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Abstract. Urban population centers are especially vul-
nerable to extreme weather events and climate change.
Local decision makers demand standardized processes,
methods, and tools enabling them to design and imple-
ment climate adaptation strategies for their specific
contexts. The project “Climate Resilient Cities and Infra-
structures — RESIN” aims at providing such a set of meth-
ods and tools; it utilizes the impact chain modeling ap-
proach to capture and represent cause-effect relation-
ships underlying risks and vulnerabilities in urban popu-
lation centers, enabling a systematic analysis and evalua-
tion. Highlighting on a number of concepts, such as haz-
ard, exposure, stressors, coping capacity, and vulnerabil-
ity, these impact chains constitute the base for further
quantitative modeling steps.

Introduction

High concentrations of residents and economic assets
render urban population centers especially vulnerable
to the impact of extreme weather events and conse-
quences of climate change (see [1]). Such disasters
endanger large numbers of residents and critical infra-
structure systems at the same time, thereby also impact-
ing inter-regional and global economic networks (see
[2]). The trend towards increasing urbanization in Eu-
rope — by 2050 82% of all Europeans are expected to
live in urban population centers (see [3]) — and the in-
creasing dependencies of infrastructure components

make it necessary for municipalities to develop proac-
tive strategies to increase their resilience against cli-
mate- related disasters.

Climate change adaptation measures, in contrast to
climate protection efforts that are mainly aimed at re-
ducing greenhouse gas emissions, are designed to re-
duce the impact of climate change on social and biolog-
ical systems, such as urban population centers. Unfortu-
nately, not many standardized methods and toolsets
exist today that enable municipal decision makers to
plan, assess, and implement adaptation measures, there-
by helping them to consider, analyze, and evaluate risks
and vulnerabilities under specific, climate change relat-
ed scenarios. In the context of such a systematic scenar-
io analysis, the application of a simulation model can be
of considerable benefit. The foundation of such a model
— and by extension of effective adaptation measures — is
a comprehensive understanding of the risks and vulner-
abilities themselves.

This paper describes characteristics and generation
of impact chains representing cause-effect relationships
that form risks and vulnerabilities of urban population
centers in the context of the ongoing EU project “Cli-
mate Resilient Cities and Infrastructures — RESIN” (see
[6]). The project is aimed at developing practical and
applicable methods and tools to support municipalities
in designing and implementing climate adaptation strat-
egies for their local contexts. RESIN also systematically
compares and evaluates methods for climate change
adaptation in order to move towards a formal standardi-
zation of adaptation strategies.

RESIN is one of several interdisciplinary, practice-
based research projects investigating climate resilience
in European cities.
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The EU project “Reconciling Adaptation, Mitigation
and Sustainable development for citiES — RAMSES”
(see [4]) that was concluded recently, developed meth-
ods and tools to quantify evidence of the impacts of
climate change and the costs and benefits of adaptation
measures to cities. The EU project “Smart Mature Resil-
ience — SMR” (see [5]) aims at developing a resilience
management guideline to support city decision-makers
in developing and implementing resilience measures.

The paper continues with a short introduction to the
RESIN project and its fundamental process (see Sec-
tion 1). It then goes on to describe the impact chain
modeling approach used to capture and represent cause-
effect relationships underlying risks and vulnerabilities
in urban population centers, enabling a systematic anal-
ysis and evaluation (see Section 2). The paper concludes
with a short description of the steps necessary to com-
plete the modeling process based on the generated im-
pact chains (see Section 3).

1 The RESIN Project

RESIN investigates climate change adaptation practices
in European cities in order to develop standardized
methods and decision support tools that decision makers
can use to develop local adaptation strategies.

The project builds on previous research by combin-
ing existing approaches to climate change adaptation
and disaster risk management while taking into account
all of the core elements of the urban system and their
interrelations. One of the central aims of RESIN is to
provide standardized methods and tools for comprehen-
sive risk-oriented vulnerability assessments of an urban
population center. These efforts are based on the latest
state of discussion and conceptual approaches of the
Intergovernmental Panel on Climate Change (IPCC)
Assessment Report 5 (ARS, see [7]). RESIN views a
city as a “system of systems” comprised of complex
social, ecological, and technical sub-systems that over-
lap and interact with one another.

All RESIN methods and tools are being developed
by means of co-creation with the cities of Bilbao
(Spain), Greater Manchester (United Kingdom), Paris
(France), and Bratislava (Slovakia). The first co-
creation process with Bilbao, aiming at producing a
vulnerability and risk mapping on a neighborhood (bar-
rios) scale, started in July 2016 and concluded in Sep-
tember 2017.

Process, methods, and tools are standardized and can
be applied to more European urban population centers,
but at the same time support the tailoring to the specific
needs of a municipality, depending on the varying de-
grees of maturity of their adaptation processes.
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Figure 1. Risks as compositions of hazards, exposure, and vulnerability (source: [7]).
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Figure 2. A risk-oriented vulnerability assessment schema (source: [11]).

The application of the RESIN conceptual framework
follows four principal stages (see [8]):

1. Assessing climate risks

2. Developing adaptation objectives

3. Prioritizing adaptation options

4. Developing an implementation plan

The impact chain modeling technique described in the
following section is part of the modelling process during
the first stage of this adaptation planning process.

In RESIN, the design chosen for the vulnerability
assessment process is based on the indicator-based
framework provided by “The Vulnerability Source-
book” (see [9]). Since the sourcebook is based on IPCC
AR4 (see [10]), the framework had to be adapted to
account for the conceptual move to a risk-based ap-
proach by IPCC ARS (see [7]). Compared to AR4, ARS
defines and uses terms like vulnerability and exposure
in different ways: Where exposure to climate change
hazards was once considered to be part of vulnerability
— alongside sensitivity to hazards and capacity to adapt
—, the move to risk has separated out exposure.

As a result, risk is now regarded by the IPCC as a
function of climate hazard, exposure, and vulnerability
(see Figure 1).

2 Using Impact Chains to Model
Risks and Vulnerabilities

Impact chains are tools (described in [9]) for capturing
and structuring the components of a particular causeef-
fect relationship. They describe the basic connections
between the elements, and prepare the selection of
quantitative indicators for many of the components.
Experiences during the co-creation processes with local
experts from Bilbao, Bratislava, Manchester, and Paris
show that impact chain diagrams are easy to grasp and
apply, and that participants appreciate the structured
modeling approach. As a result, impact chains are not
exhaustive, but describe the common understanding of
the stakeholders present at the workshops. Often, ex-
perts found that impact chain diagrams gave them first
clues towards potential adaptation measures.

As part of impact chain modeling, RESIN utilizes a
number of concepts (see Figure 2) to derive overall risk
estimations: drivers, hazard, exposure, stressors, sensi-
tivity, coping capacity, vulnerability, and impacts.

A hazard is defined as “...the potential occurrence
of a natural or human-induced physical event or trend,
or physical impact that may cause loss of life, injury, or
other health impacts, as well as damage and loss to
property, infrastructure, livelihoods, service provision,
and environmental resources” (see [7]).
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A climate-related hazard is a special case that is (at
least partially) caused by climatic drivers. Examples
include flooding, heatwave, drought, and water scarcity.

Exposure refers to the objects or systems that are
exposed: The presence of people, livelihoods, species or
ecosystems, environmental services and resources, in-
frastructure, or economic, social, or cultural assets in
specific places that could be adversely affected.

Non-climatic trends and events, which are called
stressors, can have an important effect on an exposed
system. Examples are population growth or change of
land-use; a larger percentage of sealed surface will in
general increase the susceptibility to flooding events
and thus the vulnerability of all exposed objects.

Different objects are more or less sensitive to a haz-
ard. This is captured by the concept of sensitivity, de-
fined as the degree to which an exposed object, species
or system could be affected by the considered hazard.
As such, sensitivity towards a hazard can be perceived
as a property of an exposed object in regard to a specific
hazard. Examples for sensitivity include the degrees of
surface sealing, age and density of a population, house-
hold-income, or elevation and density of buildings.

Coping capacity is defined as “the ability of people,
institutions, organizations, and systems, using available
skills, values, beliefs, resources, and opportunities, to
address, manage, and overcome adverse conditions in
the short to medium term” (see [12]). Examples include
the draining capacity of sewer systems, a dike’s height,
education and awareness of the population, and availa-
bility of early warning systems, while examples for

known

adaptive capacity include diversity of economic activi-
ties, state of the city infrastructure, network redundancy,
diversity of land-use, or availability of hospital beds.

Vulnerability is derived from the interplay of stress-
ors, sensitivity, and coping capacity. It contributes di-
rectly to the impact or consequences that a hazard caus-
es to the exposed objects.

Risk is classically computed by multiplying the
probability of an adverse event with the magnitude of
the expected consequences (see [12]). A risk assessment
takes into account the characteristics and intensity of the
considered hazard, as well as the set of objects exposed
to it. The probability of a hazard affecting the set of
objects may be estimated from extrapolating historical
data or simulation results concerning the frequency of
the hazard and the development of the objects. The
vulnerability of the objects exposed to the hazard then
determines the consequences.

The RESIN vulnerability assessment process starts
with a systematic analysis and selection of hazards,
drivers, and stressors relevant to the urban area under
examination. These results serve as a base for the de-
tailed planning of the assessment and ensures that the —
usually limited — resources available for the assessment
are spent on the most pressing current and future haz-
ards, and no other threats or possible dependencies
between different hazards are overlooked. In addition, a
thorough documentation of the rationale for selecting
hazards, drivers, and stressors is recommended to en-
sure that future assessments or re-evaluations yield
comparable results.
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Figure 3. Generic impact chain diagram schema (source: [11]).
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Once the vulnerability assessment is completed, im-
pact chain diagrams (see Figure 3) are developed. The
diagrams then visually illustrate cause-effect relation-
ships between the elements contributing to the impact of
a given combination of hazards and exposed objects.

RESIN impact chain diagrams explicitly differenti-
ate between hazards on the one hand and impacts and
consequences on the other (see Figure 4) — thus repre-
senting cause and effect. In addition, the diagrams mod-
el relationships between sensitivity and coping capacity,
and exposed object. Each element of an impact chain
may be described in a qualitative way by specifying
attributes, such as “green infrastructure” for coping
capacity, and later also in a quantitative way by assign-
ing measurable indicators, such as “percentage of green
area per city district”. Usually, impact chain diagrams
are developed during collaborative workshops with
experts and stakeholders.

H i The hazards, drivers, and stressors (non-climatic
azard/Driver
drivers) under study

Exposed objects under analysis

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

Indicator
(messurable) Measurable indicators for attributes

Impact Impact
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Figure 4. Elements used in impact chain diagrams
(source: [11]).

Figure 5, developed during a co-creation workshop with
local experts, shows an example impact chain for the
hazard-exposure combination heatwave on public health
for the city of Bilbao. Here, a heatwave is defined as a
day when the average temperature exceeds 32°C. Both
the coping capacity and the sensitivity indicators con-
tain a mixture of infrastructure related measures as well
as social indicators, such as the amount of green infra-
structure and the percentage of elderly people. On the
right side of the diagram, the impact indicators cover
mainly health related and economic consequences.

The impact chain development (without the defini-
tion of measureable indicators) concludes the qualitative
part of the assessment process and is a very valuable
outcome itself. End-users without the necessary re-
sources — both in terms of personnel and knowledge —
may decide to end the vulnerability assessment at this
point. Others may opt to go for the quantitative part
outlined below.

3 Further Steps

Based on the insights gained during this phase, impact
chains are annotated by further identifying measureable
indicators for all identified elements, and by gathering
necessary data for their calculation. To ease the indica-
tor selection process, established directories of standard
indicators can be employed. Such directories can be
found, for example, in the annex of the Vulnerability
Sourcebook (see [9]), the annex of the Covenant of
Mayors for Climate and Energy Reporting Guidelines
(see [13]) or the indicator database of the European
Union Framework Programme 7 project MOVE (Meth-
ods for the Improvement of Vulnerability Assessment in
Europe, see [14]). These annotated impact chains are
then utilized as a base for evaluation and simulation
models of impacts, hazards, sensitivity, coping capacity,
or stressors — which in turn are applied to move from
risk assessments based on historic data to risk assess-
ment of future (simulated) scenarios.
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