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My main argument
UNIVERSITY OF LEEDS

e Energy transitions are subject to a range of uncertainties

« We are getting better at characterising and managing
that uncertainty

* \We are not good at accommodating uncertainty in
decision making

* \We need to focus on the processes that support decision
making, as well as the models

* The tools that are currently available to support decision
making do not reflect the decision environment well

* \We need to get better at representing the bounded
rationality of decision makers and the complex
environment in which they make decisions
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Where are we going?
UNIVERSITY OF LEEDS

e What do | mean by uncertainty?
e Uncertainty in energy system modelling
e Using models in decision making

« Approaches to decision making under
uncertainty

* The realities of decision making

 How to reflect the realities of decision making
In decision support

 Why is local an important scale to focus on?
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What do | mean by uncertainty?

UNIVERSITY OF LEED

Risk Knowledge where both the factors of risk and the likelihood
of those factor occurring can easily be identified and
quantified (Knight 1921)

Endemic Insufficiency of models, necessities to set boundaries thus

- exogenising and making invisible certain possibilities,
uncertainty inaccuracy of measurements, and other issues that
systemically generate ignorance as a function of constructing
knowledge (Butler et al 2015)

Irreducible | Arising from system complexity, where defining cause and

- effect is impossible and outcomes emerge from the
uncertainty behaviour and interaction of a range of intermediate actors
(Wynne 1992)
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Uncertainty in models

UNIVERSITY OF LEEDS
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Over the next decade, large energy investments are required in the UK to meet growing energy service
demands and legally binding emission targets under a pioneering policy agenda. These are necessary
despite deep mid-term (2025-2030) uncertainties over which national policy makers have little
control. We investigate the effect of two eritical mid-term uncertainties on optimal near-term

eywords: investment decisions using a two-stage stochastic energy system model.
Energy system modelling The results show that where future fossil fuel prices are uncertain: (i) the near term hedging
Uncertainty strategy to 2030 differs from any one deterministic fuel price scenario and is structurally imilar to a

Original research article

Uncertainty, politics, and technology: Expert perceptions on energy
transitions in the United Kingdom
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ARTICLE INFO ABSTRACT

Keywords: Energy policy is beset by deep uncertainties, owing to the scale of future transitions, the long-term timescales for
Climate palicy action, and numercus stakeholders. This paper provides insights from semi-structured interviews with 31 UK
Enesgy palicy experts from government, indusiry, academia, and civil society. Participanis were asked for their views on the

Stochastic programming simple ‘average’ of the deterministic scenarios, and (i) multiple recourse strategies from 2030 are

perturbed by path dependencies caused by hedging investments. Evaluating the uncertainty under a
decarbonisation agenda shows that fossil fuel price uncertainty is very expensive at around £20 billion.
The addition of novel mitigation options reduces the value of fossil fuel price uncertainty to £11 billion.
Uncertain biomass import availability shows a much lower value of uncertainty at £300 million.

This paper reveals the complex relationship between the flexibility of the energy system and
mitigating the costs of uncertainty due to the path-dependencies caused by the long-life times of both
i tures and ge i t i

© 2011 Flspuier 180 Dnen anceccander 0 BY lirenss

amlysis major uncertainties surrounding the ability of the UK to meet its 2050 climate targets. The research reveals a
range of views on the most critical uncertainties, how they can be mitigated, and how the research community
can develop approaches to better support strategic decision-making. The study finds that the socio-political
dimensions of uncertainty are discussed by experts almost as frequently as technological ones, but that there
exist divergent on the rale of in the and whether or not there is a requirement
for increased societal engagement. Finally, the study finds that decision-makers require a new approach to

inty that y limits to existing practice, is more flexible and adaptable, and
which better i itati ives with analysis. Policy design must escape from ‘caged’
thinking concerning what can or cannot be included in models, and thesefore what types of uncertainties can or
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Linking models and decision making
UNIVERSITY OF LEED

B>

UCL Energy Institute

Fragmented: little cross-scale integration

Scale Tool Analyst Decision-maker

oeaed ] v
Local Authority

CJ

https://www.birmingham.ac.uk/research/activity/energy/research/other-
research/ascend/across-scales-in-energy-decision-making-ascend.aspx
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Decisions under uncertainty [in energy] are
hard UNIVERSITY OF LEEDS

Because of complexity — uncertainty in speed and
scale of change, long-timelines, multiple and interacting
uncertainties, numerous stakeholders

Because of high stakes — high investment needs,
urgency of change

Because of individuals — bounded rationality — we
prioritise certain types of information and draw on
emotions, values, gut feelings to make decisions quickly

And because of processes — drive preference for a
fixed best answer, preferably with a number attached e.g.
cost/benefit ratio, rate of return on investment
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Decision making under uncertainty
UNIVERSITY OF LEEDS

“the study finds that decision-makers require a
new approach tecuncertainty assessmentthat
overcomes analytical limits to existing practice, Is
more flexible and adaptable, and which better
Integrates qualitative narratives with quantitative
analysis” (Li and Pye 2018)
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Approaches to decision making under
uncertainty UNIVERSITY OF LEED

Approaches from operational research:

<+ Structured Decision and Risk Analysis Practice —

Sense-Making and Madalling Anadysing and Exploring ng and | g
* Issue formulation = Quanticative anayses = Chaching analyss requisite

*  Context setting *  Sensitivity and robustness studies *  Builkding consensus

=+ Surfacing values and setiing = Validating + Communication to wider

objectives stakehoiders

el IS S A o g W Source: Analysis under
g Uncertainty for Decision-
Makers Network
Decision Support Tools for
— Complex Decisions under
- Uncertainty

Edited by Simon French
from contributions from
i many in the AU4DM

— network

Stochastic, Epistemological
Analytical Uncertainties
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Approaches to decision making under
uncertainty UNIVERSITY OF LEEDS

Long-term planning under deep uncertainty

(DMDU): B l_:iﬁlrel.TheP' ¢ Steps in Assumption-Based Planning [21].
<__lih“i_> /Pl J;li __“_"‘\ Signposts -

- Assumption-based planning L R

- Robust Decision Making =T

- Adaptive policy making B i

- Adaptation pathways e S | i .....

- Dynamic adaptive policy pathways O S e

More detail in: Walker et al (2013) Adapt or Perish: A Rewew of
Planning Approaches for Adaptation under Deep Uncertainty
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Adaptive decision making

UNIVERSITY OF LEEDS

A group of decision support approaches that:

* Explore how to express uncertainties and
options in a different way — how do we respond
to uncertainties, not ignore or eliminate them?

* Enable foresight about future options— which
options do we open up or close down by
actions in the short term?

 Build flexibility into decision making — how
easily can we move to alternative pathways?
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Adaptive decision making
UNIVERSITY OF LEEDS
Dynamic
1. Analyse objectives, adaptive pOIICy
reassessment, vulnerrtabi.li'.cies &_ pathways
. - opportunities usin
fnecded, oS ® (Haasnoot et al
I 2013)
2. Identify actions and . )
5 Monitor assess efficacy, and Source of flgure'
use-by year of actions httpS//WWWdel

y 1

5. Implement the
plan

tares.nl/en/adap
tive-pathways/

| reassessment,
if needed

3. Develop and evaluate
adaptation pathways

and map

4. Design of an adaptive

plan, inc. preferred

pathways and triggers
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Adaptive decision making

Adaptation Pathways Map Costs and benefits of pathways
| Time horizon 20 years
Action A | Time horizon 50 years
Time horizon 100 years
Pathway  Costs Benefits Co-benefits
Current
situation 10 HH * 0
Action C 2 o P 0 1]}
Action D 300 0 0
: : - 4 o TRy o] ]
Changing conditions Av 5 o 0 0
+ |
. 0 10 70 8 90 100 600 ++ o0
Time low-end scenario
} } /\, - - - 2 7 'O' 5 -
0 . -
Time high-end scenario 10 2l i g,? 100 ¢ 00 - _ [—
ears 9 o s ¥ v
T fer station t li ti
o TSR TR T I Ry Achan Pathways that are not necessary in low-end scenario
I Adaptation Tipping Point of a policy action (Terminal)

s Policy action effective
é Decision node

Source: https://www.deltares.nl/en/adaptive-pathways/
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Raise level +1.1 min spring

GEED

Decrease kevel and adapt
infrastructure {-0.8m}

UNIVERSITY OF LEEDS

Raise level +0.6 m

Source: Haasnoot et
al (2013)

Decrease level within
current infra[-0.6m)

Water supply actions

Raise Ussella ke level
within current infra +0.1m

Maore water through Ussel

Optimising current policy

Cument policy

More effident water use

Change to drought/salt
tolerant crops

Change land use

Water demand actlons

Soenario Warm
250 Ilﬂﬂb

Scenario Crowd s
2050 100

o Trarefer station to new action I Adaptation Tipping Point of an action (Terminal) = Adaptation Pathways

Flg. 6. Adaptation pathways map for fresh water supply from the [selmeer area.
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Water supply actions

‘Water demand actions

- .-

Raise level +1.1 m in spring

Decrease level and adapt AL R
infrastructure [-0.Em)

Raise level +H06 m

Decrease level within
current infra (-0.6m)

Raise s sellake level =
within cument infra +0.1m ¥ i 5 L T e

More water through Ussel
Optimising current policy

Current policy

Maore efficient water use

Change to d rought fzalt
tolerant craps

Change land use

Seenan o Warm -
2100

Scenario Crowd =
2050 2100

© transferstationtonewaction || Adaptation Tipping Point of an action (Terminal) == Adapiation Pathways

o Preffered path Hierarchist Perspective: large role government, controlling the system

o = Preffered path Egalitarian perspecthve: protect emvironment, egquity
= o preffered path Ind vidualist Pempective: market driven society, small role for government

UNIVERSITY OF LEEDS

Source: Haasnoot et

al (2013)
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The realities of decision making
UNIVERSITY OF LEED

° » Multiple actors
» Multiple plans/ objectives
@ » Processes and context
ol driving decisions
il - Different types of decisions

of Choice - )
» Decisions at different scales

» Public perceptions
STIRLING o 05 THE DIFFERENCE

https://paulcairney.wordpress.com/2018/10/25/evidence-
based-policymaking-and-the-new-policy-sciences-2/
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What am | doing about this?

UNIVERSITY OF LEEDS

Case studies
- Transport
- Energy system

Local Infrastructure Commission
https://maadm.leeds.ac.uk/local-infrastructure-
commission/)

Public engagement
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Multiple actors

UEIII

UNIVERSITY OF LEEDS

Policy context

r

Carbaon reduction; Building Regulations; Brexit; devolution agenda;
investment decisions; industrial strategy; economic growth etc.

Cross-industry advocacy & information groups

Government-industry consultative forums & action groups
Construction Industry Council, Construction Leadership Council, Green Construction Board erc!

UK-GBC, WGBC, CIRIA, ClTB etc.

Clients

Government & regulated
Primary: cost effective delivery of
departmental objectives e.g.
congestion reduction
Secondary: sustainability (inc.
emissions reduction)

‘Leading’ private client

Primary: enhancing reputation &
profitability
Secondary: innovation; sustainability

‘Following’ client
Primary: profitability
Secondary: enhancing reputation

Infrastructure Client Group

Specify what should be

built & influence what
materials should or
should not be used -

Designers

‘Leading’ designer

Primary: professional reputation;
delivery of client objectives
Secondary: innovation; sustainability

‘Following’ designer

>

Key
Actors
Motivations

Advocacy & knowledge transfer groups

Influence g

Primary: delivery of client chjectives
Secondary: professional reputation;
sustainability

Professional institutes (RIBA, ICE,
RICS, IStructF, CIBSE etc)

Specify design and most of
the materials to be used

A

Influence the
materials included
in design & build

Construction product
& material suppliers
‘Leading’ supplier

Primary: innovation; capturing market
share; cost efficiency; quality
Secondary: sustainability
‘Following’ supplier

Primary: cost reduction; capturing
market share

Secondary: quality

CPA, MPA, SCJ, British Precast,
BCSA, TRADA, ASBP etc.

Y

Contractors

‘Leading’ contractor
Primary: cost & risk reduction;
delivery time; innovation;
reputation

Secondary: sustainability
‘Following’ contractor
Primary: meeting design
specification at least cost & risk;
delivery time

Secondary: ease of build;
reputation

Build UK, Construction
Alliance

MAADM
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Multiple actors

Roelich and Giesekam
(2019)

Current policy

Enable emissions assessment and product development Q=]

Extend & promote carbon efficient procurement guidance

Provide support for alternative low carbon materials
(including guidance, training & development of certification
systems & standards)

Develop national database of construction product impacts from
mix of EPDs & generic LCl data

Enhance role of embodied emissions in public
procurement

Improve Green & Magenta Book guidance & embed embodied
emissions in evaluation procedure; enhance role in Green Public
Procurement criteria for construction; & make greater use of
performance-based specification

Promote increased voluntary assessment & reporting

Increase score weighting & introduce minimum requirements in
voluntary assessment schemes (HQM, BREEAM etc.)

Introduce public league table of emissions reduction
commitments for major construction firms

Require an EPD to support environmental claims of construction
product manufacturers
Introduce embodied emissions assessment & reporting
requirements

Introduce mandatory embodied carbon measurement &
reporting across projects in public and regulated sectors*

Enhance BIM requirements to include embodied emissions
data

Extend GHG reporting requirements for quoted companies to
include embodied carbon in new buildings

Include reporting of embodied emissions as a planning
requirement for all projects*

Make EPDs mandatory for all construction products
Introduce performance targets against embodied
emissions benchmarks

Introduce embodied emissions targets for public & regulated
sector projects

Introduce embodied emissions targets for projects across all
sectors

Introduce emissions standards for each construction product
category with penalties for exceedance

Primary actor affected

l Product and material suppliers
Undertake awareness Designers
raising measures

Private clients

Cross-industry advocacy &
information groups

Government and regulated clients

Develop industry understanding of terminology,
skills, information platforms, tools etc.
Advocate for greater public sector leadership

Encourage voluntary commitments from individual
firms; lobby environmental assessment scheme
developers for increased weighting or targets

Lobby for introduction of mandatory reporting
requirements; establish consensus upon
reporting procedures

Lobby for introduction
of targets

-
increasing targets

I I I I I 1 I I
f T T T T T T T
2015 2020 2025 2030 2035 2040 2045 2050

UNIVERSITY OF LEEDS

o Transfer station | Terminal m— Pathways

: Advocacy actions
Agenda Interventions facilitating transfer

* All data to be uploaded to common repository to facilitate benchmarking (likely facilitated by organisation such as RICS)

Note: numerous other measures were considered such as the development of a material re-use database & platform; the introduction of
material passports; requirements to design for deconstruction; requirements to design for adaptability; and the mandatory labelling of
re-usable construction products but these options have been omitted from this figure. Although such measures may deliver emissions
savings over multiple product uses, these savings will be delivered over a timeframe that extends beyond this analysis.
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Multiple objectives/plans

UNIVERSITY OF LEED

<

Walking » Rapid
& cycling transit

Spatial
planning

O &
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Multiple objectives/plans

UNIVERSITY OF LEED

Problem Phase 1: Problem definition Al Phasc_e 2 mapping problem to
decision portfolio

Protocol — define problem in context Approach — articulate linkages between
of complexity and uncertainty problem and portfolio of decisions

Reduce private car trips to half of all
trips

Walking and cycling are not the Public transport is not sufficiently
natural choice for short journeys accessible

Decision Decision Decision Decision
2 3 4 5

MAADM
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Not all decisions are equal
UNIVERSITY OF LEEDS

A decision about whether to invest in a long-lived
asset that might create conditions for systemic
change in the future

Or

A decision about a short-lived asset that might
create change now

Or

A decision about whether to set a target to
encourage others to invest

MAADM
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Not all decisions are equal
UNIVERSITY OF LEED

o o . ISi : ision r
Decision Phase 1: Decision screening Decision Phase 2: decision support

identification

Toolkit — map ‘type’ of decision onto
appropriate tool/approach/model with
examples of how these tools/
approaches/models have been used

Decision tree — identify decisions in need
of adaptive approach and ‘type’ of decision
- Institutional/investment/innovation?

s}
-
o
S
o
S

D
c

i)

LD
(@]
D

()

Reversibility + Adaptive planning
Extent of control

e Robust DM

Type of uncertainty (level or issue?)

. L » Real options
Impact on vision/sensitivity of vision/impact on whole system

Scale of investment » Multi-Criteria Decision Making

Availability of data » Decision trees
Exposure to political/legal challenge

Interaction with other targets or problems

Urgency
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The importance of context
UNIVERSITY OF LEED

Context and
events

Psychology
of Choice

UNIVERSITY of [EfE]

STIRLING &Y 'BE THE DIFFERENCE
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The importance of context

UEIII

UNIVERSITY OF LEEDS

 Stakeholder mapping

Policy context

Carbon reduction; Building Regulations; Brexit; devolution agenda;
investment decisions; industrial strategy; economic growth etc.

Cross-industry advocacy & infé

Government-industry consultative forums & action groups

ion groups

Construction Industry Council, Construction Leadership Council, Green Construction Board et

| |UK-GBC, WGBC, CIRIA, CITB etc.

||| clients

| Government & regulated
Primary: cost effective delivery of
| | | departmental objectives e
congestion reduction

| || Secondary: sustainabilty finc

Specify what should be
built & influence what
materials should or
should not be used

Designers

‘Leading’ designer

Primary: professional reputation;
delivery of client objectives
Secondary: innovation; sustainability

“Following’ designer

emissions feduction) >

| || ‘Leading’private client
Primary: enhancing reputation &
| || profiability
Secondary: Innovation; sustainability
‘Following’client
| Primary: profitability

Secondary: enhancing reputation

| Infrastructure Client Group

| | Key
| Actors
Motivations

| Advocacy & knowledge transfer groups
| Influence — 3

Primary: delivery of client objectives
Secondary: professional reputatian;
sustainability

Professional institutes (RIBA, ICE,
RICS, IStructE, CIBSE etc)

Specify design and most of
the materials to be used

Influence the
materials included
in design & build

Contractors

‘Leading’ contractor
Primary: cost &isk reduction;
delivery time; innovation;
reputation

Secondary: sustainability
“Following’ contractor
Primary: meeting design

specification at least cost & risk;

delivery time

Secondary: ease of bulld;
reputation

Build UK, Construction
Alliance

Construction product
& material suppliers
‘Leading’ supplier

Primary: innovation; capturing market
share; cost efficiency; quality
Secondary: sustainability
‘Following’supplier

Primary: cost reduction; capturing
market share

Secondary: quality

CPA, MPA, SCI, British Precast,
BCSA, TRADA, ASBP etc.

!

e Use cases!

A ’use case” comprises actor(s), a
system, a goal and a scenario.

60y

has s

»+ A measurable

goal

Scenarios

failure)

supports the
(success and development of  (tool to support

An actor

s

=
]
o
i
L
£
A System

decision making)

belongs
¢
B

Stakeholders

1 Approach introduced by Dr Thomas Downing, GCAP (adapted from IT)
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The influence of scale — local decision making
UNIVERSITY OF LEED

At the local scale:

- The relationship between infrastructure and quality of
life Is more apparent

- The relationship between national policy and local
decisions is crucial

- The evaluation of outcomes is generally poor

- Systemic change needs to happen (compared to siloed
decision making)

- The public has (and should have) more of a direct say in
decisions

MAADM
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The influence of scale — local decision making

UNIVERSITY OF LEEDS

8 https://maadm.leeds.acuk/local-infrastructure-commission/

UNIVERSITY OF LEEDS
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HOME ABOUT ¥ RESEARCH ¥ PEOPLE NEWS LOCAL INFRASTRUCTURE COMMISSION  CALL FOREVIDENCE  EVIDENCE SESSION SUMMARIES

HOME LOCAL INFRASTRUCTURE COMMISSION

IN THIS SECTION

L.ocal Infrastructure Commission

Call for Evidence The Commission

Evidence Session Summaries a
The Local Infrastructure Commission is an expert group established as part of an Engineering and Physical
Qverview . N " ; : . "
Sciences Research Council funded project. It will explore how infrastructure needs can be understood and
Why do we need infrastructure? how they might be different at a local scale; how infrastructure planning and delivery happens at a local scale;

. and debate new approaches to decision making around infrastructure at all scales that might enable delivery
Engaging the public in cutcomes-based

decision making of infrastructure that is more likely to meet local needs.

A isi - - ¢ - -
Appraising the total value of When we talk about infrastructure, we include key sectors of ‘ecanomic infrastructure’ encompassing

infrastructure

transport, energy, water and sewerage, flood risk, digital and waste (National Infrastructure Commission,

2017). However, within these sectors we define infrastructure broadly as “artefacts and processes of the

MAADM is examining how we can - -
. & interrelated systems that enable the movement of resources in order to provide the services that mediate

make better decisions to transform , : . )
e (and ideally enhance) security, health, economic growth and quality of life at a range of scales”, which

infrastructure systems, taking into e - . - - ,
- ¥ ! & recognizes its influential and critical role in delivering societal needs (Dawson, 2013).

account deep physical and social

uncertainties and crucially the fact The commission was set up in response to the flurry of activity on infrastructure planning at the national

that multiple actors must make (National Infrastructure Commission, 2017) and regional scale (for example Cox, 2017; ICE, 2017). These

decisions and interact to deliver reports gave very detailed accounts of the need for better planning at these scales but overlooked the

system transformation. important rale of communities, cities and city regions in infrastructure planning. We will address this scale of
activity specifically in this commission. We will focus initially on communities, cities and city regions in the

north, because of the call for greater investment and foresight in this region (ICE, 2017).
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The influence of the public

UNIVERSITY OF LEEDS

- The public Is affected by decisions made under
uncertainty

- We are quite bad at engaging the public on
complex issues

- We quite often engage them once we’ve
decided what the answer is

- This can lead to resistance and slow project but
also has implications for the quality of the
answer and the wellbeing of the public

MAADM
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The influence of the public

UNIVERSITY OF LEED

o Solutions need to align with values that underpin
public perceptions
Efficient not wasteful

Environment and nature

=~ Security and Stability
% Autonomy and power
Process and change

Social justice and fairness

Multi Actor Adaptive Decision Making




Reaching the public

UNIVERSITY OF LEED

Digital tools for engagement can help to:

* Facilitate visualisation

» Foster collaboration and
reduce disagreement

* Provide a platform for
multi-stakeholder
engagement

e Engage some hard to reach
groups

MAADM
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The importance of understanding decisions
as well as uncertainty UNIVERSITY OF LEED

« \We are making great process in characterising and
managing uncertainty

« But there needs to be more focus on accommodating
uncertainty in decision making

« To do this we need to understand the realities of
decision making and develop tools and approaches
appropriate to that context

« This also means thinking about the different scales of
decisions

e And how to engage the public in decisions

MAADM
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Get in touch
UNIVERSITY OF LEED

K.e.roelich@Ieeds.ac.uk
@katyroelich
www.maadm.leeds.ac.uk
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