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A general framework

Profit equation (follows from the multi-regional versions of the DSK model):

π
∗
rs = (p∗r −mr )τrsq∗rs = mr

τrsq∗rs
σ −1

Mill pricing:

p∗rs = τrsp∗r = τrsmrσ/(σ −1)

r , s – indices corresponding to any given region or country,

pr – the mill price of a variety sold by a firm located in r ,

mr – marginal production cost,

qrs – the quantity that this firm sells on market s ,

τrs – the iceberg-type trade cost from r to s .
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A general framework

Quantity:

q∗rs = (τrsp∗r )−σ
µsYsPσ−1

s ,

Ps =

(
R
∑

r=1
nr (p∗r τrs)−(σ−1)

)−1/(σ−1)

– CES price index in region s ,

Ys – income of region s ,

µs – share of good considered in the consumption of region s .
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A general framework

Total profit for a firm located in r :

Π∗r =
R

∑
r=1

π
∗
rs −Fr = cm−(σ−1)

r RMPr −Fr ,

Fr – firm’s fixed cost,

RMPr =
R
∑

r=1
φrsµsYsPσ−1

s – real market potential,

φrs = τ
−(σ−1)
rs ,

c – a coefficient depending only on σ

Market potential as an indicator for the degree of accessibility to market r
(Harris, 1954):

MPr =
R

∑
r=1

Ys

drs

drs – distance between r and s .
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Empirical tests evaluating different determinants of firms’
location choices

1. Location choice

2. Home-market effect

3. Local factor prices

4. Stability of the spatial structures
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An econometric model of location

As reliable data for profits are almost always non-available, take a monotonic
transformation of profits:

Ur ≡ − lnc+ln(Π∗r +F )
σ−1 = 1

σ−1 lnRMPr − lnmr

where

RMP – real market potential,

mr – marginal production cost
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Estimation of production costs

Assuming technology of Cobb-Douglas type, we get:

lnmr = α lnwr + (1−α) lnvr − lnAr

where

wr – wage in region r ,

α – labor share in the production process, α ∈ (0,1)

vr – price of intermediate goods (or some production factors other than
labor),

Ar – total factor productivity in region r .
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Measurement of market potentials

Why not to measure RMPs directly?

the RMPs depend on unknown parameters, such as τrs , which we want to
estimate

the RMPs depend on CES-based price indices Ps , which are not directly
observable

A widely used strategy is iterated non-linear least squares algorythms
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The logit model of location

As firms maximize profits, they also maximize Ũr given by:

Ũr = Ur + εr ,

where εr is the error term capturing possible idiosyncrasies in firms’ behavior

Assume that

εr ∼ iid , F (εr ) = exp(−exp(−εr ))

Then probability that Ur ≥ Us ∀s 6= r is given by multinomial logit formula:

Pr =
exp(Ur )

∑
N
s=1 exp(Ur )

Standard estimation technique is maximum likelihood
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Theoretical framework

The basic HME relationship, following from the Helpman-Krugman model
(1985)

λ
∗
r =

1
2

+M

(
θr −

1
2

)
,

where:

θr – the share of demand attributed to region r ;

λ ∗r – the share of firms located in region r ;

M –some measure of trade freeness:

M ≡ 1+ φ

1−φ
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Estimation strategy

Davis, Weinstein (1996, 1999, 2003) suggest an empirical counterpart
(however, rather vague) of the above HME relationship:

yk
r = β1sharek

r + β2idiodemk
r + εk

r ,

where

yk
r – production of a good k in country r ,

sharek
r – production of good k in country r provided the share of sector k in this

country is the same as in the rest of the world:

sharek
r =

yk
R

yR
yr ,

yk
R = ∑s 6=r yk

s , yR = ∑k X k
R

idiodemk
r – deviation of country r ’s expenditure in good k relative to the rest of

the world’s expenditure pattern:

idiodemk
r =

(
E k

r

Er
− E k

R
ER

)
yr

Note: the above equation becomes more closely related to the theory if β1 = 1
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Estimation results: an example
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Local factor prices

Basic regression (Redding, Venables, 2004):

lnwr = 1
ασ

lnRMPr − γ

α
lnPr − β

α
lnχr − 1

σα
ln a

c ,

wr – wages,

χr– prices of the other primary factors,

Pr – price index of the varieties,

RMPr – real market potential,

α + β + γ = 1,
a – constant measuring the degree of increasing return to scale, which is
assuming to be the same across regions.
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Stability of the spatial structures. How to measure?

Correlation between region r ’s share λr ,t in the total population at time t, and
this share b years earlier, λr ,t−b.

High correlation is to be expected for short periods.

Is the correlation markedly lower over longer periods (s.t. substantial
demographic and economic developments or s.t. important shocks)?
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Correlation between regional densities
DONALD R. DAVIS and DAVID E. WEINSTEIN. Bones, Bombs, and Break Points: The Geography of
Economic Activity. AER, 2002.

All time periods have 39 regions with Hokkaido and Okinawa dropped from all years. The relative variance of the log population is the
variance of the log of population density in year t divided by the variance of the log of population density in 1998. The Zipf coefficient is from
a regression of log rank on log population density using 1920 log density as instruments for the years prior to 725 and 1998 data for later
years. Standard errors are in parentheses. The correlation columns indicate the raw and rank correlations between regional density in a given
year and regional density in 1998.
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Correlation between regional densities

Davis, Weinstein:

regions’ hierarchy has remained extremely stable
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Correlation between populations
Steven Brakman, Harry Garretsen and Marc Schramm. The strategic bombing of German cities during
World War II and its impact on city growth. Journal of Economic Geography, 2004.

German urban structure displays less stability than the Japanese one.

Brakman et al.:

bombing had a significant but temporary impact on post-war city growth in Germany as a

whole as well as in West Germany separately, but that this is not the case for city growth in East

Germany.
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Can initial geographical advantages be turned into a
disadvatage?

Acemoglu, Daron, Simon Johnson and James A. Robinson. Reversal Of
Fortune: Geography And Institutions In The Making Of The Modern World
Income Distribution. Quarterly Journal of Economics, 2002.

European colonization of the American, African and Oceanic continents from
1500 onward.

Vera Ivanova (Cheboksary) The Empirics of Agglomeration Nizhny Novgorod, 2012 19 / 38



Urbanization in 1500 and GDP per capita in 1995

Urbanization in 1500 is percent of the population living in towns with 5,000 or more people.
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Urbanization in 1995 and GDP per capita in 1995
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Urbanization in 1500 and GDP per capita in 1995

Urbanization in 1500 and GDP per capita in 1995 for former European
colonies.

Notes. Urbanization in 1500 is percent of the population living in towns with 5,000 or more people.
Depending variable – logarithm of GDP per capita, on Purchasing Power Parity Basis, in
1995.
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Urbanization in 1500 and GDP per capita in 1995

Notes. The regression that includes continent dummies omits Oceania. The neo-Europes are the USA,
Canada, Australia and New Zealand.
The "other geography" regression includes 5 measures of temperature, 4 measures of humidity, 7 measures
of soil quality, and 5 measures of natural resources.
The regression that controls for colonial origin includes dummies for former French colony, Spanish
colony, Portuguese colony, Belgian colony, Italian colony, German colony, and Dutch colony. British
colonies are omitted. The religion variables are percent of the population who are Muslim, Catholic, and
"other"; percent Protestant is omitted.
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Population density in 1500 and GDP per capita in 1995

Notes. Population density in 1500 is total population divided by arable land area.
Vera Ivanova (Cheboksary) The Empirics of Agglomeration Nizhny Novgorod, 2012 24 / 38



Population density in 1500 and GDP per capita in 1995

Notes. Population density in 1500 is total population divided by arable land area.
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Population density in 1500 and GDP per capita in 1995

Notes. Population density in 1500 is total population divided by arable land area.
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Do temporary shocks have a long-run impact?

Assume that shocks are multiplicative:

lnλr ,t+a− lnλr ,t = α + β (lnλr ,t − lnλr ,t−b) + εr ,t

a – time that has elapsed since the end of a shock occuring at time t−b
b – duration of the shock.

If β̂ ≈ 0, the size of cities evolves randomly: temporary shocks would then
have a permanent effect.
If β̂ ≈−1, the shocks are totally absorbed after a years.
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Temporary shocks. Case of Japan

DONALD R. DAVIS and DAVID E. WEINSTEIN. Bones, Bombs, and Break Points: The Geography of
Economic Activity. AER, 2002.

Two-stage least-squares estimates of impact of bombing on cities (instruments: deaths per capita and
buildings destroyed per capita). Standard errors are in parentheses.
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Hiroshima and Nagasaki

Even Nagasaki and Hiroshima (which suffered nuclear bombings that reduced their
population by 8.5% and 20%, respectively) saw their population growth rates revert to those of
the prewar years of 1925–1940 by 1960 for Nagasaki and by 1975 for Hiroshima, while prewar
population levels had been reached long before these dates in both cities.
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Temporary shocks. Case of Russia

Tatiana Mikhailova. Looking for Multiple Equilibria in Russian Urban
System. WP No10/08E, June 15, 2011.
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Temporary shocks. Case of Russia
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Temporary shocks. Case of Russia

Tatiana Mikhailova finds that WWII does not have a statistically signifcant
long-term effect on city growth, controlling for other factors, while
GULAG system does. The growth of an average city in 1960s exhibits partial
mean-reversion after the shocks of 1930s-1950s.

The dynamics is consistent with multiple equilibria hypothesis: cities that
received a lot of investment (as measured by the GULAG population) in the
1930s–1950s, have a higher chance not to revert to the previous trajectory, but
to continue growing, while neglected cities are more likely to decline.
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The division of Germany as a natural experiment

Stephen J. Redding and Daniel M. Sturm. The Costs of Remoteness: Evidence
from German Division and Reunification. AER, 2008.

Popgrowthct = βBorderc +g(Borderc×Divisiont) +dt + εct

Popgrowthct – the annualized rate of population growth over the periods
1919-25, 1925-33, 1933-39, 1950-60, 1960-70, 1970-80 and 1980-88 in
West German city c at time t;

Borderc – a dummy which is equal to one when a city is a member of the
treatment group of cities close to the East-West border (cities are
classified as close to the East-West border if they were within 75
kilometers of this border);

Divisiont – a dummy which is equal to one when Germany is divided;

dt – a full set of time dummies

εct – the error term.
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The division of Germany as a natural experiment
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The division of Germany as a natural experiment
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The imposition of the East-West border
The figure graphs the evolution of total city population in the treatment group of cities along the East-West
German border and the control group of other West German cities.
For each group, total population is expressed as an index relative to its 1919 value.
The two vertical lines indicate the year 1949 when the Federal Republic of Germany (West Germany) and
the German Democratic Republic (East Germany) were established and the year 1990 when East and West
Germany were reunified.
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Concluding remarks

1 We examine different approaches to testing spatial structures stability.
2 The methods allow to get tractable results, but require historical data of

high quality.
3 A weakness of approaches decribed above is that thay have no thorough

theorethical foundation.
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Thanks

Thank you for your attention!
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