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Alternative distributions

There are other ‘heavy-tailed’ distributions:

1. The Log-normal distribution (£
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Inz is distributed according to a normal
distribution with mean p and variance o.

Appears in economics and biology where growth
increments are distributed normally.
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Take Y as distributed normally:
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Derivation from a normal distribution
Take Y as distributed normally:
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Confusion between lognormals and pure
power laws

Near agreement
over four orders
of magnitude!

0 2 4 6 8 10
Ioglox

For lognormal (blue), x = 0 and o = 10.
For power law (red), v = 1 and ¢ = 0.03.
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Generating lognormals:

xn—&-l =Trr,
where r > 0 is a random growth variable
(Shrinkage is allowed)

PoCS, Vol. 1
Lognormals and
friends

15 of 26

Lognormals

Empirical Confusability

References

@< PoCS



Generating lognormals: Lognormals nd
15 0f 26

Lognormals

Empirical Confusability

References

$n+1 =l by
where r > 0 is a random growth variable

(Shrinkage is allowed)
In log space, growth is by addition:

g =lnr Eing |

@< PoCS



Generating lognormals:

mn+1 =l by
where r > 0 is a random growth variable

(Shrinkage is allowed)
In log space, growth is by addition:

g =lnr Eing |

= Inz,, is normally distributed
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Generating lognormals:

xn—&-l =Trr,
where r > 0 is a random growth variable
(Shrinkage is allowed)
In log space, growth is by addition:

g =lnr Eing |

= Inz,, is normally distributed
= z,, is lognormally distributed
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Lognormals or power laws?

Gibrat? (1931) uses preceding argument to explain
lognormal distribution of firm sizes (v =~ 1).
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Gibrat? (1931) uses preceding argument to explain
lognormal distribution of firm sizes (v =~ 1).

But Robert Axtell 'l (2001) shows a power law fits the
data very well with v = 2, not v = 1 (1)

Problem of data censusing (missing small firms).

Freq « (size)™™
i

Frequency
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10712
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Firm size (employees)

PoCS, Vol. 1
Lognormals and
friends

16 of 26

Lognormals

Empirical Confusabilit

References

@ PoCS



PoCS, Vol. 1

Lognormals or power laws? Lognormals and
oo
Gibrat? (1931) uses preceding argument to explain Lognormals
lognormal distribution of firm sizes (y =~ 1). Riai bl

But Robert Axtell 'l (2001) shows a power law fits the e e
data very well with v = 2, not v = 1 (1) References

Problem of data censusing (missing small firms).

Freq « (size)™™
i

Frequency

10-10

10712
] 10 102 10°  10* 105 10°

Firm size (employees)
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Growth rate r appears to be independent of firm
ize. [1]
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An explanation

Axtel cites Malcai et al.’s (1999) argument ! for
why power laws appear with exponent ~ ~ 2
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Axtel cites Malcai et al.’s (1999) argument ! for
why power laws appear with exponent ~ ~ 2

The set up: N entities with size x,(t) References
Generally:

e B AWt
where r is drawn from some happy distribution
Same as for lognormal but one extra piece.

Each z, cannot drop too low with respect to the
other sizes:

z4(t + 1) = max(rz, (£), c (z;)) Hres>
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Groovy... csmall = v ~ 2
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The second tweak

Ages of firms/people/... may not be the same
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Back to no bottom limit: each z, follows a
lognormal

Sizes are distributed as [°!
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Sizes are distributed as [°!

oo e 2
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iig G/ 2t 2¢

(Assume for this example that o ~ ¢t and = Inm)
Now averaging different lognormal distributions.
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Insert fabulous calculation (team is spared).
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