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Outline

 Background: Risk assessment for 
carbon capture and storage (CCS)

 The Canterbury earthquake 
sequence

 Exploring the application of BBNs 
to volcanic hazard and risk
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Risk assessment in CCS

Establishing the context

Risk treatment

Risk identification

Risk analysis

Risk evaluation

RISK ASSESSMENT
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GNS Science

Primer on Baysian Belief Networks BBNs

Yes 70%
No 30%
 

CPT

CPT

Adding evidence
Conditional Probability Table

P(B)  P(A)* P(B)P(A')* P(B)

 0.7*0.7 0.3* 0.7  0.70

P(A | B)  P(B | A)P(A) / P(B)

P(A | B)  0.91*0.70 / 0.70  0.91

Showers on Sunday Yes No
Yes 91% 20%
No  9% 80%
 

Event A:

Event B:
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Risk assessment in CCS: Model development

GNS Science

Detecting CO2 plume with 4D seismic experiment

Risk questions

Plume properties

Rock properties signalReservoir characteristics: Plume

Seismic experiment

Reservoir geometry
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Detecting CO2 plume with 4D seismic experiment

Training
workshop

Elicitation
Analysis &
feedback

BBN structure

(seed
questions)

Combination
of assessment

GNS Science

Risk assessment in CCS: 
Structured expert elicitation

WWW.CO2CRC.COM.AU 

3.   POTENTIAL SEED QUESTIONS FOR CCS 
Q1: Of the 74 large scale fully integrated CCS projects identified by the Global CCS institute in 
2011, how many will use onshore deep saline formations for storage? Please provide your 
estimated range (10th, 50th and 90th percentile).  

10%__________50%__________90%___________ 

Q2: What is the estimated cost of CO2 storage in saline aquifer without pre-existing wells in a 
medium scenario according to the Zero Emission Platform (2011)? Please provide your 
estimated range in Euro per tonne (10th, 50th and 90th percentile).  

10%__________50%__________90%___________ 

Aspinall, W. (2008). Expert judgment elicitation using the classical model and EXCALIBUR, Seventh Session of the Statistics and 
Risk Assessment Section’s International Expert Advisory Group on Risk Modeling. Ottawa, Ontario. 
Aspinall, W. (2010). A route to more tractable expert advice. Nature, 463(7279), 294-295. 
Cooke, R. M. (1991). Experts in Uncertainty: Opinion and Subjective Probability in Science: Oxford University Press, NY. 
Cooke, R. M., & Goossens, L. L. H. J. (1999). Procedures guide for structured expert judgment. EUROPEAN COMMISSION, 
Luxemburg. 
Global CCS Institute (2011). The global status of CCS: 2011, Canberra, Australia. 
ZEP (European Technology Platform for Zero Emission Fossil Fuel Power Plants)  (2011). The costs of CO2 capture, 
transport and storage. [online] Available at: www.zeroemissionsplatform.eu/library/publication/165-zep-cost-report-summary.html  

The application of seed questions in CCS expert elicitation  
Annemarie Christophersen, Matt Gerstenberger, Andy Nicol, Malcolm Arnot 
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1.    INTRODUCTION 

The CO2CRC project 3.2 ‘Risk assessment’ aims to develop a risk assessment methodology to 
deal with the complex uncertainties of Carbon Capture and Storage (CCS) using a Bayesian 
Belief Network (BBN). Expert elicitation is a crucial part of the risk assessment. We draw on a 
method for structured expert elicitation to quantify uncertainties of experts’ assessments. The 
method uses seed questions to weight individual expert’s judgement.  

Seed questions are subject-relevant questions to which the answers are known. Experts provide 
their best estimate for an answer as well as a credible interval in which they estimate the answer 
to fall. The key to the method is to estimate the uncertainty of experts’ knowledge.   

Here we introduce the concept of applying seed questions and show some examples from a 
recent expert elicitation in seismic hazard analysis.  

 

80% credible interval 

median 

80% credible interval 

median 

TABLE 1: Results for the seed questions for one performance based 
weighting. The realization is the corr ect answers.  Work to finalise the 
weights is on-going.  

Figure 2: An illustration of the 80% cr edible range when asking for the 10 th and 90th percentile using a 
normal distribution. The tick marks indicate the true answers to the seed questions in r espect to the 
expert’s credible interval.  For 20 seed questions, two true answers ar e expected to fall below the 10 th, 
and two above the 90 th percentile of the  expert’ s assessment. Thus expert 1 is a well-calibrated expert. 
For expert 2 too many true answers fall outside the cr edible interval, which is most likely due to too 
narrow bounds on the cr edible interval and demonstrates an over -confidence of expert 2.  

4.   APPLYING SEED QUESTIONS IN SEISMIC HAZARD 

We recently had the opportunity to apply seed questions in an expert elicitation for an update of 
the New Zealand National Seismic Hazard Model following the 2010/2011 Canterbury 
earthquake sequence.   

o Three day workshop at GNS Science. 

o 12 experts of whom one was linked in by videoconference.  

o Introduction to seed questions on the first morning, including filling in a questionnaire of 14 
seed questions (2 sample questions below). 

o Questions were selected so that the answers could be calculated from information that was 
available in the published literature. However, experts had no access to the internet, nor were 
they allowed to use a calculator. 

o Good knowledge of the field allowed reasonable estimates for all questions. 

o Experts had some reservations about having to provide answers without having access to all 
available data. However, they agreed that this would be a similar situation for the real 
assessment where the answers cannot be known. 

o Preliminary evaluation of seed questions overnight and presentation of some results the next 
morning.  

o In most cases the performance based weighted answers were very close to the real answer 
despite a wide spread in answers given by the expert (see Figure 3 and Table 1). 

o One expert phrased the outcome as ‘we are a better team than individual players’.  

o The results thus provided some confidence in the method. 

2.   SOME PRINCIPLES OF APPLYING SEED QUESTIONS 

The use of seed questions is embedded in the Classical Model by Cooke (1991), which is the 
basis for the European Commissions’ Procedures guide for structured expert judgment. Key 
features of the Classical Method are:  

o Rational consensus, i.e. experts agree on the method rather than any particular outcome. 

o Experts’ assessments are treated as scientific data. 

o Experts provide their best estimate for each assessment as well as a credible range in which 
they expect the real answer to lie with some probability, 80% in our example below. 

o Each expert assessment is treated as a statistical hypothesis. 

o Seed questions are used to weight or ‘calibrate’ the experts’ assessments. 

o Weights are determined from the calibration, i.e. (1) how close the best estimate matches 
the real value and (2) the information, i.e. how narrow or wide the credible range is. 

o The weights can be used to determine the uncertainties of the unknown quantities. Thus, 
uncertainty is quantified.  

o A software package ‘Excalibur’ is available to analyse the results (Aspinall, 2008). 

Expert 1 Expert 2 

Figure 1: A schematic diagram of the elicitation pr ocedure for a BBN model, in which seed questions ar e 
part of the training workshop and then ar e used to combined the experts’ assessment.  
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5.   SEED QUESTIONS EXAMPLES IN SEISMIC HAZARD  

Q5: Please provide your estimated range (10th, 50th and 90th percentile) for the number of 
earthquakes with Geonet preferred magnitude 6.0 and larger that occurred from 1.1.1900 - 
1.1.2000 on-shore New Zealand (in the top 100km) according to the Geonet catalogue. 

10%__________50%__________90%___________ 

Q8: Since the December 1939 Erzincan earthquake on the North Anatolian fault, there have been 
a series of earthquakes larger than moment magnitude 7.0, each happening progressively further 
west. Stress calculations have been able to forecast the location of the Mw=7.4, August 1999 Izmit 
earthquake (Stein, et al. 1997) which was followed three months later by the Mw=7.2 Duzce 
earthquake. Please provide your estimated range (10th, 50th and 90th percentile) for the average 
inter-event time in months, of all earthquakes with moment magnitude 6.5 and larger, along the 
North Anatolian fault in the inclusive time period between the 1939Erzincan and the 1999 Duzce 
earthquakes.   

10%__________50%__________90%___________ 

ADVANTAGES OF USING SEED QUESTIONS 

o Weighted outcomes have been shown to consistently outperform equal weights. 

o No individual expert needs to adopt the pooled result as his or her own opinion.  

o Experts have the opportunity to convince themselves that their knowledge is relevant to the 
process.  

o The results of the seed question elicitation can provide experts with confidence in the method. 

ILLUSTRATION OF ESTIMATING UNCERTAINTY 

6.   CONCLUSIONS 

o Weighting  experts’ assessments 
based on seed questions 
outperforms other pooling of 
expert judgement. 

o Applying seed questions in CCS 
is feasible.   

o Designing relevant seed question 
is challenging.  

o We will trial the use of seed 
questions in our first CCS expert 
elicitation next year. 

EXAMPLES OF EXPERTS’ SPREADS 

Figure 3: The spread of experts’ best estimates and cr edible ranges for two sample questions and the decision 
maker for the performance based weighting as pr esented in Table 1.  

ACKNOWLEDGEMENT  We acknowledge the funding provided by the Australian Government 
through the CRC Program to support this research. 

 Non-consensus process to capture 
the full range of uncertainty

 Prior to elicitation, each expert 
responded to 10 seed questions

 In the true elicitation, a weight was 
given to the input of each expert 
based on seed question responses
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Risk assessment in CCS: Evaluating the seed questions

Response w/ 80% confidence range
of each expert 

Weighted responses to all seed questions
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Response to example question 

Parameter value

The weighted answer

GNS Science

Risk assessment in CCS: Key points

 Research project, working mostly with the scientists from within the 
CO2CRC project.

 Model development team was subset of model quantification team.

 Initial reluctance, both to BBN as well as structured expert elicitation.

 Positive feedback afterwards.

 Deriving suitable calibration question was research project in itself!

 Outcomes now part of the Otway risk register and follow-up reservoir 
modelling undertaken.
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Structured Expert Elicitation for a Time-
Dependent Update of the New Zealand 
National Seismic Hazard Model for Canterbury

GNS Science

The Canterbury earthquake sequence
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Use existing science and models already applied to New 
Zealand data to estimate the seismic hazard in the 
Canterbury region, for the next 50 years. 

Model development

GNS Science

• Workshop 1: 3 days, 12 Experts & 50 target questions 
covering source models to GMPEs

• Workshop 2: 1 day, 5 experts & 12 target questions on 
GMPEs 

Topic 
Presentations

Expert 
Discussions

Individual 
Responses

Seed 
Questions

Final 
Weighted 

Result

Expert elicitation
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• Topics: Elicitation covered a wide range of topics from 
geology, seismology, statistical seismology, PSHA, 
ground motion prediction

• Experts: covering a similar & broad range of expertise,  
experience and point in career

The Experts

Engineers

Geologists

Seismologists
Early 

Career

Late 
Career

PSHA

Seismology

Ground 
motion 

modelling

Statistics

Paleo-
Seismology
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Key points

• Expert uncertainties: A key goal is to understand how 
well each expert estimates the uncertainties in their own 
knowledge.

• Within your bounds: Getting the answer exactly correct 
is not the overriding goal

• Thought process is important:
• To begin, establish what is known, no matter how big 

the limits; understand these limits.
• Training Process: Seed questions help to set the scene 

and establish thought processes for answering the target 
questions.
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Model use and outlook

 Informing rebuilt of Christchurch.

 Setting building code standards.

 Use similar method to up-date seismic hazard model for 

all of New Zealand.

 Project ‘Rethinking Probabilistic Seismic Hazard 

Assessment’.

Gerstenberger, M.C.; McVerry, G.; Rhoades, D.A.; Stirling, M. 2014. 
Seismic Hazard Modelling for the Recovery of Christchurch, New Zealand.
Earthquake Spectra, 30(1): 17-29, doi: 10.1193/021913EQS037M 
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White Island BBN project aim/ motiviation

 Apply the tools and methods that we 
learned so much about, particularly 
during the CO2CRC work to other 
areas.

 Contribute our methods of risk 
assessment to the life-risk question 
for visiting volcanoes.
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White Island BBN project background

 Volcanic unrest since August 2012

 Limited access for volcanologists due to 
life safety risks

 Annualised risk of dying
– >10-3 no access

– 10-4 short access 

– 10-5 longer access 

– 10-6 unlimited

 Volcanic monitoring team at GNS Science to analyse data and 
provide geological advice to government agencies

 Regular eruption probability estimate; converted to annualised 
risk of dying

GNS Science

White Island: Model development

Observables

Eruption

Hazards

Life risk

Local earthquakes Local deformation Geothermal system and degassing
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Rainfall 

Observables

Eruption

Hazards

White Island: Model development

GNS Science

White Island: Model development
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White Island: Model development

GNS Science

Outlook

 Expert elicitation White Island in the near future to 
quantify BBN.

 Intended as decision support tool as well as a prototype.

 Framework applicable to other volcanoes and also 
modelling physical processes.

 Unsure about calibration questions yet.
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Our challenges

 How to conduct unbiased and defensible model 
development? 

 How to develop appropriate calibration questions?

 How to ease the elicitation burden, especially for BBNs?


