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Metalog distributions are likely your best starting point for fitting continuous 

distributions to data.

Expert Elicitation Data Simulation Data Empirical Data
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Why opt for metalog distributions instead of classical distributions?

1. Virtually unlimited shape flexibility

• Like a Taylor series, metalogs can have any number of terms

2. Parameterized by data (least squares fit)

3. Choice of boundedness (unbounded, semi-bounded, or bounded)

4. Simple closed-form equations

5. Easy to simulate -- closed-form quantile function (F-1)

Virtually unlimited applicability in any field of human endeavor that uses data.
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Like Taylor series, metalog distributions may have any number of terms.
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Each additional term adds shape flexibility for a tighter fit to your data.
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Metalog distributions are an alternative to classical distributions.

• Normal

• Exponential

• Gamma

• Uniform

• Student t

• F

• Beta

• Beta Prime

• Chi Squared

• Inverse Chi Squared

• Inverse Gamma

• Pearson IV

… Wikipedia lists ~115 named continuous 

classical distributions

• 15 unbounded distributions

• 15 semi-bounded-low distributions

• 15 semi-bounded-high distributions

• 15 bounded distributions

classical distributions metalog distributions

60 practical metalog distributions 

Moreover, the single metalog equation can represent virtually any distribution.
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Regardless of shape of your data, there’s a metalog distribution to match it.

Metalog approximations of a Standard Normal Distribution (μ = 0, 𝜎 = 1)
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Theorem: Any probability distribution with a continuous quantile function can be 

approximated arbitrarily closely by a metalog. 

Proof: Any continuous function can be approximated arbitrarily closely by a 

polynomial. The metalog contains a polynomial. (Weierstrass approximation theorem 

special case.)

Metalogs are infinitely flexible and can take on any shape.

Observations: 

• A single set of (metalog) equations can represent any distribution.

• Potentially obsolete questions: 

˗ “What probability distribution is best for this application?”

˗ “How do we fit it to our data?”

• Practical limitation: distributions with spikes, discontinuities, and/or extremely fat tails
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Limitations and Considerations

Underfitting and Overfitting
Feasibility

6-terms (infeasible)

4-term metalog

Example: bidding decision simulation, portfolio value of 259 assets
Example: expert assessment

2-term 

metalog 

(underfit)simulation data

(red dots)
metalog

(blue curve)

5-term 

metalog

16-term 

metalog 

(overfit)
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More information is freely available.

Website: www.metalogs.org

Journal article(s): 
https://pubsonline.informs.org/doi/abs/10.1287/deca.2016.0338

https://en.wikipedia.org/wiki/Metalog_distribution

https://www.youtube.com/channel/UCyHZ5neKhV1mSsedzDBoqyA

http://www.metalogs.org/
https://pubsonline.informs.org/doi/abs/10.1287/deca.2016.0338
https://en.wikipedia.org/wiki/Metalog_distribution
https://www.youtube.com/channel/UCyHZ5neKhV1mSsedzDBoqyA
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Available software resources are updated regularly on the website.

http://metalogdistributions.com/software.html

http://metalogdistributions.com/software.html
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YouTube videos explain the demo RAW 2022 demo workbooks.

https://www.youtube.com/channel/UCyHZ5neKhV1mSsedzDBoqyA

https://www.youtube.com/channel/UCyHZ5neKhV1mSsedzDBoqyA
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Empirical data: fish biology

Steelhead Trout Weight (lbs) 

3,474 catch-and-release fish records 2010-

2014. Babine River, British Columbia. 

…

Steelhead Lodge

age (years)0 10

river

ocean

…

“1 salt” “2 salt”

Steelhead Life Cycle

“1 salt” vs. “2 salt” fish-biology research questions:

fish weights (relative and absolute)?                 

relative population sizes?
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Metalogs take on the shape of the data.

2-salt?

1-salt?
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metalogdistributions.com/demos.html “Empirical and Simulation Data”

http://metalogdistributions.com/demos.html
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metalogdistributions.com/demos.html

• “Expert-Elicited Data”

• “SPT (3 term) Metalogs”

http://metalogdistributions.com/demos.html
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One can combine expert opinion with metalogs by averaging quantile parameters.

averaging probabilities averaging quantiles

“the combined view at 

each quantile is the 

average of experts’ 

probability densities”

(orange curves) 

“the combined 

view at each 

probability is is 

the average of 

expert’s quantiles”

(blue curves) 

“linear opinion pooling” “Vincentization”

“Is It Better to Average Probabilities or Quantiles?” Lichtendahl, Grushka-Cockayne, and Winkler. Management Science, July, 

2013. Overall conclusion: “Averaging quantiles for a given probability is as good or better than averaging probabilities as a 

method for aggregating probability forecasts.” 
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metalogdistributions.com/demos.html “Combining Expert Opinion”

http://metalogdistributions.com/demos.html
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Innovations in Eliciting, Representing, and 

Combining Expert Opinion and in Subsequent Bayesian Updating …

Eliciting and 

Representing 

Expert Opinion

Representing

Quantile elicitation

Combining

Experts’ Opinion

Investment 

Decision 

Analysis

Bayesian Updating

prior

new 

data

Bayes’ rule

… all with Continuous Probability Distributions in Closed From
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Montana fly fisherman meets the Williamson River, Oregon

Big Blackfoot River, Missoula, Montana Williamson River, Oregon

• Norman is an experienced catch-and-release Montana fly fisherman

• Norman plans to try the Williamson River.

• Norman does not know that Williamson typically produces larger trout than famous Montana Rivers. 

• How should he update his prior probability distribution over the size of his next trout on the Williamson 

based on the size of each trout he catches?

Big Hole River, Montana Williamson River, Oregon
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With each Williamson trout he catches, Norman can update his distribution over the 

length of his next trout in closed form according to Bayes theorem.
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The updating methodology is closed-form and published in preprint.

Updating methodology can 

be as simple as

• Combining prior and 

new data

• Least squares fitting of 

a metalog to the 

combined data

Full preprint explanation here: https://osf.io/xdg5e/

https://osf.io/xdg5e/
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Using metalog distributions in your models: demo workbooks. 

“Expert-Elicited Data”

“Combining Expert Opinion”

“Equation-Maker”

http://metalogdistributions.com/software.html metalogdistributions.com/demos.html

http://metalogdistributions.com/software.html
http://metalogdistributions.com/demos.html
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Thank you!

Tom Keelin

tomk@keelinreeds.com

www.metalogs.org

www.keelinreeds.com

650.465.4800 (cell)

The Metalog Distributions:

Future of Risk Management Quantification

mailto:tomk@keelinreeds.com
http://www.metalogs.org/
http://www.keelinreeds.com/

