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A possible view on unc in
environmental risk analysis
Uncertainty (epistemic uncertainty, lack of
knowledge) — REDUCABLE

Variability (aleatory uncertainty, stochasticty,
inherent randomness) — NOT REDUCABLE

All uncertainty is epistemic!

A separation of variability is made to capture
the dynamics of the system we are modelling!



* Avariable is a quantity that takes multiple
values in the real world

* A parameter is a quantity that has a single
true value



H is true with Pr 6
Case A:
H is a repeatable event
Case B:
His a unigue event

* Interpret 6 under the two cases!

e Suggest ways to quantify 0!

* |s there any difference between the two cases
and, if so, why?



Knowledge underlying a risk analysis

Expert Expert
knowledge knowledge
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Multi-Criteria Decision Analysis

(1) Identify the problem (i.e., the decision to be
made)

(2) Formulate objectives
(3) Develop management alternatives

(4) Estimate consequences associated with each
alternative

(5) Evaluate trade-offs and select preferred
alternatives

(6) Monitor and allow for learning

Kiker et al (2005). Application of Multicriteria Decision Analysis in Environmental Decision Making. Integrated
Environmental Assessment and Management.



Contaminated Sediment Management Decision

Cost Public
Acceptance
A 4
$ / Cubic Yard
\ 4

Impacted Area

Human
Health

l

# of complete human
exposure pathways

'

Largest Cancer Risk calculated
for any one pathway

I

Ecological
Health

l

# of complete ecological
exposure pathways

'

Largest Ecological Hazard
Quotient (HQ) calculated for
any one pathway

v

v 4
Public :
Cost Human Health Ecological Health
Acceptance

$/CY Acres pathways Max. Cancer Risk Pathways Max. HQ
Choice A 20 1000 24 1.0 * 10 38 1800
Choice B 40 200 18 1.0 * 104 23 1500
Choice C 60 5 12 L0 %4105 14 10

Kiker et al (2005). Application of Multicriteria Decision Analysis in Environmental Decision Making. Integrated

Environmental Assessment and Management.




Unc in knowledge and values
Value ambiguity

Norms / values consensus

high
Knowledge
g moderately structured structured
. (scientific) problem problem
uncertainty
Certainty
about low
knowledge
unstructured moderately structured
problem (political-ethical) problem
low

Hage et al (2010). Futures

high
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Who’s uncertainty?

“Uncertainty is personal and temporal.
The task of uncertainty analysis is to
express the uncertainty of the
assessors, at the time they conduct the

1 I assessment: there is no single "true”
uncertainty.”

Decision makers

Risk assessors

1 I “Uncertainty analysis should begin
early in the assessment process and not
Experts be left to end.”

EFSA’s uncertainty guidance (draft
2016)



Sahlin et al. Unruhe und
ungewiss heith - Stemcells and
risks. Edited book.

Uncertainty about causal relationships and in  Funtovizand Raverz in Science,
politics and morality. Edited

extreme events book.

Uncertainty in values and
preferences over decision

alternatives

—
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Sahlin et al. Unruhe und
ungewiss heith - Stemcells and
risks. Edited book.

Uncertainty about causal relationships and in  Funtovizand Raverz in Science,
politics and morality. Edited

extreme events book.

Bakgrundskunskap

preferences over decision

Uncertainty in values and
alternatives




Beware of uncertainty taxonomies
during the coming slides!

14



Unc |

April 2002 A TAXONOMY AND TREATMENT OF UNCERTAINTY

TaBre 1. The various sources of epistemic and linguistic uncertainty with their most appro-
priate general treatments (refer to relevant section for references related to the suggested

freatment).

Source of uncertainty

General treatments

Epistemic uncertainty

Measurement error
Systematic error
Natural variation
Inherent randommness
Model uncertainty

Subjective judgment

Linguistic uncertainty
Numerical vagueness

Nonnumerical va gueness

Context dependence

Ambiguity

Indeterminacy in theoretical
terms

Underspecificity

statistical techniques; intervals

recognize and remove bias

probability distributions; intervals

probability distributions

validation: revision of theory based on observation:
analytic error estimation (for meta-models)

degrees of belief: imprecise probabilities

sharp delineation: supervaluations: fuzzy sets:
intuitionistic, three-valued. fuzzy. paraconsistent
and modal logics: rough sets

construct multidimensional measures then treat as
for numerical vagueness

specify context

clarify meaning

make decision about future usage of term when
need arises

provide narrowest bounds: specify all available
data




Unc Il

Knowledge about outcomes
Knowledge
about likelihoods Outcomes Qutcomes
well-defined poorly-defined
Some basis | Ambiaui
for Risk {IJ {”llg} 4
probabilities
Incertitude
Mo basis for Uncertainty lgnorance
probababilities (I (V)

Fig. 1. A classification system for incertitude (Stirling and
Geell?).



Unc I

Determinism

Level 1 Level 2 Level3 | Leveld
Deep Uncertainty
Context | A clear enough Altermate futures A multiplicity of | Unknown future
future (with probabilitics) |plausible futures
E A w t ~
. B <4~ —»
& « ™
System | A single system | A single system Several system Unknown system
model | model model with a models, with model: know we
probabilistic different don’t know
parameterization structures
System | A point estimate | Several sets of A known range of | Unknown
oulcomes | and confidence point estimates and | outcomes outcomes: know
interval for each | confidence we don’t know
outcome intervals for the
outcomes, with a
probability attached
to cach set
Weights | A single estimate | Several sets of A known range of | Unknown weights:
on of the weights weights, with a weights know we don’t
outcomes probability anached know

to cach sct

durIoud (R0 ],

Cox, L.A.,J

r. (2012). Confronting deep uncertainties in

Fig. 1. A suggested taxonom

uncertainties.(83)

risk analysis. Risk Anal, 32(10), 1607-1629.



Unc IV

Uncertainty and marine reserve design 3

Model

assumption approach

Uncertainty

Uncertaint
r r R mf?““ﬁ”: :m;p;-
Traditional  Traditional Probability Bayesian Probability Interval Info-gap
Statistics Modeling Theory Statistics Bounds Analysis Modeling
normal other probability  prior bounded upper & unbourded
distribution  distributions  density distribution  prob. density lower limits

Halpern, B. S., Regan, H. M., Possingham, H. P, &
McCarthy, M. A. (2006). Accounting for uncertainty in
marine reserve design. Ecology Letters, 9, 2-11. 18



UncV

3. Model 5. Unknown
structure unknowns

2. "Black swans’

”
Parameters >Val

)

1. Future
4. Known

unknowns - “Low
confidence”

events

Spiegelhalter and Riesch (2011). Don’t know, can’t know: embracing deeper
uncertainties when analysing risks. Phil. Trans. R. Soc. A



Unc VI

Type: Substantive, Contextual, Procedural

Location: Problem framing, Knowledge
production, Communication and use

Source: Lack of knowledge, Variability, Expert
subjectivity, Communication patterns

Nature: Epistemological, regulatory, socio-
economic, transparency, fairness, inclusiveness,
operational, competence, value-ladeness,
linguistic, technical, methodological, preciseness,

legitimacy
Maxim, L., & van der Sluijs, J. P. (2011). Quality in environmental
science for policy: Assessing uncertainty as a component of policy
analysis. Environmental Science & Policy, 14(4), 482-492.



- Unc VI

batween
s °m"'””v§"’ SUBSTANTIVE DIMENSION (CONTENT) \
Contaxt
e icameeuness | CONTEXT vty
e b Bisses n risk 1
o * acegeiny | Contctot ()
Techrical | intateet
B o .
I
. '
\\_/ '
|
Nodediey
| =2 @,
o Subjectivity and 30ci0-
economics embedded in

Fig. 1. Representations of several locations and sources of “problematic knowledge” in the literature. know

. focge .
Maxim and van der Sluijs (2011)



Environmental risk analysis — an
introduction

Ullrika Sahlin August 2016

22



WORLD
ECONOMIC
FORUM

https://www.weforum.org/reports/the-global-

risks-report-2016/
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https://www.weforum.org/reports/the-global-risks-report-2016/

Impact

Changing Global Risks

Figure 1.1: The Changing Global Risks Landscape 2015-2016: The 10 Most
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Chemical use

 Chemical safety !

— Protect species from high concentrations of

dangerous chemicals

SILENT

RACHEL
CARSON

* Endpoints: Genes, individual organisms,

populations, meta-populations, species

communities

& https://echa.europa.eu/home

- An agency of the European Union News and Events | Press | Contact |English (en) v

MECHA

EUROPEAN CHEMICALS AGENCY

Advanced search »

About Us Regulations Addressing Chemicals Information on
of Concern Chemicals

ECHA > Homepage

19/07/2016 - Press release

R EAC H 2 1 8 REACH 2018: Assess your substance to show safe use

Companies registering the same substance must work together
to compile and share information on the uses, hazards and risks
of their substance to demonstrate safe use. If new data
involving animal testing needs to be generated, alternatives
must always be considered first. All information should be
reported in a registration dossier and submitted to ECHA by 31
May 2018.

News

24/08/2016 - News item
The Board of Appeal adopts its first deci

on on data sharing under the BPR

Case A-005-2015 concerns an Agency decision on a data-sharing dispute which granted a company
applying to be included in the Article 95 list permission to refer to certain studies owned by another
romnany

Chemicals in our Life Support

[ [v]o]=]+ RE

Advanced search

I have read and I accept the legal notice
(o i
Opg Biocides (ECHA
@ y'e Stakeholders’ Day,
\®,@’ 1 September 2016, Helsinki. Finland
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The exposure and effect paradigm

E n d p Oi ntS Discussion
Between

Stessors the Risk

Assessor

* Chemicals Sk

Manager
* Habitat loss e
* Hunting pressure
* Natural hazards
— e.g. storms or flooding

* Biological stessors

— e.g. non-indigenous species
or new diseases

 Changes in abiotic factors
— e.g. climate change
— Landuse change

Ecological Risk Assessment

1)
Characterization | Characterization
of Exposure | of
| Ecological
Effects

RISK CHARACTERIZATION

.I Buiojiuoy pue uoiedlLIdA ‘uoiisinboy ejeq |

Discussion Between the
Risk Assessor and Risk
Manager (Results)




onse [Fercant

Fesg

100

Chemical hazard assessment

Species
community

Proportion
Affected
Species

OChironomus tentans

Species
Toxicity

O Stenocypris malcolmsoni
Cerjodaphnia reticulata

o esocxdbps hyalinus
_,.-'bch orus_,sﬁhaencus

Dappr‘iia carinata

S 50% — eliogié:ptomus viduus

‘g 20% - aphia pulex

8. 9 Cerlgdéphnla dubia

a 30% - Cop,eﬁ.oda
‘_?.»ﬁaphnia magna

20% —
LOAEL 10% e
NOAEL \ 0% ——— \é | T | |
iy 0.00 0.01 0.10 1.00 10.00 100.00

o

Cadmium Concentration (mg/L)

s - W 15 2 % 3 35

oss (g | Hazardous
EC50 concentration



Habitat loss

e Conserve habitats to
protect species from local
or global extinction

* Restore habitats or build
spreading corridors

* Risk assessed by
Population Viability
Analysis (PVA)

— one or several populations

— single or multiple species



The Population Viability Analysis
paradigm

Predict risk of extinction
Consider population dynamics

Include relevant links between environment
and the dynamic of a population

Include stochastic noise in populaiton
dynamics and environment

Ecosystem based approach — consider also
indirect effects via other species in the system



The IUCN Red List of Threatened
Species

e Classification of risk status of species

@

— B
Extinct in the Wild (EW) 3
@
Threslenad caegoriss  _ |
r | 3
I | 5
Adequate data | Extinctio g
- " i
| :
E
Evaluated L
£

All species

pata Deficient (DD)

Mot Evaluated (ME)
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Over fishing

* Intensive fishing may
cause crash of fish
populations and future

fishery

e Risk analysis e.g. PVA to
find suitable levels of
fishing intensity

e Spatial planning to
identify areas protected
from fishing

Fish landings in tons
s (8 . o«

Robust strategies for Partially

Observable Markov Decision Process




A fishy risk analysis

e First order multivariate J
 Maximum likelihood

autoregressive model
using Kalman Filters o/ oo \
.2620 06

MAR(1)
e Data from 1974-2004 g

Lindegren et al (2001). Biomanipulation — a tool in marine ecosystem managment and

restoration. Ecological Applications. 2



2124 M. Lindegren er al  Forecasoing under climate change
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Figure 2. Model validarion by means of fitting and hindcasting the historical stodk dynamics of (a.b) Baltc cod, (c.d) sprat and
(2.f ) herring. The left column shows the fit of the BALMAR food-web model (Lindegren er . 2009), where 35B leveks (bladk)
accurately represent the observed dynamie (circles) of cod, sprat and herring from 1977 w 2004. (The degree of explained
variance is: (a) 0.95; (¢) 0.89 and (¢) 0.98). The right column demonstmates hindcast 558 levds (black), where the historical
stock dynamics were simulared based only on the starting biomasses (i.e. in 1977) as initial conditons . (rey lines are upper and

lower 95% predicion intervals.



Forecasting under climate change

fisheries
management
SCENArios

(d ) fishing mortalities l

food-web model (€) stochastic noise

(e |
5}*‘%_ )

‘BALMAR’

(Lindegren ef al. 2009) () forecasted cod S3B—

probability distribution

() multiple SST/salinity
time series 2005-2100

A
seven RCMs : ) ot
h) projections
) ta)output 1 g 2071-2100
five GCMs
f —_— 3D ocean —_— AR
circulation climate
WO emission model model
SCEnarios
‘PRUDENCE’ ‘BACC (Ripa & Lundberg 1996)
(Christensen et al. 2007) iMeter 2006;

Meier ef al. 2006)



2126 M. Lindegren er al. Forecasting under dimate change
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Figure 3. Future climate and management scenarios and a 95% probability distribution of Balte cod S5B. (a) A ‘control scen-
ario” where climate (85T and salinity) and fishing mortalities () fluctuate at mean 1974-2004 levels. Hindcasted simulations
from 1977 to 2007 (i.e. based on the observed climate and F levels for these years) are compared with observed SSB (vellow
circles) to validate the predictive accuracy of the model. (b) A predicted increase in mean SST by 3.5°C and decrease in mean
sahnity by 4.8 psu combined with mean Flevels. () As in (6) but with Freduced to the previously recommended precautionary
reference levels (F,). (d) Exploitation at [, but with a predicted decrease in salinity by only 0.8 psu. Solid horizontal lines
mark the recommended ecological levels of Baltic cod, the precautionary stock level, By, (green) and limiting stock level
By, (red). (Note that the use of these biomass reference points is currently being re-evaluated). Black contour lines show 35
the 90 and 95% prediction intervals within which the cod stock dynamics of each replicated run fluctuates.




Climate forcing

Environment-dependent
stock racruitmeant function

On population

biomass

Uncertainty in model structure

Single-species models

Multispecies models

Pray-independant predator

Prey-dependant predator

(2, 3)

5= ()

(1

T ()

Mo model available

No model available

Biological ensemble modeling to evaluate potential futures of living marine resources

pplications
Volume 23, Issue 4, pages 742-754, 1 JUN 2013 DOI: 10.1890/12-0267.1

Ecologica

http://onlinelibrary.wiley.com/doi/10.1890/12-0267.1/full#i1051-0761-23-4-742-f01



http://onlinelibrary.wiley.com/doi/10.1002/eap.2013.23.issue-4/issuetoc
http://onlinelibrary.wiley.com/doi/10.1890/12-0267.1/full#i1051-0761-23-4-742-f01

Intense fishing (F = 1.08)

Less fishing (F = 0.3)

a) Mo further climate change

400 F

Model

d) Mo further climate change

b} No further climate change
00|

200 -

200 L— ' 1

Relative change in cod spawning stock biomass (92)

g) Mo further climate change

¢) Increasing temperature,
apo b decreasing salinity

200

—app L L L

fy Increasing temperature,
decreasing salinity

1980 2020 2080
Ecological Applications

2100

1980 2020 2060 2100

Volume 23, Issue 4, pages 742-754, 1 JUN 2013 DOI: 10.1890/12-0267.1
http://onlinelibrary.wiley.com/doi/10.1890/12-0267.1/full#i1051-0761-23-4-742-f02

Ensemble
modelling



http://onlinelibrary.wiley.com/doi/10.1002/eap.2013.23.issue-4/issuetoc
http://onlinelibrary.wiley.com/doi/10.1890/12-0267.1/full#i1051-0761-23-4-742-f02

The DPSIR paradigm
Environmental impact assessments

& &
1 // \H
Q\Q/




A DPSIR example

Drivers
Food consumption,
energy use

Responses
Resource use policy,
land use policy,
nature conservation

Pressures
Land use (change)
HANPP

Reduced ecosystem
services

States
Change in biodiversity,

extinction of species

39



The ecosystem service concept

CONSTITUENTS OF WELL-BEING

ECOSYSTEM SERVICES Security
c— PERSONAL SAFETY
Provisioning SECURE RESOURCE ACCESS
FOOD SECURITY FROM DISASTERS
FRESH WATER
WOOD AND FIBER
FUEL : 2
Basic material
for good life Freedom
) ADEQUATE LIVELIHOODS of choice
Supporting Regulating ggzggm NUTRITIOUS FOOD and action
CLIMATE REGULATION
NUTRIENT CYCLING ACCESS TO GOODS OPPORTUNITY TO BE

FLOOD REGULATION
DISEASE REGULATION
WATER PURIFICATION

ABLE TO ACHIEVE
Y WHAT AN INDIVIDUAL
Health VALUES DOING

SOIL FORMATION
PRIMARY PRODUCTION

AND BEING
STRENGTH
FEELING WELL
Cultural ACCESS TO CLEAN AIR

AESTHETIC | AND WATER

SPIRITUAL |

EDUCATIONAL

RECREATIONAL Good social relations

SOCIAL COHESION
MUTUAL RESPECT
ABILITY TO HELP OTHERS

LIFE ON EARTH - BIODIVERSITY . "
Source: Millennium Ecosystem Assessment

ARROW’S COLOR ARROW’S WIDTH
Potential for mediation by Intensity of linkages between ecosystem
socioeconomic factors services and human well-being
Low ——= Weak
S Medium C— Medium

B Hiagh Strona
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Managing pollinator capital
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The value of green stuff around your
fields

_.*'. Trade-off analysis of ecolc X X k] =
_ y o |tz

C [ 127.0.0.1:6503 Qe @ =

Trade-off analysis of ecological intensification

Multiple compariscn Pair-wise comparison

Impact variables
7 Food @ ChemSaf @ MNleak & SemiNatHab
¢ FarmProfit # ProfitRisk

e

¢ Impact as ranks Prev.
Scenario: Intensity of aphid outbreaks

Scenario: Pesticide treatment

41 w2 @3
Landscape heterogeneity
2 (0] Int. pest man. ChemsSaf
Hieak Food
Soil organic carbon

& 15 ] 35
2.5 mmarg S mmarg

Fa

ProfitRisk
Impact y-axis No pesticide

Food - FarmProfit

Impact x-axis

ChemSaf v




Regional relative risk assessment

Marine Debris

Sources

MIS from
Shipping
Veclors

Ballast
Waler

Eradication

eslablished
Spartina

Stressors Habitat
Subtical
Viegelation
Currents
MIS Early
Life Stages
and
Juveniles
MIS Adults
—
Lower
Intertidal
Vegetation
Upper
Intertidal
Vegetation

Effects

Subbidal

\
\

X
Lowver
Intertidal | %

Upper

Intertidal

\
\

Endpoint

Water Quality

— Changes in
\ Community
Composition

Dungeness

Crab

Juvenile

\‘ Salmon

| Harbor Seal I

\

-

Birds®

l Ewelgrass |

“Birds: Greal Blue Horon, Dabblng and Diving ducks, and Black Brant

Evaluating nonindigenous species management in a
Bayesian networks derived relative risk framework
for Padilla Bay, WA, USA

Integrated Environmental Assessment and Management
Volume 11, Issue 4, pages 640-652, 26 JUN 2015 DOI: 10.1002/ieam.1643

http://onlinelibrary.wiley.com/doi/10.1002/ieam.1643/full#ieam1643-fig-0002

O 125, 28

Region 1

Legend
Type of Habitat

& | =5 (
¢



http://onlinelibrary.wiley.com/doi/10.1002/ieam.v11.4/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/ieam.1643/full#ieam1643-fig-0002

Regional relative risk assessment

Conceptual
Model

Bayesian e

Network = BSil
Model

Sources = Stressors

o
= S
r -
o
=
t -
Y Mgy Voo b o =
’1}
il
-
|
——

Integrated Environmental Assessment and Management
Volume 11, Issue 4, pages 640-652, 26 JUN 2015 DOI: 10.1002/ieam.1643
http://onlinelibrary.wiley.com/doi/10.1002/ieam.1643/full#ieam1643-fig-0003

Habitats Effects Endpoints

Unc from
discretisation?
Variability
mixed with
epistemic
uncertainty

No data
generating
process
Precise
conditional
probability
tables



http://onlinelibrary.wiley.com/doi/10.1002/ieam.v11.4/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/ieam.1643/full#ieam1643-fig-0003

Changes In Community Dungeness Crab

Composition
A B 5.
40 40 -
g =
P B
o [
E m g m |
) . N . .
. == -
Berefitls  Fero Low Berefits Low
Fsk State Rk State
Juvenile Salmon Harbor Seal
Ehenerﬂs fero Low Berefitls  Zero Low Med High
Fisk State Rk State

Integrated Environmental Assessment and Management
Volume 11, Issue 4, pages 640-652, 26 JUN 2015 DOI: 10.1002/ieam.1643
http://onlinelibrary.wiley.com/doi/10.1002/ieam.1643/full#fieam1643-fig-0004



http://onlinelibrary.wiley.com/doi/10.1002/ieam.v11.4/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/ieam.1643/full#ieam1643-fig-0004

Challenges to uncertainty

(i) Partial knowledge

(ii) Small data

(iii) Expert’s disagreement
(iv) No established theory

 Reliable and valid risk assessments
e Successful stakeholder interaction



Uncertainty in environmental risk
analysis

part |l
Ullrika Sahlin August 2016
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A novel strategy for
uncertainty
managment

* https://www.efsa.eur
opa.eu/en/topics/top
ic/uncertainty




Procedure to assess uncertainty

e Standardised procedures with accepted
provision for uncertainty

e Case-specific assessments

— Includes to develop or review a standardised

procedure
* Emergency situations\

Requires
motivation!



Assessment components

Propagat}on/ o

Inputs \ > Output

Most important for
decision makers!
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Main steps in uncertainty analysis

. ldentify and describe uncertainty qualitatively
(source, cause, nature)

. Assess individual sources of uncertainty

. Assess the combined impact of all identified
uncertainty in input taking account of
dependencies

. Assess the relative contribution of individual
uncertainty to overall uncertainty

. Document and report the uncertainty analysis



Assessment components

1. Identify sources to uncertainty

Propagation

Inputs > Output
2. ASSess 4. Assess relative 3 Assess combined
individual sources contribution of Impact 9f
to uncertainty ~ sources of uncertainty on
uncertainty uncertainty in

output

52




* Ordinal scales

* Matrices

« NUSAP

* Uncertainty table
* Interval Analysis

* Expert knowledge
elicitation

Step in the
assessment

Types of
assessment
question
Quantitative
Categorical

Methods

* Descriptive expression .

Confidence Intervals
The Bootstrap
Bayesian Inference

Probability Bounds
Analysis

Monte Carlo
Conservative assumptions
Sensitivity analysis

Forms of uncertainty expression provided

Descriptive
Ordinal
Range

Range with probability

Distribution

Bound with probability
Sensitivity of output to input uncertainty



Performance criteria on the method to
assess uncertainty

e Evidence of current acceptance

* Expertise needed to conduct

 Time needed

* Theoretical basis

* Degree/ extent of subjectivity
 Method of propagation

* Treatment of uncertainty and variability
 Meaning of output

* Transparency and reproducibility

e Ease of understanding for non-specialist



Which method to use?

Table 6:  Criteria used in Table 5 for assessing performance of methods.
. Treatment
Evidence of Expertise . . Degree/ of . Transparency Ease of .
I needed Time | Theoretical Method of . Meaning understanding
riteria curren to needed basis extent o ropagation | "cErain of output an for non
Crit t tent of rt d ~
acceptance subjectivity propag and P reproducibility -
conduct variability specialist
Pl.mr":]?];‘]?;nzir No specialist Well Judgement nused Calculation based Dufferent types Range and All aspects of
Stronger = Sl’i].]ldﬂI:i knc;]:v]ed . Hours established, only to choose S of uncert. & var. | probability process and All aspects fully
- I S coherent basis metho 2 of alternative reasoning fully erstandable
character g herent basi thod of Appropn quantified f alternati ing full understandabl
scientific required o . theory =y
istics od for all aspects analysis separately outcomes documented
EU level Can be used Most but not all S Uncertamty and Range and Most aspects of
gmdehnes or with D aspects fé:;fbm;tmn;f Formal expert vanability relative process and Outputs andrmost of
widespread in guidelines or ays supported by " E:ﬂ]t:' Judgment quantified possibility of reasoning well UDdeE;CEadS bl
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Evalute performance for some methods that you

are familiar with!
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Examples of imprecise
probability

Ullrika Sahlin August 2016

56



Partially observable process

Prior belief Hypothesis: Species

IS present

Detection Pr(H) =©

probability . _
Evidence: Observation

of the species, E={0,1}

We did not observe the species, E = 0.

What is the probability that the species is still present?
What to do when experts disagree on 0?

Quantify uncertainty in 6 when dp is an interval?



Daily intake exposure equation

CxIRxEF

bw

Dose =

C = concentration of chemial in medium (mg/|)
IR = intake/contact rate (I/day)

EF = expsure frequency e rero—

Risks and Decisions
for Conserva tion

bw = body weight (mg)

[ coo SR



Exposure data 1

C = [0.007, 3.30] x 10 mg/|
IR = [4, 6] |/day

EF = [45/365, 65/365]

bw = [4.514, 8.43] g

 What is the worst case exposure?



Exposure data 2

C = [0.007, 3.30] x 10 mg/|
IR = [4, 6] |/day
EF ~ N( [50,60] /365, 5)

* Quantify uncertainty in a high exposure to an
organism with bw =57

* High exposure can be seen to occur in 1 day
out of 100 (99th percentile).



Exposure data 3

C ={0.001, 3.01, 0.74, 4.32, 2.9} x 10"3 mg/|
IR=1{1.3, 4, 4.3, 5.9} |/day
EF ~ N( [50,60] /365, 5)

* C, IR, EF varies over time (variability)

* Quantify uncertainty in a high exposure to an
organism with bw =57

* High exposure can be seen to occur in 1 day out
of 100 (99th percentile).



Exposure data 4

C = [0.007, 3.30] x 10 mg/|
IR = [4, 6] |/day

EF > 55/365

bw = [4.514, 8.43] g

 What is the worst case exposure?



Structural uncertainty
B

Pfiesteria Pfiesteria

Pfiesteria is a toxic e

Risks and Decisions
for Conservation

algae g
PLO are Pfiesteria-
like organisms

-Mm



Structural uncertainty

Pr(Pfiesteria) = 0.03

Pr(PLO | Pfiesteria) = 1
Pr(PLO) = 0.35

Pr(Fish kill | Pfiesteria) = 1
Pr(Fish kill) = 0.073
Pr(Pfiesteria | Fish kill) = 0.38

What is the probability of Fish kills given that PLO is present
under model A?

Pfiesteria were only present at fish kill sites and never
elsewhere.

What is the probablity of Fish kills given the PLO is present
under model B?
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Habitat suitability index
SETTING RELIABILITY BOUNDS ON HABITAT SUITABILITY INDICES

Ecological Applications
Volume 11, Issue 1, pages 70-78, 1 FEB 2001 DOI: 10.1890/1051-0761(2001)011[0070:SRBOHS]2.0.CO;2
http://onlinelibrary.wiley.com/doi/10.1890/1051-0761(2001)011[0070:SRBOHS]2.0.CO;2/full#i1051-0761-11-1-70-f01
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A prioritization problem
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1 2 3 4 5 6 7 8

Patch number

 Which patch should be prioritized for
conservation?

* What if we need to eliminate a patch, which
one should we take?

Ecological Applications
Volume 11, Issue 1, pages 70-78, 1 FEB 2001 DOI: 10.1890/1051-0761(2001)011[0070:SRBOHS]2.0.CO;2
http://onlinelibrary.wiley.com/doi/10.1890/1051-0761(2001)011[0070:SRBOHS]2.0.CO;2/full#i1051-0761-11-1-70-f05



http://onlinelibrary.wiley.com/doi/10.1002/eap.2001.11.issue-1/issuetoc
http://onlinelibrary.wiley.com/doi/10.1890/1051-0761(2001)011[0070:SRBOHS]2.0.CO;2/full#i1051-0761-11-1-70-f05

Spatial planning using PVA

* Two nature reserves d distance apart
* 1// = mean disperal distance

s UBw) = [(1 —wp, (1 +uw)p],
where 0 < u < 1 and f§ = 0.05 is the best guess

* g =the probability of persistence of the
metapopulation under a long time horizon given
by a meta-population model

* Optimal persistence when [ is precise is
R(B) = max q(d)



Spatial planning using PVA

* What distance should be between the
reserves to make sure the persistence is
acceptable, i.e.

in R =
iy ] = ¢

E’_J!I.“rr:g ‘P-.-. - 1} o LD o 1}[2 + (EJ_TJ o 1} LP'-‘-I
q= 7

"I"I' - U:) - I}HE_JJ”; +_.D'.1 - 1]':}5 - 1} - ‘[’_Tﬁr ‘P'.'. (.}I:) - '[J_Jﬁ-ﬁr - 1}] + [2 -3 ‘_.D'.'. - EJ_T‘; ‘_p'.'.[:_ﬁlb'.*. - 1] +_.¢I>_) + EJ_JJ”;[:E ‘_Flb'.'. - 1”:
X :

)

Halpern, B. S., Regan, H. M., Possingham, H. P, &
rese rvedesign . R McCarthy, M. A. (2006). Accounting for uncertainty in

marine reserve design. Ecology Letters, 9, 2-11.




Info-gap analysis

* Find the distance d which allows the most
uncertainty in 1/ (i.e. the mean disperal

distance)

* 1i(d, Q) = max {u: [ﬁerél(igu)R(ﬁ)] = Q}

Halpern, B. S., Regan, H. M., Possingham, H. P, &
McCarthy, M. A. (2006). Accounting for uncertainty in
marine reserve design. Ecology Letters, 9, 2-11.



