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Abstract

Essays in Economic Geography and Development

by

Dominick Gabriel Bartelme

Doctor of Philosophy in Economics

University of California, Berkeley

Professor Barry J. Eichengreen, Chair

This dissertation investigates the role of trade and trade frictions in shaping the internal
structure of economies over time. The first chapter investigates how trade costs in gener-
ating the spatial distribution of wages and employment across regions, a classic question in
economic geography. It make several contributions to the extensive theoretical and empirical
literature on this question. First, building on the recent literature I show that for a wide
class of economic geography models the positive implications of changes in trade costs are
entirely captured by two reduced form elasticities: the elasticities of wages and employment
with respect to market access. Second, I develop a novel instrumental variable approach to
consistently estimating these elasticities from changes in observed wages and employment
using exogenous changes in the incomes of each location’s trading partners. I implement this
approach using data on U.S. MSAs between 1990 and 2007 and find that wages and employ-
ment are quite sensitive to differences in market access due to trade costs. Counterfactual
simulations indicate that eliminating trade costs would result in large shifts in employment
from the Northeast towards the South and West and a flattening of the city size distribution.
More modest reductions in trade costs result in qualitatively similar outcomes that remain
quantitatively large.

The second chapter investigates how trade in intermediate inputs across industries varies
with the level of development, and how this variation is related to the cross-country variation
in productivity. We know that specialization is a powerful source of productivity gains,
but how production networks at the industry level are related to aggregate productivity in
the data is an open question. This chapter constructs a database of input-output tables
covering a broad spectrum of countries and times, develop a theoretical framework to derive
an econometric specification, and document a strong and robust relationship between the
strength of industry linkages and aggregate productivity. We then calibrate a multisector
neoclassical model and use alternative identification assumptions to extract an industry-
level measure of distortions in intermediate input choices. We compute the aggregate losses
from these distortions for each country in our sample and find that they are quantitatively
consistent with the relationship between industry linkages and aggregate productivity in the
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data. Our estimates imply that the TFP gains from eliminating these distortions are modest
but significant, averaging roughly 10% for middle and low income countries.

The third chapter brings these two themes together to explore how trade costs across
industries and space shape the spatial distribution of industries. The motivation and specific
context is the decline of the U.S. manufacturing belt over the post-war period and the spread
of industrial production to the South and West. To study the causes of this geographic dis-
persion of industry, this chapter first develops a multi-industry model with many locations,
local external economies and input-output relationships across industries. The second con-
tribution is to develop an estimation strategy for the parameters, including the strength of
local Marshallian externalities and the size of trade costs, that does not rely on the avail-
ability of comprehensive internal trade data. I then apply this strategy to data on U.S.
industry location across cities between 1970 and 1995. I find that trade costs have declined
substantially over this time period, and that local external economies are on average quite
strong at the industry level. These findings together suggest that only modest productivity
convergence together with the decline in trade costs are sufficient to explain the decline of
the manufacturing belt.
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Chapter 1

Trade Costs and Economic
Geography: Evidence from the
United States

1.1 Introduction

Why does economic activity agglomerate in space? One classic answer to this question is
that agglomerations exist in part to minimize the cost of trading goods and services across
distance. This hypothesis has been the subject of much theoretical and empirical research,
and it is well established that trade costs play a role in generating the spatial distribution of
wages and employment at different geographic levels. However, the answer to the question of
how much of the observed spatial variation is due to trade costs as opposed to other factors
has proved elusive because agglomeration is an inherently general equilibrium phenomenon.
Answering the question requires a tractable general equilibrium model of the economy that
incorporates trade costs and other important determinants of economic geography as well as
knowledge of the relevant parameters of that model.

Building on recent theoretical work in economic geography and international trade, I
show that for a wide class of economic geography models the role of trade costs is governed
by two key reduced form elasticities: the elasticities of wages and employment with respect
to a measure of market access. These elasticities measure the sensitivity of the spatial
distribution of wages and employment to differences in the underlying geography of trade
costs, which manifest themselves as differences in access to export and import markets across
locations. The models combine a demand side that generates a gravity equation for trade
flows with a log-linear local labor supply curve to generate an equilibrium representation
that depends only on the unobserved fundamentals, trade frictions and the two elasticities.
Given values for these elasticities and an estimate of the initial trade frictions, we can use
the observed wages and employment to back out the unobserved fundamentals and compute
counterfactual wages and employment for any change in trade frictions or fundamentals.
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These counterfactuals provide the basis for assessing the quantitative contribution of trade
costs to U.S. economic geography.

The class of models that are accommodated by this framework is large. The demand side
is isomorphic to many classic trade models, including those based on perfect competition and
Ricardan comparative advantage (Eaton and Kortum, 2002), Armington preferences (An-
derson, 1979), monopolistic competition (Krugman, 1980) and heterogeneous firms (Melitz,
2003). This framework can also accommodate richer versions of these models that include
intermediate inputs, non-traded goods, endogenous local productivity and multiple factors
of production. On the supply side, the log linear labor supply curve is a staple of the the-
oretical and empirical geography literature and is consistent with features such as housing
markets and heterogenous worker preferences across locations. This framework also nests
many common versions of the workhorse spatial equilibrium model (Roback, 1982) used ex-
tensively in urban and regional economics. While differing along many dimensions (including
welfare), conditional on the value of the reduced form elasticities these models all have the
same positive implications for the response of local wages and employment to changes in
trade costs or fundamentals. The importance of these elasticities for understanding economic
geography thus transcends many particular views about the origin and nature of trade and
other important structural features of the economy.

Estimating these elasticities is challenging. A favorable shock to city n’s fundamental
productivity will make locating in nearby cities more attractive by lowering the price of their
imports, which will lead to an increase in their population. This in turn increases the size of
the market for goods from city n, leading to further increases in n’s equilibrium population.
This feedback induces a structural correlation between city n’s fundamentals and its market
access, even if the fundamentals are i.i.d. across cities. In reality changes in fundamentals
are also likely to be correlated across space, further complicating identification.

I develop a novel identification strategy to deal with these issues that builds on a common
approach in urban and regional economics originally due to Bartik (1991). I use innovations
in national employment growth rates across highly disaggregated industries to construct
an (i, n)-specific shock to city i’s employment that is exogenous with respect to city n’s
unobserved fundamentals. I use these shocks to construct an innovation in city n’s market
access that is exogenous with respect to n’s unobserved fundamentals after conditioning on
n’s own Bartik shock. This strategy is robust to spatial correlation in both the Bartik shocks
and any unobserved shocks. I make additional modifications to control for the possibility
of commuting between nearby cities as well as heterogeneity in the predictive power of the
shocks across tradable and non-tradable industries.

I use these instruments to estimate the reduced form elasticities using data from U.S.
MSAs between 1990-2000 and 2000-2007. The baseline estimates, which control for time-
specific regional trends in growth rates, are that a doubling of market access is associated
with about a 60% increase in composition adjusted wages and a tripling of employment. I
subject these results to a number of robustness checks including controls for initial city size,
share of skilled workers and the average January temperature as well as more regionally
disaggregated trends in growth rates. I find that the estimates are quite stable across these
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specifications. The estimated elasticities are large, although they can easily be rationalized
by (many) structural models. The estimate of the wage elasticity is roughly in line with
some previous estimates in the literature (H Hanson, 2005; Redding and Venables, 2004).
The employment elasticity has been estimated much less frequently, but is considerably larger
than found for regions in Europe by Head and Mayer (2006) who find weak to non-existent
adjustment of employment to market access.1 While there are many differences between the
specifications, one likely explanation is large structural differences between European and
U.S. labor markets.

I use the estimated elasticities to quantify the contribution of trade frictions to the spatial
distribution of employment across U.S. cities. I find that over the period 1990-2007, trade
frictions tended to amplify the effect of differences in the growth rates in fundamentals on
the actual growth rates, so that fast growing cities grew faster and slow growing cities grew
slower than they would have in a world with no trade costs. The size of the effect ranges
from -10% to 25%, with cities in the South and West tending to gain at the expense of
Northern and Midwestern cities. Another way to quantify the contribution of trade frictions
is to examine the changes in employment when the frictions are reduced or removed. I
consider the effects of a 20% and a 100% reduction in trade costs and find that they yield
qualitatively similar results. Both scenarios feature a large redistribution of employment
from the population centers of the Northeast, Midwest and California towards the South,
West and Pacific Northwest. The quantitative effects of even a 20% reduction are large,
with many Southern and Western cities seeing employment growth of 30% or more and
many Northern cities losing similar percentages of their employment. On average smaller
cities gain more than larger ones, although there is significant heterogeneity in the effects
for every size class. The resulting city size distributions are flatter and shifted to the right,
featuring more midsized cities.

The results indicate that trade linkages play an important role in sustaining the densely
populated regional agglomerations of the Northeast, Midwest and California at the expense
of their Southern and Western counterparts. However, these regions have seen a relative
decline in population over the postwar period, losing ground to the fast growing cities of
the South and West (see Figure 1.2). These changes are consistent with the predictions
of the model in that trade costs have also declined significantly over this period (Glaeser
and Kohlhase, 2004), although other factors have surely also played a role. If trade costs
continue to decline, as proponents of autonomous vehicles and other new technologies expect
they will, we are likely to see further such shifts in the economic center of gravity in the U.S.

In the final section I discuss the ability of several common structural models that are
nested by my theoretical framework to rationalize the estimated elasticities for reasonable
parameter values. I find that neither the “bare bones” Ricardian model based on Eaton and
Kortum (2002) nor the ‘bare bones” monopolistic competition model based on Krugman

1Crozet (2004) estimates the relationship of bilteral migration flows to market access and other covariates
across European regions. It is difficult to compare the quantitative findings because of the many differences
in model assumptions and specification, but qualitatively he finds that migration does respond to changes
in market access.
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(1980) can match the data for reasonable parameter values. Adding intermediate goods and
capital as additional factors of production greatly improves the fit with the data, although the
Ricardian model still requires significant local externalities to generate a reasonable match.
While more dependent on analysis of some specific structural models than the counterfactual
exercises, these results do suggest that richer models with strong local externalities are
required in order to be consistent with the magnitude of the estimated elasticities.

My paper is related to several strands of the literature. The theoretical section builds
extensively on recent work in economic geography and international trade by Redding (2012),
Fally (2014), Allen and Arkolakis (2014) and Allen et al. (2014). A particularly closely
related paper is Allen and Arkolakis (2014), who develop an Armington model of economic
geography with three structural parameters and show that their model is isomorphic with
respect to both positive and normative predictions to several models in the class that I
consider in this paper. I widen the class of models under consideration and show that the
positive predictions of these models depend only on the two reduced form elasticities defined
above. In contemporaneous work, Allen et al. (2014) define a class of models they call
general equilibrium gravity models and prove equilibrium existence and uniqueness theorems
as well as showing how to conduct counterfactuals using trade data and two (different)
reduced form parameters. My model is a special case of the general equilibrium gravity
model, and I rely on their work to show the conditions for existence and uniqueness of
equilibrium in my setting. In contrast to their paper, I show how to conduct counterfactuals
without using trade data in a setting with labor mobility. Most importantly, I provide an
identification and estimation strategy for the reduced form parameters of my model that can
in turn be extended to estimate the parameters of the general equilibrium gravity model in
an international context.

My paper is also related to the vast empirical and quantitative literature on economic
geography. One related strand of the literature focused on estimating the elasticity of wages
with respect to market access to test the predictions of the early economic geography models
using a variety of identifying assumptions (Head and Mayer, 2004, 2006; Hanson, 2005; Fally
et al., 2010). Another active area has been using natural experiments to estimate the impact
of transportation improvements on local outcomes such as factor prices, population and
industrial composition in both structural and reduced form settings.2 In contrast to this
work, I estimate the parameters of a model that allows me to compute counterfactuals that
fully account for general equilibrium effects in a setting with labor mobility. Perhaps the
closest paper in spirit is Redding and Sturm (2008), who estimate the treatment effect of
the Cold War division of Germany on West German border cities and compare the results
to those generated by a quantitative version of the Helpman (1998) model of economic
geography. For plausible parameter values the model can account for the average treatment
effect as well as the observation that the treatment effect is larger for smaller cities.

Another related literature is concerned with estimating the impact of trade or trade

2Some notable recent examples include Faber (2014), Duranton et al. (2014), Donaldson (2014), and
Donaldson and Hornbeck (2013). See Redding and Turner (2014) for a survey.
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frictions in either a cross-country or interregional setting. For cross-country studies the,
the seminal work of Frankel and Romer (1999) on the impact of trade on income has been
extended to a panel setting by Feyrer (2009), who uses variation in the ratio of air to
sea distance along with the rise of cargo aviation to construct an instrument for changes
in trade flows over time and finds substantial effects. Redding and Venables (2004) and
Head and Mayer (2011) estimate the elasticity of wages with respect to market access in
an international setting and obtain roughly similar results to mine. My paper offers an
alternative identification strategy that can also be used in this context. Another set of
papers examines the impact of changing external tariffs on outcomes within a given country.
Several of these papers (e.g. Topalova (2007); Kovak (2013)) use a conceptually similar
identification strategy to mine in that they measure the trade liberalization experienced by
a region as a weighted average of the national tariff changes in specific industries where the
weights are the initial employment shares in those industries. A related paper by Autor et al.
(2013) estimates the impact of increased import competition from China on local U.S. labor
markets using the same initial industry weighting scheme. Consistent with my results they
find that local wages and employment decline in response to Chinese import competition.
This literature typically abstracts from interregional trade frictions (with a recent exception
in Fajgelbaum and Redding (2014)), and it would be interesting to see what role these play
in local adjustment to external trade shocks.

The next section develops a baseline economic geography model and shows how to derive
the reduced form representation, then generalizes the results to a wider class of models. Sec-
tion 1.3 discusses the identification strategy for the reduced form parameters, while Section
1.4 presents the estimation results. Section 1.5 illustrates the quantitative implications of the
estimates for U.S. economic geography through several counterfactual exercises, while Sec-
tion 1.6 discusses the ability of some specific models to rationalize the estimated elasticities.
Section 1.7 concludes.

1.2 Theory

This section characterizes a class of economic geography models for which the equilibrium
distribution of wages and employment, given exogenous bilateral trade frictions and local
fundamentals (e.g. productivity), is completely governed by two key elasticities. These
elasticities, which I call εw and εL, can be interpreted as the elasticities of local wages and
employment with respect to “market access,” a trade-cost-weighted average of the incomes
of trading partners. In this class of models these two elasticities completely determine the
equilibrium response of wages and employment to changes in trade costs or local fundamen-
tals. The importance of these elasticities for the positive predictions of economic geography
models thus transcends the differences across these models, which nonetheless remain crucial
for analyzing the welfare implications of these changes.

I start by developing a simple baseline model of economic geography based on the Eaton
and Kortum (2002) model of trade with labor mobility, similar to Redding (2012). I discuss
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some of the economic intuition for the structure of the equilibrium allocation, then show how
the equilibrium conditions of the model can be written in terms of the endogenous variables,
the fundamentals and the two key elasticities εw and εL. Building on recent work by Allen
et al. (2014), I then generalize this result by showing that the equilibrium conditions of all
models that satisfy a set of macro-level restrictions can be expressed in exactly the same form.
The class of models that satisfy these restrictions is wide, including geography models based
on Armington preferences (Anderson, 1979), monopolistic competition (Krugman, 1980) and
heterogeneous firms (Melitz, 2003) as well as richer versions of these models that incorporate
features such as intermediate inputs, non-traded goods and more. I then provide sufficient
conditions for the existence and uniqueness of equilibrium in this class of models and discuss
the computation of counterfactuals. The following section turns to the identification of these
elasticities from the observed distribution of wages and employment.

Baseline: An Eaton-Kortum model with local spillovers

This section lays out an economic geography model based on the Eaton and Kortum (2002)
model of trade with labor mobility. Since most of the features are familiar from the literature,
I omit a detailed discussion of the established derivations.3

Environment

There are N regions in an economy closed to international trade (indexed by n), populated
by a continuum of workers ` ∈ [0, L̄] who are free to move between regions. There are also
a continuum q ∈ [0, 1] of varieties which can be traded across locations. Each location is
endowed with a vector of local characteristics: a productivity shifter Tn, a fixed (rival and
excludable) amenity Sn (e.g. housing or infrastructure) and a symmetric bilateral iceberg
trade cost τni for each other location. In addition, each location is endowed with a continuum
of variety-specific productivity levels zn(q). These productivities are drawn from a Fréchet
distribution with shape parameter θ:

Prob(z ≤ Z) = e−Z
−θ

Preferences

Workers live in one location and consume produced goods and the fixed factor Sn while
inelastically supplying one unit of labor. The utility of workers living in location n is

Un = Cα
nH

1−α
n

Cn =

(∫ 1

0

c(q)
ρ−1
ρ dq

) ρ
ρ−1

3See Eaton and Kortum (2002) and Alvarez and Lucas (2007) for more detailed analyses of the basic
properties of the model.
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where Hn is the worker’s consumption of the local fixed factor. Worker’s only income is their
wage. Given prices in location n, workers achieve utility

Un = αα(1− α)1−α wn
Pα
n r

1−α
n

(1.1)

from locating in n, where rn is the price of Sn and Pn is the price of Cn.4

Workers choose the location that offers them the highest utility, which in this model
corresponds to the highest real wage. Since workers are identical and mobile, in equilibrium
they must be indifferent between locations. Substituting this condition into equation (1.1)
and rearranging to solve for wages yields the spatial utility equalization condition 5

wn = κ0 · Pα
n r

1−α
n (1.2)

I assume that Sn is owned by landlords who consume only traded goods, so the total
income spend on housing is (1 − α)wnLn. In equilibrium total income from housing equals
total expenditure and the market for Sn clears, so

rn = (1− α)
wnLn
Sn

(1.3)

Production and Trade

Production of each variety q is undertaken using a linear technology in labor, but with
endogenous productivity spillovers from the aggregate number of workers Ln in each location:

Qn(q) = zn(q)TnL
γ
n︸ ︷︷ ︸

Productivity

·Ln(q) (1.4)

where γ is the elasticity of productivity with respect to the aggregate labor force in each lo-
cation. Since each firm is infinitesimal, the total number of workers is exogenous with respect
to their hiring decision. Competition is perfect in input and output markets. Competitive
markets and iceberg trade costs imply that the price of a good q produced in location n and
shipped to location i is

pin(q) =
τinwn

zn(q)TnL
γ
n

(1.5)

Consumers and firms in n choose the source of each variety with the lowest delivered price
pn(q). The familiar Eatom-Kortum mechanics imply that the probability that n buys good
q from i is equal to the expenditure share of n on goods from i, and that common value is

πni =
T θi L

γθ
i (wiτni)

−θ

Φn

(1.6)

4 Pn =
(∫ 1

0
pn(q)1−ρdq

) 1
1−ρ

5κ0 = Ūα−α(1− α)α−1, where Ū is the common level of utility achieved by all workers.
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where
Φn =

∑
i

T θi L
γθ
i (wiτni)

−θ (1.7)

Equation (1.6), known as the “gravity equation” in international trade, is an empirically
highly successful model of international trade flows and most leading trade models deliver
some version of it. It states that the share of n’s imports from i depend on a bilateral trade
friction τin, an origin-specific (inverse) cost term wn/(TnL

γ
n)−θ and a “multilateral resistance”

index Φn that measures how competitive the goods market is in location n (Anderson and
van Wincoop, 2003). Φn can be interpreted as a measure of “consumer market access,” the
access (i.e. inverse of cost) of consumers to goods from each market weighted by the (inverse)
costs of production in each market. Intuitively, when Φn is high, location n is “close” to
many locations with low costs of production and hence low prices. Using the properties of
the Fréchet distribution and equation (1.5) we can formalize this interpretation by showing
that the local price index is actually a power function of Φn

6

Pn = κ2 · Φ
− 1
θ

n (1.8)

Equilibrium

An equilibrium in this economy is a set of local goods and factor prices {wn, rn, Pn}, local
labor allocations Ln, and local housing allocations Hn such that firms maximize profits,
utility is equalized across locations, and local land, labor, and output markets clear. Since
local income net of housing expenditures is equal to wage income, these conditions also imply
that trade will be balanced. In this section I derive expressions for the equilibrium as a local
labor demand and supply system, then solve for the key reduced form equations in terms of
the elasticities εw and εL.

Goods market clearing and balanced trade imply that local income Yn is the sum of
exports to all locations (including n):

Yn =
∑
i

πinYi (1.9)

Factor market clearing implies that Yn = wnLn. Substituting this relationship into equation
(1.9) and substituting for πin using (1.6) allows us to write equation (1.9) as

wnLn =

(
wn
TnL

γ
n

)−θ
·
∑
i

τ−θin wiLi
Φi︸ ︷︷ ︸

FMAn

(1.10)

where FMA stands for “firm market access.” Firm market access is a weighted average of the
incomes of trading partners, where the decline with both the cost of reaching those markets

6κ2 =
[
Γ
(
θ+1−ρ
θ

)] 1
1−σ

, where Γ is the Gamma function.
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and the competitiveness of those markets. Intuitively, it is a measure of the demand for
location n’s output: all else equal, higher demand increases local incomes through either
higher wages, higher employment or both.

When trade costs are symmetric,7 as is natural in many economic geography applications,
it turns out that

Φn = FMAn (1.12)

Intuitively, both consumers and firms benefit from access to large markets, and the functional
forms ensure that “consumer” and “firm” market access boil down to essentially the same
thing. This result is useful in economic geography applications because it will enable a
computational strategy (described below) for finding Φn that does not rely on the availability
of comprehensive trade data at the geographic unit of analysis.

Using the market clearing equation (1.10), the spatial utility equalization (1.2) and the
equality between consumer and firm market access (1.12), we can express the equilibrium
conditions of the model in the following form:8

wn = L
γθ−1
1+θ
n · Φ

1
1+θ
n · T

θ
1+θ
n , ∀n ∈ N (1.13)

wn = κ3L
1−α
α

n · Φ−
1
θ

n · S
α−1
α

n , ∀n ∈ N (1.14)

These equations have intuitive interpretations in terms of the local demand and supply
of workers. Equation (1.13) can be interpreted as the inverse labor demand curve, which
determines the wage a representative employer would be willing to offer to employ Ln work-
ers. This wage offer can be increasing or decreasing in Ln depending on the magnitude of
local labor market externalities externalities: if an additional worker makes other workers
sufficiently more productive, employers will be willing to offer higher wages for more workers.
When θ is small productivity declines rapidly with each new variety produced, resulting in
a steeply downward sloping inverse labor demand curve. As θ gets larger the labor demand
curve tends to become flatter or may even be upward sloping depending on the magnitude of
labor market externalities. Wage offers are also increasing in local productivity and market
access, with the elasticities being smaller as θ gets higher. Equation (1.14) defines the wage
that employers would have to offer in order to attract Ln workers to n. It is increasing in
the number of workers required, reflecting the additional compensation workers require for

lower consumption of Sn, and decreasing in consumer prices Φ
− 1
θ

n .
We can further solve (1.13) and (1.14) for the reduced form system of wages and em-

ployment as functions of market access and the exogenous productivities and amenities.

7This requirement can be relaxed to “quasi-symmetry” as defined by Allen et al. (2014), which is that
trade costs can be written as

τ−θin = KinK
A
i K

B
n = KniK

A
i K

B
n (1.11)

for all i and n. Since I do not use this added generality in my application I focus on the simpler case of
symmetry.

8κ3 = κ
1
α
0
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Together with equation (1.12) which implicitly defines Φn, and imposing a normalization on
the overall utility level Ū such that κ3 = 1, we can represent the equilibrium compactly as
the solution of 3N equations in 3N unknowns:

wn = Φεw

n · χwn (1.15)

Ln = ΦεL

n · χLn (1.16)

Φn =
∑
i

wiLi
Φi

·Din (1.17)

These are the key equations of the paper that form the basis of the empirical estimates
and their interpretation. Notice that the solution (leaving aside existence/uniqueness for the
moment) depends only on the composite fundamental terms χwn and χLn , the trade frictions
Din and the elasticities of wages and employment with respect to market access. These
elasticities are functions of the underlying structural parameters α, γ and θ, but any com-
bination of these parameters that delivers the same values of εw and εL will result in the
same equilibrium allocations.9 Building on that observation, it follows that knowledge of
the elasticities along with initial values of the composite fundamentals and trade frictions
is sufficient to calculate counterfactual wages and employment with respect to changes in
trade frictions or the composite fundamentals. The limitation of this representation is that
it involved a normalization of the overall level of utility, leaving us unable to make welfare
statements about the counterfactual allocations.

It turns out that these equations have a unique solution for the initial fundamentals χwn
and χLn given initial data on wn and Ln and estimates of the trade frictions Din. Under
certain restrictions on εw and εL, there is also a unique solution for wn and Ln given the
fundamentals and the trade frictions. These properties, proven in the next section, form the
basis of the estimation strategy and the counterfactual exercises conducted in the rest of the
paper.

The reduced form system (1.15) - (1.17) has an additional property that is crucial for
interpreting the results of the empirical estimates and counterfactuals: the same reduced
form system can be derived from a wide class of leading trade and economic geography
models. Conditional on these elasticities, all models in this class make the same predictions
for the impact of changing trade costs on the spatial distribution of wages and employment.
The implication is that estimating εw and εL and conducting counterfactuals using (1.15)
- (1.17) will result in answers that are robust in a wide variety of settings. The following
section characterizes this class of models.

9

εw =
α(γθ − 1)(2θ + 1) + θ ((1− α)(1 + θ) + α(1− γθ))

θ(1 + θ) ((1− α)(1 + θ) + α(1− γθ))

εL =
α(2θ + 1)

θ ((1− α)(1 + θ) + α(1− γθ))
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Generalization and equilibrium properties

The set of models whose equilibrium can be expressed in the reduced-form system (1.15)
- (1.17) can be compactly characterized by building on some recent results of Allen et al.
(2014). Let the world consist of N regions indexed by n, Yn be total income in region n, and
Xin be the value of exports from n to i. Furthermore, let Din be a bilateral trade friction,
λ1 and λ2 parameters, An an exogenous variable and C, an and bn some endogenous model
outcomes. Allen and Arkolakis define a general equilibrium gravity model as any model that
satisfies the following 4 properties:10

1. Balanced trade:
Yn =

∑
i∈N

Xni

2. Goods market clearing:

Yn =
∑
i∈N

Xin

3. Gravity:
Xin = aibnDin

4. Factor market clearing:
Yn = CAna

λ1
n b

λ2
n

These conditions are straightforward, with the exception of condition (4). The purpose
of this condition is to ensure a log-linear representation of labor demand. This condition
typically requires that we can write total income as proportional to the income of some factor
(say labor), which usually implies Cobb-Douglas production and competitive factor markets.
As discussed in detail in Allen et al. (2014), these conditions are satisfied by a wide variety of
trade models including models based on Armington preferences (Anderson, 1979), Ricardian
comparative advantage (Eaton and Kortum, 2002), monopolistic competition (Helpman,
1998; Redding, 2012) and heterogeneous firms (Melitz, 2003). In addition to the simplest
versions of these models, extensions to incorporate features such as intermediate inputs, non-
traded goods, multiple factors of production and others can also be accommodated within
this framework.11

10They also require a particular normalization of world income, but I use a different normalization in my
representation.

11In the model of Section 1.2, an = Yn/Φn and bn =
(

wn
TnL

γ
n

)−θ
. Because it turns out that an ∝ bn in

that model, λ1 and λ2 are not unique (see the subsequent discussion). However, it is true that

εw + εL =
λ1 + λ2

λ1 + λ2 − 1
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Several additional assumptions are required in order to arrive at the reduced form repre-
sentation (1.15) - (1.17). Let λ3 and λ4 be parameters and Bn be a constant. The additional
conditions are then

5. Symmetric trade costs
Din = Dni ∀i, n

6. Proportionality of wage income to total income:

Yn ∝ wnLn

7. Log-linear labor supply:
Ln = Bna

λ3
n b

λ4
n

Condition (5) implies that ai ∝ bi or, equivalently, that Φn = FMAn.12 This result is
crucial to the dimension reduction that lies at the heart of the reduced form representation.
Condition (6) is not restrictive, as any model that satisfies (4) and has labor as a factor of
production will automatically satisfy it. Condition (7) plays a role analogous to condition
(4) for the labor supply side, ensuring a log-linear local labor supply curve.13 Typically
this requires a Cobb-Douglas upper tier of the utility function. Most quantitative economic
geography models that allow labor mobility, including those of Allen and Arkolakis (2014),
Redding (2012), and Donaldson and Hornbeck (2013) satisfy this requirement, as do many
spatial equilibrium models in urban and regional economics.14 This formulation is also
flexible enough to accommodate models with heterogenous locational preferences amongst
workers, so long as they are distributed i.i.d. Fréchet.15

With these conditions in hand, we can state the following proposition:16

Proposition 1 (Conditions for reduced-form representation): Let an economy satisfy con-
ditions (1)-(7), and assume an interior equilibrium. Then there are exogenous variables χwn
and χLn , an endogenous variable Φn and parameters εw and εL such that the equilibrium values
wn, Ln and Φn satisfy the system (1.15) - (1.17).

This proposition forms the basis of the claim that counterfactuals based on the reduced
form (1.15) - (1.17) provide answers that are robust to a wide class of leading economic
geography models. The following propositions establish that we can infer the fundamentals
χwn and χLn from data on wn and Ln as well as the conditions under which these equations
have a unique solution.

12See Allen et al. (2014) for a proof.
13εL = λ3 + λ4
14An important exception are models that allow for non-homotheticity or non-unitary elasticities of sub-

stitution between produced goods and the local fixed factor (Fajgelbaum and Redding, 2014).
15These preferences imply that utility is no longer equalized across workers, allowing the incidence of

changes in trade costs or fundamentals to vary across regions.
16Proofs of all proposition are in the Appendix.
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Proposition 2 (Data to Fundamentals): Given wn, Ln and Din and given the elasticities
εw and εL, there are unique values (up to scale) of Φn, χwn and χLn that solve (1.15) - (1.17).

Proposition 3 (Existence and Uniqueness of Equilibrium (Allen and Arkolakis 2014b)):
Given εw, εL, Din, χw and χL, there exists a solution to (1.15) - (1.17). This solution is
unique if εw + εL ≤ 2.

Propositions 1 - 3 together have the following implication: if we can identify the trade
frictions and the elasticities εw and εL, then we can recover the fundamentals from the
observed regional distribution of wages and employment. From there, provided a unique
equilibrium exists,17 we can change the trade frictions and recover the counterfactual values
of wn and Ln. These counterfactual predictions will be the same for all models in the class
described by Proposition 3.

An additional result, proven by Fally (2014) and of which Proposition 2 is an elementary
consequence, is that equation (1.17) has a unique solution given wnLn and Din. This implies
that, so long as we can identify the Din from some other source, we can compute Φn without
knowing εw and εL.18 The alternative is to identify Φn from the destination fixed effect
in a gravity regression, but this requires a complete set of trade data at the appropriate
geographic level. This property will enable estimation of εw and εL based on equations
(1.15) and (1.16), so long as we can find some valid orthogonality restrictions. The following
section provides a new method for identifying and estimating these key elasticities when only
limited trade data is available.

How should we interpret these elasticities? Generally speaking they measure the sensi-
tivity of the spatial distribution of wages and employment to the underlying geography of
fundamentals and trade frictions: the higher the elasticities, the more sensitive the equilib-
rium allocation. It is also useful to consider the labor supply and demand representation
(1.13) and (1.14) and think of market access as a positive shock to both labor demand and
labor supply via lower prices. Since both the demand and supply of labor increases equi-
librium employment must also increase, but the shocks have offsetting impacts on wages.
Therefore, in any reasonable structural model we expect εL to be positive while the expected
sign of εw is ambiguous, depending on the slope of the labor demand curve as well as the
direct effect of market access on labor demand. This reasoning is only heuristic because
market access is an endogenous variable determined in general equilibrium, but nonetheless
provides useful intuition.

17 An important caveat to Proposition 3 is that it provides sufficient but not necessary conditions for
uniqueness. In general, for models in which εw+ εL > 2, a unique equilibrium exists for sufficiently low trade
costs. Intuitively, note that with zero trade costs Φn = Φi ∀i, n is the only solution to (1.17). This directly
implies unique solutions for wn and Ln at an interior equilibrium.

18This property was also used by Donaldson and Hornbeck (2013) to compute market access in their
study of the impact of nineteenth century railroads on agricultural land prices.
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1.3 Identification

This section outlines a strategy for identifying and estimating the elasticities εw and εL as
well as the trade frictions Din. This strategy relies on trade data (which need not cover
all the relevant geographic units) to identify the bilateral trade frictions Din and changes
in the spatial distribution of wages and employment over time to identify εw and εL. Since
my identification of Din is via an entirely conventional gravity equation estimation, I defer
a discussion of the details to the end of the section.

Elasticities

Identification of the reduced form elasticities εw and εL from the wage and employment equa-
tions (1.15) and (1.16) is challenging due to the structural correlation between market access
and any unobserved fundamentals. As a preliminary first step, I write the (un-normalized)
equations as log differences between steady states at times t and t−1 with common parameter
values but potentially different fundamentals, with X̂nt denoting log(Xn,t)− log(Xn,t−1):

ŵnt = κ̂wt + εwΦ̂nt + χ̂wnt (1.18)

L̂nt = κ̂Lt + εLΦ̂nt + χ̂Lnt (1.19)

Φ̂nt = log

(∑
i

witLit
Φit

·Din,t

)
− log

(∑
i

wi,t−1Li,t−1

Φi,t−1

·Din,t−1

)
(1.20)

One virtue of writing the model in differences is that it eliminates fixed natural advantages,
surely a large factor in economic geography given the persistence of large cities (Davis and
Weinstein, 2002). It also partially eliminates geographic differences in exposure to interna-
tional trade: the relative level of market access of areas like coastal California or the Texas
border with Mexico is systematically understated by a U.S. focus. However, there remains
a necessary structural correlation between Φ̂nt and any unobserved components of the fun-
damentals, which can easily be seen by noting from equation (1.20) that Φ̂nt is correlated
with ŵnt and L̂nt. This implies that OLS estimation based on equations (1.18) and (1.19)
will be biased so long as any component of the fundamentals is unobserved. The OLS bias
depends on the spatial correlation of the χ̂nt and need not be positive.19 Since there are
always unobserved fundamentals in practice, we need an instrument for Φ̂nt.

A study of equation (1.20) suggests two possible types of instruments. If we observe
a change in the trade frictions Din between t and t − 1 that is exogenous with respect to
local fundamentals, then we could use this change plus the initial value Φn,t−1 to predict the

new value Φn,t and use the predicted log difference as an instrument for Φ̂nt. This type of
approach has been used by Donaldson and Hornbeck (2013) and Redding and Sturm (2008)

19While there is a positive causal relationship between χ̂nt and ŵntL̂nt which tends to produce a positive
correlation between χ̂nt and Φnt, if the χ̂nt are negatively spatially autocorrelated then the indirect negative
effect of neighboring shocks can swamp the positive effect of your own shock on your income.
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in economic geography and by Feyrer (2009) in international trade, among others.20 A closely
related approach, pioneered by Topalova (2007) in the case of Indian trade liberalization,
is to use an aggregate change in trade frictions that affects regions differentially based on
some initial characteristic. For example, a reduction in a national product tariff for the
purpose of achieving some national policy objective will affect regions that are net exporters
of that good differently than those that are net importers. If this national policy objective
is exogenous with respect to regional fundamentals, we can use the tariff change weighted
by initial employment in the affected industries to generate an instrument for the regional
change in market access. While these approaches are intuitive and attractive, they rely on
observing the right natural experiment that may not always be available.

An alternative and novel approach is to use shocks to the incomes witLit of other re-
gions that are exogenous with respect to region n’s fundamentals. It is important that these
changes be exogenous: changes in region n’s fundamentals will generally affect the income
of all other regions through trade spillovers, so simple innovations in the incomes of trading
partners will not satisfy the exclusion restriction. Ideally we would observe some component
of the fundamental shocks to other regions that is uncorrelated with the unobserved com-
ponent of region n’s fundamental shocks. If we observed such shocks then, much like the
case of trade frictions described above, we could predict the log change in Φnt and use the
predicted value as an instrument for the true change Φ̂nt. This is the approach I develop in
this paper.

I construct these shocks by extending a common technique in the urban and regional
economics literature originally due to Bartik (1991). For each city, I observe industry level
employment in highly disaggregated industries over time. For each city n and industry j,
let νnt(j) be the growth rate of national employment between t − 1 and t in industry j
excluding city n, i.e. the average growth rate of employment in j over all other cities.
Then construct a shock for the growth rate of total employment in city i that excludes the
influence of city n by taking a weighted average of the νnt(j) across industries, where the
weights are the industry employment shares in city i at time t− 1:

νnit =
∑
j

empi,t−1(j)∑
k empi,t−1(k)

· νnt(j)) (1.21)

In the second step, I use the νnit to construct a shock to the log change in market access as

Ẑnt = log

(∑
i 6=n

wi,t−1Li,t−1(1 + νnit)

Φi,t−1

Dni,t−1

)
− log

(∑
i 6=n

wi,t−1Li,t−1

Φi,t−1

Dni,t−1

)
(1.22)

There are two basic hypotheses behind this instrument. First, the νnit must have predic-
tive power for witLit. The logic of the Bartik approach is that forces that lead to changes in

20None of these papers explicitly estimates a structural model exactly as described above. But they are
in the same spirit in that they use the natural experiment and an econometric framework that accounts in
some fashion for the general equilibrium effects captured by the market access term.
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national industry employment over time disproportionately affect locations that specialize
in those industries. The underlying shocks that lead to these national industry employ-
ment changes can be varied: examples include domestic productivity growth, taste changes,
foreign competition due to foreign productivity growth or reductions in international trade
costs, and shifts in the relative supply of labor across industries. Since the νnit reflect a mix
of all these forces, the relationship with witLit is non-structural and may change across time
periods. Moreover, there is no presumption that the relationship is positive: national indus-
try employment growth could systematically coincide with reallocation away from existing
centers of production.21 The precise mix of underlying shocks and the sign of this relation-
ship are not critical for the identification strategy, so long as the νnit have some (possibly
time-specific) predictive power for witLit.

The second hypothesis is that the νnit are exogenous with respect to changes in local
fundamentals. After stripping out city n’s contribution to the national industry growth rates,
the fact that national employment growth was on average faster (or slower) for industries
in which nearby cities specialize should be unrelated to your own fundamental growth rate.
An obvious objection to this hypothesis is that industries are often clustered across space
(Ellison and Glaeser, 1997), so that the industries that nearby cities specialize in tend to
also be the ones that city n is specialized in. For this reason it is crucial to condition on city
n’s own “Bartik” shock, defined as

νnnt =
∑
j

empn,t−1(j)∑
k empn,t−1(k)

· νnt(j)) (1.23)

This variable encodes the relevant information about city n’s own industry structure and
its relation to n’s fundamental innovation. The modified identification hypothesis is that,
after conditioning on νnnt, the νnit are not correlated with the unobserved component of n’s
fundamental shock.

We are now in a position to write the estimating equations and study the identification
assumptions more formally. Splitting local fundamental shocks into an observed component
νnnt and an unobserved component µnt, we can write equations (1.18) and (1.19) as

ŵnt = κ̂wt + εwΦ̂nt + bwνnnt + µwnt (1.24)

L̂nt = κ̂Lt + εLΦ̂nt + bLνnnt + µLnt (1.25)

The first key set of identifying assumptions are that Cov(νnnt, µ
y
nt) = 0, where y = {w,L}.

This is the usual assumption in the literature that uses Bartik instruments.22 The more novel

21For example, Dumais et al. (2002) document that new plants are often located away from existing
industry agglomerations. If productivity growth takes place in part through the opening of new plants and
the closing of old ones, there might be a negative relationship between national productivity growth in
industry j and employment in industry j at existing plants.

22Because applications of the Bartik approach typically do not control for market access, the actual
identification assumption in the literature is typically that Cov(νnnt, Φ̂nt + µynt) = 0. This much stronger
condition is necessarily false in a world where market access varies across locations.
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set of assumptions is that Cov(Ẑnt, µ
y
nt) = 0. We can study the content of these assumptions

by first taking a log-linear approximation of Ẑnt about the point νnit = 0 ∀i:

Ẑnt ≈
∑
i 6=n

[ wi,t−1Li,t−1

Φi,t−1
·Dnin,t−1∑

i 6=n
wi,t−1Li,t−1

Φi,t−1
Din,t−1

]
· νnit (1.26)

The term in the brackets is the percent contribution of city i to city n’s market access
(excluding n’s contribution to its own market access) in period t − 1. Since in practice the
νnit do not vary much across origin city n but only across destination city i,23 we can think
of Ẑnt as (roughly) a weighted average of national shocks where only the weights vary across
n. The key identification assumption can then be (roughly) expressed as the proposition
that cities with high unobserved shocks are not systematically “closer” (in a market access
sense) to cities with high observed Bartik shocks.

In general there is no reason to think that this is the case. However, one possible violation
is that cities that are very close to one another may share a labor market through commuting.
If cities n and i are within commuting distance and city i receives a large Bartik shock, this
may directly raise measured wages and employment in city n if workers in city n are employed
in city i. In order to exclude this possibility, I eliminate the contribution of cities within
200 km from the instrument Ẑnt. In robustness checks, I will also control for the possibility
that larger cities receive higher Bartik shocks (weakly true in the data) and also have higher
unobserved shocks, which is certainly plausible. This situation would indicate a violation of
the usual Bartik assumption that Cov(νnnt, µ

y
nt) = 0, although not necessarily a violation of

the assumption that Cov(Ẑnt, µ
y
nt) = 0.

Since the relationship between the Bartik shocks, the instruments and market access
is not structural, there could be differences in the predictive power (or sign) of shocks to
different industries as well as non-linear and time - varying components in the relationship.
The literature that utilizes the Bartik approach has typically found different effects for
shocks shocks to tradable and non-tradable industries (Moretti, 2010, 2011), so I make that
distinction as well for both the shocks and the instruments. In addition, I allow the first
stage relationship between the instruments and market access to vary over time and include
squared values of the instruments. Relaxing the linearity restrictions improves the fit of the
first stage in most specifications as well as generating useful overidentification restrictions.
It also mitigates concerns that the instruments are correlated with the error term through a
time-varying or nonlinear term, which would violate the exclusion restriction.

Bilateral trade frictions

In this section I discuss the identification and estimation of the bilateral trade frictions Din.
Given the lack of obvious formal barriers to trade within the U.S., studies of internal trade

23This is a consequence of the fact that most cities account for a very small percentage of employment
growth in any given industry, so the national industry growth rate that excludes a city’s own contribution
is very similar to one that includes the own contribution.
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costs have focused primarily on distance and to a lesser extent the mode of transportation
(Allen and Arkolakis, 2014; Duranton et al., 2014; Hillberry and Hummels, 2008, 2003).
Most studies have focused on a log-linear specification for trade costs: Din = −θδ · log(din),
where din is the distance between i and n, θ is the elasticity of trade with respect to trade
costs and dδin is the iceberg trade cost. Since my primary interest is not testing hypotheses
about individual coefficients but rather characterizing Din as accurately as possible, I do not
restrict the relationship to be log-linear but use following flexible functional form

log(Din) = −θδ ·
5∑

k=1

ζk log(din)k (1.27)

where δ1 is normalized to 1. Here δ controls the level of trade costs while the δk control the
shape of the relationship between trade costs and distance. I also assume that trade flows
are measured with classical measurement error ξin. Under these assumptions, the estimating
equation becomes

πin = ai · bn · exp

[
−θδ

5∑
k=1

ζk log(din)k · ξin

]
(1.28)

I estimate this equation using Poisson Pseudo-Maximum Likelihood (Silva and Tenreyro,
2006) using data on trade between major urban areas via all modes of transportation from
the 2007 CFS, excluding shipments that terminate within the area of origin .24 Figure 1.3
graphs the estimated log trade friction as a function of distance. While relatively close
to linear, the estimated trade frictions increase somewhat more than linearly at medium
distances and somewhat slower than linearly at higher distances. 25

One strength of my approach is that I do not need to distinguish between the trade
cost parameter δ and the trade elasticity θ, which are not separately identified in a gravity
regression. The range of uncertainty about the appropriate values of θ and δ for domestic
trade is large.26 My approach eliminates this source of uncertainty by using only the reduced

24The CFS includes shipments from wholesalers as well as producers, and wholesalers tend to ship very
short distances. Including wholesalers (which cannot be separated in the public use CFS data) leads the
estimates to exhibit substantial home bias which may not be related to the relevant trade costs Hillberry
and Hummels (2003). I exclude within-region shipments in order to reduce the influence of wholesalers on
the estimates, but in practice including them yields very similar results.

25When Din is constrained to be log-linear in distance, the estimated −θδ is -1.01 with a standard error
of .05 (clustered at the origin), consistent with other U.S. studies using more detailed micro data from the
CFS (Hillberry and Hummels, 2003).

26A typical value of θ = 4 from the international literature(Simonovska and Waugh, 2014) together with
a log-linear estimate of θδ ≈ 1 implies large domestic trade costs that are difficult to explain in terms of
observable costs. Very roughly, this calibration implies the equivalent of an ad valorem tariff of about 110%
on shipments between New York and Boston and about 300% on shipments between New York and San
Francisco. In addition to the a priori implausibility of such large domestic trade costs, recent estimates
from Atkin and Donaldson (2012) using data on the spatial distribution of prices a subset of consumer goods
find that δ ≈ .02, which together with the log-linear gravity equation implies a θ of roughly 50. This range
of uncertainty coupled with the quantitative significance of the choice of θ means that an approach that
requires calibrating this parameter introduces a large amount of uncertainty into trade cost counterfactuals.
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form elasticities estimated from the data.

1.4 Estimation Results

Data

In this section I briefly describe the data sources and the construction of the variables I use
to estimate the equations (1.24) and (1.25).

The basic geographic unit is the Metropolitan Statistical Area (MSA), as defined by
the Office of Management and Budget based on the 2010 standards. MSAs are groups of
counties clustered around a substantial urban area and featuring substantial cross-county
commuting flows. Labor market and other highly localized externalities are likely to be
much stronger within MSAs than with neighboring counties or across MSAs, making them
the best geographic unit to distinguish the effect of trade linkages. The main sample periods
are 1990-2000 and 2000-2007, although I will also examine the same specifications in “long
differences” between 1990-2007 as a robustness check. I use 2007 as the end date to avoid
the influence of the Great Recession, although I also check robustness to using 2010 as the
end date.

I use data on wages from the Census and American Community Survey microdata samples
from IPUMS. In the model the labor force is homogenous, but there is significant geographic
variation in the composition of the labor force and hence the distribution of wages. In
line with the literature on local labor markets, I adjust each location’s average wage for
composition effects by regressing log wages on covariates such as age, education, race, sex
and others using MSA-year fixed effects.27 I treat the MSA-year fixed effects from this
regression as the measure of local wages at time t. I use employment estimates derived from
the 1990 and 2000 Census counts and the ACS 5 year estimates for 2007 s my measure of
Lnt.

28

Using data on wages and employment as well as bilateral trade frictions for all location
pairs, the N equations (1.17) can be solved for a unique value of market access Φnt for each
location and time. I use boundary files from the Census to calculate the centroid of each
MSA and treat the distances between the centroids as the distance between the locations.
In the baseline empirical model I use the MSA-year fixed effects from the wage regressions,
the Census civilian labor force and the sample of 377 MSAs to construct market access. This
ensures internal consistency between the estimating equations and the model, so that the
residuals from the regressions can be treated as the true structural errors. However, there
are two potential problems with this construction. One is that it omits rural counties and

27This requires assigning workers to MSAs or counties, but IPUMS does not typically report these geogra-
phies. Instead it assigns workers to Public Use Microdata Areas (PUMAs), which can overlap with MSAs
and counties in arbitrary ways. I use a probabilistic algorithm to assign workers to counties, then aggregate
to the MSA level. See the Appendix for details.

28Results are very similar when using the civilian labor force aged 16 or over.
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towns which also contribute to a location’s market access and do so unevenly across different
locations. The other is that the composition-adjusted wages will understate relative wages
in areas with many highly educated workers and overstate it in areas with less educated
workers. These issues are potentially quite serious because they may give rise to non-classical
measurement error.

I address this issue by constructing an alternative measure of Φnt based on total wage
income that covers the continental U.S. I use data on total wages and salaries by county
from the Burea of Economic Analysis (BEA), then aggregate to a mix of MSAs and counties
not included in MSAs for a total of 2317 locations. I then solve equation (1.17) using this
alternative sample and income measure to obtain the alternative measure of Φnt for each
time period. The average correlation at each point in time between the two measures is .97,
indicating that the potential bias is small. In unreported results I verify that the estimates
are insensitive to the measure of Φnt used.

I construct the shocks νnit from detailed industry employment by county from the Census
County Business Patterns (CBP). The CBP do not always report total local industry em-
ployment due to confidentiality concerns but they do always report detailed establishment
size counts. I use these establishment size counts to impute missing observations of total
employment by multiplying the midpoint of each establishment size class by the number of
establishments and summing across class.29 The 1990 CBP uses the 1987 SIC while later
years use the 2007 NAICS, so I construct a bridge between the classification systems by using
weights developed by the Census.30 The 1990 CBP does not always report employment at
the 4-digit SIC level (equivalent to 6-digit NAICS), so I construct the concordance between 3
digit SIC and 6 digit NAICS, then consolidate the employment counts to the 4-digit NAICS
level.

Estimates

Table 1.1 gives the summary statistics for the key variables. There is significant positive
spatial autocorrelation in all three endogenous variables as measured by the Moran’s I index
of spatial autocorrelation. The spatial autocorrelation is especially high for market access,
which makes intuitive sense since cities that are close to one another must have roughly
the same set of trading opportunities. This spatial autocorrelation undoubtedly results from
both correlated unobserved shocks as well as observed shocks and trade linkages, which raises
two potential issues. The first is that I need an estimation technique that is robust to spatial

29I set employment per establishment to 5000 for the 5000+ category. Alternatively, I could use slightly
more sophisticated regression-based methods that attempt to account for differences in average within-class
establishment size across industries and locations. These alternative imputation methods yield somewhat
more accurate local employment counts but very similar values of νnit because the errors of the cruder
method tend to average out.

30The bridge can be found at https://www.census.gov/epcd/ec97brdg/. It goes between the 1987 SIC
and the 1997 NAICS. A few codes are missing from this bridge; in these cases I supplement with other
published concordances. Going from the 1997 NAICS to the 2007 NAICS is comparatively straightforward,
with very few classification changes at the 4 - digit level.
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dependence and serial correlation in the error term. I use standard errors clustered at the
state level as my baseline. 31 The second is that the instruments might exhibit substantial
correlation with the unobserved fundamentals in finite samples even if the exclusion restric-
tion holds. This could manifest as large standard errors but also as substantial bias in either
direction. Thus an important test of the estimates will be assessing their stability when
controlling for any observed spatially correlated trends that affect the growth rates of wages
and employment.

Results

Table 1.2 reports the results of estimating equations (1.24) and (1.25) for εw in Panel A
and εL in Panel B. Full results for all first and second stage regression coefficients can
be found in the Appendix. The first two columns report the OLS and 2SLS estimates
of these equations without including city n’s own Bartik traded and non-traded shocks
in the regression equation. The estimates are large and relatively precise, with the 2SLS
estimates being quite similar to the OLS estimates. However, the Hansen J-statistic indicates
a potential violation of the overidentifying restrictions in the employment equation. As
argued above in Section 1.3, the IV estimates omitting the Bartik shocks will be inconsistent
if the shocks are spatially autocorrelated. Columns (3) and (4) control for this possibility by
including the traded and non-traded shocks interacted with year dummies in the regression
equations. The estimates are similar, although somewhat smaller for εL. The estimates are
significantly smaller in both specifications, with the IV estimates now somewhat smaller
than the OLS.

The J-statistic still indicates a potential violation of the overidentifying restrictions in the
employment equation. The most likely possibility is that there are some spatially correlated
trends in regional growth rates that happen to be correlated with the instruments in this
sample. Columns (5) and (6) include region-time dummies in order to capture these trends
in a flexible way, where the regions are defined as the Census regions of the Northeast,
Midwest, South and West. The partial R2 (i.e. net of the region-time dummies) in these
specifications is substantially lower and the overidentification tests no longer fails to reject,
consistent with the hypothesis of region-time trends in the growth rates leading to bias. The
new IV estimates are modestly lower, but both estimates remain large and relatively precise.
There is also a marked deterioration in the strength of the instruments, although not to the
point at which they would be of major concern.32

31Conceptually, clustering at the state level is not quite correct because there can certainly be spillovers
across states. Clustering at larger geographic levels and implementing non-parametric corrections for spatial
dependence (Conley, 1999) resulted in similar but somewhat less conservative standard errors, so I report
the more conservative results. Another issue is that the reported standard errors do not account for the
fact that market access is a generated regressor. I will use bootstrap methods to account for the error in
estimating market access in future versions of the paper.

32The reported Kleibergen-Paap statistic still comfortably exceeds the Stock-Yogo critical values at the
5%level. However, these are calculated under the assumption of i.i.d. errors, so presumably they are too low
for the case of clustered errors.
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I focus on the estimates in Column (6) as the baseline estimates for the rest of the paper.
Going from the OLS specification (5), correcting for the endogeneity of market access has
a modest downward impact on the estimated coefficients, with about a 15% decline for
the estimated εw and about a 20% decline for εL. This is consistent with modest positive
spatial autocorrelation in the unobserved fundamentals, although this pattern could also be
produced by a combination of high spatial autocorrelation and measurement error in market
access. Relative to specifications that do not control for own shocks or regional trends,
there is also a modest decline in the estimated coefficients. What is most striking about
the estimates, however, is that they remain quite high. They imply that doubling a city’s
market access relative to other cities is, all else equal, associated with 60% increase in its
wage and a 200% increase in employment. This way of thinking is somewhat misleading
because market access is an endogenous variable that is determined in equilibrium. It is
impossible to increase a location’s market access holding all else constant, and there is no
simple and transparent function that maps changes in the exogenous variables to changes
in market access. A better way to quantify exactly what these estimates imply for the
response of the economy to changes in exogenous variables is through simulations, which are
conducted in Section 1.5.

I subject this result to a number of robustness checks in Table 1.3. In column (1) I replace
the region-time fixed effects with Census division-time fixed effects (9 divisions). The results
are similar, although the standard errors are significantly higher and the strength of the
instrument is further diminished. This highlights the inherent limits of this identification
strategy: since changes in market access are highly spatially correlated, we cannot partial out
too much of the spatial variation in growth rates. Column (2) includes the log of employment
in 1990 as an additional regressor on the theory that large cities may be different than small
cities along some unobserved dimension that may be correlated with the instruments. On
the same theory, columns (3) and (4) drop very large and very small cities from the sample.
Column (5) includes two variables that may have influenced city growth and are also spatially
correlated: January temperature and the share of college educated workers in 1990.33 The
estimate are quite stable across these different specifications.

The last column (6) of Table 1.3 reports the results of using an alternative measure of
market access known as “Harris market potential” (Harris, 1954). This measure, defined as

ΦH
nt =

∑
i

witLit ·Dni,t (1.29)

is similar to the theoretically derived market access term but does not adjust for the com-
petitiveness of the local market. The estimated coefficients using Harris market potential

33An examination of the spatial pattern of wage and labor force growth in Figures 1.1 and 1.2 shows
that warmer locations such as Florida, California and the Southwest have seen faster growth on average.
Some previous studies suggest an increased valuation of warm weather may be contributing to this trend
(Rappaport, 2007). Similarly, cities that specialize in products that are intensive in skilled labor may
have different growth rates over the sample period due to the offshoring of unskilled tasks and skill-biased
technological change (Glaeser and Saiz, 2004).
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are substantially lower, although still sizable and quite precisely estimated. While the the-
ory clearly favors the usual market access term as the regressor, its computation requires
some assumptions (such as balanced trade) that may not hold empirically. It is not at all
clear what bias, if any, is imparted to the estimates by violations of these assumptions nor
is it clear that using Harris market potential corrects in any way for this potential bias.34

Nonetheless, it is an important reminder that the reported standard errors may substantially
understate the degree of uncertainty underlying the estimates once we account for errors in
measurement and specification.

In the appendix I report the results of estimating the same specifications in Tables 1.2
and 1.3 using a “long difference” specification for the single period 1990-2007. The results
are very similar to the findings presented here, although the estimates are generally less
precise and the instruments somewhat less strong.

Discussion

The empirical results suggest that the elasticity of wages with respect to market access is
roughly .6 and the elasticity of employment is roughly 2 in the contemporary United States.
How large are these estimates relative to the literature or our expectations? The wage
equation has been estimated many times in various contexts. My setting is closest to that of
H Hanson (2005), uses data from all counties in the United States for the period 1970-1990.
Hansen utilizes non-linear GMM and imposes some strong assumptions on the unobservables,
but despite these and other differences his estimates are quite similar at roughly .50 for most
specifications. My estimates are also similar but slightly higher than those in the seminal
paper of Redding and Venables (2004) and the more recent paper by Head and Mayer (2011),
who estimate the wage equation in an international context. The employment elasticity has
been estimated much less frequently, but is considerably larger than found for regions in
Europe by Head and Mayer (2006) who find weak to non-existent adjustment of employment
to market access. While there are many differences in specification that could help account
for the different results, the most likely explanation is large structural differences between
European and U.S. labor markets. Labor mobility is much higher between U.S. states than
between European regions (Obstfeld et al., 1998), and U.S. firms tend to have considerably
more flexibility to hire and fire workers than their European counterparts.

One could also evaluate the magnitude of the estimated coefficients relative to priors
about the structural parameters of a particular model. For example, one could take the
Eaton-Kortum model of Section 1.2, calibrate “reasonable” values for α, γ and θ and compare
the implied calibrated values of εw and εL to the estimates. This exercise is interesting, but
it has limitations. There are many underlying structural models that can rationalize the
estimates, so we will not be able to single out a particular model as the best fit to the
data. Moreover, whether or not a structural model provides a good fit to the estimates will

34The corresponding OLS estimates using Harris market potential are also quite a bit lower at 0.49 and
1.56 respectively. Thus the relationship between the OLS and IV estimates is approximately the same in
both specifications.
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be sensitive to the richness of the model: for example, a model that does not match the
estimates might match them much more closely if we added intermediate goods. For these
reasons, I first focus more on the positive implication of the estimates that do not require
completely specifying a structural model. Later in the paper (Section 1.6) I compare the
ability of several popular structural models to rationalize the estimates and show how the
welfare implications of reducing trade costs can differ dramatically across models that match
the estimated elasticities equally well.

There are at least two important caveats to the results. One is that there may be
additional sources of spillovers between cities in addition to trade linkages. While the 200km
exclusion zone imposed in the construction of the instruments addresses the issue of local
labor market externalities, spatial externalities due to the diffusion of ideas or technology
might operate at longer distances (Ellison et al., 2010). It is impossible to measure these
knowledge flows and including the appropriate RHS variable in the estimation. However,
while this factor would certainly alter the structural interpretation of the parameters it need
not invalidate the reduced form estimates and the counterfactuals based on them.35 A second
potential source of bias is the selection of higher-skilled workers towards larger cities (Young,
2013). The measure of wages used in the estimating equations is purged of the influence
of major determinants of skill such as age and education, but there is no doubt significant
remaining heterogeneity amongst workers with similar observable characteristics. One might
conjecture that this effect would be especially pronounced for the larger cities in the sample
and take comfort that the estimates barely change when the largest cities are dropped from
the sample (Table 1.3). However, it is difficult to rule out this source of bias entirely.

The last comment concerns the possibility of multiple equilibria at the estimated pa-
rameter values. Recall from Section 1.2 that a unique equilibrium in this class of models is
guaranteed for εw + εL ≤ 2, which the baseline estimates exceed by a considerable margin.
While the idea of multiple equilibria has a long history in economic geography, with one
well-known example being the explanation of the formation of the U.S. manufacturing belt
in the seminal paper of Krugman (1991), the alternative equilibria that appear to be gener-
ated by the model do not seem very plausible. They resemble “black holes” in that economic
activity collapses around a megacity and quickly declines as one moves further away.36 Table
1.4 illustrates the employment for the top five cities in two alternative equilibria centered
around New York City and Los Angeles respectively. In each case the megacity and the
surrounding cities absorb a large fraction (though not all) of the population of the country.

35If knowledge flows from i to n are roughly proportional to income at the origin i and that knowledge
flows decay at roughly the same rate as does trade, then the estimated elasticities will reflect this additional
force but nevertheless be roughly correct in the sense of yielding accurate counterfactuals. If knowledge
flows systematically depart from these assumptions then the elasticities and counterfactuals will be biased,
although the direction of the bias is not clear. I plan to explore the impact of different assumptions in a
future version of the paper.

36I have come to this conclusion after an extensive grid search over initial conditions. This conclusion ap-
plies only to stable equilibria: there may be additional unstable equilibria that numerical solution algorithms
cannot identify.
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While it is possible that these equilibria represent an alternative vision of the future, per-
haps a more plausible explanation is that the model abstracts from some important feature
of reality that acts to eliminate these equilibria. One natural possibility is that demand for
the fixed factor is non-homothetic and cannot fall below some subsistence level. Investigat-
ing the effect of this non-homotheticity on the equilibrium properties and predictions of the
model is an interesting area for future research.

It also appears from numerical work that the multiple equilibria disappear for modest
reductions in the observed trade frictions. This allows the unambiguous computation of
globally valid counterfactuals for the reductions in trade frictions that I study in the following
section.

1.5 Implications for U.S. Economic Geography

In this section I examine the implications of the estimates for the role of trade costs in
the spatial distribution of employment in the U.S. I focus on employment because the as-
sumptions underlying the reduced form (1.15) - (1.17) do not permit the calculation of any
welfare-relevant measure of wage changes. The computed wage changes are an essential ele-
ment in the determination of equilibrium employment but not inherently interesting objects
themselves without imposing more structure on the model.

One measure of the importance of trade costs for the distribution of employment across
cities is the proportion of the variance of log employment due to market access (Allen and
Arkolakis, 2014; Redding, 2012). Since employment is log-linear in market access and fun-
damentals, we can use equation (1.16) to decompose the variance of log employment into
the variance of log market access, the variance of the fundamentals and two times their
covariance. The proportion of the variance due to trade costs is simply the variance of the
fundamentals, since in a world without trade costs the variance of market access and the co-
variance will vanish. However, this measure is not invariant to changes in the fundamentals
due to the presence of the covariance term which is not generally zero. Since there is no nec-
essary relationship between εL and the covariance of market access with the fundamentals,
a high value of εL can coincide with a low proportion of variance due to market access and
vice versa.

Table 1.5 reports the results of this decomposition for employment growth between 1990
and 2007 and the 2007 log employment levels. Variation in market access makes a positive
contribution to the variance of employment growth over this period but close to a zero
contribution to the variance of log employment in 2007 due to a negative covariance between
market access and the fundamentals. Thus, removing trade costs completely in 2007 would
result in a very similar second moment of the (employment) city size distribution. This
result is interesting, but could be consistent with large changes in the relative rankings of
cities as well as the spatial distribution of employment that preserve the variance of the city
size distribution. This highlights the fundamentally limited informational content of this
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measure and motivates a more direct examination of counterfactual changes in the entire
distribution.

Figure 1.4 maps the contribution of changes in market access to the log changes in
the share of national employment located in each city over the period 1990-2007. In this
counterfactual scenario I assume that the observed variation in 1990 employment is due
entirely to fundamentals, i.e. trade costs are 0 in 1990 and remain at zero through 2007. I
then assume that the actual estimated change in fundamentals χLn,2007 = L̂n,2007 − εLΦ̂n,2007

is the same in the counterfactual world. The difference between the observed change in
employment and the counterfactual change in employment is then simply εLΦ̂n,2007, which
I take as the contribution of changes in market access to employment growth. The figure
indicates that Florida, Texas, and some Western states in particular have seen roughly 10-
25% higher growth than they would have in a world without trade linkages, while employment
growth in the Northeast has been around 10% slower. The positive covariance between
fundamental and market access growth (Table 1.5) indicates that trade linkages have tended
to amplify the impact of fundamental shocks over this period.

I now turn to computing counterfactuals with respect to trade costs. I take the estimated
2007 fundamentals as given and consider two counterfactual scenarios: 20% and 100% global
reductions in the trade cost parameter δ from the gravity regression. The latter counter-
factual is a natural benchmark, while the former is motivated by speculative but plausible
projections for reductions in transportation and other trade costs that may emerge over the
next few decades.37 Given our limited understanding of the nature of trade costs it is diffi-
cult to make accurate quantitative predictions regarding their evolution, so these calculations
offer illustrations rather than predictions.

Figures 1.5 and 1.6 map the counterfactual changes in log employment for the two scenar-
ios. The maps are qualitatively similar, with the Northeast and parts of the Midwest losing
substantial portions of their population to the South and West. The quantitative impact
of the 20% reduction is large, especially in the Northeast where its share of total national
employment falls from 20 to 12%. The largest proportional gains accrue to the relatively
sparsely populated cities of the South and West, although some larger cities such as Dallas,
Phoenix and Minneapolis make substantial gains as well. California is an exception to the
regional pattern, losing a modest amount of its population in both scenarios. Overall, the
impact of the change is to disperse employment more evenly around the country.

Figure 1.7 examines the counterfactual changes in employment by initial log employment.
There is a negative relationship between initial city size and the counterfactual employment
change due to declining trade costs, although there is substantial heterogeneity in the effect

37A recent study by Morgan Stanley estimates the potential annual cost savings from autonomous vehicles
at $1.3 trillion in the United States (Global Research Group, 2013), or about 75% of total transportation-
related GDP according to the U.S. DOT. In trucking alone the estimated cost savings are $168 billion from
total sales of $642 billion, or about 25% of the total. These types of changes are not unprecedented: Glaeser
and Kohlhase (2004) document that transportation costs for many good have fallen by over 90% over the
course of the 20th century. Harder to quantify is the potential for improved communications technology to
reduce costs of obtaining and exchanging information across distance.
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for each initial city size. The largest city, New York, suffers an almost 50% decline in
employment when trade costs are reduced to zero, while Chicago and Los Angeles lose closer
to 20% of their initial employment. Figure 1.8 examines the resulting changes in the log
city size distribution for each scenario. The distributions become flatter in each case, with
fewer small cities and more medium-sized cities than observed in the actual distribution.
The counterfactual distributions have very similar right tails, except at the extreme where
the very largest cities disappear from the distribution. This relative stability of the right
tail coincides with substantial churning in the identities of the largest cities, as the maps of
employment changes in Figures 1.5 and 1.6 indicate.

These counterfactuals offer an interesting perspective on the dense urban and regional
agglomerations of the Northeast, California and the eastern portion of the Midwest. These
regions have very favorable fundamentals, and remain densely populated even in the scenario
with zero trade costs. However, the model suggests that these high natural advantages have
been considerably amplified by spatial externalities resulting from trade frictions which help
account for their disproportionate economic weigh relative to other regions. As the impor-
tance of these trade frictions decline, the relative economic weight of these historic centers
will decline in favor of more historically isolated locations that possess significant natural
advantages of their own. To be sure, there are a number of caveats to this interpretation.
In addition to those discussed earlier in the paper, it may be that large cities are becoming
relatively more productive or attractive places to live in or near (Glaeser and Gottlieb, 2006).
This force, which is consistent with the increasing concentration of the US. population in
large regional agglomerations (“megalopolises”), would tend to counteract the dispersive
forces generated by declining trade costs. Nevertheless, the results of this paper suggest that
declines in trade costs have the potential to significantly shift the economic center of gravity
of the U.S. towards the Southern and Western regions.

1.6 Structural models and welfare implications

This section examines the ability of several different structural models to rationalize the
estimates of εw = 0.60 and εL = 2 found in Section 1.4 and evaluates the welfare implications
of reduced trade costs in these models. The number of models that are consistent with the
reduced form system (1.15) - (1.17) is large, and I do not attempt an exhaustive discussion.
Instead, I examine two common models and some basic variations that help illustrate the
types of economic forces that can generate the estimated values of the elasticities.

I begin by examining the structural model based on Eaton and Kortum (2002) laid out
in Section 1.2. Using the local labor demand and supply representation of the model in
equations (1.13) and (1.14), we can take logs and totally differentiate each equation with
respect to log(Φn) to derive equations relating the structural parameters to the reduced form
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elasticities:

εw = εL
γθ − 1

1 + θ︸ ︷︷ ︸
Indirect effect

+
1

1 + θ︸ ︷︷ ︸
Direct effect

(1.30)

εw = εL
1− α
α︸ ︷︷ ︸

Indirect effect

− 1

θ︸︷︷︸
Direct effect

(1.31)

Using either the inverse labor demand or labor supply equations, we can decompose the
elasticity of wages with respect to market access into a direct effect of market access on
wages and an indirect effect through changes in the labor force. For labor demand (1.30),
the direct effect of greater market access is positive while the indirect effect may be positive
or negative depending on how much additional workers raise the productivity of existing
workers, i.e. the size of γ. For the inverse labor supply the direct effect of higher market
access (i.e. lower price) is negative while the direct effect must be positive. Notice that
local externalities γ only appear in equation (1.30) while the fixed factor expenditure share
α only appears in (1.31). The equations are linked through their common dependence on
the Fréchet productivity dispersion parameter θ.

There are three structural parameters: with only two estimated elasticities, the model
is underidentified. However, there are two natural benchmark cases that each eliminate a
parameter. Setting γ = 0, we obtain the “standard” competitive Eaton-Kortum (“E-K”)
model. If we set γ = 1/θ and reinterpret θ + 1 as the elasticity of substitution between
varieties (θ = σ − 1) we get a basic economic geography version of the Krugman (1980)
monopolistic competition model developed by Helpman (1998) (“K-H”). These are the mod-
els considered in Redding (2012) and represent two contrasting views on the strength of
agglomeration and dispersion forces. In the basic E-K model, there are no externalities and
hence agglomeration forces tend to be relatively weak. In contrast, the K-H model features
a strong endogenous agglomeration force through the interaction of scale economies, love of
variety and trade costs.38 This contrast makes them natural benchmarks to compare to the
estimated elasticities.

The first two columns of Table 1.6 display the implied structural parameters for the
basic E-K and H-K models. The basic E-K model is flatly rejected by the data: there are no
admissible structural parameters consistent with the estimated elasticities. The basic H-K
model does somewhat better, although the implied value of σ is quite small relative to the
usual calibrated value of 5-6 and the implied value of α is also very small relative to the U.S.
share of non-housing expenditure of .75 used by Redding (2012). Thus neither basic model
matches the data well under standard calibrations.

The basic problem that these models have in fitting the data can be understood by
focusing on the labor demand equation (1.30). The high estimated value of εw implies that

38While this agglomeration force arises from a completely different mechanism than the exogenous labor
market productivity spillover γ, mathematically the monopolistic competition model is nested in the Eaton-
Kortum model as a particular value of γ.
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the combined direct and indirect effects are strongly positive. In the basic E-K model the
indirect effect is negative and, at the estimated value of of εL = 2, necessarily dominates the
direct effect. Thus the basic E-K model can only rationalize a positive εw if both εL and
θ are much lower than seems plausible. In the K-H model the indirect effect is eliminated;
however, the estimated εw is so large that an implausibly small σ is needed to match it.

The models can do a better job of matching the data if we add mechanisms that boost
the direct effect and, for the E-K model, make the indirect effect less negative or positive.
Adding intermediate goods and mobile capital to the model boosts the direct effect for given
σ by amplifying the impact of market access on labor productivity.39 Letting ς be the share
of intermediate goods in gross output and β be the labor share of value added, we can write
the new equation for the labor demand parameters as

εw = εL
γθ − 1

1 + β(1− ς)θ︸ ︷︷ ︸
Indirect effect

+
1

1 + β(1− ς)θ︸ ︷︷ ︸
Direct effect

(1.32)

The third and fourth columns of Table 1.6 display the implied parameters using the standard
calibrations ς = .5 and β = .66. The E-K model without externalities still cannot match
the estimated elasticities, because these changes also make the indirect effect more negative
for a given θ. The richer K-H model does much better, with the implied σ and α roughly
matching conventional values. Column 5 shows that an E-K model with a relatively high
trade elasticity θ and high local externalities γ can also match the estimates. This latter
scenario offers an interesting alternative interpretation of the observed rapid decline of trade
with distance, attributing it to weak comparative advantage across locations rather than high
trade costs. While non-standard, this interpretation is consistent with recent evidence from
Atkin and Donaldson (2012) who find relatively low trade costs between locations within the
U.S.

While these different structural models generate exactly the same positive predictions
for the impact of declining trade costs, the welfare implications differ substantially. As an
illustration, Table 1.7 computes the welfare gains from reducing trade costs by 20% and
100% for each of the models that match the estimated elasticities. The basic K-H model
implies very large welfare gains from even modest reductions in trade costs, while the K-H
model with intermediate goods and capital implies smaller but still substantial gains. The
E-K model with a high trade elasticity features the smallest gains, roughly half those found
in the comparable K-H model. The basic difference comes from the fact that the higher trade
elasticity implies lower initial trade costs, which reduces the gains from lowering them further.
Which view of domestic trade costs is correct is of first order importance for understanding
the welfare implications of the estimates.

39Incorporating these features into the model of Section 3.2 is straightforward. One slightly non-standard
assumption that must be made is that, although capital is mobile between regions, capital income earned in
region n is spent in region n. This assumption is necessary in order to maintain the proportionality of wage
income and total income that is required for Propositions 1-3.
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This analysis is obviously dependent on picking a few structural models out of the larger
pool of models that fit in the general framework laid out in Section 3.2. However, it is difficult
to think of a model without some sort of strong local externality that can rationalize the high
estimated elasticity of wages with respect to market access. Structural analyses of issues in
economic geography should take these results into account when specifying and calibrating
models.

1.7 Conclusion

The estimates in this paper imply that trade costs play a quantitatively significant role
in U.S. economic geography and that relatively modest changes in trade costs can have a
large impact on the spatial distribution of employment across U.S. cities. These results are
valid for a wide class of quantitative economic geography models and robust to a number of
alternative statistical models. This finding may appear surprising in light of the relentless
fall in transportation and communication costs over the past few centuries, hailed by some as
the “death of distance.” However, the consequences of trade costs for economic geography
depend on both the size of trade costs and the sensitivity of wages and employment to
differences in trade costs. The results are consistent with a world characterized by low trade
costs, weak comparative advantage across locations and strong agglomeration forces. In
this environment, relatively small changes in trade costs or other fundamentals can cause
significant shifts in the city size distribution and the spatial distribution of employment.
This characterization seems to fit the contemporary United States, with its high degree of
labor mobility, lack of formal trade barriers and relatively similar institutional environments
across regions.

These findings have implications for both interpreting the past and predicting the future
evolution of U.S. economic geography. A striking trend has been the relative growth of
the South and the West at the expense of the North and the Midwest, extending back
to the immediate post-WWII era. An interesting topic for future research is to explore the
role of changing trade frictions relative to changing fundamentals in generating this historical
pattern of spatial reallocation. As for the future, the model suggests that reductions in trade
costs today would result in further population movements towards the South and West. If the
reductions in transportation costs due to autonomous vehicles that many expect materialize,
we may see a continuing shift of economic activity towards these regions.

There are several additional avenues for future research. The identification strategy de-
veloped in this paper can be applied in an international context as well, where one interesting
application is to estimate the parameters of the general equilibrium gravity trade model re-
cently proposed by Allen et al. (2014). More generally, it will be useful in situations where
an exogenous shock to the incomes of trading partners is required for identification. Another
potential direction is to extend the model to include a richer role for housing in the form of
non-homothetic demand and variation in local supply elasticities. These factors surely play
a quantitatively important role in the dynamic evolution of contemporary U.S. economic
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geography.
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Figure 1.1: MSA wage growth, 1990-2007
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lc_wage
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0.53 - 0.55
0.56 - 0.58
0.59 - 0.64

Notes Change in log residual wages calculated from U.S. Census IPUMS data. See the Data Appendix for details.
Geographic units are MSAs by the 2010 OMB definitions.

Table 1.1: Summary statistics

mean sd iqr min max Moran’s I
∆ Log Wages, ŵnt .25 .07 .12 .06 .46 .11

∆ Log Employment L̂nt .12 .10 .12 -.13 .73 .16

∆ Market Access, Φ̂nt .18 .05 .08 .09 .28 .38
Tradable employment shock, ν̂Tnt .01 .03 .05 -.11 .13 .09
Non-tradable employment shock, ν̂NTnt .15 .07 .13 .01 .35 .07

Tradable employment instrument, ẐT
nt .02 .03 .05 -.01 0.06 .34

Non-tradable employment instrument, ẐNT
nt .15 .07 .14 .07 .23 .32

Notes All statistics are for the 1990-2007 period. There are 377 observations for each variable, each corresponding
to an MSA by the 2010 OMB definitions. Moran’s I was calculated using a inverse distance spatial weight
matrix with no cutoff distance. All values of Moran’s I indicate a rejection of the null hypothesis of no spatial
autocorrelation at the 1% level.
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Figure 1.2: MSA employment growth, 1990-2007
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Notes Change in log employment from U.S. Census. Geographic units are MSAs by the 2010 OMB definitions.

Figure 1.3: Trade frictions and distance
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Figure 1.4: Contribution of market access to employment growth, 1990-2007
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percent_change
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Notes Percent change in the share of national employment in each city between 1990 and 2007 due to market access,

defined as L̂nt − χLnt and normalized. Assumes εw = .60 and εL = 2.00. Geographic units are MSAs by the 2010
OMB definitions.

Figure 1.5: Change in Log Employment for a 20% decline in trade costs
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0.30 - 0.43
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Notes Difference in log employment between the observed 2007 value and the counterfactual value assuming a 20%
decline in trade costs, with εw = .60 and εL = 2.00. Geographic units are MSAs by the 2010 OMB definitions.



CHAPTER 1. TRADE COSTS AND ECONOMIC GEOGRAPHY: EVIDENCE FROM
THE UNITED STATES 35

Figure 1.6: Change in Log Employment for a 100% decline in trade costs
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Notes Difference in log employment between the observed 2007 value and the counterfactual value assuming a 100%
decline in trade costs, with εw = .60 and εL = 2.00. Geographic units are MSAs by the 2010 OMB definitions.

Figure 1.7: Counterfactual employment change by initial employment
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Notes Plots the log change in employment by the initial log employment for a decline in trade costs of 20% and 100%
respectively, with εw = .60 and εL = 2.00.
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Figure 1.8: Counterfactual city size distribution
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Notes Kernel density estimate of the log city employment distribution for the observed values and the counterfactual
values for a 20% and 100% decline in trade costs, respectively, with εw = .60 and εL = 2.00.
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Table 1.2: Baseline estimates of reduced form elasticities εw and εL

(1) (2) (3) (4) (5) (6)
OLS 2SLS OLS 2SLS OLS 2SLS

Panel A: Dep. Var. ŵ

Φ̂ 0.85 0.80 0.75 0.67 0.70 0.60
(0.09) (0.12) (0.08) (0.12) (0.15) (0.22)

partial R2 0.21 0.21 0.29 0.29 0.18 0.18
Overid p-value 0.12 0.48 0.73

Panel B: Dep. Var. L̂

Φ̂ 2.53 2.49 2.38 2.24 2.45 2.00
(0.18) (0.20) (0.18) (0.21) (0.21) (0.27)

partial R2 0.42 0.42 0.44 0.44 0.28 0.28
Overid p-value 0.04 0.05 0.24
Observations 754 754 754 754 754 754
First Stage F 42 41 27
Own-shock controls (νnnt) N N Y Y Y Y
Region-Time Fixed Effects N N N N Y Y

Notes . All columns report estimates of equations (1.24) and (1.25) for ŷ = ŵ, L̂ (composition-
adjusted wages and employment, respectively) using standard errors clustered at the state level.
The sample is the periods 1990-2000 and 2000-2007 all 377 MSAs according to the 2010 OMB
definitions. All regressions include time fixed effects. Column (1) reports the simple OLS regression

of ŷ on Φ̂, while column (2) reports the corresponding 2SLS estimate using the traded and non-
traded instruments interacted with time dummies along with their squares (described in the text).
Columns (3) and (4) report the OLS and 2SLS estimates when the Bartik own-shocks interacted
with time dummies are included as additional regressors (“own-shock controls”). Columns (5) and
(6) report the OLS and 2SLS estimates from the specifications of Columns (3) and (4), but including
region-time fixed effects for 4 macro regions (Northeast, Midwest, South and West). The ”Overid P-
value” row reports the p-value of the Hansen J-test of the overidentifying restrictions. The reported
R2 partials out the effect of the region-year fixed effects. Reported first stage F-statistics are the
Kleibergen-Paap Wald statistics computed using the corrected standard errors. Appendix table .3
reports the first stage regression coefficients while tables .4 and .5 report the estimated coefficients
for all variables.
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Table 1.3: Robustness checks for reduced form elasticities εw and εL

(1) (2) (3) (4) (5) (6)
Division - Initial No big No small Weather & Harris

fe (1990) pop. cities cities initial ed. MP

Panel A: Dep. Var. ŵ

Φ̂ .83 0.62 0.59 0.61 0.59 0.42
(0.25) (0.22) (0.26) (0.21) (0.21) (0.16)

partial R2 0.18 0.18 0.17 0.21 0.19 0.18
Overid p-value 0.23 0.62 0.34 0.78 0.69 0.53

Panel B: Dep. Var. L̂

Φ̂ 1.84 1.93 2.00 2.07 2.00 1.37
(0.40) (0.26) (0.32) (0.29) (0.31) (0.20)

partial R2 0.20 0.28 0.25 0.32 0.28 0.23
Overid p-value 0.59 0.25 0.14 0.58 0.30 0.32
Observations 754 754 668 674 754 754
First stage F 17 24 29 26 27 34
Own-shock controls Y Y Y Y Y Y
Region-time dummies Y Y Y Y Y Y

Notes All columns report estimates of equations (1.24) and (1.25) for ŷ = ŵ, L̂ (composition-adjusted
wages and employment, respectively) using standard errors clustered at the state level. The sample is the
periods 1990-2000 and 2000-2007 all 377 MSAs according to the 2010 OMB definitions, unless otherwise
specified. All regressions include region-time fixed effects, own-shock controls and use the 2SLS estimator.
Column (1) reports the results of using Census Division - time fixed effects (9 divisions) rather than the
region-time fixed effects as in the baseline. Column (2) includes the log of the population in 1990 as
an additional regressor. Column (3) drops cities with populations greater than 750,000 in 1990, while
Column (4) drops those with populations less that 65,000 in 1990 from the sample. Column (5) adds
the mean January temperature and the share of college- educated workers in 1990 as additional controls.
Column 6 uses Harris market potential as an alternative measure of market access. All estimates use the
tradable and non-tradable instruments interacted with year dummies and their squares. The reported R2

partials out the effect of the region-year fixed effects. Reported first stage F-statistics are the Kleibergen-
Paap Wald statistics computed using the corrected standard errors. Appendix tables .6 and .7 report the
estimated coefficients for all variables.

Table 1.4: Top five cities for three different equilibria

Actual NY Equilibrium LA Equilibrium

City Emp(m) City Emp(m) City Emp(m)
New York 9.3 New York 32.3 Los Angeles 46.3
Los Angeles 6.0 Philadelphia 8.0 Riverside 9.7
Chicago 4.5 Boston 6.7 San Diego 8.7
Dallas 3.0 Washington, DC 5.2 San Francisco 6.9
Washington, DC 2.8 Baltimore 3.0 Phoenix 4.0
Notes The table shows the top 5 cities and their employment levels for 3 different equilibria using the

parameter values εw = .60 & εL = 2.00 and the inferred fundamentals for 2007. The first equilibrium is the
observed equilibrium in 2007, i.e. the actual top five cities and their employment. The other two equilibria
were computed by choosing high initial population values for New York City and Los Angeles respectively.
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Table 1.5: Variance decomposition, market access (MA) and
fundamentals

% variance due to MA Fund. Cov. Trade costs
Emp. growth, 1990-2007 22 58 20 38 (36,45)
Log emp., 2007 20 102 -22 -2 (-8 ,3)
Notes Each column computes the variance (expressed as a percentage of the

variance of the dependent variable) due to each factor using εw = .60 and
εL = 2.00. Standard errors computed using the standard errors from Table 1.2,
column (6).

Table 1.6: Implied structural parameters

Basic Model Intermediates and capital
% Parameter E-K K-H E-K K-H E-K w/ ext.
γ 0 1/θ 0 1/θ 0.13
θ (or σ − 1) ∅ 0.70 ∅ 4.67 20
α ∅ 0.50 ∅ .71 .76
Notes Each column computes the implied structural parameters given

the estimated reduced form elasticities εw = 0.60 and εl = 2.00. The first
two columns compute the implied parameters for the basic Eaton-Kortum
(E-K) and Krugman-Helpman (K-H) models; the empty set denotes a
model in which no admissible structural parameters can rationalize the es-
timated elasticities. The last three columns display the implied parameters
in models with intermediate goods and capital as a factor of production.
The intermediate goods share is calibrated to 0.5 and the labor share of
value added is calibrated to 0.66.

Table 1.7: Welfare gains from reducing trade costs

Intermediates and capital
% Parameter Basic K-H K-H E-K w/ ext.
20% reduction 18% 8% 4%
100% reduction 200% 62% 29%
Notes Each column computes the welfare gains for different models, using

the implied structural parameters given the estimated reduced form elas-
ticities εw = 0.60 and εl = 2.00 (computed in Table 1.6). The scenarios
considered are a 20% reduction in trade costs and a 100% reduction in
trade costs. The first column uses the implied parameters for the basic
Krugman-Helpman (K-H) model (Table 1.6, column 2). The second col-
umn uses the K-H model with intermediate goods and capital (Table 1.6,
column 4). The third uses the E-K model with “high” θ and low external-
ities (Table 1.6, column 5). The intermediate goods share is calibrated to
0.5 and the labor share of value added is calibrated to 0.66.
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Chapter 2

Linkages and Economic Development

This chapter is the product of joint work with Yuriy Gorodnichenko, ygorodni@econ.berkeley.edu.
Thanks to Yuriy for allowing me to include our joint work as part of this dissertation.

2.1 Introduction

A single Honda automobile is made of 20,000 to 30,000 parts produced by hundreds of
different plants and firms.1 The maverick vision of Henry Ford, whose dream of total self-
sufficiency in the production of automobiles was embodied in the massive River Rouge plant,2

proved to be out of step with the course of economic history. Instead, the immense produc-
tivity gains of the past several centuries have relied on an extensive division of labor across
plants which trade specialized inputs with one another in convoluted networks. Some key
unanswered questions are how and why these networks of plants and flows of intermediates
vary across countries, and how they are related to economic development.

An early literature (e.g. Hirschman (1958)) reasoned these industry linkages were essen-
tial for economic development and focused on how to promote the formation of robust input
markets in poor countries and target investment to the industries with the strongest link-
ages. However, before the data and methods to test these ideas became available, one-sector
models that abstracted from intermediate goods altogether became the standard framework

1Source: http://world.honda.com/CSR/partner.
2“Located a few miles south of Detroit at the confluence of the Rouge and Detroit Rivers, the original

Rouge complex was a mile-and-a-half wide and more than a mile long. The multiplex of 93 buildings totaled
15,767,708 square feet of floor area crisscrossed by 120 miles of conveyors. There were ore docks, steel
furnaces, coke ovens, rolling mills, glass furnaces and plate-glass rollers. Buildings included a tire-making
plant, stamping plant, engine casting plant, frame and assembly plant, transmission plant, radiator plant,
tool and die plant, and, at one time, even a paper mill. A massive power plant produced enough electricity
to light a city the size of nearby Detroit, and a soybean conversion plant turned soybeans into plastic auto
parts. The Rouge had its own railroad with 100 miles of track and 16 locomotives. A scheduled bus network
and 15 miles of paved roads kept everything and everyone on the move. . . . In 1992 the only car still built at
the Rouge, the Ford Mustang was about to be eliminated and assembly operations in Dearborn Assembly
terminated.” Source: http://www.thehenryford.org/rouge.
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for studying growth. Recent work by Ciccone (2002), Acemoglu et al. (2007), Jones (2011a)
and others has shown that distortions in input markets can in principle explain a large frac-
tion of productivity differences between countries, but this literature has remained largely
theoretical. We build on these recent studies and analyze the empirical relationship between
linkages and aggregate productivity.

In the first step, we develop a simple framework in the spirit of Jones (2011a) to link the
observed input-output structure of the economy to technological constraints as well as various
distortions in input and output markets. These distortions diminish the gains from using
intermediate inputs, make linkages weaker, and reduce measured productivity and other
key indicators of development and welfare. We use the framework to derive an econometric
specification and a summary measure of distortions based on input-output tables, as well as
pinpoint identification challenges and potential solutions to these challenges.

A central ingredient of the framework is the input-output table. In a massive data effort,
we have constructed a novel database of input-output tables for 106 countries at different
levels of development (from Uganda to USA) and in different time periods (from 1950s to
present). For example, our database includes such rare gems as input-output tables for
Peru in 1955, Bangladesh in 1960 and Ghana in 1965. As we show in the paper, the broad
time-series and cross-sectional coverage is essential for identifying the systematic relationship
between linkages and development. These input-output tables come from national statistical
offices and central banks, various international statistical agencies (e.g., OECD, Eurostat,
United Nations), and academic/commercial initiatives (e.g., Global Trade Analysis Project
(GTAP)).

We show that the strength of linkages — measured as the average output multiplier
(AOM) from an input-output table — is strongly and positive related to measured output
per worker and total factor productivity. Linkages are quantitatively important: a one
standard deviation increase in AOM is associated with a 15% - 35% increase in output per
worker depending on the specification, most of which stems from gains in productivity rather
than accumulated factors of production. We subject this result to a battery of robustness
checks. We consider additional controls and subsamples, use methods robust to outliers,
exploit the panel dimension of the data, allow for nonlinear effects, and utilize alternative
measures of linkages. Although there is some variation in the estimated strength of the
relationship, the qualitative and quantitative results largely survive these checks. As a part
of this robustness analysis, we also shed new light on why previous attempts to empirically
relate linkages and productivity have been unsuccessful.

While cross-country regressions are subject to doubts about omitted variables and mea-
surement issues, we can evaluate our findings using a calibrated version of our model and a
more structural approach to identifying distortions. We use the IO data and two different
identifying assumptions to extract industry-level distortions for each country, then compute
the productivity gains associated with eliminating these distortions. We find that eliminat-
ing distortions would result in gains of roughly 6-10% for the median country in the sample,
rising to 13-20% for countries at the 75th percentile and higher for a significant number of
poor countries.
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These gains are broadly in line with the quantitative relationships we found in the
country-level regressions. When we regress the model-implied TFP on AOM, we estimate
slope coefficients similar to those we found in the data. The results indicate that the data
is both qualitatively and quantitatively consistent with the hypothesis that distortions in
intermediate goods account for a modest but tangible fraction of cross-country variation in
productivity. This finding challenges the view that intermediate goods linkages can be ne-
glected when studying the process of economic development. At the same time, our results
do not support the view that distortions in intermediate goods markets are the primary
cause of low productivity in poor countries.

Our paper contributes to the reviving literature on intermediate goods linkages and eco-
nomic development. In growth theory the seminal work of Romer (1987, 1990) and Grossman
and Helpman (1992) formalized the idea that the division of labor, modeled as an increasing
variety of intermediate products, could generate sustained economic growth. Rodriguez-
Clare (1996) showed how a small open economy may be caught in an under-development
trap with a low level of intermediate goods specialization when there are increasing returns
to scale in intermediate goods. More recently, Acemoglu et al. (2007) study how contractual
incompleteness affects the range of intermediate inputs used in production and consequently
an economy’s overall productivity. They show that a greater level of contractual incomplete-
ness reduces the number of intermediate inputs used in production, with greater reductions
when intermediate inputs are more complementary in production. Jones (2011a) shows how
distortions that act like taxes on final output reduce intermediate usage and how relatively
modest distortions might reduce TFP substantially through this channel.3 Our paper fo-
cuses on quantifying the effects of the frictions identified by Acemoglu et al. (2007) and Jones
(2011a) empirically in a general macroeconomic framework. To the best of our knowledge,
our paper is the first broad cross-country study of intermediate linkages and development
since Chenery et al. (1986).

Our paper is also related to the large literature on the fragmentation of production and the
boundaries of the firm, much of which has been written in the context of international trade.4

Grossman and Helpman (2002) analyze the firm’s decision to vertically integrate production
in a general equilibrium model with many industries in a search and matching model with
specialized intermediate suppliers. Their model features multiple equilibria with different
industry structures evolving in ex ante identical countries due to the negative externality that
a firm’s decision to vertically integrate exerts by thinning the market for intermediate inputs.
Costinot (2007), Nunn (2007) and Levchenko (2007) show that differences in contractual
institutions are a source of comparative advantage: countries with poor institutions are net
importers of contract-intensive products. Topalova and Khandelwal (2011) find that access
to imported intermediate inputs improved productivity following India’s trade liberalization.
Boehm (2013) uses a structural model of interindustry trade and a novel measure of contract

3For a recent theoretical contribution analyzing the endogenous formation of an input network and
aggregate productivity, see Oberfield (2013).

4For a review see Antràs and Rossi-Hansberg (2009)
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enforcement costs by industry-pair to estimate the gains from eliminating these costs and
finds them to be substantial. Acemoglu et al. (2009) study the relationship between contract
enforcement, financial development and vertical integration and find that high contracting
costs and high financial development are associated with high degrees of vertical integration.
In comparison to this literature our paper takes a broader view of the distortions that can
affect trade across establishments as well as firms within countries and focuses on how these
distortions affect aggregate productivity in a general macroeconomic framework.

Finally, our paper contributes to the literature on development accounting inaugurated
by Hall and Jones (1999) and reviewed by Caselli (2005) and Hsieh and Klenow (2010). This
literature typically finds that differences in TFP account for a large fraction of differences
in output per worker across countries. A source of these TFP differences can be microeco-
nomic distortions that induce misallocation of resources across firms and sectors (Restuccia
and Rogerson, 2008; Hsieh and Klenow, 2009). Restuccia et al. (2008), Vollrath (2009) and
Gollin et al. (2012) find that productivity in developing countries is much lower in agri-
culture than in non-agriculture, consistent with productive factors (including intermediate
inputs to agriculture) being significantly misallocated across sectors. Our paper studies the
misallocation of intermediate inputs empirically. More broadly, our paper is also related to
the literature on economic growth and structural change (Imbs and Wacziarg, 2003; Duarte
and Restuccia, 2010; Hausmann and Hidalgo, 2011; Buera et al., 2011). Rather than study
how the composition of output changes over the course of development as in most of the
literature, we study how the composition and structure of inputs changes as economies de-
velop. The evolution of intermediate linkages over the course of development appears to
be a neglected aspect of structural change that also promises to shed light on international
differences in productivity.

2.2 Theory

Input-output (IO) tables measure the flow of intermediate products used in production
between different plants or establishments, both within and between sectors. The ijth entry
of the IO table D is the value of output from establishments in industry i that is purchased
by different establishments in industry j for use in production. The iith entry is similarly
defined as the value of industry i’ output that is purchased by different establishments within
industry i and used in production by industry i. Intermediate output must be traded between
establishments in order to be recorded in D. For example, if one plant produces tires and
ships them to a different plant that produces finished autos, the value of the tires would be
recorded in D. If instead the same plant produced both tires and finished autos, the value
of the tires would not be recorded in D. Even though total value added is the same in both
cases, the recorded flows of intermediate inputs are different.5

5In theory, the ownership structure of the economy is irrelevant to whether transactions are counted as
intermediate flows. Shipments between plants that are owned or controlled by the same organization are
supposed to be recorded in the same manner as shipments between plants under different ownership. In
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If we divide each column j of D by the gross output in industry j we obtain the technical
matrix B, which provides a summary of the linkages between different production units in
the economy. Larger entries in B indicate a greater amount of input trade between plants. In
this sense B measures the fragmentation of the production chain across different locations,
or the level of specialization across plants in the economy, for a given production process.

There are a least two channels through which the IO structure of the economy could be
related to economic development. One channel, identified by Jones (2011a,b), is through a
distortion that acts like taxes on firms’ final output. These could be not only sales or other
formal taxes on output but also a wide range of other mechanisms such as theft, bribery,
regulations, or other types of expropriation that reduce the value the firm receives from
producing a given level of output. Jones (2011a) shows that these types of distortions are
amplified by intermediate goods linkages between firms and result in reduced intermediate
usage and lower aggregate TFP.

A second connection is through distortions that specifically affect the ability of production
units to reliably source inputs from other production units in different locations and under
different ownership. Hirschman (1958) and other early development theorists focused on
this possibility, arguing that modern industry requires a network of mutually dependent
suppliers in a variety of different sectors and that coordination failures could prevent the
emergence of such a network. In addition to coordination failures, poor transportation and
communication networks could impede the spatial fragmentation of production by increasing
transportation and monitoring costs. As emphasized by the property rights approach to
the boundaries of the firm, poor contract enforcement and other aspects of institutional
environments that make transacting across firms difficult and expensive provide incentives
to keep the production chain within the firm. These factors increase the range of tasks
performed in an individual plant, which reduces both the size of the IO coefficients and the
productivity gains from specialization across plants. High cost or unavailability of credit
could also prevent the optimal use of intermediate goods. We model these two channel as
an implicit tax on intermediate inputs.6

practice, however, there is likely to be a strong correlation between measured flows across establishments
and actual flows across firms for two reasons. First, most firms operate single establishments, so transactions
across establishments are likely to be transactions between firms as well. Second, non-market transactions
between establishments in the same firm are probably less likely to be recorded than market transactions
between firms.

6These two channels do not exhaust the list of possibilities. For example, input-output structure and
economic development could be connected via the adoption of different production technologies or products
which are more or less intermediate intensive. The direction of this effect on the IO coefficients is ambiguous.
On the one hand, new technologies or products may be more complex in the sense of requiring a larger range
of specialized inputs, increasing the average size of the IO coefficients. On the other hand, new technologies
are likely to economize on expensive primary inputs such as electricity, fuel and raw materials by increasing
efficiency and substituting less expensive materials.
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Basic Framework

We can use a simple model to illustrate how these forces affect the entries in the IO ta-
ble. Suppose the representative firm in sector j hires labor, rents capital and purchases
intermediate inputs to produce its output using the production function

Yj =
(
Kα
j (AjLj)

1−α)1−σj ·
n∏
i=1

X
σij
ij (2.1)

where the Xij are the intermediate goods from sector i used by sector j and σj =
∑n

i=1 σij,
K is capital, L is labor, and A is the labor augmenting technology level. The firm sells its
output to both other firms and consumers on a competitive market. However, the firm faces
a “tax” of τYj percent on each unit of output it produces. It also faces a tax τXij on each
unit of inputs that it purchases from sector i. As in Hsieh and Klenow (2009), τX and τY

represent the effect of a host of complex microeconomic distortions that could affect input
and output markets.7 In the context of our discussion above, τY captures the first connection
between IO structure and economic development and τX captures the second connection.

The firm’s maximization problem is

max
Kj ,Lj ,Xij

(1− τYj )PjYj − wLj − rKj −
n∑
i=1

(1 + τXij )PiXij (2.2)

The firm’s first order condition with respect to Xij can be rearranged to yield the ijth entry
of the (observed) IO matrix B = {bij}

bij ≡
PiXij

PjYj
=
σij
tij

(2.3)

where tij ≡
1+τXij
1−τYj

. Distortions that act as taxes on revenue or intermediate input usage

reduce the size of the input-output coefficient.8 This makes statistics based on the IO entries
potentially powerful indicators of the presence of distortions in the economy. However, we
cannot distinguish between these two types of distortions based on the entries of B because
they have the same effect on the IO coefficient. Furthermore, without additional information
we cannot separate the technological factor share σij from the distortion, even in the special
case of the Cobb-Douglas production function. We will return to this point below, but first
we examine how distortions affect productivity.

7This specification of intersectoral trade costs is akin to the iceberg trade costs commonly used in
models of international trade and economic geography. More explicit but stylized models of input markets
and linkages can be found in Acemoglu et al. (2007), Boehm (2013) and Oberfield (2013).

8This conclusion holds more generally (e.g. for CES production functions). See Appendix .4 for the CES
formulas.
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Distortions and Productivity

First consider an economy with only one sector and hence only one intermediate input.
Substituting the firm’s first order condition back into the production function, solving for
output and subtracting intermediate inputs gives an expression for value added or net output,

V A = Y −X = KαL1−α
[
A1−α

(σ
t

) σ
1−σ
(

1− σ

t

)]
︸ ︷︷ ︸

TFP

(2.4)

where the term in brackets is measured TFP under conventional development accounting
techniques that ignore intermediate goods. Measured TFP has an additional component
due to intermediate goods and the distortions, and both types of distortions have identical
effects. TFP is maximized when t = 1.9 Notice that taxes need not be zero to achieve this
maximum because exactly offsetting sales and intermediate taxes will result in no change
in TFP. In the long run distortions have an additional effect on output per worker through
their effect on capital accumulation.

In a multisector generalization of this model with Cobb-Douglas production functions
and preferences and competitive input and output markets, Jones (2011b) shows that the
aggregate (value-added) production function is Cobb-Douglas and that TFP can be written
as

TFP = A · ε(t,B∗, γ, α, η) (2.5)

where A is an aggregate technology term, t is a matrix of sectoral distortions, B∗ is the matrix
of undistorted intermediate shares σij (that is, B∗ = {b∗ij} = {σij}), γ is a vector of value-
added shares, α is a vector of sectoral capital exponents and η is a vector of idiosyncratic
sectoral productivities. As in the one-sector case, measured TFP is log separable in an
aggregate technology term A and a term involving distortions, ε.10

There are three additional implications of this model that we want to highlight here. First,
the impact of distortions on productivity is highly non-linear: distortions become increasingly
costly as t moves farther from 1. Second, the productivity losses from distortions are bigger
when the intermediate shares σij are larger. Third, in the multisector model increased
variability of distortions also negatively affects productivity, which is a direct consequence
of the non-linear effect of distortions on productivity.

Identification

The theory above gives simple and clear predictions for how distortions affect productivity,
but testing the theory and quantifying the presence and impact of these distortions in the
data is challenging for several reasons. One concern is that the simple linkage between dis-
tortions and the IO coefficients in equation (2.3) relies on the assumptions of Cobb-Douglas

9See Appendix .4 and Jones (2011b) for derivations and more details.
10See Appendix .4 for the exact expression for ε.
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technology and competitive input markets. For example, if the elasticity of substitution
between factors of production is different than one, relative prices (which we do not observe)
will also enter into the expression for the IO coefficient. Models with a low elasticity of sub-
stitution (Jones, 2011a) can also generate large productivity losses from relatively modest
distortions, in contrast to the Cobb-Douglas model in which the losses are smaller for the
same level of distortions.11 The exact relationship between the size of frictions, the observed
IO coefficients and the impact on productivity depend on the details of the model. However,
alternative models (e.g. Grossman and Helpman 2002; Acemoglu et al. 2007; Jones 2011a;
Boehm 2013) yield similar qualitative predictions in the sense that higher distortions lead
to lower observed intermediate shares.

The other important concern is that the technological factor shares σij may vary across
countries, so we might have trouble distinguishing between cross-country differences in dis-
tortions and differences in technology when only the matrix B is observed. Variation in
σij may come from differences in product mix within industries across countries or from
differences in the distribution of available ideas that generate the sectoral production tech-
nology (as in Jones (2005)). In these cases, the same underlying forces that generate the
distortions (e.g. cost of contract enforcement) might be correlated with factors that influ-
ence the available technology as well. In addition, variables that determine A can also affect
distortions t and vice versa. As a result, the conceptual distinction between “technology”
and “distortions” can be somewhat blurry in practice.

In light of these constraints, our goal in this paper is modest: to explore the extent to
which the data is consistent with both the qualitative and quantitative implications of our
theory. To this end, we first measure the strength of the relationship between a measure of
IO linkages and productivity in the data. We then employ different assumptions to identify
the distortions for each country and compute their productivity impacts using the model.
Finally, we compare the relationships generating by the model (in our sample) to the same
relationships in the data.

Our first approach is to run regressions based on the logarithm of productivity in equation
(2.5), of the form

yct = constant+ κ · AOMct + ψ · CONTROLSct + errorc (2.6)

where AOMc is a measure of IO linkages that depends on both technology and distortions,
and the controls are variables that may be correlated with both output per worker and either
technology or distortions. AOM is the “Average Output Multiplier,” defined as

AOM =
1

N
ιT (I−B)−1ι (2.7)

11Jones (2011a) studies a model in which the elasticity of substitution between the aggregate intermediate
good and the other factors of production is equal to 1, but intermediate varieties combine with non-unit
elasticity of substitution. In this model, a lower elasticity of substitution magnifies the output losses from
distortions. In Appendix .4 we show that a lower elasticity of substitution between the aggregate intermediate
and the other factors of production also tends to magnify the impact of distortions for reasonable values of
the elasticity. However, for very low elasticities of substitution the sign of this relationship is reversed. In
the limit of a Leontieff aggregate production technology, moderate distortions cause no output losses.
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where ι is a vector of ones and N is the number of sectors. The matrix L = (I−B)−1 is the
Leontief inverse of the input-output matrix, which in an undistorted world would measure
the elasticity of output in sector j with respect to productivity in sector i as its ijth entry,
taking both direct and indirect effects into account. The AOM is then the elasticity of gross
output with respect to a change in aggregate productivity.

AOM has a number of attractive features as a summary measure of linkages and dis-
tortions.12 For example, it is increasing in σij and decreasing in tij. It is sensitive to the
position of coefficients in the IO matrix as well as their magnitude because it takes both
direct and indirect effects on output into account. Distortions in sectors that are highly
connected to others reduce AOM more than the same distortion in a sparsely connected
industry, which has intuitive appeal as well as precise foundations in our model. Because we
do not observe B∗ and instead have to use B to calculate AOM , κ in equation (2.6) is not a
structural parameter measuring the impact of distortions. Despite this limitation, we view
the regression (2.6) as a valuable tool to summarize the empirical relationships that can be
used as inputs for the theoretical model.13

We pursue a more structural approach in our second exercise. Specifically, we model the
technology σij directly in order to extract the distortions tij and compute the model-based
productivity gains of eliminating distortions for each country. Our first identification strategy
is the common assumption that the U.S. IO matrix represents the undistorted technology and
computing distortions for each country as the deviations from the U.S. shares. Our second
strategy postulates that technology can vary with country and sector characteristics and we
can use the variation in IO tables among rich countries to predict IO coefficients for middle-
and low-income countries. We then use the estimated model to predict the technology for
poor countries and compute the resulting distortions. We then feed the distortions along with
the other country parameters to compute the productivity gains of eliminating distortions
in different sectors.

In a final step we compare the model output to the data in two ways. First, we regress
the TFP generated by the model on actual AOM and compare the estimated coefficient
to the one we find using TFP computed from the data. Second, we regress TFP in the

12One potential drawback of using AOM is that it does not take the size of the sector into account. A gross
output weighted version of AOM known as the weighted average output multiplier (WAOM) can be shown
to be equal to the inverse of the share of intermediate inputs, which was suggested by Jones (2011b) as a
measure of distortions. However, this and other weighted measures mix information on what is produced with
how it is produced, which will bias the estimates if sectoral output is correlated with economic development.
For example, the correlation between output per worker and the share of output in the service sector is 0.62
in our data, but services tend to be naturally less intermediate-intensive with a mean intermediate share
of 0.32 vs. 0.5 for manufacturing and 0.36 for the primary sector. Countries that produce relatively more
services will have a lower WAOM even if they use exactly the same production techniques as countries that
produce more agricultural and manufacturing output, biasing κ downward. Consequently we use AOM in
our main specifications and WAOM as a robustness check.

13While AOM is a natural summary measure of linkages, in principle there are many other measures that
might be used. Some of these other measures may well more or less correlated with productivity than AOM ,
depending on the specification.
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data on the model-generated ε (calculated as in equation (2.5)) and compare the coefficient
to the theoretical prediction of 1. While each of our strategies to identify the impact of
distortions on productivity has limitations, consistent results across various approaches can
provide more credibility to our interpretation of the data.

2.3 Data

In our empirical work we utilize an extensive, newly assembled cross-country dataset of
IO tables with coverage from the 1950s to 2005. The tables are from a wide variety of
sources, from large electronic collections such as the OECD to hard copies of old reports
from national statistics offices. Below we describe the data in greater detail and discuss
some of their limitations and how we handle them.

Our richest cross-section of IO tables comes from the Global Trade and Analysis 7
(GTAP7) project, which collected consistently defined IO tables, sectoral value added and
factor shares, and sector-level trade data for a number of wealthy and developing countries
in the year 2004. The tables divide the economy into 56 sectors, of which 14 are agricultural,
3 mining, 25 manufacturing, 4 utilities and construction, and 10 services.14. The detail on
agricultural inputs is especially welcome because while many IO tables aggregate agriculture
into a single sector, a large share of output is agricultural in many developing countries.
However, the bulk of the sectors are in manufacturing and services, which are broadly the
sectors in which we would expect the largest gains from specialization. Table .11 in Appendix
.5 shows the countries from the GTAP7 database that we include in our sample along with
their values for AOM and output per worker in 2004.15

GTAP7’s IO tables are built from country-level IO tables submitted by specialists in
the country concerned. They subject each submission to consistency checks and ensure
that the tables are “reasonable” in the sense that large deviations from standard tables
can be justified. Not all submitted tables have 56 sectors; in roughly half the cases the
country-level data does not support the exact level of disaggregation that GTAP7 requires.
GTAP7 disaggregates the agricultural sector by using a separate country-specific agricultural
IO table constructed using data from the Food and Agriculture Organization (FAO) and
other sources and merging this table with the user-supplied table. For other sectors that
require disaggregation, GTAP7 bases the disaggregation on a “representative” table that is
averaged from the tables that do have full information. This procedure could introduce some

14We omit the 57th sector which is imputed rent from owner-occupied housing. A list of the sectors and
their 3-digit abbreviations can be found in Table .13 in Appendix .5

15We eliminated Myanmar, Bulgaria and Nigeria from the sample due to large apparent errors in their IO
tables. We also excluded Botswana and Zimbabwe from the GTAP7 sample. Botswana has an exceptionally
low value of AOM for its income level due to its heavy reliance on the diamond industry. Zimbabwe has a
very low level of income due to the recent deterioration of its economic environment and a medium value of
AOM . Both are large outliers whose effect in the regressions tends to cancel, leaving coefficient estimates
roughly roughly the same but inflating standard errors. Our main results remain statistically significant if
we include these countries.
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systematic measurement error, because poor countries may be less likely to have as much
sectoral detail as rich countries. However, this error would tend to make the IO structure
between rich and poor countries more similar, making it less likely that we would find a
relationship between aggregate productivity and IO structure.16 The resulting collection of
IO tables is consistently defined by construction and of relatively high quality.

In addition to the GTAP7 cross-section, we also assembled a novel panel of IO tables
using a wide variety of sources including GTAP, the OECD, Eurostat, the UN and individual
country statistical offices. Non-electronic sources were entered and checked for accuracy and
consistency, and some tables were discarded because of apparent errors in the original sources.
The panel is unbalanced and skewed towards Western Europe and its offshoots, especially in
the early years. Nevertheless developing countries have significant representation for most
time periods, and early Western observations include countries like Italy, Spain, Greece and
Portugal which were significantly poorer than the leading Western economies at the time.

The tables in the panel are highly heterogeneous in the quality of their data collection
and the number of sectors covered, as well as their definition of what falls under each sector.
Calculations of AOM based on these tables are not comparable because less aggregated
tables tend to produce larger values of AOM even if the underlying IO structure is the
same. Since richer countries tend to have more detailed tables available, this would tend to
bias our estimates upward. To ensure comparability, for the panel analysis we aggregated
the IO tables into 4 broad sectors: agriculture, manufacturing, services and “other” (which
includes mining, utilities and construction) before computing the linkage measures.17 We
also discard observations which are missing major sectors (e.g. mining, services) or have
an inconsistent treatment of trade and transportation margins.18 Table .12 in Appendix .5
identifies each table, its source, whether or not it is included in the sample and the reason
for omission if applicable.

The structure of production in an economy evolves slowly, and year-on-year fluctuations
in a country’s IO table are likely to reflect measurement error (in part due to changes in
sources) and transitory factors rather than the institutional and structural changes we are
trying to capture. To address this problem we divide time into five year intervals (1960-64,
1965-69, and so on) and average observations within these intervals. In a few cases we found
that tables for the same country and time period from different sources disagreed wildly,
in which case we simply dropped those observations. We also drop observations for which
AOM changes by more than 20% over a 5 year interval.19 Table 2.1 shows the number of

16See the GTAP7 website at for detailed documentation of the construction.
17To aggregate the IO table to x by x, we simply sum the elements of the flow matrix D in each broad

category, i.e. agriculture to agriculture, agriculture to manufacturing, etc. Formally, let C be the x by 56
matrix with C(1, i) = 1 if i is an agricultural sector and 0 otherwise, C(2, i) = 1 if i is a manufacturing
sector and 0 otherwise, and so on. The new x by x aggregated matrix is Dx = CDCT .

18Standard practice is to treat trade and transportation as sectors with their own row and column in the
IO table. A number of earlier tables pulled these sectors out and simply reported their total gross output.
This earlier practice does not allow us to recover IO tables necessary to calculate AOM .

19Our estimates are robust alternative treatments of these observations.

https://www.gtap.agecon.purdue.edu/databases/v7/v7_doco.asp
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observations available for each 5 year interval and region of the world. The long duration
of our data also helps separate the noise from the changes in fundamentals that we are
interested in.

We use national accounts data from the Penn World Tables (PWT) 7.0 as well as other
standard sources of cross country data on geography, institutions and technology adoption.
The text accompanying the tables describes the variables and sources when they are used.

2.4 Empirics

Descriptive Statistics and Correlations

We begin our empirical investigation of the IO data by studying industry-level linkages and
their correlation with productivity at various levels of aggregation. We analyze the GTAP7
cross-section, which permits more detailed disaggregation, then turn to the panel data.

We aggregate each country’s IO matrix from 56 to 3 industries and study the individual
linkages between broad sectors of the economy. The industries are primary (agriculture,
mining, utilities, construction), manufacturing (secondary), and services (tertiary). Panel A
of Table 2.2 shows the means and standard deviations of each aggregated coefficient, with
columns indicating the sector using the input and rows the producing sector. The diago-
nal entries tend to be the largest, a pattern that is also evident in the disaggregated data.
Manufacturing and services supply a lot of inputs to all sectors, while primary inputs form
a somewhat smaller proportion of the inputs for other sectors. Services and manufacturing
also have strong linkages with one another; an economy composed of just services and man-
ufacturing would have stronger linkages than any other sector pair. There is considerable
variation across countries in all coefficients, especially in those involving the primary sector.

Panel B of Table 2.2 presents the correlation of each aggregated coefficient with aggregate
log output per worker in 2004 (RGDPWOK from the PWT 7.0, henceforth y). Usage
of primary inputs in manufacturing and services tends to be strongly negatively correlated
with y. Manufacturing and service inputs are generally positively correlated with y, with the
diagonal entries as well as agriculture’s use of these inputs being especially highly correlated.

These sectoral patterns largely hold at a more disaggregated level as well. Panel A of
Figure 2.1 plots the correlation of y with each industry’s diagonal coefficient, while Panel B
plots the correlation with the column mean of the off-diagonal elements. The correlation with
the diagonal elements is low negative for most agriculture and utilities, and highly positive
for most services. Manufacturing displays the most heterogeneity, with simpler products such
as vegetable oils and fats (VOL), beverage and tobacco products (B T), leather and textiles
exhibiting low correlations and the bulk of more complex products like machinery (OME),
metal products (FMP), electronic equipment (ELE) and petroleum and coal products (P C)
exhibiting higher correlations. Correlations with off-diagonal backward linkages are high for
agriculture, low negative for manufacturing and mixed but on average positive for services.
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The results for manufacturing and services reflect the strong negative relationship between
the use of primary inputs and y.

The total correlation of backward linkages with y depends on the relative magnitudes
of the diagonal and off-diagonal elements and their correlation with one another as well as
their pairwise correlations with y. Panel C of Figure 2.1 shows the correlation of the col-
umn mean, this time including diagonal elements, with y. The high positive correlations
for agricultural industries show that off-diagonal elements dominate, while the high posi-
tive correlations for services reflect that on and off-diagonal elements largely reinforce one
another. Manufacturing overall exhibits low (but positive) correlations, with diagonal and
off-diagonal elements roughly cancelling in effect. Panel D plots results for the row means
for each industry (including diagonal elements), a measure of forward linkages. They con-
firm the results from Table 2.2 that usage of primary inputs is negatively correlated with
productivity, while manufacturing and service inputs are positively correlated. For manu-
facturing we once again have a generally positive relationship between the correlation and
the complexity of the product.

Rich countries use more inputs from the manufacturing and service sectors, especially
from plants within their own industry. This implies that rich countries exhibit greater spe-
cialization at the plant level within these industries. This is consistent with the view that
manufacturing and service inputs are more complex and more subject to contract disputes
that rely on good contract enforcement mechanisms, and that rich countries have better
contract enforcement mechanisms. It is also consistent with the view that advanced tech-
nologies in services and manufacturing require more specialized inputs from their own broad
industry categories and less primary inputs.

We turn next to the panel data, which are aggregated in the same way as in the cross-
section. Panel A of Table 2.3 shows the means and standard deviations of each aggregated
coefficient, while Panel B shows the correlation of each coefficient with y. Sample charac-
teristics are similar to the GTAP7 data, with the main difference being somewhat lower
backward linkages for manufacturing in the panel. The correlations with y are remarkably
similar across the two datasets, with the main difference being slightly higher correlations
with manufacturing linkages and slightly lower with service linkages in the panel data.

We can also ask which IO coefficients are correlated with growth over time. Panel C
of Table 2.3 shows the correlation between the residuals from regressing log output per
worker and each IO coefficient on country dummies. Increases in agricultural inputs are
negatively correlated while increases in service inputs are strongly positively correlated with
output growth. Surprisingly, growth in manufacturing inputs to manufacturing are somewhat
negatively correlated with output growth. The panel and cross-section do not paint exactly
the same picture, but as we discuss in more detail in Section 2.4, strong relationships in the
cross section are consistent with the opposite or no relationship over time. However, both
the cross-section and the panel suggest a strong dichotomy between the relationship of y
with primary and secondary inputs. We might expect different results from specifications
that include primary linkages from those that exclude them.
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Regression analysis

While the results for the individual industries are suggestive, they do not take into account
the correlations between the coefficients or the impact of indirect linkages between industries.
Correlations and simple regressions also do not consider other factors that influence y and
may be correlated with the strength of IO linkages. In this section we tackle these issues
by using AOM calculated at the country level as our dependent variable to account for
all direct and indirect linkages and by controlling for institutions, technology adoption and
other determinants of aggregate productivity. We use the disaggregated 56 sector tables from
GTAP7 to calculate AOM in the cross-section and aggregated 4 sector tables to calculate
AOM in the panel analysis. In the following section we will compare these estimates to those
obtained from the model using different assumptions to identify distortions.

Cross-section

The top panel of Figure 2.2 is a scatterplot of log output per worker y against AOM with
a regression line drawn through it. There is a strong positive unconditional relationship
between AOM and y, although there is significant variation in productivity for each value
of the multiplier. The bottom panel of the figure shows that this relationship is present and
somewhat tighter when we focus on manufacturing and service linkages only. To separate
the relationship between y and AOM from potentially confounding factors, we run a series
of regressions given by specification (2.6).

The first column of Table 2.4 confirms that the unconditional relationship evident in
Figure 2.2 is strong and statistically significant at the 1% level. A standard deviation increase
in AOM is associated with a roughly 35% increase in output per worker. This is a substantial
effect but it could overestimate the impact of distortions on productivity due to omitted
variables.

The quality of institutions is an important omitted variable because it is likely to be
highly correlated with both output per worker and distortions that affect trade across firms
and plants. Column 2 of Table 2.4 adds the average value over 1996-2008 of the Rule of
Law index from Kaufmann et al. (2009) as a measure of the quality of institutions. This
measure has the most comprehensive coverage of the available institutional variables and it
is the most relevant for our purposes because it specifically includes contract enforcement.
As expected, the inclusion of this variable reduces the estimated magnitude of κ, but it
remains sizeable and highly statistically significant. It also dramatically increases the fit of
the regression as measured by the R2.

Geography may affect output per worker directly through the disease environment (Sachs,
2003) and indirectly through its correlation with colonial experience, historical state forma-
tion and other variables (Acemoglu et al., 2001). In column 3 we include distance from the
equator as a proxy for these factors. In column 4 we control for openness to trade using
Imports+Exports

GDP
from the PWT, which corresponds to the notion of “real openness” in Alcalá

and Ciccone (2004). This variable is important for both its potential direct effect on pro-
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ductivity as well as the theoretical importance of the size of the market in determining the
degree of specialization. The estimated coefficient κ is similar in magnitude and statistical
significance to the previous specification controlling for institutions alone.

A careful examination of Figure 2.2 reveals that many of the countries with the highest
values of AOM are current or former centrally planned economies. This raises the interesting
possibility that centrally planned economies may subsidize or otherwise encourage domestic
sourcing of intermediate goods, perhaps through attempts to keep entire supply chains do-
mestic or to equalize regional incomes by dictating the location of plants in underdeveloped
areas. However, the resulting increase in plant-level specialization may not be associated
with the typical productivity gains. More generally, heavy government involvement in the
economy may increase inefficiency. To control for this possibility we include the share of
government consumption in output from the PWT as well as a dummy variable indicating
whether a country has a history of central planning in column 5. As expected, the estimated
κ increases somewhat.

Controlling for the quality of transportation and communication infrastructure and the
level of technology will help distinguish the direct impact of these variables from their indi-
rect impact on specialization. The index of technology adoption constructed by Comin et
al. (2008) measures the intensive margin of adoption for various major technologies such as
motor vehicles, telephones, personal computers and the internet. Because it measures the
penetration of each technology at different points in time (e.g. telephones in 1970, PCs in
2002) it is a measure of average technology adoption over the last 40 or so years. Most of
the technologies are transportation and communication technologies, and so the index also
serves as an index of the average quality of transportation and communication infrastruc-
ture. The drawback is that it covers only a subset of countries in our sample.20 Column
6 shows the results when the technology adoption and infrastructure index is included. As
expected, the estimated κ is somewhat lower than previous specifications but still sizeable
and quantitatively significant.

The inclusion of controls roughly halves the estimated κ from the simple regression in
column 1. The lowest estimate implies that a standard deviation increase in AOM is associ-
ated with a roughly 15% increase in output per worker. We subject these results to a battery
of robustness checks, detailed in Appendix .4, and find that the qualitative and quantitative
results are robust to different specifications. In particular, we find very similar results using
a measure of linkages between manufacturing and service industries only (AOM − MS).
This implies that primary products and energy usage are not driving the results. We also
find that despite sizable variation in AOM , there is no strong relationship between y and
AOM in a subsample of rich countries. This is consistent with the view that rich countries
have low levels of distortions but some variation in technology. This result is in line with
other studies like Jones (2011b) that have focused on a sample of mostly rich countries and

20There is no obvious pattern to the missing observations that would bias the result in one direction
or another. The results from the specifications without technology adoption are similar if one excludes
observations for which the technology adoption variable is missing.
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found little relationship between productivity and linkages.
Theory also predicts that barriers to specialization have a direct impact on TFP , with

the standard indirect effects of changes in TFP on human and physical capital accumulation.
To test this hypothesis, we follow Hall and Jones (1999) and decompose output per worker
in the year 2005 as

y =

(
K

Y

) α
1−α

hA (2.8)

where h is human capital per worker and A is TFP. We use the perpetual inventory method to
construct physical capital stocks and the data from Barro and Lee (2012) on year of schooling
for the population age 25 and over to construct the stock of human capital, using the same
functional form and parameters as Hall and Jones (1999) to convert years of schooling into
the human capital stock. We then repeat the regression in column 6 of Table 2.4 using the
logs of the capital to output ratio (multiplied by α/(1−α), where we take α = 0.33), human
capital per worker and TFP as the dependent variables.

Table 2.5 shows the results of this exercise. The log of the capital-output ratio is positively
but not strongly related to AOM . Human capital is more robustly related to AOM , but the
bulk of the relationship between AOM and output per worker is accounted for by TFP. The
pattern is similar when we use AOM −MS instead of AOM . These findings are consistent
with the prediction that the direct impact of distortions is on TFP. The full eventual impact
of distortions on capital accumulation will not be evident until the transition to the new
steady state is complete. This is especially unlikely to be true in our data, which is taken from
period of fundamental transformation in transportation and communications technology as
well as rapid institutional change.

Panel

The results from Panel C of Table 2.3 suggest that the historical relationship between growth
in linkages and productivity may be different than in the cross-section. Theory does not un-
ambiguously predict that growth is accompanied by an increase in specialization; a strong
positive level effect is consistent with a weak or non-existent growth effect if growth takes
place due to technological change rather than diminishing barriers to specialization. A pos-
itive level effect could even be consistent with a negative growth effect if new production
technologies tend to economize on the use of raw materials as intermediates. Thus a panel
fixed effects regression is a test of the joint hypothesis that a) distortions are important
determinants of output per worker, and b) reductions in distortions have been a quantita-
tively significant driver of economic growth in the past several decades. This hypothesis is
not implausible given advances in transportation and communication technologies and the
significant institutional changes in many countries over the last 50 years.

In the first pass at the data, we estimate our baseline specification using the panel data
without country fixed effects (Column 1, Table 2.6). In this exercise, we combine time-
series and cross-sectional variation in productivity and linkages. We use Driscoll and Kraay
(1998) standard errors to allow for general forms of both cross-sectional and time-series



CHAPTER 2. LINKAGES AND ECONOMIC DEVELOPMENT 56

dependence of the error term. While AOM is now calculated using 4 × 4 IO matrices (to
ensure comparability across countries and times), we continue to find point estimates of κ
similar to those those based only on the cross-sectional variation and IO tables from GTAP.
Since we have many more observations, the coefficient is estimated more precisely. Therefore,
both datasets yield similar results and we can be reasonably confident that any differences
in estimates with country fixed effects do not arise from using alternative data.

With country fixed effects (column 2), the estimated κ when AOM is the only regressor
is somewhat smaller than its cross-sectional counterpart in Table 2.4 but is sizeable and
statistically significant. Some of the decrease in the size of the estimate may be due to
increased noise to signal ratio typical in panel data with fixed effects included (Griliches and
Hausman (1986)). Column 3 includes those controls from Table 2.4 which vary over time,21

again finding similar results as in the cross-section.
Column 4 includes decade fixed effects in addition to the controls from Column 2. While

this attenuates the threat of spurious regression from common trends, it also means that we
will fail to detect the impact of global trends in the reduction of barriers to specialization.
The point estimate is reduced but it continues to be statistically and economically significant.
Based on the results from the individual coefficient regressions in Panel B of Table 2.3, we
conjecture that this result is largely due to the strong negative correlation between the use of
agricultural inputs and economic development over time. In Columns 5 through 8 we confirm
this interpretation by using a version of AOM that includes linkages from manufacturing
and services only (AOM −MS) which has magnitude and statistical significance similar to
the cross-sectional estimates. In a series of robustness checks similar to those we performed
in the cross-section (Table .10 in Appendix .4), we find that the estimate remains large and
significant, especially for AOM − MS. Increased linkages in manufacturing and services
appear to be strongly associated with the growth process over the last 50 years.

Our cross-section and panel results show that AOM is robustly positively correlated with
output per worker across countries and within countries over time. While we cannot claim
to have identified the causal effect of distortions on productivity, our results are qualitatively
consistent with predictions of the model described in Section 2.2. To assess the quantitative
fit of the model and provide additional evidence on the size and productivity consequences
of these distortions, we turn next to a different, more model-driven empirical strategy.

21The measure of institutional quality with the most comprehensive time-series and cross-sectional cov-
erage of our sample is the Polity IV measure of democratic governance, which is not the ideal concept of
institutional quality for our purposes but which should be strongly correlated with the quality of contrac-
tual institutions. In our cross-sectional sample the Rule of Law index (averaged over 1996-2008) with the
Polity IV index (averaged over 1980-2008) is 0.66. Alternative measures of institutional quality do not have
sufficiently long time-series dimension or cover only a relatively small set of countries.
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2.5 Quantitative Exercises

In this section we model the technology σij directly in order to extract the distortions tij
and compute the model-based productivity gains of eliminating distortions for each country.
We then compare the model output to the patterns we found in the data in the previous
section.

Model and Identification

We use a static closed economy version of the Long and Plosser (1983) and Jones (2011b)
multisector neoclassical growth model with Cobb-Douglas production functions and pref-
erences, competitive input and output markets, and intermediate goods distortions.22 For
simplicity, and in order to reduce the impact of measurement error in our empirical exercises,
we assume each industry has a single distortion rate τic. Recall from equation (2.5) in section
2.2 that we can write total factor productivity (and total output) in this economy as the
product of two terms, only one of which is a function of distortions. We focus our attention
on this term, denoted εc, which is also a function the intermediate factor shares σijc, the
capital shares of income αic, the expenditure shares γic and the idiosyncratic productivity ηc
in each sector.

For the GTAP7 sample we observe the share of value added paid to capital in each
industry and the share of aggregate value added produced in each industry for each country.
We calibrate the αic and γic to equal these values. Since we do not observe industry-level
productivity, we set ηic = 1 for all i, c. We also observe the value added shares in the panel
data, but not the capital shares. We assume that the latter do not change over time and
use the capital shares from GTAP7 for the panel data as well. Using equation (2.3), we
identify the product of the distortion and the intermediate factor shares σijc(1 − τic) from
the observed intermediate goods shares bijc. We use two different approaches to separately
identify τic and σijc.

Our first approach is to assume that all countries use the same intermediate goods tech-
nology and that the U.S. is undistorted: σijc = σij = bij,US ∀c, i, j. Under this assumption,
we extract distortions as 1−τUSic =

∑
j bijc/

∑
j bij,US. We refer to τUSic as the U.S. technology

measure of distortions. Here our assumption of a single distortion per industry allows us
to aggregate all the intermediate shares when estimating the distortion for that industry.
Since most entries of the IO table are zero or very small, this approach avoids the problem
of dividing by zero or very small numbers which can exaggerate the size of distortions. We
also capped absolute value of distortions at 0.95 for each industry, which affects very few
observations and helps avoid numerical problems when computing εc.

The single technology assumption, while common and simple, is quite strong. Our second
approach assumes instead that the variation in rich country IO tables is due to variation
in the σijc and not due to distortions, that is, σijc = bijc in the rich country sample. With

22See Appendix .4 for the fully specified model, and Jones (2011b) for detailed derivations.
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this assumption, we use the rich-country patterns in technology to predict the technology
for poor countries. We estimate the following equation on the sample of rich countries (the
richest 20 in the sample) alone:∑

j

σijc = νi + β1,soutputshareic + β2,s log(population)c + erroric (2.9)

where outputshare is the share of country c’s gross output accounted for by industry i of
sector s and population is country c’s population. We think of outputshare as controlling for
systematic differences in output mix between countries that specialize more or less intensively
in a product, as well as measurement error in sectors with little output. Including population
helps control for the fact that small countries are naturally more open that large countries,
without modeling international trade or the underlying reasons why small countries trade
more.23 We allow the coefficients to vary with the broad sectoral classification (primary,
manufacturing, services), and use industry-time fixed effects for the application to the panel
data. We then use the model to predict

∑
j σijc for each country and industry, and compute

1−τadjic =
∑

j bijc/
∑̂

j σijc. We refer to τadjic as the adjusted technology measure of distortions.

Results

Table 2.7 summarizes the results of these exercises for the GTAP7 cross-section. The average
distortion rates and the gains from eliminating them (calculated accroding to equation 2.5 )
are quite large under the U.S. technology assumption: the average country has a 17% gain in
productivity from eliminating distortions in a sample that includes many rich countries. The
distribution of these gains are quite skewed, with most rich countries enjoying gains in the
high single digits and the poorest countries enjoying gains of 25% or more. Both the average
distortion rate and the gains from eliminating them are lower for our second identification
strategy (“adjusted technology”), although many countries still experience substantial gains
of 13% or more. The gains computed under the two different assumption have a .39 cor-
relation, which is not as high as we might expect. Much of the difference is accounted for
by small countries, which tend to be highly distorted under the U.S. technology assumption
and much less so under the adjusted technology assumption. Panel A of Figure 2.3, which
plots the total gains against log output per worker, shows that most of the countries with
the biggest gains are small economies including very wealthy ones like Luxembourg and Bel-
gium. The analogous plot for the adjusted technology assumption in Figure 2.4 shows no
such pattern.

Panels C through D of Figures 2.3 and 2.4 plot the gains from eliminating distortions
in the primary, manufacturing and service sectors respectively. For the vast majority of
countries the major gains come from eliminating distortions in the primary sector under

23Explicitly modeling international trade in intermediate inputs would be an interesting extension. How-
ever, the data requirements would be far greater, as would the the number of assumptions about parameters
such as the elasticities of substitution between domestic and intermediate goods.
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both identification assumptions. Gains from eliminating distortions in manufacturing tend
to be small, reflecting low value added in manufacturing for the poorest countries as well
as relatively small average distortions. Eliminating distortions in the service sector provides
somewhat larger gains than in manufacturing. Under the U.S. technology assumption a
few small and relatively wealthy countries have extremely large gains in manufacturing and
services, which casts doubt on the appropriateness of the U.S. technology assumption for
these countries.

Turing to the results from the panel data in Table 2.8, we focus on the results from
the adjusted tech assumption only. They are qualitatively and quantitatively quite similar
to the adjusted tech scenario in the cross section, with the main difference being that the
gains are slightly more skewed in the panel. Once again the primary sector accounts for
the largest portion of the gains, followed by services and manufacturing. There is also
a strong downward time trend, 2% per 5 year increment, in the gains from the primary
sector (controlling for country fixed effects) while there is no clear trend in the gains from
manufacturing or services.

The basic message that emerges from this exercise is that the gains from eliminating
distortions are modest for most countries but can be substantial for a significant number of
highly distorted economies. The largest gains accrue to very poor countries that eliminate
distortions to their primary sector, primarily agriculture. This dovetails nicely with the fact
that cross-country variation in TFP is highest in agriculture (Restuccia and Rogerson, 2008).

Comparing Model and Data

In this section we compare the moments implied by our model and identified distortions
to those in the data. First, we regress the model implied log(TFP) on the AOM observed
in the data. If the estimated slope in this regression is similar to the estimated slope in
the regression reported in Section 2.4, then our our reduced form empirical results can be
generated by the model and the identified distortions. Since the relationship between TFP
and distortions in the model is certainly causal, we can conclude that our reduced form results
are consistent with a quantitatively reasonable causal relationship between productivity and
distortions. Second, equation 2.5 indicates that measured TFP is proportional to ε. That
is, a one percent increase in ε raises measured TFP by one percent. We examine if this
prediction holds by regressing log(TFP) observed in the data on the ε implied by the model.

Panel A of Table 2.9 gives the results of the first exercise. The estimated coefficient of
0.46 for the US technology assumption is almost exactly the same as the coefficient of 0.45
we found in the analogous exercise in Table 2.5, while the adjusted technology coefficient is
a significantly smaller 0.14. The coefficient of 0.22 from the panel regression, which includes
country and time fixed effects, compares quite nicely to the coefficient of 0.30 we found in the
analogous specification using y (which we expect to be somewhat larger). One caveat is that
small deviations from our assumption that U.S. or rich country distortions are identically zero
can have sizeable effects on these coefficients due to non-linearity. For example, assuming
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that all rich countries have a distortion rate of 5% rather than zero24 raises the coefficient
in the regression from 0.14 to 0.36. With this in mind, the broad agreement between these
two sets of regressions is reassuring for both approaches.25

Panels B and C report the results of the second exercise, using log(TFP) and y respec-
tively as the dependent variables and including the full panoply of control variables from
Column 4 of Table 2.4 and Column 4 of Table 2.6 for the cross section and panel respectively.
The standard errors are quite large, especially for the adjusted technology assumption which
requires that we drop a significant number of countries from the sample. However, none of
the specifications allow us to reject the hypothesis that the coefficient on ε equal 1 at con-
ventional significance levels, and the coefficients are larger when y is the dependent variable
as they should be. While hardly dispositive, these results are at least not inconsistent with
our assumptions.

Overall, the two different approaches are consistent with one another and seem to deliver
similar results. One potential area of disagreement lies in the role of manufacturing and
service linkages. In section 2.4 we found that a version of AOM including only manufacturing
and service linkages was as or more robustly correlated with y than the full version of
AOM, but the model suggests that these sectors are not as important in determining the
gains from eliminating distortions. One possibility is that distortions in these sectors are
highly correlated with the important components of primary sector distortions, although the
raw correlations between average distortions in these sectors is somewhat weak. Another
possibility is that manufacturing and service sector distortions are correlated with the error
term in the regression. A third possibility is that the gains from eliminating distortions in
these sectors is larger than our model suggests. Pursuing these hypotheses further is an
interesting avenue for further research.

2.6 Conclusion

In a famous example, Adam Smith illustrated gains from specialization in a pin factory.26

While his focus was on gains from specialization within a factory, further economic develop-
ment proved that the scope of gains extends far beyond the boundaries of a plant or firm.
For example, just in North America, Honda has a network of more than 600 direct suppliers.

24This assumption is still consistent with our regression-based identification strategy since we only re-
quire that variation in IO tables across rich countries not be due to distortions, not that they be entirely
undistorted.

25Another issue is that the samples are not the same, since rich countries are omitted from the model-
based estimates. However, omitting rich countries from the regressions in the data results in quantitatively
similar coefficients.

26Smith wrote, “One man draws out the wire, another straights it, a third cuts it, a fourth points it, a
fifth grinds it at the top for receiving the head: to make the head requires two or three distinct operations:
to put it on is a particular business, to whiten the pins is another ... and the important business of making
a pin is, in this manner, divided into about eighteen distinct operations, which in some manufactories are all
performed by distinct hands, though in others the same man will sometime perform two or three of them.”
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The history of auto industry with the rise and fall of the Ford Rouge factory demonstrates
that successful firms increasingly rely on networks of suppliers scattered all over the world.
The omnipresent specialization in modern economies is a genuine marvel which surely has
gone beyond the wildest dreams of the famous Scottish economist.

While a great deal of empirical research has been done on specialization at the very micro
level (e.g., division of labor in a pin factory) and the very macro level (e.g., international trade
between countries), linkages across firms and industries within a country – i.e., the middle
level – have been much less studied. Most of the analysis at this middle level is theoretical
and qualitative but the predictions are clear: these linkages should play an important role
in economic development and are likely to be an important source of productivity gains.
Having built a database of input-output tables for a broad spectrum of countries and times,
we provide evidence consistent with these predictions: countries with stronger linkages have
higher productivity. This relationship is quantitatively strong and robust. We also show
that the empirically observed sensitivity of productivity to the strength of linkages is in line
with the results from a calibrated multisector neoclassical model.

Admittedly, we cannot completely rule out potentially confounding factors in cross-
country regressions or model mispecification, and hence our findings call for more research on
the workings of linkages between firms and industries. Various works in economics grapple
with the importance of these linkages and specialization. For example, selling and buying
goods to/from domestic foreign-owned companies as well as imports of foreign inputs appear
to be associated with increased productivity of firms (e.g., Javorcik (2004), Gorodnichenko et
al. (2010)). Stocks of companies with corporate spin-offs aimed to increase the focus of their
operations appear to earn higher abnormal returns relative to stocks of firms with spin-offs
without such a focus (e.g., Daley et al. (1997), Desai and Jain (1999)). However, these efforts
seem disparate and lack a unifying framework with a macroeconomic perspective. We hope
that future research will take up these challenges.
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Figure 2.1: Correlations of Industry Coefficients with Aggregate Output per Worker
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Figure 2.2: AOM and Output per Worker
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Figure 2.3: Output per Worker and the Gains from Eliminating Distortions, US Technology
Assumption
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Panel A: Total Gains
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Panel B: Gains From Primary
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Panel C: Gains From Manufacturing

ALB
ARG

ARM

AUSAUT

AZE

BEL

BGD

BLR

BOL

BRA BWA

CANCHE

CHL

CHN

COL
CRI

CYPCZE
DNK

ECUEGY

ESP
EST

ETH

FINFRAGBR

GEO

GER GRC

GTM

HKG

HRVHUN

IDNIND

IRL

IRN

ITAJPN

KAZ

KGZ
KHM

KOR

LAO

LKA

LTU

LUX

LVA

MAR

MDG

MEX
MLT

MOZ

MUS

MWI

MYS

NIC

NLDNOR
NZL

PAK

PAN
PER

PHL

POLPRT

PRY

ROMRUS

SEN

SGP

SVK
SVN
SWE

THA TUN
TUR

TWN

TZA UGA

UKR
URY

USA

VEN

VNM

ZAF

ZMB

ZWE6
8

10
12

Lo
g 

O
ut

pu
t/W

or
ke

r

0 .2 .4 .6
Gains from Services
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Notes Plots the gains from eliminating all distortions, then the gains from eliminating distortions in each broad
sector holding all else constant. The gains from eliminating distortions are computed using the model outlined in 2.5
and Appendix .4. The regression line is drawn using Huber robust regression. Primary sector includes agriculture,
mining, utilities and construction. IO data are from GTAP7.
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Figure 2.4: Output per Worker and the Gains from Eliminating Distortions, Adjusted Tech-
nology Assumption
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Panel A: Total Gains
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Panel C: Gains From Manufacturing

ALB
ARG

ARMAZE

BGD

BLR

BOL

BRABWA
CHL

CHN

COL
CRI

CYPCZE

ECU EGY

ESP
EST

ETH

GEO

GRC

GTM

HRVHUN

IDN IND

IRN
KAZ

KGZ
KHM

KOR

LAO

LKA

LTULVA

MAR

MDG

MEX
MLT

MOZ

MUS

MWI

MYS

NIC

NZL

PAK

PAN
PER

PHL

POLPRT

PRY

ROMRUS

SEN

SVK
SVN

THATUN
TUR

TWN

TZA UGA

UKR
URYVEN

VNM

ZAF

ZMB

ZWE6
8

10
12

Lo
g 

O
ut

pu
t/W

or
ke

r

0 .05 .1 .15 .2
Gains from Services

Panel D: Gains from Services

Notes Plots the gains from eliminating all distortions, then the gains from eliminating distortions in each broad
sector holding all else constant. The gains from eliminating distortions are computed using the model outlined in
2.5 and Appendix .4. The Adjusted Technology assumption uses patterns in the 20 richest economies to predict
technology for poor countries; see section 2.5. The regression line is drawn using Huber robust regression. Primary
sector includes agriculture, mining, utilities and construction. IO data are from GTAP7.
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Table 2.1: Panel: Observations by Region and Time Period

Africa Asia Latin Eastern Europe Western Europe
America & Transition & Offshoots

1950 0 0 2 0 0
1955 0 0 3 0 7
1960 0 1 4 0 4
1965 2 1 0 1 14
1970 5 7 5 0 15
1975 3 5 2 2 12
1980 1 3 1 0 6
1985 1 4 1 0 8
1990 1 4 0 0 10
1995 8 14 8 9 20
2000 15 17 14 18 19

Notes Eastern Europe and Transition includes the former Soviet republics of Arme-
nia, Azerbaijan, Georgia, Kazakhstan and Kyrgyzstan, along with Turkey and Eastern
Europe as conventionally defined. Western European “Offshoots” include Australia,
Canada, Israel, New Zealand and the United States.

Table 2.2: IO coefficient means and correlations, GTAP7

Panel A: Means and standard deviations
Using Sector

Primary Sector Manufacturing Services

P
ro

d
u
ci

n
g

S
ec

to
r Primary Sector 0.11 0.14 0.04

(0.06) (0.11) (0.04)
Manufacturing 0.13 0.18 0.08

(0.06) (0.08) (0.05)
Services 0.12 0.16 0.20

(0.05) (0.09) (0.07)

Panel B: Correlations with log output per worker

P
ro

d
.

S
ec

.

Primary Sector 0.08 -0.55 -0.33
Manufacturing 0.53 0.34 -0.13
Services 0.38 0.06 0.46

Notes Primary sector is agriculture, mining, utilities and construction. Each country’s
IO table was aggregated into a 3x3, then each coefficient was averaged across countries
to compute the means. Standard deviations in parentheses under the entries in panel
A. Panel B reports the bivariate correlation coefficient of each aggregated IO entry with
log output per worker.
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Table 2.3: IO coefficient means and correlations, panel

Panel A: Means and standard deviations
Using Sector

Primary Sector Manufacturing Services

P
ro

d
u
ci

n
g

S
ec

to
r Primary Sector 0.11 0.14 0.04

(0.06) (0.08) (0.03)
Manufacturing 0.17 0.22 0.08

(0.07) (0.09) (0.04)
Services 0.16 0.12 0.17

(0.06) (0.06) (0.07)

Panel B: Correlations with log output per worker

P
ro

d
.

S
ec

.

Primary Sector 0.26 -0.58 -0.15
Manufacturing 0.57 0.41 0.02
Services 0.46 -0.09 0.31

Panel C: Correlations with log output per workers, country fixed effects

P
ro

d
.

S
ec

.

Primary Sector 0.01 -0.56 -0.05
Manufacturing 0.10 -0.27 -0.13
Services 0.31 0.51 0.65

Notes Primary sector is agriculture, mining, utilities and construction. Each country’s IO table
was aggregated into a 3x3, then each coefficient was averaged across countries to compute the
means. Standard deviations in parentheses under the entries in panel A. Panel B reports the
bivariate correlation coefficient of each aggregated IO entry with log output per worker. Panel C
reports the correlation between the residuals from regressing y and each IO coefficient separately
on country dummies.
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Table 2.5: Cross-Section: Components of Output per
Worker

Dependent AOM AOM-MS Number of
variable β R2 β R2 Obs.

(1) (2) (3) (4) (5)

α
1−α log

(
K
Y

)
0.08 0.20 0.16* 0.22 74

(0.09) (0.09)
log(h) 0.19** 0.72 0.14 0.71 73

(0.09) (0.09)
log(tfp) 0.45** 0.82 0.48** 0.82 71

(0.20) (0.22)

Notes Each row reports the results of using either all industries (AOM) or
manufacturing and service industries only (AOM −MS) in otherwise iden-
tical regressions. Dependent variable is shown in the left column. Robust
standard errors in parentheses. ***, **, * denote statistical significance at
1%, 5% and 10%. Controls include all controls used in column 6 of Table
2.4.

Table 2.6: Panel: Main Regression Results

AOM AOM-MS
(1) (2) (3) (4) (5) (6) (7) (8)

AOM(MS) 1.96*** 1.15** 0.94*** 0.30** 2.46*** 2.28*** 1.28*** 0.68***
(0.40) (0.38) (0.25) (0.10) (0.18) (0.45) (0.35) (0.18)

Polity IV 1.15** 0.38 1.05** 0.39
(0.41) (0.30) (0.42) (0.27)

Openness 0.93*** 0.51*** 0.81*** 0.51***
(0.13) (0.05) (0.13) (0.05)

Govt. Cons. -5.56*** -5.24*** -5.21*** -5.27***
(0.70) (0.93) (0.70) (0.80)

R-squared 0.13 0.10 0.65 0.78 0.12 0.27 0.66 0.79
Obs. 277 240 233 233 277 240 233 233
Groups 99 62 59 59 99 62 59 59

Country FE N Y Y Y N Y Y Y
Decade Dum. N N N Y N N N Y

Notes Columns 1-4 report results using AOM , while columns 5 - 8 report results using AOM −MS from otherwise
identical regressions. Dependent variable is log RGDPWOK from the PWT 7.0 in all specifications. Driscoll-Kraay
(1998) standard errors in parentheses. ***, **, * denote statistical significance at 1%, 5% and 10%. For specifications
with fixed effects, we report the within R2.
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Table 2.7: Distortions and Gains, GTAP7 Summary

Avg. Distortion, Avg. Distortion, Gains, Gains,
US Tech Adj. Tech US Tech Adj. Tech

Mean .16 .04 .17 .10
Median .16 .06 .10 .06
75th pctile .26 .20 .21 .13
90th pctile .40 .32 .38 .21
St. Dev. .17 .20 .20 .08

Correlation .75 .39
Observations 91 71 91 71

Notes Distortions are computed for each industry and averaged across industries for each country
using the methods outlined in section 2.5. The Adjusted Technology assumption uses patterns in
the 20 richest economies to predict technology for poor countries; see section 2.5. Statistics are
based on the cross-country distribution of these average distortions. The gains from eliminating
distortions are computed using the model outlined in 2.5 and Appendix .4. All data from GTAP7.

Table 2.8: Distortions and Gains, Panel Summary

Avg. Distortion Total Gains Prim. Gains Man. Gains Serv. Gains

Mean .08 .08 .06 .01 .00
Median .09 .03 .01 .00 .00
75th pctile .21 .07 .05 .01 .02
90th pctile .29 .22 .15 .02 .05
St. Dev. .20 .14 .13 .02 .05
Time Trend -.02 -.02 -.02 .00 .00

Notes Distortions are computed for each industry and averaged across industries for each country using the
methods outlined in section 2.5. Statistics are based on the cross-country distribution of these average distortions.
We use patterns in the 20 richest economies to predict technology for poor countries; see section 2.5. The gains
from eliminating distortions are computed using the model outlined in 2.5 and Appendix .4. The sectoral gains
are computed by eliminating distortions in that sector only, holding all else constant. The IO matrix and value
added shares come from the original IO tables detailed in Table .12 in Appendix .5. Capital value added shares
are assumed constant over time and come from GTAP7. The time trend coefficient comes from a regression of the
gains on country fixed effects and a time trend.
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Table 2.9: Model and Data Comparisons

GTAP7 Sample
US Tech Adj. Tech

Panel A: log(εct) = const+ κAOMct + errorct
κ 0.46*** 0.14***

(.08) (0.03)
Obs. 89 69

Panel B: log(TFPct) = κ log(εct) + ρXct + errorct
κ 0.47 0.93

(0.36) (1.06)
Obs. 71 52

Panel C: yct = κ log(εct) + ρXct + errorct
κ 1.17*** 1.94

(0.43) (1.37)
Obs. 76 57

Notes For cross-sectional regressions, Xi includes a constant and all
regressors from column 6 of Table 2.4 (Rule of Law, Distance from
Equator, Openness, Central Planning, Govt. Cons. and Technology
Adoption). The panel regression in Panel A includes country and
time fixed effects. The other panel regressions include country and
time fixed effects as well as all of the regressors from the specification
in column 4 of Table 2.6 (PolityIV, Openness and Govt. Cons).
Robust standard errors in parentheses; panel standard errors are
Driscoll-Kraay (1998). ***, **, * denote statistical significance at
1%, 5% and 10%.



72

Chapter 3

Spatial Externalities and the Decline
of the Manufacturing Belt

3.1 Introduction

The geographic distribution of manufacturing activity in the United States has shifted dra-
matically over the past 50 years. From its initial extreme concentration in the Northeast and
Midwestern manufacturing belt, manufacturing activity has diffused to the other regions of
the country to the extent that the former manufacturing belt no longer specializes in man-
ufacturing Holmes and Stevens (2004). What caused this shift? One type of explanation
attributes this diffusion to improvements in the productivity of manufacturing in rest of the
U.S., potentially through a number of channels. An alternative explanation stresses changes
in the endogenous agglomeration forces, such as transportation costs or localized knowledge
spillovers, thought to that created the manufacturing belt in the first place. On this the-
ory, the incentives for manufacturing industries to cluster together have weakened, causing
manufacturing to disperse.

This question is not merely of historical interest. It coincides with many of the concerns
of the contemporary debate about the origin and functions of industrial clusters and co-
agglomerations, with answers remaining elusive. These questions have a timely relevance to
the current policy environment, as many cities, states and countries seek to attract or retain
manufacturing activity in an increasingly globalized economy. Understanding the feasibility
and desirability of doing so requires an understanding of the forces that determine industrial
location, and how changes in the economic environment impact the viability of industrial
clusters.

In this paper I develop the tools to study the decline of the manufacturing belt in a quan-
titative framework that encompasses the various explanations for the decline. In the model,
manufacturing firms choose where to locate based on both their intrinsic productivity in
that location, as well as the location decisions of other firms as well as workers. The location
of other firms affects my location decision through several channels: the proximity of other
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firms may make me more productive through Marshallian externalities and cheaper input
prices, but also increases competition in the output market in the presence of trade costs.
When these forces are weak, industry location is primarily driven by exogenous comparative
advantage and is relatively insensitive to the location decisions of other actors. When these
forces are strong industry location is highly influenced by the location of other industries,
and relatively small changes in productivity can cause large shifts in industry location. The
model can flexibly accommodate either scenario, depending on the parameters. In addi-
tion to the basic distinction of exogenous vs. endogenous productivity, the model can also
distinguish between different explanations for the strength of agglomeration forces.

Given the flexibility of the model, the key to understanding the causes of the dispersion of
manufacturing is a careful quantification of the parameters. The second contribution of this
paper is to develop an estimation strategy for the parameters, including the strength of local
Marshallian externalities and the size of trade costs, that does not rely on the availability of
comprehensive internal trade data. I provide a new method for dealing with the standard
identification problem in this setting, which is that unobserved innovations are necessarily
correlated with the location decisions of firms and workers. Without trade data the esti-
mation problem is highly non-linear and complex, and I discuss issues of consistency and
power under various assumptions about sectoral heterogeneity and the stochastic evolution
of productivity. I test my estimation strategy on geographic wage and employment data
from the 1970s to the mid-1990s.

The results indicate that trade costs declined significantly between 1970-1995, while other
sources of local externalities were roughly constant over this time period. The estimated
level of local spillovers at the industry level is on average high and positive, although there
is a negative local congestion effect from other industries. The average stability of these
local externalities suggests that weakening agglomeration forces are mostly due to falling
trade costs, although weakening local externalities may have played a significant role in
some industries. The high level of these estimated local spillovers magnifies the impact of
changing trade costs or productivity on industry location, allowing relatively small changes in
fundamentals to lead to big shifts in the spatial distribution of industrial production. While
a comprehensive general equilibrium analysis of these changes is beyond the scope of this
paper, I conjecture that only modest productivity convergence together with the decline in
trade costs will be sufficient to explain the decline of the manufacturing belt. I briefly discuss
the potential data sources that can be used to extend the time frame, but a comprehensive
assessment of the decline of the manufacturing belt remains for future research. The primary
contributions of this paper are methodological, along with some suggestive evidence from
the limited data available. In addition to their relevance to the study of the evolution of U.S.
manufacturing, the methods developed here can be deployed to study industry location in a
wide variety of industries, regions and time periods in which detailed trade data is limited
or completely unavailable.

This paper contributes to several literatures in empirical and quantitative economic ge-
ography. Recent work on quantitative economic geography (Allen and Arkolakis, 2014;
Redding, 2012; Bartelme, 2014) has explored the role of trade costs, agglomeration and
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congestion externalities for the aggregate spatial distribution of economic activity in the
United States. The closest to this paper is Caliendo et al. (2013), who calibrate a 48 state
multisector quantitative economic geography model to show how the pattern of industry
productivity and trade costs shape the aggregate impacts of productivity improvements in
different locations. Relative to their work, I add local external economies of scale and focus
on explaining the changes in U.S. industrial geography over time through estimation rather
than calibration of the key parameters. Second, my empirical work contributes to the large
body of work on estimating local agglomeration externalities (see Rosenthal and Strange
(2004) for a survey, and Combes et al. (2012); Kline and Moretti (2014); Greenstone et al.
(2010) for recent work.) Relative to this literature, my paper is the first to estimate local
industry-level economies of scale in a framework that controls for the endogenous agglomer-
ation economies generated by trade costs. Third, my paper contributes to the literature on
the decline of the manufacturing belt (Kim, 1995; Glaeser and Ponzetto, 2007; Feyrer, 2009;
Alder et al., 2012). While much previous work in economics and regional science has alluded
to declining agglomeration forces as a potential cause, my paper is the first to my knowledge
to rigorously estimate and quantify the extent to which changing agglomeration forces, as
opposed to other explanations, are responsible for the revolutionary shifts in postwar U.S.
economic geography.

The next section of the paper lays out the theoretical model, explains the logic and
derives the estimating equation that I take to the data. The following section discusses the
estimation and identification strategies in light of endogeneity concerns. Th next section
describes the data, and the following section discusses the estimation results. The final
section concludes..

3.2 Model

In this section I develop a multi-industry, multi-location economic geography model with in-
termediate inputs, local Marshallian externalities and intermediate inputs. The model builds
on the model of Eaton and Kortum (2002) and its quantitative, multi-industry extension to
an economic geography setting by Caliendo et al. (2013). Relative to the latter paper, the
main innovation is that local productivity in industry k is not wholly exogenous, but may
also on the total local employment in industry k as well as the total local manufacturing
employment. I focus on the labor demand in tradable sectors, as this is the part that gener-
ates the theoretical moments that I use in the empirical section. Closing the model requires
a specification for local labor supply and any non-tradable sectors, which I briefly discuss at
the conclusion of the section.

Environment

There are N regions in an economy closed to international trade (indexed by n), populated
by a continuum of workers ` ∈ [0, L̄] who are free to move between regions. There are K
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tradable industries, each with a continuum q ∈ [0, 1] of varieties which can be traded across
locations. Each location is endowed with a vector of local characteristics: industry level
productivity shifters Tnk and symmetric bilateral iceberg trade costs that are a function
of distance, τnik = distanceτni. In addition, each location is endowed with a continuum
of variety-specific productivity levels znk(q). These productivities are drawn from Fréchet
distributions with shape parameter θk:

Prob(z ≤ Z) = e−Z
−θk

Production and Consumption

Consumers have Cobb-Douglas preferences over the K tradable goods and a composite out-
side good,

U =

(
K∏
k=1

Cαk
k

)
· (C0)1−α (3.1)

where C0 is consumption of the outside good, and α =
∑

k αk. Within each industry con-
sumers have CES preferences over the varieties, with elasticity of substitution ρk < 1 + θk.

The key implications of the model stem from the assumptions about the production
technology. The output of variety q in industry k in location n is given by

qnk(j) = znk(j) · Tnk · Lνkn · L
γk
nk︸ ︷︷ ︸

Productivity

(
Lnk(j)

βkΩnk(j)
)

(3.2)

where Lnk is the total amount of labor employed in industry k at location n, Ln =
∑

k Lnk
and Ωnk is a composite intermediate good,1

Ωnk =

(
K∏
j=1

ω
βkj
kj

)
(3.3)

Production is subject to local external economies of scale at both the industry level (parame-
terized by γk) and the aggregate level (parameterized by νk). Since each firm is infinitesimal,
the total number of workers is exogenous with respect to their hiring decision. The strength
of these external economies can vary by industry. In addition, production uses intermediate
good in an input-output loop, generating dependencies across industries that can vary in
complex ways according to the intensity with which industry k uses the output of industry
j (parameterized by βk).

This specification draws a distinction between the productivity benefits of spatial ag-
glomeration due to cheaper input prices and other sources, such as thick labor market ex-
ternalities, localized knowledge spillovers, or congestion effects from scarce local resources

1I assume that intermediate users combine varieties within industries with the same elasticity of substi-
tution as consumers.
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(a negative spillover). One crucial aspect of this distinction is the spatial scales upon which
these effects are assumed to operate. Input trade takes place over potentially long distances,
albeit with increasing costs, and the spatial scope of these relationships is governed by a key
parameter τ that may be either large or small. In contrast (but in common with most of the
literature), other external effects are assumed to be highly localized, operating only within
a city or county. Relaxing this restriction in a tractable way is an interesting possibility for
future research.

Trade

Competition is perfect in input and output markets. The familiar Eatom-Kortum mechanics
imply the gravity equation for trade Xink at the industry level:

Xink =
T θknkL

θkγk
nk Lνkθkn · w−βkθkn P−θknk · dist

−τkθk
in

Φik

· Eink

where
Φik =

∑
j

T θkjkL
θkγk
jk Lνkθkj · w−βkθkj P−θkjk · dist

−τkθk
ij

Pnk is the price of the intermediate bundle and Eink are i’s total expenditures on goods
from n in industry k. Note that these expenditures include demand from final consumers
as well from intermediates. This equation has the familiar structural gravity interpretation:
exports from n to i are increasing proportionally in i’s total expenditures, and also increasing
in the cost that producers in n face when supplying the market in i, relative to the costs of
supplying i from every other location.

Equilibrium in Goods and Local Factor Markets

Competitive input markets combined with the assumption that the production function
is Cobb-Douglas in each industry implies that total local labor income in industry k is
proportional to total sales, with a constant of proportionality equal to βk. Output market
clearing implies that total sales equal the sum of exports to each destination. Combining
these assumptions, we get the market clearing condition

wnLnk = βk
∑
i

Xink (3.4)

= βk · c−θknk ·
∑
i

dist−τkθkEink
Φik︸ ︷︷ ︸

MAnk

(3.5)

where
cnk = consk · TnkLγknkL

νk
n · w−βkn P−θknk (3.6)
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is the productivity-adjusted average cost of production in location n, industry k, and MAnk
is the market access of location n in industry k.

This key equilibrium relationship (3.4) summarizes some of the basic empirical content
of the model for the spatial pattern of production. In equilibrium, the level of production in
a given industry and location (which is proportional to labor income) depends on negatively
on the costs of production (both exogenous and endogenous components) and positively on
how close the location is to large markets. The size of the market reflects both the nominal
expenditures in that market (Eink, reflecting both final and intermediate demand) and the
proximity of other producers who are competing to serve that market through the Φik term.
As trade costs decline, all else equal the variance of market access across locations declines,
weakening the incentives for industries to locate close to their sources of demand. Market
access in each location is industry specific, reflecting the variation among industries in trade
costs as well as in the spatial pattern of demand due to intermediate goods usage that varies
in intensity across industries.

Trade costs also influence costs through the intermediate goods price index Pnk, which
in equilibrium is given by

Pnk ∝
∏
j

Φ
−
βkj
θj

nj (3.7)

Declining trade costs also tend to decrease the variance of input prices across locations,
weakening the incentives for industry to be close to their suppliers. Input prices in location
n vary across industry, reflecting the fact that industries are intensive in different inputs (i.e.
through the βkj). In the limit as trade costs go to zero, all locations enjoy the same market
access and input prices and these cease to be a factor in industrial location.

We can see the role of localized externalities more clearly by rearranging equation (3.4)
to solve directly for local employment in industry k:

Lnk = consk · w
−βkθk+1

1−γkθk
n · L

θkνk
1−γkθk
n ·MA

1
1−γkθk
nk · P

− θk
1−γkθk

nk · T
1

1−γkθk
nk (3.8)

Equilibrium industry location is a function of local wages, number of workers, input prices,
market access and exogenous local industry-specific productivity. The more these factors
vary across locations (say, due to high trade costs) the greater the potential for large dif-
ferences in the industrial composition of employment across locations. The parameter γk
governs how sensitive employment in industry k is to these differences. If γk is large enough,
relatively small differences in costs or market access across locations can lead to large dif-
ferences in employment.2 Thus the extent of local externalities and the size of trade costs

2The properties of this model with respect to the existence and uniqueness of equilibria are not fully
known and are an area of active research (Kucheryavyy et al., 2015). Without local externalities (i.e. γk
and νk are zero or less) we can expect the model to have a unique equilibrium (Caliendo et al., 2013;
Kucheryavyy et al., 2015). It is also reasonable to expect that there is some positive level of externalities for
which uniqueness is retained, and some larger level where multiplicity becomes a possibility.
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are key determinants of the spatial pattern of industry location, as well as the sensitivity of
that pattern to changes in the economic environment.3

As it stands, equation (3.4) is not sufficient to completely characterize the equilibrium
allocation. For that we would need to specify the aggregate labor supply side of the model,
which determines how labor flows across locations in response to changing incentives. There
are many potential models of the worker location decision, and this aspect of the model is
not central to the estimation exercise of this paper. Consequently I leave the labor supply
side unspecified.

3.3 Estimation Strategy

In this section I develop an estimation strategy for the local externalities γk and νk and the
trade costs τk based on the equilibrium condition (3.4). This strategy is conditional on know-
ing the other parameters of the model, including the industry consumption shares αk, the
labor and intermediate goods shares βk and βkj and the intra-industry productivity hetero-
geneity parameter θk. Given the assumption of Cobb-Douglas preferences and production,
the consumption and factor shares can easily be computed from expenditure shares using
national accounts and input-output data. Perhaps more controversially, I also assume that θk
is common across industries and that this common value is θ = 6, consistent with estimates
from international trade data. This restriction allows me to eliminate a RHS variable from
the estimation and maximize statistical power in what is already a complex estimation, but
future research will focus on relaxing it.4

I start by describing how I obtain measures of MAnk and Pnk from standard data on
wages, expenditures and industry employment. Equilibrium condition (3.4) defines a set
of n equations relating data on wages, employment and incomes to trade costs, exogenous
productivities and the parameters. It is impossible to solve these equations for the local
productivity terms Tnk without knowing the parameters of the model: however, letting
znk = c−θnk we can write the equation as

wnLnk =
∑
i

znk · dist−τkθin∑
j zjk · dist

−τkθ
ij

· Eink (3.9)

Given wn, Lnk, Eink and dist−τkθin , this equation can be solved uniquely (though not explic-
itly) for the znk (Redding, 2012). Once we know znk, we can compute the Φnk and from
there compute both MAnk and Pnk. Given the structure of the model and a limited set of

3The intuitive logic is straightforward, but care must be taken to interpret this equilibrium condition
carefully. Because Lnk appears on both sides of the equation (e.g. in Ln) we cannot simply read off the
elasticity of Lnk with respect to the RHS variables from their coefficients. Furthermore, there are endogenous
variables on both sides of the equation, so a comprehensive analysis would take the general equilibrium
response of wages, market access and the other variables into account when assessing counterfactual scenarios.

4In principle the estimation strategy here can be extended to estimate θk as well.
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parameters, market access and input prices are implicitly determined by the data in this
manner.

Starting from equation (3.4) and under the assumption that θk = θ, rearranging the
terms yields

w1+βkθ
n

MAnkP
−θ
nk︸ ︷︷ ︸

≡ynk

= consk · Lγkθnk · L
νkθ
n · Tnk (3.10)

The term on the LHS is a sort of demand - adjusted cost term, while the term on the RHS
is the endogenous and exogenous components of industry-level productivity. Notice that
the LHS is now a log-linear function of Lnk, Ln plus an unobserved exogenous productivity
term, with coefficients that are simple multiples of the parameters γk and µk that we want
to estimate. Assuming we can measure the LHS, we can recover these parameters using a
robust linear estimation framework, rather than a non-linear estimation routine. However,
this linearity is conditional on measures market access and local input prices, which depend
non-linearly on the unknown parameters τk. Thus the estimation has a non-linear as well as a
linear component, but expressing the problem this way minimizes the non-linear component
and makes the problem more computationally tractable.

To be more specific and formal, consider two time periods t and t + 1 and let x̂ =
log(xt+1)− log(xt) denote log differences between time periods. Assuming equilibrium con-
dition (3.4) holds across both time periods, we get

ŷnkt(tkt) = µkt + β1ktL̂nkt + β2ktL̂nt + T̂nkt (3.11)

where I have emphasized that ŷ depends on the unknown vector of trade costs tkt ≡
(τ1t, τ2t, ...). The fact that ŷnkt potentially depends on the entire vector of industry trade costs
through the input price index links the estimating equations across industries and necessi-
tates pooling across industries. Each candidate tkt generates a linear estimation problem via
equation (3.11); we are then required to choose one of these linear specifications (i.e. choose
a tkt) according to some criterion. I work with several different criterion functions, but the
basic algorithm I use for estimation is the same across specifications:

1. Pick a candidate tkt

2. Use equation (3.9) to compute MAnkt and Pnkt

3. Form the dependent variable ŷnkt

4. Estimate equation (3.11) using OLS or GMM

5. Compute the value of a criterion function F using the estimated coefficients

6. Repeat until a global minimum of F is found
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Before turning to identification, I note one simplification to this general routine that I
make for both computational and statistical reasons. Estimating parameters that enter non-
linearly typically requires much more data for accuracy than linear specifications, so it is
advisable to limit the number of such parameters. In this problem each industry has its own
τk that enters non-linearly, and they do so in very complex ways due to the interlocking nature
of the input-output linkages. On the other hand, the heterogeneity in τk across industries and
time is precisely the variation that I wish to capture in this estimation. As a compromise,
I first estimate τk,2007 using an industry-level gravity regression with contemporary internal
trade data from the 2007 commodity flow survey. Using trade data converts this to an easy
and commonly used linear framework which is much more stable. I then assume that the
proportional relationships between the τk are preserved over time, although the level of trade
costs is not. That is, for any time period t and industry k I assume that

τkt = τt · τk,2007 (3.12)

Table 3.1 shows the results of this estimation for each of the two-digit SIC manufacturing
industries in the sample. Making use of the auxilary data dramatically reduces the number
of non-linear parameters remaining to be estimated to one per time period. Of course, the
assumption of constant proportionality among industries over time is not necessarily correct,
and it would be advantageous to relax it. In ongoing work, I am collecting and digitizing a
sample of inter-city, industry level trade data from the Census of Transportation in the 1960s
and 1970s. Once available, this data will allow me to test the assumption of proportionality
over time and, if it is found to be inappropriate, provide an alternative credible way to
capture how these relative trade costs across industries have changed over time.

Identification

While the previous section outlined the general strategy of estimating a number of linear
specifications indexed by trade costs tkt and choosing the specification that minimized some
criterion function, it left both the method of estimating the linear part and the criterion
used to choose between linear specifications open. In this section I describe the methods I
use and the assumptions under which they deliver consistent estimates.

One obvious place to start is with OLS estimation of (3.11), conditional on a particular
value of tkt, and then pick the tkt for which the sum of squared residuals generated by the
OLS estimate is the lowest. This two stage process is equivalent to picking all the parameters
jointly using Non-linear Least Squares (NLLS), and by definition generates the best fit under
the quadratic loss function.

While an interesting baseline for comparison, the major problem with this approach is
that it does not provide consistent estimates of any of the parameters, due to a structural
correlation between the unobserved productivity term T̂nk and the RHS variables. The
intuition is simple: an increase in the exogenous productivity of an industry in a particular
location increases demand for workers in that industry and location. If labor were immobile



CHAPTER 3. SPATIAL EXTERNALITIES AND THE DECLINE OF THE
MANUFACTURING BELT 81

between locations and industries, such a productivity increase would be wholly reflected in
wages and have no effect on industry or aggregate employment. However, in this setting
labor is potentially highly mobile across locations and sectors, and hence we would expect
that part of this productivity increase would be reflected in increased employment. Thus a
naive NLLS estimation strategy fails to be consistent for the parameters. What is needed are
instrumental variables that are correlated with L̂nkt and L̂nt but uncorrelated with changes
in productivity.

In a model without trade costs this would be extremely difficult, because in such a world
it is hard to imagine industry-location specific labor supply shocks. However, when trade
is costly across distance then there is potential variation in the local supply and demand
for labor that is unrelated to local productivity. One potential approach is to exploit a
natural experiment in which trade costs are observed to change in a way uncorrelated with
local productivity, but such natural experiments are not generally available. Building on
the approach in Bartelme (2014), I show how to use the data already at hand to generate
instruments based on productivity shocks to other locations.

To start, I assume that local industry productivity changes T̂nkt have an aggregate com-
ponent and an industry-specific component,

T̂nkt = T̂nt + εnt (3.13)

The basic idea of the instrument is to estimate T̂nt, then use these estimates to predict
how a location’s market access and input price index will change based on the exogenous
productivity changes in other locations. Specifically, construct “predicted” market access
and price index terms by multiplying the initial-period aggregate variables in equation (3.9)
by T̂nt and then solving for the new implied values of znk. As the number of industries
grows large, the correlation between the estimated aggregate productivity change T̂nt and
the industry level productivity changes εnt goes to zero, so the “predicted” market access and
input price indices will be uncorrelated with εnt as well.5 On the other hand, in equilibrium
higher market access and lower input prices lead to higher local wages and employment, so
these constructed variables will be correlated with Lnkt and Lnt. Thus they will be valid
instruments for these variables so long as we include T̂nt in the estimating equation:

ŷnkt(tkt) = µkt + β1ktL̂nkt + β2ktL̂nt + T̂nt + εnkt (3.14)

In practice we don’t observe T̂nt, so I estimate it by regressing L̂nkt on a location dummy.
Because this will pick up some endogenous aggregate components of employment growth as
well, I control for these by adding location-specific fixed effects to equation (3.14).

Given the true vector of trade costs, estimating equation (3.14) using these instruments
will provide consistent estimates of β1kt and β2kt, which can be simply divided by θ to
obtain consistent estimates of γkt and νkt. But how should we pick the trade costs? One

5Strictly, this requires zero serial correlation in the εnt as well, although modest serial correlation is
unlikely to lead to a large bias. I am quantifying the expected bias in ongoing work.
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strategy would be to continue using the sum of squared residuals as criterion function, but
using the IV estimates of the coefficients rather than the OLS to calculate it. This hybrid
approach, a mix of GMM and NLLS, makes sense if we are worried about endogeneity but
want to maximize the explanatory power of trade costs for industry location as opposed
to relying on differences in exogenous productivity. However, it lacks a strong theoretical
basis. An alternative is to generate additional instruments and use GMM to pick all of
the parameters. In this approach I estimate the linear part with additional instruments
(the product of the predicted market access and price index instruments), then compute the
GMM criterion function J . I then pick the vector of trade costs that minimizes J for the
estimated coefficients.

3.4 Data

The time period I consider is 1970-1995. This sample is of interest both for its own sake and
as an illustration of the new estimation methods developed in this paper. It is recent enough
to provide some evidence for the contemporary strength of these agglomeration forces, while
at the same time belonging to a historical period that witnessed some of the most significant
spatial reallocation of production in postwar U.S. history (Kim, 1995; Feyrer et al., 2007).
I divide the sample into two time periods, 1970-1980 and 1985-1995, and estimate equation
(3.14) for the two-digit SIC manufacturing industries using NLLS, the hybrid NLLS-GMM
approach and pure GMM as described above. I use cities as the geographic unit of analysis,
comprised of either urban counties or groups of counties that form a Metropolitan Statistical
Area (MSA). I estimate the parameters of the model under two alternative specifications.
In the first, I pool the data across time periods and assume that only the trade costs change
over time, not the local externalities γk or νk. In the second specification I allow these
parameters to vary across time as well.

The key data sources are the County Business Patterns collected by the Bureau of the
Census from 1970 - 1995, which contain industry-level employment counts by county or
MSA. While many precise employment counts are suppressed due to confidentiality concerns,
the number of establishments by size class is always available. When employment counts
are suppressed, I impute the totals from the establishment size counts using a regression
of employment on each size class by industry. I drop all observations with local industry
employment counts under 150 to minimize the effect of measurement error on the estimates.

Wage, income and total manufacturing employment data by county and MSA comes
from the Bureau of Economic Analysis regional accounts. I take the relevant wage to be the
wage in the manufacturing sector. To obtain the intermediate factor shares βjk, I use the
1992 benchmark input output table from the BEA and aggregate it to the SIC 2-digit level
using the concordance from (Fally, 2012). The wage share of gross output, βk, is obtained
from the same source. Intercity distances are calculated from the Census TIGER files by
using the centroid of each city to calculate the bilateral distance. Finally, the 2007 Freight
Analysis Framework 3 dataset on intercity trade flows is used to compute the relative trade
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elasticities for each industry.

3.5 Results

Table 3.2 shows the estimated parameters using the three different estimation methods, under
the assumption that the local externalities γk and νk are constant over time. Interestingly,
the pure NLLS estimator drives the value of trade costs to zero for both periods. While not
mechanical, this result shows that the theoretical restrictions implicitly imposed by equation
(3.14), namely that the coefficients on MAnk and P−θnk are equal to 1, are not the “best fit” for
the data. Rather than impose these restrictions, the estimator prefers to drive the variance
of these variables to zero, thus minimizing the variance in the dependent variable that must
be “accounted for” by the independent variables. However, for the reasons discussed above
the parameters that generate the “best fit” in sample may not bear much resemblance to
the true parameters that would most accurately predict the outcomes of a change in trade
costs or productivity.6

The other estimators give quite different results, both from the NLLS estimates and from
each other. The hybrid approach yields trade costs that are low initially, roughly 75% of
those estimated from the 2007 trade data, then decline further during 1985-1995. The GMM
estimator yields roughly the same low level of trade costs in both time periods, showing
no decline. Turning to the strength of local externalities, the results are also inconsistent
among the different approaches. The NLLS and hybrid approaches seem to agree that
localized externalities are on average high and positive at the industry level, but the GMM
approach finds significant negative local industry spillovers. The one consistent qualitative
story is that the net externalities at the aggregate level are negative.

These results are somewhat disappointing for their lack of consistency with one another
and with our intuitive priors over these parameters. However, this specification imposes
the potentially important restriction that the strength of local externalities does not vary
over time. Given the radical changes in transportation and communication technologies
as well as techniques of production over this time period, it seems at least possible that
these parameters have changed over time, and that the added flexibility is important for the
estimation.

Table 3.3 shows the results of estimating the same specifications as in Table 3.3, with
the difference that now the strength of local spillovers can vary over time. Once again, the
pure NLLS estimator drives trade costs in both periods to zero. However, both the hybrid

6A word on the absence of standard errors. The pervasive spatial correlation in the residuals means
that standard errors based on the i.i.d. assumption are clearly inappropriate. At the same time, the use of
generated regressors suggests that a bootstrap procedure is indicated. Combining spatial dependence and
bootstrap is conceptually and computationally challenging in a linear model, all the more so in a non-linear
model, and is not widely understood in the theoretical literature. Rather than present a false picture of
the reliability of the estimates, I leave the standard errors out until I am able to provide more reasonable
measures. For what it is worth, standard errors based on the i.i.d. assumption tend to be small relative to
the size of the coefficients.
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and the GMM approach estimate similar trade costs in both periods, showing a dramatic
decline in 1985-1995 from an already low level in 1970-1980. Indeed, the estimates suggest
that at least since 1995 the variance in local input prices and market access in the U.S.
is low for most manufacturing industries. While not consistent with the level of estimated
trade costs from the Commodity Flow Survey in 2007 (unless we think trade costs have
dramatically increased since the 1990s), these results are actually more in line with the
intuition that manufacturing plants in the contemporary U.S. are able to effectively serve a
national market. Given the potential problems with the CFS data and with identification
in gravity equation estimation,7 the fact that these results point to quite a different picture
of domestic trade costs is worth exploring further. Leaving the issue of the correct level of
trade costs, the estimated relative movement of trade costs over this time period certainly
accords with the narrative and anecdotal evidence.

Turning to the estimates of γkt and νkt, this time we see a reassuring consistency between
the hybrid and GMM approaches. Both estimate that, on average, γkt is large and positive
while νkt is large and negative. These results imply that, all else equal, increasing local em-
ployment in an industry has significant positive impact local productivity in that industry.
However, increases in employment in other manufacturing industries tends to have a signifi-
cant negative effect. One explanation for this result is that each of these externalities reflects
a balance of opposing forces: on the one hand, there are positive spillovers from other plants
due to knowledge sharing and thicker labor markets. On the other hand, there are negative
congestion externalities from the increased competition for locally scarce factors such as land
or specialized labor. For plants in your own industry the benefits outweigh the costs, but on
average the calculus is reversed for other industries. Notice that this negative effect is netting
out the positive effect from getting access to cheaper inputs, which is reflected separately in
the price index term. Most empirical studies of local cross-industry spillovers conflate these
two effects, which possibly accounts for their generally more positive estimates of the local
spillovers from aggregate manufacturing employment.

Strikingly, the estimates imply that on average the magnitude of these local externalities
has not declined. However, this does not mean that these local externalities do not play
a role in explaining the decline of the manufacturing belt. At an assumed value of θ = 6,
these estimates imply that on average γktθ ≈ 1. Going back to the re-arranged equilibrium
condition (3.8), it is clear that these estimates imply that local industry employment is quite
sensitive to differences in cost or demand across locations. This suggests that relatively
modest declines in trade costs or changes in the spatial distribution of productivity are
capable of leading to large changes in the spatial structure of industrial production. While
this intuition needs to be verified in general equilibrium, the results do provide some evidence
of the power of innovations in transportation or communications that lower trade costs to
fundamentally reshape the spatial distribution of production.

7One major problem with the CFS is the inclusion of shipments by both wholesalers and original man-
ufacturers. Wholesalers tend to ship far more locally than manufacturers, for reasons having nothing to
do with trade costs. Including shipments from both sources may therefore significantly bias the estimated
distance elasticities upwards (Hillberry and Hummels, 2002).
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While the results in Table 3.3 suggest that local agglomeration externalities have not
declined much on average, it is useful and interesting to examine the industry heterogeneity
in the estimated effects, both across industries and within industry over time. Figures 3.1
and 3.2 plot the estimated γkt and νkt for the two time periods against each other. Figure 3.1
shows that while for the most part the estimated γkts are close for both time periods, they
appear to have risen substantially for a few industries and fallen substantially for others.
The relative rankings are roughly as expected, with complex products like Transportation
Equipment, Electronics and Instruments generally exhibiting substantial spillovers. Pri-
mary metals, wood products and paper seem to have experienced substantial increases in
the strength of local spillovers over time. Turning to Figure 3.2, we see that most industries
line up relatively close to the 45 degree line, indicating little difference in the two time peri-
ods. Interestingly, there appears to be a strong negative correlation between the size of the
industry-level spillovers and the size of the aggregate spillovers. Since Lnkt and Lnt may be
highly correlated at this level of aggregation, especially for smaller cities, more investigation
is necessary to determine the extent to which this reflects a substantive economic relationship
or simply an artifact of a small sample size.

3.6 Conclusion and Directions for Further Research

This paper has developed a theoretical and empirical framework capable of studying the
sweeping changes in the geography of American manufacturing over the past 70 years. The
preliminary empirical results in this paper suggest that the natural story of declining trade
costs in goods causing manufacturing to disperse has considerable validity. They also show
that the magnitude of local external economies at the industry level is quite high on aver-
age, with considerable industry heterogeneity. These estimates are particularly noteworthy
because they are the first to control rigorously for the role of local market access and input
prices, which have superficially similar local effects but very different economic content and
general equilibrium implications. Both trade costs operating through input and output mar-
kets and local increasing returns at the industry level appear to have significantly shaped
the dynamics of the American industrial landscape.
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Figure 3.1: Changes in local industry-level agglomeration externalities γk, 1970 to 1995
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Figure 3.2: Changes in local aggregate agglomeration externalities νk, 1970 to 1995
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Table 3.1: Estimated 2007 trade costs by industry

SIC Code Industry θτk,2007 SIC Code Industry θτk,2007

20 Food & Beverages 1.46 30 Rubber and Plastic 1.12
22 Textiles 0.99 31 Leather Products 0.99
23 Apparel 0.99 33 Primary Metal 1.21
24 Wood Products 1.75 34 Fabricated Metal 1.45
25 Furniture 1.33 35 Industrial Machinery 1.84
26 Paper 1.27 36 Electronics 0.82
27 Printing & Publishing 1.07 37 Transportation Equipment 1.14
28 Chemicals 1.09 38 Instruments 0.63
29 Petroleum and Coal 1.82

Notes Estimated from industry level gravity regressions using the 2007 Freight Analysis Framework (FAF3) data,
which is based on the Commodity Flow Survey and supplemented by additional sources. Estimated using Poisson
regression with importer and exporter fixed effects and a single regressor, the log of bilateral distance. Textiles,
Apparel and Leather Products are combined in a single category in the FAF3, consequently they each have the same
estimated elasticity.
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Table 3.2: Estimated spatial externalities,
pooled across time

τ80 τ95 γ̄k ν̄k
NLLS 0.00 0.00 0.16 -0.06
GMM + NLLS 0.75 0.20 0.14 -0.25
GMM 0.55 0.60 -0.08 -0.19
Notes Estimated coefficients from equation (3.14) for

the years 1970-1980 and 1985-1995. The maintained as-
sumption is that all coefficients other than the distance
elasticity τt are common across time periods. Estimation
methods described in the text.

Table 3.3: Estimated spatial externalities, different time
periods

τ80 τ95 γ̄80 γ̄95 ν̄80 ν̄95

NLLS 0.00 0.00 0.16 0.15 -0.06 -0.06
GMM + NLLS 0.76 0.27 0.14 0.16 -0.24 -0.29
GMM .76 0.19 0.14 0.15 -0.24 -0.29
Notes Estimated coefficients from equation (3.14) for the years 1970-1980

and 1985-1995. The maintained assumption is that the localized industry-
specific externalities γkt, the industry-specific aggregate local externalities
νkt and the distance elasticity τt can vary across time periods. Estimation
methods described in the text.
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Chapter 4

Appendices

.1 Derivations

Proof of Proposition 1: By Theorem 2 of Allen et al. (2014), conditions (1), (2), (3) and
(5) imply that an ∝ bn. Define a a new variable Φn = Yn/an. Using the market clearing
condition (2) and the gravity equation (3) as well as the proportionality of an and bn, we
can write

Yn ∝ an
∑
i∈N

aiDin (1)

⇒ Φn ∝
∑
i∈N

Yi
Φi

Din (2)

and, by choosing the correct normalization, we arrive at equation (1.17). Using the definition
of Φn as well as conditions (4) and (7), we can then write

Yn = constant · A
1

1−λ1−λ2
n · Φ

λ1+λ2
λ1+λ2−1
n (3)

Ln = constant ·Bn · A
λ3+λ4

1−λ1−λ2
n · Φ

(λ3+λ4)
λ1+λ2−1
n (4)

Since Yn ∝ wnLn by condition (6), we also have

wn = constant ·B−1
n · A

1−λ3−λ4
1−λ1−λ2
n · Φ

λ1+λ2−λ3−λ4)
λ1+λ2−1

n (5)
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Define

εw =
λ1 + λ2 − λ3 − λ4

λ1 + λ2 − 1
(6)

εL =
λ3 + λ4

λ1 + λ2 − 1
(7)

χLn = Bn · A
λ3+λ4

1−λ1−λ2
n (8)

χwn = B−1
n · A

1−λ3−λ4
1−λ1−λ2
n (9)

and choose normalizations that set the constant terms in (4) and (5) equal to 1. Then
equations (4) and (5) are in the required forms given by (1.16) and (1.15) respectively. �

Proof of Proposition 2: By Lemma 3 of Fally (2014), equation 1.17 has a solution Φ∗n
that is unique up to scale. Equations (1.15) and (1.16) then yield the unique solutions for
χwn and χLn . �

Proof of Proposition 3: By Theorem 2 of Allen et al. (2014), any model satisfying con-
ditions (1)- (4) has a unique positive solution if either λ1 + λ2 ≤ 0 or λ1 + λ2 ≥ 2. Since
equation (3) implies that

εw + εL =
λ1 + λ2

λ1 + λ2 − 1
(10)

it follows that there is a unique positive solution if εw + εL ≤ 2. �

.2 Data

Probabilistic worker mapping from PUMAs to MSAs

The individual wage data I use comes from the Public Use samples (IPUMS) from the Census
and American Community Survey (ACS). For 1990 and 2000 I use a 20% sample of the 5%
samples from the Census. For 2007 I use the ACS 1% sample. The IPUMS data does not
report the county or MSA of households or workers. Instead, it reports the worker’s Public
Use Microdata Area (PUMA), a Census-defined geography that may not map uniquely (in
either direction) to counties or MSAs. The PUMA identities and boundaries also change
over time. Many PUMAs are contained entirely within an MSA, but there are also many
exceptions. Because the composition adjustment that I make to wages requires that workers
be assigned to specific MSAs, I create a probabilistic mapping of workers to MSAs using the
following algorithm.

1. Obtain the fraction of each PUMA’s population located in each county from IPUMS.1

1The relevant data for each year can be found at https://usa.ipums.org/usa/volii/tgeotools.shtml.
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2. For each PUMA, randomly assign each observed worker to a county, where the proba-
bility of assigning worker i to county j is equal to the fraction of the total population
in the PUMA located in county j.

Since all counties that are part of an MSA are contained entirely within that MSA, this
procedure assigns each worker an MSA as well.

Wage regressions

This section describes the procedure I use to obtain a composition-adjusted measure of wages
for each city and time period from the IPUMS data. I first select all workers between 16 and
65 who worked at least 40 weeks last year (wkswork2) and usually worked at least 20 hours
a week (uhrswork). IPUMS only reports ranges for weeks worked last year, so I replace the
reported interval with its midpoint. I then divide the total reported annual wage income by
total hours worked (uhrswork*wkswork2) to obtain an hourly wage.2

In the second step, I regress log wages on city-time dummies and individual-level co-
variates such as education, race, sex, marital status, and age. Specifically, I use the racial
categories white, black and other using the variable “race.” I use the variable “educ” to con-
struct categories for less than twelfth grade, twelfth grade, some college, 4 years of college,
and more than 4 years of college. I include dummies for sex, marital status and veteran
status, as well as a quartic in age. The estimated city-time fixed effects are my measure of
composition-adjusted log wages.

2I drop all observations for which the resulting hourly wage is less than $3, although results are robust
to changing the cutoff.
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.3 Additional Results

Table .1: Baseline estimates of reduced form elasticities εw and εL,
long differences

(1) (2) (3) (4) (5) (6)
OLS GMM OLS GMM OLS GMM

Panel A: Dep. Var. ŵ

Φ̂ 0.69 0.76 0.62 0.66 0.51 0.56
(0.11) (0.14) (0.10) (0.12) (0.17) (0.28)

R2 0.27 0.26 0.35 0.35 0.20 0.20
Overid p-value 0.73 0.60 0.48

Panel B: Dep. Var. L̂

Φ̂ 2.86 2.73 2.70 2.49 2.86 2.08
(0.22) (0.26) (0.24) (0.29) (0.31) (0.59)

R2 0.46 0.46 0.48 0.48 0.31 0.29
Overid p-value 0.60 0.96 0.80
Observations 377 377 377 377 377 377
First Stage F 31 28 13
Own-shock controls N N Y Y Y Y
Region-Time Fixed Effects N N N N Y Y

Notes All columns report estimates of equations (1.24) and (1.25) for ŷ = ŵ, L̂
(composition-adjusted wages and employment, respectively) using standard errors clus-
tered at the state level.. The sample is log changes between 1990 and 2007 for all 377
MSAs according to the 2010 OMB definitions. All regressions include a constant. Col-

umn (1) reports the simple OLS regression of ŷ on Φ̂, while column (2) reports the
corresponding 2SLS estimate using the traded and non-traded instruments interacted
with time dummies along with their squares (described in the text). Columns (3) and
(4) report the OLS and 2SLS estimates when the Bartik own-shocks interacted with time
dummies are included as additional regressors (“own-shock controls”). Columns (5) and
(6) report the OLS and 2SLS estimates from the specifications of Columns (3) and (4),
but including region-time fixed effects for 4 macro regions (Northeast, Midwest, South
and West). The ”Overid P-value” row reports the p-value of the Hansen J-test of the
overidentifying restrictions. The reported R2 partials out the effect of the region-year
fixed effects. Reported first stage F-statistics are the Kleibergen-Paap Wald statistics
computed using the corrected standard errors.

.4 Derivations for Chapter 2

One-Sector Growth Model with Intermediate Goods

This section presents a one sector Ramsey model with intermediate products. Gross output
is given by

Y (t) =
(
K(t)αL(t)1−α)1−σ

X(t)σ (11)
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Table .2: Robustness checks for the reduced form elasticities εw and εL, long
differences

(1) (2) (3) (4) (5) (6)
Division - Initial No big No small Weather & Harris

fe (1990) pop. cities cities initial ed. MP

Panel A: Dep. Var. ŵ

Φ̂ 0.53 0.54 0.56 0.56 0.57 0.38
(0.33) (0.22) (0.29) (0.29) (0.27) (0.20)

partial R2 0.20 0.20 0.20 0.21 0.22 0.20
Overid p-value 0.59 0.51 0.68 0.29 0.54 0.45

Panel B: Dep. Var. L̂

Φ̂ 2.26 1.90 2.23 1.73 1.91 1.40
(0.72) (0.61) (0.61) (0.58) (0.60) (0.43)

partial R2 0.22 0.28 0.27 0.31 0.29 0.24
Overid p-value 0.97 0.94 0.92 0.43 0.41 0.72
Observations 377 377 334 301 377 377
First stage F 7 11 17 11 10 15
Own-shock controls Y Y Y Y Y Y
Region-time dummies Y Y Y Y Y Y

Notes All columns report estimates of equations (1.24) and (1.25) for ŷ = ŵ, L̂ (composition-
adjusted wages and employment, respectively) using standard errors clustered at the state level..
The sample is log changes between 1990 and 2007 for all 377 MSAs according to the 2010 OMB
definitions, unless otherwise specified. All regressions include region fixed effects, own-shock controls
and use the 2SLS estimator. Column (1) reports the results of using Census Division - time
fixed effects (9 divisions) rather than the region-time fixed effects as in the baseline. Column (2)
includes the log of the population in 1990 as an additional regressor. Column (3) drops cities
with populations greater than 750,000 in 1990, while Column (4) drops those with populations less
that 65,000 in 1990 from the sample. Column (5) adds the mean January temperature and the
share of college- educated workers in 1990 as additional controls. Column 6 uses Harris market
potential as an alternative measure of market access. All estimates use the tradable and non-
tradable instruments interacted with year dummies and their squares. The reported R2 partials
out the effect of the region-year fixed effects. Reported first stage F-statistics are the Kleibergen-
Paap Wald statistics computed using the corrected standard errors.

where X is the amount of intermediate goods used in production. At any point in time
competitive firms solve

max
K(t),L(t),X(t)

(1−τY )(K(t)α(A(t)L(t))1−α)1−σX(t)σ−w(t)L(t)−r(t))K(t)−(1+τX)X(t) (12)

where τY is a distortion that acts as a sales tax and τX is a distortion that acts as a tax on
intermediate purchases. Firm optimization implies that, at any point in time, gross output
is given by

Y (t) = K(t)αL(t)1−α
[
A1−α

(σ
τ

) σ
1−σ
]

(13)

and net output or GDP is

Y (t)−X(t) = Y (t)
(

1− σ

τ

)
= K(t)αL(t)1−α

[
A1−α

(σ
τ

) σ
1−σ
(

1− σ

τ

)]
(14)



CHAPTER 4. APPENDICES 94

Table .3: First stage results for Table 1.2

(2) (4) (6)

νTn,2000 0.01 -0.02
(0.05) (0.04)

νTn,2007 0.14 0.13
(0.05) (0.04)

νNTn,2000 -0.05 -0.03
(0.02) (0.01)

νNTn,2007 -0.03 -0.03
(0.06) (0.05)

ẐTn,2000 10.01 11.30 -3.52
(14.50) (14.45) (10.29)

ẐTn,2007 -5.58 -5.11 -1.62
(2.76) (2.51) (1.85)

[ẐTn,2000]2 -158.07 -171.54 4.19
(141.28) (140.79) (99.33)

[ẐTn,2007]2 -997.31 -916.51 -476.52
(221.24) (196.47) (152.35)

ẐNTn,2000 215.74 217.02 261.33
(55.12) (54.77) (45.90)

ẐNTn,2007 43.89 42.05 -11.70
(30.85) (29.63) (17.33)

[ẐNTn,2000]2 -493.41 -495.94 -599.34
(128.15) (127.27) (106.51)

[ẐNTn,2007]2 -297.09 -284.22 58.82
(196.51) (188.88) (110.72)

Observations 754 754 754
R2 0.56 0.57 0.37
Region-Time Dummies N N Y

Notes Each column reports the first stage regression for the
corresponding column in Table 1.2. Instruments are com-
puted according to equation (1.22), divided into tradable and
non-tradable components, and interacted with year dummies.
Squares of each term are include as additional instruments.
Standard errors clustered at the state level. Partial R2 omits
the influence of time and region-time fixed effects.
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Table .4: Wages: full results, baseline estimates

(1) (2) (3) (4) (5) (6)
OLS 2SLS OLS 2SLS OLS 2SLS

Φ̂nt 0.85 0.80 0.74 0.67 0.70 0.60
(0.09) (0.12) (0.08) (0.11) (0.14) (0.21)

νTn,2000 0.40 0.39 0.36 0.36
(0.11) (0.11) (0.11) (0.12)

νTn,2007 0.74 0.78 0.69 0.72
(0.12) (0.12) (0.12) (0.12)

νNTn,2000 -0.17 -0.16 -0.12 -0.12
(0.06) (0.06) (0.07) (0.07)

νNTn,2007 0.14 0.14 0.12 0.12
(0.10) (0.10) (0.10) (0.10)

Observations 754 754 754 754 754 754
R2 0.21 0.21 0.29 0.29 0.18 0.18
First Stage F 42 41 27
Own-shock controls N N Y Y Y Y
Region-Time Fixed Effects N N N N Y Y

Notes This table presents the full regression results for the baseline estimates with log
wages as the dependent variable, corresponding to the regressions reported in Table1.2,
Panel A. The sample is the periods 1990-2000 and 2000-2007 all 377 MSAs according to
the 2010 OMB definitions. All regressions include time fixed effects. Column (1) reports

the simple OLS regression of ŷ on Φ̂, while column (2) reports the corresponding 2SLS
estimate using the traded and non-traded instruments interacted with time dummies
along with their squares (described in the text). Columns (3) and (4) report the OLS and
2SLS estimates when the Bartik own-shocks interacted with time dummies are included
as additional regressors (“own-shock controls”). Columns (5) and (6) report the OLS and
2SLS estimates from the specifications of Columns (3) and (4), but including region-time
fixed effects for 4 macro regions (Northeast, Midwest, South and West). The ”Overid
P-value” row reports the p-value of the Hansen J-test of the overidentifying restrictions.
The reported R2 partials out the effect of the region-year fixed effects. Reported first
stage F-statistics are the Kleibergen-Paap Wald statistics computed using the corrected
standard errors.

where τ = 1+τX
1−τY

is the “net tax rate” and the term in brackets equals the Solow residual
or measured TFP. Note that, given fixed capital and labor stocks, there is no distinction
between the effects of sales taxes and taxes on intermediates.

We now establish the comparative statics of TFP at any point in time with respect to τ .
Let

G = A1−α
(σ
τ

) σ
1−σ

We can then derive

∂TFP

∂τ
= G

[
σ(1− τ)

τ 2(1− σ)

] 
< 0 if τ > 1
= 0 if τ = 1
> 0 if τ < 1

(15)
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Table .5: Employment: full results, baseline estimates

(1) (2) (3) (4) (5) (6)
OLS 2SLS OLS 2SLS OLS 2SLS

Φ̂nt 2.53 2.49 2.37 2.24 2.45 2.00
(0.18) (0.20) (0.18) (0.21) (0.21) (0.27)

νTn,2000 0.21 0.19 0.24 0.22
(0.16) (0.16) (0.15) (0.15)

νTn,2007 0.65 0.71 0.66 0.77
(0.13) (0.13) (0.14) (0.14)

νNTn,2000 0.27 0.29 0.15 0.15
(0.14) (0.14) (0.16) (0.16)

νNTn,2007 0.15 0.16 0.19 0.18
(0.16) (0.16) (0.15) (0.16)

Observations 754 754 754 754 754 754
R2 0.42 0.42 0.44 0.44 0.28 0.28
First Stage F 42 41 27
Own-shock controls N N Y Y Y Y
Region-Time Fixed Effects N N N N Y Y

Notes This table presents the full regression results for the baseline estimates with
log employment as the dependent variable, corresponding to the regressions reported
in Table1.2, Panel B. The sample is the periods 1990-2000 and 2000-2007 for all 377
MSAs according to the 2010 OMB definitions. All regressions include time fixed effects.

Column (1) reports the simple OLS regression of ŷ on Φ̂, while column (2) reports the
corresponding 2SLS estimate using the traded and non-traded instruments interacted
with time dummies along with their squares (described in the text). Columns (3) and
(4) report the OLS and 2SLS estimates when the Bartik own-shocks interacted with time
dummies are included as additional regressors (“own-shock controls”). Columns (5) and
(6) report the OLS and 2SLS estimates from the specifications of Columns (3) and (4),
but including region-time fixed effects for 4 macro regions (Northeast, Midwest, South
and West). The ”Overid P-value” row reports the p-value of the Hansen J-test of the
overidentifying restrictions. The reported R2 partials out the effect of the region-year
fixed effects. Reported first stage F-statistics are the Kleibergen-Paap Wald statistics
computed using the corrected standard errors.

∂2TFP

∂σ∂τ
= G

1− τ
τ 4(1− σ)2

[
τ 2 − σ(1− σ)(1− τ) + σ(τ − σ) log(σ/τ)

]
(16)


< 0 if τ > 1
= 0 if τ = 1
> 0 if τ < 1

Higher taxes on intermediates, direct (τX) or indirect (τX), reduce intermediate usage
from its optimal level and lower measured TFP. A higher intermediate share implies that
intermediates are relatively more important in the production process, so distortions to
intermediate inputs (i.e. deviations from τ = 1) are more costly.
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Table .6: Wages: full results for robustness checks

(1) (2) (3) (4) (5) (6)
Division - Initial No big No small Weather & Harris

fe (1990) pop. cities cities initial ed. MP

Φ̂nt 0.83 0.61 0.59 0.61 0.59 0.42
(0.25) (0.22) (0.26) (0.21) (0.21) (0.16)

νTn,2000 0.38 0.35 0.31 0.41 0.29 0.35
(0.12) (0.11) (0.12) (0.12) (0.12) (0.12)

νTn,2007 0.72 0.70 0.72 0.72 0.63 0.72
(0.11) (0.13) (0.13) (0.12) (0.13) (0.12)

νNTn,2000 -0.12 -0.13 -0.12 -0.16 -0.17 -0.12
(0.08) (0.07) (0.07) (0.07) (0.08) (0.07)

νNTn,2007 0.17 0.14 0.09 0.12 0.15 0.12
(0.09) (0.11) (0.11) (0.11) (0.09) (0.10)

january avg 0.00
(0.00)

college 1990 0.07
(0.02)

logemp1990 0.00
(0.00)

Observations 754 754 668 674 754 754
R2 0.18 0.18 0.17 0.21 0.19 0.18
First stage F 17 24 29 26 27 34
Own-shock controls Y Y Y Y Y Y
Region-time dummies Y Y Y Y Y Y

Notes This table presents the full regression results for the robustness checks with log wages as
the dependent variable, corresponding to the regressions reported in Table1.3, Panel A. The sample
is the periods 1990-2000 and 2000-2007 for all 377 MSAs according to the 2010 OMB definitions,
unless otherwise specified. All regressions include region-time fixed effects, own-shock controls and
use the 2SLS estimator. Column (1) reports the results of using Census Division - time fixed effects
(9 divisions) rather than the region-time fixed effects as in the baseline. Column (2) includes the
log of the population in 1990 as an additional regressor. Column (3) drops cities with populations
greater than 750,000 in 1990, while Column (4) drops those with populations less that 65,000 in
1990 from the sample. Column (5) adds the mean January temperature and the share of college-
educated workers in 1990 as additional controls. Column 6 uses Harris market potential as an
alternative measure of market access. All estimates use the tradable and non-tradable instruments
interacted with year dummies and their squares. The reported R2 partials out the effect of the
region-year fixed effects. Reported first stage F-statistics are the Kleibergen-Paap Wald statistics
computed using the corrected standard errors.
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Table .7: Employment: full results for robustness checks

(1) (2) (3) (4) (5) (6)
Division - Initial No big No small Weather & Harris

fe (1990) pop. cities cities initial ed. MP

Φ̂nt 1.84 1.93 2.00 2.07 2.00 1.37
(0.40) (0.26) (0.32) (0.29) (0.30) (0.20)

νTn,2000 0.16 0.32 0.34 0.27 0.33 0.20
(0.16) (0.15) (0.16) (0.18) (0.15) (0.16)

νTn,2007 0.77 0.91 0.79 0.76 0.90 0.80
(0.14) (0.18) (0.16) (0.15) (0.15) (0.15)

νNTn,2000 0.16 0.25 0.24 0.17 0.20 0.14
(0.14) (0.18) (0.18) (0.18) (0.16) (0.16)

νNTn,2007 0.23 0.02 0.20 0.22 0.13 0.19
(0.17) (0.22) (0.21) (0.21) (0.16) (0.17)

january avg 0.00
(0.01)

college 1990 -0.12
(0.10)

logemp1990 -0.01
(0.00)

Observations 754 754 668 674 754 754
R2 0.20 0.28 0.25 0.32 0.28 0.23
First stage F 17 24 29 26 27 34
Own-shock controls Y Y Y Y Y Y
Region-time dummies Y Y Y Y Y Y

Notes This table presents the full regression results for the robustness checks with log employment as
the dependent variable, corresponding to the regressions reported in Table1.3, Panel B. The sample
is the periods 1990-2000 and 2000-2007 for all 377 MSAs according to the 2010 OMB definitions,
unless otherwise specified. All regressions include region-time fixed effects, own-shock controls and
use the 2SLS estimator. Column (1) reports the results of using Census Division - time fixed effects
(9 divisions) rather than the region-time fixed effects as in the baseline. Column (2) includes the
log of the population in 1990 as an additional regressor. Column (3) drops cities with populations
greater than 750,000 in 1990, while Column (4) drops those with populations less that 65,000 in
1990 from the sample. Column (5) adds the mean January temperature and the share of college-
educated workers in 1990 as additional controls. Column 6 uses Harris market potential as an
alternative measure of market access. All estimates use the tradable and non-tradable instruments
interacted with year dummies and their squares. The reported R2 partials out the effect of the
region-year fixed effects. Reported first stage F-statistics are the Kleibergen-Paap Wald statistics
computed using the corrected standard errors.
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We add a household sector in order to study how intermediate goods and distortions
affect the steady state level of capital stock. Suppose a representative consumer solves

max
c(t)

∫ ∞
t=0

e−ρt
C(t)1−θ

1− θ
dt (17)

s.t. ȧ(t) = [r(t)− δ] a(t) + w(t) + τY y(t) + τXx(t)− c(t) (18)

where lowercase variables are per capita values and δ is the capital depreciation rate. Tech-
nology A grows at a constant exogenous rate g.

Letting k = K/AL, c̃ = c/A and x = X/AL we can express the two dynamic equations
of the model as

˙̃c

c̃
=
r(t)− ρ− δ

θ
− g (19)

k̇ = kα (σ/τ)
σ

1−σ [(1− τY )(1− σ) + τY + τXσ/τ ]− c̃− (g + δ)k (20)

where r(t) = (1− τY )(1−σ)αkα−1(σ/τ)
σ

1−σ . Solving for the steady state value of capital per
effective labor, we find

k̄ =

[
θg + ρ+ δ

α(1− τY )(1− σ)
(σ/τ)−

σ
1−σ

] 1
α−1

(21)

Along the balanced growth path, net output per worker is given by

v̄a = Ak̄α ·
(σ
τ

) σ
1−σ
(
τ − σ
τ

)
= A

[
θg + ρ+ δ

α(1− τY )(1− σ)
(σ/τ)−

σ
1−σ

] 1
α−1

·
(σ
τ

) σ
1−σ
(
τ − σ
τ

)
(22)

Both taxes reduce capital accumulation, but τY has a larger negative effect because it di-
rectly reduces the rate of return on capital as well as indirectly through its effect on TFP.
The effect of net subsidies (τ < 1) on output per worker on the balanced growth path is
ambiguous because subsidies reduce TFP but encourage capital accumulation to a varying
degree depending on the specific mix of distortions.

We can establish the following:

∂ log(k̄)

∂τY
=

1

(α− 1)(1− τY )(1− σ)
< 0 (23)

∂ log(k̄)

∂τX
=

σ

(α− 1)(1 + τX)(1− σ)
< 0 (24)

The last two effects are straightforward: taxing sales and intermediates reduces the steady
state capital stock. Subsidies, on the other hand, encourage excessive capital accumulation.
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Comparative Statics of σ

The comparative statics of output and productivity with respect to the factor shares in
a Cobb-Douglas production function depends crucially on whether technology augments
labor/capital, or intermediate goods/ is neutral. For example, consider the functions

F1 = A(KαLβ)1−σXσ (25)

F2 = (Kα(AL)1−α)1−σXσ (26)

and define let TFP1 and TFP2 denote total factor productivity in the value-added form of
the production function (assuming no distortions),

TFP1 = (1− σ)σ
σ

1−σA
1

1−σ (27)

TFP2 = (1− σ)σ
σ

1−σA1−α (28)

It is easy to show that d/dσ (1−σ)σ
σ

1−σ < 0, which implies that dTFP2/dσ < 0. But when
σ enters into the exponent of A as in TFP1 the magnitude of A determines the sign of the
derivative. For A large enough dTFP1/dσ > 0 and for A small enough we get the opposite.
These features make conducting comparative statics with σ very unappealing since there is
no good reason to prefer one specification to another. Moreover the magnitude of A depends
on the units in which inputs and outputs are measured, which in the case of TFP1 will affect
the magnitude and sign of the elasticity of TFP with respect to σ.

CES Generalization

Consider the CES generalization of the gross output production function (11),3

Y = (aL(πLL)ρ + aK(πKK)ρ + aX(πXX)ρ)
1
ρ (29)

Following the same steps as in the previous sections, in a competitive economy with distor-
tions the intermediate goods share will be

X

Y
=

(
aXπ

rho
X

t

) 1
1−ρ

(30)

and net output will be

Y −X = constant · 1− aXπ
ρ

1−ρ
X t

−1
1ρ(

1− aXπ
ρ

1−ρ
X t

−ρ
1ρ

) 1
ρ

(31)

3This is a “normalized” CES function, appropriate for doing comparative statics on the elasticity of
substitution (Klump et al., 2012).
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This expression need not be positive (or real) for all admissible values of t and ρ. Intuitively,
if the tax t is high and ρ is low the firm must pay more for its intermediate input than it can
get for its output, so production shuts down and the formula ceases to be meaningful. If t
is low and ρ is high enough the firm can make infinite profits by simply using intermediate
goods to produce final goods without the use of capital and labor at all, which also cannot
be an equilibrium. Therefore, we confine our discussion to the parameter space for which
equation (31) delivers an economically sensible answer.

We are interested in how the impact of distortions on aggregate output varies with the
elasticity of substitution. Intuitively, there are two off-setting effects. When the elasticity
of substitution is lower, a given tax causes a relatively smaller change in the input-output
coefficient (30). On the other hand, the misallocation in input quantities induced by the
distortion is more costly the lower the elasticity of substitution. Which effect dominates
depends non-monotonically on the elasticity. Figure ?? shows the impact of different taxes
for several values of the elasticity of substitution. For an elasticity of substitution of 1/2
(i.e. ρ = −1)), the output cost of a given level of distortion is much larger than in the
case of a unit elasticity. The output cost is still larger than in the unit elasticity case when
elasticity of 1/11, but the difference is much smaller. In the Leontief limit, the output cost
of distortions is zero.
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Multi-Sector Model

In our simulations we use the closed economy version of the multisector neoclassical growth
model with distortions explored by Jones (2011b) with 56 sectors. We refer the reader to
that paper for an in depth discussion. In this appendix we simply specify the model formally
for easy reference.

The production side of the economy consists of multiple intermediate goods sectors and
a final goods sector. Each intermediate sector has competitive input and output markets.
Production in sector i takes place using the Cobb-Douglas technology

Yi =
(
Kαi
i (AiLi)

1−αi)1−σi ·
n∏
j=1

X
σij
ij (32)

where the Xij are the intermediate goods from sector j used by sector i and σi =
∑n

j=1 σij,
K is capital, L is labor, and A is the labor augmenting technology level. Firms choose input
and output levels to maximize profits:

max
Ki,Li,Xij

(1− τYi )PiYi − wLi − rKi −
n∑
j=1

PjXij (33)

where a fraction τYi of the firm’s output is stolen and rebated lump sum to consumers. The
firm’s output is sold either to other intermediate goods producers or to the final goods sector,
whose Cobb-Douglas production function is

Y =
∏
i

cγii (34)

where
∑

i γi = 1. Consumers then purchase this composite final good. Consumers own all
factors of production (which are in fixed supply) and care only about consumption, and since
the model is static the solution to their optimization problem is to simply spend all their
income on this consumption good.

Market clearing requires that all intermediate production is uses to produce either other
intermediates or final goods,

Yi = ci +
∑
j

Xij (35)

all final good production is consumed,

Y = C (36)

and all factors of production are fully employed∑
i

Ki = K (37)∑
i

Li = L (38)
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Figure .1: Output cost of distortions for CES production functions
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A competitive equilibrium is a set of quantities C, Y, Yi, Ki, Li, Xij and prices Pi, r, w such
that all firms are maximizing profits, all markets clear and consumers consume optimally.

Jones (2011b) shows that in this competitive equilibrium aggregate output is a Cobb-
Douglas function of aggregate capital, labor and TFP, where TFP is the product of a term
that involves no distortions and a term that does, ε. In our simulations we focus on variation
in ε, so we provide the formula below.

log(ε) = ω + µ′η̄ (39)

where

ω = γ′ωc + µ′ωq

µ′ = γ′(I −B∗)

η̄i = log (Ai(1− τi))
ωq = ωK + ωL + ωX

ωci = log

(
γi
βi

)
β = (I −B′)−1γ

ωXi =
N∑
j=1

σij log(σijβi/βj)

ωKi = δKi log(θKi)

ωLi = δLi log(θLi)

θKi =
δKiβi∑N

j=1(1− τj)δKjβj

θLi =
δLiβi∑N

j=1(1− τj)δLjβj
δKi = αi(1− σi)
δLi = (1− αi)(1− σi)
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Robustness Appendix

In this appendix, we present some robustness checks for our cross-sectional results. One
might be concerned that our results are determined by the variation in AOM due to the
primary sector. As discussed in sections 2.2 and 2.4 above, primary sector linkages have an
ambiguous relationship with economic development both theoretically and empirically (see
tables 2.2 and 2.3). In addition, economic growth has been characterised by the shrinking
economic importance of agriculture and other basic industries. In order to ensure that our
results are not driven by primary sector linkages, we construct an alternative measure of
linkages which includes only manufacturing and services, AOM − MS. This alternative
measure has the same interpretation as AOM for the whole economy but instead it treats
the economy as consisting of only a subset of industries, illustrating the convenience of using
the average output multiplier as a measure of linkages in the economy. Table .8 shows that
using this alternative measure yields very similar results and hence our findings are not
driven by the relative importance of the primary sector across countries.

Table .9 presents some basic robustness checks and extensions of our main specification.
The first row shows the result of substituting WAOM for AOM with full controls. As
argued above in Section 2.2, we expect WAOM to be a contaminated indicator of the level
of distortions because it weights naturally intermediate-intensive sectors more heavily for
poor countries than rich ones. Consistent with this logic, we find that the estimated κ is
smaller than the one estimated with AOM , with similar standard errors. In the second
column we use a version of WAOM that only includes linkages between manufacturing and
service industries, with similar results.

Row 2 includes an additional regressor: imported intermediate inputs as a share of total
output in the regression. The domestic and imported intermediate shares tend to be highly
negatively correlated, as documented in Figure .2, which is to be expected since domestic
and imported inputs are substitutable. Domestic distortions induce firms to import more
intermediate goods, so the domestic and imported intermediate shares contain roughly the
same information about distortions. Consistent with this interpretation, including import
linkages in our specifications results in high joint statistical and economic significance for
the coefficients on domestic and imported linkages. However, due to the strong negative
correlation between these two variables and the limited statistical power of the regressions,
the magnitude and statistical significance of the individual coefficients is unstable across
specifications. Because of this near collinearity, we do not include imported intermediate
inputs as a share of total output in other specifications.

Row 3 excludes countries with output per worker less that $3,000 at PPP to assess
whether our results are driven by grossly underdeveloped countries. We find that this is not
the case and constraining the sample to exclude very poor countries yields similar results.
Row 4 reports estimates of the baseline specification only on rich, OECD countries. This is an
interesting exercise because previous attempts (Jones, 2011b) to discern the contribution of
IO linkages were largely based on highly developed countries for which one can easily obtain
input-output tables. For these countries, we fail to find any relationship between AOM and
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output per worker, a result consistent with previous studies. This finding highlights the
importance of having large variation in IO tables. We continue to find results similar to our
baseline specification when we exclude countries with low AOM values (Row 5), which tend
to be poor or resource rich countries. In similar spirit, we find that our results continue to
hold when we exclude very open economies (Row 6, (imports + exports)/GDP > 1.1; e.g.
Belgium), or small economies (Row 7, population less than 4 million; e.g. Cyprus). Rows
8 and 9 assess the sensitivity of estimates to using alternative estimation methods that are
robust to outliers and influential observations. We find that using these alternative methods
yields similar results.

The theory of intermediate goods distortions developed in Jones (2011a,b) predicts that
the impact of distortions on productivity is highly nonlinear. The effect of distortions in
the neighborhood of t = 1 is weak but it becomes increasingly large as t moves away from
1. Variations in AOM amongst rich countries may reflect mostly factors unrelated to pro-
ductivity, while variation amongst poor and middle income countries reflects distortions.
Dropping high productivity countries in the linear specification tends to increase the esti-
mated effect, in line with this theory. More formally, we test for nonlinearity of the effect
size by estimating a series of quantile regressions for the quintiles {0.2, 0.4, 0.6, 0.8}. The
estimated κs decrease steadily with output per worker, with the estimates at the lowest
quintile of output per worker being roughly double the estimate at the highest. However,
an F-test cannot reject that the coefficients are all equal at conventional significance levels.
Thus the evidence is consistent with the theory which predicts that the cost of distortions is
small at low levels, but we are unable to conclude definitively that nonlinearity is present.

Table .10 presents similar robustness checks for the panel data.
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Figure .2: Correlation between Domestic and Imported Inputs
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Notes Each dot represents the correlation between the domestic and imported intermediate shares for an industry.
Primary sector includes agriculture, mining, utilities and construction. Industry codes can be found in Appendix .5.
IO data are from GTAP7.

.5 Data Appendix
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Table .8: Cross-Section: Manufacturing and service linkages only

(1) (2) (3) (4) (5) (6)

AOM-MS 2.70*** 0.84** 0.85*** 1.14*** 1.16*** 0.64**
(0.55) (0.33) (0.32) (0.33) (0.31) (0.29)

Rule of law 8.61*** 7.15*** 6.40*** 6.34*** -3.31**
(0.77) (0.77) (0.76) (1.26) (1.47)

Dist. Equator 0.18*** 0.18*** 0.18*** 0.17***
(0.04) (0.04) (0.06) (0.05)

Openness 0.24*** 0.22*** 0.29***
(0.06) (0.07) (0.06)

Central planning -0.22 -1.25
(2.29) (1.89)

Govt. Consumption -4.33** -2.11
(2.00) (1.42)

Tech. Adoption 5.03***
(0.72)

Observations 89 89 89 89 89 76
R-squared 0.21 0.66 0.71 0.72 0.74 0.85

Notes Dependent variable is log(RGDPWOK) from the PWT 7.0 in all specifications. AOM-MS is
calculated by deleting all primary sector rows and columns from the IO matrix B, then calculating the
average output multiplier from the remaining sectors. Robust standard errors in parentheses. ***, **,
* denote statistical significance at 1%, 5% and 10%.
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Table .9: Cross-Section: Robustness Checks

AOM AOM-MS Number of
β R2 β R2 Obs.

WAOM 0.48* 0.84 0.35* 0.84 76
(0.26) (0.19)

Imported inputs 0.62* 0.85 0.36 0.85 76
(0.33) (0.43)

Drop very 0.58*** 0.88 0.59*** 0.88 70
poor countries (0.22) (0.22)
Include only -0.17 0.69 -0.11 0.68 25
rich countries (0.10) (0.16)
Drop small AOM 0.81** 0.83 0.73* 0.83 71

(0.31) (0.38)
Drop very 0.77*** 0.85 0.69** 0.84 60
open countries (0.27) (0.34)
Drop small 0.77*** 0.86 0.69** 0.86 70
countries (0.25) (0.31)
Median regression 0.83*** 0.65 0.74** 0.65 76

(0.31) (0.33)
Huber robust 0.65** 0.70** 76
regression (0.28) (0.31)

Notes Each row reports the results of using either all industries (AOM) or manufacturing
and service industries only (AOM −MS) to calculate the average output multiplier in other-
wise identical regressions. Dependent variable is log(RGDPWOK) from the PWT 7.0 in all
specifications. Robust standard errors in parentheses. All regressions include the controls used
in column 6 of table 2.4. Row 1 replaces AOM with WAOM . Row 2 includes the share of
imported inputs in total output as a regressor. Row 3 drops countries with output per worker
less than $3,000. Row 4 drops countries with output per worker less than $36,000. Row 5 drops
countries with AOM < 1.4 or AOM −MS < 1.9, respectively. Row 6 drops countries with
(imports + exports)/rgdp > 1.1. Row 7 drops countries with population less that 4 million.
Row 8 reports the LAD estimate of κ with bootstrapped standard errors (1000 replications)
and the psuedo-R2. Row 9 reports the results for Huber robust regression. ***, **, * denote
statistical significance at 1%, 5% and 10%.
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Table .10: Panel: Robustness Checks

AOM AOM-MS Number of
β R2 β R2 Obs.

WAOM 0.25*** 0.77 0.39*** 0.78 233
(0.08) (0.14)

Drop older 0.24 0.76 0.53*** 0.76 211
observations (0.13) (0.17)
Drop very 0.29** 0.80 0.72*** 0.81 214
poor countries (0.10) (0.20)
Include only -0.01 0.87 0.26* 0.87 128
rich countries (0.06) (0.14)
Drop small AOM 0.40*** 0.78 0.79*** 0.80 207

(0.12) (0.19)
Drop very 0.37** 0.75 0.76*** 0.76 213
open countries (0.12) (0.21)
Drop small 0.34*** 0.79 0.66*** 0.80 207
countries (0.08) (0.15)
Median regression 0.30 0.87 0.31 0.87 233

(0.22) (0.29)
Huber robust 0.12 0.40** 233
regression (0.14) (0.18)

Notes Each row reports the results of using either all industries (AOM) or manufacturing
and service industries only (AOM −MS) to calculate the average output multiplier in oth-
erwise identical regressions. All regressions include the full set of panel controls (Polity IV,
openness and government consumption) as well as decade fixed effects. Dependent variable
is log(RGDPWOK) from the PWT 7.0 in all specifications. Driscoll-Kraay (1998) standard
errors in parentheses. Row 1 replaces AOM with WAOM . Row 2 drops observations before
1970. Row 3 drops countries with output per worker less than $3,000. Row 4 drops coun-
tries with output per worker less than $22, 000. Row 5 drops countries with AOM < 1.45 or
AOM−MS < 2.28, respectively. Row 6 drops countries with (imports+exports)/rgdp > 1.1.
Row 7 drops countries with population less that 4 million. Row 8 reports the LAD estimate
of κ with bootstrapped standard errors (1000 replications) and the psuedo-R2. Row 9 reports
the results of using Huber robust regression. ***, **, * denote statistical significance at 1%,
5% and 10%.
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Table .11: Cross Section Sample of Countries

countrycode country y AOM AOM-MS
ALB Albania 9.34 1.58 1.94
ARG Argentina 9.96 1.73 2.08
ARM Armenia 9.10 1.45 1.77
AUS Australia 11.21 1.86 2.29
AUT Austria 11.19 1.80 2.29
AZE Azerbaijan 9.23 1.82 1.78
BEL Belgium 11.24 1.41 1.93
BGD Bangladesh 7.84 1.73 2.04
BLR Belarus 9.84 1.97 1.91
BOL Bolivia 8.96 1.82 2.12
BRA Brazil 9.71 1.98 2.28
CAN Canada 11.12 1.76 2.13
CHE Switzerland 11.06 1.46 2.08
CHL Chile 10.20 1.75 2.11
CHN China 9.00 2.12 2.39
COL Colombia 9.72 1.63 2.08
CRI Costa Rica 10.01 1.64 2.13
CYP Cyprus 10.53 1.51 1.99
CZE Czech Republic 10.62 2.03 2.25
DNK Denmark 11.09 1.89 2.28
ECU Ecuador 9.55 1.89 2.18
EGY Egypt 9.50 1.49 1.83
ESP Spain 10.97 1.93 2.36
EST Estonia 10.39 1.79 2.14
ETH Ethiopia 7.00 1.59 2.21
FIN Finland 11.05 1.70 2.17
FRA France 11.12 2.06 2.50
GBR United Kingdom 11.12 2.06 2.56
GEO Georgia 8.90 1.65 1.87
GER Germany 11.06 1.99 2.46
GRC Greece 10.98 1.77 2.29
GTM Guatemala 9.63 1.63 2.10
HKG Hong Kong 11.06 1.81 2.22
HRV Croatia 10.35 1.68 2.02
HUN Hungary 10.59 1.71 2.05
IDN Indonesia 8.86 1.71 2.10
IND India 8.80 1.70 2.10
IRL Ireland 11.23 1.59 2.04
IRN Iran 10.06 1.80 1.95
ITA Italy 11.15 1.64 2.19
JPN Japan 11.05 2.05 2.42
KAZ Kazakhstan 9.74 1.85 2.12
KGZ Kyrgyzstan 8.38 1.81 1.84
KHM Cambodia 8.04 1.65 1.99
KOR Korea, Republic of 10.74 1.86 2.28
LAO Laos 8.27 1.97 1.76
LKA Sri Lanka 8.99 1.43 1.87



CHAPTER 4. APPENDICES 112

LTU Lithuania 10.25 1.89 2.21
LUX Luxembourg 11.55 1.32 1.76
LVA Latvia 10.14 1.71 2.07
MAR Morocco 9.03 1.70 2.24
MDG Madagascar 7.34 1.53 1.95
MEX Mexico 10.30 1.61 2.04
MLT Malta 10.83 1.34 1.74
MOZ Mozambique 7.18 1.47 1.92
MUS Mauritius 9.84 1.28 1.82
MWI Malawi 7.17 1.40 1.87
MYS Malaysia 10.13 1.58 2.00
NIC Nicaragua 8.58 1.66 2.01
NLD Netherlands 11.20 1.97 2.45
NOR Norway 11.45 1.75 2.16
NZL New Zealand 10.86 1.89 2.22
PAK Pakistan 8.78 1.67 2.04
PAN Panama 9.76 1.77 2.03
PER Peru 9.46 1.86 2.30
PHL Philippines 8.69 1.47 1.96
POL Poland 10.30 2.19 2.48
PRT Portugal 10.55 1.97 2.37
PRY Paraguay 8.97 1.76 2.18
ROM Romania 9.82 1.66 2.03
RUS Russia 10.08 1.98 2.17
SEN Senegal 8.15 1.33 1.86
SGP Singapore 11.28 1.44 1.96
SVK Slovak Republic 10.40 1.89 2.26
SVN Slovenia 10.73 1.86 2.29
SWE Sweden 11.13 2.06 2.49
THA Thailand 9.44 1.63 2.03
TUN Tunisia 9.63 1.56 1.98
TUR Turkey 10.19 1.54 2.02
TWN Taiwan 10.99 1.71 2.13
TZA Tanzania 7.56 1.68 2.01
UGA Uganda 7.75 1.33 1.78
UKR Ukraine 9.41 1.94 2.04
URY Uruguay 9.83 1.47 1.88
USA United States 11.33 1.93 2.31
VEN Venezuela 9.86 1.69 2.11
VNM Vietnam 8.42 1.45 1.87
ZAF South Africa 9.85 2.14 2.53
ZMB Zambia 8.22 1.66 2.07

Sources: Penn World Tables 7.0, GTAP7 at
https://www.gtap.agecon.purdue.edu
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Table .12: Non-GTAP7 Countries and Sources

Country years Source In Sample?
Argentina 1950, 1953,

1959, 1963,
1970

United Nations Economic Commission for
Latin America, Tablas de insumo-producto
en America Latina, Santiago de Chile : Na-
ciones Unidas, 1983

Yes

Argentina 1997 OECD, GTAP5 Yes
Australia 1968, 1974,

1986, 1989,
1994, 1998,
2004

OECD, GTAP5 Yes

Austria 1961, 1964,
1976

Economic Commission for Europe, Stan-
dardized input-output tables of ECE coun-
tries ..., New York, United Nations, various
years

Yes

Austria 1995, 1997,
2000, 2004

OECD, GTAP5 Yes

Burundi 1970 UNIDO, Input-output tables for developing
countries, New York : United Nations, 1985

Yes

Belgium 1959, 1965,
1970

Economic Commission for Europe, Stan-
dardized input-output tables of ECE coun-
tries ..., New York, United Nations, various
years

Yes

Belgium 1995, 2000,
2004

OECD, GTAP5 Yes

Bangladesh 1962 UNIDO, Input-output tables for developing
countries, New York : United Nations, 1985

Yes

Bangladesh 1997 GTAP5 Yes
Bulgaria 1963 Economic Commission for Europe, Stan-

dardized input-output tables of ECE coun-
tries for years around 1959, New York,
United Nations, 1972

Yes

Bolivia 1958 United Nations Economic Commission for
Latin America, Tablas de insumo-producto
en America Latina, Santiago de Chile : Na-
ciones Unidas, 1983

Yes

Botswanna 1997 GTAP5 Yes
Brazil 1959 United Nations Economic Commission for

Latin America, Tablas de insumo-producto
en America Latina, Santiago de Chile : Na-
ciones Unidas, 1983

No, no domestic
gross output

Brazil 1970 United Nations Economic Commission for
Latin America, Tablas de insumo-producto
en America Latina, Santiago de Chile : Na-
ciones Unidas, 1983

Yes

Brazil 1995, 1996,
1997, 2000,
2005

OECD, GTAP5 Yes
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Canada 1965, 1971,
1975

Economic Commission for Europe, Stan-
dardized input-output tables of ECE coun-
tries ..., New York, United Nations, various
years

Yes

Canada 1976, 1981,
1986, 1990,
1995, 1997,
2000

OECD, GTAP5 Yes

Switzerland 2001 OECD, GTAP5 Yes
Chile 1962 United Nations Economic Commission for

Latin America, Tablas de insumo-producto
en America Latina, Santiago de Chile : Na-
ciones Unidas, 1983

Yes

Chile 1977 UNIDO, Input-output tables for developing
countries, New York : United Nations, 1985

Yes

Chile 1986, 1996,
1997

http://www.bcentral.cl, GTAP5 Yes

China 1995, 1997,
2000, 2002

OECD, GTAP5 Yes

Ivory
Coast

1976 UNIDO, Input-output tables for developing
countries, New York : United Nations, 1985

No, trade margins
excluded

Ivory
Coast

1981 UNIDO, Input-output tables for developing
countries, New York : United Nations, 1985

No, major errors

Congo 1967 UNIDO, Input-output tables for developing
countries, New York : United Nations, 1985

No, trade margins
excluded

Columbia 1953 United Nations Economic Commission for
Latin America, Tablas de insumo-producto
en America Latina, Santiago de Chile : Na-
ciones Unidas, 1983

No, missing service
sectors

Columbia 1956 United Nations Economic Commission for
Latin America, Tablas de insumo-producto
en America Latina, Santiago de Chile : Na-
ciones Unidas, 1983

Yes

Columbia 1960 United Nations Economic Commission for
Latin America, Tablas de insumo-producto
en America Latina, Santiago de Chile : Na-
ciones Unidas, 1983

No, missing service
sectors

Columbia 1970 United Nations Economic Commission for
Latin America, Tablas de insumo-producto
en America Latina, Santiago de Chile : Na-
ciones Unidas, 1983

No, trade and
transport margins
excluded

Columbia 1997 GTAP5 Yes
Costa Rica 1957 United Nations Economic Commission for

Latin America, Tablas de insumo-producto
en America Latina, Santiago de Chile : Na-
ciones Unidas, 1983

No, missing service
sectors

Costa Rica 1972 United Nations Economic Commission for
Latin America, Tablas de insumo-producto
en America Latina, Santiago de Chile : Na-
ciones Unidas, 1983

No, missing mining
sectors
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Czechoslovakia1962, 1967,
1973, 1977

Economic Commission for Europe, Stan-
dardized input-output tables of ECE coun-
tries ..., New York, United Nations, various
years

Yes

Czech Re-
public

1995, 2000,
2005

OECD Yes

Denmark 1966-2005,
annual

http://www.dst.dk, GTAP5 Yes

Dominican
Republic

1962 United Nations Economic Commission for
Latin America, Tablas de insumo-producto
en America Latina, Santiago de Chile : Na-
ciones Unidas, 1983

No, missing service
sectors

Ecuador 1972, 1975 United Nations Economic Commission for
Latin America, Tablas de insumo-producto
en America Latina, Santiago de Chile : Na-
ciones Unidas, 1983

No, trade margins
excluded

Egypt 1973 UNIDO, Input-output tables for developing
countries, New York : United Nations, 1985

No, trade margins
excluded

Spain 1966, 1975 Economic Commission for Europe, Stan-
dardized input-output tables of ECE coun-
tries ..., New York, United Nations, various
years

Yes

Spain 1995, 1997,
2000, 2004,
2005

OECD, GTAP5. Eurostat Yes

Estonia 1997, 2000,
2005

OECD Yes

Finland 1965, 1970 Economic Commission for Europe, Stan-
dardized input-output tables of ECE coun-
tries ..., New York, United Nations, various
years

Yes

Finland 1995-2007,
annual

Eurostat, GTAP5 Yes

Fiji 1972 UNIDO, Input-output tables for developing
countries, New York : United Nations, 1985

Yes

France 1959,1965,
1970, 1975

Economic Commission for Europe, Stan-
dardized input-output tables of ECE coun-
tries ..., New York, United Nations, various
years

Yes

France 1972, 1977,
1980, 1985,
1990, 1995-
2007

OECD, GTAP5, Eurostat Yes

United
Kingdom

1963 Economic Commission for Europe, Stan-
dardized input-output tables of ECE coun-
tries for years around 1959, New York,
United Nations, 1972

No, major errors
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United
Kingdom

1968, 1969,
1975

Economic Commission for Europe, Stan-
dardized input-output tables of ECE coun-
tries ..., New York, United Nations, various
years

Yes

United
Kingdom

1979, 1984,
1990, 1995,
1997, 1998,
2000, 2003

OECD, GTAP5, Eurostat Yes

Germany 1959, 1965,
1970, 1975

Economic Commission for Europe, Stan-
dardized input-output tables of ECE coun-
tries ..., New York, United Nations, various
years

Yes

Germany 1978, 1986,
1988, 1990,
1995, 1997,
2000-2007

OECD, GTAP5, Eurostat Yes

Ghana 1968 UNIDO, Input-output tables for developing
countries, New York : United Nations, 1985

Yes

Greece 1958, 1970 Economic Commission for Europe, Stan-
dardized input-output tables of ECE coun-
tries ..., New York, United Nations, various
years

Yes

Greece 1994, 1995,
1997, 1999,
200, 2005

OECD, GTAP5, Eurostat Yes

Guatamala 1971 United Nations Economic Commission for
Latin America, Tablas de insumo-producto
en America Latina, Santiago de Chile : Na-
ciones Unidas, 1983

Yes

Haiti 1971 United Nations Economic Commission for
Latin America, Tablas de insumo-producto
en America Latina, Santiago de Chile : Na-
ciones Unidas, 1983

No, missing domestic
gross output

Haiti 1975 United Nations Economic Commission for
Latin America, Tablas de insumo-producto
en America Latina, Santiago de Chile : Na-
ciones Unidas, 1983

Yes

Hong
Kong

1997 GTAP5

Hungary 1959 Economic Commission for Europe, Stan-
dardized input-output tables of ECE coun-
tries for years around 1959, New York,
United Nations, 1972

No, missing domestic
gross output

Hungary 1965, 1976 Economic Commission for Europe, Stan-
dardized input-output tables of ECE coun-
tries ..., New York, United Nations, various
years

Yes

Hungary 1997, 1998,
2000, 2005

OECD, GTAP5 Yes
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Indonesia 1971 Biro Pusat Statistik, Tabel Input-Output
Indonesia, 1971

No, missing domestic
gross output

Indonesia 1975 UNIDO, Input-output tables for developing
countries, New York : United Nations, 1985

Yes

Indonesia 1980 Biro Pusat Statistik, Tabel Input-Output
Indonesia, 1980

No, missing domestic
gross output

Indonesia 1985, 1998,
2005

Biro Pusat Statistik, Tabel Input-Output
Indonesia, various years

Yes

Indonesia 1995, 1997,
2000

OECD, GTAP5 Yes

India 1973 UNIDO, Input-output tables for developing
countries, New York : United Nations, 1985

Yes

India 1993, 1997,
1998, 2003

OECD, GTAP5 Yes

Ireland 1964, 1969 Economic Commission for Europe, Stan-
dardized input-output tables of ECE coun-
tries ..., New York, United Nations, various
years

Yes

Ireland 1997, 1998,
2000, 2005

OECD, GTAP5 Yes

Iran 2001 http://www.amar.org.ir Yes
Israel 1968, 1972 David Chen, Input-output tables 1968/69,

Jerusalem : Bureau of Stats, 1975, 1979
Yes

Israel 1995, 2004 OECD Yes
Italy 1959, 1965,

1970, 1975
Economic Commission for Europe, Stan-
dardized input-output tables of ECE coun-
tries ..., New York, United Nations, various
years

Yes

Italy 1985, 1992,
1995, 1997,
2000, 2004,
2005

OECD, GTAP5, Eurostat Yes

Japan 1960 Economic Commission for Europe, Stan-
dardized input-output tables of ECE coun-
tries for years around 1959, New York,
United Nations, 1972

No, missing domestic
gross output

Japan 1965, 1970,
1975

Economic Commission for Europe, Stan-
dardized input-output tables of ECE coun-
tries ..., New York, United Nations, various
years

Yes

Japan 1980, 1985,
1990, 1995,
1996, 1997,
2000, 205

OECD, GTAP5 Yes

Kenya 1967,1971,
1976

Input/Output Table for Kenya, Central Bu-
rea of Statistics, various years

Yes
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Korea 1970, 1973,
1975, 1978,
1980, 1983,
1985-1988,
1990, 1993,
1995, 1998,
2000, 2003,
2005

Bank of Korea, GTAP5 Yes

Sri Lanka 1997 GTAP5 Yes
Lithuania 2000, 2005 OECD Yes
Luxembourg 1995, 1997,

2000, 2005
OECD, GTAP5 Yes

Latvia 1996, 1998 OECD Yes
Morocco 1975 UNIDO, Input-output tables for developing

countries, New York : United Nations, 1985
Yes

Morocco 1997 GTAP5 Yes
Madagascar 1973 UNIDO, Input-output tables for developing

countries, New York : United Nations, 1985
No, missing trade
and transport

Mexico 1950, 1960 United Nations Economic Commission for
Latin America, Tablas de insumo-producto
en America Latina, Santiago de Chile : Na-
ciones Unidas, 1983

Yes

Mexico 1970, 1980 Banco de Mexico Yes
Mexico 19,972,003 OECD, GTAP5 Yes
Macedonia 2005 OECD Yes
Malta 1971 UNIDO, Input-output tables for developing

countries, New York : United Nations, 1985
Yes

Malaysia 1978, 1983,
1987, 1991

Jadual input-output Malaysia, Kuala
Lumpur : Jabatan Perangkaan, various
years

Yes

Malaysia 1997 GTAP5 Yes
Malawwi 1997 GTAP5 Yes
Mozambique 199 GTAP5 Yes
Nicaragua 1974 UNIDO, Input-output tables for developing

countries, New York : United Nations, 1985
Yes

Netherlands 1959, 1965,
1970, 1975

Economic Commission for Europe, Stan-
dardized input-output tables of ECE coun-
tries ..., New York, United Nations, various
years

Yes

Netherlands 1972, 1977,
1981, 1986,
1995-2005

OECD, GTAP5, Eurostat Yes

Norway 1959, 1965,
1970, 1975

Economic Commission for Europe, Stan-
dardized input-output tables of ECE coun-
tries ..., New York, United Nations, various
years

Yes

Norway 1992-2005 Eurostat Yes
Norway 1995, 2000 OECD Yes
New
Zealand

1995, 1997,
2002

OECD, GTAP5 Yes
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Peru 1955, 1963,
1968

United Nations Economic Commission for
Latin America, Tablas de insumo-producto
en America Latina, Santiago de Chile : Na-
ciones Unidas, 1983

Yes

Peru 1997 GTAP5 Yes
Philippines 1974 UNIDO, Input-output tables for developing

countries, New York : United Nations, 1985
No, missing domestic
gross output

Philippines 1997 GTAP5
Papua
New
Guineau

1972 UNIDO, Input-output tables for developing
countries, New York : United Nations, 1985

Yes

Poland 1962, 1967,
1977

Economic Commission for Europe, Stan-
dardized input-output tables of ECE coun-
tries ..., New York, United Nations, various
years

Yes

Poland 1995, 1997,
2000, 2004,
205

OECD, GTAP5 Yes

Portugal 1959, 1965,
1970, 1974

Economic Commission for Europe, Stan-
dardized input-output tables of ECE coun-
tries ..., New York, United Nations, various
years

Yes

Portugal 1995, 1997,
1999, 2000,
2005

OECD, GTAP5, Eurostat Yes

Romania 2000, 2003-
2005

Eurostat Yes

Russia 1995, 2000 OECD Yes
Russia 2002 OECD No, major errors
Rwanda 1970 UNIDO, Input-output tables for developing

countries, New York : United Nations, 1985
Yes

Senegal 1959 UNIDO, Input-output tables for developing
countries, New York : United Nations, 1985

Yes

Singapore 1973 UNIDO, Input-output tables for developing
countries, New York : United Nations, 1985

Yes

Singapore 1997 GTAP5
Slovakia 1995, 2000,

200
OECD, Eurostat Yes

Slovenia 1996, 2000,
2001, 2005

Eurostat Yes

Sweden 1964, 1969,
1975

Economic Commission for Europe, Stan-
dardized input-output tables of ECE coun-
tries ..., New York, United Nations, various
years

Yes

Sweden 1995, 1997,
2000, 2005

GTAP5, Eurostat Yes

Thailand 1975 UNIDO, Input-output tables for developing
countries, New York : United Nations, 1985

Yes

Thailand 1997 GTAP5 Yes
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Turkey 1963 Economic Commission for Europe, Stan-
dardized input-output tables of ECE coun-
tries for the years around 1959, New York,
United Nations, 1972

No, missing domestic
gross output

Turkey 1968 Economic Commission for Europe, Stan-
dardized input-output tables of ECE coun-
tries for the years around 1970, New York,
United Nations, 1982

Yes

Turkey 1973 Economic Commission for Europe, Stan-
dardized input-output tables of ECE coun-
tries for the years around 1975, New York,
United Nations, 1982

Yes

Turkey 1996, 1997
1998, 2002

OECD, GTAP5 Yes

Taiwan 1971 UNIDO, Input-output tables for developing
countries, New York : United Nations, 1985

Yes

Taiwan 1981, 1984,
1986, 1989,
1991, 1994,
1999, 2004

http://eng.stat.gov.tw/ Yes

Taiwan 1996, 1997,
2001, 2006

OECD, GTAP5 Yes

Tanzania 1970 UNIDO, Input-output tables for developing
countries, New York : United Nations, 1985

Yes

Tanzania 1997 GTAP5 Yes
Uganda 1997 GTAP5 Yes
Uruguay 1961 United Nations Economic Commission for

Latin America, Tablas de insumo-producto
en America Latina, Santiago de Chile : Na-
ciones Unidas, 1983

No, missing mining
sectors

Uruguay 1997 GTAP5 Yes
United
States

1958, 1963 Economic Commission for Europe, Stan-
dardized input-output tables of ECE coun-
tries ..., New York, United Nations, various
years

No, missing domestic
gross output

United
States

1972, 1977,
1982

BEA Yes

United
States

1985, 1990,
1995, 1997,
2000, 2005

OECD, GTAP5 Yes

USSR 1966 Economic Commission for Europe, Stan-
dardized input-output tables of ECE coun-
tries for the years around 1965, New York,
United Nations, 1977

No, missing domestic
gross output and F
vector

Venezuela 1997 GTAP5 Yes
Vietnam 1997 GTAP5 Yes
Yugoslavia 1962, 170,

1976
Economic Commission for Europe, Stan-
dardized input-output tables of ECE coun-
tries ..., New York, United Nations, various
years

Yes
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Yugoslavia 1966 Economic Commission for Europe, Stan-
dardized input-output tables of ECE coun-
tries for the years around 1965, New York,
United Nations, 1977

No, missing sectors

South
Africa

1971, 1975,
1978, 1981,
1984, 1988,
1989, 1993

ZAF stat Yes

South
Africa

2000, 2005 OECD Yes

Zambia 1973 UNIDO, Input-output tables for developing
countries, New York : United Nations, 1985

No, missing domestic
gross output

Zambia 1997 GTAP5 Yes
Zimbabwe 1997 GTAP5 Yes

Notes The table lists each IO table we collected (excluding those in GTAP7, which are listed above in
Table .11), its source, and whether or not it is included in the sample. If not, we provide a brief description
of why it was not. “Major errors” means that we discovered significant errors in the original sources that
proved impossible to correct. Generally tables that were missing some major sectors were excluded, as were
those that did not provide a measure of domestic gross output. GTAP5 is the major source of tables for
1997.
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Table .13: GTAP Sectors and Abbreviations

Code Description Code Description Code Description
PDRPaddy rice OMTMeat products nec OTNTransport equip-

ment nec
WHTWheat VOL Vegetable oils and

fats
ELE Electronic equip-

ment
GROCereal grains nec MIL Dairy products OMEMachinery and

equipment nec
V F Vegetables, fruit,

nuts
PCRProcessed rice OMFManufactures nec

OSD Oil seeds SGR Sugar ELY Electricity
C B Sugar cane, sugar

beet
OFDFood products nec GDTGas manufacture,

distribution
PFB Plant-based fibers B T Beverages and to-

bacco products
WTRWater

OCRCrops nec TEX Textiles CNS Construction
CTL Bovine cattle, sheep

and goats, horses
WAPWearing apparel TRDTrade

OAPAnimal products nec LEA Leather products OTPTransport nec
RMKRaw milk LUMWood products WTPWater transport
WOLWool, silk-worm co-

coons
PPP Paper products,

publishing
ATP Air transport

FRS Forestry P C Petroleum, coal
products

CMNCommunication

FSH Fishing CRPChemical, rubber,
plastic products

OFI Financial services
nec

COACoal NMMMineral products nec ISR Insurance
OIL Oil I S Ferrous metals OBS Business services nec
GAS Gas NFMMetals nec ROS Recreational and

other services
OMNMinerals nec FMPMetal products OSG Public Administra-

tion, Defense, Edu-
cation, Health

CMTBovine meat prod-
ucts

MVHMotor vehicles and
parts

Source: https://www.gtap.agecon.purdue.edu
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Roux, “The productivity advantages of large cities: Distinguishing agglomeration from
firm selection,” Econometrica, 2012, 8 0 (6), 2543–2594.

Comin, Diego, Bart Hobijn, and Emilie Rovito, “Technology usage lags,” J ournal of Eco-
nomic Growth, 2008, 1 3 (4), 237–256.

Conley, Timothy G, “GMM estimation with cross sectional dependence,” J ournal of Econo-
metrics, 1999, 9 2 (1), 1–45.

Costinot, Arnaud, “Contract enforcement, division of labor, and the pattern of trade,”
Quarterly Journal of Economics, 2007, 1 22 (2), 569–600.

Crozet, Matthieu, “Do migrants follow market potentials? An estimation of a new economic
geography model,” J ournal of Economic Geography, 2004, 4 (4), 439–458.



BIBLIOGRAPHY 125

Daley, Lane, Vikas Mehrotra, and Ranjini Sivakumar, “Corporate focus and value creation:
Evidence from spinoffs,” J ournal of Financial Economics, August 1997, 4 5 (2), 257–281.

Davis, Donald R and David E Weinstein, “Bones, Bombs, and Break Points: The Geography
of Economic Activity,” American Economic Review, 2002, pp. 1269–1289.

Desai, Hemang and Prem C. Jain, “Firm performance and focus: long-run stock market
performance following spinoffs,” J ournal of Financial Economics, October 1999, 5 4 (1),
75–101.

Donaldson, Dave, “Railroads of the Raj: Estimating the Impact of Transportation Infras-
tructure,” F orthcoming, American Economic Review, 2014.

and Richard Hornbeck, “Railroads and American Economic Growth: A Market Access
Approach,” N BER Working Paper No. 19213, 2013.

Driscoll, John and Aart Kraay, “Consistent covariance matrix estimation with spatially
dependent panel data,” Review of economics and statistics, 1998, 8 0 (4), 549–560.

Duarte, Margarida and Diego Restuccia, “The role of the structural transformation in ag-
gregate productivity,” T he Quarterly Journal of Economics, 2010, 1 25 (1), 129–173.

Dumais, Guy, Glenn Ellison, and Edward L Glaeser, “Geographic concentration as a dynamic
process,” Review of Economics and Statistics, 2002, 8 4 (2), 193–204.

Duranton, Gilles, Peter M Morrow, and Matthew A Turner, “Roads and Trade: Evidence
from the US,” T he Review of Economic Studies, 2014, 8 1 (2), 681–724.

Eaton, Jonathan and Samuel Kortum, “Technology, geography, and trade,” Econometrica,
2002, 7 0 (5), 1741–1779.

Ellison, Glenn and Edward L Glaeser, “Geographic Concentration in US Manufacturing
Industries: A Dartboard Approach,” J ournal of Political Economy, 1997, 1 05 (5).

, , and William R Kerr, “What Causes Industry Agglomeration? Evidence from Coag-
glomeration Patterns,” American Economic Review, 2010, 1 00, 1195–1213.

Faber, Benjamin, “Trade Integration, Market Size, and Industrialization: Evidence from
China’s National Trunk Highway System*,” T he Review of Economic Studies, 2014,
p. rdu010.

Fajgelbaum, Pablo and Stephen J Redding, “External Integration, Structural Transforma-
tion and Economic Development: Evidence from Argentina 1870-1914,” N BER Working
Paper No. 20217, 2014.

Fally, Thibault, “Production staging: measurement and facts,” Boulder, Colorado, Univer-
sity of Colorado Boulder, May, 2012.



BIBLIOGRAPHY 126

, “Structural gravity and fixed effects,” W orking paper, 2014.

, Rodrigo Paillacar, and Cristina Terra, “Economic geography and wages in Brazil: Evi-
dence from micro-data,” J ournal of Development Economics, 2010, 9 1 (1), 155–168.

Feyrer, James, “Trade and Income–Exploiting Time Series in Geography,” N BER Working
Paper No. 14910, 2009.

, Bruce Sacerdote, Ariel Dora Stern, Albert Saiz, and William C Strange, “Did the Rust
Belt Become Shiny? A Study of Cities and Counties That Lost Steel and Auto Jobs in the
1980s [with Comments],” Brookings-Wharton Papers on Urban Affairs, 2007, pp. 41–102.

Frankel, Jeffrey A and David Romer, “Does trade cause growth?,” American economic
review, 1999, pp. 379–399.

Glaeser, Edward L and Albert Saiz, “The rise of the skilled city,” Brookings-Wharton Papers
on Urban Affairs, 2004, pp. 47–105.

and Giacomo AM Ponzetto, “Did the Death of Distance Hurt Detroit and Help New
York?,” Technical Report, National Bureau of Economic Research 2007.

and Janet E Kohlhase, “Cities, regions and the decline of transport costs*,” Papers in
Regional Science, 2004, 8 3 (1), 197–228.

and Joshua D Gottlieb, “Urban resurgence and the consumer city,” U rban Studies, 2006,
4 3 (8), 1275–1299.

Global Research Group, “Autonomous Cars: Self-Driving the New Auto Industry
Paradigm,” M organ Stanley Blue Paper, 2013.

Gollin, Douglas, David Lagakos, and Michael E Waugh, “The Agricultural Productivity Gap
in Developing Countries,” 2012.

Gorodnichenko, Yuriy, Jan Svejnar, and Katherine Terrell, “Globalization and Innovation
in Emerging Markets,” American Economic Journal: Macroeconomics, April 2010, 2 (2),
194–226.

Greenstone, Michael, Richard Hornbeck, and Enrico Moretti, “Identifying agglomeration
spillovers: Evidence from winners and losers of large plant openings,” J ournal of Political
Economy, 2010, 1 18 (3), 536–598.

Griliches, Zvi and Jerry A. Hausman, “Errors in variables in panel data,” J ournal of Econo-
metrics, February 1986, 3 1 (1), 93–118.

Grossman, Gene M. and Elhanan Helpman, I nnovation and growth in the global economy,
MIT press, 1992.



BIBLIOGRAPHY 127

and , “Integration Versus Outsourcing in Industry Equilibrium,” Quarterly Journal of
Economics, 2002, 1 17 (1), 85–120.

Hall, Robert E. and Charles I. Jones, “Why Do Some Countries Produce So Much More
Output Per Worker Than Others?,” T he Quarterly Journal of Economics, 1999, 1 14 (1),
83–116.

Hanson, Gordon, “Market potential, increasing returns and geographic concentration,”
J ournal of International Economics, 2005, 6 7 (1), 1–24.

Hanson, Gordon H, “Market potential, increasing returns and geographic concentration,”
J ournal of international economics, 2005, 6 7 (1), 1–24.

Harris, Chauncy D, “The, Market as a Factor in the Localization of Industry in the United
States,” Annals of the Association of American Geographers, 1954, 4 4 (4), 315–348.

Hausmann, Ricardo and César A Hidalgo, “The network structure of economic output,”
J ournal of Economic Growth, 2011, 1 6 (4), 309–342.

Head, Keith and Thierry Mayer, “Market potential and the location of Japanese investment
in the European Union,” Review of Economics and Statistics, 2004, 8 6 (4), 959–972.

and , “Regional wage and employment responses to market potential in the EU,”
Regional Science and Urban Economics, 2006, 3 6 (5), 573–594.

and , “Gravity, market potential and economic development,” J ournal of Economic
Geography, 2011, 1 1, 281–294.

Helpman, Elhanan, “The size of regions,” T opics in public economics, 1998, pp. 33–54.

Hillberry, Russell and David Hummels, “Explaining home bias in consumption: The role
of intermediate input trade,” Technical Report, National Bureau of Economic Research
2002.

and , “Intranational home bias: some explanations,” Review of Economics and Statis-
tics, 2003, 8 5 (4), 1089–1092.

and , “Trade responses to geographic frictions: A decomposition using micro-data,”
European Economic Review, 2008, 5 2 (3), 527–550.

Hirschman, Albert O., T he strategy of economic development, Yale University Press, 1958.

Holmes, Thomas J and John J Stevens, “Spatial distribution of economic activities in North
America,” H andbook of regional and urban economics, 2004, 4 , 2797–2843.

Hsieh, Chang-Tai and Peter J. Klenow, “Misallocation and Manufacturing TFP in China
and India,” Quarterly Journal of Economics, 2009, 1 24 (4), 1403–1448.



BIBLIOGRAPHY 128

and Peter J Klenow, “Development accounting,” American Economic Journal: Macroe-
conomics, 2010, 2 (1), 207–223.

Imbs, Jean and Romain Wacziarg, “Stages of diversification,” American Economic Review,
2003, pp. 63–86.

Javorcik, Beata Smarzynska, “Does Foreign Direct Investment Increase the Productivity of
Domestic Firms? In Search of Spillovers Through Backward Linkages,” American Eco-
nomic Review, June 2004, 9 4 (3), 605–627.

Jones, Charles I, “The shape of production functions and the direction of technical change,”
T he Quarterly Journal of Economics, 2005, 1 20 (2), 517–549.

Jones, Charles I., “Intermediate Goods and Weak Links in the Theory of Economic Devel-
opment,” American Economic Journal: Macroeconomics, 2011, 3 (2), 1–28.

, “Misallocation, economic growth, and input-output economics,” 2011.

Kaufmann, Daniel, Aart Kraay, and Massimo Mastruzzi, “Governance matters VIII: ag-
gregate and individual governance indicators, 1996-2008,” W orld bank policy research
working paper, 2009, (4978).

Kim, Sukkoo, “Expansion of markets and the geographic distribution of economic activities:
the trends in US regional manufacturing structure, 1860–1987,” T he Quarterly Journal of
Economics, 1995, 1 10 (4), 881–908.

Kline, Patrick and Enrico Moretti, “Local Economic Development, Agglomeration
Economies, and the Big Push: 100 Years of Evidence from the Tennessee Valley Au-
thority,” T he Quarterly Journal of Economics, 2014, 1 29 (1), 275–331.

Klump, Rainer, Peter McAdam, and Alpo Willman, “The normalized CES production func-
tion: theory and empirics,” J ournal of Economic Surveys, 2012, 2 6 (5), 769–799.

Kovak, Brian K, “Regional Effects of Trade Reform: What is the Correct Measure of Lib-
eralization?,” T he American Economic Review, 2013, 1 03 (5), 1960–1976.

Krugman, Paul, “Scale economies, product differentiation, and the pattern of trade,” T he
American Economic Review, 1980, pp. 950–959.

, “Increasing Returns and Economic Geography,” T he Journal of Political Economy, 1991,
9 9 (3), 483–499.

Kucheryavyy, Konstantin, Gary Lyn, and Andres Rodriguez-Clare, “External Economies
and International Trade: A Quantitative Framework,” Technical Report, mimeo 2015.

Levchenko, Andrei A., “Institutional quality and international trade,” Review of Economic
Studies, 2007, 7 4 (3), 791–819.



BIBLIOGRAPHY 129

Long, John B and Charles I Plosser, “Real business cycles,” T he Journal of Political Econ-
omy, 1983, pp. 39–69.

Melitz, Marc J, “The impact of trade on intra-industry reallocations and aggregate industry
productivity,” Econometrica, 2003, 7 1 (6), 1695–1725.

Moretti, Enrico, “Local multipliers,” T he American Economic Review, 2010, pp. 373–377.

, “Local labor markets,” H andbook of labor economics, 2011, 4 , 1237–1313.

Nunn, Nathan, “Relationship-Specificity, Incomplete Contracts, and the Pattern of Trade,”
T he Quarterly Journal of Economics, 2007, 1 22 (2), 569–600.

Oberfield, Ezra, “Business networks, production chains, and productivity: A theory of input-
output architecture,” 2013.

Obstfeld, Maurice, Giovanni Peri, Olivier Jean Blanchard, and Antonio Fatás, “Regional
non-adjustment and fiscal policy,” Economic Policy, 1998, pp. 207–259.

Rappaport, Jordan, “Moving to nice weather,” Regional Science and Urban Economics,
2007, 3 7 (3), 375–398.

Redding, Stephen and Anthony J Venables, “Economic geography and international inequal-
ity,” J ournal of International Economics, 2004, 6 2 (1), 53–82.

Redding, Stephen J, “Goods Trade, Factor Mobility and Welfare,” N BER Working Paper
No. 18008, 2012.

and Daniel M Sturm, “The Costs of Remoteness: Evidence from German Division and
Reunification,” T he American Economic Review, 2008, 9 8 (5), 1766–1797.

and Matthew A Turner, “Transportation costs and the spatial organization of economic
activity,” C hapter in progress for the Handbook of Regional and Urban Economics, 2014.

Restuccia, Diego and Richard Rogerson, “Policy distortions and aggregate productivity with
heterogeneous establishments,” Review of Economic Dynamics, 2008, 1 1 (4), 707–720.

, Dennis Tao Yang, and Xiaodong Zhu, “Agriculture and aggregate productivity: A quan-
titative cross-country analysis,” J ournal of Monetary Economics, 2008, 5 5 (2), 234–250.

Roback, Jennifer, “Wages, rents, and the quality of life,” T he Journal of Political Economy,
1982, pp. 1257–1278.

Rodriguez-Clare, Andres, “The division of labor and economic development,” J ournal of
Development Economics, 1996, 4 9 (1), 3–32.

Romer, Paul, “Growth based on increasing returns due to specialization,” T he American
Economic Review, 1987, 7 7 (2), 56–62.



BIBLIOGRAPHY 130

, “Endogenous technical change,” J ournal of Political economy, 1990, 9 8 (5), 71–102.

Rosenthal, Stuart S and William C Strange, “Evidence on the nature and sources of ag-
glomeration economies,” H andbook of regional and urban economics, 2004, 4 , 2119–2171.

Sachs, Jeffrey D, “Institutions don’t rule: direct effects of geography on per capita income,”
Technical Report, National Bureau of Economic Research, WP 9490 2003.

Silva, JMC Santos and Silvana Tenreyro, “The log of gravity,” T he Review of Economics
and Statistics, 2006, 8 8 (4), 641–658.

Simonovska, Ina and Michael E Waugh, “The elasticity of trade: Estimates and evidence,”
J ournal of International Economics, 2014, 9 2 (1), 34–50.

Topalova, Petia, “Trade liberalization, poverty and inequality: Evidence from Indian dis-
tricts,” in “Globalization and Poverty,” University of Chicago Press, 2007, pp. 291–336.

and Amit Khandelwal, “Trade liberalization and firm productivity: The case of india,”
Review of economics and statistics, 2011, 9 3 (3), 995–1009.

Vollrath, Dietrich, “How important are dual economy effects for aggregate productivity?,”
J ournal of Development Economics, 2009, 8 8 (2), 325–334.

Young, Alwyn, “Inequality, the Urban-Rural Gap and Migration,” T he Quarterly Journal
of Economics, 2013, pp. 1727–1785.


	Contents
	Trade Costs and Economic Geography: Evidence from the United States
	Introduction
	Theory
	Identification
	Estimation Results
	Implications for U.S. Economic Geography
	Structural models and welfare implications
	Conclusion

	Linkages and Economic Development
	Introduction
	Theory
	Data 
	Empirics
	Quantitative Exercises 
	Conclusion

	Spatial Externalities and the Decline of the Manufacturing Belt
	Introduction
	Model
	Estimation Strategy
	Data
	Results
	Conclusion and Directions for Further Research

	Appendices
	Derivations
	Data
	Additional Results
	Derivations for Chapter 2
	Data Appendix

	Bibliography



