
16th Annual Invasive Species Workshop 
 
Expert probability elicitation through adaptive choice: The risk of Elodea spp. for 
salmonid persistence in Alaska. 
Schwoerer, Tobias 

Institute of Social & Economic Research 

Invasive species management is often challenged by the lack of appropriate data related to an invader’s 
effect on local ecosystems. Often, managers must rely on their own judgment instead of following a 
data-driven approach. These circumstances can result in lack of action, poor decisions, wasted money or 
ineffective responses. Expert knowledge can help in these data-poor situations even though it is no 
panacea for physical, on-the-ground data collection. When decisions are time-sensitive, the benefits of 
integrating probabilistic expert knowledge into decision analysis are widely recognized. Most subjective 
probability assessments rely on direct encoding of probabilities, often subject to heuristics and bias. In 
addition, experts often require specific training that enables them to translate their knowledge into 
probabilistic terms. These techniques can lack rigor in data collection and analysis. An alternative 
method, using choice modeling, is grounded in economic theory and widely applied in understanding 
and predicting human behavior. This article illustrates how choice modeling can be used to indirectly 
estimate and analyze probabilistic expert belief and account for uncertainty in individual judgment 
through Bayesian hierarchical estimation of individual utilities. In addition, the multi-attribute nature of 
choice-based elicitation simulates the variability of real-world environmental conditions, requiring 
experts to think in evaluative ways across alternative states of nature. The resulting expert data allows 
for the derivation of marginal components of risk that can inform localized decision analysis accounting 
for variability in conditions across landscapes. This data-driven approach also provides rigorous 
statistical aggregation techniques across the expert pool. 
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At risk? 

Not at risk? 



Outline 
 

1. How we deal with uncertainty  
2. Defining risk 
3. Formalizing decisions 
4. Measuring expert opinion & estimating probabilities 
5. Advantages & limitations 

 
 

3 



Ways of dealing with uncertainty 

• Arbitrarily  use safety factors (knapweed Jonesville Mine) 
 

• Status quo  don’t change course without proof (Elodea, 
   Cordova; D. vex)  

 

• Optimistically  use best case (Alaska Legislature) 
 

• Avoid it  act as if best guess were true (Assign one  
  invasiveness score) 
 

• Pessimistically  follow precautionary principle, use worst 
   case (Elodea, Kenai) 

 
 

• Quantitatively  conduct formal decision analysis  
4 
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Risk probability consequence= ⋅

Knight (1921), Sirling and Gee (2003), Avon (2011) 



Decision analysis considers both 
components of risk 
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Action 1 Action 2 Action 3 
H1: 
E. spp 
affects 
salmon 
persistence 

Probability 
that 

H1 is true 

Consequence 
of Action 1 
given H1 

…  Action 2 
given H1 

 

… Action 3 
given H1 

 

H2: 
No effect 

Probability 
that 

H2 is true 
 

… Action 1 
given H2 

 

… Action 2 
given H2 

 

… Action 3 
given H2 

 

“Risk” = Expected Value E(Action1) E(Action2) E(Action3) 
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Risk probability consequence= ⋅

damages to ecosystem services 
  

objective vs. 
subjective 



How to get the probabilities? 
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Experiments Experts 

objective subjective 



Expert sample (N=110, n=56) 
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aquatic 
plants & 

fish 

invasive 
aquatic 
plants 

salmon other fish % of 
sample 
(n-56) 

x 11% 

x x 29% 

x x 9% 

x 16% 

x 54% 



Common direct probability elicitation 



An indirect method 
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• A Model of human choices / behavior  
 

• Applications:  
• Marketing, transport, non-market valuation, etc. 

 

• Foundation:  
• discrete choice models, random utility theory 

 

• Assumes people are rational 
 

 McFadden (1973) 
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Scenario characteristics 
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Attribute 
Un-invaded habitat Invaded habitat 

Level 1 Level 2 Level 1 Level 2 

Vegetation cover (%) 0% 50% 50% 100% 
   frequency 16 36 3 1 

Dissolved oxygen (mg/l)* 5.5 10.5 0.5 5.5 
   frequency 7 45 0 4 

Prey abundance (mg/m2)* 400 600 30 3000 
   frequency 12 40 0 4 

Piscivorous fish (#/acre)* 5 20 20 35 
   frequency 48 4 3 1 

State of habitat un-invaded invaded 
frequency 52  4  

 



Expert survey 
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Overall effect  
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Some results from 56 experts 
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Overall believed effects 
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Effect Frequency (%) 

Significantly negative 10 (18%) 

Moderately negative 35 (63%) 

No effect 3 (5%) 

Moderately positive 1 (2%) 

Significantly positive 0 (0%) 

Don’t know 7(13%) 
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nj nj njU V ε= +

0 1 1 2 2( ) ( ) ... ( )j j j j j j kj kjV f X f X f Xβ β β β= + + + +

Prelim. estimated probabilities 
aggregated among all experts 

• Utility estimation using hierachical Bayes 
• Humans are similar but not identical 
• Ideally used in situations of high 

uncertainty 
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How confident are the 56 experts? 

High variance / less confident Low variance / more confident 



• Advantages: 
• Ideal for rapid response,  
• Can accommodate literature review (exert panel) 
• Detailed 
• Tailored to local conditions 
• No need of experts to state probabilities 
• Structured, transparent, repeatable 
• Transparent aggregation technique across expert pool 
 

• Limitations: 
• “Black box” 
• No substitute for physical experimentation 31 

Advantages and limitations of choice-based 
method to elicit probabilities 
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Thank you! 
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