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CONTEXT & RESEARCH STUDY



A well-established fact:

• i.e., larger cities offer higher productive advantages than smaller
cities
– Rosenthal-Strange (2004), Duranton-Puga (2004), Henderson (2003), Combes-

Duranton-Gobillon-Puga-Roux (2012), Combes-Duranton-Gobillon (2008), Combes-
Duranton-Gobillon-Roux (2010) , Combes-Duranton-Gobillon-Puga-Roux (2012), 
Glaeser-Maré (2001), Gould (2007), Baum-Snow-Pavan (2012), Roca-Puga (2012), …

Urban Increasing Returns to Scale (IRS)
or

the “city size premium”

From: 
De la Roca and Puga (2012)
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• Total production:

• If                            then in 
terms of per-capita
production:

• IRS means more productive 
individuals

• Several efforts to answer:

– Why are individuals more 
productive (or earn higher 
wages) on average in larger 
cities?

• Two general mechanisms for 
the city size premium:

– Sorting of inherently 
productive individuals

– Local (static or dynamic) 
positive externalities, e.g., 
agglomeration economies 
which make individuals more 
productive

(Lots of papers and models)
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Our research and what we claim

• Our contribution:
– A 3rd mechanism other than

sorting or local effects that
generates IRS

– Methodological suggestion to 
reveal this effect in the 
estimation of the elasticity.

• Which mechanism?
– Not a causal mechanism!
– … A statistical effect.

• A general sketch of the 
mechanism we are 
highlighting:

When 
• X, such as wages, productivity, etc., 

is “unevenly distributed” (i.e., high 
inequality), and

• the sizes of cities are not “large 
enough”, 

Then 
• The Law of Large Numbers fails, 

and
• The aggregate Y = sum(X) per city 

displays IRS.



The take-home message of the 
research

• Wages are unequal→ change the null model:

– The expectation from empirical exercises should
not be the absence of IRS.

• The convergence of the law of large numbers 
must be taken into account when studying IRS.



STATEMENT OF THE PROBLEM



A very simple model

In few words: In a city 
with individuals i=1,…, n, 
wages are i.i.d. lognormal



A very simple model

In few words: In a city 
with individuals i=1,…, n, 
wages are i.i.d. lognormal

Two important characteristics of the lognormal distribution: 
(i) Heavy-tailed, but (ii) all moments finite:
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(trivial) analytic results #1

• Let us define the total wages:

• Does the model display IRS?

No IRS
In this model, doubling the size of the city
(lambda = 2), doubles total expected wages.

In other words, doubling the size of the city
does nothing to the expected individual wages.
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(not-so-trivial) analytic results #2

• Let us define the total wages:

• Does the model display IRS?

1. Recognize that in practice what we will measure is not E[Y(n)], but 
Y(n). (i.e., we will estimate E[X] with Y(n)/n).

2. Recognize that in 
not all terms contribute “equally” to the sum, but rather the sum 
is “dominated” by a few, very large, terms (i.e., the wealthiest 
individuals).

3. Suppose, as a 1st approximation, that 



(not-so-trivial) analytic results #2

• Let us define the total wages:

• Does the M(n) display IRS?

4. According to the Fisher-Tippett theorem, M(n) has a distribution 
that converges to a Gumbel under proper normalization

5. The term dn reveals how M(n) scales with n. Specifically for a LN:



(not-so-trivial) analytic results #2
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those city sizes to display IRS for sigmas in the order of 5.
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RESULTS



Simulating our model



The larger sigma (i.e., variance), the larger the 
average “city size premium”
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• 1,127 municipalities
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Testing for IRS as a statistical artifact

• The component in the elasticity to city size 
coming from the statistical effect should be 
invariant to randomization of people across 
cities.

1. Randomize individuals across municipalities.

2. Re-do the regressions.



Balance between sigma 
and population size in real data 



The effect seems to be 
negligible in Colombian 
wages.



CONCLUSIONS



• There is a statistical effect which may (or may 
not) inflate the city size premium

• We should adjust for that possibility
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