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Exempel på sektorer med långa livstider 
och stor potentiell utsatthet (exponering) 

för klimatförändringar
Sektor Tidsskala Exponering

Vatteninfrastruktur (t.ex. dammar och reservoarer) 30−200 år +++

Fysisk planering (t.ex. längs vattendrag eller i kustområden) > 100 år +++

Översvämningsskydd (t.ex. vallar) 30−150 år +++

Byggnader och hus (t.ex. isolering, fönster) 30−150 år ++

Transportinfrastruktur (t.ex. hamnar och broar) 30−200 år +

Stadsplanering (t.ex. förtätning, parker) > 100 år +

Energiproduktion (t.ex. kylsystem för kärnkraft) 20−70 år +

Ju fler plustecken, desto högre grad av exponering för klimatförändringar. Anpassad från Hallegatte (2009).



IPCC AR6 WP1 Summary for policymakers. Se också IPCC SROCC Chapter 4 (Oppenheimer et al 2019)

Osäkerheterna vad gäller t.ex. havsnivåhöjning är
extremt stora över längre tid.

“Sea level rise greater than 15 m cannot be ruled out 
with high emissions” (for year 2300)



Anpassad från Wilby & Dessai 2010).



Complete certainty
1 A clear enough future 

(with sensitivity)

2 Alternative futures (with 
probabilities)

3 A few plausible futures 

4 A multiplicity of plausible 
futures

5 Unknown future

Complete ignorance
(adapted from Walker et al, 2013)

“Decision-making 
under deep 
uncertainty” 
(unknown 
probabilities and 
unknown outcomes)

5

“Decision-making under 
Risk” (known probabilities 
of outcomes)

“Decision-making under 
uncertainty” (unknown 
probabilities of outcomes 
or unknown outcomes)



Vilken nivå av kunskap har du om riskerna?

Complete certainty
1 A clear enough 

future (with 
sensitivity)

2 Alternative futures 
(with probabilities)

3 A few plausible 
futures 

4 A multiplicity of 
plausible futures

5 Unknown future

Complete ignorance



Beslut under “djup osäkerhet” 
(eng. “deep uncertainty”)
A decision situation is called ”deeply uncertain” 
when

”the experts do not know or the parties to a 
decision cannot agree upon
(i) the external context of the system, 
(ii) how the system works and its boundaries, 

and/or 
(iii) the outcomes of interest from the system 

and/or their relative importance” 

Marchau et al 2020, p 2

Decision Making 
under Deep 
Uncertainty

Vincent A. W. J. Marchau
Warren E. Walker
Pieter J. T. M. Bloemen
Steven W. Popper   Editors

From Theory to Practice



Vad ska vi 
göra då?



Tre rekommendationer för att 
hantera djupt osäkra risker

1. Var en kritisk beställare av 
beslutsunderlag och riskanalyser.

2. Designa bort sårbarheter om det går.

3. Använd metoder för robust 
beslutsfattande under stor osäkerhet.



1. Var en kritisk beställare av beslutsunderlag och 
riskanalyser.

Ta inte bara expertunderlag rakt av se dem som en början till en
djupare analys av osäkerheter och risker. 

“deep uncertainties call for managerial review and judgment that sees 
beyond the analytical frameworks studied in risk assessment and risk 
management contexts... This managerial review and judgment should 
be seen as a basic element of the risk management. “

Aven (2013, p 2082).

Aven, T. (2013). On how to deal with deep uncertainties in a risk assessment and management context. Risk Analysis, 33(12), 2082-2091.



“Beslutsfattarens bedömning” är extra viktig 
för djupa osäkerheter. 

En modell över flödet av informa9on från vetenskap 9ll beslutsfa>ande (Hansson & Aven 2014). Anpassad från 
Wikman-Svahn (2019) “Val och värden i extremscenarier – processen från vetenskap 9ll beslutsfa>ande” MSB rapport 
MSB1367 – mars 2019 Tillgänglig via: h>ps://rib.msb.se/filer/pdf/28809.pdf



2. Designa bort sårbarheter om det går.

Använd till exempel traditionella (ingenjörsmässiga) principer för att 
öka säkerhet som inte bygger på exakta förutsägelser eller 
sannolikheter:

1. Inneboende säkerhet (”Safe-fail”)
2. Säkerhetsmarginaler
3. Multipla oberoende barriärer 



1. Exempel på 
Inneboende säkerhet 
(safe-fail)



2. Exempel på 
Säkerhetsmarginaler: 

tillräckligt med livbåtar

https://commons.wikimedia.org/wiki/File:Titanic_II.jpg



3. Exempel på multipla oberoende barriärer 

Bild: SKB



3. Använd metoder för robust beslutsfaIande 
under djup osäkerhet
En mängd nya metoder har 
utvecklats under senare år.

• Robust Decision Making
• (RDM; Lempert 2002; Groves and 

Lempert 2007), 
• Many-Objective Robust Decision 

Making
• (MORDM; Kasprzyk et al. 2013), 

• Information gap theory
• (Ben-Haim 2004), 

• Decision scaling
• (Brown et al. 2012)

• Dynamic Adaptive Policy Pathways
• (DAPP; Haasnoot et al. 2013). 
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”Robust decision making approaches for deep
uncertainty.”

“[a] growing literature on decision analysis of coastal adaptation 
advocates the use of RDM [robust decision making] approaches,” 

RDM approaches “aim to identify alternatives that perform reasonably 
well (i.e., ‘are robust’) under a wide range of states-of-the- world or 
scenarios and hence do not require probability assessments.” 

(IPCC 2019, §4.4.4.3.2)



Metoderna för robust besluLaIande under 
djup osäkerhet karaktäriseras av aI de

I. Omfamnar osäkerheter

II. Börjar med beslutssituationen

III.Syftar till att hitta robusta lösningar

Carlsson-Kanyama A, Wikman-Svahn, P, Mossberg Sonnek, K, (2019) “We want to know where the line is”: Comparing current 
planning for future sea-level rise with three core principles of robust decision support approaches, Journal of Environmental 
Planning and Management, online.



I. Omfamna osäkerheter!
• Använd metoder som passar

för kunskapsnivå om 
osäkerheterna.

• Om du har djupa osäkerheter
så är det särskilt viktigt att akta
sig för “The tuxedo fallacy!”



II. Börja med beslutssituationen

• Börja inte med aX fråga vad som kommer aX hända eller vad 
sannolikheten är. 
• Då deKa kan vara mycket svårt och dessutom mycket osäkert.

• Börja istället med beslutssituaYonen! 
• Denna vet vi oLa mer om, särskilt om det är vårt eget system.
• t.ex: hur sårbar är systemet för olika störningar, finns det kriPska 

tröskelpunkter?



Bättre med “ex post” scenarios för djup
osäkerhet
• “Ex ante scenario development is the generaYon of scenarios from 

internally consistent storylines of future global condiYons...” 
• e.g. IPCC RCP/SRES Scenarios

• “Ex post scenario development is the generaYon of scenarios by 
parametrically or stochasYcally varying the climate (and other) data 
to idenYfy vulnerabiliYes...”

Ray, P.A. and Brown, C.M., 2015. Confronting climate uncertainty in water resources planning and project 
design: The decision tree framework. World Bank Publications. p 14



WIREs Climate Change The value and demands of robust decision frameworks

would currently attempt to provide. Even significantly
improved scientific knowledge of climate-induced
threshold crossing in human and natural systems
is unlikely to do much to improve predictions of
impacts, being more likely to suggest scientific plausi-
bility and the presence of risk rather than information
such as precise timing. RDM, on the other hand, has
proven to be a useful framework for incorporating
these uncertain thresholds (see also Ref 106). This
suggests that an increase in the use of RDM and
related decision frameworks would increase demand
for improved scientific knowledge about the potential
for exceeding key thresholds, even if that information
were not sufficient to support decision making under
prediction-based frameworks.

DS for Lake Superior
Our final case provides an example of DS. Like RDM,
DS is a member of the family of robust decision
frameworks that we have been discussing, and that,
with RDM, shares a number of the key features of
such frameworks.97

A team of researchers and managers are
currently working to develop a long-term management
strategy for Lake Superior, the largest managed

freshwater body in the world, under the auspices of
the International Upper Great Lakes Study (IUGLS),
an independent study board comprised of U.S.
and Canadian members established in 2007 by the
Great Lakes International Joint Commission. The
charge to IUGLS is to review the operating rules
and management criteria for the governance of the
lake system and recommend changes to the lake’s
regulation plan.98,143

IUGLS has already rejected the traditional pro-
cess of selecting an optimal plan based on a ‘most
likely’ future scenario, because of the uncertainties
associated with future climate change, and hence
lake levels, on top of large uncertainties associ-
ated with ecosystem responses to future change and
the various socioeconomic drivers of lake use and
conditions. Instead, they have chosen a more bottom-
up, vulnerability-based approach that will explicitly
account for these uncertainties in identifying a regula-
tion plan design that performs well over a very broad
range of possible futures (Figure 4), using DS to inte-
grate local and user-based perspectives on significant
vulnerabilities of key lake management goals with
information on future climate derived from climate
models.

1. Downscale 
multiple model 
projections

2. Generate a few 
water supply 
cases

3. Find whether 
system is 
vulnerable for 
these series

Vulnerability domain

1. Determine the vulnerability domain

2. Link to climate 
conditions

3. Determine 
plausibility of 
climate 
conditions/ 
vulnerability

Decision scalingTraditional approach

FIGURE 4 | Decision scaling begins with a bottom-up analysis to identify the climate states that impact a decision and then uses climate
information to provide insight to the decision. (Reprinted with permission from Ref. 98 Copyright 2007 Wiley Blackwell.)

Volume 4, January/February 2013  2012 John Wiley & Sons, Ltd. 51

Weaver et al, WIREs Clim Change 2013, 4:39–60. doi: 10.1002/wcc.202 Figure 4 



III. Hitta robusta (statiska eller
flexibla) lösningar

Mossberg Sonnek K, Carlsson Kanyama A, Carstens C, Wikman–Svahn P (2017) Test av robusta beslutsstödsmetoder ny
bebyggelse vid Djursholms torg i Danderyds kommun, TRITA-SEED 2017:03



1 Introduction 13

– Specify uncertainties or disagreements about external forces (X), system struc-
ture (R), outcome indicators (O), and valuation of outcomes (W)

– Explore the outcomes of policies and their vulnerabilities (and opportunities),
given the uncertainties (using models or expert opinions)

• Choose initial actions and contingent actions:

– Illustrate trade-offs detected by analysis and means for future adjustments as
events happen and knowledge is gained

– Select and plan for adoption of the (initial) policy and mechanisms for adjust-
ment

– Plan for communicating, monitoring, and making possible adaptations of the
policy

• Iterate and Re-examine

Frame the Analysis:

• Formulate triggering issue (problem or opportunity): This step sets the boundaries
for all that follows. It involves examination of the questions or issues involved,
establishing the context within which the issues are to be analyzed and the policies
will have to function, clarifying constraints on possible actions, identifying the
people/organizations thatwill be involved inmaking the policy decision, the people
whowill be affected by the policy decision, and deciding on the analytical approach
to be followed. It establishes the trajectory for all that is to follow.

Fig. 1.4 Elements and steps of DMDU approaches
Marchau, V.A., Walker, W.E., Bloemen, P.J. and Popper, S.W., 2019. Decision making under deep uncertainty: from 
theory to practice (p. 405). Springer Nature. Figure 1.4

1. Frame the analysis

2. Perform exploratory 
uncertainty analysis

3. Choose initial actions 
and contingent 
actions



Executive Summary xvii

defensible (that is, it does not involve numerous assumptions about the future, 
nor does it rely on GCMs for direct climate input). Moreover, it makes the best 
use of available climate change projections, which, though highly uncertain, 
can still be useful under particular conditions. It creates those conditions by 
assessing the relative performance and vulnerabilities of alternatives; using 
that information to describe future scenarios; and then applying the available 
information regarding local climate trends, climate projections, and historical 
climate variability to answer specifi c questions that arise during the decision-
making process. 

In addition to addressing the fundamental science issues, the decision tree 
framework was designed with the economic use of human and fi nancial re-
sources in mind. The goal was to develop a tool that would be applicable to all 

IDENTIFYING AND MANAGING CLIMATE RISKS

A rapid project scoping exercise, using 
a simplified water resources system 

model that compares climate impacts 
with others such as existing variability, 
population growth, and other variables

Climate sensitivity 
screening for all 

Bank projects: 
Is climate a factor 

to take into account?

Exhaustive climate risks analysis: 
Combines historical data, global climate 

model projections, a hydrologic-economic 
water system model, and other elements

Climate
Screening 
Worksheet

Climate 
Risk Statement

Climate 
Risk Report

If project robustness is 
not achievable, the project 
is adjusted and put 
through Phase 3 again, 
or a redesigned project 
starts at Phase 1.

PHASE 1
PROJECT 

SCREENING

PHASE 2
INITIAL 

ANALYSIS

PHASE 3
CLIMATE 

STRESS TEST

Ensure project robustness is 
documented

A scientifically defensible, flexible, 
cost-efficient tool on climate risks
A bottom-up approach that takes into 
account local realities and climate sensitivity

THE CLIMATE CHANGE 
DECISION TREE

PHASE 4
CLIMATE RISK 
MANAGEMENT

CLIMATE RISK 
MANAGEMENT PLAN

& CLIMATE RISK REPORT

What is the plausible 
climate risk?

Is the proposed project 
climate sensitive?

Is climate 
a dominant factor?

Can the project cope 
with potential climate
changes in the system
(”robustness”)?

LOW

HI
GH

NO

NO

NO

YE
S

YE
S

YE
S

FIGURE ES.1 Illustration of the Decision Tree Framework 

Ray, P.A. and Brown, C.M., 2015. Confronting climate uncertainty in water resources planning and project design: The decision tree framework. World Bank Publications.





“any job worth doing is worth doing 
superficially.”

• “For a problem requiring treatment by DMDU approaches, “any job 
worth doing is worth doing superficially.” “

Popper, S.W, “Reflections: DMDU and Public Policy for Uncertain Time” in: Marchau, V.A., Walker, W.E., Bloemen, 
P.J. and Popper, S.W., 2019. Decision making under deep uncertainty: from theory to practice (p. 405). Springer 
Nature., p 387



För den som
vill veta mer

• Böcker
• Marchau, Vincent AWJ, et al. Decision making under 

deep uncertainty: from theory to practice. Springer 
Nature, 2019.

• Aven, Terje. Risk, surprises and black swans: 
Fundamental ideas and concepts in risk assessment 
and risk management. Routledge, 2014.

• Webbplatser med artiklar och rapporter
• www.deepuncertainty.org
• www.kth.se/abe/om-

skolan/inst/2.83187/phil/research/robusta-beslut-
for-att-hantera-klimatrisker-i-sverige-1.885239

• www.robustklimat.se
• Hör av dig om du vill veta mer:

• perwi@kth.se
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http://www.robustklimat.se/

