
International Trade and Macro:
Economic geography



Why geography?

▶ There is significant variation in economic activity across space

▶ How much of this can be attributed to space, itself?

▶ How do railroads, interstates, canals, etc. affect outcomes

▶ Papers we have covered so far
▶ No movement of people across countries/locations

▶ No agglomeration forces
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Locations

▶ Continuum of locations i ∈ S (maybe a line or a circle or the United States)

▶ At location i
▶ Produce a unique differentiated variety

▶ Local productivity: A(i) = A(i)L(i)α

▶ Local amenity: u(i) = u(i)L(i)β

▶ A(i) and u(i) are exogenous to the region

▶ α ≥ 0: more population more productivity (pro agglomeration)

▶ β ≤ 0: more population more productivity (anti agglomeration)

▶ Symmetric iceberg trade cost T (i , j) for i , j ∈ S
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Households

▶ Choose where to live/work (no moving costs)

▶ Preferences

W (i) =
(∫

s∈S
q(s, i)

σ−1
σ ds

) σ
σ−1

u(i)

▶ q(s, i) per-capita quantity of good produced in s consumed in i

▶ Local amenities scale utility
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Production

▶ Household in i inelastically supply labor for wage w(i)

y(i) = A(i)L(i)

▶ Price of good produced in i and sold in j is

p(i , j) =
w(i)
A(i)

T (i , j)

▶ Shipment value (“trade”) from i to j

X (i , j) =
(

w(i)T (i , j)
A(i)

1
P(j)

)1−σ

w(j)L(j)

▶ Aggregate price index in j

P(j)1−σ =

∫
s∈S

T (s, j)1−σA(s)σ−1w(s)1−σ ds
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Equilibrium

▶ Given T (i , j), A(i), u(i)

▶ An equilibrium is L(i), X (i , j), w(i), p(i) such that
1. Goods markets clear: w(i)L(i) =

∫
S X (i , s)ds

2. The labor market clears
L =

∫
S

L(s)ds

3. Welfare is equalized

▶ Welfare is equalized when there exits a W > 0 s.t.
▶ W (i) ≤ W

▶ W (i) = W if L(i) > 0

▶ Everyone living in a populated location is indifferent to moving. Everyone would be worse
of moving to an empty location.
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Equilibrium

▶ In general, these equilibrium can be funky

▶ A regular equilibrium has L(i) and w(i) continuous and strictly positive
▶ Every location is inhabited

▶ An equilibrium is point-wise locally stable if

dW (i)
dL(i)

< 0

Cannot make anyone better off by moving an epsilon of folks around
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Solving for the equilibrium

▶ Indirect utility is (from usual CES math. . . )

W (s) =
w(s)
P(s)

u(s)

▶ Solve above for P(s), then substitute into market clearing. Grind a bit

L(i)w(i)σ =

∫
S

W (s)1−σT (i , s)1−σA(i)σ−1u(s)σ−1L(s)w(s)σds

▶ Indirect utility substituted into the price index and grind

w(i)1−σ =

∫
S

W (s)1−σT (s, i)1−σu(i)σ−1A(s)σ−1w(s)1−σds

▶ Looking for L(i) and w(i) that solve these two equations when W (s) = W
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No spillovers

▶ If α = β = 0, we can write this as a matrix equation

x = λAx
y = λAy

▶ x(i) = L(i)w(i)σ

▶ y(i) = w(i)1−σ

▶ λ = W 1−σ

▶ A(i , j) = T (i , j)1−σA(i)σ−1u(j)σ−1

▶ This is an eigenvalue problem with A(i , j) > 0. There exits a unique regular equilibrium.
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With spillovers

▶ More complicated, but can get to

A(i)σ−1w(i)1−σ = ϕL(i)w(i)σu(i)σ−1 (1)

L(i)σ̃γ1 = K1(i)W 1−σ

∫
S

T (s, i)1−σK2(s)
(
L(s)σ̃γ1

) γ2
γ1 ds (2)

▶ γ1 = 1 − α(σ − 1)− βσ

▶ γ2 = 1 + ασ + (σ − 1)β

▶ σ̃ = σ−1
2σ−1

▶ The second equation is a Hammerstein non-linear integral equation.
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With spillovers

▶ Theorem
▶ A regular equilibrium exits

▶ If γ1 < 0 none are point-wise stable

▶ If γ1 > 0 all are point-wise stable

▶ If γ2/γ1 ∈ [−1,1] the equilibrium is unique

▶ Market clearing implies

W (i) =
(∫

S
T (i , s)1−σP(s)σ−1w(s)L(s)ds

) 1
σ

P(i)−1A(i)
σ−1
σ u(i)L(i)−

γ1
σ

▶ Only get uniqueness when congestion offsets productivity spillovers

α+ β ≤ 0
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5. Equilibrium Economic Activity and the Underlying
Geography. When trade costs are symmetric, equations (5) and
(12) (along with equations (1) and (2) governing the strength of
spillovers) imply that in a regular equilibrium both wages w(i)
and population L(i) can be written as log linear functions of the
exogenous local characteristics and the price index:

�1ln w ið Þ ¼ Cw � � � � 1ð Þln A ið Þ � 1� � � � 1ð Þð Þln u ið Þ

þ 1þ � � 1ð Þ �� �ð Þð Þln P ið Þ;
ð15Þ

�1ln L ið Þ ¼ CL þ � � 1ð Þln A ið Þ þ �ln u ið Þ þ 1� 2�ð Þln P ið Þ;ð16Þ

where the scalars Cw and CL are determined by the wage
normalization and the labor market clearing, respectively.

FIGURE I

Equilibria with Amenity and Productivity Spillovers

This figure shows the regions of values for the productivity spillover � and
the amenity spillover � for which there exists an equilibrium, for which there
exists a point-wise locally stable equilibrium, and whether that equilibrium is
unique. The elasticity of substitution � is chosen to equal 9.
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Some examples

▶ Consider a line

▶ Trade costs τ(i) = τ ; border b

▶ If i , j on same side of border, T (i , j) = exp(τ |i − s|)

▶ If i , j on different sides of border, T (i , j) = exp(b + τ |i − s|)
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Trade costs

the more economic activity moves toward the middle of each side in
the line; in the limit where crossing the border is infinitely costly, it
is as if the two line segments existed in isolation.

Differences in exogenous productivities, amenities, and spill-
overs also play a key role in determining the equilibrium alloca-
tion of labor and wages. We use numerical methods to compute
these more general cases. Assume, for example, that there are no
spillovers, but A ið Þ ¼ e

A
��1i. Then the differential equation be-

comes:

@ ln L ið Þ

@i
¼ Aiþ 1� 2�ð Þ

@ ln P ið Þ

@i
;

FIGURE III

Economic Activity on a Line: Trade Costs

This figure shows how the equilibrium distribution of population along a
line is affected by changes in the trade cost. When trade is costless, the popu-
lation is equal along the entire line. As trade becomes more costly, the popu-
lation becomes increasingly concentrated in the center of the line where the
consumption bundle is cheapest.
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A border

so that the equilibrium distribution of population is shifted right-
ward when A> 0. Figure V depicts this reallocation of labor
toward locations with higher productivity. In this case, it can be
shown that an analytical solution of L(i) exists in terms of Bessel
functions of the first and the second kind.

A different result is obtained if we increase the parameter
� that regulates productivity spillovers, but leave exogenous pro-
ductivities homogeneous. As mentioned in the previous subsec-
tion, as long as �1 > 0, this change increases the elasticity of the
labor supply to changes in the geography, which increases the
concentration of population in the already highly populated loca-
tions. Figure VI depicts the population for higher values of �, and
the resulting increase in the concentration. Notice that further
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FIGURE IV

Economic Activity on a Line: Border Costs

This figure shows how the equilibrium distribution of population along a
line is affected by the presence of a border in the center of the line. As crossing
the border becomes increasingly costly, the equilibrium distribution of popula-
tion moves toward the center of each half of the line.
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A(i) is heterogeneous

increases in �, to the point that �1 < 0, results in a completely
different regular spatial equilibrium where most of the popula-
tion is concentrated at the two edges of the line. This equilibrium,
however, is not locally point-wise stable, as a small number of
workers could move from the edges to the center and become
better off.

Finally, we can consider what would happen if the instant-
aneous trade costs depended on the direction of travel. Suppose
that the cost of traveling to the right on the line is �r and the cost
of traveling to the left on the line is �l, where �r � �l. Figure VII
illustrates that is it becomes increasingly costly to travel to the

FIGURE V

Economic Activity on a Line: Exogenous Productivity Differences

This figure depicts how the equilibrium distribution of population along a
line is affected by exogenous differences in productivity across space. With
homogeneous productivities and positive trade costs, the population is concen-
trated at the center of the line. When productivity is higher toward the right,
the population concentrates in regions to the right of the center of the line.
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Strength of productivity spillovers

right relative to travel to the left, the equilibrium distribution of
the population shifts leftward, where the price index is lowest.

2. The Circle. The example of the circle illustrates the possi-
bility of multiplicity of spatial equilibria. Figure VIII shows the
cases �þ � ¼ 0 (left panel) and �þ � > 0 (right panel). When
�þ � ¼ 0 there is a unique equilibrium with symmetric popula-
tion across all locations. Although this remains an equilibrium
when �þ � > 0, there are also (a continuum of) additional equili-
bria, where any location on the circle could be the one where
economic activity is more concentrated. Thus, �1 ¼ 1, which cor-
responds to �þ � ¼ 0, is a bifurcation point that moves us from a

FIGURE VI

Economic Activity on a Line: Productivity Spillovers

This figure shows how the equilibrium distribution of population along a
line is affected by varying degrees of productivity spillovers. As the productivity
spillovers increase, the population becomes increasingly concentrated in the
center of the line. A nondegenerate equilibrium can be maintained as long as
�1 ¼ 1� � � � 1ð Þ � �� > 0.
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Asymmetric trade costs

parameter space with a unique spatial equilibrium to one with a
continuum of equilibria. When �þ � > 0 higher trade costs may
act as an additional agglomeration force, favoring differentially
regions with already concentrated economic activity.19

It is possible to obtain a characterization of the equilibrium
in a circle when two borders are located into symmetrically op-
posite points on the circle. Using the methodology of Fabinger
(2011) we can obtain an approximation of the solution for the

FIGURE VII

Economic Activity on a Line: Direction of Travel

This figure shows how the equilibrium distribution of population along a
line is affected by instantaneous trade costs that depend on the direction of
travel. As the cost of traveling to the right becomes increasingly more expensive
than traveling to the left, the equilibrium distribution of population shifts
toward the left.

19. If we further increase �+ � to the point that the sign of �1 turns negative, we
know of only one regular spatial equilibrium, which is again the symmetric one.
This equilibrium is not point-wise locally stable, as increasing the population of any
point in the circle increases the welfare workers living there.
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To the data: The US transport network

▶ Break up the US into counties

▶ Data at each point: wages and population

▶ Trade flows across points, by mode (Commodity Flow Survey)

▶ Map the highway, rail, and navigable waterways
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FIGURE IX

U.S. Transportation Networks

(continued)
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Estimate trade costs

▶ Cost from i to j by mode m

c(i , j) = exp(τmdm(i , j) + fm + νtm)

▶ If shocks are Gumbell, share by mode is

πm(i , j) =
exp(−amdm(i , j)− bm∑
(exp(−ak dk (i , j)− bk ))

▶ am = θτm and bm = θfm

▶ Using the estimated am,bm the gravity equation from the model is

logXij =
σ − 1
θ

log
∑

(exp(−amdmij − bm)) + (1 − σ)β′ logCij + δi + δj

▶ This gets us θ and we can recover τm, fm
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TABLE II

ESTIMATED MODE-SPECIFIC RELATIVE COST OF TRAVEL

All CFS areas Only MSAs

Road Rail Water Air Road Rail Water Air

Geographic trade costs
Variable cost 0.5636*** 0.1434*** 0.0779*** 0.0026 0.4542*** 0.1156*** 0.0628*** 0.0021

(0.0120) (0.0063) (0.0199) (0.0085) (0.0233) (0.0210) (0.0265) (0.0176)
Fixed cost 0 0.4219*** 0.5407*** 0.5734*** 0 0.34*** 0.4358*** 0.4621***

N/A (0.0097) (0.0236) (0.0129) N/A (0.0235) (0.0375) (0.0264)
Estimated shape

parameter (�)
14.225*** 17.6509***
(0.3375) (1.4194)

Nongeographic trade costs
Similar ethnicity �0.0888*** �0.0803***

(0.0153) (0.0275)
Similar language 0.063*** 0.0286

(0.0223) (0.0359)
Similar migrants �0.0191 �0.0135

(0.0119) (0.0203)
Same state �0.2984*** �0.3104***

(0.0101) (0.0176)

R-squared (within) 0.4487 0.4113
R-squared (overall) 0.6456 0.5995
Observations with positive

bilateral flows
9,601 9,601 9,601 9,601 3,266 3,266 3,266 3,266

Observations with positive
mode-specific bilateral flows

9,311 1,499 78 1,016 3,144 340 26 471

Notes. This table shows the estimated cost of traveling via different modes of travel. Relative costs are estimated using the mode-specific shares of total bilateral trade values
from the 2007 Commodity Flow Survey. The mode specific bilateral cost is exp(variablecost * distance + fixedcost), where the distance of the width of the country is normalized to 1.
The shape parameter (�) is estimated from a gravity regression and pins down the scale of the variable and fixed costs (see the text for details). Similarity in ethnicity, language,
and migrants is measured by the correlation across respective census categories between the counties nearest to the origin and destination CFS area. Boostrapped standard errors
(from 1,000 repetitions) reported in parentheses.
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Finding productivity and amenities

▶ Substitute (1) into the indirect utility function and substitute out the price index

u(i)1−σ =
W (i)1−σ

ϕ

∫
S

T (s, i)1−σw(i)σ−1w(s)σL(s)u(s)σ−1 ds

▶ We know T (i , j), w(i), L(i). Can solve for u(i)

▶ Given u(i) use (1) to recover A(i)

▶ For a value of α and β we can recover A(i) and u(i)
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How do things look?

▶ Places with dense populations tend to have high wages

▶ So we find these places have high productivity, but low amenities
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Population density

Wages

FIGURE XII

U.S. Population Density and Wages in 2000

This figure shows the relative population density (top) and wages (bottom)
within the United States in 2000 by decile. The data are reported at the county
level; darker shading indicates higher deciles.

Source: MPC (2011a).
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Composite productivity

Composite amenity

FIGURE XIII

Estimated Composite Productivity and Amenity

This figure shows the estimated composite productivity (top) and amenity
(bottom) by decile. The data are reported at the county level; darker shading
indicates higher deciles.
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Exogenous productivity

Exogenous amenity

FIGURE XIV

Estimated Exogenous Productivity and Amenity

This figure shows the estimated exogenous productivity A (top) and amen-
ity u (bottom) by decile assuming �= 0.1 and �= –0.3. The data are reported at
the county level; darker shading indicates higher deciles.
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No highways

a = 0, b  = 0

a = 0.1, b = −0.3

FIGURE XVIII

Estimated Change in the Population from Removing the Interstate Highway
System

(continued)
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