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What makes a decision?

* An agent

* Her values

* An idea of what is a good decision

* Decision alternatives

* Uncertainties in the outcomes of these alternatives
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Outline

* Environmental management

e Learning & forecasting to make decisions

* Extreme events and uncertainty

* Consider extreme events in system and knowledge dimensions
* More than one scientific perspective on extreme events
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Coastline erosion and sea level rise

* Large economic loss

* Threatens biodiversity
and recreation

* Loss of protection
against high sea levels

* Requires coordinated
management

Caroline Fredriksson and Hans Hansson, LTH.

Aktuella Fragor 27 April 2017 SYDSVENSKAN ‘#1



Environmental management

» Several decision makers

* Many people affected in different ways

* High values at stake

* Long term effects

* Irreversible effects

 Solutions requiring a sacrifice of another value

* Complex systems

 Large variability (i.e. inherent randomness in the system)
 Scientific uncertainty

* Need to communicate the limits of what we know
* Management urgent
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Environmental management

Large variability (i.e. inherent randomness in the system)
Scientific uncertainty

Need to communicate the limits of what we know
Management urgent
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Research type A
Understanding and managing
environmental problems

Research type B
How to conceptualise, assess and find
management solutions to
environmental problems

Modified from Aven, Keynote lecture, Nordic Chapter Risk
Conference, Lund, 2015.

Learning
&
Forecasting

Uncertainty
&
Decision
making

Clark et al 2001. Ecological forecasts: An emerging
imperative. Science.

Spiegelhalter and Riesch. 2011. Don't know, can't
know: embracing deeper uncertainties when analysing
risks. Philosophical Transactions of the Royal Society.



Research type A
Understanding and managing
Values environmental problems

Learning
&

Perceptions Forecasting

Behaviour
Cognitive bias Uncertainty
& heuristics &
Research type B Decision
How to conceptualise, assess and find making
management solutions to
environmental problems

Natural Science

. . Clark et al 2001. Ecological forecasts: An emerging
Social science imperative. Science.

Spiegelhalter and Riesch. 2011. Don't know, can't
Modified from Aven, Keynote lecture, Nordic Chapter Risk know: embracing deeper uncertainties when analysing
Conference, Lund, 2015. risks. Philosophical Transactions of the Royal Society.




On the board

* The DM is interested in uncertainty in the event A

e Uncertaninty in A is described using probability P(A|K)
* Kis the knowledge

* P(A|K) = P(A|B)P(B|K)

* P(A|0) "forecasting”

* P(B|K) “learning”




2124 M. Lindegren o al  Forecasting under climate change

Fishery management -~

=
|
&
£.3420.85 LA328133
(c)
J.5%20 .40
0672012
- - | T
v o=
A% E:
0.08L0.06

0262006

S — - ) 1800~

o 0082004
D -

S8Rk

EXPERT
KNOWLEDGE

(f) -

Learning



Fishery managment
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Learning Forecasting




Forecasting under climate change
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Biodiversity by land-use management

1516 BIOLOGICAL CONSERVATION 141 (2008) 1505-1524

 Spatial planning
* Trade-offs and synergies

* Efficiency frontiers

Agriculture B Rural-Residential
246 1 B Managed Forestry [l Conserved
UGB

235 1

Expected Number of Species

226

0 5 10 15 20 25
Billions of Dollars
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Biodiversity by land-use management

1516 BIOLOGICAL CONSERVATION 141 (2008) 1505-1524

 Spatial planning
* Trade-offs and synergies
e Efficiency frontiers

* Uncertainty in outcomes

246 1 ’

Expectation:
235 ;

Mean - a location

Expected Number of Species

Prevision - a quantity
0 important for decisons

226 +




What is an extreme event?
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What is an extreme event?

—_

N

Kaplan and Garrick. 1981. On
The Quantitative Definition
of Risk. Risk Analysis

Probability of occurence

Klinke and Renn. 2002.
Risk Analysis.

Slovic and Weber. 2002. Perception Extent of damage
Nsk posed by extreme events.
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What is an extreme event?

Central
tendency

Tail event
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What is an extreme event?




What is an extreme event?

Your theory is wrong!

BEEtact=

LUN

UNIVERSITY



What is an extreme event

System dimension:

Probability-

* Unlikely — rare, low frequency besed diiline P(A[K)
* Large consequence
Strength in S(K)

Knowledge dimension: knowledge
* Unlikely — low weight among possible outcomes,

surprice in relation to central tendency Surprises o
e Surprice — large uncertainy due to lack of (black swans)

knowledge

e Unknown unknown — the unforeseen

Taleb, N. 2007. The black swan : the impact of the highly improbable.
Aven, T. 2013. Practical implications of the new risk perspectives.
Reliability Engineering & System Safety 115:136-145.



Considering extreme events when Learning &
Forecasting is required to make Decisions robust to
extreme events



Include extreme events in modelling
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Short and long distance
disperal

Marco, et al. 2011. Comparing short
and long-distance dispersal: modelling
and field case studies. Ecography




Include extreme events in modelling

Climate projections
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Climate projections
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Include extre

Climate projections
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Density

Use statistical theory for extreme events

Law of large A sample of sample means is
numbers Normally distributed
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Use statistical theory for extreme events

Density

1.0

00 02 04 06 08

Law of large A sample of sample means is
numbers Normally distributed

A sample of sample extremes
follows a Generalised
/ extreme value distribution

outcome
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Include extreme events in random processes

Normal distribution

/

Student-t distribution

~
-
------_—‘ s——------



lllustration of population dynamic models that allow for heavy tails

Student-t distribution Simulated population dynamics Model fits
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Sean C. Anderson et al. PNAS 2017;114:3252-3257
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lgnoring heavy tails can underestimate risk

A Process deviation shape C Example time series
Willow grouse y=0.3v="12

AN N
100
v=20
y= .5 v=0.75 7 085

European rabbit y=0.5 v=31

1000
B Skewness parameter posteriors 100 ’\\(4\—\//\
10 3

Heavy—tailed populations
Slightly heavy tails

Wreny=0.4v=5

Normal tails 10

Grey herony=0.6 v=4
9000, Y Py
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I 1 Ll | )
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Sean C. Anderson et al. PNAS 2017;114:3252-3257
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Our knowledge is seldom ideal to make decisions

Law of larze My HOBRY: EXTRAFPOLATING
numbers

AS YOU CAN SEE, BY LATE
NEXT MONTH  YOU'LL HAVE
OVER Four DOZEN HUSBANDS,
BETTERGET A
BULK RATE ON
WEDDING CAKE.

mmm) Consdier extreme events in the knowledge dimension
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The number of visitors to this lecture
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The number of visitors to this lecture

* Statistical population  [ECIN IEERNNETINNEZRN TN

* Sample mean: 24 Birds Maths  Birds Maths  Birds

* Analogy prediction Friday  Friday Tuesday Tuesday Tuesday
* Friday & Maths: 13

* A simple guess
* Lower value: 10
* Higher value: 100
* Most likely value: 22

LogT(2.84,0.578)
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Relative - Personal
frequency probability

Different types of uncertainty

Irreducable uncertainty Reducable uncertainty
* Variability * Lack of knowledge

* Inherent randomness * I[gnorance
 Stochasticity * Incertitude

* Aleatory uncertainty * Epistemic uncertainty




Relative - Personal
frequency probability

Different types of uncertainty

Decision making under Decision making under Decision making under
risk uncertainty deep uncertainty
* Maximise prevision * Maximise prevision taken ¢ Apply robust decision
taken over a relative over probability criteria
frequency representing our believes

( | orobability) * Adapt management
. D . ersonal probabili . o
Risk aversion P P 4 * Precautionary principle

e Cautionary principles




Different types of uncertainty

Decision making under Decision making under Decision making under
risk uncertainty deep uncertainty

Strength in knoweldge




Assess strenght in knowledge

Table 2: Example of quality indicators for scientific evidence (after Bowden, 2004).

2 ~ indicatorsof evidence quality
—+
S
3 Theoretical . Ll . . . . e
e basic Scientific method | Auditability = Calibration Calibration Objectivity
—+
>
= Well Best available practice: | Well An exact fitto | Independent No
=~ Very high | established large sample; direct documented | data measurement of | discernable
8 theory measure trace to data sample variable | bias
% Accepted Accepted reliable Poor Good fit to Independent Weak bias
o ~ . theory; high method; small sample; | documented | data measurement of
oq = High d : ) .
o) T egree of direct measure but traceable high correlation
; consensus to data variable
;_u Accepted Accepted method; Traceable to | Moderately Validation Moderate
S Moderate theory; low derived or surrogate data with well correlated | measure not truly | bias
o consensus data; analogue; limited | difficulty with data independent
reliability
Preliminary Preliminary method of | Weak and Weak Weak indirect Strong bias
Low theory unknown reliability obscure link | correlation to | validation
to data data
Crude No discernable rigour | No link back | No apparent No validation Obvious bias
Very low . .
speculation to data correlation presented

UNIVERSITY



Adapt management

Klinke and Renn. 2002. A new approach to
risk evaluation and management: Risk-based,
precaution-based, and discourse-based
strategies. Risk Analysis.

Risk Tradeoff

Analysis and
Deliberation
Necessary

Risk Balancing

Risk Balancing
Necessary

MNecessary

Risk Assessment

Mecessary
Rizk Assessment
Necessary
Scientific Risk T""?fnﬁmﬂ'nt
Assessment evca?uative
Necessary Type of Conflict: normative
""""""""""" cognitive
evaluative
Type of Conflict: Actors:
cognitive Agency Staff
i i Actors: External Experts
Routine Qperation Agency Staff Stakeholders such as
______________________ External Experts Industry, Directly
Actors: Stakeholders such as Affected Groups
Actors: Agency Staff Industry, Directly Hepresentatives
Agency Staff External Expens Affected Groups of the Public(s)
Discourse: Discourse: Discourse: Discourse:
internal cognitive reflective participatory
Simple Complex Uncertain Ambiguous

Strength in knoweldge




B Broaden the uncertainty concept

Scientifically-defined
uncertainty —involving

Decision making and

Embodied
uncertainty
—involving
all actors

communication of
mainly science actors uncertainty—
involving scientists,
decision-makers and

the public

Sword-Daniels et al. 2016. Embodied uncertainty: living with The broadening of the concept over time
complexity and natural hazards. Journal of Risk Research:1-18.



B Broaden the uncertainty concept

OBJECTIVE

UNCERTAINTY

Un

known unknowns,

known unknowns,

epistemic, aleatory

KNOWLEDGE

Scientific & technical,
historical, community, socio
-cultural, indigenous &
traditional knowledge

EXPERIENCE

Including lived, hazard,

impact, communication,
decision-making,
organisational,
operational, shared
community experiences

Sword-Daniels et al. 2016. Embodied uncertainty: living with
complexity and natural hazards. Journal of Risk Research:1-18.

CHARACTERISTICS

characteristics (e.g. age,
gender) and identities, world
views, values, social norms,

EMBODIED UNCERTAINTY:
FEELINGS, UNDERSTANDING,
INTERPRETATION OF MEANING

Individual
.

Decision makers,
officials

Scientific or

technical
advisors &

agencies

Including: social

trust

CONTEXTUAL
FILTERS

TRUST
Including:
information source,

officials, institutions

OPTIONS
Including
alternative
shelter, finances

CONSCIOUS
ACTION &
DECISIONS

Spectrum of
actions and
decisions

SUBCONSCIOUS
ACTION & DECISIONS

(individual and organisational
subconscious; ‘habit’)






-

Table 4. Maximum likelihood estimation of parameters for the GEV and Gumbel (§=0) model (with standard error within brackets),
estimated 100-years return level relative mean sea level (with 95 % confidence interval within brackets), and estimated return period for
the 1872 storm.

: Estimated water level Estimated return period
Loction, |t Seile,o SEpe.S 100 years return period ~ 1872-storm
Skanor 1992-2015 859 (4.1) 19130 0 174 (143-204) 3200 years
Klagshamn 1961-2015  85.3 (3.5) 23.3 (2.7) —0.47 (0.1) 129 (125-144) Exceeds the upper limit of
distribution (135 cm)
Ystad 1886-1987 77.9 (1.8) 17.4 (1.3) 0 158 (144-171) 7000 years

Fredriksson, C et al. 2016, STATISTICAL ANALYSIS OF EXTREME SEA WATER LEVELS AT THE
FALSTERBO PENINSULA, SOUTH SWEDEN. J. Water Management and research




