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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Climate change is impacting organizations in various ways and it is anticipated that these impacts
will continue well into the future. Organizations have an increasing need to understand, mitigate and
manage climate change risks. Climate change risk assessment is key in this context. For responses
to be delivered at the necessary pace and scale, it is important that risk assessment approaches are
systematic and replicable, permitting learning within and between assessments as new knowledge,
technology and experience arise. This document provides guidelines on approaches to assess climate

change-related risks.

Risk assessip

short- or lorjg-term probability so a conventional risk assessment that uses statiStical probabilitie
be ineffectiye. For this reason, various approaches have been developed for-assessing climate ch
risks. This document provides guidance on the use of screening assessmerts and impact chains
screening approach can serve as a stand-alone, simplified risk assegsment for a straight-for
system at rigk or for organizations with a limited budget, or serve as.a pre-assessment prior to th
of impact chains. Based on a participatory and inclusive process, impact chain approaches are

compreheng

and impact ¢hain assessments allow for qualitative and quantitative analysis.

This docum
help financi
business se(

ent is relevant to any organization regardless of'size, type and nature. For example, i
h] institutions with decisions in project finaneing, companies operating in climate-sen;
tors or local governments developing adaptation strategies.

This docum|
from the tr
threats or o

ent covers risks that result from a changing climate. It does not address risks that 0
hnsition to a low carbon economy.-This document recognizes that climate risks cg
pportunities.

This docum
these are e

bnt emphasizes comprehensive documentation and communication of climate change i

information
accordance

This docum
[in the sens
(IPCC)] as W
IPCC AR4). K

This docum
umbrella of S

adaptat

impleme

on identifying adaptation actions and prioritizing them. Risk assessments conduct
with this documentalso strengthen planning activities on disaster risk reduction (DR

e of the Fifth@Assessment Report (AR5) of the Intergovernmental Panel on Climate Ch
ell as by.organizations that want to carry out vulnerability assessments (in the sense g
Hlowever,it uses risk assessment as the central term.

et belongs to an emerging family of standards on adaptation to climate change unde

n and

itfated
hn in
| less

their
5 can
ange

The
vard
b use
more

ive, providing an opportunity to address all relevantfactors. Both screening assessnients

t can

itive

esult
n be

isks;

ssential for all subsequent’activities. Risk assessments, among other purposes, provide

ed in
R).

ent can be applied’by organizations that want to carry out climate change risk assessnpents

ange
fthe

r the

IC(\ 1/1 nQn uy‘rnr‘]n r‘act‘rﬂ'\c\c f]'\a Fn”r“nnng alamantc af climata chanago adantation:

CICI Tt O CHa te T o oot P e e r ot rs

pre-planning;

assessing impacts including opportunities;

ion planning;

ntation;

monitoring and evaluation;

reporting and communication.

This document is part of the second item on the above list: “assessing impacts including opportunities”.
ISO/TS 14092:2020 helps define adaptation planning for local governments and communities. Other

Vi
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International Standards also deal with climate change or are in some way linked to this document. For
example, ISO 31000 is an excellent companion because it can help organizations manage the risks that
are identified and assessed in this document, which itself is a specialized expansion of the limited risk
assessment portion of ISO 31000. ISO 14001 allows for the integration of climate change adaptation
into an environmental management system and this document provides additional information to
support this.

This document is a guidance document for people working in the field of climate change.

This document is structured starting with an introduction to the concept of climate change
risk assessment, followed by the preparation, the implementation and the documentation and

commtnieationoftheehmatechangeriskassessment—————————————————————

The guidelines provided in this document are accompanied by supporting examples andiinformation.
In thjs document, the following verbal forms are used:
— ‘should” indicates a recommendation;

— ‘Imay” indicates a permission;

— ‘lcan” indicates a possibility or capability.

© 1S0 2021 - All rights reserved vii
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Adaptation to climate change — Guidelines on
vulnerability, impacts and risk assessment

1

Scope

This document gives guidelines for assessing the risks related to the potential impacts of climate

chan
asses

change risks.

Risk|assessment according to this document provides a basis for climate change\adaptati
impl¢mentation, and monitoring and evaluation for any organization, regardless-of size, type

2

Normative references

Therk are no normative references in this document.

Terms and definitions

For the purposes of this document, the following terms@nd definitions apply.

[SO dnd IEC maintain terminological databases forsuse in standardization at the following g

31

ISO Online browsing platform: available athttps://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

organization
person or group of people thathas'its own functions with responsibilities, authorities and 1
to achieve its objectives

Note [l to entry: The conceptoof organization includes, but is notlimited to, sole-trader, company, corp
enterjprise, authority, partiiership, charity or institution, or part or combination thereof, whether
or nof, public or private:

[SOURCE: 1S0,14001:2015, 3.1.4]

3.2

interested party
perspnoor organization (3.1) that can affect, be affected by, or perceive itself to be affected h
or activity

EXAMPLE

WWWWWTUWWW sound risk
sment in the context of climate change. It can be used for assessing both present and future climate

bn planning,
and nature.

ddresses:

elationships

oration, firm,
incorporated

y a decision

employees and academia.

Customers, communities, suppliers, regulators, non-governmental organizations, investors,

Note 1 to entry: To “perceive itself to be affected” means the perception has been made known to the organization
applying this document.

[SOURCE: ISO 14001:2015, 3.1.6, modified — “academia” has been added to the example and “applying
this document” has been added to Note 1 to entry.]

© IS0 2021 - All rights reserved
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3.3
system

:2021(E)

set of interrelated or interacting elements

[SOURCE: IS

3.4
climate

09000:2015, 3.5.1]

statistical description of weather in terms of the mean and variability of relevant quantities over a
period of time ranging from months to thousands or millions of years

Note 1 to entry-_The classical pprind for averaging these variables is 30 vears as defined hy the

NVorld

Meteorologid

Note 2 to ent
and wind.

[SOURCE: IS

3.5
climate ch4d
change in cl

Note 1 to ent
variability).

Note 2 to enti
forcings such
composition

[SOURCE: IS

3.6
adaptation

al Organizationl26],

'y: The relevant quantities are most often near-surface variables such as temperature, precipit

0 14090:2019, 3.4]

nge
mate (3.4) that persists for an extended period, typically decades or longer

as modulations of the solar cycles, volcanic eruptions, @nd persistent anthropogenic changes
bf the atmosphere or in land use.

0 14090:2019, 3.5]

to climate change

climate chapge adaptation

process of a

Hjustment to actual or expected climate (3.4) and its effects

Note 1 to entry: In human systems (3.3];)adaptation seeks to moderate or avoid harm or exploit beng

opportunitie

Note 2 to ent
its effects.

[SOURCE: IS

3.7
climate prdg
simulated r

.

ry: In some natural systéms, human intervention can facilitate adjustment to expected climat]

0 14090:2019;3.1]

jection
esponse of the climate system (3.3) to a scenario of future emission or concentrati

htion,

y: Climate change can be identified by such means as statistical tests (e.g. on changes in the fnean,

y: Climate change might be due to natural processes, interhal to the climate system (3.3), or extlernal

n the

ficial

e and

bn of

greenhouse

gasges and aerosols, generally derived using climate models

Note 1 to entry: Climate projections are distinguished from climate predictions in order to emphasize that
climate projections depend upon the emission/concentration/radiative forcing scenario used, which are based
on assumptions concerning, for example, future socioeconomic and technological developments that may or may
not be realized.

[SOURCE: Adapted from IPCC, 2014]

3.8
hazard
potential source of harm

Note 1 to entry: The potential for harm can be in terms of loss of life, injury or other health impacts (3.14), as well
as damage and loss to property, infrastructure, livelihoods, service provision, ecosystems and environmental
resources.

2 © IS0 2021 - All rights reserved
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Note 2 to entry: In this document, the term usually refers to climate-related physical events or trends or their
physical impacts.

Note 3 to entry: Hazard comprises slow-onset developments (e.g. rising temperatures over the long term) as well
as rapidly developing climatic extremes (e.g. a heatwave) or increased variability.

[SOURCE: ISO/IEC Guide 51:2014, 3.2, modified — Notes 1 and 2 to entry have been added to reflect the
definition of “hazard” in IPCC, 2014: Annex II: Glossary. Note 3 to entry has been added.]

39

exposure

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

Note [l to entry: Exposure can change over time, for example as a result of land use change.
[SOURCE: I1SO 14090:2019, 3.6]

3.10
sensitivity
degrge to which a system (3.3) or species is affected, either adversely-or beneficially, by ¢limate (3.4)
varigbility or change

Note [l to entry: The effect may be direct (e.g. a change in crop yield inreésponse to a change in the mean, range or
variapility of temperature) or indirect (e.g. damages caused by anfincrease in the frequency of cogstal flooding
due tp sea level rise).

[SOURCE: Adapted from IPCC, 2014]

3.11
adaptive capacity
ability of systems (3.3), institutions, humans, and other organisms to adjust to potential damage, to take
advantage of opportunities, or to respond to-consequences

[SOURCE: 1SO 14090:2019, 3.2]

3.12
vulnlerability
propgnsity or predisposition to be adversely affected

Note |1l to entry: Vulnerability encompasses a variety of concepts and elements including sensitipity (3.10) or
suscdptibility to harm ang'lack of capacity to cope and adapt.

[SOURCE: ISO 14090:2019, 3.15]

3.13
risk
effecft of incertainty

Note 1 to entry: An effect is a deviation from the expected. It can be positive, negative or both. An effect can arise
as aresult of a response, or failure to respond, to an opportunity or to a threat related to objectives.

Note 2 to entry: Uncertainty is the state, even partial, of deficiency of information related to, understanding or
knowledge of an event, its consequence, or likelihood.

[SOURCE: ISO 14001:2015, 3.2.10, modified — Note 1 to entry has been modified. Notes 3 and 4 to entry
have been deleted.]
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3.14
impact
effect on natural and human systems (3.3)

Note 1 to entry: In the context of climate change (3.5), the term “impact” is used primarily to refer to the effects on
natural and human systems of extreme weather and climate events and of climate change. Impacts generally refer
to effects on lives, livelihoods, health, ecosystems, economies, societies, cultures, services and infrastructure due
to the interaction of climate change or hazardous climate events occurring within a specific time period and the
vulnerability (3.12) of an exposed society or system. Impacts are also referred to as consequences and outcomes.
The impacts of climate change on geophysical systems, including floods, droughts and sea level rise, are a subset
of impacts called “physical impacts”.

[SOURCE: ISO 14090:2019, 3.8]

3.15
impact chajn
analytical approach that enables understanding of how given hazards (3.8) generate direct and indirect
impacts (3.1%) which propagate through a system (3.3) at risk (3.13)

3.16

indicator
quantitative, qualitative or binary variable that can be measured or described, in response to a defined
criterion

[SOURCE: IS0 13065:2015, 3.27]

4 Introduction to climate change risk assessment

4.1 Concept of climate change risk

Climate chapge risk describes the potential impact.of climate change on societies, economies angd the
environmerlt.

NOTE1 This document focuses on the risks‘induced by the impacts of climate change and not risks|from
climate change mitigation policies, e.g. transitional risks.

NOTE 2  The impacts of climate chafige’can arise from gradual changes in climate conditions as well ps an
increase in extreme weather eventss

The main cdmponents for a risk-assessment are (illustrated in Figure A.1):
a) thehazard;
b) the exppsure ofagiven system to the hazard;

c) the sengitivity of the system to the hazard;

d) the (potemtial)clinmate thange impact, e Tisk withoutadaptatior;
e) the risk with adaptation (in the future).
Future potential climate change impacts can be modified by the adaptive capacity of a system.

EXAMPLE A system can be a region, a community, a household, a supply chain, an economic sector, a
business, a population group, an ecosystem, infrastructure and its components.

Climate change impacts occur because a system is exposed to hazards (e.g. drought, flooding,
heat stress). The sensitivity of the system (e.g. types of crops, land-use, age of the population) will
determine the extent to which these hazards affect it. Impact is a function of both the exposure and
the sensitivity of the system to hazards. The system’s adaptive capacity influences the degree to which
the potential impact becomes a tangible risk. The vulnerability of the exposed system can be expressed

4 © IS0 2021 - All rights reserved
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as a combination of an organization’s sensitivity and its lack of adaptive capacity (the concepts of
vulnerability and climate risk are illustrated in Figures A.2 and A.3).

NOTE 3

Though hazards are defined as sources of potential harm (e.g. heatwaves causing agricu

ltural losses),

they can sometimes lead to opportunities (e.g. higher temperatures leading to additional tourism opportunities).

NOTE 4

comp

4.2

For further information on the concept of climate change risk, see Annex A. Table

A.1 offers a

arison between concepts of vulnerability and risk.

Assessing climate change risk

4.2,

Risk
on cH

Objectives

assessments fulfil diverse objectives depending on the information needs of an,engan
allenges caused by climate change. These can include the following.

Raising awareness: Risk assessments help increase awareness of the consequences of clir

q

4.2.2

Valug
mea
most
base
infer
year]
on p
cons
it is

valug

5 1

dentification and prioritization of risks: Many factors contribute to asystem’s sensitivi
nd adaptive capacity. Climate change risk assessments provide insight into these fact
elps the organization to prioritize the risks to be addressed.

dentification of entry points for climate change adaptationmintervention: The final res
rocess of risk assessment can help identify possible adaptation responses. Risk asse
how where early action is required, e.g. to avoid lockingzin future impacts and to highli
or development of adaptive capacity.

Tracking changes in risk, and monitoring and evaluating adaptation: Repeating risk

an help to track changes over time and generate knowledge on the effectiveness of adj

Value-based judgements

b-based judgements are necessary-in climate change risk assessments. If impact
ured in the same units (e.g. monetary losses, reduced life expectancy in years), the sel
relevant climate change impacts involves value-based judgements. Another instanc
 judgement is the establishment of critical thresholds, if these cannot or can only
red from empirical evidence. For example, a threshold for critically low precipitation (g
for maintaining a ceftain type of agriculture (e.g. fruit growing) in a given region can
hst experiences anidJagro-scientific know-how, but it also depends on judgements a
dered “critical”..To facilitate the interpretation and evaluation of the results of the risk
important tejbe’ transparent about where value-based judgements have been applig
-based judgements cannot be avoided, fact-based approaches should be used whereve

Preparing a climate change risk assessment

ization, and

nate change.

Ly, exposure
ors and this

ults and the
ssments can
cht the need

hssessments
ptation[12],

t cannot be
bction of the
b of a value-
partially be
ay 200 mm/
be set based
5 to what is
assessment,
d[10], while
I possible.

5.1

Establishing the context

Each risk assessment has a unique context that determines its scope, objectives and planned outputs
(such as a report). The organization should define the context of the assessment by considering the
following.

i

ncluding general understanding of its sensitivity, exposure and adaptive capacity.

to include in the risk assessment, and specifying the type of information required.

such as assessments of supply chains.

© ISO

2021 - All rights reserved
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Knowledge: Identifying the available knowledge of climate change and variability, of impacts and
existing risk, of existing impact assessments (e.g. including research results and local knowledge)
and of the adaptive capacity of the organization, keeping in mind that the spectrum of possible
impacts can be very broad (see ISO 14090).

Interested parties: I[dentifyingand involving interested partiesin the processas farasitis practicable
(e.g. aspects referring to risks raised by interested parties, such as environmental associations, can
provide relevant inputs to facilitate the broader acceptance of the risk assessment).

Resources for the assessment: Establishing the availability of financial, human and technical
resources and information/data.

Externdl developments: Identifying external factors that could influence the system at risk (e.g.
demogrpphic changes, land use changes, technological developments, changes in the patitical and
institutjonal context, market changes, global developments)[12],

Regulatpry obligations, responsibilities to others: Identifying regulatory or othetobligationg that
can inflfience the objectives, the process or the outcomes of the risk assessment.

NOTE Adlditional guidance on preparing and conducting a risk assessment canrbe-found in ISO 310[00. It

places this dgcument in the broader context of risk management.

5.2
An organization’s decision to conduct a risk assessment is driven by.a need or an information gap.

The organization should:

5.3 Estahlishing a project team

Identifying objectives and expected outcomes

determine the objectives and expected outcomes of the risk assessment and the processes thgt the
risk asspssment will support or feed into;

identify| the information gaps that the risk assessment is to address;

define How the knowledge and results thatwill be generated are to be used (e.g. input into ongoing
adaptatjon efforts or planning new adaptation actions);

clarify how the results of the riskassessment will be depicted (e.g. map with risk hotspots, ranking
of vulndrable sectors, narrative analysis of risk and its relevant factors);

involve |the experts, institutions and interested parties needed to conduct the assessment and
support the implementation of the results in adaptation decisions;

identify] and infornfithe target audience, at an early stage, about the process and the expécted
outcomes and outputs of the risk assessment.

The organizatiom shouldappointa project teanT to carTy out the TiSK aSSessIent. T e project team
should have an understanding about the content of this document and the following:

the organization, the system at risk and the organization’s relation to the system at risk;

the context of the system at risk (e.g. relationships up and downstream, geographical location(s),
regulatory obligations, responsibilities to others, supply chain);

climate change and its general impacts.

The project team should have informed leadership with decision-making capacity within the
organization, as well as including specialists to assist in forming action plans and defining objectives.
Organizations can benefit when decision-maker(s) are engaged early in the process. This is because
value judgements are often required and because involvement in the process improves ownership of
the results.

6
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The organization can involve external experts in its project team or in an advisory role.

Roles and responsibilities of all parties (including internal and external experts as well as decision-
makers) should be defined.

The project team should communicate regularly to coordinate central assessment steps and results and
on the sufficiency of resources and the need for high-level support.

Other interested parties can be involved through a participatory process. Interested parties can
be engaged at the outset of the assessment (to understand context, to gather information) as well as
during and after the assessment (to validate). The organization should sufficiently account for gender
differences and ensure that pcppr‘iq]ly vulnerahble groupsare rpprpcpnfpd and measurestaken to ensure

that they are able to effectively contribute to the risk assessment.

5.4 | Determining the scope and methodology

The project team in coordination with the relevant decision-makers should define the scopge of the risk
assegsment, considering the following:

— the specific system at risk;
— the level of detail needed for the assessment to be fit-for-purpose;

— ilopulation groups involved (e.g. rural communities, elderly people, indigenous people, women/
en, certain parts of the work force);

— the range of hazards to be included (e.g. flooding,rising temperatures, sea level rise| heatwaves)
gnd their nature (e.g. extremes, changes in the mean and variability);

— the areas under review (e.g. countries, distriots, provinces), and whether it is a single|spatial unit
e.g. one district) or a comparison of areas (e.g. two or more districts);

— the spatial resolution of the assessment (a decision on spatial scale can be influenced by the
gvailability of data relevant to theassessment);

— the temporal resolution of thé.assessment (see 5.5);
— the methodology to be used'in the assessment (e.g. quantitative, qualitative, mixed approaches);

— the resources (e.g. financial, human) available for the risk assessment.

5.5 [ Setting the time horizon
Wheh settingthe time horizon of the assessment, the organization should consider:

— the lifetime of the system at risk;

—  thedimescales aver which the impacts of climate (‘h;mgp reach critical thresholds for the system
atrisk;

— the lead time for adaptation actions to address impacts. This may be related to the lifetime of
the system.

The choice of time horizon can be influenced by aspects such as:
— the availability of data, including climate projections;
— the longer-term uncertainties in projected impacts of climate change;

— the potential for interactions between impacts to occur over different timescales.
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The organization can benefit from considering more than one time horizon. For example, a reference
period of the recent past (e.g. the last three decades) or the present, one near future (e.g. the next three
decades) and one distant future (e.g. 2070 to 2100).

The near future is often more important for decisions on adaptation to climate change than the distant
future. However, using the distant future is essential for systems that require very long periods of time
to adapt, e.g. forest ecosystems.

Time periods longer than 100 years can be considered as the time horizon of a risk assessment. They
can be relevant, for example, in the case of sea level rise for coastal cities or for long-lasting assets.

>d by

The time hopi
the World Meteorological Organization[26l,

5.6 Gathering relevant information

Where available, existing knowledge on hazards, sensitivities, exposure, climate ‘change impacts,
vulnerabilitjes related to the system at risk, adaptive capacity, existing risk assessments and tools|used
to manage 1jisks should be collected early on. It can be useful to collect knowledge of other drivgrs of
change (such as investment cycles) to align the risk assessment with organizational decision procgsses.

NOTE Far further information on methodologies, various national and international guidance docuipents
and tools canbe found online. Be aware that some of them apply different texminology (compare Annex A).

5.7 Preparing an implementation plan

Having conjpleted the steps described in 5.1 to 5.6, the)project team should develop a plan for
implementing the risk assessment. The following should bé covered in the implementation plan.

— Specifidtasks: What needs to be done?

— Responsibilities: Who will be doing this?

— Time planning: When will this happen?

When develpping the implementation plamn, the project team:

— can inv¢lve interested parties te_help define tasks and responsibilities;

— should lpe aware that carryifig out a climate change risk assessment is an iterative process.

The results pf every step.df the risk assessment can trigger the need to return to an earlier point apd to
restart from there.

5.8 Transparerncy

Transparen¢yshould be integral to the entire risk assessment process, from inception to presentption
of the results. This helps to achieve understanding and ownership, and to ensure that the outputs are
practical and relevant. The organization should give particular attention to transparency with regard
to the following.

— Methodology: Is the methodology known to all involved and documented adequately to allow
newcomers to understand the steps and decisions taken?

— Decision-making process: How are decisions taken to identify impacts, and to select, normalize,
weight and aggregate indicators? How are aspects of data availability and other challenges dealt
with? How are these documented and communicated?

— Uncertainty: How will uncertainties be reduced as far as possible (see Annex B)? How will remaining
uncertainties be dealt with? How are these documented and communicated?
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Strengths and weaknesses: Are the strengths and weaknesses of the approach identified? How are
these explained so as to ensure credibility and allow for practical use? How are these documented
and communicated?

5.9 Participatory approach

Participation of interested parties helps to ensure the delivery of comprehensive assessments by
involving appropriate expertise and supports high-quality decision-making. Participation raises
awareness and develops capacity among interested parties as well as fostering common understanding

and ownership. Participation should be ensured in many, if not all, phases of the assessment.
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mplementing a climate change risk assessment
Screening impacts and developing impact chains

General

Irry out a risk assessment, the project team needs to understandcause-effect relatig
ct team should develop impact chains based on relevant climate change impacts. For {
rstanding of the system at risk and expert knowledge are réquired. The project team
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ystem (e.g. scientists, association representatives, insurance representatives, local
bsentatives of affected sectors or communities) to identify relevant impacts and pre

opment of the impact chains should be consideréd:(see 5.9).

iples of relevant risk factors and indicators*for different risk components.

Screening and identifying impacts

broject team should identify andlist potential climate change impacts. The project {
consider how climate change\impacts in other regions of the world can impact the sy
emic dependencies, e.g..through supply chains)l19]). To identify the relevant impacts
can use tools such as spreadsheets to guide the process and document findings. Th

rds, sensitivities-and exposures applicable to the system at risk. The hazards can be
xis of a table. Theproject team should select the elements of the system at risk that car

'm a matriX (see Annex D; examples are shown in Tables D.1 and D.2). The project

e theiv’best estimate of likely impacts. They can mark the cells according to the leve
maoderate or low, or use a numerical or letter grading. They should include notes
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constitutes a preliminary output. It can serve to inform the next steps of the risk assessment or as a
basis for adaptation planning if no deeper risk assessment is deemed to be necessary.

Decision-makers should select those climate change impacts that appear particularly relevant in the
assessment and to the objectives of the organization. The more precisely the objective has been defined,
the more precisely the selection criteria can be identified. This will result in an initial prioritization of
climate change impacts. This is a very important step and should be carried out with due care.

6.1.3 Developing impact chains

Impact chains serve to better understand, visualize, systemize and prioritize those factors that drive
risk in the system. Impact chains serve as an analytical starting point for the overall risk assessment.
They specify which hazards potentially cause direct and indirect climate change impacts. They thus
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represent the basic structure for the risk assessment. They serve as important communication tools
for discussing what is to be analysed and which climate and socioeconomic, bio-physical or other
parameters should be taken into account. In this way, they facilitate the identification of targeted
adaptation actions/81[12],

Beginning with the selected impacts from the screening assessment, the project team should develop
impact chains building on existing knowledge. This should be done independently of whether these
impacts can be quantitatively assessed or not. Annex C gives guidance on how to develop impact chains,
with examples.

The project team should keep in mind the interdependencies between the impact chains as they are
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If possible, indicators that provide information on critical thresholds should be included. Table E.1
provides examples of indicators for risk assessments.
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The selection of indicators is an iterative process. Individual experts or workshop discussions with
specialists can help in the selection of relevant indicators for each risk factor. In practice, availability
and quality of data, or resource constraints (time and budget) can limit the number of indicators.

Hazard indicators will largely consist of directly measurable or modelled climate parameters such as
average temperature, or amount of precipitation.

For exposure and sensitivity indicators, ideally bio-physical or socioeconomic data from measurements
or models such as demographic/hydrological/crop models can be sourced(23], More likely, the definition
of such indicators will rely on the availability of national statistics, past observations, expert judgement
(as a substitute for numerical data), or a combination thereof.

6.2.3 Creating a list of indicators

The fandidate indicators can be documented in a table or spreadsheet, and recorded With further
releant information (metadata). This includes, for each indicator:

4 brief description;
— the risk component (e.g. hazard) and risk factor (e.g. precipitation)&he indicator repregents;
— 3 brief explanation outlining the reason for selecting the indicator;

— the spatial coverage required for the indicator data;

— the unit of measurement or spatial resolution required*for the indicator data;

— the temporal coverage required for the indicator data;

gn explanation whether a high or low indicator'score decreases or increases risk;
— the existing and potential data sources, where possible.

An injdicator factsheet template is provided in Reference [13].
6.3 | Acquiring and managing data

6.3.1 Gathering data

Datalfor the reference period and the future are necessary. For the past and present, measurement data
are dften available, EoDthe future, scenarios and projections are used to describe hazards, sensitivities
and exposure. [S® 14033 can serve as a guideline for gathering data. It provides support on how to
acqujre quantitative environmental information and data.

Different methodologies can be used to collect the data required for the estimation of risk omponents
(hazardyiexposure, sensitivity and adaptive capacity). These can include the following.

— EXpert judgement: EXpert Knowledge, focal and indigenous Knowledge are important sources of
information for all risk assessments. Expert judgement should be used and complemented with
quantitative data where available.

— Measurement: Physical measurements are carried out for indicators such as air humidity, stream
height and soil moisture. Measurement can encompass remote sensing methods, such as analysis of
satellite data to determine land use.

— Censuses and surveys: Information on, for example, household income, education and traditional
irrigation techniques is normally gathered by census or survey. Census or survey data are often
aggregated (e.g. from community to province level), interpolated or extrapolated before they are
incorporated in risk assessments.
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— Modelling: Models can be used in risk assessments to estimate current and future hazards (e.g.
change in temperature or precipitation), sensitivity or exposure risk factors as well as current and
potential future climate change impacts (e.g. runoff for a certain amount of precipitation, change in
crop yields due to temperature change).

The following sources are relevant for future data.

— Climate projections: The results of models that simulate climate change are frequently used to
represent the possible climate of the future. Global climate models use assumptions of future
greenhouse gas emissions (emission scenarios) or their future concentration in the atmosphere
(concentratlon scenarios) and result in climate pr0]ect10ns For many appllcatlons such as crop
modellip S v . et v : —sfjatial
resolutln) relevant to the locatlon of the system at risk. Cllmate prOJectlons are mherently
uncertalin. Using ensembles of climate projections is one option to better understand uficertainty.
Expert advice on uncertainties related to scenarios and downscaling should be sought:

— Sensitiyity scenarios and scenarios for exposure: Sensitivity and exposure scenarios should, where
possiblg, be consistent with climate projections. As exposure is closely linkedtd the development
of (socipeconomic) sensitivity, sensitivity and exposure scenarios should be)developed together.
Uncertdinties should be taken into account.

— Scenarip combination: Climate projections, sensitivity scenarios andrsceharios for exposure should
be combined for the analysis of potential climate change impacts ifTthe future.

Annex B prgvides detailed information on uncertainties.

6.3.2 Evaluating data quality and results

Checks on dpta quality and results should be made. For girantitative data, checks should include:
— quality pnd format of the data and legibility of files;

— spatial and temporal coverage;

— missing data values;

— outliers|in the data and, if possibl€, their origin (see Reference [24]).

For qualitat]jve information, checks should include:

— represehtation of interested parties’ viewpoints;

— correctfinterpretation-of words or terms (can vary between languages or regions).

Input data, [as wellvas’the results, whether quantitative or qualitative, are subject to uncertaipties.
Uncertainty| in climate change impact assessment arises among other reasons from the model§ and
scenarios uged, and the data and the nature of the selected indicators. An assessment of the confidence
level of the nesults should be carried out to inform the interpretation of the results (see Reference |22]).
An assessment of the degree of confidence for each climate change impact should be carried out, at a
minimum distinguishing “low”, “medium” and “high”, with appropriate definitions for the categories
(see Reference [12]).

6.3.3 Managing data

Details of the data used in the risk assessment should be documented. Lack of awareness of existing
data, or insufficient knowledge of the details of existing data, can lead to duplication of effort in data
collection.

Datasets should be stored to avoid data loss. Metadata should be documented systematically
with descriptions of the content, characteristics of the different datasets and instructions for
interpreting values.
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International Standards (such as ISO 19115-1) provide guidance for describing geographic information
using metadata.

The indicator fact sheet provided in Reference [13] can be used as a guideline for documenting
indicators.

6.4 Aggregating indicators and risk components

In climate change risk assessment, the aggregation of indicators and risk components is optional.
Several methods, qualitative or quantitative, can be used, and several stages of aggregation are
possible. Indicators can and may be aggregated to form one assessment for each climate change impact
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adapfive capacity required for dealing with challenges of different complexity arising f
change. Table H.1 provides an overview of the target levels of adaptive capacity required to manage
different levels of risk.

In some cases, the adaptive capacity assessment can provide valuable information to distinguish risk
levels between scenarios such as no adaptation, limited adaptation based on current adaptive capacity
and enhanced adaptation based on additional adaptive capacity. Such a comparison can increase the
visibility of the results and underline the importance of adaptation measures in reducing risk. This
is especially the case if the risk assessment is designed to support the development, as well as the
monitoring and evaluation, of adaptation interventions.

When the risk assessment considers risks for several systems (such as different regions or different
production plants), the assessment of adaptive capacity should be done for each system separately.
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Interpreting and evaluating the findings

The purpose of evaluating and interpreting the findings is to understand the identified risks and
contribute to the achievement of the risk assessment’s objectives. Consideration of uncertainties is
important when evaluating results (see Annex F).

Climate change impacts should be prioritized to determine where adaptation needs are highest. This
prioritization should be carried out by relevant decision-makers (or by the project team together
with the decision-makers) and should include consideration of possible adaptation actions and
responsibilities. The proposed priorities can be validated in a meeting with interested parties.
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7 Reporting and communicating climate change risk assessment results

7.1 Climate change risk assessment report

Where a report is used to present risk assessment results, the report should provide:

a descri

the key

14

ption of the objectives of the risk assessment;

the methods applied;

findings;

background information needed to understand and interpret the results.
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The report should contain the following.

— A

Context and objectives:

the context in which the risk assessment was conducted (e.g. as part of a specific programme);
the objectives and approaches of the risk assessment;

institutions and interested parties involved;

the scope of the risk assessment including the system and impact(s) under review, as well as the
geographical scope and timeframe.

Methodology and implementation:
the assumed cause-effect relationships underlying the assessment, including the infpact chains;

the selected risk factors and their indicators and the method(s) usedsany data ggps and how
they were handled;

the selection criteria for involved interested party(ies);

the information on the involved experts, including the sectors/geographic areas or professional
backgrounds that were represented;

the weighting used (if any) and the process(es) by which it was determined (e.g. participatory
processes with interested parties) (see Annex F);

the aggregation approach used (if any) for assessing risk;

the information on data sources and calcylations to be used in future assessments fof monitoring
and evaluation.

Findings:

the summary of the quantitative information on the overall risk as well as values fgr individual
and aggregated indicators for hazard, sensitivity, exposure, potential impact and adaptive
capacity;

the relevant qualitative information on the overall risk as well as any further relevant qualitative
information on/hazard, sensitivity, exposure, potential impact and adaptive capacity;

the challenges/and opportunities encountered at the various stages of the risk assgssment;
the uncertainties of the results;
thedessons learned;

the illustrations (maps, diagrams, graphs, etc.) that help explain the findings.

Conclusions and recommendations:

the conclusions regarding the objectives of the risk assessment (e.g. prioritization of climate
change impacts, identification of regional hot spots);

the conclusions for ongoing or forthcoming (policy) processes, such as adaptation strategies;
the suggestions for adaptation planning and monitoring and evaluation;

the recommendations for further assessments (methodology and content).
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7.2 Communicating climate change risk assessment results

The results of climate change risk assessments can be communicated in a range of ways (e.g. overall
risk reports, videos, outreach events, webinars, scientific articles, poster presentations, segments of
sustainability reports). The most appropriate communication method should be selected to suit the
target audience(s) of the risk assessment, who may comprise a diverse group of actors (e.g. government
agencies, private sector, the public).

The results of the assessment should inform the management processes of the organization.

7.3 Reporting findings as a basis for appropriate adaptation planning
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Annex A
(informative)

Linking vulnerability and risk management concepts — Change of
the conceptual framework between IPCC AR4 and IPCC AR5

Figure-Adillustrates-therelationship-efthe-variousrisk-componentsaccordingto-the-concept used in
this flocument (see 4.1). The concept mostly follows the AR5 of the IPCCI2I[20], but distifiguishes more
clearly between sensitivity and adaptive capacity. Furthermore, the conceptual framework avoids as
much as possible the term “vulnerability”, as that term has become very ambiguous due tofthe changes
madg¢ by the IPCC.

In 2(14, IPCC changed its conceptual framework for determining the impacts‘of climate change from a
vulngrability-based approachl1Z] to a more risk-oriented conceptual framework[121(20],

r—— T — T 7
i f
Exposure & Sensitivity
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(Potential) climate
change impact

|
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|
|
|
|
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|
|
|
|
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|
|
(Risk without adaptation) '

Adaptive capacitly

Risk with adaptation N
(in the future)
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The dottéd line means that nd:\pfnfinn actions have been imp]pmpnfpd

NOTE1 The vulnerability of the exposed systems is a combination of its sensitivity and its adaptive capacity.

NOTE 2  The illustration is compatible with the IPCC AR4 vulnerability concept and the AR5 risk concept.
Potentially, IPCC will change it further in future reports.

SOURCE Based on Reference [14].
Figure A.1 — Relationship of the main components of the risk concept

The IPCC AR5 is highly influenced by the Special Report on Extreme Events (SREX)[18], which links
climate change adaptation and disaster risk reduction approaches.
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In 2007, the IPCC AR4 described vulnerability as a function of the character, magnitude, and rate of
climate change and variation to which a system - ecosystem, economic or social system - is exposed,
its sensitivity, and its adaptive capacity. In the IPCC AR5 methodological framework, instead of
vulnerability, the risk of climate change impacts is the end factor being assessed[141[171[21], Table A.1
maps the AR4 approach to the AR5 framework.

Table A.1 — Comparison between vulnerability (AR4) and risk concept (AR5)

(AR4) Concept: vulnerability (AR5) Concept: risk
Source AR4, IPCC 2007071, Vulnerability AR5, IPCC 2014[19][20]
Sourcebook[2]
Main variable |Vulnerability (V) Risk (R)
Key Exposure (E), sensitivity (S), adaptive Hazard (H), exposure (E), vulnerability (V
components capacity (AC)
Function V=f(E,S, AC) R=f(HE, V)
V=£(S,AC)
Short Vulnerability is a function of the character, Risk results from the interaction of vulnerabil-
definition magnitude, and rate of climate change and ity, exposure, and hazard. In AR5, the term|risk
variation to which a system is exposed, its primarily refers ta‘the risk of climate change
sensitivity, and its adaptive capacity[1Zl. impactsl121[29],
Vulnerabilityincludes sensitivity or suscepti-
bility toharm and lack of capacity to cope and
adapt[lﬁ][@],
Conceptual Climate related signal = exposure (based on |Climyate related signal + direct physical
differences the Vulnerability Sourcebook interpretation |imipact = hazard[121(20]
of IPCC 2007)
Exposure = climate-related signal (based'01 |Exposure = the presence in settings that cquld
the Vulnerability Sourcebook interpretation |be adversely affected (+ spatial consideratjon)
of IPCC 2007) [19](20]
Sensitivity = the degree to which'a-system is |Sensitivity same as in AR4
affected, either adversely or benkficially, by
climate-related stimulillZ]
Adaptive capacity = ability of systems, in- Adaptive capacity same as in AR4
stitutions, humans, @nd other organisms to
adjust to potential' damage, to take
advantage of opportunities, or to respond to
consequenceSHz]
NOTE Fallowing the IRCC AR5 concept, the term “risk assessment” in this document is understood slightly
differently frpm ISO 14690:2019.
18 © IS0 2021 - All rights reserved
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Figure A.2 — Illustration of the core concept of vulnerability (AR4)
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Figure A.3 — Illustration of the core concept of risk (AR5)
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Annex B
(informative)

Risk assessment and uncertainty — Climate and non-climatic

Future chapge

cannot be p
correspond
and related
and vulnera

Any assess
following.

The ma
Climate
results.
global
distriby

Climate
difficulf
of extre|

Models

uncertajinties.

Develop

As a conclus

risk assessnent. However, uncertaintie$ in scenarios should not serve as an argument for inactionl

Different ap
different (cl
climate sce
adaptation

such as var
be further 1
of consultat
of expertisq

scenarios

edicted. This is why climate scientists usually make use of climate change scenariej
ng climate projections instead of predictions. The same applies for socioecononiicfa
scenario development methodologies. These are used to project the dynamic nature o
bility and their changes over time and space.

nent of climate change impacts and vulnerabilities is uncertain for reasons such a

bnitude of climate change depends on future greenhouse gas emissions, which are unkn
models are usually driven by more than one emission scena¥rio, which leads to mu
Different climate models produce different results. Whilezall models agree that ave

tion of changes often diverge.

extremes, which are often highly relevant for climate change impact assessments, are
to project than slow onset and long-term trends.Projections of the frequency and sey
me events (heavy rain, storms, hail), are particularly subject to uncertainty.

used for impact assessments, such as changes in crop yields, encompass addit]

ing estimates about future adaptation capacities is challenging.

ion, addressing these uncertainties is crucial when designing, planning and conduct]

proaches exist for addressing and reducing these uncertainties. One approach is t
imate) scenarios asthe basis for assessing future climate change impacts. In additi
arios, adaptatidmscenarios can be used, if available, outlining scenarios with addit]
compared toHne additional adaptation. Furthermore, different socioeconomic scen
ations of poppulation growth or economic developmentl14l can be used. Uncertaintie
hinimized by consulting a wide range of experts. In addition, conducting multiple ro
ion with feedback loops between the experts to enable a comparison and active exch
can help mitigate uncertainties. Another option is to combine different methodolg

ieties,

and
ctors
f risk

5 the

own.
tiple
brage

emperatures will increase, their projections for precipitation trends or the geographical

more
erity

ional

ing a
p1[12],

use
bn to
ional
arios
5 can
unds
ange
gical

approaches,

e.g/ complementing qualitative expert assessments with quantitative models.

An important element is to ensure a high quality of data for the risk assessment. Validating the
representativeness of indicators is another significant step to reduce uncertainties.

However, it will never be possible to eliminate the uncertainties in a climate change risk assessment.
It is therefore essential to clearly state at which points of the risk assessment uncertainties exist. This
includes being explicit on different dimensions of uncertainties, e.g. clearly stating on the one hand
the degree to which various expert opinions diverge and to state on the other hand how confident the
various experts are about their respective assertions.
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Examples of impact chains and dos and don’ts when developing

impact chains
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Table C:1=— Examples of relevant risk factors and indicators for different risk com

General

e are different ways to develop impact chains. It is easiest to start with thé poten
decrease in agricultural productivity, see Figure C.1) from the screening eXercise ir

[ial impacts
6.1.1 when

ning impact chains. During this first step, a broad overview of the relevant.climate change impacts

Id be gained. If more than one sector is included in the assessment, climate change imj
llected for each sector separately. Useful questions for identifyingjthese impacts
te signals have impacted the system concerned in the past and whether any new tren
cent weather events have been observed[14],

bre complex cases, clustering the impacts by related or sintilar topics to form groups
ext step. These clusters are helpful for prioritizing the key/impacts/clusters that will be
er depth in the assessment. The focus should be on those impacts that exercise the md
e system.

| the impact, it is easy to follow a bottom-up direction, identifying related intermed

bacts should
nclude how
1s or change

f impacts is
analysed in
st influence

ate impacts

reduced water availability) related to the climate change impacts collected above and lastly the

rd (e.g. less precipitation). Each relevant.climate change impact should be linked to|
s (i.e. the hazard: less precipitation).

ach impact, the other risk components, i.e. exposure and sensitivity, should be consid
the adaptive capacity (e.g. potential for irrigation) that influences the risk to the affe
6.5) can be considered. As far.as possible, one or several risk factors for each risK

its climatic

ered as well.
cted system
component

Id be determined (see Table'C.1). Afterwards, indicators that can be quantitatively or qualitatively

nated are selected for these’risk factors.

nsidering the sensitivity of a system, it is helpful to look at the attributes that i
eptibility to potentidl negative impacts (e.g. the crop type cultivated). To identify t}
r(s) of a system,)the project team should identify the key elements that are present ir
ran potentially-be affected by the hazard (e.g. the location of smallholders)[14],

influence its
e exposure
the system

ponents

R

isk,component Risk factor (example) Indicator (exampl

)

Hazard

Sum of rainfall over three cons
months

Precipitation

ecutive

Exposure

Location of smallholders (incidence) Number of smallholders in a gi

ven area

Sens

itivity Crop type

sensitive crops

Percentage of area cultivated with drought

Adaptive capacity

Capacity to switch to resilient crops

investment into new crop type

Percentage of income available for

S

Exposure factors can be identified by answering the following questions: “who or what is potentially
exposed to the hazard and the related impacts?” and “which spatial factors contribute to the degree of
exposure?” Normally fewer factors are needed to express the exposure component of a risk assessment

than

© ISO

is the case for hazard or sensitivity components.
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«

Sensitivity factors can be approached like exposure factors. The guiding question is: “what are the
characteristics/existing attributes of the system that make it susceptible to adverse effects of the
changing hazards identified in the previous step?”. These characteristics or attributes can be bio-
physical, socioeconomic or other (e.g. regulatory, administrative). The task is to identify attributes or
properties that influence the extent of the potential impacts.

The following three examples (see Figures C.1, C.2 and C.3) show impact chains for the agriculture
sector for different complexities (low, medium, high).

C.2 Examples of impact chains for agriculture

T T T T T T T I
Lpcation of Less Water l l Changes in
Smallholder farmers Availability | Crop Type I} """"""" Crop Type
L 2 XX XX

Decrease in Agricultural
Productivity of
Smallholder farmers

Key
- hazard @ adaptive capacity
I:‘ expopure z risk without adaptation
D sensijtivity I:‘ intermediate impact
NOTE The dotted line means that adaptation actions have been implemented.

SOURCE Bdsed on Reference [8].

Figure C.1 — Low complexity impact chain

22 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=b38a9072714f2871fb08afd01fefc0db

Hazards

ISO 14091:2021(E)

Impact Chain Agriculture Sector

Extreme Events

[ GradualChanges I ExwemeBvems ]

Q?
D
Soil characteristics Water Resources Natural Reseurces
(terrestrial and (freshwater and (fore etlands
oceanic) saltwater) K c.)
N\
A
&
. Q Expodure
; . Agricultural 5
Fisheries C Livestock
rops \\
L . Reduced Livestock
.Reductlon n Lon Yields Loss of Production due to
Fish Populations and increase Agricul 1 d in feed
(ocean and fresh- in Crop gricultural decrease in feed,
) ) . . Lands increased stress
water fisheries) Disease ;
i from heat, diseases
Coping & o
Adaptive Capacities ‘l\, Sensitiyity
Knowledge Decri in Agricultural Production, Heat and Dfought
mmunity supported Services and Trade Resistapce
agriculture g

Ti

F3

Irri
Impr]

Eco

Weather Forecast
Law enforcement
or illegal Fishing,
mber and Poaching

Technology
ation Infrastructufe;

P
Q
<
Q

> :

Threats to
Livelihoods and
Economic Losses

Long Coas}lines

Coral Rg
Specificil

Arable Ij

Steep Slg

efs
kies

hnd

pes

SOURCE Based on Reference [8].

Figure C.2 — Medium complexity impact chain
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Figure C.3 — High complexity impact chain
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C.3 Dos and Don’ts — What is important when developing impact chains?

Impact chains can serve a variety of objectives. In the field of vulnerability and risk assessments
and planning processes aimed at adaptation to climate change, impact chains have the following
characteristics:

— an effective tool to better understand and systemize the factors that drive risk and vulnerability in
a given system (cause-and-effect relationship);

— abasis for adaptation planning, by identifying indicators and concrete measures;

— Eﬂpﬂﬂ@W&M@g&M&ﬂMﬂand indirect
impacts.

Somé
wart

— 1

e practical hints on what is important to consider (dos) and what should be avoided
anting a smooth and efficient way of developing impact chains include:

Dos.
— Be realistic: Try to elaborate an authentic picture of your system'at risk.
— Be pragmatic: Identify direct impacts and relevant risk factors first.

— Be focused: Concentrate on the most important relationships between risk factors

capacity.
— Do background research: Base your assumptipns on scientific literature and exper
Don’ts.

— Don’t duplicate sensitivity and adaptive/coping capacities.

— Don’t try to visualize all possible interactions between risk factors (try to distingu
direct and indirect relations).

— Don’t restrict yourimpact chain to match limited data availability(8],

— Don’t attempt to capture all aspects of reality in all its details and interconnection$

(don’ts) for

— Be clear about components: Differentiate betweenchazard, exposure, sensitivity gnd adaptive

t opinions.

b.

ish between

© ISO
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Example of a screening matrix

Table D.1 — Example of a screening matrix[15]

1 Physical risk
LNG facility:
system af risk Acute Chronic or slow onset A:;:' Max. |[Min.
System elemehts Increased Changes |Changes |Changes |Changes |Rising |Ocean
atrisk severity of |inprecip- |[intem- |[inwind |inthejet |sea acidifica-
extreme itation perature |patterns,|stream |levels tion
events patterns direc- and (from
tionand |“block- |all caus-
intensity |ing” es)
weather
patterns
Organization 3 1 2 1 2 3 0 1,7
Suppliers of rgw ma- |3 3 3 3 3 0 0 2,1
terials: upstrgam gas
producers, wdlls, gas
plants,
compressor sfations
and their seryice
providers
Suppliers of epergy: 3 4 3 2 2 0 0 2,0 4 0
electricity
Suppliers of 2 2 2 1 1 0 0 1,1 2 0
transportatiop
from gas
producers
in collector
pipelines
Suppliers of 2 2 2 1 1 0 0 1,1 2 0
transportatiop:
shipping gas to
LNG facility
Suppliers of 3 1 2 2 2 2 0 1,7 3 0
transportatiop
from LNG ships
LNG terminalf in 3 1 3 1 1 3 0 1,7 3 0
markets
Customers’ use of 3 3 3 3 3 2 2 2,7 3 2
products
NOTE “1” refers to low risk, “5” refers to high risk.
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Table D.2 — Example of a screening matrix with comments

LNG facility: Physical risk
system at risk Acute Chronic or slow onset
System elements Increased Changesin |Changesin |Changesin |[Changes Rising sea Ocean
atrisk severity of |precipitation|temperature |wind pat- in the jet levels (from |acidifica-
extreme patterns terns, stream and |all causes) |tion
events direction “blocking”
and weather
intensity patterns
Organization Could Minor Could Minor Could Yes depend- [No direct
impact impact impact impact impact ing on where |impact
operations storage operations |itis built known
tanks and on occasion
cooling
needed
Suppliers of raw ma- | Could Could Could Could Could Nodirect No direct
terials: upstream gas |impact impact impact impact impact impact impact
prodyicers, wells, gas |operations |operations |operations |operations |operations,” |known known
plants,
compressor stations
and their service
providers
Suppliers of energy: Could Could Could Could Could No direct No direct
electficity impact impact impact impact impact impact impact
operations |generation |operations |operations |operations |known known
capacity oQn vecasion |on occasion
Suppliers of Could Could Could Minor Minor No direct No direct
trangportation impact impact impact impact impact impact impact
from|gas operations |operations |operations known known
prodfyicers on occasion |onoccasion |on occasion
in collector
pipelfnes
Suppliers of Could Could Could Minor Minor No direct No direct
trangportation: impact impact impact impact impact impact impact
shipgjing gas to operations |operdtighs |operations known known
LNG facility on occasion |oneccasion |on occasion
Suppliers of Could Minor Could Could Could Could No direct
trangportation impact impact impact impact impact impact impact
from|LNG ships operations operations |operations |operations |operations [known
on occasion |onoccasion |onoccasion |on occasion
LNG ferminals in Could Minor Minor Minor Minor Could No direct
marKets impact impact impact impact impact impact impact
operations operations |known
on occasion
Custpmers’ use of Could Could Could Could Could Could Could
products impact impact impact impact impact impact impact
operations |operations |operations |operations |operations |operations |operations
on occasion | on occasion

© IS0 2021 - All rights reserved
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Annex E
(informative)

Examples of indicators for risk and vulnerability assessments

Table E.1 — Examples of indicators for risk assessments

Risk Example Example Possible
component risk factor indicator data source,
Hazard Temperature Number of nights with T(min) above |Meteorological offices
25°C
Precipitation Number of months with rainfall Meteorologicaloffices
below 50 mm
Wind Increase in average wind speed Meteorological offices
Number of storms above a certain
wind speed
Exposure Location of Distribution of traffic infrastructure _{ Planning agencies
infrastructure in flood-prone areas
Local governments
Exposure of Percentage of area cultivated by Statistical office
smallholder smallholder farmers/total ared . .
y . Planning agencies
arming .
Percentage of farmer population
Exposure of Location of habitats ifndreas affected |Office for nature protection
eco-systems by sea level rise
Location of habitats affected by
serious meahtémperature rise
Exposure of Percentage-of certain vulnerable Statistical office
industry businéss types in different regions Industry association
Area of industrial complexes affected .
% . Economic development agencly
y.5ea level rise or cyclones
Sensitivity Water demand Water demand (in m3 per ha) per Statistical office
growing period
Soil conditions Water retention capacity of soil Statistical office/geodetic insti
tutes
Industrial Existence of early warning systems Office for civil defence
production
Vulnerable group Percentage of population thatis vul- |Statistical office
(population) nerable (e.g. young or old people
or people who work outdoors)
Adaptive Financial capacity |Percentage of income available for Statistical office/experts
capacity investment into new crop types

Technical capacity

Availability of suitable technologies
(e.g. irrigation system)

Industry associations

Organizational
capability

Assessment of training needs for
addressing climate change

Experts/managers

Resourced climate change adaptation
plan of action

Experts/financiers/managers

NOTE Adapted from Reference [14].
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Annex F
(informative)

Aggregating indicators and risk components

This annex is mostly relevant for risk assessments that aggregate indicators within one risk component
(i.e. hazard, exposure, sensitivity and adaptive capacity) or that aggregate risk components.

The method can be different at different levels of aggregation. Higher levels of aggregation

usually take

qualitative approaches. Some methods separate aggregation from interpretation and\evalfiation of the

results, while others combine these aspects.

Qualjtative or semi-quantitative methods are the simplest to apply. One approach is to
scalg consisting of one to three or one to five steps (the scale format should‘be specific fo
The grading on the rating scale should be informed by the best knowledge available (fr
litergture, expert knowledge or any other reliable source). Qualitative‘information (expert
can be collected using the scale. Approaches in which a rating scale is used as a summ
climate change impact, rather than for each indicator, are even €asier. If aggregation of ir
one ¢limate change impact proves too difficult, an alternativesisto give a narrative summ
along with maps.

Some¢times, quantitative approaches normalize all data to allow aggregation for each clix
impdct. Normalized indicators need to be combined ‘with threshold values for critical
systém under consideration (see 6.6).

NOTH
scale
used

The term “normalization” refers to theltransformation of indicator values measured
5 and in different units into unitless values‘on a common scale. A standard value range from
in risk assessments.

Risk[factors usually do not have equalinfluence on the respective risk component. Theref
should be applied to the indicators which quantify the risk factors. In some cases, there
reas¢ns for assigning equal weights to all indicators (e.g. lack of information, consensus
for defining different weights)-"Neither participatory nor statistical processes provide 3
obje¢tive way of defining~weights. Consequently, weights should be defined as value

Participatory and transpdarent approaches should be used as a practical way of applyin
As well as other doctments, ISO 14033 provides various methods for weighting and aggr
should be consulted and applied depending on the available resources for the risk assessmge

lse a rating
- each case).
om existing
udgements)
ary for each
dicators for
hry, perhaps

nate change
risks in the

on different
to 1 is often

bre, weights
can be valid
r resources

completely
judgements.
b weighting.
egating that
ent.

If pdtential impacts and adaptive capacities are integrated into one risk composite, the following

cons]deratiens’should be kept in mind.

an have the

assessment

Visual overlay of climate change impact and adaptive capacity: Depending on the focus of the

assessment, a composite risk value is not always required. In some cases, the identification of areas
of high climate change impact and low adaptive capacity (“hotspots”/“red flags”) can be enough for
the objective of the risk assessment. A visual overlay of climate change impact and adaptive capacity

on the map of a particular geographic area is one option.

followed for displaying how underlying factors of risk influence the overall risk. This can

Making individual indicators and risk components visible: A transparent approach should be

be achieved,

for example, by using pie charts to illustrate the influence of single indicators on risk components.

Different risks can be further aggregated stepwise into one single, overall risk value where the risk

assessment covers different risks in one or several sector(s), region(s), etc. It is important t

© IS0 2021 - All rights reserved
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that such an overall risk value represents highly aggregated information and provides no clear
information on the influence of the underlying indicators and risk components. Intermediate results of
the assessment should be included in the presentation of the final results of the risk assessment to make
best use of the underlying information and to provide transparency. Presenting the results in a radar
chartis one way to keep detailed inner information in the aggregation process of a risk assessment.

The results of aggregation of several climate change impacts can be presented in comparison charts
or comparative maps (with or without overlay) and narrative descriptions of “hotspots”. For a better
understanding of the assessment results, the final report should always contain the individual
assessment components and not only the aggregated results (see 7.1).

al pa| i 1 1 L £, pa 1o 2l o pa| daad o 1CO 120
Further detatts—and practrcar— exXxampres—Cat—oe ottt mMetmoasS—aeScrioet T 1501500 See

Reference [[14] for issues related to defining, collecting, processing, interpreting and preSenting
quantitativg environmental information, including normalization and aggregation.
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