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Long-tailed distributions are common in 

natural and engineered systems.
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Long-tailed distributions

● Violate intuition, 

● Defy prediction, and 

● Leave us unprepared for disaster.
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On a linear scale, 

most of the distribution is 

mashed against the axes.
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On a log scale, 

we can see the middle of the 

distribution more clearly.

And that sigmoid shape 

suggests a lognormal distribution.
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The lognormal model looks good:

● More disasters near $100 billion than expected,

● But within the variation we expect by chance.
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What if we put the 
y-axis on a log scale?
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The log-y scale is like a 

microscope for 

inspecting tail behavior.
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Fraction of disasters that exceed $500 billion

Model:    1 per 1000

Data:     16 per 1000
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The model underestimates 

the probability of 

large, rare disasters.

https://tinyurl.com/longtail23


ti
ny

u
rl

.c
o

m
/l

o
n

gt
ai

l2
3

We're gonna need 
a better model.
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Several longer-tailed models to choose from.
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Student's t distribution

Similar to Gaussian, but longer tail

Three parameters: 

● location,  μ

● scale, τ
● degrees of freedom, ν
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Student's t distribution

Similar to Gaussian, but longer tail

Three parameters: 

● location,  μ

● scale, τ
● degrees of freedom, ν
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ν = 1          SUPER long tail

ν = 3-10               empirical

ν = ∞     same as Gaussian

https://upload.wikimedia.org/wikipedia/commons/4/41/Student_t_pdf.svg
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With ν = 3.5, the t distribution fits the log cost of disasters.
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Top

● y-axis on a linear scale

● The model fits the data over the "normal range"

Bottom

● y-axis on a log scale

● The model fits the tail.
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Note:

● Normal distribution of logs → lognormal.

● t distribution of logs → log-t.

That's what I'm calling it.
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Let's consider earthquakes.
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791,329 earthquakes in 

Southern California from 

January 1981 to April 2022.
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On a linear y-axis, the model seems OK.

It is not.
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Fraction of earthquakes with magnitude 4 or more:

Model:   33 per million

Data:  1800 per million

Off by a factor of 55.
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Fraction of earthquakes with magnitude 7 or more:

Model:    5 per 1018

Data:       6 per 106

Off by 12 orders of magnitude.
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This is what Taleb calls a Black Swan.

● Large, impactful event

● Considered extremely unlikely

● Based on a model of prior events
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This is what Taleb calls a Black Swan.

● Large, impactful event

● Considered extremely unlikely

● Based on a model of prior events
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With the lognormal model,

a magnitude 7.1 earthquake is a 

Black Swan. 

Let's see if we can do better with a 

log-t distribution.
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If you have enough data,

use an appropriate model, 

and make reliable predictions,

you have "tamed" the Black Swan.

Now it's a Gray Swan.
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Black Swan hypothesis (weak form):

If your model is bad,

your predictions will be bad.
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Black Swan hypothesis (strong form):

Some black swans can't be tamed.

Or you can't know whether you have.
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Candidate for an untameable swan: solar flares
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Integrated flux (J / m2)

from 36,000 solar flares

1997 to 2017.
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The log-t model is better.

So let's put it to the test…
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We would like to know 

the probability of a 

superflare from our Sun.

Can we answer that with our model?

https://earthsky.org/space/what-is-the-suns-name/

https://tinyurl.com/longtail23
https://earthsky.org/space/what-is-the-suns-name/
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How much confidence 

should we have in an 

extrapolation that goes 

four orders of magnitude 

beyond the data?
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How much confidence 

should we have in an 

extrapolation that goes 

four orders of magnitude 

beyond the data?

       Not much.
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Reasons for caution:

● Uncertainty due to random sampling

● Hints that the model is not the right shape

● Extrapolating far beyond the data
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To tame this swan, 

we need 

more data and 

more astrophysics.
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To tame this swan, 

we need 

more data and 

more astrophysics.
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In 20 years we've seen 36,000 flares.

It would take more than 500 years to observe a million.

That would still be short by 2 orders of magnitude.
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Anyway, we don't know whether our Sun

can produce a superflare at all.

This is where physical models can help

(as opposed to purely statistical).
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It also helps to know where 

long-tailed distributions come from.
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Student's t distribution:

● Mixture of normal distributions with different variance

Log-t distribution:

● Mixture of lognormal distributions
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And Mandelbrot's "heretical" explanation:

● The data are the joint effect of a 

fixed underlying true distribution and a 

highly variable filter, which 

● … leaves the asymptotic behavior 

unchanged.
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As an example, lunar craters.
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1.3 million craters 

larger than ~1 km diameter.
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Why does the distribution of 

craters have this shape?

Most formed during the 

Late Heavy Bombardment,

by asteroids from the Main Belt.

https://commons.wikimedia.org/wiki/File:Lunar_cataclysm.jpg

https://tinyurl.com/longtail23
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135,915 asteroids with known diameter.
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Raising these factors to powers multiplying them are

filters that leave their asymptotic behavior unchanged.

If we simulate actual crater sizes and lognormal other factors…
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Plausibly:

Craters are long-tailed

because asteroids are long-tailed

because of preferential attachment (accretion).
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Plausibly:

Craters are long-tailed

because asteroids are long-tailed

because of preferential attachment. underlying process

highly variable filter
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Summary

● Long-tailed distributions appear in many fields

● Bad models might seem OK on a linear scale

● Look at tail distributions on a log-log scale

● Use long-tailed models

● Some Black Swans may be untameable
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Sources and further reading
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University of Chicago Press
Fall 2023
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https://arxiv.org/abs/2001.10488
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"Most of the failures of financial economics, econometrics, and 

behavioral economics can be attributed to using the wrong 

distributions."
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ti
ny

u
rl

.c
o

m
/l

o
n

gt
ai

l2
3

https://tinyurl.com/longtail23


ti
ny

u
rl

.c
o

m
/l

o
n

gt
ai

l2
3downey@allendowney.com/blog

github

website

twitter

email

blog
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Let me tell you about Long-Tailed World
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Distribution of height in Long-Tailed World

● 25th percentile 163 cm.

● 75th percentile 178 cm.

Like the distribution of height on Earth.

But with the tail of the distribution of disaster.
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Of 10 people, the tallest 

might be 186 cm --

taller than a gorilla,

shorter than me.

https://tinyurl.com/longtail23


ti
ny

u
rl

.c
o

m
/l

o
n

gt
ai

l2
3

Of 100 people, the tallest might be 215 cm (just over 7 feet).
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Out of 10,000 people, the tallest would be more than 4 meters tall.

Like the statues at 

Stadio dei Marmi, Rome.
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Out of a million people in Long-tailed World, the tallest would be 

59 meters.

Like this statue of Guan Yu,

Jingzhou, China.

By SifaV6 at English Wikipedia, CC BY-SA 4.0, 
https://commons.wikimedia.org/w/index.php?curid=74678342
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In a country the size of the 

United States, the tallest person 

would be 160,000 kilometers tall.

About a third of the way 

to the moon.
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And the tallest person in the 

world would be 14 quintillion 

kilometers.

About 1500 light years

Three times the distance to 

Betelgeuse.
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This is the fourth stop on my stealth book tour.
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