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Walker et al. (2003)
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Principle 1: Embrace uncertainties

• Start from the real uncertainties and adapt the decision-making processes and 
the methods to deal with those types of uncertainties that we are really facing

Principle 2: Start with the decision situation

• Start with the specific decision situation and research the consequences of 
different options 

• Then collect more information for the uncertain factors that are particular relevant 
to the current decision

Principle 3: Seek robust solutions

• Try to find robust solutions that work well over one large number of uncertain 
outcomes. Be open to new types of solutions.

• Is it possible, for example, to remove the vulnerability for the uncertainties in a 
simple or cheap way? Is it possible to find solutions that are flexible and can be 
adapted over time?

Three themes for robust decision-making

Wikman-Svahn (2016)
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a) anticipating the future based 
on best available knowledge

b) quantifying future 
uncertainty

c) exploring multiple plausible 
futures

d) combining the three 
paradigms to address 
different sources of 
uncertainty within a problem

Embracing uncertainties: 
Future modeling paradigms
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Identifying multiple plausible futures

Maier et al. (2016) after Börjeson et al. (2006) Maier et al. (2016) 
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Methods for decision-making under uncertainty

ITF (2016) 
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• For preventive measures that involve climate adaptation of the 
infrastructure, socio-economic profitability is determined by the cost 
of the measure in relation to the savings in expected future damage 
costs that the measure leads to

• Saved expected future damage costs are determined by the 
reduced risk of damage that the measure entails and the socio-
economic cost of the effects that the damage to the infrastructure 
leads to

Cost-benefit analysis
(Swedish standard ASEK 7.1)



82023-09-11

• Investment calculation:

𝑁𝑃𝑉 = 𝐺𝑃𝑉 − 𝐼 =෍

𝑡

𝐷𝑓𝑡 ⋅ 𝐸 𝐶𝑡 − 𝐼

• 𝑁𝑃𝑉: Sum net present value

• 𝐺𝑃𝑉: Sum gross present value, i.e., sum present value of future effects

• 𝐷𝑓𝑡: Discounting factor for calculating present value of expected changes in damage
costs year t

• 𝐸(𝐶𝑡): Statistical expectaction of saved damage cost year t (cost difference with/without
action)

• 𝐼: Investment cost for action that reduces risk of infrastructure damage

• 𝐸 𝐶𝑡 = 𝑃𝑟𝑜𝑏1𝑡 ⋅ 𝐶1𝑡 + 𝑃𝑟𝑜𝑏2𝑡 ⋅ 𝐶2𝑡 +⋯ + 𝑃𝑟𝑜𝑏𝑛𝑡 ⋅ 𝐶𝑛𝑡

• 𝑃𝑟𝑜𝑏𝑖𝑡: Probability that certain cost, 𝐶𝑖𝑡, occurs year 𝑡, σ𝑖𝑃𝑟𝑜𝑏𝑖𝑡 = 1

Cost-benefit analysis
(Swedish standard ASEK 7.1)
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A top-down process starts by making scientific assessments of the factors that may 
influence the system, which are then used as an input for the decision

• Identifies potential risks and then evaluates management responses (Jones et al. 2014)

• Example of a typical top-down process involves starting with the results from global 
climate models, downscaling these to the geographical area of interest and using these 
as a baseline for decision making 

• Other terms include “science first”, “predict then act” and “scenario led” (Lempert et al. 
2004; Wilby and Dessai 2010; Jones et al. 2014)

Start with decision situation
Top-bottom and bottom-top approaches

Wikman-Svahn (2016)
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• A bottom-up process starts from decision-making context by identifying relevant 
vulnerabilities, potential solutions and critical tipping-points when solutions fail

• Some assessment of relevant uncertainties is needed in bottom-up processes, but this 
has less weight at start of process, and is instead refined iteratively throughout

• Bottom-up processes have also been called “assess-risk-of-policy framing”, “policy-first” 
or “tipping-point” approaches

• While top-down processes could also be used to find robust decisions, literature typically 
recommends bottom-up processes when the uncertainties are severe or deep

• Advantage: change the focus 
- from having to agree on difficult and controversial assessments of future developments, 
- to actual decision to be made and finding potential solutions

Start with decision situation
Top-bottom and bottom-top approaches

Wikman-Svahn (2016)
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• A static approach is a predetermined strategy that works satisfactorily under the full 
range of uncertain outcomes

• Example: To protect critical infrastructure site, such as bridge, against flooding from high 
sea levels would be to build bridge fundaments sufficiently high above mean sea level 
(with a safety margin) so that it is extremely unlikely to be flooded during its lifetime

• A flexible approach consists of several different options for different future 
circumstances, and a switch can be made between the options, depending on how the 
future unfolds

Seek robust solutions
Static and adaptive approaches

Wikman-Svahn (2016)

Maier et al. (2016) 
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• Adaptive approaches can either be static or dynamic

• As part of static adaptive approaches, 
- basic policy remains fixed and contingency actions are taken to stay on 
course, 
- or a set of adaptive pathways remains fixed over the length of the planning 
horizon, although there are opportunities to move between them

• As part of dynamic adaptive approaches, 
the actual pathways can also change over time as new knowledge about 
future states of the world becomes available

• Dynamic or adaptive approaches require the use of time series or transient 
scenarios, describing changing conditions over time

Seek robust solutions
Static and adaptive approaches

Maier et al. (2016) 
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• Robust decision support approaches include both quantitative statistical methods, 
qualitative methods and ‘light versions’ of these

Robust decision-making

ITF (2016) after Groves et al. (2008)
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• Decision-making against worst possible scenario

• Vulnerability analysis: Identify most critical system components / scenarios

• Antagonisitic threats: Likelihood of scenario realizations depend on decision

• Game theory: Strategies against a rational opponent

Worst-case analysis

Attiah et al. (2018)

Jenelius and Mattsson (2021)
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Jenelius et al. (2006)
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• Carlsson Kanyama et al. (2019) studied five decision-making processes

‒ Three local level (municipalities), one regional, one national

1) How were uncertainties in climate change handled? 

2) To what extent were bottom-up approaches used? 

3) Did the organizations aim for robust strategies (either static or flexible)?

Examples from Sweden
Adapation to future sea-water rise
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Examples from Sweden
Adapation to future sea-water rise

Carlsson Kanyama et al. (2019)
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• Discrepancy between current approaches and the core 
principles of robust decision support approaches. 

• Typically 

‒ do not embrace uncertainties

‒ do not use a bottom-up approach

‒ do not aim for robustness (but used both static and flexible 
strategies)

Examples from Sweden
Adapation to future sea-water rise

Carlsson Kanyama et al. (2019)
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• Three main barriers for introducing robust decision support approaches to handle climate 
change uncertainties in the future:

1) The whole setup of climate change adaptation in Sweden today relies on a top-down 
approach

2) The process of delivering climate information needs to be changed

‒ The defined worst-case scenario may not consider full uncertainty

3) Using robust decision support approaches would be more time consuming, both at the 
local and regional levels

Examples from Sweden
Adapation to future sea-water rise

Carlsson Kanyama et al. (2019)
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