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Summary
The RESIN project has developed standardised approaches to help cities develop their adaptation
strategies and strengthen their resilience. Key products are:
 A tool for impact and vulnerability analysis (IVAVIA 1);
 a decision support tool (E-Guide);
 a library of adaptation options;
This report describes standardization activities that have been carried out as part of the RESIN
project. 2 Worldwide, standards are being used to provide a degree of certainty that products and
processes meet requirements for quality and performance. Standards can play a similarly beneficial
role with regard to climate change adaptation, by making possible a faster and broader uptake of
knowledge and best practices through an internationally recognised and trusted platform.
RESIN input in International ISO-standards
Several ISO standards on climate change adaptation have started to develop during the course of the
RESIN project. They form a framework where insights and results derived from the RESIN project can
be included. The most important are:
− ISO/ AWI 14090. A high level framework standard on Adaptation to Climate Change
− ISO/AWI 14091 CCA - A guidance to Vulnerability Assessment
− ISO/AWI TS 14092 Requirements & guidance of adaptation planning for organizations
including local governments and communities
− ISO/NP 14097 Framework and principles for assessing and reporting investments and
financing activities related to climate change
− ISO/WD 37123 Sustainable Development in Cities and Communities - Indicators for
Resilient Cities
− ISO/WD2 14050 (2018-06-30) Environmental management - Vocabulary
RESIN partners have taken up active roles in the subsequent ISO committees.
City needs for standardization
As a first step, a survey (Baas & de Jong, 2017) was carried out amongst cities to identify the use and
needs of standards for Climate Change Adaptation (CCA). The survey consisted of a questionnaire,
telephone interviews and a workshop. Based on this survey, it became clear that cities have limited
knowledge about standardization. Regarding their needs, cities indicated the following climate threats
to be most important: heat waves, pluvial and fluvial flooding, and the increase of the number and
intensity of storms. When asked about their future priorities regarding climate resilience, respondents
1 EU H2020 Project RESIN, 2018. IVAVIA Guideline – Impact and Vulnerability Analysis of Vital
Infrastructures and built-up Areas. Authors: Rome, E., Bogen, M., Lückerath, D., Ullrich, O., Voss, H.,
Voss, N., Worst, R., Carter, J., Connelly, A., Cariolet, J.-M., Dumonteil, M., Mendizabal, M., Ellis, M.,
Bosch, P., and Streberová, E. Fraunhofer, Sankt Augustin, Germany, Revision 3.0, 15.06.2018.
2
This report also includes results from Work Package 2, namely Task 2.1 - Standardisation options of
impact and vulnerability analysis, following the decision by RESIN partners to integrate deliverable
D2.2 within the report of D5.1 due to their complementary nature.
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in the survey identified urban infrastructure, adaptation plans and nature-based solutions as areas
where they considered standardized measures to be particularly helpful.
Role of certification
A second study (Bosch, 2017) was directed at identifying the current role of certification for CCA, since
certificates could possibly stimulate the uptake of adaptation processes or products. The study
showed that only for a few adaptation products certificates have been developed. However, in the
future certification may spread to more product categories, such as permeable pavements and green
facades.
Standardization of vulnerability assessment (IVAVIA)
Resin contributed strongly to the development of ISO 14091 3. As a result, this standard builds on
IVAVIA experiences. An important decision was to base the standard on the definitions in the 5th
assessment report of the IPCC (AR5 4) instead of the 4th assessment report (AR4 5) concepts,
meaning a switch from a vulnerability focused model to a model where risk is more central, in line with
the IVAVIA tool.
Standardization of the decision-making process
Insights from the e-Guide and the work in the RESIN work package 3 on Adaptation Options and
Implementation were shared with the committee developing the ISO 14092 6. Recommendations
included the advise to develop a stepwise approach, to use consistent terminology and to get
commitment from decision makers and stakeholders in all stages. The step-wise process for
adaptation planning as described in the RESIN decision framework was valuable input for ISO 14092
and was included in WD.2 of ISO/TS 14092 (to be commented and discussed in November 2018 at
the ISO meetings taking place in London, UK).
Standardization of adaptation measures
An inventory was made of available standards for adaptation measures. The basis for the inventory
was RESIN’s Adaptations Options Library which contains more than 100 climate adaptation measures,
of which 23 concrete measures were selected (i.e. physical measures such as permeable pavement
but not awareness raising campaigns) and divided into six categories. Relevant standards were
charted using the available standardization database. Existing standards were scored according to
coverage (i.e. does the standard cover all relevant issues regarding quality and performance of the
measure?), status (i.e. is it a formal/informal national/international standard?), and societal relevance.
This resulted in a priority for developing standards.
For Category I (‘flood protection: dry- and wetproofing’), the key opportunity identified entailed
developing European standards for temporary flood barriers which establish performance
specifications (e.g. protection of up to at least 60 cm flood level and acceptable hourly leakage rate),
possibly using the British PAS 1188 as a template, since it has already proven to be effective in the
3

https://www.iso.org/standard/68508.html
https://ipcc.ch/report/ar5
5 www.ipcc.ch/report/ar4
6 https://www.iso.org/standard/68509.html
4
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UK. Coverage in standards for Category II (‘permanent flood measures’) could also be improved,
especially for floating construction which is currently only covered in a Dutch technical specification
(NTA 8111 ‘drijvende bouwwerken’ 2011). A translated higher status document could prove to be of
invaluable support to this burgeonuing sector, but due to rapid ongoing developments it may be
slightly premature to pursue a standardization trajectory at this point in time, so this category was
considered to be somewhat less urgent. In the near future though, floating construction forms a very
promising avenue for standardization efforts.
Several opportunities were identified for Category III (‘SuDS / infiltration techniques’), such as
developing general guidance for SuDS as a whole following BS8582 (2013) on surface water
management and relying especially on the authorative SuDS Manual (CIRIA, 2015). Furthermore, the
haphazard formal coverage for permeable pavement could be harmonized, and standards could be
developed for adaptation measures such as swales since cities expressed great interest in naturebased solutions due to their multifunctionality. They also pointed out the current stumbling blocks in
their implementation (which standards may help address), namely uncertainty regarding their
effectiveness and expected long-term performance, as well as ambiguous maintenance costs and
responsibilities.
For Category IV (‘cool materials’), a useful starting point could be to establish European testing
methods for solar reflectance along the lines of the existing American and Japanese standards for
reflective roof coatings. For Category V (‘energy systems and cooling’), dynamic façade systems may
require the revision or development of new standards, but many other relevant aspects are already
covered in detailed European building codes so this category was considered less urgent. Lastly,
Category VI (‘green infrastructure’) was identified as the highest priority area, offering great potential in
the field of urban climate resilience but currently only covered in formal standards to a very limited
extent. The key opportunity identified concerns the development of formal international standards for
green roofs, setting out a basic framework and performance specifications which would bring together
the various national standards on green roofs which have been developed in recent years (relying on
the highly authorative work of the German FLL (2018) on vegetative roof systems for technical
guidance).
Subsequently, for three adaptation measures key stakeholders were interviewed about needs:
 Green roofs: The stage appears to be ready for an international standardization track.
Several national standards have been developed in Europe over the past years but no
international standards exist yet.
 Temporary flood barriers: The existing BSI specifications for flood protection products have
already been proven to be effective in the UK and fulfil a valuable purpose in ensuring the
quality of products.
 Swales: Almost all of the city partners contacted expressed their interest in nature-based
solutions for climate adaptation such as swales. Standards could enhance the comparability of
swale designs and offer a clearer picture of their range of effectiveness.
The results of this inventory have been included in the Adaptation Options Library, so that a broad
range of users gets a clear view of both the measures and the available standards.
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Heritage
RESIN has shown the capability to address its issues into standardization. ICLEI and NEN will
continue to provide inputs into the standardization processes after RESIN’s end.
As regards ICLEI, this will happen through its liaison with ISO TC 268, the convenorship of the related
German Mirror Committee (NA 172-00-12AA), the delegation to CEN/CENELEC/ETSI Sector Forum
Smart and Sustainable Cities and Communities and the engagement in the German Mirror Committee
to ISO TC 207/SC7 (NA 172-00-13AA – here with particular view on climate adaptation). It remains
open, in how far future standardization activities on ‘urban resilience’ (e.g. under ISO TC 292) will offer
further options for engagement.
Also in the framework of Horizon 2020 a new climate adaptation related project called FORESEE (FOr
RESilient transport networks against Extreme Events 7) started on September 1, 2018 with Tecnalia, a
RESIN partner as coordinator, giving Fraunhofer a chance to continue the standardization work it
started in the RESIN project as part of the FORESEE task 8.4 on pre-standardization activities.
Is CCA related legislation a potential barrier for the widespread use of RESIN tools?
Based on the experiences from the RESIN city case studies and an analysis of specific state of the art
literature investigating legal and regulatory barriers and challenges to CCA, it can be stated that the
trends in EU and national climate adaptation strategies and policies are generally considered positive
for adopting RESIN tools. Also, the authors of this report expect that the fast and multiple activities in
CCA related international standardisation will create in the mid-term or long-term a positive ‘climate’
for adopting innovative tools that support the various CCA related activities.

7

https://ec.europa.eu/inea/en/horizon-2020/projects/h2020-transport/infrastructure/foresee
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International Organization for Standardization
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New Work Item Proposal
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Technical Committee
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1. Introduction
1.1. RESIN
The RESIN project develops standardised approaches to help city administrators, the operators of
urban infrastructure networks, and related stakeholders to develop their adaptation strategies and
ensure that their decisions strengthen the resilience of the whole city. A comprehensive approach is
taken by dealing with all elements of the urban system: critical infrastructures, built-up spaces and
public spaces, covering impact-and-vulnerability assessment, and the selection and implementation of
adaptation options.
Three main results of the RESIN project are:
-

-

decision support tools; the e-Guide
A decision support system has been developed to support decision makers in following a
standardised path towards the choice of appropriate and effective adaptation measures into
strategies tailored to the particular circumstances of a specific city.
A methodology, the impact and vulnerability analysis of vital infrastructures and built-up areas
(IVAVIA)
As one outcome of the RESIN co-creation process with the RESIN tier-1 cities, a standardized
methodology has been developed for conducting a risk-based process for assessing impacts
and vulnerabilities of urban areas and their infrastructure related to consequences of Climate
Change (CC), IVAVIA. This methodology was implemented by the four RESIN tier-1 cities.
IVAVIA (Impact and Vulnerability Analysis of Vital Infrastructures and built-up Areas) supports
the identification of entry points for adaptation measures and areas calling for priority actions.

-

a library of adaptation options
This catalogue of urban adaptation options (technical options as well as ecological and
behavioural/institutional ones) contains comparable information on costs, benefits and
effectiveness for various climatic and urban conditions.

1.2. The RESIN Project and Standardization
As a number of elements in the process of creating an urban adaptation strategy were difficult to
compare, such as vulnerability and risk assessments of different cities, or the effectiveness of
adaptation options, the RESIN project aimed at harmonising some of these elements. The results
provide input for both formal standardization (e.g. through ISO) and informal standardization. The
latter occurs when an influential international organisation takes up RESIN results and presents these
as a guideline or best practice to follow. This report focuses on the relations between RESIN and
formal standardization processes. However, RESIN results can play a role in informal standardization
as well, which has been pursued in the project by discussions with the Covenant of Mayors and the
European Environment Agency. Some further suggestions for informal standardization are given in
Chapter 8.3.
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Activities
In the RESIN project, possibilities have been explored and materials prepared to include adaptation in
international (ISO) and European (CEN-CENELEC) standardization processes. The importance of this
is that standardization stimulates the development of innovative marketable products (ranging from
analysis tools to adaptation products) and contribute to a faster distribution and broader diffusion of
the knowledge. Priorities were:
− Introducing standardized ways of performing urban climate change risk assessments (linked
to IVAVIA).
− Proposing new standard ways of communicating the cost and benefits (performance) for the
most used adaptation measures (linked to the adaptation options library).
− Proposing standard metrics for assessing the performance of similar adaptation measures,
applied under similar conditions (e.g. within similar urban contexts). This includes costs and
benefits for such measures under diverse local conditions, as well as proposing standard units
for expressing those costs and benefits (linked to the adaptations library).
− Standardised – and operational – ways to actually design and implement adaptation strategies
at the city level (linked to e-Guide).
− Contributing to standardization work in relevant fields, particularly through involvement in
national, European and international standardization processes and committees (especially on
the ISO-level).
Whereas standardization has been a driving force in various RESIN project activities, it has been
explicitly explored in the following tasks:
− assessing the feasibility of the standardization of methods and related certification possibilities
for climate resilient cities;
exploring
the opportunities and the obstacles for standardization, as well as;
−
− the potential benefits of standardization for developing and implementing methods for climate
resilient cities and infrastructures.

1.2.2 Approach
A very practical way to become involved in standardization was for the project to participate actively in
the relevant Climate Change Adaptation (CCA) standardization bodies and relevant Sustainable Cities
and Communities bodies. This allowed for the identification of strategic opportunities in these ongoing
standardization processes to bring in RESIN experience and know-how, with work package leader
NEN indicating key discussions, milestones and deadlines. To develop and strengthen the impact of
RESIN input, efforts were coordinated among the RESIN partners active in relevant international
standardization fora. These activities ensured sufficient coverage of the state of the art in impact and
vulnerability analysis and related standardization activities.
The findings of this report have been organized into the following sections. Chapter 2 provides
background information on standardization, and provides an overview of key European and global
standardization-activities in the field of CCA. Chapter 3 presents results on city needs for
standardization, based on the previously mentioned survey that was carried out. Chapter 4 describes
RESIN involvement in standardization activities, first international, with a focus on the ISO-level,
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followed by national standardization activities. Chapter 5 shows how standardization is part of the key
RESIN products (e-Guide, IVAVIA and adaptation options library). This chapter contains an extended
review of the current availability of standards related to adaptation options listed in the Library.
Chapter 6 shows the results of a RESIN study carried out regarding the possible role of certification in
CCA by cities. Chapter 7 explains how RESIN activities on standardization will be followed up after the
end of the project. Lastly, the final results and conclusions of this report are presented in Chapter 8.

12

2. Introduction to the role of standardization in
CCA
2.1. Standards
2.1.1 What is a standard?
According to the definition of the International Standardization Organisation ISO, a standard is “A
document that provides requirements, specifications, guidelines or characteristics that can be used
consistently to ensure that materials, products, processes and services are fit for their purpose”.
Standards are everywhere: they describe a broad range of products, processes and services. As such
standards provide the infrastructure of the global economy, providing clearness between suppliers,
purchasers and users. Key features of standards are that they promote coherence, facilitate the
sharing of best practices, enable knowledge transfer and translation across societal actors and as
such facilitate trade.

Fig. 1: Key features of standards: sharing best practices, enabling knowledge transfer and
facilitating trade
In principle, standards are voluntary. Stakeholders in society can freely decide upon whether or not to
use the standard.
Three major types of standards can be distinguished:
1. design and performance standards: these set structural specifications, and the outcome of
these specifications;
2. terminology standards: these clarify the meaning of specifications;
3. process and procedural standards: these specify processes carried out.

2.1.2 Process of developing standards
Standards are made in a process of communication between experts and stakeholders. As described
in ISO regulations, the process is based on consensus between stakeholders. As such the two key
principles are:
- all parties concerned.
The process of developing a particular standard must be open to all stakeholders that have an interest
in this standard.
- consensus in drafting
In the process, all participants should come to a consensus about the content of the standard ("no one
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to disagree").
As such standards acquire legitimacy through voluntary consensus standard setting.
Standards are developed by recognised national standards organisations, such as AENOR in Spain,
AFNOR in France, DIN in Germany, BSI in the United Kingdom and NEN in the Netherlands. The role
of these institutions is to facilitate the standardization process, taking care that rules and procedures
are being followed and generally providing support to participating stakeholders in navigating the
standardization landscape. The stakeholders are the ones that are responsible for the actual content
of standards, since the standardization institutes should remain impartial and do not have a stake in
the content.
After publication, standards are open for all users. Everyone has access to them. The payments for
purchasing a standard are meant to cover the costs for preparing them. Standardization institutes do
not work for profit.
While projects like RESIN usually run for 24, 36 or 42 months, the standardization process is a longerterm one. When for example looking at the work plan for ISO 14091 (see also fig. 2), one can see that:
•
•
•
•

the first idea to have this standard started in September 2015 at a ISO/TC2017 annual
meeting,
with a NWIP at the ISO/TC 207 annual meeting in Seoul in September 2016 as a German
initiative,
with a pre-issue working document in May 2017,
and the final standard not expected to be available until 2020.

One has to take this longer horizon into account when talking about and evaluating the impact that a
R&D project such as RESIN can have on international standardization. In principle, international
standardization and EU R&D projects are not in sync with each other. This means that there are only a
few opportunities during the span of an EU R&D project to have an impact on international
standardization. Identifying those opportunities far enough in advance is a challenging task.

14

Fig. 2: Example of standardization process: ISO 14091 Work plan (on vulnerability assessment
for adaptation to climate change).
The importance of standards is both related to their content, as well as to the process. Regarding the
content, practice is that standards transform ‘things’ as well as behaviour. They set 'the standard' for
activities and transactions, and describe the outcome of an essentially political process, with different
stakeholders and interests. As such they are the product of negotiation, and represent the ‘best
practice’.
It should be noted that apart from these 'formal' standards, a broad range of rules, guidelines, good
practices, etcetera does exist. For these it is not ensured that they are developed according to the
processes described above. Also, informal standards are not always 'open' for all actors. However,
these rules and guidelines are often input for formal standards.

2.1.3 Status and levels of standards
Standards are voluntary. However, they often have a strong position in the market, as stakeholders
may require from suppliers or users that they comply with particular standards. Standards also offer a
reliable ‘safety net’ of guidelines for people starting new projects, activities and endeavours.
In some cases laws and regulation can even directly refer to standards. On the EU level, several
standards are pointed out in legislation, as documents that provide a means for suppliers of products
or services that requirements in legislation are being met. These standards are called 'harmonised
standards', or h-EN standards. Also national legislation can refer to specific standards.
On the European level, the European Commission can ask standardization institutes to develop
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standards, via so-called mandates. Usually this is the case as standards are needed for the
implementation of European policy goals and/or European legislation.
This position of standards in between legislation and specifications is shown in the figure below.

Fig. 3: Status of standards in the framework of legislation and voluntary agreements.

Levels of standards
On the European continent, three levels of standards can be distinguished: global, European and
national.
Global standards are prepared by ISO, the International Standardization Organisation, or IEC, the
International Electrotechnical Committee. ISO and IEC are located in Geneva, Switzerland. In ISO and
IEC, national standardization committees participate. The standards are developed in standardization
committees. These standards are called ISO or IEC standards.
On the European level, standards are developed by CEN and CENELEC (electrotechnical). As on the
ISO/IEC level, CEN/CENELEC are steered by the connected national institutions. CEN/CENELEC is
located in Brussels, Belgium. The standards are developed by CEN/CENELEC standardization
committees, and are called EN standards.
Lastly, there are national standards. These are prepared by national standardization institutes, such
as DIN in Germany, and NEN in the Netherlands. National standards can be the basis for European
and global standards. Very often, there are national mirror committees handling the European and
global standards. Also a specific link exists between European and global standards through the
Vienna agreement. This has the purpose of aligning the development of standards on the two levels.
The structure is illustrated by the figure below:

16

Fig. 4: Structure of standards in relation to legislation, on global, European and national level.
In the opinion of the European Commission, standardization is a powerful and strategic tool for
improving the efficiency of European policies. According to the Commission standards can influence
most areas of public concern such as the competitiveness of industry, the functioning of the Single
Market, the protection of the environment and of human health, not to forget the enhancement of
innovation. Standardization supports the Europe 2020 Strategy for smart, sustainable and inclusive
growth and respective Commission flagship initiatives (DG Growth, 2018).

2.2. Certification
In relation to standards, certificates are used in the market. These prove that a certain process or
product does comply with the key elements of a standard. Certification is carried out by certification
institutes or companies. Usually a so-called certification scheme is used for this process. The
certification scheme is based on the standard, and specifies the criteria that a product or process has
to meet, in order to be in line with the standard. Certification is a business (a commercial activity) and
generally does not belong to the work area of standardization organisations.

2.3. Standardization in climate change adaptation (CCA): state
of the art
2.3.1 introduction
Adaptation to climate change involves complex processes of change. This applies both to products
and processes. For these complex changes objective, transparent and universal frameworks or
recommended practices will be of critical importance. As such, standards can play an important role.

RESIN: Task 5.1 – Concept Note
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In the European strategy for CCA three priorities have been set, with eight actions 8. Standards play a
critical role Action #7 'making infrastructures more resilient'. In the framework of this action a mandate
has been launched, with the objective to revise standards in three sectors of infrastructures: building/
construction, transport, and energy/ICT.
At present, in the European and global arenas, various developments are going on in standardizing
climate change adaptation. In this Chapter an overview is given of four developments to which RESIN
has contributed to standardization:
1. a set of standards for processes and procedures, in development at ISO-level (global);
2. revision of EN 9-standards for infrastructures, as part of the European mandate;
3. investigation of needs for standardization for identified adaptation measures (following the
adaptation library);
4. investigation of needs for future climate data.
5.
These developments are described in more detail in the text below. Specific Resin involvement is
further described in Chapter 4.

2.3.2 Process and procedural standards: five ISO standards in development
At the ISO level five standards are in development, which provide guidance for inclusion of climate
change adaptation in decision making processes. Elements of this are: general principles and
guidance, guidance for local communities and cities, financial impact, vulnerability assessment and
indicators. The five ISO-standards are:

8
9

•

ISO/AWI 14090. This is a high-level framework standard, intended to provide principles,
requirements and guidance for activities relating to adaptation to climate change including
general, high-level guidance on the integration of adaptation within or across organisations,
understanding vulnerabilities and uncertainties.

•

ISO/AWI 14091 Climate Change Adaptation - A guidance to Vulnerability Assessment.
This International Standard will provide guidance for assessing the risks related to the impacts
of climate change. It will describe how to understand vulnerability and how to develop and
implement a sound risk assessment and is applicable for assessing both present and future
climate change risks. The standard is targeted at all kind of organizations to support their
efforts in enhancing climate change adaption planning and can be used by any planning
entity.

•

ISO/AWI TS 14092 Requirements & guidance of adaptation planning for organizations
including local governments and communities. This standard will specific requirements
and guidance on the adaptation planning for organizations. It supports local governments and

https://ec.europa.eu/clima/policies/adaptation/what_en
EN: European Standard maintained by the European Committee for Standardization (CEN).
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communities to be able to analyse climate vulnerability and adaptive capacity, set priorities
with stakeholders involved, and develop the adaptation planning iteratively updating.
•

ISO/NP 14097 Framework and principles for assessing and reporting investments and
financing activities related to climate change. This international standard specifies a
general framework, including principles, requirements and guidance for assessing and
reporting investments and financing activities related to climate change.

•

ISO/WD 37123 Sustainable Development in Cities and Communities - Indicators for
Resilient Cities. This International Standard defines and establishes definitions and
methodologies for a set of indicators on resilience in cities. These help cities to:
1. measure and manage the hazards and disaster effects in cities;
2. learn from one another by allowing comparison across a wide range of performance
measures; and;
3. share best practices.

Furthermore, climate change is relevant in the following process standards:
− ISO/TR 22370, Security and resilience - Framework and principles for urban resilience
− ISO 14050 (WD2) terms and generic definitions representing the concepts used in the
ISO 14000 family of standards related to environmental management.
Communication is important in the implementation and operation of environmental
management systems. This communication will be most effective if there is a common
understanding of the terms used. This document is intended above all to provide standards
developers with the most generic definitions related to the concepts in use in the field of
environmental management.
The RESIN contribution to the development of these standards is further described in Chapter 4.

2.3.3 Inclusion of CCA in standards for infrastructures
As indicated increasing resilience of 'key infrastructures' to the effects of a changing climate is a
priority in Europe's CCA strategy. Standards are considered an important mean to achieve this
objective, as they define the design and maintenance of infrastructures, also regarding extreme
weather events (e.g. storm, rain, snow). It is common practise across Europe that contracts and
engineering specifications refer to standards. A specific category of infrastructure standards are the
Eurocodes, which specify the safety of construction works. Eurocodes are harmonised standards,
meaning that they have a legal status 10. In many cases infrastructures have long life-times, meaning
that during their lifetime they will face a changing climate. However most existing standards refer to
historical data about climate.
In 2014, the EC requested CEN/CENELEC to contribute to building and maintaining a more climate
resilient infrastructure throughout the EU by examining standards in priority sectors:
– Transport infrastructure;
10

Eurocodes refer to national Annexes for the climate data to be used in assessing the constructive
safety. At present, these annexes refer to historical climate data..
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– Energy infrastructure;
– Buildings/ construction.
Since then standards in the telecommunication (ETSI) and ICT (CENELEC) have been added.
In the first phase of this project 13 Standards have been identified as candidates for revision, and the
intention has been expressed to develop one new standard. In the second phase 2, which started in
2018, Technical Committees (TCs) will revise these priority standards to represent best practice in
adaptation and resilience. Table 1 below shows the selected standards.
Within the framework of this mandate a guide for inclusion of climate change into standards has also
been developed. This CEN Guide 32 provides a structured approach for inclusion of CCA in various
types of standards 11.

11

CEN-CENELEC Guide 32: Guide for addressing climate change adaptation in standards (2016).
Available at: https://www.cencenelec.eu/standards/Guides/Pages/default.aspx
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TC
(technical
committee)

Standard

Standard Title

building sector
Hygrothermal performance of buildings – Calculation and presentation of climatic data

CEN TC 89 /
ISO TC 163

EN ISO 15927 1-6

CEN TC 156

FprEN 16798-1 and -Energy performance of buildings - Part 1: Indoor environmental input parameters for design
and assessment of energy performance of buildings addressing indoor air quality, thermal
3; -2 and -4
environment, lighting and acoustics - Module M1-6. Part 3: Ventilation for non-residential
buildings - Performance requirements for ventilation and room-conditioning

CEN TC 350

EN 16309

Sustainability of construction works. Assessment of social performance of buildings.
Calculation methodology

CEN TC 371

EN ISO 52000-1

Energy performance of buildings - Overall energy use and definition of energy ratings

CEN TC 350

NEW

Climate resiliency of construction works

CEN TC 234

EN 16348

Gas infrastructure. Safety Management System (SMS) for gas transmission infrastructure
and Pipeline Integrity Management System (PIMS) for gas transmission pipelines. Functional
requirements

CEN TC 234

EN 15399

Gas infrastructure. Safety Management Systems for gas networks with maximum operating
pressure up to and including 16 bar

CEN TC 282

EN 1473

Installation and Equipment for LNG – Design of Onshore Installations

EN 50600-2-3 and
50600-2-5

Information technology. Data centre facilities and infrastructures - Part 2-3: Environmental
control; part 2-5: security systems

CEN TC 104

EN 206

Concrete Specification, performance, production and conformity

CEN TC 256 #]

EN 15723

Closing and locking devices for payload protecting devices against environmental influences Requirements for durability, operation, indication, maintenance, recycling

CLC TC 9X #]

EN 50125-1, -2 and - Railway applications - Environmental conditions for equipment Part 1: Equipment on board rolling stock
3

energy sector

ICT infrastructures
CLC TC 215

transport sector

Part 2: Fixed electrical installations
Part 3: Equipment for signalling and telecommunications

CEN/TC 274

EN 1915-1 and 1915-2 Aircraft ground support equipment

Telecommunications sector
ETSI

EN 300 019-x-y series Environmental conditions and environmental tests for telecommunications equipment

Table 1: Standards for infrastructures that will be revised in the framework of the EC mandate.
Tailored guidance and vulnerability assessment.
Based on the experiences with the 13 pioneers, tailored guidance will be developed for other TCs. A
key issue in this will be dealing with uncertainties about future climate, and vulnerability assessment
will be included as a tool to deal with this. In this process, references will be made to the ISO 14091
(to which IVAVIA contributed), and insights from IVAVIA will be used (Paragraph 4.1). Also, it is
expected that references will be made to specific adaptation measures, as defined in the RESINlibrary (Paragraph 4.2).
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Eurocodes
It should be noted that in addition to these on-going developments, standardization in the light of a
changing climate could also be relevant for other sets of standards. In this respect specific attention
should be paid at the Eurocodes.
Across Europe, construction works are built according to European standards. These define the
constructive safety, which is closely related to weather conditions.

2.3.4 Standardization of adaptation measures.
In the Resin ' library of adaptation options', a range of measures for urban climate change adaptation
has been identified. As part of the RESIN standardization research, a thorough investigation has been
made of existing standards for these measures. Results of the work carried out are presented in
Paragraph 5.3. The information on the availability of standards for adaptation measures has been
consequently added in the Library of Adaptation options.

2.3.5. Climate data
Regarding climate change, an issue area for standardization is also the climate data. At present most
standards refer to historical data, rather than to projections of the future climate. These projections are
becoming more and more available. A central party in this is Copernicus Climate Change Services.
This European institute has the objective to provide validated, trustworthy data about the future climate
in Europe which contribute to increasing resilience. As such C3S has asked the Netherlands
standardization institute to investigate needs for climate data among writers and users of standard for
infrastructures.
The survey 12, with a high level of responses (response rate of 65%) made clear which climate
information is needed by writers of standards. Specifically information about the extremes is needed.
Participants of the RESIN project contributed actively to the survey, and RESIN expertise on needed
data for resilience of cities is included in the final result.

12

See https://www.nen.nl/Standardization/Adaptation-to-Climate-Change/Copernicus-project.htm
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3. City viewpoints on standardization for CCA
The following section summarises the actions taken in order to gain a greater understanding of how
standardization in the field of climate change adaptation (CCA) is perceived by cities. It seeks to
highlight the potential stumbling blocks and opportunities that standardised methods can offer
practitioners in the field of urban climate resilience. It does so largely on the basis of the earlier RESIN
report D5.3 ‘City viewpoints on standardization’ (Baas & de Jong, 2017). In order to assess the
feasibility of standardised methods in improving a city’s climate resilience (CR), a survey ('survey'
throughout) was conducted as part of the D5.3 report. The survey provided insight into the feasibility of
standardized methods for climate resilient cities and infrastructures and it informed the RESIN
partners on current, previous or planned efforts or considerations in this direction. The questions in the
survey gave the selected target groups the opportunity to provide information based on their
knowledge and experience and explain the ways they perceive issues regarding the use of
standardized processes in urban adaptation and resilience. City representatives were asked to share
their insights deriving from the use of instruments, tools and measures that aim at enhancing climate
resilience of cities and more specifically the role of formal and informal standards within these
activities.
The survey focussed on the RESIN core themes (i.e. impact and vulnerability analysis, prioritizing and
selecting adaptation options, decision support tools), as well as the priority sectors identified in the EU
Adaptation Strategy (i.e. transport infrastructure, energy infrastructure, buildings/construction).

3.1. Consultation of stakeholders
Conducting the survey consisted of launching an electronic survey to three selected target groups and
making additional telephone interviews with members of target groups if necessary. The survey was
conducted during the period December 2016-February 2017.
The following main questions were asked to all target groups:
I.
II.
III.

How do you define 'CCA' and 'resilience to climate change'?
Is there a need for standardization of approaches regarding the enhancement of CR and
adaptation? If yes, what are the main reasons?
What are/would be the main benefits for cities making use of (formal or informal)
standards regarding methods to enhance urban CR (e.g. awareness
raising, behaviour changes, increased transparency etc.)?

The survey was targeted at the following groups:
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1. National standardization bodies (NSBs) 13, with the aim of providing insight into the current
standardization developments in the field of CCA in order to enhance a connection with the
outcome of RESIN.
2. Institutions, organisations or companies involved in the development of informal
standards 14, with the aim of providing insight into the current achievements in the field of CCA in
order to enhance a connection with the outcome of RESIN including a possible stretch to formal
standardization.
3. City representatives of the RESIN City Partners and all RESIN tier 2 cities 15, with the aim to gain
insight into past, current and future policy of European city managers regarding the use of
instruments/measures related to the aim of increasing the resilience of cities to climate changes,
and more specifically the role of (in)formal standards in those instruments/measures.

3.2. Results of the consultation
In total, 39 representatives were contacted across the three target groups, with over half providing
feedback (Baas & de Jong, 2017). However, the response rate was unbalanced, with over 70 percent
of NSB and city representatives offering some feedback, whereas no response was received from any
of the targeted group of ‘institutions, organisations or companies involved in the development of
informal standards’ (nor in subsequent follow-up attempts). Therefore this survey does not offer a
basis for extrapolations related to this particular group.
One of the most striking results of the consultation concerns the level of awareness amongst
respondents about the availability of standards regarding resilient cities and infrastructures (as seen in
the figure below).

13

The NSBs of the RESIN City partners are UNE (former AENOR) (Spain), UNMS (Slovakia), BSI
(UK) and AFNOR (France). Adding SIS (Sweden), DIN (Germany) and NEN (The Netherlands) to this
target group generated a more geographical wide spread view.
14

CSTB, CERTIVEA, CEREMA, AB Certification, Bureau Veritas Certification France, Forestry
commission in the UK, Federal Emergency Management Agency, The Government of Hong Kong,
Southampton city council and National Fire Protection Association.
15 Zadar (Croatia); Gent (Belgium); Padova (Italy); Sfantu George (Romania); Vilnius (Lithuania);
Almada (Portugal); Alba (Italy); Athens (Greece); Warsaw (Poland); London (UK); Lahti (Finland);
Newcastle (UK); Burgas (Bulgaria); Strasbourg (France); Radom (Poland); Rejkjiavic (Iceland);
Nijmegen (The Netherlands).
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Fig. 5: Level of information about the availability of standards with regard to resilient cities and
infrastructure (Baas & de Jong, 2017).
Most of the respondents are not aware of any information about the availability of standards with
regard to resilient cities and infrastructure. The rest that did respond in a positive way, assesses the
availability of the information on merely a low or zero level. This points to a key issue to be addressed,
namely limited awareness of standards relevant to urban climate resilience. Standardized approaches
to climate change adaptation and city resilience appears to be more often exception than the rule. The
many “don’t know” or “no” answers to the questions are a sign of both the absence of applicable
standards and/or lack of knowledge on their existence.
Secondly, in response to a question about whether there is a need for standardization regarding
climate resilience (and if so, for what reason), the majority responded affirmatively.

Fig. 6: Standardization need for climate adaptation and resilience (Baas & de Jong, 2017).
The alignment of key terms and definitions was most frequently offered as an area where
standardization was necessary and feasible. However, this was outnumbered by the response of
those offering no specific reason, perhaps hinting at a lack of knowledge about the specific uses of
standards. Moreover, this generally positive reply captured some rather contradicting views. Whereas
several respondents gave the ‘easy, fast and cheap adoption of locally developed and comparable
strategies/plans’ as their main reason, those who had responded negatively unanimously answered so
for the reason that each city has its own characteristic challenges which cannot be covered by
European-wide standards.
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Regarding the perceived benefits for cities in using standards (either formal or informal) related to
urban climate resilience, the main benefits identified were the improvement of common understanding,
the opportunity of sharing knowledge and the effect of raising awareness about the urgency to take
steps in adapting to climate changes. However, it should be noted that the total response rate for this
particular question was quite low (at 38%). Undermining these perceived benefits, the main challenge
cities see in using standards is the fact that every city has its own characteristics, and therefore its
specific problems and needs (Additionally, towards the south of Europe more interviewees mention
lack of resources or political commitment and complex political and regulatory frameworks).
This touches upon an important consideration, namely how an understanding of diversity across
contexts appears to be important for standardization. At first glance, this might seem like a
contradiction in terms, since standards are most often developed as "one size fits all" solutions.
However, standardization processes should also take into account and provide advice on the need to
adapt the application of standards into different socio-economic, cultural or political contexts,
especially when introducing standards that are applicable in cities, regions or communities. By
demonstrating how standardised approaches can adequately represent this diversity, the perceived
applicability of climate resilience standards could be enhanced and potentially improve awareness
thereof amongst urban practitioners.
Therefore, in addition to the previously noted general lack of awareness amongst city representatives
about whether there are any initiatives regarding standardization and climate resilience, a second
relatively grey area would seem to concern knowledge about the extent to which urban practitioners
would actually be able to benefit from standardized approaches to climate resilience.
Other findings of the survey concern the general climate threats which cities indicated as being of the
greatest importance, namely: heat waves, pluvial and fluvial flooding, and the increase of the number
and intensity of storms. When cities were asked to consider future priorities regarding climate
resilience in their cities, the respondents in the survey identified the following key areas (as seen in the
figure below) where they believed standardized methods would be most helpful.
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Fig. 7: Priority subjects for standardized methods mentioned by respondents (Baas & de Jong,
2017).
This points to urban infrastructure, adaptation plans and nature-based solutions as areas where cities
already perceive standardized measures to be particularly helpful and thus useful starting points to
consider for further standardization.
According to the target groups there is a need for standardization of approaches regarding the
enhancement of climate resilience and adaptation. However, at the moment this is often not done
through the National Standardization Bodies. Most of the identified adaption measures currently are
local plans, but the NSB’s could in future be a suitable platform for such planning.
Many cities, after following widely accepted and advertised agreements and frameworks, such as the
new Covenant of Mayors for Climate and Energy, have committed to update existing or create new,
integrated city adaptation plans. Other activities in the field are connected with participation in EU
funded or co-funded projects or include/mention partially adaptation planning in action and master
plans focusing on other sectors.
Smaller size cities became familiar with the use of standards mainly through their involvement in EU
projects. Finally, cities of the European South exchange information with other cities at city (local),
regional and national level, but do not seem to follow standardized approaches.
According to the results from the survey of D5.3 (Baas & de Jong, 2017), based both on what was
explicitly mentioned as well as what cities failed to mention or did not know, there would appear to be
a need for standardization of approaches regarding the enhancement of climate resilience and
adaptation. Half of the respondents said that an adaptation strategy or plan specifically for their city
has not yet been developed. In cases where cities had implemented adaptation measures, these
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appeared to be merely part of a broader national or European adaptation strategy, or carried out on an
ad hoc basis without a specific local plan. In cases where strategies are not used, standardised
approaches could help cities achieve an easy, fast and cheap adaption of locally developed and
comparable strategies/plans and to align terminology. Though cities have different characteristics and
needs, it seems that certain topics are relevant across the board. The majority of respondents
mentioned several common climate threats they considered to be the most important, namely an
increase in heatwaves, an increase in pluvial and fluvial flooding, and an increase in the number and
intensity of storms.
It would seem to be of great value to develop standardized approaches to support cities in tackling
such common threats (while leaving room for diverse solutions befitting their specific local context.
However, as mentioned the route to standardization is often not found. It would benefit cities to
collaborate on such matters. An example illustrating the benefits of such collaboration is one NSB
which has a cities standards institute, a joint initiative of the NSB and Future Cities Catapult which
brings together cities and key industry leaders and innovators to work together in identifying the
challenges facing cities, providing solutions to common problems and defining the future of smart city
standards.
In summation, the results of the survey point to one of the foremost issues encountered, namely the
lack of awareness amongst urban practitioners regarding standardization in the field of urban climate
resilience. Since this group is the target audience for standardised approaches to urban climate
adaptation, it must be engaged more thoroughly.
Cities are currently not easily drawn towards standardization, partly stemming from either an
unfamiliarity with the process or the belief that it is not particularly relevant at the urban level. For
many of them, it is not always clear what the benefits of standardization entail. Some do acknowledge
the valuable role standards can play in underwriting quality and performance specifications when cities
set out tenders for adaptation measures. However, even amongst those who do consider it to be a
potentially useful resource, different reasons are still expressed regarding their own currently limited
usage of standards. In some cases, standards are perceived as being not easily accessible or
requiring a high level of technical expertise. Others state that the local authorities may lack the
capacity to go through what is perceived as a vast array of standards to find the information that is
relevant to them. As such, in many cases standardization remains a rather abstract or distant notion.
Moreover many cities have indicated that each city has its own characteristic challenges which cannot
be covered by CEN standards or other formal standards. Such perceived barriers may unnecessarily
limit participation and access to useful resources, and should be taken into consideration.
Firstly, the benefits of standardised approaches should be made clearer. The use of standards at city
level may foster collaboration across silos and between sectors and advance coordinated action
between security sectors, public services/administration and planning departments to establish
priorities and potential future challenges. Although there is certainly great diversity in the specific local
contexts for climate adaptation, it should be emphasized that this diversity does not preclude
standardised approaches from being useful tools for sharing best practices, establishing performance
specifications, aligning terminology or defining indicators and effective responses to common threats.
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Sharing best practices on the use of standards at the city level, even through networks that have other
objectives like city twinning, can ensure that city representatives from smaller cities can be brought up
to speed with current development on standards which are most relevant for cities, like ISO 37120 that
recommends a selection of indicators for local reporting on life-quality and sustainability or ISO 37150
on smart urban infrastructures.
ISO TC268 is also currently developing standards for indicators for resilient cities (ISO37123) and
indicators for smart cities (ISO37122). Through the lens of the RESIN project, such standards could
also form the vehicle for further dissemination of useful research results to practitioners in the field of
urban climate adaptation. The introduction of approaches developed within RESIN to these working
groups (especially with consideration to standards currently under development), would make the
research results available to a wider public and ensure alignment of similar adaptation and resilience
initiatives.
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4. RESIN involvement in Standardization
activities
4.1. ISO standards
Several ISO standards have been identified to be relevant for the work of RESIN. In order to influence
these standards NEN, ICLEI and Fraunhofer have taken up active roles in the subsequent ISO
committees. Two major results of bringing the RESIN-based input and experience to these working
groups is that ISO 14091 (Adaptation to Climate Change – Vulnerability, impacts and risk assessment)
exists (started as a NWIP) and that ISO 14091 and ISO 14092 (Adaptation to climate change —
Requirements and guidance on adaptation planning for organizations including local governments and
communities) are based on the risk concept in the 5th assessment report of the IPCC now. This
paragraph describes first the activities carried out by RESIN-partners, and then per ISO-standard the
results.

4.1.1 ISO-Activities of RESIN-partners
NEN
NEN has on behalf of RESIN acted as liaison-officer with two ISO/TC’s, contributing to three working
groups;
− ISO/TC 268/WG 1 “Sustainable cities and communities
o WG1 "Management System Standards”
o WG 2 City indicators”
− ISO/TC 207/SC 7 “Environmental management - Greenhouse gas management and related
activities”
The position of liaison-officer enabled NEN on behalf of RESIN:
− to participate in the relevant ISO meetings;
− to have access to the related documents and to research and evaluate the state of the art in
best practices and standardization efforts in the field of (climate change impact and
vulnerability analysis.
− to feed results into on-going relevant international standardization activities.
Fraunhofer
Fraunhofer is member of the German DIN mirror committee for ISO/TC 207/SC 7 “Greenhouse gas
management and related activities”. The German DIN committee mirrors and leads international
standardization activities of ISO technical committee ISO/TC 207/SC 7. In particular, Fraunhofer did
participate in the works of the following standardization bodies since 2016:
− DIN NA 172: DIN-Normenausschuss Grundlagen des Umweltschutzes (NAGUS) / DIN
Standards Committee Principles of Environmental Protection
− DIN NA 172-00-13 AA: Anpassung an die Folgen des Klimawandels / Adaptation to the
Consequences of Climate Change
− ISO/TC 207/TCG: Terminology Coordination Group (ISO 14050)
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−
−
−

ISO/TC 207/SC7(Greenhouse gas management and related activities)
WG 12 Editing Task Force Member (ISO 14092)
DIN NA 172 BR-04 SO Sonderausschuss Umweltmanagement – Terminologie/ /
Environmental Management – Vocabulary.
By their participation as technical experts in these committees, Fraunhofer brought the input and
experiences from the RESIN project directly to the international level. Inputs consisted in particular of
insights into the stepwise development of a vulnerability and risk assessment, and its conceptual
basis.
ICLEI
ICLEI’s involvement in national, European and International standardization processes and
committees started in 2012; the organization has direct involvement with the German standardization
institute DIN.
ICLEI holds the convenorship of the German Mirror Committee to ISO TC268 Sustainable Cities and
Communities (DIN NA 172-00-12AA), is delegated to various Working groups under TC 268 as well as
to CEN/CENELEC/ETSI Sector Forum Smart and Sustainable Cities and Communities, which views
ISO standards developed under TC 268 in regard of transfer into European standardization. In all
bodies mentioned above, ICLEI has regularly updated all bodies mentioned above about
developments and standardization options generated in RESIN and established links to their members
(not at least by suggesting a member of the above as member to the RESIN advisory board). ICLEI
has generated various opportunities for RESIN representatives – and in particular the RESIN liaison
officer – to present standardization relevant RESIN outcomes in plenary and working group meetings
of ISO TC 268, e.g. as part of its responsibility for organisation and programme development of the
ISO TC 268 plenary meeting at DIN, Berlin, 30.05. 2017 – 02.06.2017. Besides, ICLEI has used its
role as co-author for particular consideration of RESIN in
−
−

ISO 37101 Sustainable Development of Communities – Management System Standard
ISO 37104 Sustainable Development of Communities – Guidance for implementation in cities

In addition, ICLEI has contributed to other standardization activities under TC 268 through personal
participation in relevant WG meetings and commenting, considering particular RESIN experiences and
results both related to the resilience management process and indicators for resilience as developed
and piloted in RESIN. Standardization processes addressed include:
−
−
−
−

ISO 37106 Sustainable Cities and Communities – Guide to establishing smart city operating
models for sustainable communities
ISO 37120 City Indicators
ISO 37122 Smart City Indicators
ISO 37123 Resilient City Indicators

Also, ICLEI engaged in the German Mirror Committee to ISO TC 207/SC7 (NA 172-00-13AA –
Adaptation to the Consequences of Climate Change). In particular, its commenting on drafts of ISO
14090, ISO 14091, ISO 14092 were driven by RESIN results with the perspective to both ensure a
high-quality the scientific basis of the above mentioned standards and align them with RESIN
outcomes.
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It remains open, in how far future standardization activities on ‘urban resilience’ (e.g. under ISO TC
292) will offer further options for engagement. In the above capacity.
Beyond engagement in standardization, ICLEI has provided platforms for and contributed in events
addressing needs of cities with regard to standards for urban resilience and climate adaptation
throughout the project’s lifetime, including at the European Sustainable Cities and Towns Conference
2016 in Bilbao, Resilient Cities Conferences (2016-2018), Open European Day @ Resilient Cities
(2016-2018), Metropolitan Solutions 2016, and ‘Cities and Standards’ 2017 organized by
CEN/CENELEC/ETSI SF Smart and Sustainable Cities and Communities. These events aimed at
facilitating the general debate on benefits of standards for urban resilience for cities and other actors
and the relevance for including cities’ perspectives - as key users – in related standardization
activities, which at the outset of RESIN was not a very common perspective in European and
International standardization.

4.1.2 RESIN-Input per ISO-standard
ISO 14091: Adaptation to climate change – Vulnerability, impacts and risk assessment
As described in par. 2.3.2 this International Standard provides a basic guidance for conducting a
vulnerability assessment (VA) regarding the impacts of climate change. ISO 14091 is under
construction at present with a deadline to be published in April/ May 2020. As such, there is an overlap
between ISO 14091 and work package 2 of the RESIN project. As set out in its current draft, ISO
14091 is of a somewhat more general character than the IVAVIA method as its applicability is intended
to be wider than just urban settings. However, at its core the steps to be undertaken are similar to
those within IVAVIA.
This forthcoming standard will consist of four parts: Concept of risk assessment; Preparing a risk
assessment; Executing a risk assessment; Reporting a risk assessment. The concept part proposes
vulnerability as ‘risk with adaptation’ and uses a simplified scheme derived from RESIN’s climate risk
assessment scheme. As a result of the Fraunhofer RESIN-based input, IPCC AR 5 (2014) was taken
as the basic risk and vulnerability assessment scheme for ISO 14091. The relationship of the main
components of the risk concept in ISO 14091 is also a result of discussions with Fraunhofer on the
vulnerability and risk assessment developed in the RESIN IVAVIA methodology. On Fraunhofer's
initiative the convenor of ISO 14091 could be convinced to base ISO 14091 on IPCC AR 5 as opposed
to IPCC AR 4 (2007) which was the original plan. The impact of this switch is discussed in an annex of
the committee draft. 16
In the Fourth Assessment Report of the IPCC (AR 4) from 2007, vulnerability is a core concept that
describes the degree to which a natural or social system is susceptible to, and unable to cope with,
adverse effects of climate change. However, in the latest Fifth Assessment Report (AR5) of the IPCC
Working Group II (WGII), this concept has been replaced by the concept of risk of climate change
impacts. This risk concept has been adopted from the approach and practices of risk assessment in
the disaster risk reduction community. By embracing the risk concept, the IPCC

16

Committee Draft ISO 14091 (Aug 2018) Annex C ‘Linking vulnerability and risk management
concepts — Change of the conceptual framework between IPCC AR4 and IPCC AR5’.
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•
•
•

accounts for the fact that a large proportion of interrelated impacts are triggered by hazardous
events, which is more appropriately addressed by the risk concept;
encourages the climate research community to strengthen its efforts to determine the
likelihoods of potential consequences as part of the risk assessment;
contributes to an integration of the two research realms of climate change adaptation (CCA)
and disaster risk reduction (DRR).

The AR5 risk concept focuses on assessing the risk of climate-related impacts that may harm a
system. Risk is described as result of the interaction of vulnerability, exposure, and hazard (in the
same manner in which it is taken up in IVAVIA). The vulnerability of a system is now only one
component of the risk that may increase or decrease the potential consequences of a hazard. 17
ISO 14092: Requirements and guidance on adaptation planning for organizations including local
governments and communities
This standard specifies requirements and guidance on the adaptation planning for organizations. This
standard supports local governments and communities to be able to analyse climate vulnerability and
adaptive capacity, set priorities with stakeholders involved, and develop the adaptation planning
iteratively updating.
ISO 14092 is under construction at present with a deadline to be published in 2021. This forthcoming
standard specifies requirements and guidance on the adaptation planning for organizations. It
supports local governments and communities to be able to analyse climate vulnerability and adaptive
capacity, set priorities with stakeholders involved, and develop the adaptation planning iteratively
updating.
Fraunhofer is a member of the ISO 14092 drafting team. Also, here it was possible to make ISO 14092
based on IPCC AR 5. As a member of the DIN committees mentioned, Fraunhofer consulted on ISO
14092 bringing the RESIN background and experiences into this standard. In addition, Fraunhofer is a
member of the international drafting team for ISO 14092. Also here, the convenors of ISO 14092 could
be convinced to base ISO 14092 on IPCC AR 5.
For WD2, a step-wise approach to Adaptation Planning was proposed for ISO 14092, based on the
procedures and experiences developed in the RESIN WP 5.

17

https://www.adaptationcommunity.net/vulnerability-assessment/
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Table 2: RESIN input for ISO 14092 WD2 (marked in red).
ISO 14050: Environmental Management - Vocabulary
ISO 14050 contains terms and generic definitions representing the concepts used in the ISO 14000
series of standards related to environmental management.
Communication is important in the implementation and operation of environmental management
systems. This communication will be most effective if there is a common understanding of the terms
used in all the documents developed within the different sectors covered by the ISO/TC207.
This document is intended above all to provide standards developers with the most generic definitions
related to the concepts in use in the field of environmental management. It is also expected that the
document will be used by standards users to clearly understand environmental management concepts
represented by harmonized terms and definitions.
This fourth edition cancels and replaces the third edition (ISO 14050:2009), which has been
technically revised. Fraunhofer is a member of the ISO/TC 207/TCG (Terminology coordination group)
itself being in charge of rewriting ISO 14050. Fraunhofer is also a founding member of the respective
mirror committee at the German DIN. Proposals were made to bring definitions of the RESIN glossary
to the new ISO 14050.
The RESIN Glossary (WP1) outlines the definitions for various terms that are employed throughout the
RESIN project. The definitions stem directly from RESIN’s State of the Art reports (Deliverable 1.1)
with some minor modifications to harmonize with the Intergovernmental Panel on Climate Change
(IPCC) definitions outlined in their most recent assessment report (AR5) (IPCC 2014a). This
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deliverable is strongly linked to the RESIN Conceptual Framework (Carter & Connelly, 2016). In a
similar activity, ISO is building a environmental management vocabulary in ISO 14050. As a member
of the respective DIN committees, Fraunhofer was nominated by DIN to become a member of the DIN
mirror committee working on ISO 14050. So, Fraunhofer continues to bring the definitions of RESIN to
ISO 14050 and the definitions of ISO 14050 to the RESIN vocabulary, as it remains part of the DIN
mirror committee after the end of RESIN.
However, without a representative in the meetings to defend the proposals, most of them were
rejected. This demonstrates the importance of attending meetings in order to defend comments in
person (see chapter 8.1).
ISO 37101 Sustainable Development in Cities and Communities – Management System Standard
The standard presents a management system standard for sustainable development in communities.
It includes a fully-fleshed description of a management system for public organisation. At its core, the
standard elaborates the grid for a sustainable development programme alongside 6 purposes for
sustainable development in communities – with resilience being one of them – and 12 issues – with
climate adaptation and resilient infrastructures being addressed.
ICLEI, as a member to ISO TC 268/WG 1 was deeply involved in the development of the standard and
included approach and – as far as possible – experiences from RESIN in the working draft of the
standard, eventually ensuring congruence with the RESIN adaptation management approach as
summarised in the e-guide. The standard has been published in July 2016.
ISO 37104 Sustainable Development in Cities and Communities – Guidance for implementation in
cities
The Guidance supports cities – as a particularly relevant ‘community’ – in the application of the ISO
371xx family with a particular view on ISO 37101.
As member of the drafting group, ICLEI was deeply involved in the development of the standard and
included approach and experiences from RESIN in the working drafts of the standard, eventually
ensuring congruence with the RESIN adaptation management approach as summarised in the eguide. The standard is expected to be published end 2018 or early 2019.
ISO 37106 Sustainable Development in Cities and Communities - Guide to establishing smart city
operating models for sustainable communities
The Guidance supports cities in establishing smart city operating models in support of a sustainability
management in accordance with ISO 37101 and 37104. ICLEI has informed the development of the
standard with regard to the interface and relationship of smart city operating models to sustainable and
resilient urban development and infrastructures, drawing upon the insights, approaches and results of
RESIN. The standard has been published in 2018.
ISO 37120 City Indicators
ISO 37120 was the first standard published as part of the ISO 371xx family. In its first edition, the
standard basically implemented the indicators set developed by the Global Cities Indicators Facility, a

RESIN: Task 5.1 – Concept Note

35

joint venture of the University of Toronto/Canada with UNEP, UN HABITAT and the World Bank.
However, already at publication stage, ICLEI as part of the German Mirror Committee achieved the
understanding and commitment to immediately embark on a revision of ISO 37120. This was based on
the fact that the publication, whilst focusing on indicators for Quality of Life in cities, neglected
indicators for resilient and smart cities, and also did not take account of the – meanwhile – advanced
work on the UN SDGs. In the revision process, it was decided to establish the revised ISO 37120 as a
kind of umbrella standard, supplemented by a particular standard on Smart city indicators (ISO 37122)
and Resilient city indicators (ISO 37123), with all three standards being seen as a complete set of
indicators reflecting sustainable development in cities. ICLEI has informed the development of the
standard with regard to insights, approaches and results of RESIN, its understanding of resilience, and
indicators applied. The revised standard has been published in September 2018.
ISO 37122 Smart City Indicators
As stated above, as part of the German Mirror Committee ICLEI contributed to the decision to
supplement ISO 37120 with additional standards focusing on, respectively, smart and resilient city
indicators for ISO 37122 and ISO 37123, as part of a more complete set of indicators for sustainable
development in cities. Through ICLEI’s involvement in ISO TC268 Sustainable Cities and
Communities, and specifically under WG2 on Indicators for Smart and Resilient Cities (ISO 37122 and
ISO37123), ICLEI brings project results to these committees and advocates their standardization
potential, while it also discusses feedback from their vast global network of cities and local
governments. Publication of the standard is expected to happen in 2019.
ISO 37123 Sustainable Development in Cities and Communities - Indicators for Resilient Cities
TNO, Tecnalia and ICLEI have informed the development of the standard with regard to insights,
approaches and results of RESIN, its understanding of resilience, and indicators applied. Particularly,
in April 2017, ICLEI, TNO and Tecnalia provided through the national standardization organisations
comments on the first draft list of indicators for resilient cities. In spring 2018, a second round of
comments was included in the updated working draft of the standard. Publication of the standard is
expected to happen in 2019.

4.2. National standardization activities
This paragraph describes how, following RESIN’s activities and products, CCA-standardization
activities that have been organised in different countries. Activities are organised via national
standardization organisations and link to ISO-developments. Focus is on three countries: Germany,
Spain and the Netherlands.

4.2.1. Germany DIN
DIN's Standards Committee Principles of Environmental Protection (NAGUS 18) is responsible for
interdisciplinary generic standardization in the field of environmental protection at national, European
and international level. It develops standards and specifications on environmental management
18

https://www.din.de/en/getting-involved/standards-committees/nagus
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systems and the instruments for environmental management.
The main areas of work include the description of environmental aspects in the following areas:
•
•
•
•
•
•
•

organizations and their processes
environmental management / environmental auditing
environmental performance evaluation
environmental communication
greenhouse gas emissions
energy efficiency and energy management
sustainable development in communities

and environmental aspects of products:
•
•
•
•

product design and development
life cycle assessment
environmental labelling
sustainability criteria for biomass fuels and biobased products

The German Mirror Committee to ISO TC 268 – NA 172-00-12AA ‘Nachhaltige Entwicklung in
Kommunen’ has been established in 2012, already. Participation of ICLEI in the German Mirror
Committee has informed the integration of standardization as an option for exploitation of RESIN
results at proposal stage. Actually, by the time of the Committee’s launch, standardization with regards
to sustainable and resilient cities was not recognized as relevant. However, the German policy
framework with regards to sustainable development in cities as well as climate adaptation – alongside
the preparation and implementation of both the UN SDGs and the Paris Agreement - has significantly
and dynamically developed throughout the implementation of RESIN, With the establishment of the
Inter-ministerial Working Group on Urban Development (‘IMA Stadt’), the update of the German
Climate Adaptation Strategy and the publication of the German Smart City Strategy, the exploration of
options for standardization related to urban sustainability and resilience has raised interest with
multiple actors.
We can argue that ISO TC 268 informed the RESIN proposal and project development, however,
RESIN at the same time provided valuable insights, high-level scientific knowledge and co-created
and piloted tools that informed and improved standards developed under ISO TC 268, namely ISO
37101 Sustainable Development in communities – Management System Standard (drawing upon
RESINs cyclic and integrated management approach to climate adaptation), ISO 37104 Sustainable
Development in communities – Guidance for Cities (drawing upon the experiences provided by RESIN
cities in applying the management approach), as well as the indicators standards ISO 37120 – City
Indicators, 37122 Smart city Indicators (draft), 37123 Resilient City Indicators (draft) (drawing upon
RESINs understanding and insight in resilience of urban infrastructures and indicators applied in
IVAVIA).
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During the running time of the RESIN project, a national standardization committee on Adaptation to
Climate has been established – NA 172-00-13AA, mirroring activities of ISO TC 207/SC7. With
Fraunhofer and ICLEI being involved in the mirror committee, knowledge and experience gained in the
RESIN project were taken up by the committee’s work and included in the commenting. In particular.
Fraunhofer significantly informed and proactively contributed to the standard on Vulnerability
Assessment, effectively taken up concept, methodology and indicators applied by IVAVIA (5.2). In
addition, the RESIN study on the adaptation options was channelled into the standardization activities
(see Section 5.3.

4.2.2 Spain
In Spain, UNE (Asociación Española de Normalización - Spanish Association for Standardization)
leads the CTN 216/GT 2 committee, that is integrated by Spanish organizations with interest in the
normalization and standardization related to climate change (utilities, engineering firms, research
institutions, associations, etc.). This committee coordinates the efforts of the Spanish organizations
interested in the activities of the ISO Technical Committees ISO/TC 207 (Environmental
management). More specifically with those related to ISO/TC 207/SC 7 (Greenhouse gas
management and related activities), that includes adaptation and mitigation activities.
Tecnalia, is a members of this Spanish “mirror” committee, with which it has collaborated in the
following aspects.
-

-

Introduction of the RESIN activities and outcomes to the members of the Spanish CTN 216/GT 2
committee.
Coordinated contribution to the definition of ISO/ AWI 14090 (A high level framework standard
on Adaptation to Climate Change), ISO/AWI 14091 (CCA - A guidance to Vulnerability
Assessment) and ISO/AWI TS 14092 (Requirements & guidance of adaptation planning for
organizations including local governments and communities)
Definition of a common position in the activities of the ISO/TC 207/SC 7 (ballots, etc.) taking into
considering the outcomes and results of the RESIN project.

4.2.3 The Netherlands
In the Netherlands, a broad range of policy developments is going on in the field of adaptation to
climate change. Increasingly, in these developments standardization gets attention.
During the running time of the RESIN project, a national standardization committee on Adaptation to
Climate has been established. This makes use of the knowledge and experience gained in the RESIN
project, such as IVAVIA (5.2) and the RESIN study on the adaptation options (see Section 5.3).
A key policy development on CCA in the Netherlands is the so-called ‘stress-test’. This is a
vulnerability and/or risk assessment, primarily focused at the risks of extremes in water. All
municipalities will carry out this test, often using a high-end scenario. Increasingly, interest is growing
for standardization of this stress test, NEN has shared IVAVIA-insights with the national project group
working on the standardized stress test.
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4.3. Other contributions of RESIN to standardization
RESIN has additionally contributed to the development of future climate data, within the framework of
Copernicus Climate Change Services, the European institute for future climate in Europe. On behalf of
C3S NEN carried out a project on identification of the needs of users of technical standards for climate
data in the second half of 2017. RESIN partners contributed actively in this project, via the
questionnaire, workshop and interviews. In this way needs from cities regarding future climate data
were addressed.
At CEN/CENELEC/ETSI level, a Coordination Group on Smart and Sustainable Cities and
Communities had been established to collect European Experiences in the field and ensure uptake in
ISO work under ISO TC 268. In 2016, the Coordination Group was tuned into a Sector Forum,
mandated to suggest transfer of ISO standards developed under ISO TC 268 into European
Standardization. ICLEI has been member to both groups, channeling information about RESINs
activities and results as relevant contribution from European Research and Innovation to be included
in the mapping carried out under CG and SF.
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5. Standardization in urban adaptation products of RESIN
A central objective in RESIN is to develop standardised products and processes, needed for urban
adaptation. This chapter presents the key results achieved in this perspective. It focusses on three
results:
1. Standardization of strategies for adaptation to climate change (related to the e-Guide);
2. Standardization of the process of risk and vulnerability assessment (Related to IVAVIA);
3. Standardization of adaptation measures (related to the adaptation options library).
Following this, the need for a (concept-) CEN-workshop Agreement (CWA) is discussed.

5.1. Urban Climate Adaptation strategies (E-guide)
5.1.1 Cities’ strategies for adaptation to climate change
Climate change and increasing cities’ resilience to the effects of climate change is complex in nature.
It is complex for cities to deal with this. A systematic approach can support cities in dealing with this
complexity in an effective and efficient way. On international level standards are in development for
adaptation strategies, the most important are ISO 14090 (high-level framework) and ISO 14092
(requirements and guidance of adaptation planning for organizations, including local governments and
communities).
Adaptation strategies will always be context dependent, based on the specific climate threats in a
region and the local socio-economic conditions 19. Standardization of the content is not desirable, but
standardizing the process to produce an adaptation strategy may contribute to increase the quality.
National governments, and even EU-bodies, may want to encourage high quality adaptation strategies
as part of their policy or because they would like to use the strategies for funding decisions or other
regulatory purposes.
Process standardization of producing an urban adaptation strategy would require:
−
−

describing a standard set of steps to be taken to create a strategy
describing a standard way of gathering the necessary data, in order to ensure that a proper
vulnerability or risk assessment forms the basis of the strategy. Depending on the (national)
context more or less freedom can be left here.

Depending on the national context, specific choices with regard to the content in order to increase
comparability can be taken, such as the prescription of the climate scenarios to be used, prescription
of standardized extreme weather events, or even a basic selection of climate treats that has to be
taken into account.

19 In line with this principle, in this survey city needs regarding standardization for CCA have been
investigated (section 3.2).
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5.1.2 The E-Guide
In the framework of RESIN the e-Guide20 was developed. This e-Guide (fully: e-Guide to developing
urban adaptation strategies) is based on a description of 44 steps, grouped in activities and phases.
These steps are presented in the e-Guide as the ‘decision framework’. As such, it is a comprehensive
basis for a standardized approach. To ensure that not only the same steps are taken, but that these
steps are addressed in the same way by all users, guidelines for executing each of the steps are
provided. These guidelines include attention for the preconditions for each step, which are also
described in a uniform way. To increase the quality of the execution of each step extra information is
provided on the methods and tools available for each step and guidance on using the outcomes of
applying such methods and tools.

Fig. 8: The decision framework of the E-Guide

5.1.3 The E-guide in relation to standardization developments
The e-Guide can well be used as an example for the development of formal standards for adaptation
planning, with the early stage development of ISO 14092 as the current example. The RESIN
recommendations for the committee developing this standard include:



20

develop a stepwise approach that allows users to enter the process at different stages, not
necessarily starting at step 1, as planning processes are often non-linear;
cover the complete process from raising awareness of climate to the implementation of
adaptation responses;

The E-Guide is described in more detail in Nieuwenhuis and Rovers (2018).
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allow for a scoping phase in which climate treats, socio-economic sectors, spatial and
temporal coverage are decided;
use terminology consistently throughout;
pay attention to getting commitment from decision makers and stakeholders in all stages;
do not forget communication.

Probably equally important is the informal standardization promoted by organization such as the
Covenant of Majors, 100ResilientCities and C40. These international bodies provide their signatories
with guidance on various issues. The Covenant of Majors provides through the European Environment
Agency the Urban Adaptation support tool 21, essentially a library of materials organized in six steps
with substeps with little guidance. 100 RC has its City Resilience Framework as a conceptual
framework for the cities developing their resilience strategy 22. Also national governments promote
some informal standardization, as, for instance, the Dutch government is promoting a sequence of
stresstest light – stresstest – risk dialogues in all municipalities 23. For all these entities in principle the
same recommendations are valid as for the formal standardization process. Whereas formal
standardization is necessarily somewhat general as it addresses a worldwide or European audience in
a standard, informal standardization can include more specific guidance, for which the e-Guide can
provide inspiration.

5.2. Risk and Vulnerability assessments (IVAVIA)
Assessment of risks and vulnerability is generally considered a critical step in a structured approach
for dealing with climate change Adaptation. As described in par. 3.1.1, on the international level a
standard for vulnerability assessment in climate change adaptation is in development, the ISO 14091.
Experiences and insights from RESIN, based on the IVAVIA- tool have contributed substantially to this
standard.

5.2.1 IVAVIA
As one outcome of the RESIN co-creation process a standardized methodology has been developed
under the leadership of Fraunhofer IAIS for conducting a risk-based process for assessing impacts
and vulnerabilities of urban areas and their infrastructure related to consequences of Climate Change
(CC). This methodology was implemented at 4 RESIN tier-1 cities in different extents and it was
documented in a way that is understandable for a variety of stakeholders, thus providing the base for
the collaborative execution of a risk-based vulnerability assessment according to IVAVIA. The overall
aim of a risk-based vulnerability assessment using IVAVIA is to facilitate the understanding of the
effects of climate change in a local context, to identify geographical hotspots of vulnerability and risk,
and to assess what impact on people, economy, built-up area, vital infrastructure and other elements
under study can be expected now and for the future due to the changing climate. This allows
identifying entry points for adaptation measures and areas calling for priority actions.

21

https://www.covenantofmayors.eu/support/adaptation-resources.html
https://www.rockefellerfoundation.org/report/city-resilience-framework/
23 https://ruimtelijkeadaptatie.nl/stresstest/handreiking/
22

42

IVAVIA can be regarded as the first guide for the approach of adaptation to climate change in cities. It
describes seven successive steps to be taken, supported by a set of IT tools. It distinguishes between
a qualitative and a quantitative stage, the choice of which depends on the city’s resources and
capabilities.
Underlying to the risk concept of IVAVIA are drivers, hazard, exposure, effective exposure, stressors,
sensitivity, coping capacity, vulnerability, and impacts. Risk will finally be computed as the combination
of probability of the hazard and its impacts and consequences. As such IVAVIA can be seen as a risk
assessment with a vulnerability assessment component (or shortened: as a risk-based vulnerability
assessment).

Fig. 9: Structure of IVAVIA.

5.2.2 Relation to standardization
Currently informal standardization as developed and published by networks (such as C40 or ICLEI)
and initiatives such as the Covenant of Mayors or ‘100 Resilient Cities’ by the Rockefeller Foundation,
provides only limited guidance on performing a vulnerability or risk assessment. Incorporating a guide
like IVAVIA in their material will improve the quality of urban risk and vulnerability assessments, and
contribute to informal standardization. Also national governments can take a role in informal
standardization of risk and vulnerability assessments by publishing IVAVIA type guidance on national
adaptation portals.
From the viewpoint of a national government or an international organization, there are several
advantages in standardizing urban risk and vulnerability assessments: increased comparability makes
it easier to distinguish important from less important risks for the country as a whole, it allows for better

RESIN: Task 5.1 – Concept Note

43

decisions on funding distribution or the allocation of pilot projects over cities. Also for cities can
standardization and harmonization be advantageous, as it allows for comparing with peer cities and
learning from their experiences.
A standardized approach in well-described steps is the first and most feasible way to harmonize and
increase the quality of urban risk and vulnerability assessments. Depending on the situation it is
possible to further standardize parameters (such as climate scenarios used, time horizon, units in
which sensitivity and impacts are mapped, standard extreme weather events to be used in the
simulations) and calculation methods (such as the method to map the Urban Heat Island, or models
for pluvial flooding). As indicated, IVAVIA is limited to a standardized description of steps to be taken,
supported with a few IT tools, as any limitation in the choice of other parameters or calculation
methods was considered unfeasible on the European scale due to the variety of contexts (Rome et al.,
2018).
The development of ISO 14091 can build on IVAVIA experiences as the standard switched from the
AR4 model (IPCC) to the new AR5 model. This means switching from a vulnerability focused model to
a model where risk is more central, as in the IVAVIA tool. For the development of the standard that
means that it should not focus only on the concepts and information that determine vulnerability (such
as sensitivity and adaptive capacity), but extend to concepts and information that determine risk, in
other words also paying attention to the severity of the hazardous events and the likelihood of their
occurrence (Figure 10). As mentioned above, well-described steps to advance from a qualitative to a
quantitative assessment are another important
element.

Fig. 10: Factors determining the Risk of a system. Elements of the vulnerability are sensitivity
and its adaptive capacity, the concept of Risk adds the factors related to hazard and exposure,
such as severity and likelihood of events. Source: draft-version ISO 14091 (Aug 2018).
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5.3. Inventory of standards for climate adaptation measures
5.3.1 Introduction
When talking about standardization of adaptation measures, one can consider the information on
adaptation options, such as standardized descriptions, and standardization of the adaptation
measures themselves. Before continuing with the latter, we should briefly reiterate the value of the
adaptation options database in its current form and the extent to which it offers standardized
information that is readily applicable.
The Adaptation Option Library (AOL) is one of the main products of RESIN. It will help cities to assess,
compare and benchmark the potential measures to face the challenges of climate change and select
the most interesting ones. The adaptation measures identified in the library cover a broad range of
issues and are in different stages of market implementation.
The range of quality, cost and performance aspects covered per measure (where available) offer key
considerations for market parties to actually invest in and implement these measures. Currently there
is no standard methodology for developing this kind of database, so the RESIN consortium has
designed this database according to user needs. However, during the development of the RESIN
project, the Final Disclosure Document of the ISO 14090 (Adaptation to climate change — Principles,
requirements and guidelines) has been redacted. This document aims to enable organizations to
prioritize and develop effective, efficient and deliverable adaptation tailored to the specific climate
change challenges they face. It includes a description about how adaptation actions should be
documented. According to this standard, each measure selected should include a description of:
— its estimated costs and expected benefits;
— an assessment of the risks (barriers/ constraints) to its effective delivery;
— its current and required organizational capability; and
— the needs of regulatory/economic instruments.
Most of this information is included into the AOL, so it is aligned with this future international standard
that will be published soon with minor changes. Additionally, the use of the Adaptation Option Library
can bring further advantages:
— It has valuable information to select the potential measures. It can also guide the research in the
field of adaptation measures. Considering the fields and information that is included in the AOL, the
users can define the detailed research needs according to the information highlighted by the
database.
— This database is implemented following open-source standard tools and protocols. Its structure is
publicly available (Mendizabal et al., 2015). Related projects in the field of adaptation can base
their research on the RESIN AOL, incorporate its information and use it as a template.
Based on the AOL, an inventory has been made of available standards corresponding to the listed
measures. This provides an actual insight in availability of standards for the measures indicated.
World-wide standards are being used to provide users and producers a degree of certainty that
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products and processes meet certain requirements, covering aspects such as quality and expected
performance. Apart from standards also other specifications have been identified. The results of this
inventory have subsequently been included in the adaptation library. In this way this information has
been made freely available and a broad range of users of the Library get a clear view of both the
measures and the available standards that can be used for assessing quality and performance of the
measures, with such standards often forming the basis for actual uptake of measures by market
parties.
It should be noted that the options included in this database are related to different standards, norms
and legal requisites. As an example, the construction of new infrastructures have to meet national and
international standards. So, the database offers some key standards for further insight but it is, of
course, impossible to list all standards relevant to a certain option. Apart from its heterogeneity due to
location, specific characteristics, etc. these standards should be considered mainly in a later stage of
detailed design of adaptive solutions or during the implementation phase.
The remainder of this section explores ongoing standardization activities related to specific climate
adaptation measures. It maps existing standards and guidelines that are relevant for particular
measures, assessing potential obstacles and opportunities for future development of standardized
guidance. First the background of the survey is briefly described, then the approach followed in the
survey and the results achieved, and finally the recommendations following from the survey. The main
results are summarized in Annex 1.

5.3.2 Background
In the framework of identifying and exploring measures that improve the resilience of cities towards the
effects of a changing climate within the RESIN project, we have identified to which extent standards
exist that define specifications of these measures. Standards can provide clarity to users about
aspects such as quality and performance. This increases trust, resulting in acceptance and increased
implementation of measures.
In an earlier stage of the RESIN project, a range of adaptation measures have been identified. For a
selection of those existing standards have been identified and analysed. Based on the analysis
recommendations are made for standardization of adaptation measures, in order to further improve
market-acceptance and use of these measures, which in the long term contributes to an increased
resilience of cities to climate change.

5.3.3. Selection of measures (based on the RESIN library of adaptation options)
The library of adaptation options developed in an earlier RESIN work package served as a basis for
identifying measures which are relevant for this survey. This library is based on an extensive literature
review of hundreds of articles and case studies, resulting in 100 general options and 59
implementation options. The options in the library cover a broader spectrum of climate effects, but
many options relate to excess water/ flood and heat stress/ scarcity of water.
The options in the database vary in character. Some options are very concrete and specific (for
instance a green roof or a demountable door guard), others are more general (for instance raising
public awareness about heat waves through information campaigns). For this survey 30 of the more
concrete measures were selected. This resulted in the following list of climate adaptation measures
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under six categories (table 3). The adaptation measures are numbered (1-23) and largely follow the
RESIN library categorisation. It should be noted that due to their multi-functionality some options (e.g.
green roofs) can fit in multiple categories, but in such cases the table adheres to the initial RESIN
library categorisation.
Table 3. Selected measures
I. Flood protection: dry- and wetproofing
1. Flood protection (general)
2. Demountable door guards (manual or automatic)
3. Air brick / air vent cover
4. Waterproof external walls / water resistant mortar
5. Geotextiles
6. Temporary flood barriers:
6.1 Tubes (water/air filled)
6.2 (Im)permeable containers
6.3 Freestanding barriers
6.4 Frame barriers
7. Demountable flood barriers:
7.1 Flood gates
7.2 Sectional barriers
7.3 frame barriers
II. Permanent flood measures
8. Elevated buildings
9. Amphibious / floating buildings
10. Dike / dam
III. Sustainable drainage systems (SuDS) / infiltration techniques
11. SuDS (general)
12. Infiltration basin / trench
13. Swales
14. Permeable / porous pavement
15. Rainwater harvesting
16. Underground water storage (crates)
IV. Cool materials
17. Cool roof / façade
18. Cool pavement
V. Energy systems and cooling
19. Passive cooling and ventilation (general)
20. Exterior shading
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VI. Green infrastructure
21. Green roof
22. Green façades / living wall systems
23. Trees / parks

5.3.4. Identification of available standards
Based on the above categories and measures, relevant standards were charted using the available
standardization database which provides access to all ISO and CEN standards, as well as national
standards from certain standardization institutes (ASTM, BSI, DIN and NEN, for the American, British,
German and Dutch market respectively). To avoid the inherent bias of this selective access, this
exploration was supplemented through literature review and searches in specific national databases
using key terms. Additionally, the large Perinorm meta-database 24 offered a useful overview of
national, European and international standards and technical rules.
Relying on a snowball approach, normative references in relevant standards were explored and led to
the discovery of new standards. Each standard contains a list of other standards relied upon or
referenced within the document, generally compiled under the heading ‘normative references’ (while
the bibliography offers references to non-normative documents such as academic journals or industry
guidelines). This snowball approach was pursued until a relative saturation point was reached, when
normative referencing within standards offered few additional relevant leads. Regarding the results
presented in Annex 1, it should be stated that for the sake of clarity this is a non-exhaustive list of
standards that does not necessarily include all normative references per document, but instead
focuses on the most relevant standards per measure.
In addition to the mapping of formal standards, a search was conducted to identify relevant industry
guidelines and other forms of guidance. These were identified based on literature review and through
non-normative references in formal standards. Preliminary results were also shared with relevant
parties known to be involved in guidance development in the Netherlands, such as ISSO, STOWA and
RIONED, and their advice sought with regard to additional sources of guidance.

5.3.4.1

Analysis of standards

The standards obtained during this initial explorative phase were roughly ranked according to the
following two criteria:
-

24

“Coverage” (or adequacy), i.e. how well does the standard cover the various aspects pertaining to
a particular adaptation measure. For instance, does the standard just contain a relatively narrow
test method (e.g. how to test the permeability of concrete in lab conditions) or does it offer wider
guidance (e.g. how to design, construct and maintain permeable pavement)? Another example
could be a standard concerned with water retention of vegetation on roofs, which does not
mention the potential thermal impact of that green roof on the building. By no means do such
omissions necessarily indicate that the standard is in some way faulty, but simply that from the
point of view of urban climate adaptation, potentially valuable additions could be made to the

The Perinorm database can be accessed at: www.perinorm.com
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standard to provide a more comprehensive picture of the adaptation measure in question.
-

“Status”, i.e. how broadly accepted and accessible is the standard or guideline. Globally
recognised ISO or European CEN standards were considered to be ‘high’ status, formal standards
from national standardization institutes considered to be of ‘medium’ status, whereas national
technical agreements or industry guidelines that have a more limited reach across national
borders can be considered ‘low’ status. It should be noted that there are certainly exceptions, and
that in some case technical agreements or industry guidelines are used widely across borders (for
example, German FLL guidelines on green roofs are adhered to in many countries or used as a
template for other national standards).

The complete results of this initial analysis can be found in appendix B. It provides an overview of
measures and relevant standards that illustrates where potential gaps in coverage exist.

5.3.4.2

Identification of needs for standardization.

On the basis of the above initial analysis, the next step was to add an expression of the relative
“ranking” (or urgency) per measure, which roughly indicates potential action priorities for
standardization. This is based on the preceding criteria of existing ‘coverage’ in standards and their
‘status’ (and degree of harmonization). Secondly, the perceived relevance, applicability and potential
impact of the measure itself were taken into account to identify needs for standardization, which was
guided by the input from RESIN partners, the adaptation library itself and literature review.
Considering the overarching RESIN framework, the input from partner cities regarding practical issues
and priorities was one of the guiding concerns.
Taken together, this ranking offers a broad indication regarding potential opportunities to improve the
position of adaptation measures in standards, the summarized results of which are detailed per
category in Section 5.3.4.3 below.
Based on these factors, and in consultation with RESIN partners, a selection was made of three
measures with which to proceed further. The chosen measures subsequently underwent a more indepth analysis wherein stakeholders from the relevant sectors were contacted to gauge the interest
levels in the market for the development or revision of standards, potential stumbling blocks and the
overall feasibility of such an approach. The findings from this stage subsequently led to the final
recommendations of this report regarding standardization opportunities related to climate adaptation
measures.

5.3.4.3

Summary of analysis and identified needs for standardization

Results of the first three steps have been compiled in Annex 1. Based on the initial exploration and
mapping of relevant standards for the adaptation measures from the RESIN library, several aspects
came to light within the various categories, with for instance the standardization landscape for certain
measures seemingly more developed in some countries than others. Headlines of the findings per
category are detailed below.
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I. Flood protection
Flood protection can be considered for individual buildings,
where a distinction can be made between measures that offer
flood resistance (i.e. products that keep water out) and flood
resilience (i.e. products that assume water will enter and lessen
the resulting damage). Flood protection can also be considered
for a wider area, which in this category concerns temporary
(e.g. inflatable tubes) or demountable (e.g. partly pre-installed
modular barriers) flood protection products (more permanent
structures such as dikes are considered in the following
category). Some of these measures are entirely demountable
Fig. 11: Rigid frame barrier
and temporary, whereas others are fixed in place and function
(Environment Agency, 2011: 48).
on a long-term basis.
In general, there are a few useful standards and guides available for the category ‘flood protection’ in
a broad sense, such as ‘BS 85500 (2015) Flood resistant and resilient construction’ or the more
technical guide published by the American Society of Civil Engineers, ASCE 24 – 14: Flood Resistant
Design and Construction. Another standard which may be particularly useful from an urban
perspective to climate adaptation is still under development, ISO/DIS 20325 Guidelines for stormwater
management in urban areas.
Regarding standards and guidelines for specific measures however, there are fewer options available.
British standardization for flood protection would seem to be the exception, and is quite advanced
compared to what is available in other countries (partly in response to recent severe flooding events in
the UK and subsequent government enquiries). Examples of this are the detailed specifications for
flood protection products in the PAS 1188 series, which sets out specifications for building aperture
flood products, temporary products, building skirt and wall sealant systems and demountable products.
The PAS series is also linked to BSI Kitemark accreditation and was originally developed (with the
PAS 1188 in 2009) with the specific goal to enable independent conformance testing in the UK:
“The PAS Scheme has two components; regular manufacturing
control checks and laboratory tests to evaluate product
performance under standard minimum requirements. In
particular, it specifies requirements for the designation, testing,
factory productions control, installation documentation and
marking, method of testing and allowable leakage rates under set
conditions for products intended for use in the UK or locations
with similar exposures” (Environment Agency, 2011: 25).
Considering the flexibility offered by relatively low-cost mobile
flood defences (which have already been proven to work and are
being widely used) and the current dearth of formal guidance in

Fig. 12: Water filled tube
(temporary flood defence).
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this department 25, temporary flood protection products such as inflatable tubes and freestanding
barriers appear to be an interesting avenue to review for further standardization. With greater demand
for flood protection measures following several costly floods in the past decade, different products
have started to ‘flood’ the market with sometimes questionable degrees of effectiveness. Proven flood
protection products that have undergone rigorous testing based on standardised methods would be
valuable in this regard.
BSI confirmed that the PAS 1188 will be raised to a formal BS standard most likely by the end of 2019,
although debate is still ongoing whether it will be put on an ISO or CEN track following publication 26.
Considering the more advanced state of standardization in the UK with regard to flood protection
measures, as a next step it could be considered whether there is any interest in bringing the BSI
guides to a European or international level, and whether relevant stakeholders, such as European
suppliers of flood protection products and their potential customers (often local governments), would
welcome such a move. An alternative way forward would be to consider the suitability of British
guidance as a template for other national standardization institutes and incorporate relevant aspects
into national standards to suit the national market. To this end, it would be necessary to explore
informal national guidelines more thoroughly and to engage with relevant stakeholders in the field.
II. Permanent flood measures
The distinction between flood protection and permanent flood measures was made to indicate the
different nature of these measures. Whereas the measures listed under flood protection make minor
adjustments to buildings (e.g. slotting in demountable door guards or placing covers over air vents) or
are temporary (e.g. inflatable tubes) or partly demountable (e.g. frame barriers that can be slotted in
pre-installed settings and removed when the flood risk
disappears), the category of permanent flood
measures (as the name implies) are permanent
measures done on a large scale (i.e. a whole building
is raised). This is a relatively small category, both in
the number of measures and their coverage in
standards.
The building of dikes and dams is a well-established
form of flood protection, as is constructing on stilts (or
other forms of raised construction) in flood prone
areas to bring the building above expected flood levels. However, floating or amphibious buildings (as
being distinct from ‘boat homes’) have only started to take off more recently. This is still a rather new
and innovative sector, as reflected in the coverage of floating construction in standards. No

Fig. 13: Floating construction in
Rotterdam.

25 Alongside PAS 1188-2, the only other guidance encountered for mobile flood defences was
published by the Bund der Ingenieure für Wasserwirtschaft, Abfallwirtschaft und Kulturbau (BWK), and
is currently only available in German: BWK-Merkblatt, Band 6: Mobile Hochwasserschutzsysteme –
Grundlagen für Planung und Einsatz (can be ordered from: https://bwkbund.de/publikationen/regelwerk/)
26

This debate was still ongoing as of June 2018 (when BSI was contacted).
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international standards currently cover this measure. The most comprehensive guideline currently
available for this rapidly developing sector is the NTA 8111 (2011) ‘Drijvende bouwwerken’, a Dutch
technical agreement on ‘floating constructions’ (presently only available in Dutch although it is planned
to be translated into English in the near future). Nonetheless, some aspects were already highlighted
in the NTA itself as needing to be addressed at a future point in time (such as expanding performance
specifications with regard to infrastructural shore connections for floating homes or specifications with
regard to an acceptable movement arc/frequency due to currents or waves).
The NTA 8111 is still leading the way in formal guidance and is currently being reviewed, as part of
mandatory renewal to consider whether it will be brought up to a national or international standard
(NTA’s can only be carried forward a limited number of times before they must be turned into a formal
standard or withdrawn). During a recent meeting to discuss the NTA, stakeholders commented that it
is difficult to operate in an international context without proper guidelines 27. Support was voiced to
bring the NTA to a national, and possibly even international, level but financing and time commitments
make this second step more complicated. Such developments are promising, since they would make
these guidelines more widely accessible and encourage development in floating construction.
Considering the overarching goals of the RESIN project regarding standardization of adaptation
measures geared towards an urban setting, the measures covered in this category could be
considered less relevant from an urban perspective (or at the very least be considered not easily
applicable) or are still at a rather early stage of development to pursue a standardization trajectory at
this point in time. In the near future though, floating construction may be a very promising option to
pursue in standardization with its revolutionary potential in climate adaptation related to flood risk.

III. Sustainable Drainage Systems (SuDS) / infiltration techniques
The concept of Sustainable Drainage Systems (SuDS) entails looking at water management in a
slightly different way. Rather than rapidly carrying away water through grey infrastructure, SuDS form
an approach to surface water management that attempts to mimic natural drainage as much as
possible. It combines
various grey and green
measures which reduce
peak runoff levels, and
allow for on-site infiltration
and replenishment of
groundwater. An additional
advantage is the potential
co-benefits offered by
SuDS: Whereas the
traditional drainage pipe
Fig. 14: Example of guidance on different types of permeable
does one specific job, the
paving in the SuDS Manual (CIRIA Report C753, 2015: 393).
27

Meeting (‘informatie bijeenkomst drijvend bouwen’) held 10-04-18 at NEN in Delft.
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green infrastructure of SuDS is also intended to offer other benefits, such as urban recreational
spaces, aesthetic appeal or the beneficial thermal impact of vegetation through shading and
evapotranspiration (reducing heat stress in built-up urban environments).
Regarding the coverage in standards for this category, there is some useful formal guidance for the
more engineered measures (grey infrastructure) of rainwater harvesting or underground storage.
Similarly, there are several formal standards for permeable pavement, although this largely concerns
narrow test methods to establish infiltration rates and only few which consider the design of permeable
pavements in a more general sense. Formal standards which bring together both such test methods
and offer design guidance alongside technical
specifications could be a promising standardization
path. Some industry guidelines already offer such
detail.
For the nature-based measures that fall under
SuDS, there is currently a relative dearth of formal
guidance. However, a big benefit that potentially
makes such SuDS attractive for cities is that they
not only help manage surface water and reduce the
risk of pluvial flooding, but they also offer cobenefits in the form of recreational areas (e.g. a
retention basin that functions as a playground or
Fig. 15: Swale lined with vegetation (Source:
park when it is dry, or creating attractive green
CIRIA, www.susdrain.org ).
spaces through rain gardens, swales and treeplanting) while the green infrastructure aspects also improve thermal comfort through
evapotranspiration and shading. One of the few sources of guidance for nature-based SuDS can be
found in the SuDS Manual published by CIRIA (Report C753, 2015). This is a very thorough and
detailed report which provides guidance for the various stages from planning, to design, construction,
operation and maintenance, offering both a general introduction to the concept of SuDS for policymakers, as well as technical detail on specific components for those actually delivering and
maintaining SuDS.
Considering the current state of coverage in standards, there are two approaches to standardization
that can be taken up with SuDS. One option would be to develop general guidance for SuDS as a
whole (i.e. as a system), similar to BS8582 (2013) (which could be brought to a European level or
serve as a template for national standards) and especially the CIRIA SuDS Manual (2015), which has
extensive technical detail per component as well. A second approach would be to improve standards
for specific measures currently not (e.g. nature-based measures such as swales) or only haphazardly
(e.g. permeable pavement) covered in formal guidance.
IV. Cool materials
The measures in this category rely on materials or applied coatings which offer a high thermal
emissivity and/or high solar reflectivity (in terms of surface albedo). Albedo is measured on a scale
from 0 -1, with 0 representing a dark surface that absorbs all incoming solar radiation and 1
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representing a surface that reflects all radiation. A common misconception about cool materials (which
might be limiting their uptake) is that these are always white, but in fact highly reflective materials or
coatings are available in different colours.
Reflecting a greater proportion of incoming solar
radiation reduces the overheating of a building
(and offers energy savings when this is normally
offset through cooling), although the effect is less
noticeable for better insulated buildings.
Considered for a city as a whole, reflecting a
greater proportion of solar radiation can potentially
reduce the Urban Heat Island (UHI) effect. To this
end, some building ratings such as the USGB’s
LEED (Leadership in Energy and Environmental
Design) ratings already specify a credit for ‘Heat
Fig. 16: Applying a cool coating (Source:
island effect – roof’ if a roof meets certain criteria
Cool Roof Toolkit, 2012: 26).
(i.e. three quarters of the roof has a solar
reflectance of 0.78 or higher). The American Cool Roof Rating Council (CRRC) offers product ratings
for cool roofs in accordance with “ASHRAE 90.1-2007“ (American building code and energy
performance). Products are tested and ratings given for their solar reflectance and thermal emissivity
levels. An EU-sponsored attempt to establish a similar council does not appear to have taken off 28.
Cool pavement usually refers to highly reflective paving (i.e. with a high albedo) but increasingly
permeable pavement is also being considered for its evaporative cooling potential, although this of
course requires the availability of water during hot periods which would not be suitable across various
climatic zones (Santamouris, 2013). Since pavements are exposed to greater wear and tear and
discoloration, the conditions under which cool materials must perform are somewhat different
compared to cool roofs (and therefore might require more stringent performance specifications or test
methods).
There appear to be more advanced formal standards for cool roofs in the USA, with ASTM providing
various test methods which underpin industry guidelines for cool roof construction and maintenance.
There are also some formal standards in Japan for reflective paints and coatings. The effect of cool
roofs on energy savings are far less pronounced in buildings that are well insulated. For instance,
regarding the effect of increased albedo values, the Climate Proof Cities Rapport (2014: 57) found that
“[f]or a terraced house, the decrease in average number of overheating hours is around 50% (house
dating from the 70s) to 14% (house dating from 2012). The absolute extent of the effect depends on
the thermal resistance of the building’s shell and the type of house”.
Therefore, it is most effective to focus on older, less well-insulated buildings. Nonetheless, there are
still significant benefits associated with cool roofs in general, not least their potential in built-up urban

28

See: www.coolroofcouncil.eu. For instance, a search for cool roof products for Germany, Italy, Spain
and UK under all categories yielded zero results. The same search for Greece yielded one supplier
with 5 different products, and for the USA only one producer with a single product.
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areas in reducing the UHI effect. Compared to green roofs or using roofs to place photovoltaic panels
(which offer additional benefits in water management or energy production), applying reflective
coatings may initially seem like a less attractive proposition. However, cool roofs can be a useful and
relatively low-cost adaptation measure in particular circumstances, especially for older less wellinsulated buildings which do not have the load-bearing capacity for vegetative roofs or where aesthetic
appeal may play a role. For instance, in historical city centres which place a high value on maintaining
a certain architectural style or look, newly developed highly reflective coatings (which, unlike the
traditional ‘white’ roof, need not dramatically alter a building’s outward appearance) could play a part.
Such practical aesthetic aspects (and in general how adaptation measures fit in the urban context)
were raised in interviews with RESIN partner cities, and are deserving of greater consideration.
In summation, a few formal national standards regarding cool roofs currently exist, but none so far on
the international level (ISO or CEN). Possibly anchoring cool roofs in standards could improve the
uptake of this measure. The standards from America or Japan could provide a template for similar
standards in Europe and could underpin a broader guide on cool roof design and construction (applied
techniques, performance specifications, test methods, etc.), which could incorporate such tests and
specifications for best use of cool roofs.

V. Passive cooling
Well-designed buildings can improve their thermal
performance with passive measures by (for
instance) making more efficient use of natural
ventilation or limiting thermal bridges which allow
for the transfer of heat. These buildings can thus
reduce the energy demand from active cooling.
Another example is exterior shading, which can
present a relatively simple but effective way to
reduce the transfer of heat from solar radiation.
Adjustable exterior shading can help reduce solar
heat gain in the summer, while still allowing solar
energy to enter in winter.

Fig. 17: Adaptive façade system. (Source:
www.arch2o.com).

There are many international building standards related to cooling and ventilation, specifying the
thermal performance of building components (see Annex B for a full overview). These also incorporate
the effects of window glazing, awnings and shutters on the thermal performance. Due to stringent
European building codes, this category of adaptation measures is already strongly established in high
status standards. Therefore, although such measures are certainly useful, considering their existing
coverage in standards this category has been given a lower priority in this assessment.
VI. Green infrastructure
The category of green infrastructure entails a variety of nature-based adaptation measures. For
instance, vegetative roofs, which range from the thin-layered extensive type which allows for only a

RESIN: Task 5.1 – Concept Note

55

few small hardy species to more substantial but
intensive garden roofs, which can help reduce
peak runoff (although this also depends on the
use of delaying drains). Green roofs can also
provide additional thermal benefits, but this
impact depends on the level of insulation per
building. Another example is green façades,
ranging from simple climbers planted at ground
level to soil-based modular growing systems
laid along wall cladding. Both can provide
thermal, aesthetic and acoustic benefits
(although the extent of these benefits is still
being debated and technical developments are
Fig. 18: Extensive green roof (Source:
www.wur.nl, Kees Hendriks, Wageningen
still ongoing). Lastly, trees provide a cooling
Environmental Research).
effect through shading and evapotranspiration.
Increasing the ratio of green spaces in built-up urban areas forms one of the main strategies to reduce
the Urban Heat Island effect.
In general, green infrastructure measures are not
thoroughly covered by standards. Compared to the
other categories under review here, green
infrastructure is underdeveloped. In fact, in a recent
report completed for the EC DG Environment which
builds upon the EU Green Infrastructure Strategy
adopted by the EC in 2013 (‘Supporting the
implementation of green infrastructure’, 2016),
standardization has been singled out as an area
which could have a beneficial impact on the
implementation of green infrastructure (e.g. through
more performance and procedure standards).
Developments in some areas such as green roofs are promising. The guidance developed in Germany
by the Forschungsgesellschaft
Fig. 19: Green façade system.
Landschaftsentwicklung Landschaftsbau (FLL) over
the past decades (with its most recent edition of the Dachbegrünungsrichtlinien in 2018 29) offers
detailed technical guidelines for design, construction and maintenance of vegetative roofs and is seen
as the ‘golden standard’ for green roof development. Additionally, several national standards for green
roofs have recently arisen in Europe (albeit with some potential gaps in coverage), often based on the
FLL for technical detail. The next seemingly logical step would seem to be the development of a
European-wide standard, although question marks certainly remain about the level of detail that could

29Available

from: www.fll.de . Preparations for translations of the recent 2018 edition are already
underway (such as in the Netherlands by ISSO), illustrative of how the German FLL guidance is widely
adhered to across Europe.
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be achieved considering the differing climatic conditions under which the vegetation must survive and
different building codes that must be adhered to.
Standardization in other areas of green infrastructure lags behind. For instance, there are currently no
formal standards for green façades (Tedescoa, Giordanoa & Montacchinia, 2016). Considering the
role that green infrastructure can play in climate adaptation, this field is deserving of greater attention.
For heat-stressed cities green infrastructure can provide valuable relief, while it can also contribute (as
part of SuDS) in surface water management and can help create attractive urban recreational spaces.
Likely this relative complexity of green infrastructure (not just regarding long-term maintenance, but
also due to the fact that many green measures serve multiple purposes which might be difficult to pin
down and that nature-based measures are by definition context-specific) goes some way towards
explaining the limited standardization efforts so far.
Summarized findings:

Category
I. Flood protection:
dry- and
wetproofing

Key opportunity
Developing European standards for temporary flood barriers
which establish performance specifications (e.g. protection up to
at least 60 cm flood level and acceptable hourly leakage rate).
Possibly using the British PAS 1188 as a template, since it has
proven to be effective and is currently already being upgraded to
a formal BS standard.

Coverage

Status

Priority

+ + (+)

Medium

II

II. Permanent flood
measures
III. SuDS /
infiltration
techniques

Raising the Dutch NTA on floating construction to a formal
national (and possibly international) standard.
Develop general guidance for SuDS as a whole following
BS8582 (2013) and relying on the CIRIA SuDS Manual (2015),
which has extensive technical detail per component as well.
Secondly, harmonize the haphazard formal coverage for
permeable pavement or develop standards for nature-based
measures such as swales.
Follow American or Japanese standards for reflective roof
coatings, starting with testing methods for solar reflectance.

++

Low

III

+++

Low /
Medium

II

++

Medium

II

V. Energy systems
and cooling

Dynamic façade systems may require the revision or
development of new standards.

++++

High

III

VI. Green
infrastructure

Develop international standards for green roofs, relying on the
FLL for technical guidance.

++

Low /
Medium

I

IV. Cool materials

4.3.4 Selection of measures and final recommendations
Following the initial analysis of existing coverage in standards for the six categories, a selection was
made of three adaptation measures to be studied in greater detail, namely temporary flood barriers,
swales and green roofs. Key stakeholders for the respective sectors (i.e. suppliers, users, research
institutes and other relevant associations) were identified for each of these measures. The resulting
recommendations are guided by the input from these stakeholders, who were asked about whether
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any aspects of the respective adaptation measures (e.g. performance specifications, measurement
methods, applied techniques) could be set out more clearly in guidelines. They were also asked if they
could identify any bottlenecks or potential stumbling blocks currently limiting the uptake of these
adaptation measures and whether the development of new (or revised) formal standards could
contribute to overcoming such issues or not (either at a national or European level).
It should be noted that due to time restrictions and limited resources this is necessarily a nonexhaustive analysis that does not represent regional diversity across Europe. However, considering
the exploratory nature of this study this initial survey still establishes useful and credible stakeholder
input to guide the recommendations below, and offers an indication of standardization priorities per
adaptation measure upon which follow-up research can build. The summarized results and
recommendations can be found below, listed in order of perceived priority:
Green roofs: The development of formal international standards for green roofs could have a
beneficial impact on green roof uptake across Europe by allowing suppliers to operate more easily
across borders while improving the comparability between green roof systems and building trust in
their expected performance. The stage appears to be ready for an international standardization track.
Several national standards have been developed in Europe over the past years (indicative of the need
for such guidance), but no international standards exist yet. The recently revised European building
guidelines for energy-efficient buildings may offer a window of opportunity for improving the uptake of
green roofs by emphasising their resilience performance (i.e. efficiency in heating and cooling). From a
technical point of view, few question marks remain regarding the optimal functioning of the vegetated
system. Many of the technical aspects are already sufficiently covered by the FLL guidance which is
widely adhered to across Europe, but a formal international standard would have a higher status and
could play an important role in setting out certain basic principles of green roofs such as structural
safety, fire-, water-, and root-proofing, while leaving enough room for regional variation (for instance in
the type of substrate, vegetation and irrigation methods).
Other aspects that were highlighted by stakeholders could also come under consideration at some
point in time, such as the possibility of going beyond the functioning of the green roof as just part of
building-technical specifications, but to also expand their performance to include for instance the
impact on biodiversity. However, since such aspects are still being debated, vary depending on the
local micro-climate and are not yet clearly defined or measurable, this may be premature. Therefore, it
would seem advisable to first focus on widely agreed upon basic principles for green roofs, while
putting other aspects aside until greater clarity and consensus has been reached. As a practical point
suggested by stakeholders, considering German expertise in green roofs and especially the guidance
offered by the FLL which has already been extensively debated and widely accepted, it could be a key
source of expert input.
1. Temporary flood barriers: Due to the high cost associated with flood damage and the
flexibility offered by relatively low-cost mobile flood defences, which can be quickly deployed
in flood-risk areas and require far less manpower than the traditional deployment of sandbags
as well as being more reliable and cheaper (when implemented on a larger scale), it would
seem to be an attractive safeguard against flooding.
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Currently, there are no international standards for temporary flood barriers. The existing BSI
specifications for flood protection products have already been proven to be effective in the UK
and fulfil a valuable purpose in ensuring the quality of products, so this may serve as a
template for international standards. Such a standard would increase the trust placed in tested
products and improve the reliability of such flood protection. Potentially in combination with
certification as applied in the UK, this would bring greater clarity to a market which is currently
ill-defined and would enable local authorities responsible for flood control to quickly establish
which products are effective (having undergone the rigorous testing set out in the standard).
This would improve the image of temporary flood barriers, which suffered in previous years
when poorly designed or shoddy products failed completely. Removing the current uncertainty
surrounding the performance of flood products, and enabling buyers to distinguish between
poor and good quality products would make it more likely that local authorities would be willing
to invest in improved temporary flood defences.
2. Swales: Almost all of the city partners that were contacted throughout this survey, expressed
their interest in nature-based solutions for climate adaptation such as swales due to their
multifunctionality (i.e. addressing both heat stress and pluvial flooding, while creating attractive
recreational areas). However, they also pointed out how one of the main stumbling blocks in
planning and development tends to be the difficultly in establishing the direct impact and long
term performance of such multifunctional nature-based solutions, as well the uncertain costs
and responsibilities of maintenance (compared to more straightforward ‘grey infrastructure’).
Standardization could be useful for certain aspects of swales, such as setting out collectively
agreed upon methods for infiltration capacity testing. This would enhance the comparability of
swale designs and offer a clearer picture of their range of effectiveness. Others aspects could
be the use of particular geotextiles and types of vegetation (which can tolerate both dry spells
and periodic flooding). Maintenance and inspection are other aspect of swales that could
potentially be set out in asset management standards. However, the precise design and
subsequent maintenance of swales is highly context-specific (soil, climate, landscape, type of
vegetation, etc.) and therefore any formal guidance must leave room for regional variations.
Therefore such standards could perhaps best be introduced at the national level first before
considering standardization at a European level.

5.4. Options for a CEN workshop agreement (CWA)
Work in the standardization workpackage resulted in RESIN having a liaison status (allowing access to
all relevant documents and to contribute actively to the work) of several ISO committees (via NEN,
Fraunhofer, ICLEI, and Tecnalia). Most of our efforts have been directed to Technical Committee 207
of ISO, which is developing guidance for vulnerability assessments.
During the RESIN General Assemble in Manchester, a workshop was held on the need for creating a
CEN Workshop Agreement. As a result of this session and the discussion here-in a Roadmap has
been produced of all relevant standardization activities in order to conclude where the gaps are in
standardization and which RESIN topics would thus be interesting for a CWA. Section 2.3 in this report
is an elaboration of this roadmap. Seen the multitude of activities in standardization at that moment,
with ample attention for standardizing vulnerability assessments and adaptation planning, it was
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judged that a possible CEN workshop agreement (CWA) to be developed by the RESIN project was
not opportune. Spending capacities to influence ongoing international developments, at a moment
where new drafts were being developed, was considered to have more impact than writing a draft
CEN workshop agreement.

5.5. Legal requirements that could potentially act as barriers
for widespread use of RESIN tools
As one part of RESIN, existing legal requirements in Member States of the European Union have also
been assessed that could potentially act as barriers for a widespread application of the RESIN toolbox.
To this end, Fraunhofer has performed a literature research looking especially at this aspect.
This section provides a reflection on the EU CCA strategy and presents some findings from the state
of the art in investigations of barriers and challenges to CCA that focus on legal, policy, and
governance issues. Based on this, the consequences of the regulatory situation for the widespread
application of the RESIN tools, will be assessed Specific insights from the literature studied are
presented in Annex C.
5.5.1. Policy and legal aspects beneficial for Climate Change Adaptation in general
The European Commission adopted an EU strategy on adaptation to climate change (April 2013). The
strategy has three main objectives (Source: https://ec.europa.eu/clima/policies/adaptation/what_en):





Promoting action by Member States: Currently, 21 of 28 Member States have a strategy for
CCA.
'Climate-proofing' action at EU level by promoting adaptation in key vulnerable sectors,
ensuring that Europe's infrastructure is made more resilient, and promoting the use of
insurance against disasters.
Better informed decision-making by addressing gaps in knowledge about adaptation and
further developing the European climate adaptation platform (Climate-ADAPT).

The European Commission also supports adaptation in cities through the ‘Covenant of Mayors for
Climate and Energy’ initiative. In 2016, an evaluation of the EU adaptation strategy has started and
will be completed by the end of 2018.

5.5.2. Assessment of the regulatory situation and reported typical barriers and their
implications for the widespread application of the RESIN tools
In general, the regulatory situation regarding CCA and the general ‘climate’ for CCA action is
improving. At EU level, policy-making and regulations are being pursued, evaluated, and updated. At
the national level, Member States are encouraged or obliged to develop CCA strategies and
legislation. At the local level, cities – which host the majority of the EU 28’s population – participate in
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adaptation frameworks like the ‘Covenant of Mayors for Climate and Energy’ and participate in and
benefit from research projects such as RAMSES 30, Smart Mature Resilience 31, or RESIN.
The regulatory and legal barriers for CCA as reported in some of the evaluated literature do not
comprise any specific barriers for the widespread application of the RESIN tools. If barriers are
reported, then they concern either very specific cases or are so general that they would constitute
barriers to CCA in general and thus to any tools that CCA actors would want to apply. Instead, rather
than pointing to specific regulatory obstacles for a widespread use of RESIN tools, the only serious
barrier identified in the literature concerns the absence of CCA related policies, laws and rules and
that implementation of adaptation options is not legally binding.
Based on findings reported in other RESIN deliverables, more common barriers that would need to be
overcome for the widespread application of the RESIN tools would rather comprise:






Dependability of local CCA actors on actors at different policy levels of the regional
governance structure (like regional governments being responsible for health or national
government being responsible for cultural heritage);
Lack of data for risk-based vulnerability assessment and consequence assessment;
Lack of technical proficiency for applying RESIN tools (like the quantitative stages of IVAVIA);
and
Lack of standardization of tools: CCA actors may already use tooling for their adaptation
activities, for instance, as results from participating in other research projects. Familiarity with
an existing tool set can act as a barrier for adopting new tooling.

Regarding the latter, this report has shown that multiple CCA related standardization activities are
proceeding and some of these standards have already been published. These standards are expected
to have a significant influence on further tool development activities. This may either lead to
convergence in tooling (‘de facto’ standards) or to concrete standardisation of support tools. The fact
that RESIN has contributed to several of the ISO standards mentioned in this deliverable should be
regarded as beneficial for the further exploitation of the RESIN tools.

30
31

http://www.ramses-cities.eu/home/
http://smr-project.eu/home/
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6. General study of certification in climate
change adaptation
This chapter summarises the outcomes of a RESIN study on the state of and possibilities for
certification in urban climate adaptation (Bosch, 2017). This report investigates the need and
opportunities for certification of adaptation products, services and processes. Certification is the
independent quality assessment of a product, service or person. The resulting certificate demonstrates
compliance with predefined standards. As demonstrated in Section 5.3, informal and sometimes
formal standards have been developed for a couple of adaptation products, for instance for green
roofs. Certification schemes for such products are often still limited to one country in Europe.
In addition to standardization, certification is seen as a way to stimulate the uptake of technologies or
practices that improve the climate resilience of European cities. The way to push the market towards
certification will be for governmental bodies and buying companies to ask in their specifications for a
proof of compliance to certain standards.

6.1. Product certification
It seems that products with a high complexity and many factors influencing performance (such as
green roofs or permeable stones) or products that are able to prevent a lot of damage if they do not fail
(such as flood barriers) are the first for which standards have been developed and certification
schemes have been introduced. Providing buyers with a certificate that the product complies to certain
performance norms could stimulate the market, providing certainty to the buyers and potential benefits
to the suppliers.
For a few adaptation products standards and certification have been developed. Most of the
standardization work started by, so called, informal standardization organisations. These are often
member organisations in a certain economic sector providing technical guidance. Some have taken
the standardization process further into certification. Therefore, the difference between formal and
informal standards is in the representation of those involved in the development and approval
processes. An important factor in the development of a certificate seems the amount of direct damage
in case of failure of the product, which explains the existence of certification for flood barriers. For the
other products investigated, the damage happens indirect (such as extra mortality during a heatwave)
and often at a distance from the material applied (permeable pavement uphill prevents flooding
downhill). Nevertheless with the projected increase in impacts from climate change and possible
damage incurred, certification may spread to more product categories and to more countries.
Permeable pavement and green facades seem obvious candidates.

6.2. Process certification
For the certification of processes in urban adaptation we have considered the main processes that
happen within a city in this respect. These are essentially: finding answers to the questions (1) how
vulnerable is the city or our company/institution for climate change impacts? and (2) what do we plan
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to do about it? Possible processes that could be certified include the production of vulnerability
assessments, the development of adaptation strategies or heatwave emergency plans.
Process certification in urban adaptation is still many steps further away than product certification. As
there is no direct market, it seems that requirements with regards to the quality of adaptation
processes from national authorities, funding organisations and the like will be important to stimulate
the development of certification schemes.
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7. Heritage of RESIN
RESIN has shown the capability to address its issues into standardization. At present, in the European
and global arenas, various developments are going on in standardizing climate change adaptation.
RESIN has contributed to these developments and has worked to address the afore-mentioned gaps
and limitations. RESIN-partners NEN and ICLEI will remain involved in the development of adaptation
standards.
A specific field of continued activities concerns standardization for adaptation measures. In the RESIN
'adaptation library', a range of measures for climate change adaptation have been identified. As part of
WP 5.3 a thorough investigation has been made of existing standards for these measures. In total 23
measures have been selected, divided in the following 6 categories: flood protection (dry- and
wetproofing), permanent flood measures, infiltration techniques, cool materials, energy systems and
cooling, and green infrastructure. Based on the exploration and mapping of relevant standards for the
adaptation measures from the RESIN library, several aspects came to light within the various
categories, with for instance the standardization landscape for certain measures seemingly more
developed in some countries than others. For NEN this offers a reason to take a deeper look into
standardization needs regarding these measures. This may possibly result in reviewing existing
CEN/ISO standards or even creating new ones.
Fraunhofer will be able to continue the standardization work it started in the RESIN project, through its
participation alongside Tecnalia in the Horizon2020 project FORESEE, which started in September
2018. FORESEE follows the subjects RESIN touched, as it will develop and demonstrate a reliable
and easily implementable toolkit for providing short and long term resilience schemes against traffic
disruption due to flooding, landslides and structural damage for rail and road corridors and multimodal
terminals.
Furthermore, Fraunhofer is engaged in several joint EU proposals for research in climate change
adaptation with RESIN partners, which demonstrates the enduring impact of the RESIN project on
continued collaboration and community building in the field of CCA research in relation to
standardization. 32

32 For instance, Fraunhofer is currently involved in a joint proposal with its RESIN partners ICLEI,
Tecnalia, the city of Bratislava and the Comenius University of Bratislava, in which the German
national standardization body DIN is also participating as a partner as a result of the RESIN work in
standardization (EU H2020 proposal ARCH: Advancing Resilience of Historic Areas against Climaterelated and other Hazards).
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8. Results and conclusions
This chapter contains three blocks of conclusions:




On the formal standardization processes for adaptation management as it is ongoing largely
within ISO
On the formal standardization processes for adaptation measures
On the need for informal standardization in areas such as risk assessment and adaptation
strategy making

8.1. The role of formal standardization on adaptation
management (ISO-developments)
On the international level (ISO), a set of standards is in development that address processes for
dealing with adaptation to climate change.






Insights and experiences that have been developed during the RESIN project have been (and
continue to be) shared with the standardization committees that are working on these
standards. Especially the results from the work on the IVAVIA tool on vulnerability assessment
have been used in updating ISO 14091, and the results from the E-Guide for the ISO 14092.
ISO 14091 Climate Change Adaptation - A guidance to Vulnerability Assessment.
The development of ISO 14091 builds on IVAVIA experiences as the standard switched from
the AR4 model (IPCC) to the new AR5 model, meaning a switch from a vulnerability-based to
a risk-based model. For the development of the standard, that means that it not only focuses
on concepts and information that determine vulnerability, but extends to concepts and
information that determine risk, in other words also paying attention to the severity of the
impacts and the likelihood of occurrence of (extreme) events. As mentioned above, well
described steps to advance from a qualitative to a quantitative assessment are another
important element.
ISO 14092 Requirements & guidance of adaptation planning for organizations including local
governments and communities
Likewise for this standard, RESIN input contributed to a shift to base ISO 14092 on the
conceptual framework of IPCC AR 5. Furthermore, insights were shared from the E-Guide
with the working group developing this standard. Based on the E-Guide, the following
recommendations were made:
•
develop a stepwise approach that allows users to enter the process at different
stages, not necessarily starting at step 1, as planning processes are often non-linear;
•
cover the complete process, from raising awareness of climate change to the
implementation of adaptation responses;
•
allow for a scoping phase in which climate threats, socio-economic sectors, spatial
and temporal coverage are decided;
•
use consistent terminology throughout;
•
pay attention to getting commitments from decision makers and stakeholders in all
stages;
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•

include active communication.

This allows for a worldwide and systematic uptake of key results of RESIN through standards.

8.2. The role of formal standardization for adaptation
measures
For a set of adaptation measures, an investigation has been made of available standards. Although
the situation differs strongly per measure, some general insights come across:






For most measures technical specifications are available. These are often at a national or
technical level, and do not have a formal status;
Available specifications especially cover aspects related to quality, performance and
measurement-techniques. In some cases specifications cover most relevant issues, in other
cases they do not;
In some cases these specifications are included in national standards, for instance BSI (UK)
and ASTM (USA) standards;
Few formal international standards, European (EN) or global (ISO), are currently available.

This situation, with a lack of internationally accepted standards, may well result in uncertainty
surrounding the performance and quality of available products, and makes it difficult for local
authorities to distinguish between poor and good quality products. It is expected that this has a limiting
effect on the acceptance and use of adaptation measures.
A market consultation has been carried out for three adaptation measures:




Green roofs;
Temporary flood barriers;
Swales.

For these measures stakeholders have been consulted, asked about bottlenecks that might limit the
uptake of these measures and the role standards could possibly play to overcoming these obstacles.
Although the consultation was limited (about 20 stakeholders were consulted), it provides an indication
of standardization priorities. Key recommendations are:




Green roofs: The stage appears to be ready for an international standardization track. Several
national standards have been developed in Europe over the past years (indicative of the need
for such guidance, especially in Germany), but no international standards exist yet. The
recently revised European building guidelines for energy-efficient buildings may offer a
window of opportunity for improving the uptake of green roofs. The development of formal
European or international standards would allow suppliers to operate more easily across
borders while improving the comparability between green roof systems and building trust in
their expected performance.
Temporary flood barriers: The existing BSI specifications for flood protection products have
already been proven to be effective in the UK and fulfil a valuable purpose in ensuring the
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quality of products, so this may serve as a template for European or international standards.
This would increase the trust placed in products at the European level and improve the
reliability of such flood protection.
Swales: Almost all of the city partners contacted expressed their interest in nature-based
solutions for climate adaptation such as swales. However, one of the main stumbling blocks is
the difficultly in establishing the performance, such as infiltration capacity. Standards could
enhance the comparability of swale designs and offer a clearer picture of their range of
effectiveness. As the design of swales is region-specific, this could best be introduced at the
national level first before considering standardization at a European level.

Lastly, certification is lagging behind the development of standards, as it (1) depends on the
availability of standards and (2) needs to be taken up by market parties. It can be stimulated by
governmental bodies by asking for proofs of compliance to available standards.

8.3. The role of informal standardization
As it is often difficult to get political commitment for climate adaptation, city administrators regularly
express their need for more regulatory or other frameworks. Process standards can be a way to
supply such support. Process standards such as for producing vulnerability and risk assessments or
for developing an adaptation plan or climate-action plan, especially if issued by relevant organizations,
can stimulate local developments. Apart from the efforts by formal standardization bodies, especially
through ISO 14901 and 14092, informal standardization by organizations such as the Covenant of
Mayors, the C40 or 100Resilient Cities, can become a lever for signatories and non-signatories alike.
The orientation of cities on international organizations follows the trend of local governments
considering themselves more and more as ‘global players’ when it comes to sustainable development.
On the one hand this means that guidance provided by these organizations will reach many cities. On
the other hand, to use the mobilizing power of informal standards to the maximum extent, there should
be international institutions that request compliance to the standards. That can be as part of
agreements (such as in the case of the Global Covenant of Mayors), or as part of a financial
transaction (such as for loans by the EIB or EBRD). A special category may be the various awards,
such as the Green Capital Award, requesting a certain quality.
The RESIN products can certainly contribute to informal standardization as they have been developed
with and for cities. The IVAVIA risk assessment approach, which in itself has been developed from an
international development support tool, can be copied into guidelines by international city
organizations. The two-stage approach (qualitative followed by a quantitative stage if resources allow)
is highly recommended as it answers practical concerns by cities. The e-Guide provides a model of a
standardized approach to adaptation strategy development. It offers key recommendations, such as
formulated in section 4.3, to introduce a stepwise approach that allows users to enter the process at
different stages; to cover the complete process from raising awareness of climate to the
implementation of adaptation responses; to allow for a scoping phase in which climate threats, socioeconomic sectors, spatial and temporal coverage are decided; to use terminology consistently
throughout; to pay attention to confirming commitments from decision makers and stakeholders in all
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stages; and to not forget communication, which should be taken on board by all organizations
providing support to urban adaptation strategy development.
Currently city organizations have a limited role in informal standardization. Guidance provided is rather
limited (e.g. to conceptual frameworks only) and with little focus. Including (some of) the RESIN
products provides a starting point for strengthening their role. Drawing this line further, international
cities organizations could and maybe should provide a complete package of standard tools enabling
cities and city stakeholders to develop adaptation strategies.

8.4. The limited role of technical experts in standardization
In spite of the achievements made during the RESIN project, it has also become clear that it is very
hard for a research project to influence international standardization. There are several reasons for
this:
–

–

–

–

As international standardization and EU R&D projects are not in sync with each other, there
are only a few windows of opportunity during the running time of a project to have an influence
on standards, depending on the work plan for a respective standard.
People working in international standardization are in many cases standardization
professionals who do standardization for a living and who have a full-time mandate by their
company or organisation. They are always superior, being better informed than the part-time
experts from EU R&D projects doing standardization, for whom it is very hard to catch up and
survive in the flood of documents and drafts to review and comment.
When it actually comes to commenting on documents in progress, one has to defend the
comments very often in person at meetings which can take place in expensive or distant
locations such as Halifax, Korea or Japan, where participation is often not possible due to
restricted travel budgets and staff time. The probability that comments are rejected due to the
absence of their authors, who are thus unable to further explain or defend them in person, are
quite high. This happened with RESIN comments for ISO 14050 during the last meeting in
Geneva.
Sometimes it is possible to attend meetings virtually, i.e. through WebEx, increasing the
impact probabilities. However, this is not offered by default by the hosting institution, as for
instance during the Geneva ISO meetings in September 2018.

The bottom line is: in order to have an impact on international standardization during an EU R&D
project, a long project duration, a considerable budget and the alignment of the project schedule with
relevant standardisation activities at a very early stage, are needed.
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Annex B: Table of adaptation measures and
standards
Introduction to the table
The adaptation measures are numbered (1-23) and follow the RESIN library categorisation. It should
be noted that due to their multi-functionality some options (e.g. green roofs) can feasibly fit in multiple
categories, but in such cases, the table adheres to the RESIN library. There are six categories in total,
namely:
I. Flood protection: dry- and wetproofing
II. Permanent flood measures
III. Sustainable drainage systems (SuDS)/ infiltration techniques
IV. Cool materials
V. Energy systems and cooling
VI. Green infrastructure
Regarding the criteria used in the table:
-“Coverage” (on a scale from ‘+’ to ‘+ + + + +’), i.e. how well do the standards cover the various
aspects pertaining to a particular adaptation measure. For instance, does the standard just contain a
relatively narrow test method (e.g. how to test the permeability of concrete in lab conditions) or does it
offer wider guidance (e.g. how to design, construct and maintain permeable pavement)? By no means
does a perceived lower ‘coverage’ necessarily indicate that the standard is in some way faulty, but
simply that from the point of view of climate adaptation, valuable additions could be made to the
standard to provide a more comprehensive picture of the adaptation measure in question.
-“Status”, i.e. how broadly accepted and accessible is the standard or guideline. Globally recognised
ISO or European CEN standards were considered to be ‘high’ status, formal standards from national
standardization institutes considered to be of ‘medium’ status, whereas national technical agreements
or industry guidelines that have a more limited reach across national borders can be considered ‘low’
status. It should be noted that there are certainly exceptions, and that in some case technical
agreements or industry guidelines are used widely across borders (for example, German FLL
guidelines on green roofs are adhered to in many countries or used as a template for other national
standards).
-“Ranking” (I / II / III, with ‘I’ representing high priority), which roughly indicates potential action
priorities for standardization per measure. This is based on the existing coverage in standards and
their status (and degree of harmonization), alongside the perceived relevance, applicability and
potential impact of the measure itself. This is also guided by the input from RESIN partners.
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Adaptation
Description
measures
I. Flood protection: dry- and wetproofing
1. Flood
Dry proofing aims to keep water out entirely,
protection
while wet proofing entails water resilient
(general)
adaptations to decrease the damage resulting
from flooding. Some of these measures are
entirely demountable and temporary, whereas
others are fixed in place and function on a
long-term basis.

Rank
(I-III)

Relevant standard(s)

Coverage
(+ + + + +)

Status (LowMedium-High)

II

-BS 85500 (2015) Flood resistant and resilient construction guide to improving the flood performance of buildings

+++

ASCE (American Society of Civil Engineers). ASCE 24 - 14, Flood
Resistant Design and Construction.

++++

NA

2.
Demountable
door guards
(manual or
automatic)
3. Air brick /
air vent cover

A watertight barrier that can be attached to the
door frame.

II

ISO/DIS 20325 (Under development) Guidelines for stormwater
management in urban areas
PAS 1188-1( (2014) Flood protection products -specification. Part
1: Building aperture products
* PAS is not a national standard, but it is linked to Kitemark
accreditation.

+++++

Medium
(National
standard)
Low/Medium
(U.S. Industry
standard)
High [Under
development]
Low/Medium*

Covering for an air vent / air brick, which
enables normal airflow but is automatically (or
manually) raised during floods to prevent water
coming in.
Increasing the water resistance of exterior
walls by using water resistant bricks and
mortar or applying a surface sealant ( above
and below ground).

II

PAS 1188-1 (2014) Flood protection products -specification. Part
1: Building aperture products

+++++

Low/Medium

II

E3075 – 16, Standard Test Method for Water Immersion and
Drying for Evaluation of Flood Damage Resistance
EN 1015-18 (2003), Determination of water absorption coefficient
due to capillary action of hardened mortar
EN 934-2+A1 (2012) Admixtures for concrete, mortar and grout –
Part 2: Concrete admixtures - Definitions, requirements,
conformity, marking and labelling
E2266-11, Design and Construction of Low-Rise Frame Building
Wall systems to resist water intrusion
PAS 1188-3 (2014), Flood protection products - building skirt and
wall sealant systems
C1403 – 15, Standard Test Method for Rate of Water Absorption
of Masonry Mortars
D6532 – 14, Standard Test Method for Evaluation of the Effect of
Clear Water Repellent Treatments on Water Absorption of
Hydraulic Cement Mortar Specimens

++

Medium

+

High

++

High

+++

Medium

+++

Low/Medium

+

Medium

+

Medium

4. Waterproof
external walls
/ water
resistant
mortar
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5.
Geotextiles*

*Geotextiles form a very broad category that is
relevant to many different adaptation measures
(from dikes to permeable pavement, green
roofs or swales), and there is a lot of
information available depending on the specific
measure chosen. Therefore geotextiles have
not been individually ranked.

-

6. Temporary
flood
barriers:
6.1 Tubes
(water/air
filled)
6.2
(Im)permeable
containers
6.3
Freestanding
barriers
6.4 Frame
barriers

1. Tubes: “[T]ypically pre-fabricated
impermeable membrane tubes that can be
filled with air [or water] to form a dam. They are
usually anchored down with pins or through the
provision of an extended pre-weighted skirt.
The tubes are portable and require pumps or
blowers for inflation.” (Environment Agency
[EA], 2011: 39)
2. (Im)permeable containers: “These are
cellular barriers filled with aggregates or water
to form a barrier against floodwater. Containers
can be divided into two categories, permeable
and impermeable. In both cases they are
gravity dams, using the weight of the
aggregate or water for stability” (EA: 41).
3. Free standing barriers: “ These modular
systems are made of impermeable materials
and are joined together to form a continuous
barrier or wall. These products are self
supporting and do not rely on frames” (EA: 43).
4. Frame barriers: “Frame barriers consist of
rigid frames with impermeable membranes or
sections spanning between them. They rely on
supporting frames and the weight of the water
to provide the barriers stability. They are
modular and are connected together to form a
continuous barrier” (EA: 46).

I

“A temporary
flood
protection
system is
formed by
removable
flood
protection
products that
are wholly
installed
during a flood
event and
removed

For example:
--EN 13249 (2016), Geotextiles and geotextile-related products Characteristics required for use in the construction of roads and
other trafficked areas
EN 13252 (2016), … - Characteristics required for use in drainage
systems
EN 13254 (2016) … - Characteristics required for the use in the
construction of reservoirs and dams
PAS 1188-2 (2014) Flood protection products -specification. Part
2: Temporary products
[Note: Of course many more standards exist relating to the
specific material components of these measures (e.g.
specifications for types of permeable membranes), but as far as
could be ascertained there is a relative dearth of formal standards
regarding flood protection as a broader measure or system.]
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-

-

+++++

Low/Medium

completely
when levels
have receded,
its connection
with the
underlying
surface, and
the end
connections”
(EA, 2011:
14).
7.
Demountable
flood
barriers:
7.1 Flood
gates
7.2 Sectional
barriers
7.3 frame
barriers
“A
demountable
flood
protection
system is a
moveable
flood
protection
system that is
fully preinstalled and
requires
operation
during a flood
event, or a
system that

1. Flood gates: “These barriers are made of a
single or pair of rigid sections (usually steel or
fibreglass), designed to close a gap within a
flood defence. They are normally fully preinstalled and only require closure during an
emergency. The closure operation can be
manual, semi-automated or automatic. … They
are normally attached to an adjacent structure
or permanent protection or laid flat into a
recess within the ground” (EA: 52).
2. Sectional barriers: “These systems consist
of multiple sections made of rigid materials
such as steel or fibreglass which are joined or
interlocked to form a continuous barrier. The
barriers are fully preinstalled and only require
operation during an emergency. Operation can
be either manual or automatic. They are
normally hidden away in an underground
compartments or housings and once deployed
attach to an adjacent structure or permanent
protection” (EA: 52).
3. Frame barriers (partly pre-installed): “These
are rigid panels placed horizontally between
stanchions supported by permanent
foundations. The panels and stanchion guides
are usually lined with seals to ensure water

I

PAS 1188- 4 (2014) Flood protection products -specification. Part
4: Demountable products
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+++++

Low/Medium

requires parttightness. … The stanchions can be
installation into permanently installed, or capable of being
pre-installed
attached to permanently installed connections”
guides or
(EA: 52).
sockets within
a preconstructed
foundation”(EA
: 15).
II. Permanent flood measures
8. Elevated
Constructing on stilts (or other forms of raised
buildings
construction) in flood prone areas to bring the
building above expected flood levels.

9.
Amphibious /
floating
buildings

An amphibious building has its foundations on
the ground but can float during high water
events and then return to its original moorings
when water levels recede. Floating buildings
are permanently on the water surface.

10. Dike / dam

III. Sustainable drainage systems (SuDS) / infiltration
techniques
11. SuDS
Rather than rapidly carrying away water
(general)
through grey infrastructure, SuDS form an
approach to surface water management that
attempts to mimic natural drainage as much as
possible. It combines various grey and green

III

II

II

I

ASCE (American Society of Civil Engineers). ASCE 24 - 14, Flood
Resistant Design and Construction.
Coastal Construction Manual. Principles and Practices of
Planning, Siting, Designing, Constructing, and Maintaining
Residential Buildings in Coastal Areas (Fourth Edition) FEMA P55 / Volume II / August 2011
Foundation Requirements and Recommendations for Elevated
Homes, Hurricane Sandy Recovery Fact Sheet, No. 2 May 2013
(Not exactly a standard, but contains relevant guidelines on
elevated buildings)
-NTA 8111 (2011) Drijvende bouwwerken [floating constructions]
(Netherlands)

++++

Low/Medium

+++++

Low/Medium

+++

Low

++++

Low

NEN-EN 13361 (2018) Geosynthetic barriers - Characteristics
required for use in the construction of reservoirs and dams
ISO 21650 (2007) Actions from waves and currents on coastal
structures
DIN 19712 (2013) Flood protection works on rivers

+++

High

+++

High

NA

Medium

BS 8582 (2013) Code of practice for surface water management
for development sites
(references the CIRIA report below; link between the two)
CIRIA Report C753: The SuDS Manual (2015). [937 pages].
(Note: A detailed report which provides guidance for the various

+ + + (+)

Medium

+++++

Low
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12. Infiltration
basin / trench

13. Swales

14.
Permeable /
porous
pavement*

measures (see below) which reduce peak
runoff levels, and allow for on-site infiltration
and replenishment of groundwater.
Potential co-benefits SuDS: The green
infrastructure is also intended to offer other
benefits, e.g. urban recreational spaces or the
beneficial thermal impact of vegetation through
shading and evapotranspiration (reducing the
Urban Heat Island effect).
“Infiltration basins are flat-bottomed, shallow
landscape depressions that store runoff
(allowing pollutants to settle and filter out)
before infiltration into the subsurface soils.”
Infiltration trenches are linear excavations that
are filled with a suitable aggregate (held
together with a permeable geotextile) that
allows the temporary storage of water before it
soaks into the ground. (CIRIA, 2015): 258).

“A vegetated channel used to convey and treat
runoff (via filtration). These can be “wet”, where
water is designed to remain permanently at the
base of the swale, or “dry” where water is only
present in the channel after rainfall events. It
can be lined, or unlined to allow infiltration”.
(CIRIA: 29)
Note: a distinction should be made between 1.
porous pavement “which infiltrate water
across their entire surface material” such as
porous concrete or asphalt with a high void
content; and 2. permeable pavement in which
the material itself is not permeable, but is
designed in such a way that water can infiltrate
through joints or voids in between interlocking
paving units. Therefore, a variety of standards

stages from planning to design, construction and maintenance.
Offers both a general introduction to the concept of SuDS as well
as technical detail on specific components.)

II

II

I

CIRIA Report C753: The SuDS Manual (2015): Chapter 13, 15,
16
BS 6297:2007+A1:2008, Code of practice for the design and
installation of drainage fields for use in wastewater treatment
D3385 – 18. Standard Test Method for Infiltration Rate of Soils in
Field Using Double-Ring Infiltrometer
D5093 – 15, Standard Test Method for Field Measurement of
Infiltration Rate Using Double-Ring Infiltrometer with Sealed-Inner
Ring
Richtlijn ISSO-Publicatie 70.1 ‘Omgaan met hemelwater binnen
de perceelgrens’. (Netherlands)
CIRIA Report C753: The SuDS Manual (2015): Chapter 17

+++++

Low

+ + (+)

Medium

++

Medium

++

Medium

+ + (+)

Low

+++++

Low

- ISO 17785-1 (2016) Testing methods for pervious concrete —
Part 1:Infiltration rate
-BS 7533-13 (2009) Pavements constructed with clay, natural
stone or concrete pavers. Part 13: Guide for the design of
permeable pavements constructed with concrete paving blocks
and flags, natural stone slabs and setts and clay pavers
-C1688 / C1688M - 14a Standard Test Method for Density and
Void Content of Freshly Mixed Pervious Concrete
-C1701 / C1701M - 17a Standard Test Method for Infiltration Rate
of In Place Pervious Concrete

+ (+)

High

++++

Medium

+ + (+)

Medium
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can be applicable depending on the type of
paving (CIRIA: 753).
All the formal standards mentioned here are
test methods for specific aspects of pervious
concrete, except for C1781 (infiltration test for
interlocking pavement) and the BSI guide
which concerns the design of pavements in a
more general sense (i.e. the system, not
product specific).

15. Rainwater
harvesting

16.
Underground
water storage
(crates)

Collecting rainwater from building roofs or
other surfaces to be stored in tanks on-site
(where the water is usually filtered and
possible treated in other ways) and used for
non-potable water purposes (e.g. flushing
toilets).

Attenuation tanks or other types of storage
systems where runoff can temporarily be kept
to be infiltrated or slowly released to prevent
sewers from being overwhelmed during heavy
downpours.
IV. Cool materials

II

II

-C1747 / C1747M - 13 Standard Test Method for Determining
Potential Resistance to Degradation of Pervious Concrete by
Impact and Abrasion
-C1754 / C1754M - 12 Standard Test Method for Density and
Void Content of Hardened Pervious Concrete
-C1781 (2015) Standard Test Method for surface infiltration rate
of permeable unit pavement systems
Other types of standards in use:
- CIRIA Report C753: The SuDS Manual (2015): Chapter 20
U.S. Department of Transport, Towards Sustainable Pavement
Systems: A Reference Document (2015).
-BRL 2317, ‘waterdoorlatende bestratingselementen van beton’
(KIWA, 2014)
-BRL K11001 ‘productcertificaat voor grasbetontegels’ [product
certificate for grass paving blocks’] (Netherlands)
ProBeton Technische Voorschriften (PTV) 126 (2017),
Betonproducten voor waterdoorlatende bestratingen’ [concrete
products for permeable pavement] (Belgium)
* Covers both types of permeable paving (including those with
grass) and is linked to a BENOR certification
NEN-EN 16941-1 (2018) On-site non-potable water systems Part 1: Systems for the use of rainwater
.BS 8515 (2013). Rainwater harvesting systems – Code of
practice’
BS 8595 (2013) Code of practice for the selection of water reuse
systems
NTR 3216 (2012) Riolering van bouwwerken. Richtlijnen voor
ontwerp, uitvoering en beheer
(+ summary in the annex for ISSO-publicatie 70.1 Omgaan met
hemelwater binnen de perceelgrens‘) [only available in Dutch]
CEN / TR 17179 (2018) Thermoplastics piping and ducting
systems – Rainwater infiltration and storage attenuation systems
prNEN EN 17152 (2017) Plastics piping systems for non-pressure
underground conveyance and storage of non-potable water –
boxes used for infiltration, attenuation and storage systems
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++

Medium

+++++

Low

+ + + + (+)

Low

++++

Low

++++

Low

++++

High

++++

Medium

+++

Medium

+++++

Low/Medium

+ + + (+)

High

+ + (+)

High* (under
development)

17. Cool roof /
façade

18. Cool
pavement

Cool materials (or applied coatings) offer a
high thermal emissivity and/or high solar
reflectivity (in terms of surface albedo). Albedo
is measured on a scale from 0 -1, with 0
representing a dark surface that absorbs all
incoming solar radiation and 1 representing a
surface that reflects all radiation. Cool roofs
need not necessarily be white and highly
reflective coatings can come in different
colours.
Energy savings can be achieved (and the
Urban Heat Island effect potentially reduced)
by reflecting a greater proportion of incoming
solar radiation, although the effect is less
noticeable for better insulated buildings. The
USGB’s LEED (Leadership in Energy and
Environmental Design) ratings specify a credit
for ‘Heat island effect – roof’ if a roof meets
certain criteria (i.e. three quarters of the roof
has a solar reflectance of 0.78 or higher).
The Cool Roof Rating Council (CRRC) offers
ratings for the solar reflectance and thermal
emissivity levels of products (but it currently
does not set a minimum level).
Note: the EU attempted to establish a similar
council but it does not appear to have taken off
(see: http://coolroofcouncil.eu/prp.php) .
Cool pavement usually refers to highly
reflective paving (i.e. with a high albedo), but
increasingly permeable pavement is also being
considered for its evaporative cooling potential
(although this of course requires the availability
of water during hot periods which would not be
suitable across various climatic zones).
Some of the above test methods for cool roofs
can also be applied to cool pavements (e.g. to
test solar reflectance) but because pavements

I

II

D7897 – 15 Standard Practice for Laboratory Soiling and
Weathering of Roofing Materials to Simulate Effects of Natural
Exposure on Solar Reflectance and Thermal Emittance
C1549 – 16 Standard test method for determination of solar
reflectance near ambient temperature using a portable solar
reflectometer
ASTM D 6083-05e1, Standard Specification for Liquid Applied
Acrylic Coating Used in Roofing
JIS K 5602 (2008) Determination of reflectance of solar radiation
by paint film
JIS K 5675 (2011) High solar reflectant paint for roofs
JIS K 5603 (2017) Thermal performance of paint film Determination of solar absorptance with a heat flow meter [No
access to these Japanese standards]

+++

Medium

++

Medium

++

Medium

NA

Medium

prNEN EN 17190 (2017) Flexible sheets for waterproofing - Solar
reflectance index

+

High* (Under
development)

ASHRAE 90.1 (2007) Energy standard for buildings except lowrise residential buildings (No access)
ANSI/CRRC S100 (2016) Standard Test Methods for Determining
Radiative Properties of Materials

NA

Low

++++

Low

Global Cool Cities Alliance, “A practical guide to cool roofs and
cool pavement” (2012)
ASTM E 903 - 12 Standard Test Method for Solar Absorbance,
Reflectance, and Transmittance of Materials Using Integrating
Spheres
ASTM E 1980 – 11 Standard Practice for Calculating Solar
Reflectance Index of Horizontal and Low-Sloped Opaque
Surfaces
U.S. Department of Transport, Towards Sustainable Pavement
Systems: A Reference Document (2015).

+ + + (+)

Low

+++

Medium

+ + (+)

Medium

++++

Low
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are exposed to greater wear and tear and
discoloration, the conditions under which cool
materials must perform are somewhat different.
V. Energy systems and cooling
19. Passive
Well-designed buildings can improve their
cooling and
thermal performance with passive measures by
ventilation
(for instance) making more efficient use of
(general)
natural ventilation or limiting thermal bridges
which allow for the transfer of heat. These
buildings can thus reduce the energy demand
from active cooling.

III

NEN ISO 16345 (2014) Water-cooling towers -Testing and rating
of thermal performance
EN ISO 13786 (2007) Thermal performance of building
components
ISO TR 52018 – 1 / 2 (2017) Energy performance of buildings —
Indicators for partial EBP requirements related to thermal energy
balance and fabric features
ISO 52010-1 (2017) Energy performance of buildings - External
climatic conditions -Part 1: Conversion of climatic data for energy
calculations [also uses the input from ISO 15927 – 4 below]
EN ISO 15927-4 Hygrothermal performance of buildings –
Calculation and presentation of climatic data. Part 4: hourly data
for assessing the annual energy use for heating and cooling
prNEN 5060 Hygrothermal performance of buildings ‐ Climatic
reference data [Netherlands]
NEN 1068+C2 (2016)Thermal insulation of buildings – Calculation
methods [Netherlands]
prEN 16798-1 Energy performance of buildings - Part 1: Indoor
environmental input parameters for design and assessment of
energy performance of buildings addressing indoor air quality,
thermal environment, lighting and acoustics - Module M1-6.
[under development]
EN 16798-3 (2017) … Part 3: Ventilation for non-residential
buildings - Performance requirements for ventilation and roomconditioning systems
[Note: In total, the EN 16798 series contains 18 parts related to
various aspects of ventilation]
EN ISO 52000-1 (2017) Energy performance of buildings Overarching EPB assessment — Part 1: General framework and
procedures
UIT 31 (2013) Praktijkgids Bouwbesluit – Ventilatie [General
ventilation guide. Only available in Dutch and geared towards the
Dutch building code]
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+++

High

+++

High

++

High

+++

High

+++

High

+++

Medium

+++

Medium

++++

High

+++

High

+ + + (+)

Low

A design style for both cooling and heating
based on the thermal mass of concrete within
the building with embedded pipes running with
water.
20. Exterior
shading
Note: See also
‘Green
façades / living
wall systems’
for another
type of
shading

VI. Green
infrastructure (GI)
21. Green
roof

ISO 11855-4 (2012) Building environment design — Design,
+++
High
dimensioning, installation and control of embedded radiant
heating and cooling systems — Part 4: Dimensioning and
calculation of the dynamic heating and cooling capacity of Thermo
Active Building Systems (TABS)
Adjustable exterior shading can help reduce
III
EN 13561 (2015) External blinds and awnings - Performance
+ + + (+)
High
solar heat gain in the summer, while still
requirements including safety
allowing solar energy to enter in winter.
EN 13659 (2015) Shutters and external venetian blinds + + + (+)
High
Note: Dynamic façade systems / climatePerformance requirements including safety
adaptive building shells (CABS) can improve a
EN 14501 (2005) Blinds and shutters - Thermal and visual
+++
High
building’s energy performance through
comfort - Performance characteristics and classification
seasonal or more immediately responsive
EN 1932 (2013) External blinds and shutters - Resistance to wind + +
High
adaptation (although it is not exactly ‘passive’).
loads - Method of testing and performance criteria
[Other than a mention in ISO/TR 52000EN ISO 10077 -1 (2017) Thermal performance of windows, doors + + +
High
2:2017, no details found yet for these systems].
and shutters - Calculation of thermal transmittance
ISO 52017 - 1 (2017) Energy performance of buildings - Sensible
++
High
and latent heat loads and internal temperatures – general
calculation procedures
ISO 52022-1 (2017) Energy performance of buildings - Thermal,
+++
High
solar and daylight properties of building components and
elements - Part 1: Simplified calculation method of the solar and
daylight characteristics for solar protection devices combined with
glazing
“Green infrastructure is a strategically planned network of natural and semi-natural areas with other environmental features designed and managed to
deliver a wide range of ecosystem services” (European Commission (2013) Green Infrastructure (GI) – Enhancing Europe’s Natural Capital)
Vegetative roofs, ranging from the thin-layered
extensive type which allows for only a few
small hardy species to more substantial but
intensive garden roofs, can help reduce peak
runoff. Green roofs can also provide additional
thermal benefits, but this impact depends on
the level of insulation per building.

I

FLL Dachbegrünungsrichtlinien (2018)
[no free access] (FLL= Forschungsgesellschaft
Landschaftsentwicklung Landschaftsbau e.V.)
(NB: Dutch translation being developed by ISSO)
NTA 8292 (2016) Begroeide daken (Netherlands)
Richtlijn begroeide daken, Vereniging Bouwwerk Begroeners
(VBB, 2016) (Netherlands)
UNI 11235 (2015), Guidelines for the design, execution,
monitoring and maintenance of green roofs (Italy)
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+++++

+++
+ + + (+)

Medium*
(industry
standard, but
widely used)
Low
Low

NA

Medium

22. Green
façades /
living wall
systems

23. Trees /
parks

Ranging from simple climbers planted at
ground level to soil-based modular growing
systems laid along wall cladding (distinction
between green façades and living wall
systems). Both can provide thermal, aesthetic
and acoustic benefits (although the extent of
these benefits is still being debated).

I

Trees provide a cooling effect through shading
and evapotranspiration. Increasing the ratio of
green spaces in built-up urban areas forms one
of the main strategies to reduce the UHI effect.

II

ÖNORM L 1131: 2010 06 01, Horticulture and landscaping Green area on roofs and ceilings of buildings - Directives for
planning, building and maintenance (Austria)
SIA 312-SN 564312 (2013), Begrünung von Dächern
(Switserland)
E2777 – 14 Standard guide for vegetative roof systems.
E2400 - 06 (2015), Standard guide for selection and
maintenance of plants for green roof systems
E2399 - 15 Standard Test Method for maximum media density for
dead load analysis of vegetative (green) roof systems
D7851 - 17 (2017) Design of Sustainable, Low-Slope Roofing
Systems
SBRCurnet (2007) ‘Daken in ‘t groen, praktijkrichtlijn voor de
opbouw van het vegetatiedak’ (Netherlands)
SBRCurnet (2010) ‘Richtlijn vegetatiedaken bestaande bouw’
(based on FLL) (Netherlands)
Currently no formal standards available, as far as could be
ascertained (see also: Tedesco et al. 2016). Only Austria has
started the process of developing a formal standard for façades
(ongoing).
FLL Fassadenbegrünungsrichtlinien, 2018 [no free access]
(NB: Dutch translation being developed by ISSO)

NA

Medium

NA

Medium

+++
+ + (+)

Medium
Medium

++

Medium

+ (+)

Medium

-

Low

-

Low

NA

NA

NA

Low

SBRCurnet (2008) ‘Gevels in ‘t groen, praktijkrichtlijn voor aanleg’
(Netherlands)

-

Low

BS 8545 (2014) Trees from nursery to independence in the
landscape
BS 5837 (2012) Trees in relation to design, demolition and
construction
Trees and Design Action Group (TDAG) Trees in hard
landscapes. A guide for delivery (2014)
DIN 18919 (2016) Vegetation technology in landscaping - Care of
vegetation during development and maintenance in green areas
[no access*]
*Its reference list contains a lot of FLL material (e.g. FLL
Baumkontrollrichtlinie (2010), FLL Baumpflanzungen (2015), FLL
Baumuntersuchungsrichtlinien (2013))
CIRIA Report C753: The SuDS Manual (2015), Chapter 19 Trees

+ + + (+)

Medium

+ + (+)

Medium

+ + + (+)

Low

NA

Medium

+ + (+)

Low
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ANSI A300 series: Tree Care Operations - Tree, Shrub, and
Other Woody Plant Management - Standard Practices [no free
access]

84

NA

Low

Annex C: Legal stimulations and obstacles for inclusion of RESIN-products –
findings from literature
This annex provides background information on legal requirements that can act as barrier for the uptake of RESIN-products.
Regulations beneficial for uptake of RESIN products
Some specific regulations not directly related to CCA could prove beneficial for CCA, as pointed out by Gies et al. (2014). The authors explain why the EU Water Framework
Directive could prove beneficial. They state that “The obligation to establish, review and update river basin management plans includes risk analysis for the water status and the
economic analysis of water services. Both instruments are of great importance from the perspective of climate adaptation. Whereas the risk analysis requires a review of the
impact of human activity on the water status which is influenced by climate change, within the economic analysis long-term forecasts of supply and demand for water should
incorporate scenarios for climate change (EC 2009, p. 44 et seq. and p. 59 et seq.).” (Gies et al., 2014: section 9.4.3.1).
Barriers for Climate Change Adaptation related to legal or policy issues
The EU FP7 Project BASE (Bottom-Up Climate Adaptation Strategies Towards a Sustainable Europe) performed 23 case studies on CCA across Europe and used them to
assess barriers and opportunities to adaptation (Rendon (2016)). They clustered the case studies under more general adaptation foci, for example “Cities”, “Agriculture”,
“Coastal”, “Health”, and “Biodiversity” and used a mix of literature review, interviews, and questionnaires to analyse barriers and opportunities. Regarding barriers, this report
finds that “Regulatory framework barriers relate to national and EU legislation that present too many requirements for or impede adaptation (4 cases). The two Czech cases
highlighted too many requirements of the national agricultural policy linked to integrated production and the agri-environment schemes. Similarly, adaptation measures at the
Alentejo case study were taken forward illegally and had to pay fines, due to rigid and demanding national regulations. The Alentejo case study also evidenced the inflexibility of
the EU Common Agricultural Policy and Doñana mentioned how existing subsidies distort the local setting and hinder adaptation actions.” (Rendon, 2016: 18). The report lists the
examples in detail, for instance “Some farmers complained about impacts that they suffer from some legal forestry and agricultural practices that deploy the water and soil
resources diminishing their adaptive capacity.” (Rendon, 2016: 30).
Weyrich (2016) takes a systematic look at “Barriers to Climate Change Adaptation in Urban Areas in Germany” in his Master thesis of the same title. He introduces a typology of
barriers, strategies, and aids and advantages to CCA. Regarding legal barriers, Weyrich (2016: 62) mentions “Legal barriers (contradictory or no mandates, bureaucracy, barriers
from existing law)”. It should be noted that he mentions on the same page also “No implementation of existing policy, lack of policies, laws and rules, missing regulations” as
barriers. Weyrich also states that “… the fact that implementation of adaptation options is not legally binding is seen as a major impediment.” (Weyrich, 2016: 73). In addition, we
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argue that a missing legal basis for CCA measures could also constitute a risk for the implementing authority.
In an evaluation of several local adaptation case studies, Measham et al. (2011) have collected and assessed barriers and challenges. They clearly express in their conclusion
the typical local policy conflicts and the reasons for slow uptake of CCA in local or regional planning frameworks: “Due to the competing interests associated with local placebased planning and the politicised nature of local government, it can not be assumed that addressing the surface constraints alone (such as lack of information and resources)
will significantly enable local adaptation in the face of political resistance. It has taken local government a long time to embed climate mitigation into policy and practice, so it is
not surprising that movement towards climate adaptation has been slow. The need for climate adaptation was being taken up, to varying degrees, by strategic planners in each of
the case study municipalities, but not by land-use planners at the time of data collection. Moreover, a key flaw in the planning frameworks in use was that they assumed a stable
climate, with no mechanisms established to facilitate adaptation.”
In his PhD thesis, Biesbroek (2014) takes a more fundamental look at barriers to Climate Change Adaptation as an emerging research topic. As an original contribution, he
developed a framework to provide a meaningful way of analysing barriers in the governance of adaptation. Rather than using a merely descriptive framework of barriers,
Biesbroek (2014: 140) adopts what he calls a “realist-analytical view”. For the Netherlands, the author performed a stakeholder survey of encountered barriers to CCA. From 264
completed questionnaires, Biesbroek extracted 67 different mentioned barriers. The top ten ranked CCA barriers are (Biesbroek, 2014: 62):
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Difference in short term thinking of politicians and long term impacts of climate change
Conflicting interests between involved actors
Unclear societal costs and benefits of adaptation measures
Little finance reserved/available for implementation
Lack of awareness of the need to adapt
Short term attention to other urgent policy issues
No safeguarding of adaptation for future policymaking
Dependency in decision making on other actors
Existing policies do not include the long term impacts of climate change
Passive attitude of many policymakers

As a comparison, the author performed a similar poll in the United Kingdom and finds strong agreement on barriers in the top ten of both countries. Biesbroek concludes: “To
conclude, of all the barriers identified from the adaptation literature, actors consider the temporal discordance as the most important barrier to adaptation. Many other barriers that
actors mention can be encountered in any complex process and are not typical for adaptation. Adaptation as context influences how actors evaluate the importance of the more
general barriers. The strong agreement between respondents from both the UK and the Netherlands suggests that we may have arrived at a set of most important barriers to
adaptation that actors encounter in policy practice, at least for the western-European context.”
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