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RESIN Deliverable D2.5 ‘Applying IVAVIA, a
quantitative risk-based vulnerability
assessment methodology’
Executive Summary
IVAVIA (Impact and Vulnerability Analysis of Vital Infrastructures and built-up Areas) is a
methodology for conducting a risk-based assessment of an urban area’s vulnerability to
consequences of climate change. It was created in the context of European project RESIN
(Climate Resilient Cities and Infrastructures).
To conduct the quantitative stages of this methodology, indicators need to be specified,
data needs to be acquired and processed, indicator values need to be calculated and finally
aggregated into scores for composite risk components. The handling of data for such an
endeavour requires significant efforts, time and resources, and can prove to be challenging.
This report describes how data was handled in the RESIN case studies of Bilbao and Bratislava, the two cities for which a complete vulnerability assessment was conducted. Imbedded in a broader co-creation process, the realisation of the quantitative stages of IVAVIA
with Bilbao and Bratislava constituted the central test and assessment of the methodology.
Along with the two municipalities, the partners involved in these city cases were the tool
developers (mainly Fraunhofer, with support from Siemens) and a local research organisation in each of the cities: Tecnalia for the first and UNIBA (Comenius University in Bratislava)
for the second. The present document reports on the data acquisition activities and processes, on the acquired data itself, on the challenges encountered during data acquisition
and processing, on the solutions which have been found, and on the remaining problems.
The experiences from the two city cases confirm that data acquisition requires a significant
amount of time and effort, first of all due to difficulties in identifying the data available in
different departments and institutions. Then, the acquired data often lacks suitable documentation, and may contain defective and/or contradicting data records, or prove to be of
insufficient spatial and/or temporal resolution. In the IVAVIA case studies, the continuous
exchanges and close collaboration between the tool developers, the cities and their local
research partners was helpful to deal with time-consuming and challenging nature of the
data handling process, and to ensure that the acquired data was understood consistently
by all parties involved.
The report closes with a set of recommendations to practitioners conducting and/or managing vulnerability assessments (including city administrators, researchers, tool developers,
and consultants) and to policy-makers, in order to facilitate a wide-ranging adoption of probabilistic, risk-based vulnerability assessments.
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1 Introduction
1.1 Context of this document
This report is a deliverable of the H2020 project RESIN1 and more specifically its 2nd work
package (WP2) ‘Methods for impact and vulnerability assessments’. Vulnerability assessment is understood as a process, and IVAVIA – for ‘Impact and Vulnerability Analysis of
Vital Infrastructures and built-up Areas’ – the central outcome of this WP, is a methodology
on how to conduct and structure this process. The development of IVAVIA has followed an
‘MCRI’ architectural approach: Mission, Concepts, Realisation, and Implementation. Following the first two phases (Mission and Concepts), deliverable D2.1 ‘Design IVAVIA’
[RESIN21] affirmed that the methodology would have a modular structure. It is based on
the Vulnerability Sourcebook Method [BMZ2014], published in 2014 by GIZ, which was
adapted for IVAVIA into a ‘risk-based’ approach, in line with the paradigmatic change to the
definition of vulnerability in the 5th Assessment Report of the International Panel on Climate
Change (IPCC AR5).
In its current and final version [RESIN232], IVAVIA is composed of seven modules, which
can be associated to five high level process stages (Figure 1).

Figure 1: IVAVIA high level process stages and corresponding modules (final version of the structure). Source: Authors.

RESIN is an interdisciplinary, practice-based research project investigating climate change adaptation and resilience in
cities, funded by the European Union under the Horizon 2020 research and innovation programme, and carried by a consortium of sixteen partners between May 2015 and October 2018. For more general information on project RESIN, please
visit http://www.resin-cities.eu
1
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At different steps within the IVAVIA modules, users are referred to existing or new tools and
methods described in the RESIN e-Guide (cf. RESIN deliverable ‘Users Guide: the RESIN
decision support tools for climate change adaptation’ [RESIN43]), including two which were
designed in WP2 as integral parts of IVAVIA: ICE+, the online impact chain diagram editor,
and RIVAS, a tool for aggregating and weighting indicator values (cf. ‘Realisation & Implementation IVAVIA’ report [RESIN231]).
The development of the IVAVIA methodology and related tools has been carried out in a
co-creational way, with continuous interactions and feedback between research partners
and municipalities. In this collaborative approach, steps of IVAVIA were tested and
improved quickly after they were designed by WP2 leader Fraunhofer (with support from
Siemens), and the different modules were co-created in parallel. In the end, two quantitative
city cases 2 have been realized: Bilbao and Bratislava. These two municipalities, with
support from their local research partners – Tecnalia for the first and Comenius University
in Bratislava (UNIBA) for the second – and in close collaboration with the tool developers,
conducted a complete IVAVIA process. Additionnaly, one qualitative city case was realized
with Greater Manchester Combined Authority and the University of Manchester. Throughout
the duration of project RESIN, several other municipalities and research partners have also
had the opportunity to test the impact chain methodology, review the IVAVIA Guideline
[RESIN232], and share their feedback with the developers.

1.2 Purpose of this deliverable
This deliverable was intended to report on the testing and assessment of IVAVIA in the city
cases: a specific test methodology would have been elaborated for end users to assess
IVAVIA, make recommendations and eventually validate the tool. However, due to two major shifts since the launch of project RESIN – namely, IVAVIA being a modular methodology
rather than a software tool and, maybe most importantly, the development process becoming more iterative and collaborative than originally foreseen – the scope and content of this
report have also had to shift slightly.
Firstly, this deliverable is not based on any specific testing activities or methodology but
instead on the co-creation experience of realising the city cases of Bilbao and Bratislava,
which can be considered as two continuous and thorough tests of the complete (i.e. quantitative) IVAVIA process. Furthermore, rather than for the tool developers to improve an
‘IVAVIA software’ after a trial phase, this deliverable has been elaborated with future endusers in mind. It focuses on the acquisition and handling of data, along with the closely
related task of identifying and defining indicators, because these have appeared to be the
most challenging aspects of IVAVIA, based on the first experiences. In addition, it illustrates
what kind of data one can expect to access when conducting a quantitative vulnerability

In this report, the term ‘city cases’ refers to the risk-based vulnerability assessments (quantitative or qualitative) that have
been realised by applying IVAVIA, or to the cities for which this was done.
2
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assessment in a European urban setting. The purpose is to share lessons learned and to
give future end-users – not only of IVAVIA, but of vulnerability assessment methodologies
in general – some insight on what problems they might face, how some of these have been
overcome in the first city cases, and what issues remain unsolved at this point, as well as
to make higher-level recommendations.
Hence, this document might also be of use to anyone concerned with practice-based research or quantitative assessments even outside the fields of climate change adaptation or
disaster risk reduction.

1.3 Relation to other RESIN deliverables
Two deliverables describing the design (D2.1) and implementation (D2.3) of IVAVIA were
prepared prior to this report. In particular, D2.3 is a portfolio containing several documents,
some of which will often be referred to in the present deliverable:


‘Realisation & implementation IVAVIA’ [RESIN231], the main report



‘IVAVIA Guideline’ [RESIN232], the module-by-module procedure description; two
drafts have preceded this third and final version



‘Appendix to the IVAVIA Guideline’ [RESIN233], containing a glossary, example indicators and impact chains, methods and tools for executing some of the steps, and
additional general recommendations3



‘ICE+ User Manual’, a guide on the impact chain diagram editor



and ‘IVAVIA IT Tool Technical Integration’, a documentation on the workflow support
for an audience of software developers.

In addition, the preparation of further deliverables covering evaluation and tests of IVAVIA
as well as the realisation of the city cases has started in parallel to writing the present report
(D2.5). These other deliverables are:




D2.4 ‘City case realisation IVAVIA’
D2.6’ Feedback from end-users to task T2.4: Testing, reviewing and improving
IVAVIA in a co-creation process’)
D4.2 ‘Developing the RESIN tools, advancing local adaptation: Recommendations for co-creation in applied research’

D2.4 describes broadly how Fraunhofer proceeded with applying the qualitative and/or
quantitative stages of IVAVIA in the four RESIN cities of Greater Manchester, Paris, Bilbao

The IVAVIA Guideline and its appendix have also been published as standalone documents and are available on the
RESIN website : http://www.resin-cities.eu/resources/tools/ivavia/
3
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and Bratislava (previously called ‘use cases’). It is an experience report from the developers’
point of view.
Deliverable D2.6 is an internal document that describes the continuous testing and review
of IVAVIA in its co-creation process, compiles the frequent feedback received on the different modules (qualitative and quantitative assessment) and on the methodology in general,
and explains how this feedback was taken into account.
Finally, D4.2 is a larger document on the co-creation processes carried out in RESIN for the
development of not only IVAVIA but also the Adaptation Options Library, the related Adaptation pathway and prioritization approaches, and the e-Guide. It is a standalone compilation
of lessons learned and recommendations from the entire RESIN project, written for anyone
interested in co-creation. Hence, some of the details from the WP2 reports, covering the
city cases and co-creation, will be included in D4.2 as well.

1.4 Structure of this document
After this introduction, the reader will first of all find a description of the activities carried out
in the city cases of Bilbao and Bratislava, focusing especially on the identification or definition of indicators and the acquisition and pre-processing of data. Chapter 2 also includes a
qualitative description of the data delivered for the two city cases. The issues faced when
acquiring and handling data will be presented in Chapter 3, along with the solutions that
were found. In Chapter 4, lessons learned and recommendations from the cities and research partners are proposed, before moving on to the conclusion.
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2 City case realisation activities in Bilbao and Bratislava
2.1 Bilbao case study
Bilbao was identified early on as the main case study city for the co-creation of IVAVIA: the
agreements from a project workshop in Freiburg (March 2016) state that, for Bilbao, “a
complete IVAVIA will be applied, i.e. the adapted and extended VSM [Vulnerability Sourcebook Method]” and bi-weekly teleconferences between the Municipality, Tecnalia, the
Basque Centre for Climate Change (BC3), Siemens, and Fraunhofer were initiated four
months later.
An impact chain (IC) workshop was organized in Bilbao in September 2016. Representatives from different departments of the municipality were given the opportunity to modify,
delete or add elements to three “v0” impact chains: ‘Extreme precipitation (fluvial and pluvial
flooding) on city traffic infrastructure’, ‘Heat wave on public health’, and ‘Flooding on builtup area’. The preliminary versions of the impact chains had been prepared by Fraunhofer
and local research partner Tecnalia and were purposefully incomplete, so that participants
would engage in improving them. The result was a qualitative vulnerability assessment of
these areas of interest. Figure 2 shows the most up-to-date version of the ‘flooding on builtup area’ impact chain developed during the Bilbao city case.

Figure 2: 'Flooding on built-up area' impact chain from Bilbao. Source: Authors.
D2.5 Test & Assessment IVAVIA
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The process of gathering data for the quantitative stages of the assessment was initiated in
parallel to the development of impact chains. Tecnalia and Bilbao started listing available
sets of data right away and, over the following months, sought to obtain them by establishing
contact with different departments within the municipality and other administrations or institutions. Indicator selection started around October 2016, right after the impact chain workshop. In April 2017, Bilbao and Tecnalia prepared a first overview of the data found so far
for the selected impact chains and provided the data in differing formats. Table 1 is a list of
the data gathered for the quantitative vulnerability assessment, its spatial and temporal resolution, as well as its format. Not all of the gathered data was actually useable and used,
but this table serves to illustrate what one can expect to have access to.

Spatial
resolution

Temporal
resolution

Format(s)

Administrative
boundaries of districts

N/A

2017

Shapefile

Administrative
boundaries of
neighbourhoods
(barrios)

N/A

2017

Shapefile

Green infrastructure
Arbitrary4
(Location of parks and
forests)

2017

Shapefile

Blue infrastructure
(river course)

Arbitrary

2017

Shapefile

Grey infrastructure
(sewage pipes,
drains, storm tanks,
flood barriers)

Arbitrary

2017

Shapefile

Roads

Arbitrary

2017

Shapefile

Highways

Arbitrary

2017

Shapefile

Data

Comment

Also contained
information
about length
and diameter at
start/end of
sewage pipe

These files covered the whole city and their resolution could be adjusted arbitrarily by intersection with corresponding
GIS files, e.g. intersecting green area GIS files with district boundaries produces district-level resolution, while intersecting
the green area GIS files with neighbourhood boundaries produces neighbourhood-level resolution.
4
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Public transit (routes,
stations)

Arbitrary

2017

Shapefile

Traffic cameras
(Location)

Arbitrary

2017

Shapefile

Dynamic information
panels (Location)

Arbitrary

2017

Shapefile

Traffic intensity

Road segments 2017

Shapefile

Specified as
daily average
car entries per
road segment
Also contained
number of
parking spaces

Parking (on-street and Arbitrary
underground garages)

2017

Shapefile

Bridges and tunnels
(Location)

Arbitrary

2017

Shapefile

Population (Location,
number, age groups,
education levels)

Arbitrary

2017

Shapefile

Buildings (Number of
apartments, category
[industrial, residential,
commercial, social
housing, heritage,
etc.], construction
year, restauration
year, availability of air
conditioning, number
of floors above and
below ground)

Arbitrary

2017

Shapefile

Emergency
services/government
facilities (Location)

Arbitrary

2017

Shapefile

Coverage area of
emergency services/
government facilities

Arbitrary

2017

Text
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Landslides (Location)

Arbitrary

2017

Shapefile

Flooding (Area,
height, depth,
velocity, 10 year, 100
year, 500 year)

Arbitrary

2014

Shapefile,
raster

Elevation model

Arbitrary

2017

Shapefile

Temperature (min,
max)

Arbitrary

Present/
projection

Raster

Heat island (no. heat
wave days)

Arbitrary

Present/
projection

Raster

Weather
(Temperature [min,
max, avg.], Humidity,
Precipitation [Total,
min, max], Wind
[speed, direction,
max, avg.])

City-level

2016, daily

Spreadsheet

Soil permeability

Arbitrary

2017

PDF
(shapefile)

Was manually
transformed into
shapefile

Town planning (New
buildings, changes in
land elevation)

Arbitrary

2017

Shapefiles,
PDF

Information in
PDF files could
not be
employed

Mortality rate

City-level

2012-2016,
yearly

Spreadsheet

Car entries

Specific road
segments,

2006-2016,
2013-2017,
daily, hourly

Spreadsheet

city-level
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Some data only
available on city
level, hourly
data only
available for
specific road
segments

Number of employees
per sector

Neighbourhood
-level

2016

Spreadsheet

Flood damages

City-level,
specific
categories
(cultural
heritage,
buildings, etc.)

2012

PDF

From a study
published by
BC3

Table 1: Most relevant data employed for the quantitative vulnerability assessment
in Bilbao. Source: Authors.
The gathered data allowed Fraunhofer to start testing and refining the quantitative modules
of IVAVIA and provide intermediate results, i.e. scores for (composite) risk components, as
well as maps and charts for visualizing (partial) results. Based on discussions of these and
subsequent intermediate results between the municipality, Tecnalia, BC3, and Fraunhofer,
adjustments to indicators where made (e.g. where the initial indicator was not suitable to
measure the desired attribute) and new/additional data for further calculations was provided
(e.g. where the provided data was not suitable to measure the corresponding indicator).
When data was provided in shapefile format, it was processed by Fraunhofer using a GIS
(geographic information system) software, e.g. to calculate the surface area of green infrastructure or population density per neighbourhood. Data provided in other formats was either:
 converted to shapefiles (e.g. maps in pdf were converted);
 used to create new shapefiles for more complex calculations (e.g. information about
coverage area of emergency services was used to create shapefiles representing
the influence radius and subsequently the percentage of population covered by
emergency services per neighbourhood); or
 used directly for indicator calculation (e.g. for capacity of storm tanks).
In June 2017, Fraunhofer, Tecnalia and the municipality collectively decided on the normalization, weighting, and aggregation methods for the selected indicators, which led to a partial quantitative vulnerability assessment of Bilbao at the neighbourhood scale (covering
sensitivity, coping capacity, and vulnerability). At the end of that month, an in-person meeting was held in Bilbao between Fraunhofer, Tecnalia, and the municipality to go over the
results of this assessment. Then, by including data about the hazards, a basic non-probabilistic risk assessment was performed and presented at a stakeholder workshop organized
by the municipality in September 2017.
At the time of writing this report, the most recent development in the Bilbao city case was
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the insight that the spatial resolution that had been agreed on at the beginning (neighbourhood level) was considered too coarse for planning specific adaptation measures. Therefore, Fraunhofer tessellated the available data (when possible) at a finer spatial resolution:
a 25 by 25 meter grid, yielding some 66,000 ‘cells’ for the entire surface of Bilbao. While
this resolution allowed for the assessment of single buildings and for detailed planning of
adaptation measures, the drawback was the labour-intensiveness of preparing the data this
way.

2.2 Bratislava case study
The Bratislava city case study fully commenced in early 2017 and was still on-going at the
time of preparing this document. Imitating the good experience of the Bilbao case study,
regular teleconferences were set up between the partners involved in the Bratislava case
study for IVAVIA. These calls were initially organized monthly and attended by Fraunhofer,
the City of Bratislava, and – to a lesser extent – the Comenius University in Bratislava
(UNIBA). Later on, the frequency of the teleconferences increased to bi-weekly.
In April 2017, Bratislava held a kick-off meeting with local stakeholders, which was also an
IC workshop. The workshop was divided into two thematic sessions – the first one consisting of two breakout groups focusing on the effects of heat waves and pluvial floods on health
and wellbeing, while the last one was dedicated to the effects droughts have on green infrastructure. Subsequently, three impact chains were developed: ‘Heat waves on Health
and Quality of Life’, ‘Droughts on Green Infrastructure’ and ‘Pluvial floods on Health and
Quality of Life’. Altogether, the participants listed more than 90 attributes5 for all three hazard exposure combinations. These attributes were based on existing thematic data (tables
and maps) but also on the experience and knowledge of the participating stakeholders. The
outcomes were further reviewed and commented by Fraunhofer and subsequently revised
in collaboration between Bratislava, UNIBA, and Fraunhofer in June and July 2017 – filtering
out unsuitable and duplicated attributes, re-categorising (e.g. moving an attribute from ‘coping capacity’ to ‘sensitivity’ or vice versa), and finally selecting a manageable amount of
attributes for determining indicators and acquiring data. Figure 3 shows the most up-to-date
version of the ‘Heat waves on Health and Quality of Life’ impact chain developed during the
Bratislava city case.

Attributes are inherent characteristics of the objects under analysis, such as sensitivity and coping capacity; they are the
basis for determining indicators.
5
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Figure 3: 'Heat waves on Health and Quality of Life' impact chain from Bratislava.
Source: Authors.
Since July 2017 (and ongoing at the time of writing this report), Bratislava and UNIBA had
continuously collected relevant data, from Bratislava’s statistical year book, the Statistical
Office of the Slovak Republic, the Slovak hydrometeorological institute, the State Geological
Institute of Dionýz Štúr, the city’s spatial planning department, and other sources. This data
had been gathered in database format and provided in translated form to Fraunhofer, as
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shapefiles or spreadsheets. Where necessary and possible, data was reproduced in a spatial form. The data was analysed and processed by Fraunhofer as it became available, and
used for preliminary quantitative vulnerability assessments on neighbourhood (borough)
level, covering aggregated indicators for sensitivity, coping capacity, and vulnerability. Table 2 lists the data received for the quantitative assessment, its spatial and temporal resolution, as well as its format. Not all of the gathered data was actually useable and used, but
this table serves to illustrate what one can expect to have access to.

Spatial
resolution

Temporal
resolution

Format(s)

Administrative
boundaries of districts

N/A

2017

Shapefile

Administrative
boundaries of
neighbourhoods
(boroughs)

N/A

2017

Shapefile

Number of tropical
days

City-level

2011-2015

Spreadsheet

Number of days with
snow cover

City-level

2011-2015

Spreadsheet

Annual temperature
(min, max, avg.)

City-level

2011-2015

Spreadsheet

Monthly temperature

Sub-city-level
(three weather
stations)

2011-2015

Spreadsheet

Monthly precipitation

Sub-city-level
(three weather
stations)

2011-2015

Spreadsheet

Total precipitation per
year

City-level

2011-2015

Spreadsheet

Maximum daily
precipitation

City-level

2011-2015

Spreadsheet

Data
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Comment

Emission of solid
pollutants from
medium and large
sized stationary
polluters

District-level

2015

Spreadsheet

Land-use change
(km² per category)

District-level

2011-2015

Spreadsheet

Ageing index

District-level,
borough-level

2011-2015

Spreadsheet

Population (Number,
density)

Borough-level

2011-2015

Spreadsheet

Unemployment rate

City-level

2011-2015

Spreadsheet

Incapacity of work
due to disease and
injury (number of new
notified cases)

District-level

2011, 2012,
2014, 2015

Spreadsheet

Average percentage
of incapacity to work

District-level

2011-2015

Spreadsheet

Number of patients
with acute infectious
diseases caused by
other organisms

District-level

2011-2015

Spreadsheet

Number of patients
with salmonellosis

District-level

2011-2015

Spreadsheet

Number of treatment
days in hospitals

City-level

2011-2015

Spreadsheet

Bacteria
concentration
(Organic carbon,
Escherichia, Enteric
enterococci,
Cyanobacterium with

District-level

N/A

Spreadsheet
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ability to form algal
bloom)
Mortality rate

City-level

2011-2015

Spreadsheet

Population (age 0-6,
age 65+)

Borough-level

2011-2016

Spreadsheet

Percentage of
homeless population

Borough-level

2016

Spreadsheet

Kindergarten statistics
(number of
registrations, number
of accepted children,
plot area per child)

Borough-level

2011-2012,
2012-2013

Spreadsheet

Transport
infrastructure

Arbitrary

2018

Shapefile

Grey infrastructure
(sewage system)

Arbitrary

2018

Shapefile

Built-up area
(buildings)

Arbitrary

2018

Shapefile

Also contains
type information
(retails, hall,
store, school,
etc.) based on
OpenStreetMap

Green infrastructure

Arbitrary

2018

Shapefile

Based on
OpenStreetMap
, categorized
according to
efficiency
against heat
waves and
permeability
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Also contains
type information
(road, footway,
etc.) based on
OpenStreetMap

Blue infrastructure

Arbitrary

2018

Shapefile

Surface temperature

Arbitrary

2016

Spreadsheet

Land-cover
permeability

Arbitrary

2018

Shapefile,
spreadsheet

Soil and substrate
permeability

Arbitrary

2017

Shapefile,
spreadsheet

Surface
temperature of
different landuse categories

Table 2: Most relevant data employed for the quantitative vulnerability assessment
in Bratislava. Source: Authors.
As in the Bilbao case, when data was provided in shapefile format, it was processed using
a GIS software to calculate indicator values. Data provided in spreadsheets usually already
provided the necessary indicator values, which subsequently only had to be normalised and
aggregated to composite scores for risk components.
Similar to the Bilbao case, Bratislava expressed the need for a higher resolution assessment to enable better planning of specific adaptation options. Subsequently, Bratislava,
UNIBA, and Fraunhofer were planning to investigate the use of regular grids with different
resolutions (between 100 by 100 m to 300 by 300 m). Lastly, an in-person meeting with
relevant local stakeholders was expected for the end of August 2018, when preliminary risk
assessment results for at least the heat wave impact chain, and potentially the pluvial flood
impact chain, would be presented with the aim of establishing indicator weights for further
calculations and validating the preliminary results.
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3 Difficulties and questions faced
3.1 Data availability and acquisition
Even with the early engagement of local stakeholders during the IC workshops, data acquisition was generally a complex and time-consuming task.
Indeed, the initial identification – and if necessary definition – of indicators was usually done
during the IC workshops, to take advantage of the attending local stakeholders’ knowledge
of data availability. However, both in Bilbao and Bratislava, participants were not given
much guidance, which often resulted in the following issues:
-

-

-

indicators that were not suitable, i.e. they did not measure the identified attribute
(e.g. using the indicator ‘traffic cameras’ to measure the coping capacity attribute
‘road accessibility’),
indicators that were categorised incorrectly (e.g. using the sensitivity indicator ‘insufficient sewage capacity’ instead of the coping capacity indicator ‘sewage capacity’ for a flood-related impact chain),
indicators that were not reliably measureable (e.g. measuring ‘Integrated spatial
planning, participatory planning’).

Then, the actual data acquisition, i.e. gathering available data sets, required extensive communication with multiple local and regional institutions, departments and authorities. For
Bilbao “most of data were scattered among different departments”, requiring extensive communication between different departments to acquire available data. While the Office of the
Chief City Architect of Bratislava (who was most involved in RESIN) also had to engage
with other city departments as well as a number of other local and regional authorities, they
stated that they were “able to access the necessary data records quite easily”, because a
majority of the information is publicly available online. Besides, municipalities may request
additional data from the state institutions that are responsible for monitoring and evaluating
different statistical data (demographic, economic, environmental, land-use or public health
data, etc.), under the simple condition that this data is used for the execution of their competencies. Nonetheless, the lack of a methodical system to identify the data available across
the multiple institutions resulted in slow progress.
Additionally, the information needed was sometimes just one number rather than a complex
data set, e.g. the capacity of storm tanks and the coverage area of emergency facilities in
Bilbao. Such information did not necessarily exist in a formal manner, so processing it into
indicator values required making assumptions. For example, for the indicator ‘population in
coverage area of emergency services’, the RESIN partners from Bilbao had to discuss with
the relevant departments and technicians in order to define an adequate coverage area,
and then Fraunhofer calculated the indicator value on this basis.
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Furthermore, it can be noted that when communicating with representatives of different departments or institutions, the argument that their data was needed “for a vulnerability assessment” was often too abstract. The interactions were usually helped immensely by visualizations of (preliminary) results, especially maps, allowing those unfamiliar with the process to see and understand what the data was being used for.
In terms of availability, questions of dates and temporal resolution were also somewhat of
an issue. While Bilbao was generally able to provide up-to-date data covering the whole city
from their public GIS platform, historical records were mostly not available, making it difficult
to estimate and validate potential impacts. Bratislava on the other hand was lacking very
recent data, because the mechanisms in place for the administrations to collect and publish
official data are limited in flexibility, especially regarding land use planning and governance.
Consequently, the local action plan or the statistical year book, for example, only covered
the time period from 2011 to 2015 (see also Table 1 and Table 2).
To minimise issues relating to data availability and acquisition in the future, RESIN cities
and research partners would recommend standardization of data inventory and data collection processes across Europe (see next chapter, ‘Lessons learned and recommendations’).

3.2 Data documentation and pre-processing
Once data was gathered, format, documentation, and spatial resolution had to be dealt with
before indicator values could be calculated (at neighbourhood level, as agreed on).
First of all, the data was often provided in different formats (e.g. pdf, shapefile, spreadsheet,
database) and thus had to be pre-processed. For example, a permeability map obtained in
pdf format had to be transformed manually into a shapefile for a GIS (Figure 4).

Figure 4: PDF source file of soil permeability in Bilbao on the left, manually reproduced shapefile on the right. Source: Left: Bilbao and Agència d’Ecologia Urbana
de Barcelona / Right: Authors
Another issue was that documentation (i.e. information about how the data is organised,
what it represents, what its value ranges are, etc.) was often missing, which is especially
critical if data is processed by external experts. This context information was sometimes
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lost when exporting data from proprietary software. However, the export was necessary
because IVAVIA employs the data in different formats (i.e. in GIS format or spreadsheet
rather than proprietary formats) and for different purposes (i.e. calculation of indicator values rather than visualization) than the cities themselves. For example, when exporting data
sets from a specific software used by technicians in Bilbao to a standard GIS file, the explanatory information provided in the software is lost: “Número de pisos” (Number of floors)
is replaced by “NÚMERODE1” and “Número de pisos sótano” (Number of underground
floors) is transformed to “NÚMERODE2”. This happens unbeknownst to the technicians
exporting the data, because they do not employ the resulting files themselves. Yet, without
further information neither the local technicians nor the research partners can comprehend
the meaning (and difference) of those data fields. Although it could easily be fixed once it
was caught, this was an especially complex problem, because it was ‘invisible’, since the
exported files contained no indication that additional information had existed in the original
software.
In addition, the spatial resolution of the acquired data differed widely (see Table 1 and Table
2) and data which was not originally at neighbourhood level needed to be (dis)aggregated
to that agreed-on resolution. This was often possible when data was provided in a higher
resolution and/or spatial form (e.g. as shapefile), but a significant amount of the data provided by Bratislava was in an unsuitable format for further (dis)aggregation (e.g. spreadsheets with district-level information).
After experiencing such difficulties, Bilbao has stated that “data standardization at city level
or even at European level is” and “better definition of information” (including “explaining
acronyms and translations”) are needed. The former relates to the use of standardized data
formats and models, while the latter relates to standardized processes for data documentation (see next chapter, ‘Lessons learned and recommendations’).

3.3 Inconsistencies and defects
Other technical issues encountered were contradictory or inconsistent data on the one
hand, and defective data on the other.
In Bilbao for example, the shapefiles for ‘road geography’ and ‘traffic intensity’ should have
been perfectly matching polygon lines, since they cover the same infrastructure, but in fact
were slightly different (see Figure 5). Furthermore, the shapefiles for roads and highways
employed different shapes – lines vs. non-linear polygons – and thus the highway files provided an additional information, i.e. width, compared to the road files (see Figure 6). Such
inconsistencies, or even contradictions sometimes, can be expected when overlapping data
captured by different departments or institutions. While the latter issue can be dealt with by
making assumptions (e.g. estimating a road width based on the maximum speed limit for
that segment), the former issue cannot be resolved easily and requires redrawing of polygons. However, if the resolution agreed on for the assessment had been lower than the
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roads and traffic shapefiles’ resolution, then the inconsistencies could have been overlooked since the relevant information would have been aggregated across, for example,
whole neighbourhoods.

Figure 6: Differences between shapefiles
for municipal roads (light green) and
highways (grey). Source: Authors.

Figure 5: Differences in shapefiles for traffic intensity
(dark green) and road geography (light green).
Source: Authors.
Both city case studies also presented difficulties relating to defective data. For example, the
shapefiles from Bilbao about their buildings – which can have multiple uses (e.g. residential,
commercial, and industrial) – contained duplicated polygons (one polygon for each use)
(see Figure 7). This distorts the indicator calculation so once the problem was identified,
Fraunhofer had to ‘clean up’ the data, i.e. remove or merge shapes and data. Once again,
this particular issue was caused by exporting data from the proprietary GIS software used
by the city departments in Bilbao. Another source of defects is the manipulation of polygons
in shapefiles that are originally intended for visualization rather than calculating indicator
values. For example, the person creating the GIS data can ‘twist’ a rectangle in the middle
to create two touching triangles; this can be easier than drawing two triangles and the visual
result is the same. The problem is that no area or circumference can be calculated automatically for a self-intersecting polygon. Such defects cannot be corrected via algorithms,
but have to be solved laboriously by hand.
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Figure 7: Example for duplicated polygons. Left: State before moving the top polygon. Right: State after moving the top polygon. Source: Authors.

3.4 Language and semantics
Last but not least, language and semantics were also a frequently encountered problem,
as can be expected in an international project.
In particular, data from Bilbao was initially provided ‘as is’, i.e. in Spanish. Subsequently,
communication between Bilbao, Tecnalia, and Fraunhofer was very important to ensure
correct translation of the data into professional English.
Furthermore, basic translation is not always sufficient, as cultural specificities can lead to
misunderstandings. For example, school systems vary across the world and a similar word
(or a number) may in fact refer to completely different years or levels in two different countries. In Spain, children typically go to a Colegio for the first six years of their education, then
to an Instituto for four years, followed by two non-mandatory years of Bachillerato, whereas
in English the word ‘college’ has different meanings, usually relating to secondary or even
higher education. If Colegio was translated by ‘college’, the reader would have their own
interpretation of how old the attending students are, and most likely these would be mistaken for adolescents or young adults instead of children (a population more vulnerable to
certain risks). Hence, thorough discussions may be needed between partners from different
countries to make sure that what is communicated is well understood.
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4 Lessons learned and recommendations
The testing and assessment of IVAVIA in a co-creational way, i.e. with continuous interactions between the cities of Bilbao and Bratislava, their local partners Tecnalia and UNIBA,
and the developers of the methodology Fraunhofer and Siemens, has allowed for many
difficulties to be identified (although often solved) in the application of the quantitative assessment modules.
First of all, and unsurprisingly, it is important to be aware of language barriers and cultural
differences. Thorough discussions which might be needed to ensure all the terminology and
data are well understood. Face-to-face meetings are especially helpful for this. They also
encourage a trustful relationship between the different persons and institutions involved in
a collaborative vulnerability assessment, and facilitate the inclusion of (informal) local
knowledge, commitment of stakeholders, and a common understanding of aims, scope, and
roles. Time for communication and resources for such meetings should thus be anticipated.
Furthermore, for both the developers and the city partners, these first experiences with IVAVIA demonstrate a clear need for (European) standardization of:








Data inventory: Practitioners need easier access to information about what data is
available where, in which format, covering which spatial and temporal resolution,
and under which data protection regulations (if any).
Data documentation: Processes have to be defined to ensure a comprehensive documentation of data. This point covers both automatic processes for proprietary software used in city administrations (e.g. when exporting data) as well as manual processes for (informal) data exchanges between departments and with project partners.
Data collection: Data collection processes need to be harmonised across Europe in
order to enable comparison between European cities from different regions and to
facilitate the inclusion of different data sources in assessment processes such as
IVAVIA. This means standardized time intervals (e.g. for census data) and spatial
resolutions, as well as standardized data models (e.g. using standardized age
groups when collecting census data).
Data formats/data management: Storing the collected data in a standardized format
would enable easier processing. In addition, the collected data needs to be stored
in a way that makes it permanently available, so that it may be employed for future
re-assessments and – from a long-term perspective – can be used as historical data
in the future.

In addition, the RESIN partners have learnt that reference indicator sets, e.g. from the annex
of the Vulnerability Sourcebook [BMZ2014] or the annex of the Covenant of Mayors for
Climate and Energy Reporting Guidelines [Neves2016] should be promoted by the person
in charge of the assessment during the impact chain development and to facilitate data
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acquisition. To this end, these reference indicator sets have been included in the Appendix
to the IVAVIA Guideline [RESIN233].
The experience from the case studies has also confirmed that, in practice-based research
projects like RESIN and for applying IVAVIA, engaging a large number of local stakeholders
and experts as early and as intensively as possible can really benefit the project. As indicated by Bratislava: “We would recommend having a wide spectrum [in terms of sectors] of
specialists invited next time, as well as practitioners working at city boroughs […] even if
the impact chains seem to be focused on one or two sectors.” To facilitate this, Bratislava
recommends their initiative “to produce a short information brochure [in native language]
which contained information about the scope and goals of the project, the IVAVIA methodology, the workshop programme and expected outcomes of the workshop as well as future
steps”. While of course there is never any guarantee that the level of stakeholder involvement will be sufficient, this also helps to “save time needed for the explanatory phase of the
programme and use more of the timeframe for the inter-active part.” More generally, for a
successful process, stakeholders need a motivation to participate. This can be complicated
to generate, given that they often have multiple other obligations and may, in the worst case,
not understand the need for a vulnerability assessment. Yet, the case studies have also
proven how visualization of preliminary results can facilitate this understanding and make
stakeholders more interested.
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5 Conclusion
In this deliverable, we have reported on the first experiences of a complete IVAVIA, namely
the city cases of Bilbao and Bratislava. We have described how data was acquired and
managed, what data was delivered, what challenges have been encountered, what solutions have been found, and what problems remained unsolved.
In both cases, indicator identification or definition and data acquisition (Module 3 of IVAVIA)
required a substantial amount of time and extensive communication with different departments and outside authorities. Once data was acquired, it usually required significant work
for translation, documentation, analysis, and clean-up, before the actual calculation of indicator values (Module 4 of IVAVIA) could be performed.
Lessons learned and recommendations have been formulated. Some are very practical and
targeted at city practitioners or researchers who will be applying IVAVIA or a similar vulnerability assessment process in the future. On a different level, the RESIN partners call for
improving standardization of data collection, documentation, format, and inventory, as well
as for appropriate time and resources for international practice-based research projects.
Finally, it should be noted again here that more information on the co-creation (including
testing activities) of the entire IVAVIA methodology can be found in RESIN Deliverables
D2.4 ‘City case realization’ [RESIN24] and D4.2 ‘Developing the RESIN tools, advancing
local adaptation: recommendations for co-creation in applied research’ [RESIN42].
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