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1 Introduction

This paper extends a recent class of quantitative models of international trade to incorporate factor
mobility across regions within countries. We show that the standard conditions for general equilib-
rium in these models are augmented by an additional relationship that determines the distribution
of economic activity within countries. Using the structure of the model and observed data on mobile
factor supplies and trade shares, we show that the dispersion of mobile factors can be decomposed
into the contributions of locational fundamentals, market access and their covariance. We show how
the model’s system of equations for general equilibrium can be used to undertake counterfactuals
for the impact of changes in trade costs or other comparative statics. A key feature of these counter-
factuals is that external trade liberalization leads to endogenous changes in the internal organization
of economic activity across regions within countries. We show that these endogenous internal re-
allocations have important implications for the welfare gains from trade. A location’s trade share
with itself is no longer a sufficient statistic for the welfare gains from trade, which also depend on
endogenous changes in the distribution of mobile factors.

Our analysis proceeds as follows. We begin by developing our results in a simple neoclassical
framework following Eaton and Kortum (2002), in which an economy of many regions is linked
through both goods trade and factor mobility. Our results are, however, more general and hold
within a wider class of models that has many features in common with the class of models consid-
ered by Arkolakis et al. (2012). These features include Dixit-Stiglitz preferences, perfect or monop-
olistic competition, balanced trade, aggregate profits that are a constant share of aggregate revenues
(possibly zero), and CES import demand. The key difference in our analysis is the presence of both
mobile and immobile factors of production, which introduces reallocations of mobile factors as a
new channel through which international trade in goods can affect welfare. This new channel influ-
ences the overall magnitude of the welfare gains from trade, which can be no longer inferred from
the change in a location’s trade share with itself. To illustrate the broader applicability of our results,
we show that they also hold within the Helpman (1998) model of new economic geography, which
introduces agglomeration forces through the combination of love of variety preferences, transport
costs and increasing returns to scale.

To develop our argument as clearly as possible, we initially consider settings in which there is a
single immobile factor (land) that enters consumption (residential land use), a single mobile factor
of production (labor), and all regions are linked through goods trade and factor mobility. We next
generalize our analysis to allow the immobile factor to enter production (commercial land use), to
introduce intermediate inputs, and to consider an economy of multiple countries in which factors are
mobile across regions within countries but immobile between countries. In this setting, external trade
liberalization between countries induces internal reallocations of mobile factors within countries that
affect trade and welfare. We use this augmented framework as the basis for an empirical analysis of

trade between Canadian provinces and U.S. states. Using data from Anderson and Van Wincoop



(2003), we show that allowing for factor mobility within countries leads to quite different estimates
of the welfare effects of changes in barriers to goods trade.

Our paper is most closely related to recent quantitative models of international trade following
Eaton and Kortum (2002), including Alvarez and Lucas (2007), Arkolakis et al. (2012), Caliendo
and Parro (2011), Costinot et al. (2011), Donaldson (2011), Eaton et al. (2011a, 2011b), Fieler (2011),
Hsieh and Ossa (2011), Ossa (2011) and Simonovska and Waugh (2011). In contrast to these studies,
we introduce factor mobility across regions, and show how it influences the predictions of these
models for the general equilibrium effects of goods trade on wages, prices and welfare. We show how
the approach to undertaking model-based counterfactuals pioneered by Dekle, Eaton and Kortum
(2005) can be generalized to incorporate this factor mobility and how this extended approach yields
additional predictions for changes in the distribution of economic activity within countries.

Our research is also related to the economic geography literature following Krugman (1991a,b),
including in particular research based on the Helpman (1998) model such as Michaels et al. (2012),
Hanson (2005) and Redding and Sturm (201 1).! While the theoretical literature on economic geog-
raphy has uncovered the mechanisms underlying the agglomeration of economic activity, there has
been little research developing quantitative versions of these models, partly because of their com-
plexity which often restricts the analysis to a small number of symmetric regions. Our key contri-
bution relative to this literature is to develop a tractable quantitative model of economic geography
that incorporates goods trade and factor mobility between a large number of asymmetric regions
connected by a rich geography of trade costs. This framework permits a counterfactual analysis of
the impact of international trade between countries on the distribution of economic activity within
countries and yields simple sufficient statistics for the effects of trade on welfare.

Finally, our focus on factor mobility builds on a wider literature in international trade that has
examined the extent to which goods and factor movements are complements or substitutes, as in
Markusen (1983), Mundell (1957) and Jones (1967), as well as work that has considered the role
of the geography within countries in influencing international trade, such as Courant and Deardorff
(1992, 1993) and Rauch (1991). We introduce factor mobility into a recent class of quantitative models
of international trade and examine its implications for model-based counterfactuals and the welfare
gains from trade.

The remainder of the paper is structured as follows. Section 2 introduces the baseline model
that starkly illustrates the role of factor mobility. Section 3 shows that these results hold in a wider
class of models, including those featuring endogenous agglomeration forces. Section 4 considers a
more general setting with factor mobility within but not across countries. Section 5 illustrates the
quantitative relevance of factor mobility for the welfare effects of changes in trade costs using data

on U.S. states and Canadian Provinces. Section 6 concludes.

1See also Davis and Weinstein (2002), Desmet and Rossi-Hansberg (2011), Fujita et al. (1999), Hanson (1996, 1997), Head
and Ries (2001), Redding and Venables (2004), and Rossi-Hansberg (2005).



2 Theoretical Framework

We consider an economy consisting of a set N of regions indexed by n. Each region is endowed
with an exogenous quality-adjusted supply of land (H;). The economy as a whole is endowed with
a measure L of workers, where each worker has one unit of labor that is supplied inelastically with
zero disutility. Workers are perfectly mobile across regions and hence in equilibrium real wages are
equalized across all populated regions. Regions are connected by a bilateral transport network that
can be used to ship goods such that d,; > 1 units must be shipped from region i in order for one unit

to arrive in region 1.2

2.1 Consumer Preferences

Preferences are defined over goods consumption (C,;) and residential land use (Hy,) and are assumed
to take the Cobb-Douglas form:3

U, =CiHy,*, 0O0<a<l. (1)

The goods consumption index is defined over consumption of a fixed continuum of goods j € [0, 1]:

A 1
Cn = |:\/0 Cn]d]:| , o = q (2)

2.2 Production

Each location draws an idiosyncratic productivity z; for each good j. Productivity is independently

drawn across goods and locations from a Fréchet distribution:
. —0
Fi(z) =e ™", ©

where the scale parameter T; determines average productivity for location i and the shape parameter
6 controls the dispersion of productivity across goods.

Goods are homogeneous in the sense one unit of a given good is the same as any other unit of
that good. Each good is produced with labor under conditions of perfect competition according to
a linear technology.* The cost to a consumer in location 7 of purchasing one unit of good j from
location i is therefore:

dyiw;

pni(j) = Zi(j) ’ (4)

where w; denotes the wage in location .

2Since our analysis uses patterns of bilateral trade to reveal information about unobserved bilateral trade frictions, we
can allow for general variation in d,;; > 1 between pairs of locations # and 7 and are not required to impose d;; = 1.

3For empirical evidence using U.S. data in support of the constant housing expenditure share implied by the Cobb-
Douglas functional form, see Davis and Ortalo-Magne (2011).

“While to simplify the exposition we begin by assuming that land is only used residentially, this assumption is straight-
forward to relax, as shown in Section 4 below.



2.3 Expenditure Shares and Price Indices

The representative consumer in location n sources each good from the lowest-cost supplier to that

location:
pn(j) = min{p;(j);i € N}. ®)
Using equilibrium prices (4) and the properties of the Fréchet distribution following Eaton and Kor-
tum (2002), the share of expenditure of region 1 on goods produced by region i is:
_ T (dwitw;)
Yisen Ts (dnSWS)_G

while the price index dual to (2) can be expressed as:

(6)

ni

~1/6
Py = [2 T; (dniwi)9] , @)

ieEN

1
where v = [I' (%=2)] "7 and T'() denotes the Gamma function.

Using the expenditure share (6), the price index (7) can be also written as:

Pn:’y<T”>— 0, ®)

Than

T

so that locations with higher wages and higher trade shares with themselves have higher consumer

goods price indices.

2.4 Income and Population Mobility

Expenditure on land in each location is redistributed lump sum to the workers residing in that lo-
cation, as in Helpman (1998). Therefore total income in each location (v,) equals labor income plus

expenditure on residential land:

L
vyLy = wyLy + (1 — a)v,L, = w,; . )

Labor income in each location equals expenditure on goods produced in that location:
wiLi = Y myiwyLy. (10)
neN

Land market clearing implies that the equilibrium land rent can be determined from the equality of

land income and expenditure:

(1—-a)v,Ly,  1—aw,l,
H, &« H,

(11)

rn =

Population mobility implies that workers receive the same real income in all populated locations:

- 1—a
Pty

Vi =V, (12)
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where r,, denotes the land rent in location #n and we have absorbed the constants «~* and (1 — «) —(1=e)

into the definition of V.

Using land market clearing (11), the equality of income and expenditure (9) and the price index
(8), the above population mobility condition can be used to solve for the equilibrium population of
each location as a function of locational fundamentals (productivity (T;;) and land quality (Hy)), the

location’s trade share with itself (77,,,) and the common level of real income (V):

Ln = (13)

where labor market clearing requires:

Y L.=L (14)

The expression for equilibrium population (13) has an intuitive interpretation. Locations with
higher productivity (T,) pay higher wages (w,), which attracts population and bids up the price of
land until real wages are equalized. Locations with higher land quality (H,) have lower quality-
adjusted prices of land, which again attracts population and bids up the price of land until real
wages are equalized. Finally, locations that have low equilibrium trade shares with themselves (77,,,)
for given values of productivity (T,) and land quality (H,) have low trade costs to other locations
(high market access). These low trade costs to other locations imply low price indices for tradeable
goods (P,), which must be offset in equilibrium by a higher population that bids up the price of land
to achieve real wage equalization. Note that locations with high productivity (T,) have high trade
shares with themselves (77,,,,), other things equal, both because higher productivity directly increases
a location’s trade share with itself in (6), and also because higher productivity increases a location’s

population, which reduces its wage relative to a weighted average of wages in other locations in (10).

2.5 General Equilibrium

The general equilibrium of the model can be represented by the share of workers in each location
(An = Ly /L), the share of each location’s expenditure on goods produced in other locations (7t,,;) and
the wage in each location (w;). Using labor income (10), the trade share (6), population mobility (13)
and labor market clearing (14), this equilibrium triple {A,, 71, w, } solves the following system of

equations for alli,n € N:

w,-)\l- = Z nniwn/\n, (15)
neN
T; (d,,;w;)~°
SR G ) (16)
Yken Tr (duxwy)
()
/\n o Thn (17)

A E
ZkeN( k) Hy

TTkk



Proposition 1 Given locational fundamentals (productivity (T,), land quality (H,) and bilateral trade fric-
tions (dy;)), there exist equilibrium population shares (Ay), trade shares (7,;) and wages (wy,) that solve the

wage equation (15), trade equation (16) and population mobility condition (17).
Proof. See the appendix. m

The proposition establishes the existence of equilibrium as follows. First, for given population
shares (A;), the wage equation (15) and trade equation (16) determine equilibrium wages (w;) and
trade shares (71,,;) for each location. Second, the existence of equilibrium population shares can be
established by using the population mobility condition (17) together with the wage equation (15) and
trade equation (16), as shown formally in the proof of the proposition.

In Figure 1, we illustrate the determination of equilibrium graphically for the special case of two
regions {A, B}, which is also considered more formally in the appendix. In this case, A\p = 1— A4
and we choose the wage in location A as the numeraire. The figure shows the left and right-hand
sides of the population mobility condition (17) on the y-axis against population share (A4) on the x-
axis. The left-hand side of (17) for region A is shown by the ray from the origin with slope 45 degrees,
while the right-hand side corresponds to the downward-sloping curve. As location A’s population
share converges towards zero (lim, , ), the wage equation (15) and trade equation (16) imply that its
trade share with itself converges towards zero (7r44 — 0), which in turn implies that the right-hand
side of the population mobility condition (17) converges towards infinity. Conversely, as location A’s
population share converges towards one (lim, , 1), the wage equation (15) and trade equation (16)
imply that the trade share of location B with itself converges towards zero (7rgp — 0), which in turn
implies that the right-hand side of the population mobility condition (17) for region A converges
towards zero. Finally, the wage equation (15), trade equation (16) and population mobility condi-
tion (17) are continuous in A4, and hence there exist equilibrium population shares {A,,1—A4}.
Having established the existence of these equilibrium population shares, equilibrium wages {1, @z}
and trade shares {74, ap, T, 7tpa} can be determined from the wage equation (15) and trade

equation (16).

Proposition 2 Given observed data on population (L,) and trade shares (7t,,;), the population mobility con-

dition (13) can be used to determine a composite measure of fundamentals for each location that incorporates

productivity and land quality (H, T, /001=0)) Using this measure, the variance of population across loca-
tions can be decomposed into the contributions of fundamentals (H, T, /6(1-a) ), market access (71,,,,) and their
covariance.

Proof. The proposition follows immediately from the population mobility condition (13) given ob-

served data on population (L,) and trade shares (77,;):

var {log L, } = var {log (T,’f/e(l_“)Hn) } + (Q(%W))ZVEH {log 7ty }

-2 <ﬁ> covar {log (Tff/g(lf'x)Hn) ,log (nnn)} .

7



«
(T))P-dH,
3

o(-a)

u P
(T)F0-DH, + (m) (T) 7D H,
Wi

0 Aa

Figure 1: Equilibrium Population Shares {A4,1 — A4} for the Case of Two Regions

As summarized in the above proposition, the model yields a decomposition of the variance of
population across locations into the contributions of locational fundamentals, market access and
their covariance. Locational fundamentals are captured by a composite measure that incorporates
productivity (T,) and land quality (H,). Market access is summarized by a location’s trade share
with itself (77,,,), where a lower own trade share implies lower relative trade costs to other locations
(greater market access). One key implication of the population mobility condition (13) is that a com-
posite measure of unobserved locational fundamentals (H, T, / 6(1_“)) can be obtained from the model
using only data on population (L,) and trade shares (77,,;,) and given a normalization of the common
level of utility V. To measure these locational fundamentals, we are not required to make assump-
tions about the form of bilateral trade costs (d,;), which are instead implicitly revealed by observed

bilateral trade flows, as reflected in each location’s trade share with itself (77,).

2.6 Welfare Gains from Trade

Having solved for the equilibrium triple {A,, 77,;, w, }, the price index (7) follows immediately from

equilibrium wages. Using population mobility (13), welfare in each location can be expressed as:

(2) m »

w (15 L

n =
where terms in wages (w,,) have canceled and land quality (H,) is a parameter.

Proposition 3 The change in a location’s trade share with itself and the change in its population are sufficient

statistics for the welfare gains from goods trade.

Proof. The proposition follows immediately from (18) since:

y/Trade Trade ~ o 1, Trade —(1-a) y/Trade
I — rade _n - __
1/No Trade (7-(”” > < [ No Trade ) " VNo Trade’
n n

8



where o Trade — 1 u

In Proposition 3, we consider a reduction in barriers to trade in goods between locations that
are linked through factor mobility. As a result of this factor mobility, the welfare gains from trade
cannot be inferred simply from the change in each location’s trade share with itself, but also depend
on the change in each location’s population. The reason is that a larger population raises the demand
for land, which in turn increases the price of land and hence reduces welfare. Indeed, the model
implies that the changes in population and trade shares induced by goods market integration are
systematically related to one another. Suppose that we start from an equilibrium in which population
mobility has equalized real wages and that there is a reduction in barriers to trade in goods that
is uneven across locations (e.g. coastal locations with lower geographic barriers to trade benefit
disproportionately from the opening of closed economies to trade). Those locations that experience
larger reductions in their trade share with themselves as a result of this goods market integration
become more attractive locations, and hence experience larger increases in their population until real
wages are again equalized in the new equilibrium following the reduction in trade barriers.

Our framework satisfies many of the conditions specified in Arkolakis et al. (2012) for a location’s
trade share with itself to be a sufficient statistic for the welfare gains from trade. In particular, our
framework features Dixit-Stiglitz preferences, linear cost functions, perfect or monopolistic compe-
tition, balanced trade, aggregate profits are a constant share of aggregate revenues (zero), and CES
import demand. The one condition violated is a single factor of production. Indeed, it is the combi-
nation of a mobile factor (labor) and immobile factor (land) that is central to our result in Proposition
3. To the extent that some factors of production are mobile across locations, our analysis highlights
an interaction between trade in goods and factor allocations. This interaction will also prove impor-
tant below when we consider the effects of goods market integration in a setting where factors are
mobile across regions within countries but immobile across countries.

While the combination of mobile and immobile factors opens up a new channel through which
goods market integration affects welfare, the presence of an immobile factor also mechanically damp-
ens the overall magnitude of the welfare gains from trade in goods, because these welfare gains are
only realized for tradable consumption goods. As a result, the exponent on a location’s trade share
with itself (7r,,) in welfare (18) is the share of tradeable goods in consumption («) divided by the

elasticity of trade flows with respect to trade costs ().

2.7 Counterfactuals

As in the recent class of quantitative trade theories, the system of equations for general equilibrium
(15)-(17) can be used to undertake model-based counterfactuals following the methodology intro-
duced by Dekle, Eaton and Kortum (2005). In contrast to these recent quantitative trade theories, our
framework yields predictions for endogenous changes in population across locations, which in turn

feedback to influence wages, price indices and trade patterns between regions.



The system of equations for general equilibrium (15)-(17) must hold both before and after any
counterfactual change in for example trade frictions. We denote the value of variables in the coun-
terfactual equilibrium with a prime (x’) and the relative value of variables in the counterfactual and
initial equilibria by a tilde (¥ = x’/x). Using this notation, the system of equations for the counter-

factual equilibrium (15)-(17) can be re-written as follows:

WiAY; =Y T @nAnYa, (19)
neN
5 -
70 (d,; 0
7_[1/11' _ ni ( ni ~1) —, (20)
Yken Tk (dukr)
~79(]Dioc)
}\n _ )\nnnn — (21)
ZkEN Akﬁkkﬂ(]fﬂ

where Y; = w;L; denotes labor income in the initial equilibrium.

This system of equations (19)-(21) can be solved for the counterfactual changes in wages (,),
population shares (1,,) and trade shares (7,;) as a function of the exogenous change in trade costs i
and the values of observed variables in the initial equilibrium {Y,, 7t,;, A, } for all locations i,n € N.
As discussed in the previous subsection, the change in each location’s population share and its trade
share with itself provide sufficient statistics for the change in its welfare between the initial and

counterfactual equilibrium.

3 New Economic Geography

In our baseline model, the distribution of population across locations reflects a tension between dif-
ferences in productivity (which concentrate population in high productivity locations), transport
costs (which favor locations with good access to other locations) and an inelastic supply of land
(which tends to disperse population). In this section, we show how our analysis can incorporate
an endogenous agglomeration force in the form of pecuniary externalities from consumer love of
variety, increasing returns to scale and transport costs, as in the new economic geography literature
following Krugman (1991a,b). Specifically, we consider the Helpman (1998) model, which combines
these endogenous agglomeration forces with a congestion force in the form of an inelastic supply
of land. We show that a multi-region version of this model yields a system of equations for general
equilibrium that takes exactly the same form as in our baseline model in the previous section. For
parameter values for which there is a non-degenerate distribution of population across locations, this
system of equations can be used to undertake model-based decompositions and counterfactuals in

exactly the same way as in the previous section.

3.1 Consumer Preferences

Preferences are again defined over goods consumption (C,) and residential land use (Hy,) and take

the same form as in (1). The goods consumption index (C,), however, is now defined over the en-

10



dogenous measures of horizontally differentiated varieties supplied by each region (M;):

M; N %
C,= LGZI;]/O i () d]] , (22)

where trade between regions i and 7 is again subject to iceberg variable trade costs of d,,;; > 1.

3.2 Production

Varieties are produced under conditions of monopolistic competition. To produce a variety, a firm
must incur a fixed cost of F units of labor and a constant variable cost in terms of labor that we
normalize to one. Therefore the total amount of labor (I,(j)) required to produce x,(j) units of a
variety j in country 7 is:

In(f) = F + xu(j)- (23)

Profit maximization and zero profits imply that equilibrium prices are a constant mark-up over

marginal cost:

pui(j) = ( i1> dniw;, (24)

(oa

and equilibrium output of each variety is equal to a constant:
xu(j)=x%x=F(c—1). (25)

Given constant equilibrium output of each variety, labor market clearing implies that the total mea-
sure of varieties supplied by each location is proportional to the endogenous supply of workers
choosing to locate there:

M; = —=. (26)

3.3 Price Indices and Expenditure Shares

Using equilibrium prices (24) and labor market clearing (26), the price index dual to the consumption
index (22) can be expressed as:

1

P, = % (;F) o [Z Li (dniwi)l_”] - (27)

iEN
Using the CES expenditure function, equilibrium prices (24) and labor market clearing (26), the share
of location n’s expenditure on goods produced in location i is:
_ Mipy T Li(dww)
Yken Mipyc”  Yken L (duicog) ™

Together (27) and (28) imply that each location’s price index can be again written in terms of its trade

1
L j=
p,= 2 ( " > Wn. (29)

oc—1\ocFmu,

TThi (28)

share with itself:

11



3.4 Population Mobility and Welfare

As in the previous section, expenditure on land in each location is redistributed lump sum to the
workers residing in that location, so that total income is proportional to labor income in (9). Popu-
lation mobility again requires that workers receive the same real income in all populated locations
as in (12). Using these two relationships together with land market clearing (11), welfare in each
location can be expressed as follows:

(o(l-a)-1

1\t < o1 ) g
" (o) Lln_ H}
o (10) 0 (55)"

where terms in wages (w,) have again canceled and land quality (H,) is a parameter.

=V, (30)

Rearranging this population mobility condition, equilibrium population in each location can be
expressed as a function of fundamentals (H,), the location’s trade share with itself (77,,) and the

common level of real income (V) across locations:

-1
71 o(i-a)-1
(UF}Tnn> 1 Hrllia
L= |2l . (31)
() GFH)V

o o—1

A key difference between this model and the framework in the previous section is the presence
of an endogenous agglomeration force as a result of the combination of love of variety, increasing
returns to scale and transport costs. If this agglomeration force is sufficiently strong relative to the
congestion force from an inelastic supply of land (0 < (1 — &) < 1), each location’s welfare (30) is
increasing in its population for a given trade share with itself (77,,,), which generates the possibility
of multiple equilibria and a degenerate population distribution with all population concentrated in a
single region. Since we do not observe a degenerate population distribution in the data, we assume
that the agglomeration force is sufficiently weak relative to the congestion force from an inelastic
supply of land (c(1 — a) > 1), which ensures the existence of a stable equilibrium with a dispersed

population distribution, as shown formally in the next subsection.

3.5 General Equilibrium

The general equilibrium of the model can be again represented by the share of workers in each
location (A, = L, /L), the share of each location’s expenditure on goods produced by other locations
(774;) and the wage in each location (w;). Using labor income (10), the trade share (28), population
mobility (31) and labor market clearing (14), the equilibrium triple {A,, 77,;, w, } solves the following

system of equations for all i,n € N:

wi)\i = Z nniwnan (32)
neN
A d . . 1-0
7T n (dniw;) (33)

C Cren M (o)
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1— 1 o1 | e(1-a)-1
()]

An - o—1 . (34)
1—u 1 % o(1-a)—-1
LkeN [Hk (@) ]

Proposition 4 Assuming o(1 —«) > 1 and given locational fundamentals (land quality (H,) and bilateral

trade frictions (d,;)), there exist equilibrium population shares (A,), trade shares (7t,;) and wages (wy) that

solve the wage equation (32), trade equation (33) and population mobility condition (34).
Proof. See the appendix. m

While the above system of equations for general equilibrium takes the same form as in our base-
line model in Section 2, relative population shares (A,) now enter the trade equation (33). The reason
is consumer love of variety. Relative population shares determine the relative measures of varieties
supplied by each location, and since all varieties are consumed, the relative measures of varieties
supplied by each location influence trade shares.?

Since for o(1 —a) > 1 there exists a non-degenerate stable distribution of economic activity,
the system of equations for general equilibrium (32)-(34) can be used to undertake model-based
counterfactuals of the same form as in equations (19)-(21) in the previous section. Again changes
in barriers to trade in goods result in endogenous changes in the distribution of population across
locations, which now not only affect trade shares (33) indirectly through wages (w,) but also directly
through changes in the measures of varieties supplied by each location (captured by A,).

Given data on only population (L,) and trade shares (71,,,), the population mobility condition (31)
can be again used to measure unobserved locational fundamentals, which permits a model-based
decomposition of the variance of population across locations into the contributions of locational fun-

damentals, market access and their covariance.

Proposition 5 Assuming o(1 — «) > 1 and given observed data on population (L,) and trade shares (1t,;),
the population mobility condition (31) can be used to determine a measure of locational fundamentals in the

form of land quality (H,). Using this measure, the variance of population across locations can be decomposed
(1-—a)(e—1) —a(c—1)

into the contributions of fundamentals (Hn”(”)1 ), market access (71,(1;1)(”(1“)1)> and their covariance.

Proof. The proposition follows immediately from the population mobility condition (31) given ob-

served data on population (L,) and trade shares (7,;):

_ 1\ 2 _ 2
1—a)(c—1 a(c—1
) ((0(1 9 H)) ((H) o (131)71)) covar {log Hy, 1og 7T} .

51f the neoclassical model in the previous section were augmented to allow the productivity of each location to depend
on its population through external economies of scale (T, = G, LZ where G, 11 > 0), relative population shares would
also enter the trade equation in that model. In that case, the existence of a non-degenerate population distribution would
again impose a restriction on parameters that the agglomeration force created by these external economies of scale is not
too strong relative to the congestion force from an inelastic supply of land.
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As in our baseline model in the previous section, a location’s trade share with itself is no longer
a sufficient statistic for the welfare gains from goods trade, which also depend on changes in the
population distribution. In contrast to a model in which all factors of production are geographically
immobile, these changes in the population distribution ensure that all locations experience the same

welfare gains from trade.

Proposition 6 The change in a location’s trade share with itself and the change in its population are sufficient

statistics for the welfare gains from goods trade.

Proof. The proposition follows immediately from (30) since:

(1—a)—1

4

V];frade B (n_Trade>_% < L;l;rade > ( o—1 ) - VTrade (35)
No Trade nn No Trad " Y/No Trade’

Vnorae Lnorae 1/No Trade

where 7Tl° T3de = 1 and ¢(1 — &) > 1 is required for a non-degenerate population distribution. m

Therefore our result that reallocations of mobile factors of production provide a new channel
through which goods trade affects welfare is not specific to the neoclassical model of the previous
section, but also holds in other models within the class considered by Arkolakis et al. (2012) when
augmented to include mobile and immobile factors. While we demonstrate this result in this section
using a model of love of variety preferences, the same result holds in a model of national product

differentiation following Armington (1969).

4 Internal Versus External Trade

To simplify the exposition of our argument, we have so far considered contexts in which the mobile
factor of production is mobile across all locations. In this section, we consider a more realistic set-
ting of an economy containing distinct countries each of which consists of many regions. Labor is
mobile across regions within countries but immobile between countries. The resulting extension of
our baseline model from Section 2 provides a natural platform for examining the role of reallocations
of resources across regions within countries in shaping the welfare gains from reductions in trade
costs between countries. With a view to taking the model to the data, we also generalize our previ-
ous analysis to incorporate commercial land use and traded intermediate inputs. We show that the
augmented model yields an analogous system of equations for general equilibrium that can be again

used to undertake model-based decompositions and counterfactuals.

4.1 Consumer Preferences and Production

The world economy consists of a set N of regions indexed by n. A subset N4 C N of these regions

are in a home country and a subset N? C N are in a foreign country, where N4 N N8 = @. While for
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simplicity we focus on the case of two countries, it is straightforward to accommodate an arbitrary
number of countries that each consist of many regions.

Preferences are again defined over goods consumption (C,) and residential land use (Hy,) and
take the same form as in (1). The goods consumption index (C,) is defined over consumption of a
fixed continuum of goods j € [0,1] as in (2).

Each region draws an idiosyncratic productivity z; for each good j as in (3) and goods are again
homogeneous in the sense that one unit of a given good is the same as any other unit of that good.
Goods are produced with labor, land and intermediate inputs under conditions of perfect compe-
tition according to a Cobb-Douglas production technology. The cost to a consumer in region n of
purchasing one unit of good j from region i is therefore:

d,wbr PP
Pni(j):%, 0<B<1,0<y<1, (36)

where P; is the price index for tradeable goods.

4.2 Expenditure Shares and Price Indices

The representative consumer in region n sources each good from the lowest cost supplier to that
region. Using equilibrium prices (36) and the properties of the Fréchet distribution, the share of

expenditure of region n on goods produced by region i is:

—0
T; (dniwfr?Pilfﬁf")

Thi = 9 (37)
Y ¥ T (dwafrB )
je{A,B} keNi
while the price index for tradeable goods is:
1/6
B pl—p—)
P, =7 Z Z T; (dm-wi r; P ) , (38)

j€{A,B}ieNJ
where for clarity we separate out the regions located in each country in the summations.

4.3 Income and Population Mobility

Expenditure on land in each region is again redistributed lump sum to the workers residing in that

region. Total income in each region is therefore:
UnLn = wﬂLﬂ + (1 — lx) UnLn + 7]Rn,

where R, denotes the total revenue from production; the first term on the right-hand side is income
from labor used in production; the second term is income from expenditure on residential land; and

the third term is income from expenditure on commercial land.
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Noting that payments to labor used in production are a constant share of revenue, w,L, = BR,,

total income in each region can be re-written as:

v,L, = < 2B >wnLn. (39)

Goods market clearing requires that total revenue in each region equals expenditure on goods pro-

duced in that region:

Z Z TThi [“UnLn‘i‘ (1 _,3_77)Rn]/

j€{A,B} ncNi
where the first term inside the square parentheses is expenditure from final goods consumption and
the second term is expenditure from intermediate inputs use. Using total income (39) and w,L, =
BRy, this goods market clearing condition can be written in exactly the same form as (10).
Land market clearing implies that the equilibrium land rent can be determined from the equality
of land income and expenditure:

(1 — lX)UnLn +77Rn _ ((1 — a),B+77) er_lILn, (40)

= H, ap

where we have again used w,L, = BR,.

Intra-national population mobility ensures that real incomes are equalized across regions within
each country, while international population immobility implies that real incomes can differ between
countries. Using land market clearing (40), the equality of income and expenditure (39), the expen-
diture share (37) and the price index (38) in the population mobility condition (12), welfare in each

location within a given country can be expressed as follows:

+1-w)p  gt(1l-a)p

_a 7 )P
(73;””)9<ﬁ+’7) Ln B+ Hn B+ B .
Vi = =V, neN,je{AB), 41)
By aB (17+(1704)/3>W
T e B

where terms in wages (w,) have again canceled; land quality (H,) is a parameter; and V7 is the
common level of utility across regions within country ;.

Rearranging this population mobility condition, equilibrium population in each region within a
country can be expressed in terms of fundamentals (productivity (T,) and land quality (Hy)), the
region’s trade share with itself (77,,,) and the common level of real income across regions within that
country (VI for j € {A, B}):

() n
- (ﬁafﬂ)m (0 et ()i

where the labor market clearing condition (14) holds for each country separately.

, neN,je{A, B}, (42)
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44 General Equilibrium

The general equilibrium of the model can be represented by the share of each country’s workers lo-
cated in each region (/\{‘1 = L,/ Ll for j € {A, B}), the share of each location’s expenditure on goods
produced in other locations (77,;), the wage in each location (w;), and the price index in each location
(P,). Using labor income (39), the trade share (37), the price index (38), land market clearing (40), la-
bor market clearing (14) and population mobility (42), the equilibrium quintuple {)\f, )\ff , TCni, Wi, Py }

solves the following system of equations for the two countries:

wMl = Y Y maw. AL, i€ N, se{A B} (43)
j€{A,B} neNi
NN
Tty = A ie N’ sc{A, B} (44)
n (L
rx Tk( B "(A@ ()
je{A,B} keNi k
i] . 0 1/6
B [ i\
Y YT <Kpdnkwk+'7p,} P () <H> ) , neN,se{AB}, @5
je{A,B} keNi k
(L) o ap) H,
AS = o : , neN’, se{AB} (46)

&
T \ #BF1-ap)
Ykens <n7k> Hy

where L? is the exogenous endowment of labor for country s and H,, is the exogenous endowment of

Proposition 7 Given locational fundamentals (productivity (T,), land quality (H,) and bilateral trade fric-

land for each region n and

tions (d,;)), there exist equilibrium population shares (A,), trade shares (7,;), wages (w,) and price indices
(Py) that solve the wage equation (43), trade equation (44), price equation (45) and population mobility condi-
tion (46).

Proof. See the appendix. m

While the wage equation (43), trade equation (44) and price index (45) take a similar form as in
previous sections, there are also some differences. First, the population mobility condition (46) now
only holds within each country. Second, population shares (A,,) now enter the trade equation (44),
because land is used in production and a higher population implies a higher price for immobile land
and hence higher production costs. Third, in the previous two sections, equilibrium wages, trade
shares and population shares {w;, 7t,;, A} could be determined before price indices (P,), because
the absence of intermediate inputs from production gave rise to a recursive structure of the model.

In contrast, in this section, price indices (P,) enter the trade equation because of intermediate input
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use in production. As a result, price indices (P,) must be jointly determined with wages (w,), trade
shares (A,) and population shares (A,) in the system of equations for general equilibrium.

In this more general setting, the population mobility condition (42) together with observed data
on population and trade shares can be still used to decompose the variance of population across

locations into the contributions of locational fundamentals and market access.

Proposition 8 Given observed data on population (L,) and trade shares (7t,,;), the population mobility con-

dition (42) can be used to determine a composite measure of fundamentals for each location that incorporates

[\4
T9(5+W*Wﬁ

productivity and land quality (Hn n "), Using this measure, the variance of population across locations

can be decomposed into the contributions of fundamentals <HnT,f (Bro=ep) ) , market access (nﬁ%*”“ﬁ )> and

their covariance.

Proof. The proposition follows immediately from the population mobility condition (42) given ob-

served data on population (L,) and trade shares (77,;):

var {log L, } = var {log (Tg/e(ﬁ+”7“ﬁ)Hn)} + (W)ZVM {log 7ty }
-2 (W) covar {log (Tﬁ/e(m”_“ﬁ)Hﬂ) ,log (mm)} .

The system of equations for general equilibrium (43)-(46) can be used to undertake model-based
counterfactuals of the same form as in equations (19)-(21) in the previous section. These counterfac-
tuals now yield predictions for the internal distribution of economic activity across regions within
countries. As in our baseline model, a region’s trade share with itself is no longer a sufficient statistic

for the welfare gains from market integration, which also depend on population changes.

Proposition 9 The change in a location’s trade share with itself and the change in its population are sufficient

statistics for the welfare gains from goods trade.

Proof. The proposition follows immediately from (41) since:

v —(1- 2
Vl’?rade _ n,Trade N % Lzrade ( P ) (48)
V%\To Trade ~— nn Ll}}To Trade ’

No Trade _ 1

where 71,

Therefore the effect of changes in trade costs between countries on regional welfare depends on
whether or not population is mobile within countries. If population is geographically immobile, the
change in each region’s trade share with itself is a sufficient statistic for the welfare effects of interna-
tional goods market integration. Furthermore, border regions that have higher trade shares with the
other country in the open economy equilibrium experience greater welfare gains from international

goods market integration than interior regions that have lower trade shares with the other country.
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In contrast, if population is mobile across regions within countries, the change in each region’s wel-
fare also depends on the change in its population, which affects welfare through the price of land.
External trade liberalization leads to an endogenous internal reallocation of population such that all

regions experience the same welfare gains from international goods market integration.

5 Quantitative Application

In this section, we use the model developed in the previous section together with data on trade
between Canadian and U.S. regions to illustrate the quantitative relevance of factor mobility within
countries for the welfare effects of goods trade. We begin by discussing the data before using the
structure of the model to evaluate the welfare implications of counterfactual changes in barriers to
goods trade. We examine how these welfare implications depend on whether population is mobile

or immobile across regions within each country.

5.1 Data Sources and Definitions

Our main source of data is the information on trade between Canadian provinces and U.S. states for
1993 from Anderson and Van Wincoop (2003). A key feature of these data is that they contain infor-
mation on internal trade between regions within each country and external trade between regions in
the two different countries. We combine these data with information on the population of Canadian
provinces and U.S. states from the closest Census year, which is 1990.

To take the model to the data, a number of choices must be made. To simplify the exposition of
the model, we assumed a continuum of products, which implies that each location trades with all
other locations.® To ensure that the data are consistent with this feature of the model, we aggregate
Canadian provinces and U.S. states to the level of statistical regions.” For expositional convenience,
we also focused in the model on two countries and assumed that trade is balanced (income equals
expenditure). Since the goal of our empirical analysis is merely to illustrate the implications of factor
mobility for the welfare gains from goods trade, we make analogous assumptions in the data. We
use actual bilateral trade flows between Canadian and U.S. regions to construct a matrix of bilateral
import shares for each region that we use as an input into the model. In using this matrix of bilateral
import shares, we assume that the world consists solely of Canadian and U.S. regions and that trade
is balanced for each region separately and hence for the two countries as a whole. Introducing the
rest of the world as a third country and allowing for trade imbalance is straightforward, and would
alter the specific numerical predictions under population immobility and mobility, but it would not
change the basic contrast between these two cases that we illustrate in this section.

In Table 1, we report the matrix of bilateral import shares for Canadian and U.S. regions in 1993,

In principle, the model in the previous section can be used to consider a finite number of products. In this case, each
region draws a finite number of productivities, for which some pairs of regions may not trade, as in Eaton et al. (2012).

7See the data appendix for the definition of statistical regions. To ensure positive bilateral trade flows between all pairs
of regions, we exclude Northern Canada, which accounts for a small share of Canadian trade and population.
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where the importer appears in the columns and the exporter appears in the rows, such that the rows
sum to one for each column. Unsurprisingly, the largest share of a region’s trade is with itself. But
these own trade shares for Canadian and U.S. regions are smaller than for Canada and the U.S. as
a whole, which reflects the regions” smaller economic size and implies greater welfare gains from
trade with other regions. Within Canada, the largest trade flows between pairs of distinct regions
are imports of Central Canada from Atlantic Canada and imports of Western Canada from Central
Canada. Within the U.S,, the largest trade flows between pairs of distinct regions are imports of the
South from the Mid West and imports of the North East from the South. Between the two countries,
the most intense trade relationship by far is imports of Central Canada from the Mid West, followed
by imports of the other Canadian regions from the Mid West, and by imports of the North East
from Central Canada. Reflecting the larger economic size of the U.S. relative to Canada, U.S. regions
together account for 15-25 percent of Canadian regions’ imports, whereas Canadian regions together

account for 5 percent or less of U.S. regions” imports.

Table 1: Import Shares of U.S. and Canadian Regions

Importer

Atl. Can. Cent. Can. West Can. Mid West North East South  West

5 Atl Can. 0.6006 0.0093 0.0044 0.0009 0.0044 0.0008 0.0001
g Cent. Can. 0.2161 0.6966 0.1205 0.0385 0.0395 0.0070 0.0027
& West. Can. 0.0266 0.0385 0.7305 0.0097 0.0058 0.0026 0.0041
All Can. 0.8434 0.7445 0.8554 0.0490 0.0497 0.0105 0.0069
Mid West 0.0574 0.1322 0.0547 0.4656 0.1441 0.3082 0.2046

% North East  0.0465 0.0550 0.0181 0.1263 0.3174 0.2006 0.1285
U% South 0.0392 0.0503 0.0308 0.2948 0.2972 0.3681 0.3641
West 0.0136 0.0180 0.0410 0.0643 0.1916 0.1127 0.2960
AllUS. 0.1566 0.2555 0.1446 0.9510 0.9503 0.9895 0.9931

All regions  1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

Note: Data source is Anderson and van Wincoop (2003). See the appendix for definitions of U.S. and Canadian regions.
Importers appear in columns and exporters appear in rows; sub-totals for all Canadian regions and all U.S. regions sum to
the total for all regions; figures need not exactly sum to one due to rounding.

In Table 2, we report the share of each region in the population sum for the country as a whole.
Central Canada accounts for by far the largest share of the Canadian population, while the South
is the most populous U.S. region. In general, population is more equally distributed across U.S.
regions than across Canadian regions, with Atlantic Canada having the smallest population share of
all regions. Taking the import and population shares reported in Tables 1 and 2 together with the
population sum for Canada and the U.S., we use the wage equation (43) to solve for the implied
wages (w;) and hence labor income (Y; = w;A{L%) of each region i in the initial equilibrium of the
model prior to the counterfactual change in trade costs considered below.

The import shares (77,,;), population shares (A,) and labor income (Y,) in the initial equilibrium

are inputs into our counterfactual analysis. For the model’s parameters, we assume central values

20



Table 2: Population Shares of U.S. and Canadian Regions

Canada Population U.S. Population
Shares Shares
Atlantic Canada 0.0854 Mid West  0.2400
Central Canada 0.6265 North East 0.2043
Western Canada 0.2881 South 0.3436
West 0.2121
Total 1.0000 Total 1.0000

Note: Data sources are the U.S. Census Bureau and Statistics Canada. See the appendix for definitions of U.S. and Canadian
regions. The population sum for Canada excludes Northern Canada. Population shares sum to one for each country

separately up to rounding.

from the existing literature. We set the share of residential land in consumer expenditure (1 — «) equal
to 0.25, which corresponds to the estimated housing expenditure share using U.S. data in Davis and
Ortalo-Magne (2011). We set the share of intermediate inputs in production costs (1 —  — #) equal
to 0.50, which is consistent with empirical findings for the manufacturing sector. We set the share
of land in production costs (#) equal to 0.10 and the share of labor in production costs (B) equal to
0.40. These values imply a share of immobile factors in value added of around 20 percent, which
is in line with the estimates in Valentinyi and Herrendorf (2008). Finally, we set the Fréchet shape
parameter (6) equal to 4, which lies in the centre of the range of estimates in Donaldson (2010), Eaton
and Kortum (2002) and Simonovska and Waugh (2011).

5.2 Counterfactuals under Population Immobility

To illustrate the implications of population mobility for the welfare gains from goods trade, we con-
sider a change in bilateral trade frictions that reduces international trade costs between Canadian
and U.S. regions by 25 percent while leaving intra-national trade costs between regions within each
country unchanged. In this subsection, we solve for the counterfactual implications of this change in
trade costs for the special case of the model in which labor is immobile across regions. In this case,
wages (wy,), trade shares (77,,;) and price indices (P,) are determined by the wage equation (43), trade
equation (44) and price index equation (45), while population shares are exogenously determined
by endowments. Denoting the value of variables in the initial equilibrium by a prime (x’) and the
relative value of variables in the counterfactual and initial equilibria by a tilde (¥ = x’/x), the wage,

trade and price index equations in the counterfactual equilibrium can be re-written as follows:

oY, = Y, Y m@.Y, €N, je{AB} (49)
j€{A,B} neNi

TCni (jniwpr}_ﬁ_”) B

Y. X Twk <d~nkwl€+ﬁp zjfﬁfq)_el
je{A,B} keNi

ineN, (50)
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Po=v| ¥ Y 7u (Jnkw,‘f+ ”P,}‘ﬁ"?)_e , neN, (51)
je{AB} keNi
where Y; = w;AJL* denotes labor income in the initial equilibrium; the comparative static considered
in the counterfactual corresponds to d,; = 1 when regions # and i are located in the same country
and d,,; = 0.75 when regions n and i are located in different countries.

Together (49)-(51) provide a system of equations for the N locations that can be solved for the
counterfactual changes in wages, trade shares and price indices {@y, 7i,;, P, } for each region. Given
these solutions, the counterfactual change in welfare for each region under factor immobility follows
immediately from the change in each region’s trade share with itself:

&

- V! i D __a
vV, =" = nn = (7 0B+1) | 52
" Vn ( Ttn ) (nnn) ' ( )

In Table 3, we report the counterfactual change in own trade shares and welfare for each region.
Consistent with imports from the U.S. being more important for Canadian regions than imports from
Canada are for U.S. regions, the counterfactual changes in own trade shares and welfare are larger
for Canadian regions than U.S. regions. Across Canadian regions, Central Canada benefits by more
than Western Canada, because of its greater trade intensity with U.S. regions including in particular
the Mid West. Across U.S. regions, the Mid West and North East benefit by more than the South and

West because of their greater trade integration with Canada.

Table 3: Counterfactuals for Welfare under Population Immobility

Region Relative Own Relative
Trade Shares  Welfare
7'(,/1,1 / Ttun Vyll / Va
Atlantic Canada 0.6833 1.1535
Central Canada 0.5995 1.2115
Western Canada 0.7340 1.1230
Mid West 0.9130 1.0347
North East 0.9241 1.0301
South 0.9878 1.0046
West 0.9848 1.0057

Note: The table reports the results from a counterfactual in which international trade costs between Canadian and U.S.
regions are reduced by 25 percent while intra-national trade costs between regions within each country remain unchanged;
variables in the counterfactual equilibrium are denoted by a prime; variables in the initial equilibrium are denoted without
a prime. See the appendix for definitions of U.S. and Canadian regions.

5.3 Counterfactuals under Population Mobility

We now examine the counterfactual implications of the same change in barriers to goods trade un-

der population mobility. Wages (w,,), trade shares (71,;), price indices (P,) and population shares (A,,)
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are determined by the wage equation (43), trade equation (44), price index equation (45) and pop-
ulation mobility condition (46). Using the same notation as above, this system of equations in the

counterfactual equilibrium can be re-written as follows:

oY= Y Y ma@AY, i€ N, sje{AB) (53)
je{A,B} neNi

B e )
o nhi(dnﬂbf+ﬂff B th)ﬂ) . -
;I - R 1 N7 —9’ 7 7
jE{;B}kGZNj T (dnkwlgmo,j B—n (AD )

~1/6
. B <l B =i\ O
Po=v| ¥ X mu(duaf 0P (A)) , neN, (55)
j€{A,B} keNi
AS 7t o1 P
A = L — ne€ N° s {A, B}, (56)
ZkeNS Aiﬁkkf’(lﬂvﬂﬁ)
where Y; = w;AJL* again denotes labor income in the initial equilibrium; the comparative static

considered in the counterfactual again corresponds to d,,; = 1 when regions 7 and i are located in the
same country and d,;; = 0.75 when regions 7 and i are located in different countries.

The general equilibrium system (53)-(56) can be solved for the counterfactual changes in wages,
trade shares, price indices and population shares {@,, 7,;, b, 7\2} for each region n € N? for each
country s. Given these solutions, the counterfactual change in each region’s welfare under popula-
tion mobility follows immediately from (48) and depends on both the change in each region’s trade
share with itself and the change in its population.

In Table 4, we report the counterfactual changes in own trade shares, welfare and population
shares for each region. Consistent with imports from the U.S. being more important for Canadian
regions than imports from Canada are for U.S. regions, the counterfactual changes in own trade
shares and welfare are again larger for Canadian regions than U.S. regions. In the results in the
previous subsection under population immobility, the counterfactual changes in welfare differed
across regions within each country depending on their initial level of trade integration with regions in
the other country. In contrast under population mobility, internal reallocations of population ensure
that the external trade liberalization has the same effect on welfare in each region, raising welfare by
around 18 percent for Canadian regions and by around 2 percent for U.S. regions.

Central Canada’s higher initial import shares from the U.S. than other Canadian regions imply
that the reduction in bilateral trade frictions reduces the consumer price index in Central Canada
relative to the other Canadian regions. As a result, Central Canada becomes a more attractive place
to live, which induces a population inflow from the other Canadian regions. The mechanisms that
restore equilibrium are changes in wages and the price of land across regions. As the population
of Central Canada rises relative to other Canadian regions, this bids up the price of land in Central

Canada relative to other Canadian regions, until real wages are equalized across all regions in the
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new equilibrium. As shown in Table 4, Central Canada experiences an increase in its share of the
Canadian population by around five percent at the expense of Western and Atlantic Canada. Al-
though the smaller size of Canada relative to the U.S. implies that the effects are smaller for U.S.
regions, the Mid West and South experience an increase and decrease in their population shares by

around three and two percent respectively.

Table 4: Counterfactuals for Welfare under Population Mobility

Region Relative Own Relative  Relative
Trade Share =~ Welfare Pop. Share
n/nn / Ttun V;; /Vy /\;, /Ay

Atlantic Canada 0.6714 1.1828 0.9548
Central Canada 0.6051 1.1828 1.0526
Western Canada 0.7160 1.1828 0.8990
Mid West 0.9225 1.0179 1.0317
North East 0.9324 1.0179 1.0214
South 0.9756 1.0179 0.9790
West 0.9771 1.0179 0.9776

Note: The table reports the results from a counterfactual in which international trade costs between Canadian and U.S.
regions are reduced by 25 percent while intra-national trade costs between regions within each country remain unchanged;
variables in the counterfactual equilibrium are denoted by a prime; variables in the initial equilibrium are denoted without

a prime. See the appendix for definitions of U.S. and Canadian regions.

The effects of external trade liberalization between countries are therefore shaped to a quantita-
tively relevant extent by internal reallocations of resources across regions within countries. These
intra-national reallocations of resources provide a distinct mechanism through which trade affects
welfare that is often neglected in studies of international integration. Incorporating this mechanism
changes the welfare gains from trade, which can no longer be inferred from the change in each re-
gion’s trade share with itself but also depend on changes in the allocation of the mobile factor. While
geographical mobility ensures that the welfare gains from trade for the mobile factor are equalized
across regions, the resulting changes in the distribution of the mobile factor imply uneven changes

in the price of the immobile factor.

6 Conclusions

Economic activity is highly unevenly distributed across regions within countries, and this inequality
is in large part the result of factor mobility, as reflected for example in the increased concentration
of economic activity in China’s coastal regions in recent decades. This paper has extended a recent
class of quantitative models of international trade to incorporate factor mobility within countries and
shown that it has important general equilibrium implications for the effects of goods market integra-
tion. This class of models includes models of constant returns to scale with no agglomeration forces
(such as an extension of Eaton and Kortum 2002) and models featuring increasing returns to scale

and agglomeration forces (such as a multi-region version of Helpman 1998). Internal reallocations
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of resources across regions within countries provide a new channel through which external trade
liberalization between countries affects welfare.

Although we model factor mobility between an arbitrary number of regions connected by an
arbitrary pattern of geographical trade frictions, the analysis remains highly tractable. We use the
structure of the model and observed data on population and trade shares to extract a composite
measure of locational fundamentals that includes productivity and land quality. The dispersion of
population across locations is driven by differences in this composite measure of locational funda-
mentals and variation in each location’s trade share with itself, which provides an inverse summary
measure of market access to other locations. Using data on trade shares, population and income
in the initial equilibrium, the system of equations for general equilibrium that determines wages,
prices, trade shares and population shares can be used to undertake model-based counterfactuals
that yield predictions for changes in the internal distribution of economic activity within countries.

Population mobility ensures that the welfare gains from trade are equally shared across regions
within countries and sufficient statistics for the welfare gains from trade are provided by the change

in each region’s trade share with itself and the change in its population.
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A Appendix
A.1 Proof of Proposition 1

To establish the proposition, we proceed in two steps. First, we show that given the population
share for each location (A,) the wage equation (15) and trade share equation (16) determine a unique
equilibrium wage in each location (w,) and hence a unique equilibrium trade share (7t,;). Second,
we use the population mobility condition (17) together with the wage equation (15) and trade share
equation (16) to establish the existence of an equilibrium population share (A,).

In our first step, we use the trade share (16) in the wage equation (15) to obtain:

Wik = Z T; (dniwi)ie

— WpAy. (57)
neN LkeN Tk (ducwy) ‘

Given population shares in each location (A;), the above wage equation provides a system of N
equations in the N unknown wages for each locationn = 1,..., N. Note that this wage equation (57)
takes the same form as equation (3.14) on page 1734 of Alvarez and Lucas (2007). Using (57), we can
define the following excess demand system:

. . . 79
(W) = ! Z Tl (deI) wnAn - wi)\i == O/ (58)

Wi neN EkeN Tk (dnkwk)_e

where w denotes the vector of wages across locations.

[x]

Lemma 1 Given population shares in each location (A,), there exists a unique wage vector w € R’} | such
that Z(w) = 0.

Proof. Note that Z(w) has the following properties:

(i) E(w) is continuous.

(ii) E(w) is homogeneous of degree zero.

(iii) w - Z(w) = 0 for all w € R | (Walras Law)

(iv) There exists a s > 0 such that &; (w) > —s for each location i and all w € R} |
() If w" — w? where w® # 0 and w? = 0 for some country i, then

max {Z; (w")} — co.
]

(vi) Gross substitutes:

=i W) -0 foralli,j,i # ) forallw € R,
aw]-
0Z; (w) <0 foralli forallw e R},
awz‘

from which the proposition follows. See Propositions 17.B.2, 17.C.1 and 17.E.3 of Mas-Colell, Whin-
ston and Green (1995) and Theorems 1-3 of Alvarez and Lucas (2007). m
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Our second step uses the population mobility condition together with the comparative statics of
the wage and trade equations. The population mobility condition (17) can be re-written as follows:
T,) -0 H,
)\l/l - @ ( n) § o « N (59)
(T) "9 Hy + Yty (”"")9(17@ (Tk)®0=9 Hy

TTkk

Suppose that A, — 0 while Ay > 0 for k # n. As A, — 0, the left-hand side of the population
mobility condition (59) converges towards zero. Additionally, as A, — 0 and A > 0 for k # n, the
wage equation (15) and trade equation (16) imply that w, = co and 71, = 0, while wy and i take
finite positive values for k # n. Using these results in the population mobility condition (59), the
right-hand side of this condition converges towards infinity as A, — 0 and Ay > 0 for k # n.

In contrast, suppose that A, — 1 and Ay — 0 for k # n. As A, — 1, the left-hand side of the
population mobility condition (59) takes a finite positive value. Additionally, as A, — 1 and Ay — 0
for k # n, the wage equation (15) and trade equation (16) imply that w, and 71, take finite positive
values, while wy = co and 7y = 0 for k # n. Using these results in the population mobility condition
(59), the right-hand side of this condition converges towards zero as A, — 1 and A, — 0 for k # n.

Combining these two sets of results, the left-hand side of the population mobility condition (59)
is strictly less than the right-hand side as A, — 0 and is strictly greater than the right-hand side as
Ay — 1. Furthermore, this result holds for each location n € N. Noting that the population mobility
condition (59), wage equation (15) and trade equation (16) are continuous in {A,, Wy, 7Ty, } for all
n € N, it follows that there exists an equilibrium allocation of population shares across locations
{An} for which the left and right-hand sides of the population mobility condition (59) are equalized
for each location n € N. This allocation involves strictly positive population shares A, > 0 for all
locations for which T, H, > 0. Given this equilibrium allocation of population shares Ay, the wage
equation (15) and trade equation (16) determine equilibrium wages for each location (@,) and hence

equilibrium trade shares (7,,;) as established in Lemma 1.

A.2 Special case of Two Regions

In this section of the appendix, we provide a formal analysis of the special case of two regions shown
in Figure 1. In this case, the wage equation (15) becomes:
Aa = 7maara + pawp (1 —Aa),
(60)
wp (1 —Aa) = mapra+ mpawp (1 —A4),
where have chosen the wage in region A as the numeraire (w4 = 1). The trade equation (16) is now:
_ T; (dyiw;) "
Yre(any T (duew) ™

while the population mobility condition (17) can be written as:

. mnic{AB}, (61)

TThi

Mg = (T4) "0 Hy . 62)
(Ta)T Ha + (222) "™ (Tg) 7057 Hy

7TBB
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The existence of equilibrium can be established by exactly the same line of reasoning as for an arbi-
trary number of regions in the previous section. First, for given population shares in each location
{Aa,1— A4}, there exist unique wages {1, wg} that solve the wage equation (60) and trade equation
(61). Second, equilibrium population shares are determined by combining the population mobility
condition (62) with the wage equation (60) and trade equation (61).

Following the same argument as in the previous section, as Ly — 0, the left-hand side of the
population mobility condition (62) is strictly less than the right-hand side. In contrast, as A4 — 1,
the left-hand side of the population mobility condition (62) is strictly greater than the right-hand
side. Noting that the population mobility condition (62), wage equation (15) and trade equation (16)
are continuous in {A,, Wy, T, } for n € {A, B}, it follows that there exists an equilibrium allocation
of population shares across the two locations {A4,1 — A4} for which the left and right-hand sides of
the population mobility condition (62) are equalized. Finally, with two regions, the wage equation
(60) and trade equation (61) imply that wg and 7144 are monotonically increasing in A4, while 7tgp
is monotonically decreasing in A4. It follows that the right-hand side of the population mobility

condition (62) is monotonically decreasing in A 4, as shown graphically in Figure 1.

A.3 Proof of Proposition 4

The proof of the proposition again proceeds in two steps. First, we show that given the population
share for each location (A,) the wage equation (32) and trade share equation (33) determine a unique
equilibrium wage in each location (w,) and hence a unique equilibrium trade share (77,;). Second,
we use the population mobility condition (34) together with the wage equation (32) and trade share
equation (33) to establish the existence of an equilibrium population share (A,).

In our first step, we use the trade share (33) in the wage equation (32) to obtain

A (dniwi)lia
)170’

wi)\,‘ = Z

WyAy.
neN LkeN Ak (kg

Note that this wage equation takes the same form as equation (3.14) on page 1734 of Alvarez and

Lucas (2007). Given population shares in each location (A,), there exists a unique wage vector w €

" | such that Z(w) = 0 by the same arguments as in the proof of Lemma 1 in Section A.1 above.
Our second step uses the population mobility condition together with the comparative statics of

the wage and trade equations. The population mobility condition (34) can be re-written as follows:

(-a)(e-1)
Hna(lfu)—l
(1—a)(c—1) (1—a)(c—1)

H o(1-a)—1 + Zk# H o(1-a)—1 (M) 17(1:%()*1
n n

TCkk

/\n:

(63)

Since we focus on parameter values for which o(1 — «) > 1, equilibrium population shares can
be determined using exactly the same line of reasoning as in Section A.1. Taking the limits A, — 0
and A, — 1 and using continuity establishes the existence of an equilibrium allocation of population

shares across locations for which the left and right-hand side of the population mobility condition
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(63) are equalized for each location n € N. This equilibrium allocation involves strictly positive
population shares A, > 0 for all locations for which H,, > 0. Given this equilibrium allocation of
population shares An, the wage equation (32) and trade equation (33) determine equilibrium wages

for each location (@,) and hence equilibrium trade shares (7,;) as discussed above.

A.4 Proof of Proposition 7

The proof of the proposition again proceeds in two steps. First, we show that given the population
share for each location 7 in each country j (/\L) the wage equation (43), price index equation (45)
and trade share equation (44) determine a unique equilibrium wage (w,) and price index (P,) in
each location and hence a unique equilibrium trade share (77,;). Second, we use the population
mobility condition (46) together with the wage equation (43), price index equation (45) and trade
share equation (44) to establish the existence of an equilibrium population share ().

In our first step, we use the trade share (44) in the wage equation (43) to obtain:

-0
T, (i 1P P T (20 (L2 ”)
ZUiAZAIJA — anNA 1 l( nzw;-A ; - ( 1) (H,> ; — — ?/Un)\;,?iA
Tuena T (ol 27 (04" (1)) +Een e (el 277 (a0 (1))
) -6
x (a1 () (3)') AP
ENB I -0 L ¢ "
" Liena Tk(dnkwf+’lP}:_ﬁ_’l(/\}?)ﬂ(%)’7) +LkenB Tk(tinkwfﬂpzj_ﬁ_”()‘f)q(%)6 o
(g Bt pl=B=n (\BYT(LB\" -
wlABEB _ ZHGNA Tl(dmwl Pz ~ ()\1) (Hl) > . wnA;?EA
l Tyena T (el B O8) (B2 )") s TR (48)" (1))
_ —0
+1 (e R0 (1)) w ABLP
ENB I -0 L ¢ "
" rena Te(duef B () (%)ﬂ) s Te(dmaef 7P (A7) (%)U o

where {L4, L} are the exogenous labor endowments of each country.

Note that this wage equation for each country takes the same form as equation (3.14) on page
1734 of Alvarez and Lucas (2007). Given population shares in each location ()\{; forj € {A,B}), there
exists a unique wage vector w € R | such that Z(w) = 0 by the same arguments as in the proof of
Lemma 1 in Section A.1 above.

Our second step uses the population mobility condition together with the comparative statics of

the wage and trade equations. The population mobility condition (46) can be re-written as follows:

(Ty) T —ap) H,

o & o
(To) FBH1=F) Hyt By e (%) O(BF1=2) (Ty) 6(B+1—2P) H),

)\f: , n e N4,

. (64)
(T,) OB+1-ap)

| S « x
(1) TE0 0 Byt By (F ) "7 (1) 70059

AB = , n € NB,

Equilibrium population shares across locations n within each country j € {A, B} can be deter-

mined using exactly the same line of reasoning as in Section A.1. Taking the limits A, — 0and
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A}, — 1 for each country j € {A, B} and using continuity establishes the existence of an equilibrium
allocation of population shares across locations for which the left and right-hand side of the pop-
ulation mobility condition (64) are equalized for each location n € N/ within each country j. This
equilibrium allocation involves strictly positive population shares A}, > 0 for all locations for which
T., H, > 0. Given this equilibrium allocation of population shares AL, the wage equation (43) and
trade equation (44) determine equilibrium wages for each location (%,) and hence equilibrium trade

shares (71,;;) as discussed above.

A.5 Data on Canadian and U.S. Regions

The source for the trade data between Canadian and U.S. regions for 1993 is Anderson and van
Wincoop (2003). The sources for the population data for Canadian and U.S. regions for 1990 are
Statistics Canada and the U.S. Census Bureau. To ensure positive bilateral trade flows between all
locations, we aggregate Canadian provinces and U.S. states to the level of statistical regions, which
are defined below. We also exclude Northern Canada, which accounts for a small share of Canadian

trade and population.

Table 5: Canadian provinces and regions.
Atlantic Canada

Central Canada Western Canada

New Brunswick Ontario Alberta
Newfoundland and Labrador Quebec British Columbia
Nova Scotia Manitoba
Prince Edward Island Saskatchewan
Table 6: U.S. states and regions.
North East Mid West South West
Connecticut Indiana Delaware Arizona
Maine Ilinois District of Columbia Colorado
Massachusetts Michigan Florida Idaho
New Hampshire Ohio Georgia New Mexico
New Jersey Wisconsin Maryland Montana
New York Iowa North Carolina Utah
Pennsylvania Kansas South Carolina Nevada
Rhode Island Minnesota Virginia Wyoming
Vermont Missouri West Virginia Alaska
Nebraska Alabama California
North Dakota Kentucky Hawaii
South Dakota Mississippi Oregon
Tennessee Washington
Arkansas
Louisiana
Oklahoma
Texas

30



References

[1] Alvarez, Fernando and Robert E. Lucas (2007) “General Equilibrium Analysis of the Eaton-
Kortum Model of International Trade,” Journal of Monetary Economics, 54, 1726-1768.

[2] Anderson, James and Eric van Wincoop (2003) “Gravity with Gravitas: a Solution to the Border
Puzzle,” American Economic Review, 93(1), 170-192.

[3] Arkolakis, Costas, Arnaud Costinot and Andrés Rodriguez-Clare (2012) “New Trade Models,
Same Old Gains,” American Economic Review, 102(1), 94-130.

[4] Armington, P. S. (1969) “A Theory of Demand for Products Distinguished by Place of Produc-
tion,” IMF Staff Papers, 16, 159-178.

[5] Caliendo, Lorenzo and Fernando Parro (2011) “Estimates of the Trade and Welfare Effects of
NAFTA,” Yale School of Management, mimeograph.

[6] Costinot, Arnaud, Donaldson, Dave and Ivana Komunjer (2012) “What Goods Do Countries

Trade? A Quantitative Exploration of Ricardo’s Ideas,” Review of Economic Studies, forthcoming.

[7] Courant, Paul N. and Alan V. Deardorff (1992) “International Trade with Lumpy Countries,”
Journal of Political Economy, 100(1), 198-210.

[8] Courant Paul N. and Alan V. Deardorff (1993) “ Amenities, Nontraded Goods, and the Trade of
Lumpy Countries,” Journal of Urban Economics, 34(2), 299-317.

[9] Davis, Morris A. and Frangois Ortalo-Magne (2011) “Household Expenditures, Wages, Rents,”
Review of Economic Dynamics, 14(2) 248-261.

[10] Davis, Donald and David Weinstein (2002) “Bones, Bombs, and Break Points: The Geography
of Economic Activity,” American Economic Review, 92(5), 1269-1289.

[11] Dekle, Robert, Eaton, Jonathan and Kortum, Samuel (2007) “Unbalanced Trade,” American Eco-
nomic Review, 97(2), 351-355.

[12] Desmet, Klaus and Esteban Rossi-Hansberg (2011) “Spatial Development,” Princeton Univer-

sity, mimeograph.

[13] Donaldson, Dave (2010) “Railroads of the Raj: Estimating the Impact of Transportation Infras-

tructure,” MIT, mimeograph.

[14] Eaton, Jonathan and Kortum, Samuel (2002) “Technology, Geography, and Trade,” Econometrica,
70(5), 1741-1779.

[15] Eaton Jonathan, Sam S. Kortum and Francis Kramarz (2011a) “An Anatomy of International

Trade: Evidence from French Firms,” Econometrica, 1453-1498.

31



[16] Eaton, Jonathan, Sam Kortum, Brent Neiman and John Romalis (2011b) “Trade and the Global
Recession,” NBER Working Paper, 16666.

[17] Eaton, Jonathan, Samuel Kortum and Sebastian Sotelo (2012) “International Trade: Linking the
Micro and the Macro,” NBER Working Paper, 17864.

[18] Fieler, Cecilia (2011) “Non-Homotheticity and Bilateral Trade: Evidence and a Quantitative Ex-
planation,” Econometrica, 79(4), 1069-1101.

[19] Fujita, Masahisa, Paul Krugman and Anthony ]. Venables (1999) The Spatial Economy: Cities,
Regions and International Trade, Cambridge: MIT Press.

[20] Hanson, Gordon H. (1996) “Localization Economies, Vertical Organization, and Trade,” Ameri-
can Economic Review, 86(5), 1266-78.

[21] Hanson, Gordon H. (1997) “Increasing Returns, Trade, and the Regional Structure of Wages,”
Economic Journal, 107, 113-133.

[22] Hanson, Gordon H. (2005) “Market Potential, Increasing Returns, and Geographic Concentra-

tion,” Journal of International Economics, 67(1), 1-24.

[23] Head, Keith and John Ries (2001) “Increasing Returns versus National Product Differentiation

as an Explanation for the Pattern of U.S.-Canada Trade,” American Economic Review, 91, 858-876.

[24] Helpman, Elhanan (1998) “The Size of Regions,” In Topics in Public Economics: Theoretical and
Applied Analysis, ed. David Pines, Efraim Sadka, and Itzhak Zilcha, Cambridge: Cambridge

University Press,

[25] Hsieh, Chang-Tai and Ralph Ossa (2011) “A Global View of Productivity Growth in China,”
NBER Working Paper, 16778.

[26] Krugman, Paul (1991a) “Increasing Returns and Economic Geography,” Journal of Political Econ-
omy, 99(3), 48399.

[27] Krugman, Paul (1991b) Geography and Trade, Cambridge MA: MIT Press.

[28] Markusen, James R. (1983) “Factor Movements and Commodity Trade as Complements,” Jour-
nal of International Economics, 14(34), 341-356.

[29] Mas-Collel, Andreu, Michael D. Whinston and Jerry R. Green (1995) Microeconomic Theory, Ox-
ford: Oxford University Press.

[30] McCallum, John (1995) “National Borders Matter: Canada-U.S. Regional Trade Patterns,” Amer-
ican Economic Review, 85(3), 615-623.

32



[31] Michaels, Guy, Ferdinand Rauch and Stephen J. Redding (2012) “Urbanization and Structural

Transformation,” Quarterly Journal of Economics, forthcoming.

[32] Mundell, R. A. (1957) “International Trade and Factor Mobility,” American Economic Review, 47,
321-337.

[33] Jones, Ron (1967) “International Capital Movements and the Theory of Tariffs and Trade,” Quar-
terly Journal of Economics, 81, 1-38.

[34] Ossa, Ralph (2011) “Trade Wars and Trade Talks with Data,” NBER Working Paper, 17347.

[35] Rauch, James E. (1991) “Comparative Advantage, Geographic Advantage, and the Volume of
Trade,” Economic Journal, 101, 1230-1244.

[36] Redding, Stephen ]. and Daniel M. Sturm (2008) “The Costs of Remoteness: Evidence from

German Division and Reunification,” American Economic Review, 98(5), 1766-1797.

[37] Redding, Stephen J. and Anthony J. Venables (2004) “Economic Geography and International

Inequality,” Journal of International Economics, 62(1), 53-82.

[38] Rossi-Hansberg, Esteban (2005) “A Spatial Theory of Trade,” American Economic Review, 95(5),
1464-1491.

[39] Simonovska, Ina and Michael E. Waugh (2011) “The Elasticity of Trade: Estimates and Evi-
dence,” NBER Working Paper, 16796.

[40] Valentinyi, Akos and Berthold Herrendorf (2008) “Measuring Factor Income Shares at the Sec-
toral Level,” Review of Economic Dynamics, 11, 820-835.

33



