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Some Case Histories of Expert Elicitation
- Preamble, Insights and Issues

Willy Aspinall

Montserrat volcano July 1995 — July 2011
sixteen years of expert elicitations

Outline : this talk will highlight some issues that have emerged
from practical elicitations for various hazard and risk assessments
..... I'm to blame for the content
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Prompted by the Guadeloupe 1976 experience ..

....in Montserrat, we have
used a formalised procedure
for providing scientific

advice to the authorities

..... relying on the Classical Model
and EXCALIBUR expert pooling
procedure

Hazards of different types

+ probs. of occurrence

potential to affect different
localities with different intensities

==> population impact

==> integrated to give risk

17 July 2013
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Constructing the joint hazard —risk Monte Carlo simulation model

Monte Carlo simulation of
potential casualty numbers,
using expert uncertainty
distributions .....

...... F-N casualty
exceedance risk curves,
expressing societal risk

levels at different

probabilities with
different evacuation
strategies

....comparison to
other natural
hazards??
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Typical forecast question: GIVEN current conditions, what is the
probability that within the next year the first significant
development will be the resumption of lava extrusion

Probabilistic forecasting for Montserrat volcano
s ———————————

Credible Median Credible
interval lower estimate interval upper
bound bound
SAC elicitation 6.3% 34.1% 66.1%

Brier Skill Score : the forecast method has predictive skill relative to
some reference (e.g. climate record) if BSS is positive.

A perfectly accurate forecast method has BSS = 1;

bad forecasting leads to a negative BSS score

Forecast skill performance of Montserrat SAC
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Probabilistic forecast scorecard

+ve BSS zero or -ve BSS
All forecasts 84 26
(110 no.) (76%) (24%)
Life critical 61 14*
forecasts (75 no.) (83%) (17%)

*includes some important ‘life threatening’ scenarios

‘. cautious
Brier Score e 0, = lifthe event occurs
n = 0 if the event does not occur
1 2
BS = HZ(fk - ok) « [, is the probability of occurrence according
k=1

to the forecast system

* BS can take on values in the range [0,1], a
perfect forecast having BS = 0

Brier Skill Score

BS —BS If BSS is positive, the forecast system has
BSS =—& — predictive skill relative to some reference (e.g.
BS., climate record);

a perfect forecast gives BSS = 1

0 = total frequency of the event (e.g. from climate)

Willy Aspinall
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Seismicity, gas- and ash venting episode 23-24 March 2012 oo wo
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16°45N

Horizontal deformation velocities measured by

MVO at GPS stations around Montserrat during . .,
Pause 5 (12 Feb 2010 to present, black) and in
last six months (to May 2012, red).
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Photo: Robin Spence

BBN for Santorini unrest
20 March 2012
Willy Aspinall

Felt_quakes

Zero 0

Few 110 100

Several 11 100 0

Many 100plus 0
5

Santorini_in_2012

Nothing
Failed Intrusion

Explosion 1st

LavaFlow or Dome 1st

37.4
32.4 mum
29.8
0.37

Updating eruption probabilities,
given various observations

Inflation

N

Positive  94.3

Neutral 5.66
Negative  .031

Magmatic imprint ~ 53.1
Uncertain 34.8
Hydrothermal 12.1m
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GPS
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Back to volcanoes: Vesuvius, and the future threat to
Naples

23

Nature, 12 May 2011

Expert elicitations with
Cooke’s Classical Model
used to characterize
hazards and risks for
various possible future
eruption scenarios at
Vesuvius

Neri, A. et al. (Editors) (2008).
Evaluating explosive eruption risk at
European volcanoes. J.
Volcanol.Geotherm. Res. Spec. Vol.
178.

Aspinall, W. (2010) A route to more
tractable expert advice. Nature, 463,
294-295.

Aspinall WP, Woo G, Voight B, Baxter
PJ. (2003). Evidence-based
volcanology: an application to volcanic
crises. J. Volcanol.Geotherm. Res.
128: 273-285.

24
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EXPLORIS
modelling
Pyroclastic flow
dynamics at
Vesuvius

Single run of
PDAC 4-D
numerical model
(total volume
particle
concentration)

Main uncertainty sources in PDC dynamics

 Variability of the mass flow rate (Sub-Plinian:
2 - 8 x 107 kg/s)

 Variability of collapsing mechanism and
regime (column/caldera collapse, partial/total
column collapse)

» Variability of flow properties and
emplacement (dilute vs dense PDC)

» Variability of volcano topography (past,
present topography, and syn-event changes)

» Variability of vent location (within caldera)

17 July 2013
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Distances in km 95%ile 50%ile 5%ile

Elicited credible intervals for range of max runout of PDCs into sectors,
judgements informed by PDAC simulation run and wider experience

Values indicate [5, 50, 95%ile]

Elicited credible interval quantiles for probability of PDC incursion into
Vesuvius sectors (Sub-Plinian | eruption)

Willy Aspinall
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Willy Aspinall

17 July 2013



Cabot Institute / BRISK Uncertainty Summer School —

Expert Elicitation Case Histories

Willy Aspinall

The British Airways
experience.......

Elicitation of 40 senior long-haul
captains concerning rare events

-notable variation in individual
judgments, notwithstanding common
training, operational conditioning

- but weighted pooling generates
valid collective outcomes

34
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Estimating dose-response curves for cancer
risk from airborne arsenic

Work with the late Joey
Hanzich (Cambridge
University Env. Epid.
MPhil 2006-07) and Dr
Peter Baxter at IPH
Cambridge

35

Risk Ratio 1.5: Cumulative Probability vs Cumulative Exposure by Expert
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Weighted Cumulative Probability vs Cumulative Exposure

Example self-weighted curves
from one individual expert for
one risk ratio value.....

....and pooled results for
group, when combined with

Weighted Cumulative Probability

EXCALIBUR weights

Cumulative Exposure in (mg/cubic m)*years
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The case of XMRV - Xenotropic Murine
leukemia virus-related RetroVirus

Detection of an Infectious Retrovirus,
XMRYV, in Blood Cells of Patients
with Chronic Fatigue Syndrome

Vincent C. Lombardi," Francis W. Ruscetti,”* Jaydip Das Gupta,” Max A. Pfost,”
Kathryn S. Hagen, Daniel L. Peterson, Sandra K. Ruscetti,® Rachel K. Bagni,®
Cari Petrow-Sadowski,® Bert Gold,? Michael Dean,” Robert H. Silverman,” Judy A. Mikovits*t

Chronic fatigue syndrome (CFS) is a debilitating disease of unknown etiology that is estimated to
affect 17 million people worldwide. Studying peripheral blood mononuclear cells (PBMCs) from
CFS patients, we identified DMA from a human gammaretrovirus, xenotropic murine leukemia
virus—related virus (XMRV), in 68 of 101 patients (67%) as compared to 8 of 218 (3.7%) healthy
controls. Cell culture experiments revealed that patient-derived XMRV is infectious and that both
cell-associated and cell-free transmission of the virus are possible. Secondary viral infections
were established in uninfected primary lymphocytes and indicator cell lines after their exposure to
activated PBMGs, B cells, T cells, or plasma derived from CFS patients. These findings raise the
possibility that XMRV may be a contributing factor in the pathogenesis of CFS.

hronic fatigue syndrome (CFS) is a dis-  tem fimction, often including chronic activation
arder of unknown etiology that affects mul-— of the innate immune system and a deficiency in

tiple organ systems in the body. Patients  natural killer cell activity (7, 2). A number of

with CFS display abnormalities in immune sys-  vimses, including ubiquitous herpesvimses and

enteroviruses, have been implicated as possible
environmental rs of CFS (7). Patients with
CFS often have active B herpesvirus infections,
suggesting an underlying immune deficiency.
The recent discovery of a gammaretrovins,

xenotropic murine leukemia virus—related virus
(XMRV), in the tumor tissue of a subset of pros-
tate cancer patients prompted us to test whether
XMRY might be associated with CFS. Both of
these disorders, XMRV-positive prostate cancer
and CFS, have been linked to alterations in the
antiviral enzyme RNase L (3-F). Using the
Whittemore Peterson Institute’s (WPD's) national

wiittemore Pelerson Institule, Reno, NV B9557, USA.
2laboratory of Experimental Immunology, National Cancer
Institute—Frederick, Frederick, MD 21701, USA. “Depart-
ment of Cancer Biology, The Lerner Research Institute, The
Cleveland Clinic Foundation, Cleveland, OH 44195, USA
*Laboratory of Cancer Prevention, Mational Cancer |nstitute—
Frederick, Frederick, MD 21701, USA. *Advanced Tech nology
Program, National Cancer Institute—Frederick, Frederid, MD
21701, USA. *Basic Research Program, Scientific Applications
International Corporation, National Cancer Instinte—Frederid:,
Frederick, MD 21701, US&.

“These authors contributed equally to this work

{10 whom correspondence should be addressed, E-mail:
judym@wpinstitute.org

wwwsciencemag.org  SCIENCE  VOL 326 23 OCTOBER 2009

Downloaded|

585

37

XMRYV Elicitation Project Objectives

may not be achievable using available evidenced-based
research or a traditional Expert Panel process. Structured
expert elicitation methodology not only expedites the traditional
process but adds a rational and empirical element to a generally

subjective practice.

To calibrate a pool of leading experts from the X/P MLV
research field who can respond to the uncertainty and emerging
issues related to potential transmission of XMRYV through blood,
blood products, plasma derivatives, cells, tissues and organs.

« The risks associated with XMRV require timely attention, which

17 July 2013
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XMRV Expert Elicitation Workshop

The international expert group was first calibrated with the
Cooke Classical Model and then their judgments were
elicited on specific public health risk issues related to XMRV

XMRV Expert Calibration

» Experts asked to answer a series of 17 questions for
which the true values are known.

 After discussion 2 of the 17 seed questions were
eliminated due to wording that may have resulted in
ambiguity.

» Goal of calibration is not to test knowledge of the experts
but to test their ability to judge the answers and provide
uncertainty ranges.

17 July 2013
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Target Question Grouping

Questions Subject Area

1-7
8-11
12-15
16-22
23-25
26-30

Prevalence

Risk Parameters
Latency

Routes of Transmission
Risk Mitigation

Disease Relationships
(causal and non-causal)

Target Questions 1, 3-6

A set of target questions that asked about the current prevalence of XMRYV infection in
the world (1), Canada (3), USA (4), UK (5) and France (6) in the general adult
population? (1 in XXXXXx)

Expert Weighted:

*1in 126
* Range: 1.2-452,300

17 July 2013
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Prevalence: Target Questions 1, 3-6

A set of target questions that asked about the current prevalence of XMRYV infection in
the world (1), Canada (3), USA (4), UK (5) and France (6) in the general adult
population? (1 in XXXXXx)

Country Expert Weighted Expert Range

Canada 1in 334 1in 12 -1 in 305,500
USA 1in 279 1in 12 —1in 305,500
UK 1in 450 1in 12 —1in 305,500
France 1in 450 1in 12 -1 in 305,500

COMMENTARY FROM DISCUSSION:

 Estimating a worldwide prevalence was deemed to be “difficult” as regional
socio-economic, blood safety systems and infrastructure differences may exist.

» Experts considered the prevalence in these countries to be nearly the same.
« Differences in rates reported in the literature could be the a result of sample

treatment prior to testing or the sensitivity of the test being used in the reported
studies.

» The group considered the estimated prevalence rates to be “reasonable”.

» Clear need for more evidence of XMRYV incidence (age stratified prevalence
study or a simple cross section of prevalence will help inform this answer).

17 July 2013
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2"d day: revised and new Target Questions

M1. What percentage of individuals infected with XMRV longer than 3 months
have detectable antibodies?

M2. What percentage of individuals persistently infected with XMRV longer
than 3 months have detectable nucleic acids by NAT testing in their blood?

M3. What percentage of individuals persistently infected with XMRV longer
than 3 months have detectable nucleic acids by NAT testing in their plasma?

M18. What is the probability of sexual transmission of XMRV between partners
in a long-term relationship assuming one partner is XMRV infected?

M31. What percentage of infected XMRV carriers are asymptomatic?

M32. When will the data be available to generate testing/ screening of blood
donors for XMRV.

Target Question 31

What percentage of infected XMRYV carriers are asymptomatic?

Expert Weighted:

©92.7%
* Range: 64 % - 99 %

Experts believe
the majority of
XMRYV infections
are asymptomatic.
Short right tails
suggest experts
are more certain
that the value is
higher than lower.
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Target Question 32

When will the data be available to generate testing/ screening of blood donors for
XMRV?

Expert Weighted:

* 1.8 years
*Range: 0.5 - 5.0

Experts best
estimate for
available data and
improved
techniques for
XMRYV testing is
within 2 years (left
tailed skew).

50
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mitted for diagnostic testing to the Wisconsin
Vinal Research Group (WVRG) and were there-
fore a true cross section of the patients in the medi-
cal practice. Thirty-seven of these 41 patients had
been tested previously for XMRV imfection by
the followng assays: whole-blood polymerase
chain reaction (PCR), serum PCR, or viral XMRV
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performed by acommercial (VIPDx, Reno, Nevada)
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Institute (WPI), Reno, Nevada). Twenty-six were
reported as being XMRV-positive, and 11 were
reported as being negative. Blood samples used
from this patient cohort were archived diag-
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sciencemag.ong on July 2, 2011

or

Cfs-blogspots.com (accessed 1 July 2011):

Following the extraordinary request of the 'Science' journal

editors, the scientific literature, established media and the internet
have, not surprisingly, been awash with heated and detailed comment,
claim and counter-claim. However, two key points that seem to be
understated or lost altogether in coverage by much of the established

media are:

1. If human gamma retrovirus infection was not really present in in
subjects studied and findings were simply an erroneous laboratory
contamination issue then how on earth have more than one group of
researchers found significantly more such alleged '‘contamination’ in
patient subjects than control subjects? This simply defies logic.

>

Anglia ME Ac
June 2011
contact@ang

tion

liameaction.org.uk
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Judgment in the face of scientific uncertainty:
the last word in rationality...

53

Challenges to expert judgment elicitation

In climate change modelling, for instance, the challenges are
exemplified by:

“.... We explore a high rate of refusal to participate in this expert
survey: many scientists prefer to rely on output from future climate
model simulations.”

Arnell, N. W., E. L. Tompkins, et al. (2005). Eliciting Information from Experts on the
Likelihood of Rapid Climate Change. Risk Analysis 25: 1419-1431.

“...The past performance of such projections has been
systematically overconfident. Analysts have often used scenarios
based on detailed story lines.... for evaluating uncertainty. No
probabilities are typically assigned to such scenarios.”

Morgan, M.G. and D. Keith (2008). Improving the way we think about projecting future energy
use and emissions of carbon dioxide. Climatic Change 90: 189-215.
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Cabot Institute / BRISK Uncertainty Summer School —
Expert Elicitation Case Histories

Willy Aspinall

Challenging elicitations of scientific expert judgment

The Harvard study on Kuwait’s First
Gulf War reparations claim

e Health effects claim based on
expert elicitation: ~ 35 deaths

Individual experts’ best mortality
estimates:
13, 32, 54, 110, 164, 2874

Equal Weights (82 deaths;

90% conf.: 18 to 400) The judicial decision of the UN
Performance Weights (35 deaths; Commission eventually rejected the
90% conf.: 16 to 54) admissibility of this form of

evidence: “...not actual data.....”

First ever structured expert elicitation in Japan: tectonic and volcanic
hazard factors for radwaste repository siting
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TOPAZ Project: Japan radwaste siting — modelling future
evolution of volcanism out to 100kyr

Kernel and Cox probability density models highlight volcanic centre clustering within
the arc and behind the arc, consistent with the “hot finger” model which predicts
gaps in volcanism along the arc. Model uncertainty parameterized with expert
judgments

Alternative pooling strategies
1) Others (Delphi, ...)

2) Best Expert, chosen a priori (by problem owner, CV, reputation,
experience ....)

3) Best Expert, chosen a posteriori (e.g. highest scorer on a calibration
guestionnaire)

4) Arithmetic average of N experts’ opinions (Equal Weights)

5) Weighted combination of N experts’ distributions (weights given
by calibration):
5.1) Cooke classical model (optimal for uncertainty
estimates)
5.2) Expected Relative Frequency (ERF)
method (optimal for central value pointwise
estimation)

59
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Issues

» Selection of seed items: facilitator? or problem owner? or

both?

* Problem context incompletely understood by facilitator (XMRV

case)

» Presentation and characterization of grossly uncertain results

» Optimized weights, quorum weights or equal weights??

» Defining probabilistic forecast items that can’t drop dead

» “Perverse informativeness” in prediction —targetinf. > seed

inf.?

* Time and effort required for Classical Model — how to work
without loss of probity? Pencil, paper & eraser!

* Legal implications of expert elicitations

60

OPINION

Vol 46321 January 2010

A route to more tractable expert advice

There are mathematically advanced ways to weigh and pool scientific advice. They should be used
more to quantify uncertainty and improve decision-making, says Willy Aspinall.

hen a volcano became restless
\/V on the small, populated island of

Montserrat, West Indies, in 1995,
there was debate among scientists: did the
bursts of steam and ash presage an explosive
and deadly eruption, or would the outcome
be more benign? Authorities on the island, a
British overseas territory, needed advice to
determine warning levels, and whether travel
restrictions and evacuations were needed. The
British government asked me, as an independ-
ent volcanologist, to help reconcile differing
views within the group.

to remove it from the decision process,

Ofthe many ways of gathering advice from
experts, the Cooke method is, in my view, the
most effective when data are sparse, unreliable
or unobtainable.

Rational consensus

Advice during an emergency is usually the

responsibility of a chief scientist, with all the

stresses that involves — including the pressure

to be extremely cautious. There is a better way:

pooling the opinions of a group of specialists.
There are several methods of such expert

the Delft University of Technology in the
Netherlands with his colleagues, instead pro-
duces a ‘rational consensus. To see how this
works, take as an example an elicitation I con-
ducted in 2003, to estimate the strength of
the thousands of small, old earth dams in the
United Kingdom. Acting as facilitator, I first
organized a discussion between a group of
selected experts about how water can leak into
the cores of such ageing dams, leading to fail-
ure. The experts were then asked individually to
give their own opinion of the time-to-failure in
aspecifictype of dam, once such leakage starts.
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