 6: The nine IVAVIA modules (based on the eight modules of the Vulnerability Source-

book M1-M8) 

In general, you will execute the modules in the given sequence, because there is input needed 

from previous modules. The whole process will last between some weeks until some years, 

depending on the size of the city and the scope of the evaluation, to be defined in step 3 of 

module 1. IVAVIA is flexible enough to include existing material from previous attempts if you 

are not starting from scratch. The highlighted part in Figure 6, Modules 0, 1, and 2, are covered 

by this first draft of the guideline document. 

Each module description contains information about who will conduct a particular step, which 

input you need for it, and which output should be created. The single output items are num-

bered 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. Because every input item refers to such a number, you can easily see where a specific input 

item comes from. An input item created by an external source is marked with “EXT” 
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2.1 Module 0: Systematically selecting Hazards and Stressors 

Module 0 is a preparatory step before the official process of a Risk-based Vulnerability As-

sessment is started by 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 responsible operational manager (coordinator) of the IVAVIA project. It will be 

envisioned to assemble a project team consisting of internal and external officials and stake-

holders, and to eventually start the project with a kick-off meeting.  

Risk Assessment in general is based on the identification of Hazards and Stressors. As IVAVIA 

is about Risk-based Vulnerability Assessment, the methodical identification of relevant Haz-

ards and Stressors is a key element for successful application of IVAVIA. This does not nec-

essarily mean to start from scratch. Most cities know about their relevant hazards and the resp. 

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. 

Given this focus, the purpose of this Module 0 is to introduce and explain the activities that 

should be initiated and accounted for by the coordinator between his or her inauguration and 

the kick-off meeting.  

The following steps help to identify initial information for formulating an initial overall plan as 

well as the relevant Hazards and Drivers, and will thus serve as informational and motivational 

background for later participants of the project. Steps 1–4 should be presented in the kick-off 

meeting as planned in Step 5 of this module. 
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2.1.1 Step 0.1: Develop an initial overall plan of the project 

 

 Who will conduct this step: 

 

RESIN members (from city and academic / research partners) 

Coordinator (internal or externally hired) 

Stakeholders from the city 

 

Input Step 0.1: Develop an initial overall plan of the project 

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, e.g. relevant prior written communication, ap-

plicable laws or regulations 

 

In general, all steps of IVAVIA are applied within a project, which must be initialized in advance 

according to the local regulations. With this first step, try to identify the overall and concrete 

objectives of this project as clearly as possible at this stage. You should start with the infor-

mation that was made available at the start of the project. This could be a resolution confirmed 

by the city council, a direct mandate originating from within a city department, or a regulation 

issued by a superordinate administration. The specific task and any related background mate-

rial are the resources to be considered first.  

Within the first step, you should also explicitly formulate any detailed tasks that stem from your 

interpretation of the objectives. The introduction to this guideline and in particular the overall 

set of modules provides the necessary support. Tailor some of the generic notions and devel-

opment steps of the guideline for your specific city and environment. Discuss your document 

with your collaborators and members of relevant city departments. Last, but not least, discuss 

this document with your employer or client. You should try to get a written approval of ac-

ceptance for it.  

Out-

put 
Step 0.1: Develop an initial overall plan of the project 

0.1.1 Document relating the identified objectives of the project 

0.1.2 Initial description of the overall Risk-based Vulnerability Assessment process tailored 

to your city. 
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2.1.2 Step 0.2: Identify relevant Hazards 

 

 Who will conduct this step: 

 

RESIN members (from city and academic / research partners) 

Coordinator (internal or externally hired) 

Stakeholders from the cities 

 

Input Step 0.2: 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, e.g. relevant prior written communication, ap-

plicable laws or regulations 

 

In this step, you will identify those kinds of Hazards potentially affecting your city. Be broad-

minded in your consideration of choices. It is easy to constrain the list in a later stage. Also, a 

more concrete prioritisation of the potentially relevant Hazards will follow later. For the record-

ing of Hazards and past occurrences you may use the spreadsheet that we have 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 

already were a national agenda for reducing the effects specifically of heat waves, we want to 

stress that focusing on this alone could lead to oversights of other threats and would also 

neglect 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 for support, e.g. by sending them a questionnaire. 

As a result of step 0.2 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 Hazards 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”. 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 need to consider Hazards 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 candidates kept on your list, you should now start checking within your local or re-

gional administration the existence of historical Hazard recordings. Later you’ll continue this 
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investigation by also looking into other sources, and by taking climate change into account 

more seriously.  

 

Out-

put 
Step 0.2: Identify Relevant Hazards 

0.2.1 Initial, common sense-based list of Hazards of concern for the city. 

0.2.2 Initial account of their historical occurrences and Impacts. 
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2.1.3 Step 0.3: Gather Information about the identified Hazards 

 

 Who will conduct this step: 

 

RESIN members (from city and academic / research partners) 

Coordinator (internal or externally hired) 

Stakeholders from the cities 

 

Input Step 0.3: Gather Information about the Identified Hazards 

0.2.1 Initial, common sense-based list of Hazards of concern for the city. 

0.2.2 Initial account of their historical occurrences and Impacts. 

 

Relating to flooding, §12 of the Preamble of the European Water Directive 2007/60/EC partic-

ularly requests the following objectives12  

“In order to have available an effective tool for information, as well as a valuable basis 

for priority setting and further technical, financial and political decisions regarding flood 

risk management, it is necessary to provide for the establishing of flood hazard maps 

and flood risk maps showing the potential adverse consequences associated with differ-

ent flood scenarios, including information on potential sources of environmental pollution 

as a consequence of floods. In this context, Member States should assess activities that 

have the effect of increasing flood risks.” 

“Easily available” should be information about past occurrences of the Hazards and the past 

trends regarding the relevant Drivers, although it is not always clear how valid this information 

on past events is, given climate change. Probably, 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 “objective” intensities (e.g. high water marks, precipitation in l/sqm, wind forces 

(1-12)), 

 the past recorded Impacts, 

 the “actual” Hazard, Vulnerability and Risk maps (done with historical and actual data) 

Aside from historical information, initial information about expected future climate-related de-

velopments should be collected. Probably, such information has already been acquired within 

the City departments or at regional level. Then you might check with their support if the existing 

information fits the purpose, or if updates or extensions would be adequate. You may addition-

ally consult various public and private, national and international online resources such as: 

                                                

12 https://en.wikipedia.org/wiki/Water_security 
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 EM-DAT (Emergency Events Database)13 contains essential core data on the occur-

rence and effects of over 22,000 mass disasters in the world from 1900 to the present 

day, cf. Figure 7 as an example. It has been initially set up by the WHO (World Health 

Organisation) and the Belgian Government. 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.” 

 The Climate Change Knowledge Portal, hosted by the World Bank Group. They state 

on their webpage: “Here you can query, map, compare, chart and summarize key cli-

mate and climate-related information”14. 

 The European Environment Agency (EEA) 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 eval-

uating environmental policy, and also the general public.15 

 If a commercial service would be an option, then climate-related web-services as pro-

vided by the world-largest re-insurance Munich Re offer very fine-grained data and 

assessment support16. 

 Climate-Adapt is an initiative of the European Commission that aims to support Europe 

in adapting to climate change. The platform includes a database that contains quality-

checked information that can be easily searched17. 

 IPCC 

Many of these resources also contain references to related more general or more specific other 

sources.  

 
Figure 7: Spreadsheet downloaded from a query to EM-DAT. It shows a summary of Hazards 

(Disaster) that happened in Spain since the year 1900 until present18. More detailed searches 

within this portal are available. 

                                                

13 http://www.emdat.be/ 

14 http://sdwebx.worldbank.org/climateportal/ 

15 http://www.eea.europa.eu/ 

16 https://www.munichre.com/de/reinsurance/business/non-life/natcatservice/index.html 

17 http://climate-adapt.eea.europa.eu/ 

18 http://www.emdat.be/country_profile/index.html (retrieved 2016-09-29) 

http://www.emdat.be/country_profile/index.html
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One of the ultimate goals of using IVAVIA is the identification and prioritisation of adaptation 

measures best preventing future losses of future occurrences. Adaptation measures of this 

kind probably also have been implemented in the longer or more recent past. If that is the 

case, then it would be very useful to also keep a record of such significant historical adaptation 

measures. If available, the adaptation “events” could be sorted into the timeline of significant 

historical Hazards.  

 

Output Step 0.3: Gather Information about the Identified Hazards 

0.3.1 Timeline of prior significant occurrences of the relevant Hazards with 

o their intensities 

o their historical frequencies, resp. their intensity-based past return periods 

o their Impacts 

o “actual” Hazard, Vulnerability and Risk maps 

0.3.2 List of historical adaptation measures and their effects 

0.3.3 Extrapolation of identified relevant Hazards to the target dates of the adaptation 

strategies, taking into account the uncertainty of current climate models.  
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2.1.4 Step 0.4: Identify Relevant Drivers and Stressors 

 

 Who will conduct this step: 

 

RESIN members (from city and academic / research partners) 

Coordinator (internal or externally hired) 

Stakeholders from the cities 

 

Input Step 0.4: Identify Relevant Drivers and Stressors 

0.3.1 Timeline of prior significant occurrences of the relevant Hazards with 

o their intensities 

o their historical frequencies, resp. their intensity-based past return periods 

o their Impacts 

 

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-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.  

 Climate-related Drivers in general include: sea-level rise, increased temperatures, 

lack of precipitation, increase of precipitation, ocean acidification, carbon dioxide ferti-

lisation.  

 Non-climatic Stressors include: land use change, urban sprawl, deforestation, migra-

tion, population and demographic change, economic development patterns, technolog-

ical change, changing lifestyles. 

Such Drivers and Stressors and their future developments can have a strong negative or pos-

itive 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 en-

vironmental department, the emergency department, and departments responsible for social 

and economic matters of your city. 

You may possibly think that there is nothing you can do about the Drivers because these are 

climate-related. Within the realm of your city you wouldn’t have influence on climate change. 

However, by knowing what active and future Drivers influence your city, you will be better 

placed to understand which parts of your city are, or will become, sensitive to climate-related 

Hazards. You may then be in a position to actively influence known Stressors, or to identify 

and implement appropriate adaptation measures that may reduce the negative effects of Driv-

ers. 
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Out-

put 
Step 0.4: Identify Relevant Drivers and Stressors 

0.4.1 Initial list of relevant Drivers and Stressors with regard to the city (without detailed 

characterization as this will be done later) 
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2.1.5 Step 0.5: Kick-Off Meeting and Management Decisions 

 

 Who will conduct this step: 

 

RESIN members (from city and academic / research partners) 

Coordinator (internal or externally hired) 

Stakeholders from the cities 

 

Input Step 0.5: 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. Achieving good 

results demands professional preparation. Here, we do not discuss all requirements that are 

relevant for planning every stakeholder or political meeting. However, you might consider a 

Risk-based Vulnerability Assessment kick-off meeting to be considered as “successful” if: 

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

 Potential methodological approaches to govern the process are discussed and agree-

ment reached on how to approach the process.  

 A general timeline for the whole process has been negotiated. 

 The ultimate composition of the project participants, including those having been sug-

gested and agreed on in the kick-off meeting, are agreed upon, and are close to con-

firming their participation. 

Your preparation for the kick-off meeting should address all of these issues and include ap-

propriate considerations of possible options if there are any. A particularly sensitive, and easily 

raised, conflict is the decision about the general managerial/social approach of the overall 

project, specifically about the degree of its transparency by involving the public in terms of 

participatory approaches. It is therefore important to clarify this topic with the responsible client 

of the project. You should learn which variations are acceptable.  

The general options regarding the methodological approach and the intended depth of the 

analysis are the following: 

 Top-down approach (starting from a specific Hazard / Driver and identify the poten-

tially affected objects) 

 Bottom-up approach (starting from an object (e.g. city district, CI) and identify the 

potential Hazards) 

 Explorative approach, i.e. seeking an overall result, typically for a larger area, based 

on a lower resolution and less detailed numerical information, less time and costs 

 Focused approach, i.e. higher resolution, more detailed information, larger involve-

ment of stakeholders 
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Another dimension of the managerial approach is the intended degree of openness and in-

volvement of citizens, also known as participatory approach, i.e. involving stakeholders and 

seriously including citizens. 

A related decision should be made about managerial staffing of the project. Various constella-

tions can be considered, depending on the managerial approach and the complexity of the 

project. For various reasons, considering an external expert consultant as executive manager 

might be an option. Be aware of the resource implications of such a decision and note that this 

takes away opportunities for learning within the city council. Management might be shared in 

suitable ways between the contracting body and external staff, e.g. by establishing a steering 

committee and/or a Scientific Board, etc.  

Further preparations should consist of preparing 

1. A set of slides19 explaining the need of the Risk-based Vulnerability Assessment pro-

cess. 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 pre-

sented by the responsible contracting body. 

3. A set of slides explaining the overall Risk-based Vulnerability Assessment process20.  

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.  

Out-

put 
Step 0.5: Kick-Off Meeting and Management Decisions 

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

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

0.5.3 Outlook on IVAVIA and the assessment process (slides) 

0.5.4 Plan for the immediate next steps after the meeting (slides) 

0.5.5 Decision (or, if delayed, a proposal) about the project’s managerial approach 

0.5.6 Decision (or, if delayed, a proposal) about the project’s managerial staffing 

  

                                                

19 Instead of slides you can, of course, choose alternative ways of presentation. “Slides” is used throughout this 

guideline as a substitute for any kind of presentation.  

20 A sample presentation of the overall IVAVIA process has been included in the appendix of this guideline. 
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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 uti-

lised 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 over-

all objectives, scope, ultimate participants with their roles and responsibilities, and target au-

dience of the Risk-based Vulnerability Assessment project.  

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 without 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, natu-

ral 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 Risk-

based Vulnerability Assessment process. 
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2.2.1 Step 1.1: Understand the context of the Risk-based Vulnerability Assess-
ment 

 

 Who will conduct this step: 

 

RESIN members (from city and academic / research partners) 

Coordinator (internal or externally hired) 

Stakeholders from the cities 

 

Input Step 1.1: Understand the context of the Risk-based Vulnerability Assessment 

EXT Requirements from the contracting party 

0.5.4 Plan for the immediate next steps after the meeting (slides) 

0.5.5 Decision (or, if delayed, a proposal) about the project’s managerial approach 

0.5.6 Decision (or, if delayed, a proposal) about the project’s managerial 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 re-

gion? 

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

 Which general managerial/social approach should be followed for the assessment pro-

cess? 

 How shall the structure of the management staffing look like and how to staff it? 

 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 meet-

ing. 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 now 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 organ-

isation, should ensure that all necessary rights to utilise the available data in the envisioned 

way, and to publish results based on these data, are obtained. In some cases, confidential 

data or information may be utilised and derived results might be publishable or not, depending 

on circumstances, even without revealing the original confidential data. Without early negotia-

tions and clarifications about the availability and usability of data one might encounter serious 

breaks, interruptions or a stop of the project when intellectual property rights (IPR) or confi-

dentiality claims to specific relevant information would be declared later on. Assessments in-

cluding critical infrastructures will be particularly sensitive in these aspects. 



 

RESIN IVAVIA Guideline Document   27 

 

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 plan-

ning environment of the city 

1.1.2 Decision about the project’s managerial approach 

1.1.3 Decision about the project’s managerial staffing 

1.1.4 Decision about the ultimate owner of the assessment results 
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2.2.2 Step 1.2: Identify the objectives and expected outcomes 

 

 Who will conduct this step: 

 

RESIN members (from city and academic / research partners) 

Coordinator (internal or externally hired) 

Stakeholders from the cities 

 

Input Step 1.2: Identify the objectives and expected outcomes 

EXT Requirements from the contracting party 

0.5.4 Plan for the immediate next steps after the meeting (slides) 

1.1.2 Decision about the project’s managerial approach 

1.1.3 Decision about the project’s managerial staffing 

 

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, you 

will find discussing these within the group of process participants as very helpful. Making an-

swers to these questions explicit and writing them down will greatly facilitate a common and 

motivating understanding within the group.  

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 Assess-

ment and climate change, their expectations will be very different in terms of topic and level of 

detail. The spectrum of expectations may range from a very general “I want to learn what kind 

of results a group like this can achieve with regard to these ambitious objectives” to a very 

specific like “I want to learn how these real estates will develop”. For all participants, perceiving 

the full scope of these expectations will be a very useful learning experience by itself. This 

could be further supported and strengthened by structuring the various expectations in a suit-

able graphic or map.  

It will also be rewarding to capture an explicit statement how this assessment process relates 

to other ongoing or planned processes and projects. In section 1.4, we have already shown 

how Vulnerability Assessment generally fits into the overall climate change adaptation pro-

cess. You may exemplify this generic view here by explicitly referring to actual or planned 

projects that are or may become relevant regarding the results of this one. Of potential rele-

vance could be political processes and laws on superordinate levels related to climate change, 

activities and plans involving large construction sites as e.g. new zoning plans, or also large 
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developments of these kinds in the city’s neighbourhood. Directly relevant are ongoing or al-

ready planned works concerning climate change adaptation measures such as a new dyke or 

green infrastructure investments. 

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 Assess-

ment. As such, National or federal agencies or ministries will belong to the ultimate target 

audience of this project. Even if regulations or laws not born within your city might have origi-

nally sparked your project, you’ll probably find sparks already ignited within other groups of 

persons and institutions. 

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. A ministry will demand formal reports, and the public will want to see you 

concerned and enthusiastic. So be reluctant in the selection and number of your target audi-

ences. 

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 ex-

isting or planned projects 

1.2.3 Statement about the major target audiences of the project 
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2.2.3 Step 1.3: Determine the scope of the Risk-based Vulnerability Assessment 

 

 Who will conduct this step: 

 

RESIN members (from city and academic / research partners) 

Coordinator (internal or externally hired) 

Stakeholders from the cities 

 

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

0.x.x Results of Module 0 

0.5.4 Plan for the immediate next steps after the meeting (slides) 

1.1.2 Decision about the project’s managerial approach 

1.1.3 Decision about the project’s managerial staffing 

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 con-

firm the concrete scope of the assessment process. You will find answers to these questions: 

 What is the exact spatial scope of the Vulnerability Assessment: which geographical 

area shall be considered (City and surrounding area)? 

 What is the spatial level of detail that the assessment shall 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 in-

cluded in the project team? 

 Which stakeholders should be involved and how? 

Climate change Impacts don’t halt or change at virtual or real spatial borders such as the city 

limit or the greater urban district. Setting any boundary will always leave something out. The 

Risk is that some important influence of the discarded areas might escape your attention later. 

However, of course, you must compromise and ultimately take a decision about the project’s 

territory. There is a good chance that you may get involved into highly political processes and 

debates about this issue. In the end, of course, it will not be your personal decision. During the 

process, try to look at, document, and remind later which arguments for narrower or larger 

territories were brought forward. This may become very helpful later when debates should 

arise about possible influences that might exist between the focused and other areas.  

During the assessment process you will have ample opportunity to look at cartographic maps 

of all kinds. Every map is characterised by its content and its scale. The content relates to 

which kind of information is shown on the map. In this regards one discerns between general 

base maps and thematic maps. General base maps (also known as general reference maps) 

intend to depict as exactly as possible on their given canvas what one can find on the earth’s 
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surface, i.e. land cover, rivers, mountains, cities etc. They also depict political boundaries. 

Thematic maps will show you the distribution of one particular aspect (or theme) within the 

territory. The theme could represent the majority voting of a political party for the counties of 

the territory, or the average income of county inhabitants. Useful maps for your city will have 

a scale between, say, 1/1000 and 1/50.000. You should talk to various departments of your 

city, e.g. the planning, environmental and statistics departments, which kind of maps they could 

provide for your project.  

The selected spatial level of detail for the assessment will depend on the availability of re-

spective data, as well as on temporal and human resources to be spent for the project. The 

type of considered Hazard may also have an influence on the selection of the spatial level. A 

severe drought will affect the whole territory likewise, its Impact defined by the Sensitivity and 

adaptive capacities of the concerned objects. Flooding will have more local Impacts. If a de-

tailed elevation model exists for the territory, you can quite exactly determine its exposure and 

potential Impact. Applying small-scale maps is a prerequisite. It is also possible to do a multi-

scalar analysis, where you perform the first step at the city scale with low resolution to identify 

hotspots and the second step at the district scale with a high spatial resolution to analyse these 

hotspots. 

It will greatly facilitate a structured and consistent assessment if you discern potential effects 

of climate change to different sectors. This will provide a better focus later when thinking of 

possible Impacts and constructing Impact Chains. As a further advantage, you will be enabled 

to observe how different Hazards and Stressors will discriminately affect the various sectors. 

Consequently, the consideration and assessment of Risks can be separated into these secto-

rial categories, which allows comparison and derivation of an overall Risk as some kind of 

mathematical integration of the individual – possibly weighted - sectorial Risks.  

 

Figure 8: Sectors of Risk-based Vulnerability Assessment as proposed by the German Federal 

Office of Civil Protection and Disaster AssistanceFehler! Textmarke nicht definiert.. 
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As a very valuable example, the German Federal Office of Civil Protection and Disaster Assis-

tance has published their “Method of Risk Analysis for Civil Protection”21. The method sepa-

rates the analysis into five sectors (categories), which are further divided into a total of twelve 

subcategories as shown in Figure 8. The method consequently evaluates Impacts for these 

categories and subcategories, and finally calculates the overall Risk as a weighted sum of the 

categorical Risks.  

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 

upmost 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 re-

quired expertise from the addressed sectors is missing. If you detect gaps then contact rele-

vant 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 

1.3.2 First set of various thematic maps at your disposal 

1.3.3 Decision about the spatial level of detail that should be taken into account  

1.3.4 Decision about the sectors to be addressed  

1.3.5 Final list of institutions and participants as members of the Risk-based Vulnerability 

Assessment project 

  

  

                                                

21 German Federal Office of Civil Protection and Disaster Assistance: Method of Risk Analysis for Civil Protection. 

Wissenschaftsforum, Volume 8. 2011. ISBN: 978-3-939347-41-5 
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2.2.4 Step 1.4: Develop the scenario settings 

 

 Who will conduct this step: 

 

RESIN members (from city and academic / research partners) 

Coordinator (internal or externally hired) 

Stakeholders from the cities 

 

Input Step 1.4: Develop the scenario settings 

0.x.x Results of Module 0 

0.4.1 Initial list of relevant Drivers and Stressors with regard to the city 

0.5.4 Plan for the immediate next steps after the meeting (slides) 

1.1.2 Decision about the project’s managerial approach 

1.1.3 Decision about the project’s managerial staffing 

 

In this step, you will  

 finalise the list of Hazards and Stressors to be considered, 

 determine, which temporal stages the project should consider for assessment, i.e. apart 

from the present (baseline), which stages of the City’s future will you consider, e.g. the 

years 2030 and/or 2050? 

 acquire climate change projections for the selected future stages 

 determine the set of scenarios for the future analysis. 

You should first look into the results of Module 0’s Step 0.4, which provided an initial list of 

Hazards and Stressors deemed relevant. Also take into account discussions or decisions 

about it from the kick-off meeting. Now is the time to make a decision about exactly which 

Hazards and Stressors shall be explicitly addressed in the future proceedings. As this will be 

a prime decision for the whole project you’ll need to find consent from all major parties involved, 

including environmental and climatological experts as well as responsible city officials.  

The next activity should be the clarification which temporal projections shall 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 ground truth. It may be that this already was the only objective of the whole 

project. In this case, you will continue with defining one scenario for each Hazard.  

If your objectives include considering future developments, then – if not yet decided – you 

should now determine unique temporal stages for these future scenarios. For more consistent 

analyses and comparisons, you should develop and study all scenarios using the same tem-

poral stages. If we assume that the “present” (or baseline) shall be one of them, then you could 
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choose one or more future stages, for instance the years 2030 and 2050. For every identified 

Hazard (e.g. Fluvial Flooding (FF)) in this example, you should now introduce three scenarios, 

one for each temporal scale, e.g. FF-p, FF-30, FF-50 for present, 2030, and 2050. 

We suggest encompassing at least three different climate pathways for every considered fu-

ture scenario. In many examples, one central (or median, or medium) scenario will be consid-

ered 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. In our example for fluvial flooding, we shall now have create 7 different 

scenarios, which we might e.g. identify as  

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

 FF-30-l, FF-30-c, FF-30-h.  “l” for low, “c” for central, “h” for high 

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

Figure 9 illustrates how the set of scenarios could be defined when considering two different 

Hazards and two future temporal stages.  

 

Figure 9: The set of 14 scenarios for two Hazards (Flooding and Drought) and two futures (2030 

and 2050) 
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Figure 10: CREAT Climate Change Projection Map. Scenario: Year 2035, Average Temperature 

in the Average (Central) Model. Source: https://epa.maps.arcgis.com/apps/MapSeries 

 

 

Figure 11: CREAT Climate Change Projection Map. Scenario: Year 2060, Average Precipitation 

in the Warm/Wet-Model. Source: https://epa.maps.arcgis.com/apps/MapSeries 

A good example of how to support the construction and selection of scenarios is CREAT26, 

(Climate Resilience Evaluation and Awareness Tool) (Figure 10, Figure 11). CREAT has been 

provided by the US Environmental Protection Agency’s (EPA) as a climate Risk Assessment 

and planning application for water, wastewater and stormwater utilities. It includes projected 

                                                

26 https://www.arcgis.com/home/item.html?id=2a46a28e18f44a48b8c664487e5b1fe6 (retrieved 2016-09-28) 

https://www.arcgis.com/home/item.html?id=2a46a28e18f44a48b8c664487e5b1fe6
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changes from Global Climate Models (GCMs)27 for the US as available from the Coupled 

Model Intercomparison Project, Phase 5 (CMIP5)28, which is the same data used to support 

the IPCC Fifth Assessment Report. It includes an interactive map where you can easily choose 

between various scenarios as different combinations of Drivers (temperature, precipitation, 

storms, extreme heat, sea level), two projected futures (2035, 2060), and for each future select 

from three climate variants (more extreme ones: hot & dry or warm & wet, or a central median 

one). 

For the next activity, you should check the availability of climate projections with regard to the 

selected Hazards and Drivers. If these data are not yet available you may check with superor-

dinate administrative levels. In most cases, when the territory of the city does not face very 

individual climate change-related challenges, forecasts for wider regions up to the whole coun-

try may be applicable. External resources that you may check are 

 The IPCC web page provides access to climate model results29 coordinated by the 

World Climate Research Programme (WCRP).  

 The Climate Change Knowledge Portal is provided by the World Bank Group. It in-

cludes interactive maps, visualisations, and many links to related sites and information. 

 European Environmental Agency, maps and data on climate change, a 2012 report on 

European climate change, available as summary (34 pages) and full report (304 pages) 

 ci:grasp is a platform informing and tutoring about climate and climate change-related 

processes. It has been funded by the International Climate Initiative (IKI) on behalf of 

the German Environmental Ministry.  

On the above web pages you will find further references to other more specific sites. 

 

Output Step 1.4: Develop the scenario settings 

1.4.1 Definite list of selected Hazards 

1.4.2 Definition of the temporal stages to be addressed 

1.4.3 Identification of climate change projections for the temporal stages 

1.4.4 Definition of all scenarios to be considered 

 

  

                                                

27 Global Climate Models model the physical processes of earth’s atmosphere, ocean, cryosphere and land surfaces. 

They simulate the response to increasing greenhouse gas concentrations. Different GCMs produce different results 

because their models vary in their description of the climate-related processes and their interactions. 

28 World Climate Research Programme Coupled Model Intercomparison Project available at: http://cmip-

pcmdi.llnl.gov/cmip5/ 

29 http://www.ipcc-data.org/sim/gcm_monthly/AR5/index.html   (retrieved 2016-10-04) 

http://www.ipcc-data.org/sim/gcm_monthly/AR5/index.html
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2.2.5 Step 1.5: Prepare a work plan for Risk-based Vulnerability Assessment 

 

 Who will conduct this step: 

 

RESIN members (from city and academic / research partners) 

Coordinator (internal or externally hired) 

Stakeholders from the cities 

 

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

EXT Requirements from the contracting party 

0.5.4 Plan for the immediate next steps after the meeting (slides) 

1.1.2 Decision about the project’s managerial approach 

1.1.3 Decision about the project’s managerial staffing 

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 to these tasks to members of the project, 

 create a work plan of the project including responsible persons, timing of tasks, and 

deadlines 

On an abstract level, a Risk-based Vulnerability Assessment is not principally different from 

other projects involving a large number of parties. In order to be successful, it clearly needs a 

work plan consisting of scheduled tasks and assignments of roles and responsibilities to pro-

ject members. Nevertheless, your success as coordinator of the project will be challenged by 

a number of special characteristics of the project that may cause complications: 

 Many members of the project are not particularly paid for their project work, or be com-

pletely 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 times and resources they can spend for 

the project. Experts from providers of critical infrastructures might have particularly 

sparse resources, and their contributions should be planned and requested very effec-

tively. 

 It will be critical to understand the available time and efforts of stakeholders in order to 

not overestimate the possible objectives and results of the project. If the desired results 

are no longer achievable because of ambitious objectives, frustration may grow 

amongst your stakeholders. 
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Appendix Z to these guidelines provides you with a sample implementation plan, where you 

can start from and extend it to the level of detail that you feel comfortable with. 

 

Output Step 1.5: Prepare an implementation plan 

1.5.1 Definition of tasks  

1.5.2 Assignment of responsibilities for tasks to project partners 

1.5.3 A temporal schedule including deadlines 
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2.3 Module 2: Developing Impact Chains 

The purpose of this module is to develop Impact Chains. An Impact Chain describes a cause-

effect-relationship among factors that underlie the Impact of a given combination of Hazard 

and exposed object. You develop Impact Chains and Vulnerability diagrams, which make them 

visible, usually in joint workshops with experts and stakeholders. The IVAVIA Impact Chain 

diagrams used in RESIN look intentionally different from the Impact Chains of the Vulnerability 

Sourcebook. We are using IPCC AR5 definitions for central notions like “Exposure”, “Sensitiv-

ity” 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. 

Which Impacts are relevant, 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. 

agriculture and health) are considered, then you should think about exposed objects 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 Figure 12 considers road transport as an 

object that is impacted by the Hazard pluvial flooding. If there are more exposed objects to be 

covered, you should create additional Impact Chains. 

 

Figure 12: IVAVIA Impact Chain diagram for an example assessment. 

The Vulnerability Assessment is based on measurable indicators related to the exposed ob-

jects; these are drawn as hexagons in the IVAVIA Impact Chain diagrams. The percentage of 

sealed surface is an indicator for the city’s Sensitivity to precipitation. On the other hand, the 

sewer system capacity is an indicator for the city’s Coping Capacity to precipitation. You should 

note that Coping Capacity is defined as the ability to address, manage, and overcome adverse 

conditions in the short to medium term while the focus of adaptation options in general is in 

the medium to long term. 
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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 skeleton for the 

assignment of relative weights to the identified factors and the aggregation of a Vulnerability 

index from the values of the indicators that are used to measure Sensitivity and Coping Ca-

pacity of a specific exposed object. It is quite obvious that the result of the Vulnerability As-

sessment will be better when a sufficient amount of data is available for the indicators. How-

ever, be aware that quantifiable indicators will not be available in all cases. 

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 that there are depend-

encies and interdependencies that can lead to cascading effects. For practical reasons, such 

cascades will be limited to three levels. 

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 ele-

ments with specific shapes (Table 1).  

 

Table 1: Meaning of shapes in IVAVIA Impact Chain diagrams 
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Second, you should use colours in a consistent meaning (Table 2). 

 

Table 2: Meaning of colours in IVAVIA Impact Chain diagrams 

Figure 13 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 sec-

tions. Note, that there might be reasons to change the suggested sequence, e.g. to perform 

step 2.5 before step 2.2. We conclude this introduction by describing a clustering technique 

that may help structuring the inputs for the Impact Chain diagrams received at a participatory 

workshop. 
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Figure 13: Generic IVAVIA Impact Chain Diagram scheme 
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Clustering techniques 

Most steps in Module 2 will be conducted in participatory workshops. Inputs from the workshop 

participants may range from very detailed to more abstract. Also, the number of named ele-

ments of Impact Chain diagrams might be too large to handle. In such cases, clustering tech-

niques may yield suitable results at an agreed level of abstraction. Figure 14 shows the steps 

of a clustering process for named Impacts in a participatory workshop: 

1. Gathering named Impacts 

2. Sorting and clustering named Impacts. Similar Impacts could be merged. 

3. Naming each cluster. 

4. Optional final step in case there are still too many clusters: prioritizing and selecting an 

agreed set (cluster) of Impacts 

 

 

Figure 14: Clustering technique. From left to right, top row: a) gathering and b) clustering po-

tential Impacts; bottom row: c) naming Impact clusters; d) optional step – in case there are too 

many clusters, then rank, prioritize, and select. 
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2.3.1 Step 2.1: Determine Exposure and Hazard combinations 

 

 Who will conduct this step: 

 

RESIN members (from city and academic / research partners) 

Coordinator (internal or externally hired) 

Stakeholders from the cities 

 

Input Step 2.1: Determine Exposure and Hazard combinations 

0.3.1 Timeline of prior significant occurrences of the relevant Hazards with 

o their intensities 

o their historical frequencies, resp. their intensity-based past return periods 

o their Impacts 

0.3.3 Extrapolation of identified relevant Hazards to the target dates of the adaptation strat-

egies, taking into account the uncertainty of current climate models.  

1.3.x Results of Step 1.3 (scope of Risk-based Vulnerability Assessment) 

EXT A generic IVAVIA Impact Chain diagram template as reference (as in Figure 13) 

 

The first step towards creating Impact Chain diagrams consists of selecting a set of combina-

tions 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 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 dia-

gram template, 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. For each selected Exposure 

and Hazard combination, there is a draft diagram depicting the Hazard Exposure 

combination (15). 
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2.1.2 Documentation of the review process, including the reasons for selecting Hazard / 

Exposure combinations and for not selecting some combinations. 

 

 

Figure 15: Sample IVAVIA Impact Chain Diagram template for the Hazard-Exposure combina-

tion “heat wave on public health”. Here, “DRIVER”, “STRESSOR”, “IMPACT” and “ATTRIB-

UTE” 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), there are three basic possibilities: 

1. Conduct each individual step for all diagrams 

2. For each diagram, conduct all remaining steps 2.2–2.5 until the diagram is complete, 

and then continue for the next diagram (Hazard / Exposure combination) until all dia-

grams are complete 

3. Mix both procedures 

a. Conduct all steps for one diagram 

b. Conduct each individual step for all remaining diagrams 

All methods have their advantages and drawbacks. Find out what works best for you and follow 

that path.  

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 indi-

cator “hours of lost service” for road or rail transport could be used for several different Haz-

ards. Therefore, it is essential to document the results and to build up an “inventory” that facil-

itates reuse and that helps accelerating the process. 
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2.3.2 Step 2.2: Identify potential Impacts 

 

 Who will conduct this step: 

 

RESIN members (from city and academic / research partners) 

Coordinator (internal or externally hired) 

Stakeholders from the cities 

 

Input Step 2.2: Identify potential Impacts 

0.3.1 Timeline of prior significant occurrences of the relevant Hazards with 

o their intensities 

o their historical frequencies, resp. their intensity-based past return periods 

o their Impacts 

2.1.1 Set of IVAVIA Impact Chain diagram templates. For each selected Exposure and Haz-

ard combination, there is a diagram template depicting the Hazard-Exposure combi-

nation. 

2.1.2 Documentation of the process of selecting the Hazard-Exposure combinations for as-

sessment. 

 

In the second step of Module 2 you identify potential direct and indirect Impacts that the se-

lected Hazard(s) have on your exposed object. We recommend doing this in a participatory 

workshop in collaboration with the stakeholders from the city. In case the number of named 

Impacts is too large to handle or has too diverse levels of detail, we recommend using the 

clustering techniques described in the introduction of Section 2.3. 

One source for the identification of potential Impacts is the collection of historical data that you 

have created in step 0.3. 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, pursuing the objective to “keep it 

simple”. Otherwise, you might get lost in a huge amount of indirect, e.g., socio-economic, con-

sequences of the given combination of Hazard and exposed object. 
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When you cluster the Impacts, as recommended above, you can use various sources of inspi-

ration to define meaningful categories. For example, you can find clusters of Impact parame-

ters listed in the booklet “Method of Risk Analysis for Civil Protection” of the German Federal 

Office of Civil Protection and Disaster Assistance: 

 Human 

o Fatalities 

o Injured 

o Persons in need longer 14 days 

o Persons in need up to 14 days 

 Environment 

o Impairment of protected area 

o Impairment of water bodies 

o Impairment of ground water 

o Impairment of agricultural land 

 Economy 

o Physical damage 

o Consequential damage 

o Loss of economic performance 

o Loss of economic profitability 

 Supply 

o Disruption of water supply 

o Disruption of energy supply 

o Disruption of gas supply 

o Disruption of telecommunication 

 Immaterial 

o Impact on public order and safety 

o Political implications 

o Psychological implications 

o Damage to cultural assets 

It is recommended that the participants of the workshop assign priorities to the clusters ac-

cording 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 Step 2.2: Identify potential Impacts 

2.2.1 Set of draft partially completed IVAVIA Impact Chain diagrams for each relevant 

Hazard, describing the cause-effect-relationship determining the Vulnerability of 

exposed objects (Figure 16). Attributes defined so far: Hazard, Exposure, and Im-

pacts. 
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Figure 16: Sample IVAVIA Impact Chain Diagram scheme for the Hazard-Exposure combination 

“heat wave on public health” and set of Impacts 
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2.3.3 Step 2.3: Determine Sensitivity 

 

 Who will conduct this step: 

 

RESIN members (from city and academic / research partners) 

Coordinator (internal or externally hired) 

Stakeholders from the cities 

 

Input Step 2.3: Determine Sensitivity 

0.3.2 List of historical adaptation measures and their effects 

2.2.1 Set of draft partially completed IVAVIA Impact Chain diagrams for each relevant Haz-

ard, describing the cause-effect-relationship determining the Vulnerability of exposed 

objects. Attributes 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 ….” (omitted examples indicated by ‘…’). 

In this step, you need to clarify what characteristic attributes or properties make your exposed 

system susceptible to the effects of the Hazard(s). There are basically two types of sensitivi-

ties: 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 2014, p. 64–65). 

We recommend conducting a participatory workshop in collaboration with the stakeholders 

from the city for determining Sensitivity. In case the number of named sensitivities is too large 

to handle or has too diverse levels of detail, we recommend using the clustering techniques 

described in the introduction of Section 2.3. 

 

Output Step 2.3: Determine Sensitivity 

2.3.1 Set of draft partially completed IVAVIA Impact Chain diagrams for each relevant 

Hazard, describing the cause-effect-relationship determining the Vulnerability of 

exposed objects (Figure 17). Attributes defined so far: Hazard, Exposure, Impacts, 

and sensitivities. 
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Figure 17: Sample IVAVIA Impact Chain Diagram scheme for the Hazard-Exposure combination 

“heat wave on public health” and set of Impacts and sensitivities 
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2.3.4 Step 2.4: Determine Coping Capacity 

 

 Who will conduct this step: 

 

RESIN members (from city and academic / research partners) 

Coordinator (internal or externally hired) 

Stakeholders from the cities 

 

Input Step 2.4: Determine Coping Capacity 

0.3.2 List of historical adaptation measures and their effects 

2.3.1 Set of draft partially completed IVAVIA Impact Chain diagrams for each relevant Haz-

ard, describing the cause-effect-relationship determining the Vulnerability of exposed 

objects. Attributes defined so far: Hazard, Exposure, Impacts, and sensitivities. 

 

In the fourth step of Module 2 you identify coping capacities of your exposed system that 

enables 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).  

We recommend using a participatory workshop for determining the Coping Capacity in collab-

oration with the stakeholders from the city. In case the number of named coping capacities is 

too large to handle or has too diverse levels of detail, we recommend using the clustering 

techniques described in the introduction of Section 2.3. 

Example: The Coping Capacity of a city district with respect to pluvial flooding could be deter-

mined 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 the 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. The maintenance state of the sewer sys-

tem (deterioration due to mining subsidence) and possible obstructions of parts of it (wipes, 

grease) may act as a Stressor to the sewer system that increases the Sensitivity. Be careful, 

an indicator cannot be in both Sensitivity and Coping Capacity (otherwise, the indicator would 

be counted twice). 
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Output Step 2.4: Determine Coping Capacity 

2.4.1 Set of draft partially completed IVAVIA Impact Chain diagrams for each relevant 

Hazard, describing the cause-effect-relationship determining the Vulnerability of 

exposed objects (Figure 18). Attributes defined so far: Hazard, Exposure, Impacts, 

sensitivities, and coping capacities. 

 

 

Figure 18: Sample IVAVIA Impact Chain Diagram scheme for the Hazard-Exposure combination 

“heat wave on public health” and set of Impacts, sensitivities, and coping capacities 
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2.3.5 Step 2.5: Identify Drivers and Stressors 

 

 Who will conduct this step: 

 

RESIN members (from city and academic / research partners) 

Coordinator (internal or externally hired) 

Stakeholders from the cities 

 

Input Step 2.5: Identify Drivers and Stressors 

0.4.1 List of relevant Drivers and Stressors with regard to the city 

2.4.1 Set of draft partially completed IVAVIA Impact Chain diagrams for each relevant Haz-

ard, describing the cause-effect-relationship determining the Vulnerability of exposed 

objects. Attributes defined so far: Hazard, Exposure, Impacts, sensitivities, and coping 

capacities. 

 

In the fifth and final step of Module 2 you identify Drivers and Stressors 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. The IPCC AR5 (2014b) defines “driv-

ers are aspects which change a given system. They can be short term, but are mainly long 

term. Changes in both the climate system and socioeconomic processes including adaptation 

and mitigation are drivers of hazards, exposure, and vulnerability. drivers can, thus, be climatic 

or non-climatic.” In the RESIN project’s IVAVIA approach, we refer to climatic changes as 

Drivers and non-climatic changes as Stressors. 

Examples of Drivers and more general Stressors are listed in the description of step 0.4 in 

Module 0. 

Examples of more specific Stressors are: frequent strikes could be a Stressor for public 

transport infrastructure, lack of wastewater treatment is a Stressor of water quality, over use 

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.  

We recommend using a participatory workshop in collaboration with the stakeholders from the 

city for identifying Drivers and Stressors. In case the number of named Drivers and/or Stress-

ors is too large to handle or has too diverse levels of detail, we recommend using the clustering 

techniques described in the introduction of Section 2.3. 

At the end of Module 2, you will have a set of completed IVAVIA Impact Chain diagrams for all 

selected Hazard/Exposure combinations. In Module 3, you will proceed with defining indicators 

for the attributes in the Impact Chain diagrams. You need them for the computational part of 

the Risk-based Vulnerability Assessment that will be done in Modules 5, 6, and 7. 
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Output Step 2.5: Identify Drivers and Stressors 

2.5.1 Set of completed IVAVIA Impact Chain diagrams for each relevant Hazard, de-

scribing the cause-effect-relationship determining the Vulnerability of exposed ob-

jects (Figure 19). All attributes are now defined: Hazard, Exposure, Impacts, sen-

sitivities, coping capacities, Drivers, and Stressors; indicators to be defined in Mod-

ule 3. 

 

 

 

Figure 19: Sample IVAVIA Impact Chain Diagram scheme for the Hazard-Exposure combination 

“heat wave on public health” and set of Impacts, sensitivities, coping capacities, Drivers and 

Stressors 
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2.4 Module 3: Identifying and selecting indicators 

Disclaimer for the first draft version (December 2016): Module descriptions of IVAVIA 

modules 3–8 are currently only rudimentary. For March 2017, the next draft version in-

cluding modules M3–M6 is planned to be ready. A first full version of the guideline doc-

ument is planned to be ready in June 2017. 

<Extracted from D2.1, to be further elaborated> 

After the conceptual and creative work of establishing the vulnerability graph, the following 

modules 3–7 will address the computational part of the VA process. Module 3 will provide the 

basis for computational work by identifying and selecting appropriate indicators, i.e. infor-

mation or data that allow giving a numerical value to the factors appearing in the graph. This 

means, we have to identify measured information – or decide to collect it on our own – about 

all factors related to exposure, sensitivity and coping capacity. 

In principle, we have to find such indicators at least for the last nodes of the impact chains, 

which are related to sensitivity and coping capacity. Once we’ve got values for the starting 

points of the chains, we can set up rules of how to propagate and aggregate these values 

further down the graph, until the final aggregation for computing a value for vulnerability out of 

the values for sensitivity and coping capacity. 

Vulnerability indicators should be subdivided in sensitivity indicators and coping capacity indi-

cators. A simple and practical way to allocate indicators within one of these two categories is 

to carry out a classification based on a simple dichotomy. That is, the indicators that increase 

vulnerability can be classified as sensitivity indicators, while indicators that decrease vulnera-

bility (perhaps indirectly by decreasing sensitivity) can be considered as indicators of coping 

capacity. The indicators that are constructed using similar variables related to socioeconomic, 

environmental or physical trends, but with opposite signs or mutually exclusive (i.e. income per 

capita versus poverty rate or impermeability index versus green spaces) should be incorpo-

rated just once into the vulnerability model, as indicators of sensitivity or as indicators of adap-

tive capacity. 
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2.5 Module 4: Data acquisition and management 

<Extracted from D2.1, to be further elaborated> 

The objective of this module is to finalise the list of indicators and to identify further relevant 

data, knowledge and resources. This includes the available financial budget, data analysis and 

processing tools, human resources in terms of quantity, professional qualifications, available 

studies, etc. It is very important to check which relevant data sources are already available 

and accessible for the VA. 

For all available data, one should clarify and document their format, their actuality, quality, and 

update intervals. Meta data should be collected and documented as well. Geographical data 

should be transformed into one unique format and projection. If data contain personal infor-

mation they must be anonymised. If other sensitive data are involved accordingly secure pro-

tection must be guaranteed. As far as possible the data should be made accessible in a com-

mon database.  

The data should specifically be checked for quality. Data quality refers to different categories 

such as completeness, consistency, actuality, etc. For every variable or indicator, one should 

also look at the distribution of its values. Of particular concern are outliers, which might be a 

result of an error in the data capture method. 

 

2.6 Module 5: Normalisation of indicator data 

<To be further elaborated> 

 

2.7 Module 6: Weighting and aggregating of indicators 

<To be further elaborated> 

 

2.8 Module 7: Aggregating components to Vulnerability 

<To be further elaborated> 
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2.9 Module 8: Presenting the outcomes of IVAVIA 

<Extracted from D2.1, to be further elaborated> 

Module 8 is about how to summarise and present the findings of the vulnerability assessment. 

It foresees 3 different steps. 

The first step involves making a plan of which outcomes are presented and to whom. For this 

it is essential to define the target audience. There are a lot of stakeholders for whom the out-

come of the VA is of interest. But all this stakeholders have different interests and require-

ments. Examples are the administrative departments of the city, the infrastructure operators 

or the residents of a particular district in the city. This leads to other important points: what is 

the goal of the presentation? Which information should be included in the presentation? Tar-

geting the results for a particular audience is an important step. 

The second step concerns presenting the results to the target audience. The most common 

form is a paper-based report. But there are other possibilities like a PowerPoint presentation 

or even an interactive website. The decision depends on the goals of the presentation and 

processes it will feed into.  

The third step entails making a decision on illustrating the findings. Maps are the first choice 

for spatial related vulnerability. Both individual indicators and aggregated indicators of vulner-

ability for each of the analysed impact chains can be shown for example by cartographic rep-

resentations. Through related mappings, it is possible to provide a comparison between the 

values for each spatial unit. 
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4 Appendix A: Definitions of important terms and examples 

Term Definition Examples Source 

Adaptive Ca-

pacity (or 

adaptability) 

The ability of systems, institutions, humans, and other or-

ganisms to adjust to potential damage, to take advantage of 

opportunities, or to respond to consequences. 

Diversity of economic activities, state of 

buildings, state of infrastructure, household 

income, distance to hospital, high network 

redundancy, diversity of land-use 

IPCC 2014a 

Consequence The outcome of an event affecting objectives  

ISO/IEC 27000: 

2014 and ISO 

31000: 2009 

Coping Ca-

pacity 

The ability of people, institutions, organizations, and sys-

tems, using available skills, values, beliefs, resources, and 

opportunities, to address, manage, and overcome adverse 

conditions in the short to medium term. 

 IPCC 2014a 

The ability of people, organizations and systems, using 

available skills and resources, to face and manage adverse 

conditions, emergencies or disasters. 

 UNISDR 2009 

Drivers 

Drivers are aspects which change a given system. They can 

be short term, but are mainly long term. Changes in both 

the climate system and socioeconomic processes including 

adaptation and mitigation are Drivers of Hazards, Exposure, 

and Vulnerability. Drivers can, thus, be climatic or non-cli-

matic.  

In the RESIN project, we will refer to Drivers as climatic Driv-

ers and non-climatic Drivers as ‘Stressors’. 

Climatic Drivers include: warming trend, 

drying trend, extreme temperature, ex-

treme precipitation, precipitation, snow 

cover, damaging cyclone, sea level, ocean 

acidification, carbon dioxide fertilisation. 

Non-climatic Drivers include land use 

change, migration, population and demo-

graphic change, economic development. 

Based on IPCC 

2014b (SPM) 
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Term Definition Examples Source 

Exposure 

The presence of people, livelihoods, species or ecosys-

tems, environmental services and resources, infrastruc-

ture, or economic, social, or cultural assets in places that 

could be adversely affected 

Built infrastructure, critical infrastructure, 

population, agriculture, green and blue in-

frastructure, household, labour productiv-

ity, economic activities, public services, 

historical sites, leisure activities: 

Categories as well as specific instances 

IPCC 2014a 

Hazard 

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 dam-

age and loss to property, infrastructure, livelihoods, service 

provision, and environmental resources…the term Hazard 

usually refers to climate-related physical events or trends 

or their physical Impacts. 

Flooding, coastal flooding, fluvial flooding, 

pluvial flooding, reservoir flooding, heat 

wave, drought, scarcity 

 

IPCC 2014a 

Impact 

Effects on natural and human systems (…) the term Im-

pact is used primarily to refer to the effects on natural and 

human systems of extreme weather and events and of cli-

mate change. Impacts generally refer to effects on lives, 

livelihoods, health, ecosystems, economies, societies, cul-

tures, 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 ex-

posed society or system. 

Note: Impacts are also referred to as consequences and 

outcomes 

Loss of working hours, number of dam-

aged buildings, number of fatalities, num-

ber of injuries, cases of sickness, cases of 

diseases, loss of GDP, cost of reconstruc-

tion, number of damaged CI elements, 

hours of loss of service, lost harvest 

 

Adapted from 

IPCC 2014a 
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Term Definition Examples Source 

Impact 

Chains 

Impact Chains permit the structuring of cause - effect rela-

tionships between Drivers and/or inhibitors affecting the 

Vulnerability of a system. 

Impact Chains allow for a visualization of interrelations and 

feedbacks, help to identify the key Impacts, on which level 

they occur and allow visualising which climate signals may 

lead to them. They further help to clarify and/or validate 

the objectives and the scope of the Vulnerability Assess-

ment and are a useful tool to involve stakeholders. 

 BMZ 2014 

Probability 

Measure of the chance of occurrence expressed as a 

number between 0 and 1 where 0 is impossibility and 1 is 

absolute certainty.  

 
ISO Guide 

73:2009 

The likelihood of a specific outcome, measured by the ratio 

of specific outcomes to the total number of possible out-

comes. Probability is expressed as a number between 0 

and 1, with 0 indicating an impossible outcome and 1 indi-

cating an outcome is certain. 

 

The Australian 

Emergency 

Management 

Glossary 

Risk 

The potential for consequences where something of value 

is at stake and where the outcome is uncertain, recogniz-

ing the diversity of values. Risk is often represented as 

probability of occurrence of hazardous events or trends 

multiplied by the Impacts if these events or trends occur. 

Risk results from the interaction of Vulnerability, Exposure, 

and Hazard. 

 IPCC 2014a  
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Term Definition Examples Source 

Sensitivity 
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. 

With respect to specific Hazard or Driver: 

Degrees of surface sealing, age of popula-

tion, density of population, low household-

income, elevation of buildings, high den-

sity of buildings, no network redundancy, 

lack of hospital beds 

Adapted from 

IPCC 2014a 

Stressors 

Events and trends, often not climate-related, that have an 

important effect on the system exposed and can increase 

… climate related Risk.  

In the RESIN project, we will refer to Drivers as climatic 

Drivers and non-climatic Drivers as ‘Stressors’. 

Urban sprawl, changes of land-use, popu-

lation growth, migration, population 

changes, demographic changes 

Adapted from 

Oppenheimer et 

al. 2014: p. 

1048. 

Vulnerability 

The propensity or predisposition to be adversely affected. 

Vulnerability encompasses a variety of concepts including 

Sensitivity or susceptibility to harm and lack of capacity to 

cope and adapt. 

Note: Please see contextual Vulnerability and outcome 

Vulnerability 

 IPCC 2014a 

Intrinsic properties of something resulting in susceptibility 

to a Risk source that can lead to an event with a conse-

quence 

 CIPedia© 2015 

Weakness of an asset or control that can be exploited by 

one or more threats 
 

ISO/IEC 27000: 

2014 
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5 Appendix B: Indicators from Mayors Adapt reporting Guidelines 

 

Vulnerability type Vulnerability-related indicators UNIT 

Climatic Number of days/nights with extreme temperature (compared to ref. annual/sea-
sonal temperatures at day/night times) 

Number of days/nights 

Climatic Frequency of heat/cold waves Average per 
monthly/year 

Climatic Number of days/nights with extreme precipitation (compared to ref. annual/sea-
sonal precipitation at day/night times for each season) 

Number of days/nights 

Climatic Number of consecutive days/nights without rainfall Number of days/nights 

Socio-economic Current population vs. projections 2020/2030/2050 Number of inhabitants 

Socio-economic Population density (compared to national/regional average in year X in coun-
try/region X) 

People per km2 

Socio-economic 
% share of sensitive population groups (e.g. elderly (65+)/young (25-) people, 
lonely pensioner households, low-income/unemployed households) - compared 
to national average in year X in country X 

% 

Socio-economic % of population living in areas at Risk (e.g. flood/drought/heat wave/ forest or 
land fire) 

% 

Socio-economic % of areas non-accessible for emergency / fire-fighting services % 

Physical & environmental % change in average annual/monthly temperature % 

Physical & environmental % change in average annual/monthly precipitation % 
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Vulnerability type Vulnerability-related indicators UNIT 

Physical & environmental Length of transport network (e.g. road/rail) located in areas at Risk (e.g. 
flood/drought/heat wave/ forest or land fire) 

km  

Physical & environmental Length of coastline / river(s) affected by extreme weather conditions / soil ero-
sion (without adaptation) 

km 

Physical & environmental % of low-lying or at altitude areas % 

Physical & environmental % of areas at coasts or rivers % 

Physical & environmental % of protected (ecologically and/or culturally sensitive) areas / % of forest % coverage 

Physical & environmental % of (e.g. residential/commercial/agricultural/industrial/touristic) areas at Risk 
(e.g. flood/drought/heat wave/ forest or land fire) 

% 

Physical & environmental Current energy consumption per capita vs. projections 2020/2030/2050 MWh 

Physical & environmental Current water consumption per capita vs. projections 2020/2030/2050 m3 

Other Please specify Please specify 
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Impacts Impact-related indicators UNIT 

Buildings Number or % of (public/residential/tertiary) buildings damaged by extreme weather 
conditions/events 

(per year / over a 
certain period) 

Transport, Energy, Water, 

Waste, ICT 

Number or % of transport/energy/water/waste/ICT infrastructure damaged by ex-
treme weather conditions/events 

(per year / over a 
certain period) 

Land Use Planning % of grey/blue/green areas affected by extreme weather conditions/events (e.g. Heat 
Island Effect, Flood, Rockfalls and/or Landslides, Forest/Land Fire) 

% 

Transport, Energy, Water, 

Waste, Civil Protection & 

Emergency Transport, Energy, 

Water, Waste, Civil Protection 

& Emergency 

Number of days with public service interruptions (e.g. energy/water supply, 
health/civil protection/emergency services, waste) 

days 

Transport, Energy, Water, 

Waste, Civil Protection & 

Emergency Transport, Energy, 

Water, Waste, Civil Protection 

& Emergency 

Average length (in hours) of the public service interruptions (e.g. energy/water sup-
ply, public transport traffic, health/civil protection/emergency services) 

hours 

Health Number of people injured/evacuated/relocated due to extreme weather event(s) (e.g. 
heat or cold waves) 

(per year / over a 
certain period) 

Health Number of deaths related to extreme weather event(s) (e.g. heat or cold waves) (per year / over a 
certain period) 

Civil Protection & Emergency Average response time (in min.) for police/fire-fighters/emergency services in case of 
extreme weather events 

minutes 
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Impacts Impact-related indicators UNIT 

Health Number of water quality warnings issued % 

Health Number of air quality warnings issued % 

Environment & Biodiversity % of areas affected by soil erosion / soil quality degradation % 

Environment & Biodiversity % of habitat losses from extreme weather event(s) % 

Environment & Biodiversity % change in number of native species % 

Environment & Biodiversity % of native (animal/plant) species affected by diseases related to extreme weather 
conditions/events 

% 

Agriculture & Forestry % of agriculture losses from extreme weather conditions/events (e.g. drought/water 
scarcity, soil erosion) 

% 

Agriculture & Forestry % of livestock losses from extreme weather conditions % 

Agriculture & Forestry % change in crop yield / evolution of the annual grassland productivity % 

Agriculture & Forestry % of livestock losses from pests/pathogens % 

Agriculture & Forestry % of timber losses from pests/pathogens % 

Agriculture & Forestry % change in forest composition % 

Agriculture & Forestry % change in water abstraction % 
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Impacts Impact-related indicators UNIT 

Tourism % change in tourist flows / tourism activities % 

Other € annual direct economic losses (e.g. in commercial / agricultural / industrial / touris-
tic sectors) due to extreme weather event(s) 

€/year 

Other € annual amount of compensation received (e.g. insurance) €/year 
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  Outcome-related indicators UNIT 

Buildings % of (public/residential/tertiary) buildings retrofitted for adaptive resilience % 

Transport, Energy, Water, 

Waste, ICT 

% of transport/energy/water/waste/ICT infrastructure retrofitted for adaptive resilience % 

Land Use Planning % change in green & blue infrastructure/areas (surface) % 

Land Use Planning % change in connected green and blue areas % 

Land Use Planning % change in sealed surfaces / soil moisture level % 

Land Use Planning % change in runoff of rainwater overflows (due to change in soil infiltration) % 

Land Use Planning % change in shading (& related change in the Urban Heat Island effect) % 

Land Use Planning % of coastline designated for managed realignment % 

Water %  change  in  water  loss  (e.g.  due  to  leakage  in  the  water distribution system) % 

Water % change in storage of rain water (for reuse) % 

Waste % change in solid waste collected / recycled / disposed of / burned % 

Environment & Diversity % of habitats restored / % of species protected % 

Agriculture & Forestry % change in crop yield due to adaptation measures % 
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  Outcome-related indicators UNIT 

Agriculture & Forestry % change in water consumption for agriculture/irrigation % 

Agriculture & Forestry % of forest restored % 

Tourism % change in tourist flows % 

Tourism % change in tourism activities % 

Other % change in costs for recovery and reconstruction associated with extreme climate events % 

Other € investment in adaptation research (e.g. soil conservation, water/energy efficiency…) by 
the city / by other stakeholders 

% 

Other € investment in education / in health & emergency systems by the city % 

Other Number of awareness-raising events targeting citizens and local stakeholders % 

Other Number of training sessions targeting staff % 

Other Number of direct beneficiaries involved in adaptation process milestone decision making 
through community participatory activities 

% 
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6 Appendix C: Sample Impact Chain Diagrams 
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7 Appendix D: Information sources 

7.1 Websites 

7.1.1 Initiatives related to Climate Change 

 

“Mayors Adapt” initiative: http://mayors-adapt.eu 

“Covenant of Mayors” initiative: http://www.covenantofmayors.eu/index_en.html 

“100 Resilient Cities” initiative: http://www.100resilientcities.org 

“Climate Adapt” platform of the European Environmental Agency: http://climate-

adapt.eea.europa.eu 

Worldbank’s Climate Portal: http://sdwebx.worldbank.org/climateportal/ 

 

7.1.2 Data, map and information resources 

 

Indicators maintained by the European Environment Agency. Sorted by topics. 

For some topics (like climate, land and soil) there are predefined sets of indi-

cators: http://www.eea.europa.eu/data-and-maps/indicators/#c5=&c0=10&b_start=0 

Munich Re download centre for statistics on natural disasters: https://www.mu-

nichre.com/de/reinsurance/business/non-life/natcatservice/index.html 

Emdat database of statistics on natural and technological disasters: 

http://www.emdat.be/country_profile/index.html  

 

7.2 Documents 

7.2.1 Case studies 

 

[Copenhagen2011] City of Copenhagen, 2011. COPENHAGEN CLIMATE ADAPTA-

TION PLAN  

[Hjerpe2013] Hjerpe, M., Schauser, I., Alberth, J. (2013). Guideline on the System 

Vulnerability. Analysis of the Baltic Sea Region Vulnerability to the Impact of 

Climate Change. Baltadapt Report # 8. Danish Meteorological Institute, Copenhagen. 

www.baltadapt.eu.www.baltadapt.eu.  

[Jenkins2014] Jenkins, K., Hall, J., Glenis, V., Kilsby, C., McCarthy, M., Goodess, C., 

Birkin, M., 2014. Probabilistic spatial risk assessment of heat impacts and adap-

tations for London. Climatic Change, 124(1-2), 105–117. doi:10.1007/s10584- 014-

1105-4  

[RAMSES31] EU FP7 Project RAMSES, 2015. Deliverable D3.1 High level quanti-

fied assessment of key vulnerabilities and priority risks for urban areas in the 

http://mayors-adapt.eu/
http://www.covenantofmayors.eu/index_en.html
http://www.100resilientcities.org/
http://climate-adapt.eea.europa.eu/
http://climate-adapt.eea.europa.eu/
http://sdwebx.worldbank.org/climateportal/
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EU. Authors: Carlos Tapia, Selma Guerreiro, Maddalen Mendizabal, Chris Kilsby, 

Efren Feliu, Vasilis Glenis, Richard Dawson, Chinedum Eluwa, Tecnalia. Bilbao, 

20.10.2015  

[Schauser2010] Schauser, I., Otto, S., Schneiderbauer, S., Harvey, A., Hodgson, N., 

Robrecht, H., Mccallum, S. (2010). Urban Regions: Vulnerabilities, Vulnerability 

As- sessments by Indicators and Adaptation Options for Climate Change Im-

pacts. Scop- ing Study (No. 2010/12). Bilthoven, The Netherlands: European Topic 

Centre on Air and Climate Change (ETC/ACC).  

[Weis2011] Weis, M., Siedentop, S. Minnich, L. (2011). Vulnerabilitätsbericht der 

Region Stuttgart. Bericht des BMVBS-Projektes KlimaMORO, Universität Stuttgart  

 

7.2.2 National risk assessment 

7.2.2.1 France 

Meteo France: Overview of Standards in France for Hazard Monitoring, Data-

bases, Metadata and Analysis techniques to support Risk Assessment, Paris, 

France, September 2013 

7.2.2.2 Germany 

German Federal Office of Civil Protection and Disaster Assistance: Method of Risk 

Analysis for Civil Protection. Wissenschaftsforum, Volume 8. 2011. ISBN: 978-3-

939347-41-5. http://www.bbk.bund.de/SharedDocs/Downloads/BBK/EN/book-

lets_leaflets/Method_of_%20Risk_Analysis.pdf?__blob=publicationFile 

7.2.2.3 Slovakia 

Directive on Risk Assessment in Slovakia: SMERNICA Ministerstva životného pros-

tredia Slovenskej republiky z 28. januára 2015 č. 1/2015 – 7. na vypracovanie analýzy 

rizika znečisteného územia. Bratislava, Slovakia, January 2015 

7.2.2.4 The Netherlands 

Ministry of Security and Justice: Working with scenarios, risk assessment and ca-

pabilities in the National Safety and Security Strategy of the Netherlands. The 

Hague, The Netherlands, 2009 

 

7.2.3 Glossaries 

RESIN project glossary:   

http://www.resin-cities.eu/fileadmin/user_upload/D1_2_Glos-

sary_UNIMAN_2016_01_29.pdf 

CIPedia©: http://cipedia.eu (Glossary of terms related to Critical Infrastructure Protec-

tion) 

OECD Glossary of Statistic Terms: http://stats.oecd.org/glossary/ 

EUROSTAT Reference and Management of Nomenclatures:   

http://ec.europa.eu/eurostat/ramon/index.cfm?TargetUrl=DSP_PUB_WELC 

http://www.bbk.bund.de/SharedDocs/Downloads/BBK/EN/booklets_leaflets/Method_of_%20Risk_Analysis.pdf?__blob=publicationFile
http://www.bbk.bund.de/SharedDocs/Downloads/BBK/EN/booklets_leaflets/Method_of_%20Risk_Analysis.pdf?__blob=publicationFile
http://www.resin-cities.eu/fileadmin/user_upload/D1_2_Glossary_UNIMAN_2016_01_29.pdf
http://www.resin-cities.eu/fileadmin/user_upload/D1_2_Glossary_UNIMAN_2016_01_29.pdf
http://cipedia.eu/
http://stats.oecd.org/glossary/
http://ec.europa.eu/eurostat/ramon/index.cfm?TargetUrl=DSP_PUB_WELC
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INSPIRE Glossary: http://inspire.ec.europa.eu/glossary 

IPCC AR5 WGII Glossary:   

https://www.ipcc.ch/pdf/assessment-report/ar5/wg2/WGIIAR5-AnnexII_FINAL.pdf 

United Nations (UN) Department of Humanitarian Affairs (DHA), 1992. Internationally 

agreed glossary of basic terms related to Disaster Management, DHA, Geneva. 

Available at:   

http://reliefweb.int/sites/reliefweb.int/files/re-

sources/004DFD3E15B69A67C1256C4C006225C2-dha- glossary-1992.pdf 

 

7.2.4 International sources 

 

BMZ, 2014. The vulnerability sourcebook. Concept and guidelines for standardised 

vulnerability assessments. Deutsche Gesellschaft für Internationale Zusammenarbeit 

(GIZ) GmbH, Bonn and Eschborn, Germany, 2014. Available at:   

https://gc21.giz.de/ibt/var/app/wp342deP/1443/wp-content/uploads/filebase/va/vul-

nerability-guides-manuals-reports/Vulnerability_Sourcebook_-_Guidelines_for_As-

sessments_-_GIZ_2014.pdf 

Mayors Adapt Office: Mayors Adapt reporting guidelines, June 2016  
http://mayors-adapt.eu/wp-content/uploads/2016/07/Mayor-Adapt_Reporting-Guide-
lines.pdf 

Nardo, 2008. Nardo, M., Saisana, M., Saltelli, A., & Tarantola., S. (2008). Handbook 

on Constructing Composite Indicators: Methodology and User Guide. Paris, 

France: OECD Publishing  

 

http://inspire.ec.europa.eu/glossary
https://www.ipcc.ch/pdf/assessment-report/ar5/wg2/WGIIAR5-AnnexII_FINAL.pdf
http://reliefweb.int/sites/reliefweb.int/files/resources/004DFD3E15B69A67C1256C4C006225C2-dha-%20glossary-1992.pdf
http://reliefweb.int/sites/reliefweb.int/files/resources/004DFD3E15B69A67C1256C4C006225C2-dha-%20glossary-1992.pdf
http://mayors-adapt.eu/wp-content/uploads/2016/07/Mayor-Adapt_Reporting-Guidelines.pdf
http://mayors-adapt.eu/wp-content/uploads/2016/07/Mayor-Adapt_Reporting-Guidelines.pdf

