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Abstract

We analyze and measure the impact of economic shocks on local labor markets in the
presence of rich cross-market links, arising from trade, agglomeration spillovers and labor
mobility. We model these links within a generalized perfectly competitive framework
and characterize the key aggregate elasticities that fully determine both the differential
and aggregate impact of trade and productivity shocks. In this environment, we show
that the presence of spatial links across markets generates indirect spillover effects and
thus reduced form empirical analysis may not identify the correct elasticities. We instead
propose an empirical methodology that relies on a Model-Implied Instrumental Variable,
which we show to be optimal, in the sense that it yields the most efficient estimator
of the elasticities. These insights are general since our framework is observationally
equivalent to a large class of existing trade and geography models with cross-market
links. We apply our estimator using disaggregated regional trade data to measure the
impact of trade shocks on US local labor markets. Our counterfactual exercises reveal
that the importance of general equilibrium indirect effects are directly related to the

magnitude of the migration elasticities.
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1 Introduction

How do foreign and domestic shocks, such as international trade, technological change, and
macroeconomic policy affect the performance of local labor markets? A growing literature
exploits differential local exposure to shocks from various sources to measure differential
effects on employment and wages. However, when local markets are interconnected, inference
about total effects of shocks from these estimates is not straightforward.! The challenge is
the existence of cross-market links itself: it implies that any local shock percolates through
the entire network, indirectly affecting other markets in equilibrium. In this paper, we argue
that the theoretical assessment and the empirical measurement of these cross-market links
are crucial to evaluate the effect of economic shocks on labor market outcomes.

Our starting point is a Generalized Spatial Competitive Economy featuring countries
constituted by multiple local labor markets, i.e. sector-region pairs. In each market,
production of a composite good is subject to agglomeration and congestion forces — i.e.,
productivity is a function of employment in different markets. Countries have a representative
household with preferences for consumption and labor supply across markets. The utility
maximization problem determines, for each market, the bilateral trade flows as a function of
good prices, and the labor supply as a function of real wages. Thus, our general equilibrium
economy features three aggregate mappings that control cross-market links in terms of (i)
productivity, (ii) labor supply, and (iii) bilateral trade flows.

In this environment, we theoretically assess the impact on local labor markets of changes
in local shifters, ““‘shocks’ henceforth, of labor supply, productivity, or trade costs. Following
shocks to any particular market, we characterize how the shape of the aggregate mappings
determines not only the direct response of employment and wages in that market, but also
the indirect spillover effects on all other markets arising from cross-market linkages. We
establish that knowledge of the three aggregate mappings of cross-market links is sufficient
to compute the effect of trade and productivity shocks on local labor markets. This insight
holds in a large class of geography, trade, and spatial sorting models existing in the literature.
In fact, we establish that, by properly specifying the shape of the aggregate mappings,
our model generates labor market outcomes that are observationally equivalent to those

implied by existing frameworks.? This implies that the different microeconomic structure of

IThere is a growing literature studying the local effects of international trade shocks — e.g., see Topalova
(2010), Kovak (2013), Autor et al. (2013) and, for a review, Muendler (2017). Several papers have also
documented local effects of technological shocks — see Autor and Dorn (2013), Bustos et al. (2016), and
Acemoglu et al. (2017). Finally, an emerging literature evaluates the local effects of macroeconomic shocks —
see Mian and Sufi (2014), Nakamura and Steinsson (2014) and Beraja et al. (2016). Muendler (2017) discusses
the issues associated with extrapolating aggregate effects of a shock from the estimated regional effects.

2These frameworks include: (i) Neoclassical trade theories with external economies of scale (as in Ethier



these frameworks matters only insofar it affects the elasticity structure of the key aggregate
mappings.

These indirect spillover effects are a general equilibrium source of local exposure to shocks
affecting the world economy. Crucially, we show that their omission in any empirical analysis
induces the mismeasurement of both differential and aggregate effects of economic shocks on
local labor markets. Only under the restrictive assumption of a Small Open Economy, in
which local shocks do not spillover to other markets in general equilibrium, simple difference-
in-difference empirical specifications are able to recover both the differential and aggregate
impact of trade cost shocks.? Therefore, the consequences of model mis-specifications depend
on the magnitude and dispersion of indirect effects across markets.

Our theoretical results indicate that it is essential to empirically measure the cross-market
links embedded in the elasticity structure of the central aggregate mappings in our model.
To estimate this elasticity structure, we characterize a class of consistent estimators based
on observed trade shocks that are orthogonal to unobservable local shocks in productivity
and labor supply. We exploit the fact that, conditional on the shape of the aggregate
mappings, these unobservable local shocks can be recovered from changes in trade and labor
outcomes across local markets. Thus, the aggregate mappings can be estimated using moment
conditions that combine the recovered local shocks and arbitrary functions of observed trade
shocks.*

We then use our general equilibrium model to characterize the “optimal’ estimator within
this class of consistent estimators. That is, we compute the function of observed trade
shocks that minimizes the estimator’s asymptotic variance. We show that such a function is
the impact of observed trade shocks on the endogenous variables predicted by our general
equilibrium model — the Model-implied Optimal IV (MOIV). Intuitively, through the lens of
the model, these predicted changes correspond to the total effect of the exogenous trade shock
on the endogenous local outcomes and, therefore, contain all sources of variation available to
estimate the unknown structural parameters. We further show that the optimal estimator

can be easily implemented through a Two-Stage GMM estimator.

(1982a,b)); (ii) New trade theory models with homogeneous firms (as in Krugman (1980)); (iii) New Economic
Geography models (as in Krugman (1991) and Allen and Arkolakis (2014)); (iv) Roy spatial assignment
models (as in Galle, Rodriguez-Clare, and Yi (2015) and Adao (2015)).

3This is the main intuition behind the multiple-sector model that motivates the empirical specifications in
Autor, Dorn, and Hanson (2013) and Kovak (2013).

4The central orthogonality assumption of our methodology is typically maintained in empirical papers
measuring the impact of trade shocks on local labor markets (see Topalova (2010), Kovak (2013), Autor,
Dorn, and Hanson (2013), and Hakobyan and McLaren (2016)). However, as in Berry and Haile (2014) and
Adao et al. (2017), the recovery of unobservable local shocks requires the invertibility of the central functions
in the model. In our setting, the mappings of labor supply and bilateral trade must be invertible, which holds
in a variety of existing frameworks in the literature.



In the second tier of our analysis, we apply our methodology to empirically evaluate
the role of cross-market linkages in determining total effect of trade shocks on local labor
markets in the United States. We consider a parametrization of the Generalized Spatial
Competitive Economy that captures labor supply and productivity linkages embedded in
existing quantitative papers. To implement our methodology, we take advantage of the
globalization process that brought down tariffs around the world between 1993 and 2012.
Such a widespread decline in trade barriers is plausibly exogenous to regional shocks in
productivity and labor supply in the US. We use this to estimate cross-market linkages from
its induced variation on trade and labor outcomes across markets.

To measure local labor market outcomes, we use US regional data on employment, wages
and prices. To measure spatial links across regions, we construct a bilateral matrix of trade
flows across US states and 59 foreign countries, and aggregate this data at the manufacturing
and non-manufacturing sectors, for the years 1993-2012. We obtain estimates of intensive
and extensive margins elasticities of labor supply that are consistent with the estimates
reviewed by Chetty (2012). While we find evidence on mobility across sectors within regions,
we only find weak evidence on between-state mobility in response to changes in real wages,
consistent with previous evidence in Autor et al. (2013), Kovak (2013) and Dix Carneiro and
Kovak (2016). We finally find strong local agglomeration and congestion forces, close to the
local agglomeration forces implied by models with increasing returns to scale and firm entry
as in Krugman (1980). To gain confidence in our model, we attest that changes in trade and
labor market outcomes observed in the data are highly correlated with those predicted by
our general equilibrium model in response to the observed tariff shocks. In other words, the
first stage of our model-implied IV methodology is very strong.

Finally, we use our estimates to assess the empirical relevance of the general equilibrium
effects arising from trade shocks highlighted in the theoretical model. As a first step, we
recover changes in trade costs between US states and foreign countries from the observed
changes in trade flows and prices of expenditures between 1993 and 2007.° We then show that
the direct and indirect exposures present a negative correlation across local labor markets
in the US, but indirect effects are economically small compared to direct effects. In fact,
on average, direct effects can be up to 3 times higher than the indirect, but the relative
importance of indirect effects increases with the magnitude of the migration elasticity across
regions. We establish that trade shocks accounted for 7% of the reduction in manufacturing
employment in the US in the last decade. The decomposition of these shocks across countries

indicates that exposure to the so-called ‘“‘China shock’ is correlated with exposure from shocks

®We extend the methodology proposed by Head and Ries (2001) to the case of asymmetric trade costs.
This requires using information on aggregate price indices as well, similarly to Eaton et al. (2016).



to many other emerging markets. Our results indicate the limited role of trade policy in
reverting recent declines in manufacturing employment — especially those aimed at reducing
imports from China.

A strand of recent empirical works has assessed the differential effect on labor market
outcomes of differential shock exposure across local labor markets — see Topalova (2010),
Kovak (2013) and Autor et al. (2013) and Muendler (2017), for a review. We explicitly
show that the existence of cross-market links gives rise to indirect spillover effects in general
equilibrium that and using reduced form empiral analysis may result in an incomplete
measurement of the differential and aggregate effect of economic shocks on labor markets.
We provide an extension to existing empirical strategies: using the model’s predicted local
exposure to shocks, one can capture the entire impact of the shocks on local markets in general
equilibrium. Furthermore, we show that such general equilibrium channels are empirically
relevant in the context of the US regional economy.

Our paper is related to a growing body of literature proposing structural models to measure
the aggregate effect of trade and productivity shocks. This literature follows two distinct
approaches. On one hand, some papers have proposed general equilibrium models that yield
a structural interpretation for the response of regional economies to local shocks — see Kovak
(2013), Beraja et al. (2016) and Acemoglu et al. (2017). The simplicity of the expressions for
the differential effects is obtained by imposing symmetry assumptions regarding the effect of
spatial linkages in general equilibrium, which are common across all regions. On the other
hand, several papers carefully specify structural spatial models featuring rich patterns of
spatial linkages in general equilibrium — see Allen and Arkolakis (2014), Caliendo et al. (2014),
Galle et al. (2015), Caliendo et al. (2015a), Lee (2015) and Burstein et al. (2016), and, for a
review, Redding and Rossi-Hansberg (2016). These structural frameworks incorporate great
heterogeneity in the general equilibrium spatial linkages across markets. However, given the
many primitive assumptions dictating the strength of aggregate linkages across markets, it
is often hard to evaluate how robust the model’s predictions are. In contrast, we estimate
these relationships in an empirical setting that is robust to the underlying microeconomic
structure.

The estimation procedure that we propose consists of two steps: i) recovering from the
data the structural residuals representing the unobserved production efficiencies and labor
supply shifters, ii) using these residuals together with plausibly exogenous variation in the
data to implement an efficient estimator of the key structural elasticities. In the first step, we
provide a distinct approach in that we can invert structural residuals without requiring the
use of a market clearing conditions as proposed in Allen and Arkolakis (2014), Monte et al.
(2015), Faber and Gaubert (2016). Past work, such as Eaton and Kortum (2002), suggested



methods of recovering production efficiencies without imposing market clearing conditions,
by instead using strong functional form restrictions that leads to log-linear trade shares
equations.® In the second step, we propose an estimator by applying the Optimal IV approach
of Chamberlain (1987) in General Equilibrium. We establish conditions so that our MOIV
estimator, effectively an aggregation function over a plausibly exogenous instrument, is the
variance minimizing estimator among a set of consistent estimators. The general equilibrium
exposure as a consistent instrument has been recently proposed in spatial models by Allen
et al. (2014), while partial model-implied approaches have been also explored by Monte et al.
(2015), Faber and Gaubert (2016). The approach of Chamberlain (1987) has found some
limited use in the Industrial Organization literature (e.g. in the computational approaches
by Berry et al. (1999) and Reynaert and Verboven (2014)), whereas our theoretical analysis
allows for the complete characterization of the MOIV in general equilibrium, as well as a
simple implementation through a Two-Stage GMM methodology.

Finally, notice that our results generalize previous findings in gravity trade and new
economic geography models (see Proposition 2 in Arkolakis, Costinot, and Rodriguez-Clare
(2012) and Allen, Arkolakis, and Takahashi (2014)) where the bilateral trade, labor supply,
and agglomeration mappings take a constant elasticity functional form. Recently, Adao,
Costinot, and Donaldson (2017), have discussed equivalence outcomes to representative agent
economies for neoclassical models of trade with multiple sectors and factors, but without
externalities nor regional labor mobility. Thus, our approach provides a new robust way of
estimating the various spatial linkages emphasized in the literature, and use them to credibly
measure the general equilibrium effect of global shocks on local labor markets.

This paper is structured as follows. Section 2 describes our Generalized Spatial Competitive
Economy and its equivalence to existing models in the literature. Section 3 characterize the
impact on local labor markets of shocks in labor supply, productivity, or trade costs. Section
4 describes our novel empirical methodology, which we then implement in Section 5 using
US state-level data. Using the theoretical model and the estimates, in Section 6 we conduct

a number of counterfactual exercises. Section 7 concludes.

2 Generalized Spatial Competitive Economy

We begin by proposing a general environment to analyze international trade and labor

markets. The framework is based on the premise that each location potentially produces

6An alternative approach proposed by Adao et al. (2017) allows for a recovery of a origin-destination
specific term that can be used without explicitly identifying production efficiencies. With a proper instrument
this procedure allows to estimate trade elasticities.



one differentiated commodity, as in Armington (1969) and Anderson (1979), but departs
from this setup in three fundamental ways. First, we consider a general utility function
across goods, instead of CES preferences. Second, we allow for a flexible structure of labor
supply choice across regions and sectors. Third, we incorporate agglomeration and congestion
externalities into production that depend on employment in different regions and sectors.
These three departures imply that our model is flexible enough to capture the forces in three
main strands of the geography and trade literature: i) generalizations of the gravity setup
of trade; ii) new economic geography models with labor mobility; iii) trade and geography

models incorporating agglomeration and congestion forces in production.

2.1 Environment

We assume that the world economy is constituted of countries, ¢, that are collections of
regions, o € R., with multiple sectors, s € K. In the rest of the paper, we follow the
convention of calling a region-sector pair a ‘“‘local market”, and denote origin markets
as i = (s,0), and destination markets as j. We denote the vector of outcome z for all
markets in the world as {z;},, and the vector for all markets in country c as {z;} with
J.={j=(s,0)lo€ R, s €K}

FISNE

Preferences. We assume that in each country there exists a representative agent
with preferences for consumption and labor supply in different markets. In particular, the

representative agent’s preferences are given by

U <{VjCj}jejc : {Lj}jejc> ) (1)

where, in each market j, L; is the labor supply, C; is a consumption index, and v; is a
market-specific preference shifter. The utility function U.(-) is increasing in consumption
and quasi-concave in consumption and labor. Notice that we allow labor supply in different
markets to be perfect substitutes in the utility of the representative agent.®

The consumption index is an aggregator of the quantities consumed of the differentiated

"We treat regions and sectors in a similar way because there is a labor market clearing constraint that
holds at that level for all models covered in our analysis. Of course, different assumptions on the degree of
mobility of labor across sectors and regions imply different labor supply mappings, affecting wage differentials
across markets in equilibrium. We will get back to this point in Section 2.3.

8Note that representative household’s preferences in (1) does not explicitly impose that the sum of labor
supply across markets is constant, allowing our model to capture endogenous changes in aggregate labor
supply in the country. The assumption of constant aggregate labor supply is common in the geography
literature — see, for example, Allen, Arkolakis, and Takahashi (2014); Allen and Arkolakis (2014); Bartelme
(2015). As discussed below, such a restriction can be imposed directly in the specification of the utility
function in (1).



goods produced by different origin markets,

C; =V ({e},) (2)

where, in market j, ¢;; is the consumption of the good produced in market i. The function
V; (+) is a consumption aggregator that is assumed to be increasing and quasi-concave in all
arguments. Importantly, we restrict V; (-) to be homogeneous of degree one, so that we can
separate the problem of allocating spending shares across origin markets from the problem of
determining labor supply across markets in the country.

We assume that consumption in each market is financed by labor income and transfers.
Specifically, in each market 7 € J., the representative agent faces the following budget

constraint:

> cipiy = pj (wiLy) (3)

where w; is the wage rate per unit of labor, p; is the transfer rate per unit of labor income,
and p;; is the price of the good produced in market 7. We consider a competitive environment
where, in deciding consumption and labor supply, the representative agent takes as given the

transfer rate p;, the wage rate w; and the goods prices {p;;}.

Production. In each market, there exists a representative firm that operates under
perfect competition. Production requires only labor and it is subject to external economies of
scale. We assume that there are iceberg trade costs of shipping a good to a different market.

The production function of market ¢ to deliver goods to market j is

Yy = & i <{Lj}j> Ly (4)

Tij
where L;; is the labor input and 7;; is the iceberg trade cost.

In equation (4), ;¥; (-) is the labor productivity of origin ¢. The productivity term
has two components: (; is an exogenous productivity shifter, and ¥, (-) is an endogenous
component that is allowed to depend on equilibrium employment levels in all markets. This
endogenous component of productivity governs agglomeration and congestion forces in our

model.

2.2 Competitive Equilibrium

We now proceed to characterize the optimal choices of consumption, labor supply and

production levels.



Utility Maximization. We start with the problem of the representative agent in
country ¢, which maximizes the utility in (1) subject to the budget constraint in (3) for
every j € J.. We solve this problem in two stages. In the first-stage, the representative
agent chooses the demand for products from various origins conditional on prices and total

expenditure. Using the homotheticity of V; (), we define the price index in j as

Py =P ({py};) = %i;}z:pijcij st Vi ({est,) =1, (5)

with the associated spending share on goods from origin ¢
iy € Xij ({pig}) - (6)

The price index and spending shares inherit the usual properties of demand implied by
utility maximization. Specifically, P; ({pzj}i) is homogeneous of degree one, concave, and
differentiable almost everywhere on the vector of prices, {p;;},. The assumption that Vj (-) is
quasi-concave implies that X;; ({p;;},) is a convex set. Notice also that any x;; € X;; ({py;},)
is a solution of the minimization problem in the definition of P; ({plj}i), so the envelope
theorem in Milgrom and Segal (2002) implies that, for any selection xz;; satisfying (6), we

can write

_ dlog P; ({plj}z)
dlog pij ’

]

This relation yields integrability: we can use any selection x;; to recover P;(-) from Xj; (-).
Thus, if we know the functional form of X;;(-), we have immediate knowledge of the price
index. We make use of this property below.

We now turn to the second-stage problem of choosing employment across markets in the
country. We use the solution of the first-stage problem to write the budget constraint (3) as
P;C; = pjw;L;, which we then substitute into the consumer’s problem to obtain
max U, ({l/jpjijj}jejc : {Lj}jejc>

{Lj}jEJc

where w; = w;/P; is the real wage in market j.

The solution of this problem yields the labor supply in market j:

L € ®; ({vipiwitic ) » (7)

where @; () is a convex set because of the quasi-concavity of U.(-). Notice that the labor



supply in market j depends on the entire vectors of real wages, productivity shifters and

transfers in the country.

Profit Maximization. Assume that there are traders that can arbitrage any price

differentials across markets. Thus, iceberg trade costs imply that
Dij = TijPii- (8)

Taking prices and wages as given, the profit maximization problem of the representative firm
in ¢ yields
Pii < S — with equality if L; > 0.
G <{Lj }j>
By dividing the two sides of this expression by P;, we obtain the following price ratio of the
cost of the goods supplied by domestic producers, p;;, compared to the domestic cost of the
goods supplied by producers around the world, F;:

Pi W

];: GY; <{Lj}j>

By revealed preferences, @); is directly related to consumption choices and import flows in

Q,; = with equality if L; > 0. (9)

market i. We exploit this property to connect equation (9) to the data on bilateral trade

flows in Section 4.

Market Clearing. To close the model, we specify the labor market clearing condition:

in each market, total labor payments must be equal to total revenues,

IUZLZ = Z:v,-jpjijj. (10)

J

We consider the world equilibrium where transfers {pj}j follow a set of rules that are
determined outside of our model. However, we require that any rule guarantees trade balance
at the world level, for any vector of wages and prices.”

The Competitive Equilibrium of our economy consists of vectors {pi;, P, L;,w;}; such
that equations (5)-(10) hold, conditional on a set of transfers rules, {p;},, that satisfy the

world-level trade balance and a numeraire, p,,,, = 1, for an arbitrary reference market m.

9An obvious special case of this specification is an environment without transfers, with p; = 1. The
transfer rule of constant transfers suggested by Dekle, Eaton, and Kortum (2007), which has become a staple
of quantitative trade models, can be attained by specifying the transfer rule p; = % + 1, where Tj is a
constant in terms of world GDP. We discuss further examples in conjunction with specific models in the
Appendix of Section 2.3.



2.3 Discussion and Equivalences

We now discuss how our theoretical environment unifies a number of existing frameworks in
spatial economics. We show that the shape of the mappings {X;;(-), ®;(-), ¥;(- )}, encom-
passes the central forces in a wide rage of spatial and trade models. We start by introducing
a formal definition of the models for which the equilibrium outcomes of the Generalized

Spatial Competitive Economy are observationally equivalent to.

Definition 1. The Generalized Spatial Competitive Economy is observationally equivalent

to Economy E with respect to the shifters {7;;, (;, Vi}ij if

1. There exist unique mappings {XZ(-), ®F(-), UF ()}z such that the equilibrium of
Economy FE is characterized by conditions (6)—(10) for any levels of {7;;, (;, v}

VR

2. There exist preferences, (1)-(2), and technology, (4), that imply (X7 (-), ®F(-), WE(-)).

This definition requires that, independent of the levels of the exogenous shifters, the equilib-
rium of Economy E must satisfy conditions (6)-(10) for unique mappings (X5 (-), ®F(- ), ¥F(-)).
This implies that any combination of shocks to the shifters {7;;, (;, 14}, ; vield identical coun-
terfactual outcomes in labor markets. We use Definition 1 to establish that our model is
observationally equivalent to several existing frameworks under specific parametric restric-
tions on the shape of (X;;(-), ®;(-), ¥;(-)). We discuss the main equivalence results below
by means of some parametric examples, and present the detailed proofs in Appendix D.1.

In the Generalized Competitive Spatial Economy, the mapping X;;(-) controls how

bilateral trade costs affect bilateral trade flows. To see this, consider the case in which X;;(-)
_ Blog Xij

is a differentiable function, and define the cross-price elasticity x;;; = Tonp
J

to represent
the response of market j’s demand for goods from ¢ to changes in the price of goods from
1.1 To explain how this cross-price elasticity matrix governs the dependence of the demand
for labor in a market to changes in production costs in all other markets, we consider the

following constant-elasticity gravity form.

Assumption la. The bilateral trade demand is CES with an elasticity structure given
by:
xiij = =X (Li=g — X5 ({pis};))
where l;—y is an indicator function that equals one if i = [.

Assumption 1la is, by far, the most common assumption in trade models. There is a variety

of ways to microfound this functional form, starting from simple Armington preferences,

10The assumption that the utility function of the representative agent in (1)—(2) is strictly quasi-concave
and twice differentiable implies that X;;(.) and ®,(.) are differentiable functions.
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as in Anderson (1979), to a number of other forms of competition and demand structures
discussed in Arkolakis, Costinot, and Rodriguez-Clare (2012), Costinot and Rodriguez-Clare
(2013), and Arkolakis et al. (2017). In addition, the generalized mapping we consider is
observationally equivalent to the one studied by Adao, Costinot, and Donaldson (2017) with
one factor and ¥, (-) = &, (-) = 1 for all 1.

The function ¥,;(-) determines how productivity endogenously changes in response to
changes in employment in the country. Whenever W;(-) varies with employment, our model
is observationally equivalent to models with Marshallian externalities in production and ‘“‘New

Trade Theory” models with firm entry. The connection between our model and existing

— Olog ¥,
Z] - 6long‘

frameworks relies on the shape of W;(-), as summarized by the elasticity matrix, 1

To see this, we consider the following parametric restriction.

Assumption 1b. The agglomeration function has an elasticity structure given by:

Vij = Ylicy) — vV, ({Lo},) -

Again, there are different micro foundations leading to this functional form. In Krugman
(1980), firm entry and increasing returns to scale in production give rise to agglomeration
forces that depend on the size of the employment in each market — in this case, ) =1/ (0 — 1)
and 1) = 0 for i # j, where o is the elasticity of substitution across varieties. In the same
spirit, the specification in Allen and Arkolakis (2014) corresponds to the case of ¥y = a and
1Z = 0. Marshallian external economies of scale, as introduced in Ethier (1982b), correspond
to similar specifications, with ¢ denoting a sector in a region. This specification also captures
congestion forces arising from other factors in production, such as housing or capital. In
this case, production costs are increasing in other market’s employment, and thus 1; > 0.
Furthermore, we show that the combination of the mappings X;;(-) and ¥,(.) implies that
our framework is observationally equivalent to a general one-factor neoclassical economy
with a flexible form of market-level external economies of scale.!!

Finally, restrictions on ®;(-) allow our model to accommodate different assumptions
regarding worker mobility across regions and sectors. Our environment encompasses perfect

mobility between any two markets whenever any real wage differential leads to employment

HTechnology levels that are proportional to population are also postulated in Kortum (1997); Eaton and
Kortum (2001). Models with spatial diffusion of knowledge, as in Fujita, Krugman, and Venables (1999) and
Lucas and Rossi-Hansberg (2003), specify cross-location spillovers of knowledge so that 1;; > 0 even if ¢ # j.
Our environment can also easily accommodate models with multiple sectors that differ in terms of market
structure and strength of economies of scale — e.g., Krugman and Venables (1995), Balistreri, Hillberry, and
Rutherford (2010), Kucheryavyy, Lyn, and Rodriguez-Clare (2016).

11



concentration in the market with the highest real wage. Our model also covers worker
immobility between any two markets whenever the labor supply does not depend on the
real wage of the other market. Between these two extreme cases, our Generalized Spatial
Competitive Economy is observationally equivalent to most of the traditional models of trade
and geography in the literature. This is the case for “New Economic Geography’ models
as in Krugman (1991) and Helpman (1998). Similarly, this is the case for traditional trade
models, such as the neoclassical setup and more recent quantitative multiple-sector gravity
setups surveyed by Costinot and Rodriguez-Clare (2013), where there is mobility across
sectors but not across regions.

In addition, the flexibility of ®,(-) allows our model to cover spatial quantitative models
exhibiting partial worker mobility across markets. To illustrate the dependence on labor

supply on real wages, we consider the case in which ®,(-) is a differentiable function with

__ 0Olog®;

the following elasticity structure, ¢;; = Tlosw. -

Assumption 1c. The labor supply mapping has an elasticity structure given by:
Gij = Plii=j) — 6P; ({wo},) -

Several recent geography models impose this constant-elasticity gravity structure on
labor supply across either sectors or regions. Under specific parametric assumptions, this
labor supply structure arises in geography models from either externalities in preference for
locations or worker heterogeneity in location-specific preferences or efficiency — e.g., Allen
and Arkolakis (2014), Redding (2012), Allen, Arkolakis, and Takahashi (2014), Bartelme
(2015) and Bryan and Morten (2015). In recent trade models, this gravity-like labor supply
function is implied by the sorting decision of heterogeneous workers that draw sector-specific
efficiency from an extreme value distribution — e.g., Galle, Rodriguez-Clare, and Yi (2015).12
More generally, the unrestricted function ®;(-) implies that our models is observationally
equivalent to a generalized Roy model without parametric restrictions on the distribution of
market-specific preferences or efficiency units across workers.

Furthermore, combined restrictions on (X;(-), ®,(-), ¥;(-)) imply that the Generalized
Spatial Competitive Economy is observationally equivalent to existing quantitative spatial
models reviewed in Redding and Rossi-Hansberg (2016). The formal equivalence requires
transfer rules that specify how income of non-labor factors are allocated across markets.

For instance, Allen and Arkolakis (2014) impose a local transfer that is proportional to the

12We can also extend our model to allow markets to be region-sector-occupation triples. With this more
general definition of a market, the model is also observationally equivalent to environments with gravity-like
labor supply function across occupations, as in Burstein et al. (2016) and Lee (2015). See Appendix D.2.
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income of the residents in a location, and Caliendo et al. (2014) allow for the possibility that
rental income is concentrated in a country portfolio and then split equally to the residents of
each location.

Finally, our Generalized Spatial Economy can be easily extended to incorporate additional
features highlighted by the trade and geography literature. As we describe in Appendix D.2,
we extend the model to allow for: i) workers commuting across regions, as in Ahlfeldt et al.
(2015), Monte et al. (2015) and Allen et al. (2015); ii) input-output linkages in production,
as in Caliendo and Parro (2014); iii) multiple worker groups in production, as in Cravino
and Sotelo (2017); and iv) firm heterogeneity as in Chaney (2008). In all these settings,
besides the three aggregate mappings that arise in the Generalized Spatial Competitive
Economy, there are other functions determining labor and trade outcomes in equilibrium.
Thus, counterfactual predictions in the models considered in the extensions require additional

data and mappings compared to our baseline model.

3 Counterfactual Changes in Response to Shocks

We now turn to the counterfactual predictions of our model regarding changes in equilibrium
variables following exogenous shocks in local shifters of trade costs, productivity and labor
supply. Our objective is to trace down the implications of these shocks as they are propagated
through cross-market linkages, and assess their effects on employment and wages in different
local labor markets. Subsequently, we evaluate the implications of our theoretical results for
the design of empirical specifications aimed to measure the impact of these shocks on local

labor markets.

3.1 Counterfactual Changes in Response to Shocks

Our starting point is a characterization of the counterfactual predictions of our model
following changes in the exogenous shifters of productivity, labor supply and trade costs.
In this section, we use Z; = z}/z; to denote the ratio between the variables in the new
and the initial equilibrium, and use a superscript 0 to denote endogenous variables in the
initial equilibrium. To simplify the exposition, we focus on the particular case in which
{X55(), @i(.), Uy(.)}, are differentiable functions, and we henceforth assume that there is

positive employment in every market.!3

13These assumptions imply that the equilbrium conditions 6-9 can be written with equality. Without such
assumptions, our analysis remains unchanged, except for the fact that we these expressions would be written
in terms of sets. We also rely on these assumptions to write a first-order approximation of the model’s
predictions that highlights its general equilibrium properties.
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We define the “local labor market module” as the equilibrium conditions (7)-(9) written

in changes:

108 = @ ({(0260f) (i)} ) (1)

v ({zi} )
¥ <{L9}j> |

We also need to consider the changes in the remaining equilibrium conditions (5), (6),

Wi = Pl (12)

and (10), which we call the “trade module”. The market clearing condition in (10) yields
J

where the changes in spending shares and price indices in (5)—(6) are given by

7_O‘ 0 R 7-0. 0
mgjizj = X ({ Ojgjz]oofojﬁoo} ) and P; = P, ({ ng)oofojﬁw} > : (14)
j o J o

In Appendix A.1, we show that it is always possible to choose the location of the preference
and productivity shifters in {X;;(.), ®;(.), ¥;(.)}, to replicate the initial levels of trade flows

and labor market outcomes across markets, while normalizing prices and trade costs to one

in the initial equilibrium.'* Thus, in equations (11)—(14), we choose initial shifters such that
Tioqu- =1, P’'=1, I/]Q =1 WVi,j. (15)

The labor and trade modules determine the response of the economy to exogenous changes

in {;31., D, Q,ﬁj}. Given the initial conditions {w?,

L(])-, p?} ., the local labor market module
j

implies a relation between changes in local competitiveness, ();, and changes in local labor

market outcomes, &; and L;, driven by the cross-market linkages in labor mobility and

productivity spillovers embedded in the mappings ®;(-) and ¥;(- ). In contrast, given the
0
in (); = py;/ P and changes in market size w;L; that depends on the properties of the bilateral
trade network in X;;(-).

To establish our first result, recall that, as discussed above, the integrability property

initial variables {x w?, L?, p?}ij, the trade module determines a relation between changes

of demand guarantees that knowledge of {X;(-)}, yields knowledge of P;(-). Thus, equa-

14The normalization of bilateral effective prices in the initial equilibrium is analogous to that imposed in
neoclassical economies by Adao, Costinot, and Donaldson (2017).
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tions (11)—(15) fully characterize the counterfactual predictions in the Generalized Spatial

Competitive Economy.

Proposition 1. Consider the Generalized Spatial Competitive Economy. Conditional on
transfer rules and initial levels of endogenous variables, the mappings {Xi;(+), ®i(-), ¥s(-)},
are sufficient to characterize counterfactual changes in endogenous outcomes, {]32-2-, 131-, j}i, dji},
implied by any combination of shocks, {@,ﬁi,ﬁ-j}, as a solution of (11)-(14), given the

normalization in (15).

The key insight of this proposition is that, in the class of models covered by the Generalized
Spatial Competitive Economy, the researcher does not need to take a stance on the underlying

microeconomic assumptions that generate the unobservable shocks. Instead, by conditioning
0

130
microeconomic assumptions. The microeconomic structure matters only insofar it affects

on the initial equilibrium outcomes, {x w?, L?, p?}m., one can cleanse the model from any
the shape of the mappings (X;;(-), ®;(-), ¥;(-)), which themselves can be represented with
macroeconomic elasticity functions. This insight motivates our empirical methodology in
Section 4 whose goal is to directly estimate these macroeconomic elasticity function using
variation in trade and labor outcomes across local labor markets.

The counterfactual predictions of our model depend exclusively on the shape of the
mappings (X;;(-), ®i(-), ¥;(-)) around the initial equilibrium. These mappings put discipline
on the cross-market linkages and, therefore, determine the propagation of shocks between

markets. We now turn to a careful investigation of such properties of model.

3.2 Cross-market Effects of Local Exposure to Shocks

We now illustrate how the elasticity structure of (X;;(-), ®;(-), ¥;(-)) affects the counterfac-
tual predictions of our model. We consider the first-order approximation of the log-change in
endogenous variables following shocks in trade costs, 7;;. As discussed in Appendix (A.2), all
our insights also hold for local shocks in productivity, @7 and labor supply, 7.

We start by introducing additional notation to simplify the exposition of our results.
We use bold variables to denote stacked vector, z = [z;];, and bar bold variables to denote
matrices, Z = [z;;]; ;. Around the initial equilibrium, we summarize cross-market linkages in

the mappings (X;;(-), ®;(+), ¥;(-)) with the following elasticity matrices,

X =

Zyz(')deid] ;b= [bily . Y=l (16)
d

,J
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as well as the following matrices of initial trade network,

y=lugly, 2=l (17)
where y?j denotes the share of market ¢’s revenue from sales to market j, and q:?i denotes the
share of market i’s expenditure on goods from market j.

The elasticity matrices defined in (16) capture responses along the three margins of
cross-market linkages in our model: x is the elasticity of total sales to production costs,
¢ is the elasticity of labor supply to real wages, and 9 is the elasticity of productivity to
labor supply. Notice that these elasticity matrices are allowed to depend on the endogenous
variables in the initial equilibrium — as in the parametric examples introduced in Section 2.3.

We combine these matrices with trade costs shocks to define market i’s direct shock

exposure as

log 7! = Z 2);log 7j;, and log7” = Z ui <Z Xiij log 7%») : (18)
J J l

In equation (18), 71 is the change in the cost of the consumption bundle triggered by the
trade cost shocks. It is market ¢’s direct import exposure and it depends solely on spending
composition in the initial equilibrium. In addition, 7 is the shift in total sales of market i
stemming from the change in the cost of exporting. It is a function of ¢’s revenue exposure to
a market interacted with the demand response of that market triggered by the trade cost
shocks.

We now use these definitions to characterize the implication of cross-market linkages to
the effect of trade shocks on labor markets. To this end, we impose the following assumption

that guarantees the existence of a unique local solution for the system of equations (11)-(14).

Assumption 2. Assume that the following matrices exist:

>l
Il
~
|
<
<

P=[M(T-g-x+(-9)(+d)AU-a) ]| M (19)

where M is the matriz obtained from deleting the m-th row from the identity matriz.
Assumption 2 has two parts. First, the matrix A exists if I — 1p¢ is non-singular, which
guarantees that w and L can be written as a unique function of Q using the equations in the

labor market module. In addition to that, the existence of matrix I' guarantees a local unique

solution for the entire system of equations, (11)—(14). It requires the matrix into square
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brackets to have only one linearly dependent column, which arises due to the numeraire
choice. The matrix M imposes the normalization that the production cost in market m is
the numeraire, P, = 1.

Under Assumption 2, we obtain a precise characterization of the changes in endogenous
outcomes caused by exogenous trade cost shocks. Proposition 2 describes the effect of such

shocks on local labor market outcomes.

Proposition 2. Suppose that Assumption 3.a holds. Then, the impact of trade shocks on

local labor markets is, up to a first-order approzimation, given by

logL = Alog Q (20)
logw = (I +9yA) log Q (21)
log Q = —T" log#" + T" log #7. (22)

where T = (I-(I-2)T(I-y)(I+¢)A) and T* = (I-z)T.
Proof. Appendix A.2.

Proposition 2 implies that, in general, understanding the impact of trade shocks on local
labor markets requires not only measuring the impact of local shocks, but also knowledge of
how shocks propagate to all other markets in the world economy. With small shocks, matrix
inversions of the elasticity matrices (x, ¢, 1) are thus sufficient to measure all these various
linkages and associated propagation across markets.

In equations (20)—(21), the matrix A controls the effect of endogenous changes in local
competitiveness on employment and real wages across markets. This matrix summarizes
the spillovers effects of local competitiveness in its off-diagonal entries — that is, how much
competitiveness in one market affects labor market outcomes in other markets. Assuming

the spillovers are bounded, the matrix can be written as

— N ° — —\d -
A=(I-v9) ¢=> (¥o) o,
d=0
which implies that the strenghts of these spillovers depends on the matrix 1 ¢, which combines
cross-market linkages in labor mobility and productivity.!® Intuitively, these two sources
of links create feedback responses arising from interconnected endogenous changes in labor

supply and productivity across markets for any given change in local competitiveness.

15This is possible only if the spillovers are such that Zj 1> Yiohoj| < 1.
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An even more crucial role in our analysis is played by the transmission of trade shocks
through QZ The direct exposure to trade shocks, (‘f‘E 7T ), causes changes in competitiveness
in both the own market and other markets as captured, respectively, by the diagonal and
the off-diagonal entries of the matrices multiplying (‘T'E, %1). Cross-market effects arise from
the fact that, in response to direct shock exposure, market clearing requires changes in local
competitiveness, which by itself triggers further endogenous responses in trade flows due to
substitution and income effects in demand. The definition of T in (19) indicates that the
strength of cross-market links is controlled by the elasticity of bilateral trade flows, ¥, and
the initial trade network in 4 and x. In fact, under parameter restrictions the matrix can
be written as an infinite series sum of those elasticity and initial trade network capturing
the spatial linkages of locations and the percolation of global shocks through the network of
locations.

To further understand the role of cross-market spillovers, we define a benchmark case
where such cross-market linkages do not play any role in the economy’s adjustment to
trade shocks. Specifically, we consider the special case of a shock affecting a ‘“Small Open
Economy”; in which changes in wages and prices do not affect endogenous outcomes in other
markets.!0 In such a setup, the direct exposure to trade shocks (log 71 log 7F ) affects only
local outcomes, <log ﬁi, log (Z}Z> That is, in this case, local shocks do not spillover to other
markets in general equilibrium. Effectively, all the matrices in expressions (20)-(22) have
only diagonal elements, as we show below in Proposition 3.

In the following section, we discuss how to use our theoretical framework to empirically

assess the effect of trade cost shocks on local labor markets.

3.3 Maeasuring the Effect of Local Shocks on Labor Markets

Can variation in exposure to local shocks identify the effect of these shocks on local labor
markets? To answer this question, we consider the two different environments introduced
above: the Small Open Economy and the Generalzied Spatial Competitive Economy. The
following proposition shows the effect of local shock exposure on employment in each of these

environments.

Proposition 3. Consider a trade cost shock. The effect on the local employment is, up to a

first-order approximation.:

1) In the Small Open Economy:

16We define formally a “Small Open Economy’ in Appendix A. We say that market d is a small open
economy if, for all other markets i # d, (i) d is a trivial part of revenue and expenditure, y9; ~ 0 and 29, ~ 0;
and (ii) wages and prices in d do not affect endogenous outcomes, Xqi; = ¢ia = ¥iq = 0.
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log L; = aflog #F — allog 7, (23)

where o = (1 — 29) Nisyi and ol = Xy (1 — (1 — %) v (1 + 03) (1 —y2) Xia).
2) In the Generalized Spatial Economy:
log L; = B log#F — Bl log 7 + Z( 510g %]E — i[jlog %f) (24)
J#i
zi)hefeE 51: > /\id%]g and {J =>4 /\,-d%llj are computed from the entries of the matrices A,
r,or,r.

Equation (23) clearly illustrates how, in a small open economy, the relationship between
local shock exposure and changes in local employment yields both the differential and the
aggregate impact of trade cost shocks on labor market outcomes. This is the main intuition
behind the multiple-sector model that motivates the empirical specification in Autor, Dorn,
and Hanson (2013), which outlines the impact of foreign productivity shocks in a small open
economy. Thus, in response to a shock, local outcomes in the Small Open Economy can
adjust to guarantee local market clearing without any impact on goods and labor markets in
the world economy. We refer to the responses in Proposition 3 as the “direct effect” of a
trade cost shock.

Any heterogeneity in expenditures and revenues induces heterogeneity in the indirect
effects, so that the analysis complicates substantially when we consider the generalized
economy with all the spatial Inks. In fact, equation (24) shows that, in the general case,
employment in market ¢ responds not only to local trade shocks, (%ZE N ), but also to the
trade shocks hitting other markets, (%J-E, %jf ) for j # . Such indirect spillover effects cannot
be disregarded in an empirical analysis of the effect of trade shocks on local labor markets.
They constitute an additional exposure channel of market i to trade shocks that, if omitted,
introduces bias in the measurement of both the differential and aggregate effects of trade
shocks.

A restriction on the elasticity functions to take the form postulated in Assumptions la-1c
provides an illustration of how the spatial linkages across markets create indirect effects
that affect both the differential and the aggregate impact of global shocks across local labor

markets.

Corollary 1. Consider a trade cost shock. The effect on the local employment in the

19



parametric gravity model is, up to a first-order approrimation:

log L = 81> _niflog 7 + 0% 3 o log ) + 3 <5}Z%’§10gff +5?2%210gff> ,
J J J J J
(25)
where the constants 8¢ depend on €, $,, ¢, 1, and the constants B; depend on L; as well.
When ¢ = =0 we hcweﬁ]l-:ﬁfzo.

In this case, the labor supply and productivity links in Assumptions 1b-1c appear through a
symmetric component captured by the parenthetical term in equation (25). As the proposition
illustrates, the parenthetical term disappears if qg = 1& = 0 and, thus, part of the indirect
effects will be differenced out, and thus cannot be measured with regression specifications
with time fixed effects. Even in this case, however, asymmetric links across markets imply
exposure that affects the measurement of differential effects of trade shocks across markets.
Thus, due to between-region trade links, these empirical specifications may still yield an
imprecise measurement of the differential effects without the proper cross-market exposure
weights, 77 and +];.

Taken together, our results indicate that any investigation of the complete effect of trade
shocks on local labor markets requires a careful assessment of cross-market links in terms
of productivity, labor supply and bilateral trade and knowledge of the aggregate mappings

controlling cross-market links.

4 Econometric methodology

We now turn to the problem of estimating the central aggregate mappings in our model. In
particular, we focus on the estimation of the elasticity structure of labor supply, ®;(-), and
agglomeration, W;(- ). Throughout our analysis, we assume that the elasticity for bilateral
trade flows, X;;(.), is known, since its estimation has been the goal of an extensive literature
in international trade.!”

We develop our methodology in three steps. First, we propose an econometric version

of our model where ®;(-) and ¥,;(-) depend on a vector of unknown parameters. In this

1"In single-sector gravity models, the demand for bilateral trade flows only depends on the trade elasticity
that has been studied by an extensive empirical literature — for a review, see Head and Mayer (2013). In
addition, Caliendo and Parro (2014) and Costinot, Donaldson, and Komunjer (2011) consider multiple-sector
gravity models where these functions only depend on the sector-level trade elasticity that is estimated using
sector-level bilateral trade flows. More recently, Adao, Costinot, and Donaldson (2017) consider the problem
of non-parametrically identifying the functions controlling bilateral trade flows in a competitive environment.
It is possible to show that a similar argument holds in our environment, leading to the non-parametric
identification of X;;(.).
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parametric model, we establish that, conditional on ®;(-) and W,(- ), local unobserved shocks
in productivity and labor supply are identified from observable data on trade and labor
outcomes. Second, we construct a class of moment conditions using observed trade cost
shifters that are orthogonal to local shocks in productivity and labor supply. Finally, we
use our general equilibrium model to show that the “optimal’ instrument in this class is
the impact of observed trade shocks on the endogenous variables predicted by our general
equilibrium model — the Model-implied Optimal IV (MOIV).

4.1 Parametric Econometric Model

In every period ¢, we assume that the world economy is generated by the Generalized Spatial
Competitive Economy described in Section 2. Specifically, we impose that the aggregate
mappings {X;;(- ), ®i(-), ¥i(- )}, ; are the same in all periods, but markets are subject to
changes in the exogenous shifters, {v;, (;, 7;;}. In equilibrium, endogenous trade and labor
outcomes are determined by the solution of (6)—(10).

Let y* denote the value of variable y in period ¢, and §* = 3'/y° denote its change between
a base period 0 and period ¢, with Alogy’ = log i'. Assume that we observe bilateral trade
flows, { X!}, and labor market outcomes, {pf,w!, Lt}, but we do not observe the shifters,
{vi,dmii}-

We start by introducing restrictions on the functions controlling labor supply, ®;(.), and
agglomeration forces, ¥;(.). We assume that these functions are known, except for a vector

of unknown parameters, 8. Formally, we impose the following assumption.

Assumption 3a. ®;(.) = ®,(.|0) and V;(.) =V;(.|0) are differentiable functions on the

vector of unknown parameters @ € R®.

In the rest of this section, we use our general equilibrium model to propose a methodology
to consistently estimate 6. To this end, we impose additional restrictions in our model that

allow the recovery of the unobserved local shocks, {ﬁf, ff}, from the observed changes in

t
15
the base period, W° = {X7, L?}ij' We consider the following invertibility assumption.

trade and labor market outcomes, {x Wi, LE, pg}i, and the observed equilibrium variables in

Assumption 3b. ©;(.) and X;;(.) are functions such that
L A{Lj};cq = {2j(w]0)},.; is invertible,

2. {zy}, = {Xz-j ({poj}o) }Z is invertible (up to a scalar) for all j € J..
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The first part of Assumption 3b imposes that the system {L;},_, = {®;(w[0)}, , is
invertible, so we can write w; = ®;'(L|6)."® The combination of this restriction with the

labor supply equation in (7) yields the change in labor supply shifters:
Alog V; = —Alog pz» — Alogw;’- + Alog <I>j_1 (L'6) . (26)

Moreover, our methodology requires a measure of the local competitiveness, Qz This
implies either taking an explicit stance on the price data to measure p;;, or using data on
trade shares and invert the function X;;(.) to obtain prices. Since our model yields equivalent
counterfactual outcomes to a wide class of existing frameworks, one should be cautious in
using the first method. In fact, different theories about competition and firm behavior may
lead to different disaggregated prices, as argued by Arkolakis, Costinot, and Rodriguez-Clare
(2012) and Simonovska and Waugh (2014b), and thus different measured aggregate prices.
Thus, in the second part of Assumption 3b, we effectively impose that it is possible to recover
relative prices from observed trade flows: pl,/pl; = X' («}) where ! = {af;},.7
Recalling that, as in Section 2, knowledge of X;;(.) yields knowledge of P;(.), we can

write local competitiveness, Q! = p!. /P!, as a function of the vector of local spending shares:

-1 _
Q; (=) = |7 ({e/wi})] = [0 (15 @)),)]
By applying this expression into (9), we obtain the change in productivity shifters:
Alog (; = Alogw! — Alog Q; (a:é) — AlogV; (L'(6) . (27)

Given the parameter vector 8, expressions (26)—(27) relate changes in the unobserved
shocks, {vf,('}, to changes in observed variables, {a}, w!, Lt pi}. We summarize this

relationship in the following expression:

18The invertibility of the structural residuals is a crucial step in many empirical structural frameworks —
see Berry (1994); Berry and Haile (2014). In the Generalized Spatial Competitive Economy, invertibility is
guaranteed if the utility function has following separable form:

Uc=) vC;+U({L;})

J

with U(.) strictly quasi-concave. In this case, the labor supply function is the unique solution of the system
of first-order conditions: v;pjw; = g—gj. We can also consider the weaker condition of invertibility up to a
scalar when the labor supply function is also homogeneous of degree zero, as in spatial assignment models.

19The demand function X;;(.) is invertible (up to scalar) if it satisfies the connected substitutes property —
see Berry, Gandhi, and Haile (2013). Adao, Costinot, and Donaldson (2017) show that the invertibility of
X;j(.) is a central property for its non-parametric identification, and that it is guaranteed in a generalized
class of Ricardian economies.
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Alog v} _ Alog p + Alog w! N Alog ®;' (L'|0) . (28)
Alog (; Alog Q; (x}) — Alogw} —Alog ¥, (L'|6)

Expression (28) is our main estimating equation: it yields the underlying local shocks from
observable data on trade and labor outcomes. This, of course, relies on two premises. First,
because our approach is parametric, it requires the correct functional forms of the mappings
®;(.|0) and ¥;(.|@). Second, since expression (28) follows directly from the equilibrium
conditions (7) and (9), these conditions must specify correctly labor supply and production
decisions in the economy. Violations of these premises introduce additional endogenous
variables in (28) that give rise to usual concerns regarding omitted variable bias in the
estimation of .2°

To estimate 6 using expression (28), notice that, in general equilibrium, local trade and
local labor outcomes are correlated with the unobserved local shocks. In fact, {wz, wj, L, Q'}

t Aot

are endogenous variables that depend on exogenous shocks, {191-, i Tig

instrumental variables methodology that exploits the structure of our model to construct

}. Thus, we design an

moment conditions for the consistent estimation of 6.

4.2 Model-implied Optimal IV

We now derive moment conditions for the estimation of @ using the recovered error terms
in (28) and observed shifters of bilateral trade costs. To this end, assume that we have an

observable variable, 2" = {éfj}, that satisfies the following conditions.

Assumption 3c. There exists a trade cost shifter, 2' = {éfj}, such that

1. E[Alog )|z, W°] = kAlog 2!

157

2. I [A log V§|2t,WO} =F [A log C;|2t,W0} =0.

Assumption 3¢ imposes two conditions on the observable shifter 2. First, changes in

trade costs in the model, 7!

.;» are log-linearly related to changes in the observable shifter,

20 Any parametric empirical approach is subject to similar concerns. In our case, the separability of local
unobserved shocks in equation (28) allows the nonparametric identification of the functions (¥,(.), ®;(.)) as
long as instrumental variables satisfy the completeness condition proposed by Newey and Powell (2003) — for
similar strategies, see Berry and Haile (2014), and Adao, Costinot, and Donaldson (2017). Expression (28)
is subject to misspecification of the channels determining labor supply and production costs in conditions
(7) and (9). For instance, as discussed in Appendix D.2, extensions of our model introduce extra variables
into these conditions and, therefore, imply modified versions of (28). However, expression (28) is robust to
misspecification in other equilibrium conditions of the model and, therefore, relies on weaker assumptions
than those necessary to recover local shocks using the economy’s full general equilibrium structure — for
example, see Bartelme (2015); Allen, Arkolakis, and Takahashi (2014).
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é'fj This log-linearity restriction significantly simplifies the conditions for optimality of our
methodology. However, it is not necessary to compute our instrument, as we discuss below.

In addition, the second part of the Assumption 3c states that, conditional on the vector
of endogenous variables in the initial world equilibrium WP, the trade cost shifter 2° is
mean-independent from local shocks to productivity and labor supply. It is important to
note that this exogeneity condition is similar to the assumption imposed in empirical papers
in international trade, such as Topalova (2010), Kovak (2013), and Pierce and Schott (2016).
In the empirical application below, we will use worldwide tariff changes as observable shifters
of bilateral trade costs that are mean-independent from local shocks.?!

To construct moment conditions, we introduce a function capturing the exposure of each
market to the observable trade cost shock: H; (,%t, WO). By the law of iterated expectations,

Assumption 3¢ immediately implies that, for any function H;(-),
E[H; (',W°)¢€l] =0. (29)

where e = (Alog vi, Alog g)/.

The moment condition in (29) yields the following class of GMM estimators.

Definition 2. Let H; (,%t, Wo) be a S x 2 matriz of functions. The GMM estimator is

0, = argming [Z H;(2", W%t (0)] [Z H; (2", W%el (9)] (30)

i,t

where €t (8) = (Alog Vi, Alog C;)/ defined in equation (28).

Definition 2 outlines a standard GMM estimator based on the moment condition in (29).
Notice that the dimension of H;(-) is such that the number of moments is equal to the
number of parameter in @. This does not imply any loss of generality, since it is always
possible to define H;(-) to include the optimal weighting matrix if there are multiple shifters
of trade costs. Under standard regularity conditions, On converges in probability to the true

parameter vector, @, and has an asymptotically normal distribution.??

21Qur choice of instrument differs from other work in that we do not use trade and labor outcomes to invert
exogenous shifters for estimation. Therefore we avoid imposing that the entire vector of endogenous trade
flows is mean independent from unobserved local shocks, as in Autor, Dorn, and Hanson (2013). Similarly,
we avoid using the full general equilibrium structure of the model alongside with trade and labor outcomes to
invert instrumental variables, as in Monte, Redding, and Rossi-Hansberg (2015); Faber and Gaubert (2016);
Allen and Arkolakis (2013b); Bartelme (2015); Allen and Arkolakis (2013a). By relying on the entire general
equilibirum structure, misspecification in any part of the model is a threat to identification. In contrast,
under Assumption 3¢, our approach is only subject to the misspecification of equation (28).

22Newey and McFadden (1994) provide regularity conditions for consistency and normality of GMM
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Although any exposure function H;(-) yields a consistent estimator of 6, different exposure
functions H;(-) vary in terms of asymptotic variance — that is, the estimators differ in terms
of precision. To choose the exposure function H;(-), we follow the approach in Chamberlain
(1987) and select the one minimizing the asymptotic variance of the estimator. Applying the
result in Chamberlain (1987), we show in Appendix B.1 that the most efficient estimator in

the class of estimators in Definition 2 is

H; (2!, W) = E [Vee!(0)|2', W] () (31)

where Q! = E [}(0)el(0)'|2", W"].

The optimal exposure function in (31) has two components. The matrix Q! attributes
higher weight to observations with a lower variance of local unobserved shocks — if lo-
cal shocks are homoskedastic, Qf = Q. The optimal exposure function also depends on
E [Veel(0)|2', W°]: the expected response of the endogenous variables associated with 6
induced by the exogenous trade cost shifter 2°. The definition of the structural residuals in

(28) implies that, up to a first-order approximation,

E [Voel(8)|3', W°] ~ VoB (0,W") E [1og L'z, WO} , (32)

where B (0, W?) = <g_z’)_l(0, W), (0, WO)>. Note that, in our model, E [Vgel(0)|2", W°]
depends only on the expected change in the employment but, in another settings, it could be
a function of other endogenous variables.

We use our general equilibrium model to approximate the expected change in employment
conditional on the change in the trade cost shifter. The combination of Assumption 3¢ and

the log-linear version of our model in Proposition 2 implies that

E|log L3, WD} ~ rlog L' (', W°|6) (33)

where L’ (3!, W?'|0) is the “exact hat-algebra” solution of the system (11)-(14) given the
observed trade cost shock, 7' = 2*, while holding constant all other shocks, log 19;» = log éjt =0.

The expression in equation (33) is the first-stage implied by our general equilibrium model:
jlp(ét, W) is the predicted impact of the trade cost shifter, 2*, on the endogenous changes
in employment, L' Through the lens of our model, ij(ét, W?'|0) is the Optimal IV since

estimators of the form in Definition 2 — for consistency, see Theorems 2.6-2.7 and, for normality, see Theorem
3.4. Such regularity conditions require 6 to be the unique solution of the moment condition in (29). This is
implied by usual rank conditions establishing identification in GMM estimators. For instance, if Alogv! (0)
and Alog(! (0) are linear in 6, then uniqueness requires Hi(it, WO) to be correlated with the endogenous
variables multiplying 6.
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it is the best predictor of changes in employment induced by 2. Intuitively, i}p(ét, w?'|)
captures all the channels through which 2° affects endogenous labor market outcomes across
markets, and thus leads to the most precise estimates.

This discussion is summarized by the following proposition:

Proposition 4. Suppose the world economy is generated by the model in Section 2, satisfying
Assumptions 3a=3c. The function H}(-) in (31) determines the estimator with the minimum

asymptotic variance in the class of estimators in Definition 2, and is approximately given by
E [Veel(0)|2', W°] =~ kVoB (0, W°) log L" (2, W"|9) . (34)

We now characterize a simple two-stage procedure that is asymptotically equivalent to
the MOIV estimator. Using a guess of the structural parameters, we compute the predicted
changes in endogenous variables, log L’ (ét, W0|00), and the the instrumental variable,
H? (it, WOIBO). In the first-stage, we use this instrument to estimate the model, leading
to estimates §'. Since the instrument is a function of (,%t, V[l/'o), the first-stage estimator
is a consistent estimator of 8. In the second-stage, we use 8 to compute the instrument,
Hr (it, W0|él>, and estimate the model again, leading to estimates é?wo 7v- The following
proposition establishes that the asymptotic properties of this two-stage estimator are identical

to those of the estimator based on (34).

Proposition 5. The Model-implied Optimal IV estimator is asymptotically equivalent to the

estimator obtained from the following two-stage procedure.

Stage 1. For an initial quess for the parameter vector 6°,

0 = arg ming [Z H; (2", W°|6°) € (é)] [Z H; (2", W°]6°) € (é)] (35)

it it

~1
Stage 2. Using the first-stage estimates 6

ER— [Z i (2 w0 o (@)]' [Z i (2, w0 o (@)] ey
Proof. Appendixz B.2.

Having characterized the optimal estimator for our Generalized Economy, we now use
such estimator and our framework to empirically assess the impact of trade shocks on local

labor markets.
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5 Estimation of cross-market linkages in the US

Our theoretical results describe the importance of cross-market linkages in measuring the
effect of shocks on local labor markets. We have developed a methodology to estimate such
linkages from cross-market variation in trade and labor outcomes induced by exogenous
shocks to observable trade cost shocks. We now use our theoretical results to evaluate the

importance of cross-market effects of local shocks among states in the United States.

5.1 Multiple-Sector Spatial Model

The first step of our methodology is the parametrization of the Generalized Spatial Competitive
Economy. We introduce a multiple-sector version of the spatial gravity model discussed
in Section 2.3. Our parametric model is flexible enough to capture the main forces in
the quantitative spatial models reviewed by Redding and Rossi-Hansberg (2016). Yet, it
remains tractable: the strength of cross-market linkages depend on a parsimonious number

of parameters. In this section, we use k, s to denote sectors, and o, d to denote regions.

Bilateral Trade Flows. We follow the extensive literature on recent quantitative trade
models reviewed in Costinot and Rodriguez-Clare (2013) by assuming that bilateral trade
flows exhibit a multiple-sector gravity structure. We impose the nested CES preferences for
goods from different sectors and regions presented in Appendix C.1. Thus, conditional on
bilateral good prices {pyo,sd tro, the share of expenditure on goods from sector k of region o

by workers in sector s of region d is

1— _
L (pfm,sd) (Pl (37)
ko,sd — Pt Pt 1—x

ks Yw (P )

1
where the sector-level price index is P ,; = [ZO (pio,sd)km] % I equation (6), xy is the
elasticity of substitution across origins in sector k, and y is the elasticity of substitution
across sectors.

An important step of our empirical strategy is the inversion of local competitiveness from

observed trade outcomes. The expenditure shares in (37) implies that

1
T—x  T—-xp
QZO = (le‘/cr,kr)ﬁ <Z xio,kr) . (38>

A necessary and sufficient condition for the invertibility of the trade demand in (37) is
Xk 7 1 and x # 1. This rules out an unitary elasticity of substitution across good from

different sectors and region, in which case spending shares are not sensitive to changes in
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bilateral prices. It is important to notice that the workhorse multiple-sector gravity model
imposes exactly this knife-edge case: the upper-level preference aggregator is Cobb-Douglas.
This is a simplifying assumption that, as argued in Costinot and Rodriguez-Clare (2013),
has important quantitative implications. In our empirical application, we follow a strand
of recent papers that estimate the elasticity of substitution across sectors to be below one
— e.g., Herrendorf, Rogerson, and Valentinyi (2013), Comin, Lashkari, and Mestieri (2015),
and Cravino and Sotelo (2017).

Labor Supply. We assume that, as described in Appendix C.1, the representative
household has a nested utility function over the number of worked hours in a sector-region
pair, h%,, and the allocation of labor across sector-region pairs, I%,. We incorporate non-
employment in the model by introducing a home sector, s = 0, that yields an identical
level of outside utility in all regions. Such a preference structure implies three margins of

employment responses:

Alog bty = dpAlog (phawly) + Vg, (39)
Alog (lid/léd) = ¢.Alog (PZdWZd) + Utg, (40)
Alog (ny/n}) = dmAlog (I64/16,) + D4, (41)

where nf; = > 1!, is the share of national population in region d, and [, is the share of
non-employed individuals residing in region d.

Equations (39) and (40) specify the choices of hours and relative employment in the
different sectors of region d. Following changes in the real wage, the parameters ¢, and ¢,
regulate labor supply responses in hours worked and sectoral employment shares. These
parameters capture two main margins of labor supply adjustment emphasized in the literature
reviewed by Chetty et al. (2013): ¢, is the intensive labor supply elasticity and ¢, is the
extensive labor supply elasticity. In addition, equation (41) characterizes the allocation of
labor across regions. The parameter ¢,, regulates the elasticity of relative labor supply to

changes in relative non-participation in any two regions of the country.?

Technology. We impose two main restrictions on the production structure of the

Generalized Spatial Competitive Economy. The first assumption is that the cost of shipping

230Qur parametric specification encompasses recent models with endogenous choices of employment across
sectors and regions. Whenever ¢,,, = 0, our labor supply structure is isomorphic to that implied by a Roy
models with Frechet distribution of sector-specific efficiency and prefereces — such as Galle, Rodriguez-Clare,
and Yi (2015). In addition, if ¢, — oo, our labor supply structure is equivalent to a static version of the
model in Caliendo, Dvorkin, and Parro (2015a), which impose the same elasticity of relative employment
across sectors and regions. It is also possible to show that our environment is isomorphic to a model where
heterogeneous individuals maximize a separable quasi-linear utility function in consumption goods and labor,
and draw idiosyncratic preferences for sectors and regions from a Generalized Extreme Value distribution, as
in McFadden (1980).
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goods from sector k of region o to any sector of region d is the same. That is, we assume that

t _
Tko,sd = Tko,d Vs.

When combined with the bilateral trade demand in (37), this restriction implies that,
for any sector s of region d, spending shares are identical: xj, ., = x}, 4 for all s. This is an
important assumption for our empirical application given the lack of expenditure data for
individuals employed in different sectors of regional labor markets.

We also need to specify the function form governing agglomeration and congestion forces

in the model. Specifically, we assume that productivity in sector k of region o is

Wy = (R 0L) " (nh)"".

The combination of this expression with equation (9) yields
Alog (wly/QLy) = veAlog (hlylly) + YmAlog (nh) + Coa (42)

where @, is given by (38).

Expression (42) entails two parameters to separately control the strength of agglomer-
ation/congestion forces at the sector and region levels. While the parameter 1), regulates
the effect arising from sectoral employment concentration in the region, the parameter 1,
regulates the effect of spatial population concentration. As discussed in Section 2.3, our
specification combines two important features of spatial models through these parameters.
Specifically, it captures local productivity gains arising from knowledge spillovers, increasing
economies of scale, and firm entry. These agglomeration benefits are balanced by congestion
costs arising from the effect of employment concentration on the price of local factors in limited
supply — for example, land or infrastructure, as highlighted in Redding and Rossi-Hansberg
(2016).

5.2 Data

To apply our methodology, we construct a dataset of trade and labor outcomes for two
sectors in US states between 1993 and 2012. We now describe the main variables in our

analysis, and discuss the details of the data construction in Appendix C.2.

Trade Cost Shock. Our methodology requires trade cost shifters that are orthogonal to
local shocks in productivity and labor supply affecting regional markets in the United States.
In our empirical application, we use worldwide changes in import tariffs between 1993 and

2012. Tariff declines are arguably exogenous to regional shocks for two main reasons. First,
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as argued by Caliendo et al. (2015b), the Uruguay Round of multilateral trade negotiations
was followed by significant reductions in protection levels in all sectors and countries. These
trends were particularly stronger in developing countries with initially more protectionist
trade policies. Second, the period was also marked by a radical change in the international
political landscape that allowed the integration into the word economy of countries like
Russia and China. To the extent that both of these phenomena were driven by a worldwide
trend towards eliminating import tariffs, the liberalization process was unlikely to be affected
by changes in productivity in particular regions of the United States.

We obtain tariff schedules for 53 countries from the TRAINS database in the World
Bank’s WITS website. For each country pair, we create ad-valorem import tariffs at the
2-digit HS level by taking the simple average of tariff lines within each HS code. We then
construct the bilateral tariff between each US state and each foreign country. For each state,
we construct the weighted average of HS-2 tariffs between the US and foreign countries using

as weights trade flows of each US state and the foreign country in the initial period.

Labor Market Data. We extract employment and wage information from the CPS-
MORG. We compute state-level outcomes using reported weekly earnings and weekly hours.
We classify individuals into three aggregate sectors: (i) the home sector that includes non-
employed individuals; (ii) the manufacturing sector that includes all manufacturing and
agriculture industries; and (iii) the nonmanufacturing sector that includes all remaining
industries.

We construct state-level price indices using data from the Cost of Living Index, published
by the Council for Community and Economic Research (C2ER). This is a well-known source
of living cost differentials among cities in the U.S — see Moretti (2013). Our state-level price
index is the average of the price index changes of urban areas in the state weighted by the

area’s population.?*

Trade Data. Our main source of international trade data is the Eora Multi Region
Input Output — for details, see Lenzen et al. (2013). We construct bilateral trade flows for
59 countries in two sectors, manufacturing and nonmanufacturing. We merge this matrix
of international trade flows with a matrix of bilateral flows between the 50 US states. To
construct this regional matrix of trade, we use between-states shipments data from the
Commodity Flow Survey, which is conducted every five years by the US Census Bureau.

Finally, we use Census data at the port of entry/exit level to obtain trade flows between each

24 As highlighted by Feenstra (1994), our price index does not fully capture the effect of new varieties in the
cost of living. One possible solution is to use the local prices in the Nielsen Homescan Dataset to construct
state-level price indices, as in Handbury and Weinstein (2014). However, this would significantly reduce our
sample since bar-code price data is only available for a subset of states after 2004. A deeper investigation of
these issues is a fruitful agenda of future research.
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of the US states and each of the 59 countries in the MRIO. Merging these three matrices
of trade flows leads to a matrix of bilateral trade flows between the 50 US states and 59

countries. Appendix C describes the details of the trade data construction.

5.3 Results

We now turn to the estimation of the structural parameters @ = (¢p,, dc, P, Ve, ¥ ) using the
methodology derived in Section 4. For each period, we obtain the structural residual el (6) =
(v, 0ty V4, C4) by combining equations (39)—(42) with data on trade and labor outcomes for
US states. Following Proposition 5, we implement the Two-Step GMM where, in each step,
the moment conditions use the model’s predicted values of H; (2', W"|0”) = Vge! (67) given
the observed changes in import tariffs, 2",

We report estimates obtained from the estimation of the model including period and sector
dummies in the stacked sample of state-sector pairs for the periods of 1993-1997, 1997-2002,
2002-2007 and 2007-2012. In all specifications, we calibrate the elasticity of substitution
across origins to yx = 5 for both sectors, as in Simonovska and Waugh (2014a), and the
elasticity of substitution across sectors to x = 0.3, as in Buera, Kaboski, and Rogerson
(2015).%

Table 1 shows the estimates of the structural parameters along with the standard errors
clustered at the state-level. In the estimation, we impose that ¢, = —,,, = ¥, so that
the agglomeration and congestion forces are combined into a single parameter. As shown
in Appendix C.4 , we are unable to jointly estimate these parameters, but their separate
estimation indicates that this is a good approximation for the forces in the data. Our point
estimate of ¢ is 0.35, which multiplied by the trade elasticity implies an agglomeration
elasticity close to the local agglomeration forces implied by models with increasing returns to
scale and firm entry as in Krugman (1980). These sectoral agglomeration forces are balanced
by the regional congestion forces stemming from lower cost advantage as population becomes
more concentrated in space. 2

The other three columns report our estimates of the structural parameters governing

25 Appendix C.4 shows that our results are robust to a number of specification choices. First, we obtain
similar results by including a set of regional controls that absorb state-specific shocks potentially correlated
with exposure to tariff shocks. Specifically, we include period dummies interacted with sector dummies and
local outcomes in 1993 (manufacturing employment share, college graduates labor force share, and female
labor force participation). Second, our results are robust to the sample choice. We obtain similar estimates if
we restrict the sample to manufacturing and to the period prior to the great recession (i.e., exclude 2007-2012).
Third, we obtain similar results when states are weighted by their share in national population in 1993.

26The estimates of agglomeration forces in the literature present large variation. Kline and Moretti
(2014) estimate the local agglomeration elasticity, i.e. the elasticity of county productivity with respect to
manufacturing density, to be 0.4. Peters (2017) also finds a large agglomeration elasticity.
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regional labor supply. First, our point estimate for the intensive margin, i.e. the elasticity
of hours worked with respect to the real wage, equals 0.35. This is in the range of the
estimates provided by Chetty (2012). Second, the extensive margin elasticity is ¢. = 0.69,
implying that a 1% increase in the sector relative wage triggers a 0.69% increase in the sector
relative employment share. In terms of employment shares, if real wages in sector k increase
by 1%, the employment share in sector k increases by @elro(1 — ly,). Using the national
employment composition in 2007, this implies an extensive margin elasticity of 0.06% for
the manufacturing sector and 0.17% for the non-manufacturing. Our estimates are on the
lower bound of the estimates of the extensive margin elasticity in the literature reviewed by
Chetty (2012). Finally, we obtain an imprecise estimate of the migration elasticity. This
result is somewhat consistent with recent empirical literature finding very weak responses
of migration flows to international trade shocks (see Autor et al. (2013), Kovak (2013) and
Dix Carneiro and Kovak (2016)).

We now turn to an investigation of the model ability to generate predicted responses
that are consistent with the actual change in trade and labor market outcomes across US
states. To this end, we compute predicted changes in endogenous variables triggered by
tariff shocks with the estimates in Table 1. Table 2 reports the relationship between the
actual changes in endogenous variables and the predicted changes in the same endogenous
variables implied by our general equilibrium model. For all variables, there is a positive and
statistically significant relationship between actual and predicted changes across US states.
This indicates that, following trade costs shocks, the general equilibrium responses implied
by our model are consistent with the observed pattern of responses in labor market outcomes
across US states. We take this as evidence that the adjustment margins in our model provide

a good approximation for those at work in the US.

6 Application: Effect of trade shocks on US local labor

markets

The goal of this section is to assess the empirical relevance of the general equilibrium
effects arising from trade shocks highlighted in the theoretical model. We consider the
following counterfactual exercise: starting from the initial equilibrium in 2007, we revert the
manufacturing trade costs between all countries and US states to their level in 1993. This
was a period of rising trade integration across countries that ended in the trade collapse
triggered by the great recession.

We proceed in two steps. First, we use the parametric gravity model described in the
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previous section to recover changes in trade costs from the data. Second, we investigate
the impact of the shock on US local labor markets, by decomposing the total shock in a
direct effect and an indirect effect, arising from spillover exposure from shocks to other states.

Finally, we decompose further the effects to study which countries originated them.

6.1 Recover Changes in Bilateral Trade Costs

The first step of the analysis is to use the model to recover trade shocks from the data.
Recovering the shocks through the lens of our general equilibrium model allows us to exploit
not only tariff changes but all other sources of trade shocks driving international market
integration in the period. Specifically, we exploit the spending shares in in equation (37) to

write changes in trade costs as:

~ 1 1 R 1 A

. Thod \ % "X [ Thosa \ Tk Pea

Tko,sd = | = = . (43)
Tk ko Tko,ko P,

where Zj 50 = ), Tpo,sa 1S the total expenditure share on sector k by individuals in sector d

of region d.

Note that equation (43) does not assume that trade costs are symmetric, and thus can be
seen as a generalization of the approach proposed by Head and Ries (2001). The changes
in trade shares @y, sq and expenditure shares 7 ;¢ are computed directly from the EORA
dataset. Following Eaton, Kortum, Neiman, and Romalis (2016), we measure the aggregate
price indices Py, with the price index of expenditures available from the Penn World Tables.
We keep all the other trade costs and shocks fixed, and use the estimated parameters reported
in Table 1. Given our imprecise estimates of the migration elasticity, our baseline results
are computed under the assumption of ¢,, = 0. Section 6.3 evaluates the robustness of our
results to changes in the strength of migration responses across markets.

Figure 1 plots the magnitude of the implied trade costs shock faced by US states in
our counterfactual exercise. The shock is quite heterogenous across states and is large: the
average change in the cost of exporting from US states to other countries is -13.83%, while
the average trade costs of importing from other countries increase by 42.48%. The implied
trade shock with China, one of most relevant trading partners of US states, is even larger:
-27.63% for US exports and 129% for US imports from China.

6.2 Impact on Local Labor Markets

Figures 2 and 3 illustrate the impact of the trade shock on labor market outcomes in both

manufacturing and non-manufacturing sectors. The effects are very heterogeneous, owing to
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the different exposure of the regions to foreign markets, directly or indirectly, and to their
different degrees of specialization on manufacturing and non-manufacturing. Interestingly, in
almost all states, workers in manufacturing gain both in terms of real wages and employment,
as a result of the lower exposure to foreign competition. Instead, non-manufacturing workers
generally lose and non-manufacturing employment decreases for most of the states. However,
the increase of the real wages and employment in the manufacturing industry has an effect
on the non-manufacturing sectors because of demand spillovers. As a result, few states
experience an increase in non-manufacturing real wages and employment.

Direct and Indirect Effects. Our framework allows us to decompose the total effect of
the shock in a direct and indirect component. In particular, we use the results in Proposition
3 on the response of employment in a Small Open Economy to compute the “‘direct effect” of
the trade shock to each of the US states. In such a setup, the direct exposure to trade shocks
only affects local outcomes, and does not spillover to other markets in general equilibrium.
We then define the indirect effect as the simple difference between the total effect and the
direct effect.

Figure 4 plots the total and the direct effects of the trade shock on US states for real
wages and employment in manufacturing. We can see that the two are highly correlated -
the correlation is around 0.9 for both variables - and for almost all states the direct exposure
to the shock is sizeable relative to the total effect. Interestingly, the states that experience
a reduction in manufacturing employment and real wages, are also the ones for which the
direct effects are weaker. This suggests that, although the direct exposure is the main force
affecting the responses, the indirect effects arising from cross-market spillovers may revert
the direction of the effect. This intuition is confirmed by Figure 5, which suggests that the
direct and indirect effects of the trade shock are strongly negatively correlated, with the
indirect spillovers being much smaller in magnitude. In contrast, Figure 6 shows that in the
non-manufacturing sector the total effect is higher than the direct, but still the correlation
between them is very high.

The main message from these results is that the direct effect is a good predictor of
the overall general equilibrium effects of a trade shock. The indirect effects are one order
of magnitude smaller than the direct effect of local shocks, which suggests that the cross-
market general equilibirum linkages do not seem to be a first-order driver of labor market
outcomes with our baseline estimates. This takes on even greater importance in light of
the generality of our parametric empirical model, which captures the main forces present in

existing quantitative spatial models.?”

2TQur results are consistent with the findings in Caliendo et al. (2014). In their quantitative model,
featuring free mobility of workers across regions and input-output linkages, they show that the effects to
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Sources of Trade Shocks. Finally, the flexibility of our framework allows us to
decompose the trade shocks across origin countries. We focus on the responses after a trade
shock with China, the main US trading partner, and compare them with the responses after
a shock to all other countries. Figure 7 plots the US state-level response of labor market
outcomes after the China shock with the corresponding impact following a shock to all
countries except China. The plot is striking: the responses of the endogenous variables,
in particular real wages, are strongly correlated. This suggests that simple reduced form
approaches that try to estimate the impact of the China shock on US labor markets may
confound the China shock with shocks from other countries, since these are correlated with
the China one. In contrast, our counterfactual exercise, by isolating each of these shocks
and by taking into account for the general equilibrium interactions, is able to separate the
different shocks.

6.3 Sensitivity Analysis

Sensitivity analysis. Figure 8 plots the changes in employment in manufacturing after
the trade shock under alternative parametrizations. Specifically, we plot the responses
assuming i) a positive migration elasticity of ¢, = 0.3; ii) positive elasticities of migration
and agglomeration across regions of ¢,, = 1, = 0.3; iii) positive elasticity of agglomeration
across sectors within a region, ¥, = 0.3. The graphs show that, if we allow for movement
of workers and for agglomeration spillovers across US states, the indirect effects are much
stronger than in the baseline counterfactual, but the direct effect is still highly correlated
with the total effect. Therefore, if agglomeration forces across regions are strong, a diff-in-diff
empirical analysis, that relies on regional variation to identify the effect of a trade shock on
local labor markets, would get right the differential effects of the shock, but would miss the
aggregate effect.

7 Conclusions

In this paper, we bring endogenous labor supply and agglomeration forces to the forefront of
the analysis regarding the relationship between trade and labor markets. Our analysis stresses
the need to directly estimate the relationship between trade and labor market outcomes
at regional level, using it to discipline the structural parameters of the model. To this

end, we propose a new empirical methodology that uses as an instrument the impact of

other states of a productivity shock in a US state are one order of magnitude smaller than the effects of the
state receiving the shock.
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exogenous trade shocks on changes of the endogenous variables predicted by our general
equilibrium model. This yields the most efficient estimator of the structural elasticities, i.e.
a Model-implied Optimal IV. We then apply our methodology to evaluate the aggregate
impacts of trade shocks affecting regional labor markets in the U.S. Interesting avenues
for future research emerge from our study. We hope that our novel methodology, easily
implementable with a simple GMM procedure, can be used for the estimation of structural

parameters in a wide class of general equilibrium models.
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Table 1: Estimation of structural parameters

Labor Supply Elasticity

Hours Between Between Agglomf_-r.atlon
. Elasticity
sectors regions
bn be bm Ve ==Yy
0.358%*** 0.686** 0.458 0.354%**
(0.137) (0.313) (0.483) (0.174)
F-stat 23.6 23.6 4.8 19.3

Note. Sample of state-sector pairs (2 sectors x 50 states x 4 time periods 1993-1997, 1997-2002, 2002-2007, 2007-2012). All
regressions include period and sector dummies. Standard errors in parenthesis are clustered at the state-level. *** p < .10,
**p<.05 *p<.01

Table 2: Model Fit

Sectoral Non-
Real Wage Hours relative Participation
employment Share
1) @) @) @)
Predicted change 2.699%** 2.787*** 1.815** 3.702**
(0.556) (0.720) (0.877) (1.688)

Note. Sample of state-sector pairs (2 sectors x 50 states x 4 time periods 1993-1997, 1997-2002, 2002-2007, 2007-2012). All regressions
include period and sector dummies. Standard errors in parenthesis are clustered at the state-level. *** p <.10, ** p< .05, * p<.01
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Figure 1: Trade shock

Import Shock Export Shock

The map on the left shows, for each US state, the log-change from 2007 to 1993 in the average trade costs of
importing from foreign countries, weighted by the import share. Values not reported for Alaska and Hawaii
are 0.04 for both. The map on the right instead shows the log-change from 2007 to 1993 in the average trade
costs of exporting to foreign countries, weighted by the export share. Values not reported for Alaska and
Hawaii are -0.3 for both.
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Figure 2: Impact of trade shock, real wage

Real Wage Manufacturing

Real Wage Non-Manufacturing

-

The map on the left shows, for each US state, the log-change in the real wage in the manufacturing sector
after the counterfactual trade shock shown in Figure 1. Values not reported for Alaska and Hawaii are
0.002 and 0.018, respectively. The map on the right instead shows the corresponding change in the non
manufacturing sector. Values not reported for Alaska and Hawaii are -0.006 and 0.002, respectively.

Figure 3: Impact of trade shock, employment

Employment Manufacturing

Employment Non-Manufacturing

o

The map on the left shows, for each US state, the log-change in total employment in the manufacturing
sector after the counterfactual trade shock shown in Figure 1. Values not reported for Alaska and Hawaii
are 0.007 and 0.028, respectively. The map on the right instead shows the corresponding change in the non
manufacturing sector. Values not reported for Alaska and Hawaii are -0.006 and 0.001, respectively.
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Figure 4: Direct vs total effect
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Figure 6: Direct vs total effect, non-manufacturing
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Figure 7: Correlation between China shock and other shocks
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Figure 8: Sensitivity analysis
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A Proofs for Section 3

A.1 Proposition 1

We obtain (11)-(14)immediately by writing equations (6)—(10) in changes. We now show
that, by specifying preferences and technology, we obtain an equilibrium with identical trade
and labor outcomes as the initial equilibrium under the normalization in (15). To see this,
consider an initial equilibrium such that

0
oo ({or) )
’ P} ey,

0
w; 1

Py = 56
tB o ({19)

OLO Zx”po OLO

_XZJ <{ ]poo} ) and PJQ ({ Jpoo} )

Let us construct an alternative economy without trade costs (7;; = 1), where technology
is given by

o101

W ({L},) v ()

and preferences are given by

({C Viea AL }Jegc) =Ue ({V_OOJ}

In this case, we immediately get that

- VZQ
CI)J' <{piwi}iejc) = (bj ({Fﬂiwi} >
i i€Je
5 Tio 'P?i Tio- p?i
Xij ({p’u}z) = Xj; ({#I%j} ) and P ({pw} ) = ({#pij} _
J i f ;

In this economy, the equilibrium entails @w; = w?, L; = L?, p5 = P, = 1, and #;; = ;.
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To see this, notice that

CO\IJ ({LO} )
&, ({0l e, ) = ({pr} ) -1

OLO Zx”po OLO

o TPy 0 ~ Dy
Xij ({Tupu}z) = Xjj { o } =z; and P ({Tijpll}z) =P { PO } =1 W
j i J 7

A.2 Proposition 2

Part 1: Equations (20)—(21). We totally differentiate equations 7-9:

log IA/Z = Z ®ij (log wj + log p; + log ZA/J) .
J

log @; = log Q; +log (; + Z P log ﬁj
J

In matrix notation, these expressions can be written as
log L = ¢ (log @ + log p + log i)

log@ = log Q + log ¢ + 4 log L.

Plugging the second expression into the first expression,
(I—¢9p)logL =6 (logQ +logp+log + logﬁ) .
Under Assumption 2, the matrix A = (f — (;b't,_b)_l ¢ is well defined.. Thus,
logL = A (log Q +log p + log ¢ + log 19) (44)
Substituting it into the expression for real wages,
logw = (I + {pj_X) (log Q + log &) + A (log p + log D). (45)

Equations (44)—(45) immediately yield equations (20)—(21) by setting log p = log¢ = logp = 0.
Part 2: Equation (22). We totally differentiating the definition of Q; = p;;/P;. By Shepard’s lemma,

log Q; =logpj; — > _ ay; (log 7y + log i) -
[
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In matrix notation, the expression above becomes
logQ = —log#' + (I — z)logp. (46)

By substituting (9) into (10), we get

PG (L) Li = wijpjp;i¢; ¥, (L) Ly,
j

with fL‘ij = Xij ({Tojpoo}o)-
The total differentiation of this expression implies that

> <]I[ji] —y=> y?deid) logpjj =log 7% + > yllogp; — > (Ij—y — viy) logé;,  (47)
- 4

J J J

where [[,—; is an indicator function that equals 1 whenever o =4, and
loge; = log (; + log jij + Z Pjo log Lo.
o

In matrix form, B )
(I-9-x) logp = log ¥ — (I—y)loge+ylogp
loge = log& + (I+{p) log L.

Define the matrix A = (I —y) (I + 1) A. Substituting (44) and (46),
(I —g-x+Ad - :i:)) logp = log #Z + Alog 71 — (I - y+fx) log ¢ + (y . K) log p — Alog b

Notice that the matrix (I -y—XxX-+ ./:&(I — :Tv)) is singular because, by definition, the transfer rule

guarantees trade balance at the world level. So, in the system above, we use the matrix M to set
Pmm = 0 and eliminate the m-th equation. Under Assumption 2,

logp=T (logf'E—i-[:\log%I— (T—y+fx) log ¢ + (Q—K) logi)—zlogﬁ),

where we remind the reader the definition of T' from equation (19)

D=0 [M(I-y-x+(0-9)(+$)A0-2)M| M.

Substituting this expression into (46),

logQ = —log#' + (I —z)T <log%E + Alog#! — (I —y+ ./i) log ¢ + (y - j&) log p — ./:Uogﬁ) .
) (48)
By setting log p = log ¢ = log» = 0, we immediately obtain (22):

logQ= (I -z)Tlog7? — (I-(I-2)T(I-9)(I+v¢)A)log+’. W
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A.3 Proposition 3
A.3.1 Part 1) Small Open Economy

We say that a market is a small open economy if its outcomes do not impact other markets in the
world economy. Formally, we define a small open economy as follows.

Definition 3. Market d is a Small Open Economy if, for all other markets i # d,

1) The share of revenue and spending associated with d is approximately zero: y?d ~ 0 and :B?h- ~ 0
for all ¢ # d.

2) Spending shares, employment, and productivity do not respond to outcomes in market d:

Xdij = Pid = Yiq = 0 for all i, j # d.
We use this definition to derive the impact of trade cost shocks for a small open economy. The
equilibrium satisfies the following system of equations:

l

logLi = ¢i; (— log 7] +logpj; — > _ 20;108 oo + ¥ thjilog £l> :
i o

> (omi — ¥ — Xio) 10g Poo = log 77 = >~ (I—y — u) (1og L+ wjolog ﬁo> :

o J
Consider a shock only to the small open economy d: log7;; = 0 if i # d and j # d. By the definition
of a Small Open Economy, we have that z; = 0 and x4;; = 0 all ¢, j # d, which implies that

log %Z-I = mgi log 74; = 0, and log i'iE = Zyg (Xdij log 74;) = 0.
J

Applying log 7/ = log## = 0 for all i # d to the system above, we obtain that

log Lj = > ¢ji | logpj; — Y af;logpii + Y tulog Ly
j#d i#d 1#d

> Tomig = ¥ = > ¥iXoij | 10ghoo = — > (Ij—iy — v%) [ log L + > hjolog Lo
oAtd j2d j2d oAd

where the first equation uses azgd = ¢jq = Viq = 0 and the second equation uses ;g = yiq = Xdai; = 0.
Thus, we have log p;; = log L; = 0 for all ¢ # d, and we only have to solve the following system
for market d:

log Lg= Ddd (— log %C{ + (1 — xgd) log Paq + ¥4qlog ﬁd)

(1 = y94 — Xad) log pag = log 7 — (1 — y34) (1 + taa) log La.

Define A\gg = (1 — gbddibdd)*l ¢44- Rearranging the first expression in this system, we get
log La = Aad (—log 7 + (1 — 2y) log Paa) . (49)

which immediately yields expression (?7).
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Substituting (?7) into the second equation in the system above, we get that

(1 = Y94 — Xaa) log pag = log 7’ — (1 — y34) (1 + tbga) Aaa (—log 7§ + (1 — 234) log Paa)
Define Ydd = (1 — ygd — Xdd + Add (1 + wdd) (1 — ygd) (1 — l‘gd))_l. Thus
10g Pad = Vaa (log 74 + Ada (1 — y3q) (1 + 1baa) log 77) .

Combining this expression together with (49) completes the proof of the first part of Proposition
(3).1

A.3.2 Part 2) General Model

Inserting expression (44) into (48) we obtain

logL = A <—10g%]+ (I—:i:)f‘ [logi’E—i—j:Uog%I — (I—@—l—j&) log ¢ + (@—A) log[)—j\logﬁ] + log

Using the definitions of f‘l, f‘E, we obtain

In addition, setting the non-trade related shocks to zero we have
logL = A (f‘Elog'f'E + f‘llog'f'1> ,

which in variables notation is equivalen to expression (24).H

A.4 Corollary 1

We start with the Local Labor Market Module. The total differentiation of equations (7) and (9)
under Assumption 2.2-2.3 implies that

logL; = (ﬁ(lOgQiJrlOgCAiﬁLT,Z)lOgﬁi*@Ezj\l’jlogﬁj)
— qEZij (long+logfj+wlogﬁj—izo\l’ologﬁo)
Defining ajl- = qﬁz/NJ\I/j + &ij - (51;\111 Yo Lo, this expression implies

(1= vo)logLi+ > ajlog Ly = ¢ (log Qi +1og ) = 6> L; (log Q; + log &)
J J

Again, there are different micro foundations leading to this functional form. In Krugman
(1980), firm entry and increasing returns to scale in production give rise to agglomeration
forces that depend on the size of the employment in each market — in this case, ¢ = 1/ (0 — 1)
and ¢ = 0 for ¢ # j, where o is the elasticity of substitution across varieties. In the same
spirit, the specification in Allen and Arkolakis (2014) corresponds to the case of 1) = a and
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1 = 0. Marshallian external economies of scale, as introduced in Ethier (1982b), correspond
to similar specifications, with ¢ denoting a sector in a region. This specification also captures
congestion forces arising from other factors in production, such as housing or capital. In this
case, production costs are increasing in other market’s employment, and thus 1) > 0.

Furthermore, we show that the combination of the mappings X;;(-) and ¥;(.) implies
that our framework is observationally equivalent to a general one-factor neoclassical economy
with a flexible form of market-level external economies of scale.?® Let us multiply both sides
by \; and sum across all i:

(1= w0 St ) Sl e = 37 (60! 60 5ot (1 1)
o % A o
Substituting this expression back into the expression above,

(¢a}—-$Lj§:oai>
(1—p+>,ab)

(1= w9)log L; = ¢ (log Qs +1og ) = | 6L; +

J

(log Qj + log @)

. . . 1 —¢p)pL; + ¢al . .
(1~ y)log L= (log Qi +10gGi) — 6> (;( . ‘ff;ﬁfz - J) (108 Q; +log ;)
J o0

Thus,
log L; = a? (log Q; + log 51) —a? Z a? <1og Qj + log C}) (50)
J
where
a? = ¢
1—v¢

L 60)3L 4 gal 1 0Lyt oUW (0-45, Lo)
0 100+ ,00 01 (p-d%, ) (065, L)

3:

Next we continue with the Trade Module. Consider logé; = log G+ log Li+ log L, which
under Assumption 2.2 is

log é; :10g51+(1+¢)10gﬁ1 —’J)Z\Ifjlogﬁj
J

28Technology levels that are proportional to population are also postulated in Kortum (1997); Eaton and
Kortum (2001). Models with spatial diffusion of knowledge, as in Fujita, Krugman, and Venables (1999) and
Lucas and Rossi-Hansberg (2003), specify cross-location spillovers of knowledge so that 1;; > 0 even if ¢ # j.
Our environment can also easily accommodate models with multiple sectors that differ in terms of market
structure and strength of economies of scale — e.g., Krugman and Venables (1995), Balistreri, Hillberry, and
Rutherford (2010), Kucheryavyy, Lyn, and Rodriguez-Clare (2016).
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Substituting expression (50),

logé; = log( + (1+1)a? <log G +log Q; — > 04? (log Qj + log Q))
— a2y, ¥ (log; +1og Q; — X, a3 (log Qo + 10g o))

Thus,

logé; = (1+ (1 +v)a?)logG + (1 +4)a’log Q; — & (51)

where

SO (TR WA TR )
j o

To solve for the change in relative competitiveness Qi, we totally differentiate the market
clearing condition under Assumption 2.1:

log pii + log é; = log 7 — ¢ Y~y (10g}5¢z’ =) o logﬁoo> + ) uij (log pj; + log é5)
J o J

where
logf'l-E = —Ezyij <lOg7A'ij — Z$Oj 10g%0j> .
J o

Substituting log é; with expression (51),

(1+€)logpii — > (yig + € >y yuxj)logpy; = log7f — (1+ (1 +4)a?) <log G — ;i log Cy)
- (1+¢)a” (log Qi — 2, yij log Q;)

Again, there are different micro foundations leading to this functional form. In Krugman
(1980), firm entry and increasing returns to scale in production give rise to agglomeration
forces that depend on the size of the employment in each market — in this case, ¥ = 1/ (0 — 1)
and 1) = 0 for i # j, where o is the elasticity of substitution across varieties. In the same
spirit, the specification in Allen and Arkolakis (2014) corresponds to the case of 1) = a and
zz = 0. Marshallian external economies of scale, as introduced in Ethier (1982b), correspond
to similar specifications, with ¢ denoting a sector in a region. This specification also captures
congestion forces arising from other factors in production, such as housing or capital. In this
case, production costs are increasing in other market’s employment, and thus zE > 0.

Furthermore, we show that the combination of the mappings X;;(-) and W,(.) implies
that our framework is observationally equivalent to a general one-factor neoclassical economy
with a flexible form of market-level external economies of scale.?

29Technology levels that are proportional to population are also postulated in Kortum (1997); Eaton and
Kortum (2001). Models with spatial diffusion of knowledge, as in Fujita, Krugman, and Venables (1999) and
Lucas and Rossi-Hansberg (2003), specify cross-location spillovers of knowledge so that 1;; > 0 even if ¢ # j.
Our environment can also easily accommodate models with multiple sectors that differ in terms of market
structure and strength of economies of scale — e.g., Krugman and Venables (1995), Balistreri, Hillberry, and
Rutherford (2010), Kucheryavyy, Lyn, and Rodriguez-Clare (2016).
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(1+€)logpii — > (yig + € >y yuwj) logpy; = log7f — (1+ (1 +¢)a?) <log G — ;i log Cg)
- (1+¢)a” <log Qi — 2, yij log Q;)

Thus,

(IT+e+ (1 +)N)logpi — >, (1 +¥)aPzji + (14 (1 +9)a?) yij + (€ — (1 +¢)a®) 3oy yawi) log pjj =
[log%iE +(1+1)a? (log%{ — >, Uij log%jr’ﬂ — (14 (1 +2)a?) (log G — >~ vij log fj)

Define a* = (1 + € + (1 +v)a?)~!. Thus,

log i — 32, bijloghy; = o [log 72 + (1+w)a® (log 7 — 53, iy log 7! ) | )
- al(+ (1 +v)a?) (log — X log ;)
where
bij = o*?(1+ ¥)zji + o (1+ (L+¢)a?) yij + o*a® (e = (1+ 1)) > yawji
l
Define the matrix
B=M (a'e*(1+¢)z+a* (1+ (1 +¢)a?) g+ a'a® (e — (1 +¢)a?) yz) M’ (53)

Expression (52) can be written as
(I - B)logp = atlog#F — ot (1 + ¢)a? (I-17) log 71 — a*(1 + (1 +¢)a?) (I-19) log .

If e > (1 +1)a® and ¢ < 1, then (I — B) is non-singurlar and (I — B)fl =370 B?. To sce
this, notice that, in this case, b;; > 0, which implies that, for all i,

Z bi;] = a*@®(1+ ) (1 — 2ms) + a* (L4 (1 +9)a?) (1 — yim) + o (e — (1 +9)a?) (1 — 2pmi),
j#m

37 bl = ot (1+ (1 +9)a?) (1= yim) + we(l — 2mi),
J#EmM

D bijl =1—a* (0® (14 (14 ¥)N) gim + €zmi) < 1,

i#m
where the inequality follows from the fact that gravity structure implies x;; > 0 for all ¢ and j. We
define

This implies that

logp =T (a4 log 7 + a*(1+ )\ (I — g) log #' — a*(1 + (1 +v)a?) (I — g) log &) :
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Let us set 10g& = 0. Thus,
log Q = o*TF log #F — T' log 7. (54)

where

r” (I-z)T and f‘IEI—a4(1+¢)a2 (I-z)T(I-79).
Applying (54) into (50),

logﬁi = a2a4275 10g%JE +a? Z%IJ 10g7A'jI +& (7A'I,7A'E>
J J

where
§(+I,+E) = —aQZa;’ a4275-10g%f —i—Z’inj logf'j[
J J J
2.3 4

Thus, to get expression (25), we just have to define 8! = a?a?, 8?2 = o?, le = a’aja’,

72 = a2a?, B = ala?(1+9), B = o' (1+ (1 +9)a?), and f° = ala? (e — (1 +¥)a?).

Finally, notice that o} =0 = ¢ (%I, %E) =0,if g,p = 0.1

B Proofs for Section 4

B.1 Proof of the Optimal IV in Expression (31)

The asymptotic variance of the GMM estimator for any function H;(-) is

V(H) = (E[H (z,W°) G])~" (E [H (3, WO) esei’ H, (2, WO)’]) (B [H, (2, W) G]) ™"

(55)
where G; = F [Vgei(e)]fzt, Wto].
The asymptotic variance of the Optimal IV estimator in (31) is
V() =BG/ (@ (2 W) Gl (56)

with Q (28, W) = E [¢;(0)e;(0))|28, Wio].
We now show that V(H) — V(H*) is positive semi-definite for any H;(-):

_1,

v (H) -V (1) = (B[HGH) " (B [(ated) (1ie)']) (B [HGH) ™ = (B [6ro'at) ™

= (B [miGH) ™ (B [(Hiel) (Hiet)']| - B [HIGY (B [Gro'ct)) ™ B [mGY)") (B [HiGH]) ™.
Let us define
Ul = Hle — B[ (He) (Groel)] (B [cra'cl) T Grate,
which implies that
E[UlUY] = E [(HLe!) (HLe!)']| - E[HIGY (E [GI01GY)) ™ EIH!GY'.

Therefore,
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V(H) -V (H) = (B [BG]) (B [U0)]) (B [HE])

Since E [UfU}'] is positive semi-definite, V (H) — V (H*) is also positive semi-definite. Therefore,

the asymptotic variance is minimized at H*.Il

B.2 Proof of the Two-Stage Procedure in Proposition 5

We use the strategy in Section 6.1 of Newey and McFadden (1994) to establish asymptotic properties
of two-step estimators. To this end, we define the joint moment equation for the two estimating
steps:

!
(ég,él) = arggnien Z’Uf (92,91) Z’Uzt (92,91) (57)
2U\ it it
where

vf (02,61) = [ H} (2", W°|01)el(02) H; (2", WP|0)el(61) |

H (21, W) = E [vgeg(é)yzt, WO} (@) .
We have that (92, 91> TN (0,0), with an asymptotic variance given by
Var (62.0,) = (@07¢)
where G = [V(g,.0,)0! (62,61)] and Q = E [(vg (62,01)) (vt (92,01))’]
Define h! = Hf (', W°|0)el() and ht = H; (2!, W°|0y)el (). Thus, G and Q are given by

. Lht pthY
E |: hlhl hZhZ

. [a @
Q=E| jipo h?ht’} and G:[ 1}

0 Ga

where

G = E [H (', W°|0) Ve (0)]
G1 = E [VoH] (2", W"|0)e{(6)]

Gy = E [H} (2, W"|00)Veel(0)] .
By Assumption 4.3, any function of (fzt, Wto) is orthogonal to e! (6), which implies that G; = 0.
a1 .
Thus, (G’ Q_1G> is block diagonal and the marginal distribution of 62 is asymptotically normal

with variance
Var (6:) = (G'07'6) ™",

which is equivalent to the asymptotic distribution of the Optimal IV in (56). B

60



C Empirical Application Appendix

C.1 Derivations in Section 5.1

Bilateral Trade Demand. In sector s of region d, we impose that preferences have the
following nested CES form:

X Xk

=
Z (C’kysd)x;] where Cj 0 =
k

Csd =

where i, x > 0.
The first-stage cost minimization problem is

Xk x—1 ﬁ
Xp—1 Xp—1 x
min E pko,stko,sd s.t. g E (Cko,sd) Xk =1.
Cko,sd
k o
The first-order condition implies that
Xk x—17 711 Xk x—1

Z (Z (Cko,sd>)<];(k1> o (Z (Cko,sd) Xikl) T (Cvko,sd>_é = )\pko,sd

k o o
Thus,
( Cko,sd ) _ (pko,sd ) X
C’ko/,sd Pko’ ,sd
and
1—xp) — 3=k -1
(pko’,sd)XIc (Zo (pko,sd) Xk) Xkl _ <Cko/,sd)
(pk/o/7sd>Xkl (ZO (pk’c;,sd)l_Xk)_);;X_k{ Ck/o/,sd
Thus,
- 1-xr) o
Thre od = pk’o’,sdck’o’,sd . (pk’o’,sd)l X! (Zo (pk/o,sd) Xk) X
o',sd — 1

1-x

5 (S 77) 7] E 0 (o))

1
Defining Py sq = [ZO (pko,sd)l_x’“} Xk we get that

Thiol sd = <pk/0”8d> o —(Pk’ﬁsd)lix
o® Pk;’,sd Zk; (P]%Sd)lix

Labor Supply. Assume that the representative household preferences have the following
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nested structure, if ), Iy, =1,

Pmoe—1
dmbe ] Pmde—de

Pmde—1 i
em C, 1+op \ 0
UC = Z Vg (Z ‘/sd (lsd) ¢¢€1> where ‘/sd = < d h) "
d s

Vsdq—5 — (hsd) h
lsd

and U, = —oo whenever >, I, # 1.
In sector s of region d, the total labor supply is Ly = hsglsq and, using the spending

shares in (37), the real consumption is Cyqy = wsghsalsq. Thus, the representative household
solves the following second-stage problem:

—1
b e dmde

%o Pe—1 Pmeoe—1 Pmbe—de
log) # Vo) %
(o} ; va | (loa) % + ; J()

subject to

1+¢y
Vsd = Vsapsawsilsa — (Rsa) on

D e =1.
ko

The first-order condition for hg; implies

hsd - (Dsdpsdwsd)¢h )
so that

Vid = Usapsawsa-
let p be Lagrange multiplier of the additifity constraint. The first-order condition for ly4
is

_1
Pe :'LL

~ ~ _ 1
RcWqVsqWsd (lsd> be = H

KeWq (loa)
where

—1
dmde m e

1 Fmbe—T Pmbe—de -1
de—1 1465 \ 1+¢p do—1 mee
Ke = E vg | (loa) % + E VsaPsiWsalsa — (Rsa) *n (lsq) %
d s

dmde

~ dbe—1 1+ép ﬁ de—1 fmoet
Wy = v | (loa) % + ) (Vsdpsdwsdhsd — (hsa) ) (lsa) %

Thus,

-1

lsd

I - (ﬂsdwsd) &
0d
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and
log 1

loa+ >, lsd 1+ (Vsdwsd)d)e .

The first-order condition for /.4 also implies that

(O (l0d> %
Wy loo

such that
P ¢?;”J>fe 71
Wa = vg | (loa) 3 + Z Vsawsd (Isq) o
1
bdmpe—1
Wq = Vg ((ZOd % <l0d + Z lsd)> :
Thus,

1 % 1
A (G e I
2 loo loo + > Lso loo
(l0d+23 lsd) _ (E)(@naﬁe—l) (lo_d)aﬁm
loo + >, Lso 2 loo '
C.2 Data Construction

C.2.1 World Trade Matrix

We construct a matrix of bilateral sector-level trade flows among 50 US states and 59 foreign
countries for 1993, 1997, 2002, 2007 and 2012. To this end, we merge information on bilateral
trade flows of 59 countries extracted from the Multi Region Input Output database (MRIO) and
information on domestic and foreign trade flows of 50 US states extracted from the Commodity
Flow Survey (CFS) and US Census Foreign Trade Database (FTD). We then aggregate the data
at the manufacturing and non-manufacturing level. In order to avoid zeros in the trade matrix,
we merge DC and Maryland into a single state, and consider the set of countries in Table 3. We
proceed in four steps.

First, we construct foreign trade flows of US states for each sector, year and foreign country.

Let (Z (’jf, Z %) denote the trade flows between each of the 40 US custom districts, d, and foreign

dj’
released annually by the US Census between 1990 and 2016. The exports and imports of state ¢ to
foreign country j are

country, j, by sector k£ and year t. We obtain (Z kt 7 kt) from the US Merchandise Trade Files

th Z dj,kt Zkt

kt _ dj,kt kt
Xji = 0Pz
d
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where a?j’kt and b?j’kt correspond to the share of total exports and imports in district d whose

respective origin and destination are state ¢. We normalize the size of international trade flows so
that the total value of export shipments in the CFS and total value of exports in the FTD are equal
in 2012.

Second, we construct bilateral trade flows between US states for each sector and year. Let Xﬁf
denote the value of shipments from state ¢ to state r of goods in sector k at year t. We obtain )N(i’ff
from the Commodity Flow Survey released by the US Census in 1993, 1997, 2002, 2007 and 2012.
The trade flow between state i to state r are

Kt _ skt _dikt okt | Tdikt okt
Xi'l‘ - Xi?‘ - Z <a’ir ’ Zdj + bir ’ Zjd)
d’j

where d?ﬁ’kt and correspond respectively to the share of total exports and imports in district d

transiting between states ¢ and r.
Third, we adjust domestic sales of the residual sector to include local spending in services:

NTt Kt | _t
X = Z ZXM €;

k#ANT 7

7dj,kt
bir

where €} is the expenditure ratio between non-tradeable and tradeable goods of state i at year
t obtained from the BEA state-level accounts. This adjustment is equivalent to ignoring trade
between states in goods and services excluded from the CFS, XZ-JX Tt — 0 for i # .

Fourth, we merge the trade bilateral trade flows of US states with the bilateral trade flows of
the US and other countries in the MRIO database. To this end, we use US domestic sales in the
MRIO to normalize total expenditures of US states on goods produced from other US states. We
also distribute the bilateral trade flows of the US in the MRIO among US states using each state
share in total trade flows to/from other foreign countries obtained in step 1.

To compute the variables above, we assume that the transit route is the same for all export
and import of all sectors with identical state of origin/destination, port of exit/entry, and foreign
country of origin/destination. Using the US Census data on state of origin exports by port and
destination, we compute the following variables:

djit
exports;

dik dik exports‘-ij ot
a'j7 t:bl]7 t: 1

~djkt _ dikt
; and a; " =b;" =

dj,t djt-
> exports; > EXpOrts;

C.2.2 Labor Market Data

We use the Current Population Surveys - Merged Outgoing Rotation Groups (CPS-MORG) to
construct labor market outcomes in 50 US states and 2 sectors. We consider the sample all
individuals aged between 16 and 64 years in the survey, and we follow the cleaning procedure of
Autor, Katz, and Kearney (2008) to adjust for top censoring, outliers, and time consistency of
variables. For each state and sector, we compute the nominal hourly wage as the weighted average
of the weekly earnings divided by the number of weekly hours across employed individuals, where
individual weights correspond to the number of worked hours times the sampling weights. For each

state and sector, we also compute the average hours worked as the weighted average number of
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Table 3: Sample of Countries

Sample of Countries

ARG Argentina KAZ Kazakhstan
AUS Australia KOR South Korea
AUT Austria MEX Mexico

BAL Baltic Republics MYS Malaysia

BGR Bulgaria NAF North Africa
BLR Belarus NLD Netherlands
BLX Benelux NOR Norway

BRA Brazil NZL New Zealand
CAN Canada PAK Pakistan

CHE Switzerland PHL Philippines
CHL Chile POL Poland

CHN China PRT Portugal

coL Colombia ROAF Rest of Africa
CZE Czech Republic ROAS Rest of Asia
DEU Germany ROC Rest of Central America
DNK Denmark ROE Rest of Europe
ESP Spain ROS Rest of South America
FIN Finland ROU Romania

FRA France RUS Russia

GBR United Kingdom SAU Saudi Arabia
GRC Greece SGP Singapore
HRV Croatia SVK Slovakia

HUN Hungary SWE Sweden

IDN Indonesia THA Thailand

IND India TWN Taiwan

IRL Ireland UKR Ukraine

IRN Iran URY Uruguay

ISL Iceland VEN Venezuela

ITA Italy ZAF South Africa
JPN Japan

Notes: Baltic Republics includes Estonia, Lithuania and Latvia; North Africa includes Algeria, Egypt, Ethiopia, Morocco,
Tunisia; Rest of Africa includes all the remaining African countries; Rest of Asia includes all the countries from Asia and
Oceania not listed in the table; Rest of Central America includes all countries from Central America not listed in the table;
Rest of Europe includes all countries from Europe not listed in the table; Rest of South America includes all countries from

South America not listed in the table.

weekly hours of employed individuals where individual weights correspond to sampling weights.
Finally, we use individual sampling weights to compute total number of employed individuals in
each sector and state. The total sector-level employment is the average number of hours worked
times the total number of employed individuals, and the total home-sector employment is the total

number of individuals either unemployed or out of the labor force.

C.3 Algorithm to solve for the equilibrium in changes

For every year ¢, we have to solve for the endogenous variables of the model, conditional on the

Lkt pkt o Akt 2kt - . - . kot
shocks T & and ¢, as well as on the initial observable conditions, which are: Y, the

total production in country or region ¢; a;fj?to, the bilateral trade flows; Elk ’to, the expenditure in

country or region 7; n® the share of working age population in region 7; I ’to, the employment share
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in sector k£ and region r.
The algorithm we implement to solve the multiple sectors model in changes is as follows.

k,tg
~ “ en
1) Guess Wt Pkt Create P! = Iy <P7f~C ’t> , where e,’f’to = Ezk 40 /5~ & Ef 0 is the expenditure

Akt wkt
share of sector k in region i, and the real wage @&, = “=—.

2) Create the labor market variables Lk toRktR ¢ A

3) Create expenditures. First we obtain the initial trade imbalances in region i as:
¢ ¢ t
Ti 0 _ Eio _ Y; 0

noting that

quik,to -0
%

for all sectors k. We then hold T; constant in terms of the numeraire (which is the price in sector 1
in country 1). The expenditure change is

, - Y+ T
-
1

where
s,to ~STS
E y; -(wiLi)

where yf = Yk t /> Y, k’t is the output share of sector k in region i. Define ¢,
Thus,

kto_ ktO/EktO‘

Bl = gt (Z Yot @L)) + (1—apre) 7

and we impose Tik’t = 1. With Cobb-Douglas preferences,

Ek’t = Et

7 7

Under the assumption of trade balance, 5;“ " — 1 and the expression above becomes
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ZyStOA'A

4) Create domestic trade shares

. 6%
k.t _pk
~kit PT ~ kit 0 i/k’t 4 ~k,t
x'r'r - Pt wr T T
Pr

5) Write the labor market clearing and budget balance equations as excess demand functions:
1 it Akt 70" LE ( phi\?
e )-8 )
= (B) - S (B)

koto fok

79k 791@
1k _ ~kt kito [ ~kt E;VE; 2k _ gkt to (akit
where Kij =Ty T (Tij ) TRty Eto and K =Ty Ty Tji :
k2 k2

~kt

6) Iterate over w;" and Pik’t until the excess demand functions are zero for all sectors and regions.

C.4 Additional Results
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Table 4: Agglomeration Functional Forms - Robustness

Ye Ym
Panel A: Y, = —Yp,
0.354%** -0.354**
(0.174) (0.174)
Panel B: ¥, =0
1.734*
(0.962)
Panel C: ¥, =0
-0.649**
(0.267)

Note. Sample of state-sector pairs (2 sectors x 50 states x 4 time periods
1993-1997, 1997-2002, 2002-2007, 2007-2012). All regressions include
period and sector dummies. Standard errors in parenthesis are clustered
at the state-level. *** p< .10, ** p<.05, * p< .01
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Table 5: Estimation of structural parameters - Robustness

Labor Supply Elasticity
Hours Between sectors Between regions

Agglomeration
Elasticity

bn be Pm v

Panel A: Time and sector dummies

0.358*** 0.686** 0.458 0.354**
(0.137) (0.313) (0.483) (0.174)
Panel B: Include initial state demographic controls
0.325** 0.605* 0.646 0.438*
(0.127) (0.323) (0.583) (0.262)
Panel C: Include initial state demographic controls interacted with period dummies
0.319*** 0.863** 0.528 0.379*
(0.117) (0.376) (0.666) (0.196)
Panel D: Weight states by population in 1992
0.319*** 0.863** 0.528 0.379*
(0.117) (0.376) (0.666) (0.196)
Panel E: Include only manufacturing sector
0.434*** 1.29** 0.626 0.256
(0.155) (0.584) (0.498) (0.200)
Panel F: Drop great recession period of 2007-2012
0.306*** 1.067** 0.634 0.428*
(0.109) (0.447) (0.502) (0.220)
Panel G: CFS data without inputation for supressed values
0.331%** 1.072%* 0.667 0.353
(0.108) (0.460) (0.510) (0.241)

Note. Sample of state-sector pairs (2 sectors x 50 states x 4 time periods 1993-1997, 1997-2002, 2002-2007, 2007-2012). All
regressions include period and sector dummies. Initial state demographic controls: female labor force participation, share of
college graduates in labor force, share of manufacturing employees in labor force, share of non-manufacturing employees in
labor force. Standard errors in parenthesis are clustered at the state-level. *** p <.10, ** p<.05, * p<.01
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Table 6: Model Fit - Robustness

Labor Supply Elasticity
Hours Between sectors Between regions

Agglomeration
Elasticity

bn be Pm v

Panel A: Time and sector dummies

0.358*** 0.686** 0.458 0.354**
(0.137) (0.313) (0.483) (0.174)
Panel B: Include initial state demographic controls
0.325** 0.605* 0.646 0.438*
(0.127) (0.323) (0.583) (0.262)
Panel C: Include initial state demographic controls interacted with period dummies
0.319*** 0.863** 0.528 0.379*
(0.117) (0.376) (0.666) (0.196)
Panel D: Weight states by population in 1992
0.319*** 0.863** 0.528 0.379*
(0.117) (0.376) (0.666) (0.196)
Panel E: Include only manufacturing sector
0.434%** 1.29%* 0.626 0.256
(0.155) (0.584) (0.498) (0.200)
Panel F: Drop great recession period of 2007-2012
0.306*** 1.067** 0.634 0.428*
(0.109) (0.447) (0.502) (0.220)
Panel G: CFS data without inputation for supressed values
0.331%** 1.072** 0.667 0.353
(0.108) (0.460) (0.510) (0.241)

Note. Sample of state-sector pairs (2 sectors x 50 states x 4 time periods 1993-1997, 1997-2002, 2002-2007, 2007-2012). All
regressions include period and sector dummies. Initial state demographic controls: female labor force participation, share of
college graduates in labor force, share of manufacturing employees in labor force, share of non-manufacturing employees in
labor force. Standard errors in parenthesis are clustered at the state-level. *** p <.10, ** p<.05, * p<.01
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D Proofs of Equivalences and Extensions

In the first sub-section we provide the proofs of the equivalence of exisiting models with
our Generalized Spatial Economy. We show the equivalence with, respectively: Neoclassical
models with economies of scale, New Trade Theory models, New Economic Geography models,
Spatial Assignment models, and Spatial Assignment models with others factors of production

D.1 Equivalences
D.1.1 Neoclassical Economy

Environment. Consider a neoclassical economy with a single factor of production. As in the Gen-
eralized Spatial Economy, each country has a representative agent with preferences for consumption
and labor supply in different markets, with utility function given by

Ue ({0sCs} ALY, ) -

The main difference is that we explicitly allow for preferences over goods, z:

C, =V ({CZU}ZZ>

where V(.) is twice differentiable, quasi-concave, homothetic, and increasing in all arguments. Notice
that V(.) allows for the possibility that goods from different origins to be imperfect substitutes.
The representative household’s budget constraint is

> > puijesij = pjwjL;.
% z

There are many perfectly competitive firms supplying each good in any market. The production
technology uses only labor and entails external economies of scale at the market level. In particular,
the technology of producing good z in i and delivering to j is given by

L i

)
Tij Oz ir

Y.ij =V (L)

where of. is good-specific productivity shifter of producing in ¢ and delivering in j.

Equilibrium. We use the fact that V/(.) is homothetic to derive the price index in market j:
Pz’ = E <{pzvij}i,z) = mcinzpz,ijcz,ij st. V <{Cz»ij}z,i> 2 1 (58)
1,2
where the associated spending share on good z from i is

zij € Xige ({p2ishis) - (59)

Conditional on prices, the representative household solves the utility maximization problem
that yields the labor supply in market j:

Lj=®; ({vipiwi};) - (60)
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Profit maximization implies that

Pzij = TijPiiOz ij (61)
where
Wy
Dii = ———— 62
"W (L) ¢ (62)

Finally, the labor market clearing condition is
’LUZLZ = Z sz’ij . pj’LUij.
i z
Using the price equation 62, this becomes

pii€i = Y Tij - PiPjj; (63)
J

where e; = ;L; U, (L) is the effective labor supply in 4, and z;; = ), x, ;; is the spending share of
7 on all goods produced in 1.
The competitive equilibrium corresponds to {{pz,ij}zj Wiy Lg, B} such that equations 61-63

hold. Thus, the equilibrium can be written as {p;,w;, Li, Q;} solving 7-77 with ®;(.), ¥;(.), and

Xij ({migpii};) = {%‘ =D Ty Tije € Xije <{Tz'jpuaz,z’j}z,z)}
z

such that )
P; ({mijpii};) = B ({Tijpiiaz,ij}LZ) .

Equivalence. We now construct a Generalized Spatial Competitive Economy that, for any
(1,¢,v), entails identical equilibrium levels of the endogenous variables, {w, L, P}, as those
obtained in the equilibrium of the Neoclassical Economy just described. Since the equilibrium of the

Neoclassical Economy consists of vectors {pj;, @i, L;, w; }; solving (6)—(10) with <<I>j(.), (), Xij ()),
we only need to show that there are preferences and technology in the Generalized Spatial Competitive
Economy that are consistent with (ij(.), (), Xy ()) We assume that the agglomeration function

and the labor supply function for the Generalized Economy are the same as above. We also assume
that the production function of the market-specific composite good is
L. .
Yij = U (L) =2

Tij

In addition, consider the preferences in Section 2 with

Vi ({eig}) = maxqe_ .y V <{Cz,z‘j}z,i) s.b. D0, 0zijCalij = Cij - (64)

Intuitively, the preference structure in (64) implies that, if the representative household acquires
¢;j units of i's composite good for j’s consumption, then it optimally allocates the composite good
into the production of different goods, given the exogenous weights o, ;; that are now embedded into
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the representative agent’s preferences. Since the relative price of goods in market ¢ only depends
on a; ;;, this decision yields allocations that are identical to those in the competitive equilibrium
of the decentralized economy. To see this, denote the spending shares associated with the cost
minimization problem with Vj (.) by z;; € Xj; ({Tz]p”}l) . Thus, the equivalence follows from

Xij ({Twp“}z) = Xij ({lep“}z) vT. (65)
To show this, we consider the dual utility maximization problem. We proceed in two steps. First,
we show that Tij € Xij ({TZ]pll}z) — Elﬂ?ij,z S Xij,z ({Tijpiiaz,ij}i,z> with Lij = Zz Lij,z- Let

{c* } ~be the solution of the consumer’s maximization problem in the decentralized economy:

2,1]
{szg}“ € arg mgx‘_/ ({CZU}ZZ) s.t. Zﬂjpn' Z Q;ijCsij = 1. (66)
) z

2,0

Define c;f‘j =), Qz,ijCL ;- We want to show that
{C:j} € arg maij ({CU}) s.t. ZTijPiiCij <1,
i

which implies that z7; = pjjcj; € Xi; ({T,-jpii} Z) . We proceed by contradiction. Suppose there exists
a {¢;} such that

Vi ({&;}) > Vi ({cij})
Zpijéij < Zpijc%kj =1
By the definition of Vj(.) in (64),

Vi ({@h) > Vi (e ) =V ({e2i).,) (67)

To establish the contradiction, let {¢.;;} be the good allocation associated with {¢;;} in the
definition of Vj(.) in (64). Thus,

Zpij Zaz,ijéz,ij = sz‘jéz‘j <1
7 z A
which implies that {¢;;} is in the feasibility set of problem (66) and, therefore,
V({eiit,) 2V ({id.,) = Vi (ewh) (65)

This contradicts the inequality in (67).
Second, we show that Tij = Zz Tij,zy Tijz € Xij,z ({Tijpiiozmj}i’z) = T € Xij ({Twpu}z)

Let {c;}} be the optimal solution of the consumer’s maximization problem

{ci;} € argmax Vj ({ci}) st Zpijcij =1. (69)
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Also, let {c* } ~be the solution associated with {c* } in the definition of Vj (.) in (66). We want
z

2ij ij
to show that

{c;ij} € arg mCaxV <{Cz7ir}z,z‘) s.t. Zpij Zaz7ijcz7ij =1,
A z

which implies :L';(j = Zz Lij,z, with Tijz € Xij,z ({Tijpiiaz,ij}i7z> .

We proceed by contradiction. Suppose that there exists {¢;;}, , such that
V ({eihas) >V ({ckish.,) (70)
D PG D il S ) Pij Y Qrijhy = D pijcy; = 1.
% z 7 z %

Notice however that é; = ), a. ;. i; is a feasible allocation in problem (69) and, therefore,

V({ett,) = v (esh) 2 Vilah) 2 W ((Gaashey)
This contradicts the inequality in (70). Since we have found preferences and technology that imply

the mappings <®j(.), v;(.), Xij ()), we have proven the equivalence.

D.1.2 New Trade Theory

Environment. As in the Generalized Spatial Economy, the representative agent in each country
has preferences for consumption and labor supply in different markets (i.e., sector-region pairs),
with utility function given by

Ue <{Vjcj}j 7 {Lj}j> :

We assume that C; has a nested preference structure across sectors, C; = V ({Cs;},) with
V(.) strictly quasi-concave and homogeneous of degree one. Sectors are divided into two groups:
competitive sectors, s € K¢, and monopolistic competitive sectors, k € KM.

In any sector s € K¢, firms in each country produce one homogeneous good with the production
technology in (4). We assume that C; is an aggregator of goods from different origins, C ; =
Vs j ({Csmj}r)? where Vj ;(.) is twice differentiable, increasing, quasi-concave, and homogeneous of
degree one. Notice that the utility function allows the goods produced in different regions to be
perfect substitutes and, therefore, it covers homogeneous goods.

In any sector k € KM there is large mass of potential entrants in each region that produce a
differentiated good, indexed by z, and operate in monopolistic competition. We assume that all
potential entrants in sector-region i = (k,r) have access to the same increasing returns technology,
with the cost of producing Y;(z) units of the differentiated good z given by

Yi(2)

¢ (Y(2) = wi - (Q\I/f(L)

b WE (D))

where w; is the wage rate faces by firms in sector-region %, u; - \IIF (L) is a fixed entry cost, and
Ci - WP (L) is the productivity in region-sector i. We explicitly allow ¥ (L) and ¥¥ (L) to depend
on employment, but we assume that firms perceive ¥F (L) and U¥ (L) as given. So, these function
incorporate external agglomeration and congestion forces at the market level.

74



We also assume that, for k € KM preferences are CES across the available differentiated goods
with elasticity o > 1:

o—1

Chj = ! |, dz] -

where Zj, ; is the set of k sector goods available in market j.

Equilibrium. First, consider a competitive sector s € K. Since Vs, (.) is homogeneous of
degree one, we can define the price index:

P ; ({ps,oj}o) = minZC&m‘pSﬂ«j st. Vi ({Cs,ij}i) =1 (71)
T

with associated spending shares
Tsrj € Xsrj ({Psost,) - (72)
In addition, profit maximization implies that

Ws,

DPs,rj = Ts,rjm (73)

s,T

In sector-region ¢ = (s,r), the labor market clearing condition implies that the total labor
payments are equal to total revenue,

w;L; = Z (Zij9s.5) - pjw;L; (74)
j

where g5 ; is market j's spending share on goods of sector s.
Second, consider a monopolistic competitive sector k € KM. We focus on the symmetric

equilibrium where all firms of sector & in region r choose the same price, p;;(z) = ﬁ%, with

UM (L) potentially different from W7 (L). Thus, the price index of goods of sector k for consumers
in jis
1— 1—
P37 =2 P
T
where, for the sector-region pair i = (k, ),

1—0o
1-o g Tig Wi
-9 = M. ,
P l<0—1@"1’f(L))

with M; denoting the mass of operational firms in market i.
To characterize M;, consider the labor market clearing condition in i = (k, ),

i g 1 7 By E
e m e e Zj:T” <a—1g-\yf (L)T”wl> By | Mo L),

and the free entry condition in market in i = (k,r),

1 o 1 T By 5
- s , — wis - UE (L)
o2 (rgerm) e e v @)

By substituting the free entry condition into the labor market clearing conditions, we obtain
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that M; = a%n . xIJELi(ZL) Thus, in sector k € KM, the spending share of j in goods of region r is

Pr.j ({Proj},

Trrj = Xirj ({Pros},) = <7”“)> (75)

where )
Pej ({Pr.ojt,) (Z P Oj> (76)
Wi, r
Pkrj = Tk,r = (77)
’ ? G Wk (L)
with

1
~ o 1 1 L; o
v, (L)=—=———+ )| —- . 78
0= (Zrerm) e o) ™
Using these expressions, it is straightforward to show that the labor market clearing condition
in sector k of region r, i = (k,r), is
w; Ly = Z (jijgk,j) . ijij- (79)
J
where g, ; is market j's spending share on goods of sector k.

Third, consider the representative household’s choice of spending in different sectors. Conditional
on sector-level price indices, the cost minimization problem is

Pj ({PS,j}s) = Ia‘i’?gps,jc&j st. V (Cs,j) =1 (80)

with associated spending shares given by

b (P = 2B UB) o

We denote the spending of j on goods from sector s of region r as

Xewi ({pis}:) = Xorj ({Psiosto) 955 ({Prj ({Proi}o) }i) -

Lastly, as in the Generalized Spatial Competitive Economy, the representative household’s problem
yields the labor supply in region-sector j,

Lj € ®; ({wipiwi};) - (82)

The equilibrium of this economy is characterized by {{pij }ij ,w;, Ly, R} that solve (80)—(82)
for all j, (71)-(74) for s € K¢, (75)(79) for s € KM, Thus, the equilibrium consists of vectors
{pii,Qi,Li,wi}i Solving (6)*(10) with (I)J<) = q)j () s \Ifj() = \I/j(.), and Xij () = Xs,rj ()

Equivalence. We now construct a Generalized Spatial Competitive Economy that, for any
(1,¢,v), the equilibrium entails identical levels of the endogenous variables, {w, L, P}, as those
obtained in the equilibrium of the economy above. Since the equilibrium of the economy above

corresponds to {psi,wi, L;, Q;} solving (6)—(10) with (Xij (1), (.) ,i@(.)), we only need to show
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that there are preferences and technology in the Generalized Spatial Competitive Economy that are
consistent with (X'Z-j (), 2, (), \i]())

To this end, consider the environment in Section 2 with the nested preference structure:
Ue ({VjCj}j , {Lj}j> where C; =V ({Cs;},). Sectors are divided into two groups: K¢ and K.

For s € K%, we assume that preferences and production are identical to those described above. For
k € KM, we assume that there is a representative competitive firm with a production technology in
(4) where the agglomeration function is Wy . (L) = Wy, (L) as in (78). In addition, we impose that
every market j has CES preferences across k sector goods produced in different regions,

o—1

Viej ({cknri},) = [Z (Ck,rj)agl] .

T

Thus, the consumer maximization problem implies that the spending share on of j on goods from
i = (k,r)is x5 = Trrjge; € Xij ({pk,Oj}o) where Ty, »; is given by (75), and g ; is given by (81).

Since we have found preferences and technology that imply the mappings (X'ij (), ij () ,\f/j(.)>,
we have proven the equivalence.

D.1.3 New Economic Geography

Environment. Consider an economy with production structure and preference for goods identical
to those in the New Trade Theory Economy of Section D.1.2. We assume that each country c is
populated by a continuum of individuals with identical preferences for goods. These individuals
differ in terms of mobility across markets. There are two groups of markets in each country, J!
and JM. Market j € J! is populated by a subset of completely immobile individuals such that

Lij=L; VjelJ., (83)
Alternatively, there is a mass L. of individuals that is completely mobile across markets j € JCM
such that B
> Lj=Le. (84)
jeJM
Mobile individuals have identical preferences for being employed in j € JM:
_ B
U i = I/jij i
where w; is the real wage in market j.

Equilibrium. We restrict attention to equilibria with positive employment in every j € JM,
and analyze separately the cases of § % 0 and § = 0. If § = 0, any employment allocation is
feasible as long as v;w; = u. Thus, the labor supply is

_ Lj:EC, L,=0 if Vjw; > Viw; Vie JM
L =2 ({wi})= {Lj: Zij:Ec} if vw=uvVieJV (85)

If B # 0, in this case, any j € JM with positive employment must have

1
U B
l/jw]'L? =u — Lj = <>
VjWs
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From equation (84),

1
B

)= L, (vjw;) :
Diequ (viwi) P

The equilibrium of this economy is {pi;, ws, L;, @i} solving (6)—(10) with ®;(w) = L;if j € JI and
Pj(w) = dj(w) if j € JM.

(86)

Equivalence. To establish equivalence, we construct preferences for the the representative
household that yield the labor supply function ®;(.) = ®; (.). Specifically, consider the following
preferences:

18 ] ]
UC:{ [Sjene C L) Y if Sjepu Ly =Leand Li=L; Vi€ J!

—00 otherwise

If B =0, it is straightforward to see that the solution of the utility maximization problem yields
equation 85. If 5 # 0, the solution of the maximization problem is the same as equation 86. Since
we have assumed a production structure and preferences for goods identical to those in the New
Trade Theory Economy, the assumptions on technology and consumption aggregator imposed in
the previous section imply that the functions X;; and ¥;; deliver the equivalence.

D.1.4 Spatial Assignment Models

Environment. Suppose that countries are populated by a continuum of individuals, ¢ € I., that
are heterogeneous in terms of preferences and efficiency across markets (i.e, sector-region pairs). We
assume individual ¢ has market specific preferences, a;(¢), and market specific efficiency, e;(¢). In
particular, if employed in market j, we assume that individual ¢ has homothetic preferences given
by

Uj(t) = a;j(t) + v - Uj ({Cij}J> ’

with a budget constraint given by
> pijeij = pjw; - e;(0).
i

We further assume that individuals take independent draws of (a;(¢),e;(¢)) from a common distri-
bution:

{aj(1),ej(1)}; ~ Fela,e).

On the production side, we maintain the same structure of the Generalized Spatial Economy. That
is, there is a representative competitive firm in each market with the production technology in (4).

Equilibrium. We start by characterizing spending shares across markets. Conditional on
choosing j, individuals choose spending shares that minimize total cost:

P ({pij}j> = Zpijcij s.t. Uj ({cij}j) =1, (87)

i
with associated spending shares given by

zi; € Xij ({pij};) - (83)
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The solution of this problem implies that, for individual ¢, the utility of being employed in j is
Uj(t) = a;(¢) + pjvjwj - ej(¢). Thus, the set of individuals choosing j is

I {piviwi};) = {(a,e) : aj +e;-pjvjwj > a; + e; - piviw; Yi},

with the associated labor supply given by

Lj=

e

o) = [ e dR(ae) (59)

Notice that the function ®,(.) is homogeneous of degree zero Wlth =L >0 and ] <030 In
addition, the profit maximization problem of producers implies that

Dij = TijDii (90)
and Dii Wi
Q== ————. (91)
Cow (L)) G

Finally, labor market clearing condition implies that

szz = Zl‘i]’ . ijij
7
which, by defining e; = L; U; ({Lj }j) ¢;, yields

pi€i = Y Tij - pibjje;- (92)

The equilibrium of this economy is characterized by {pj;,w;, L;, Q;} solving equations (87)—(92).
Thus, the equilibrium can be written as {p;;,w;, Li, Q;} solving (6)—(10) with (X;;(.), ¥;(.)) and
P;(.) = P; ().

Equivalence. To establish the equivalence, we propose preferences for the representative
household of the Generalized Spatial Economy that yield the labor supply function ®;(.) = ®; (.).
Specifically, consider the following preferences:

U, = { > viCi+U({L;}) if {Li} € L.

—00 otherwise

where L. = {{LZ}Z cdLst. L= 1, € AF (a, e)} is the set of feasible employment allocations,

and
U {L; ae)}/z% a,e) dF(a,e) (93)

subject to

30The homogeneity of éj(.) follows immediately from the definition of I;. To see that % >0

and % < 0, notice that I; (&.) C I; (w.) and I; (w.) C I; (©.) whenever @; > w; and @&; = w;.
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L; = /Ij(a,e)ej dF(a,e) Vj
Z =1VY(a,e),

Ii(a,e) >0V, V(a,e).

We now show that ®; (.) in (89) is the labor supply function implied by the representative
agent’s problem. We start by substituting the second constraint into the objective function to
eliminate I;(a, e) for an arbitrary i. Then, we consider the problem’s Lagrangian:

({ ]}) {n X> a; + /Z aj + ejpj — ei,ui) Ij(a7 6) - /Lij + pi L ]dF((L, 6)7
J#i

where 115 is the Lagrangian multiplier of the labor supply constraint in market j.
The first-order condition of this problem implies that, for j # i, I;(a,e) = 0if a;+e;p; > aj+eju;.
Thus, I;(a,e) = 1if, and only if, a; + eju; < a; + e;p;. Since i was arbitrarily chosen, we can write

Vi: Ii(a,e) =1 < (a,e) € ; ({Mj}j> ={(a,e): a;+eip; > aj+eju; Vj}.

The multiplier vector {y;} i solves the system of labor supply constraints:

Lj = /[J({Mz}) ej dFC(e) (94)

Now we are ready to show that ®;(.) is the labor supply function implied by the utility maximization
problem of the representative household. The representative agent solves the following problem:

masz/]ij +U ({L } )

where U (.) is given by (93).
The first-order condition of this problem implies that the labor supply function is the solution
of the following system:

ou <{(I)j}j)
OL;

= —pPiViWw; Vi.

Notice that the Envelope Theorem implies that g—g = —u; and, therefore, u; = p;v;w; > 0.

Thus, the labor supply function is
®; ({pwiwi}) = | ¢ dF(a.e)
Li({piviwi},)
with

I; ({PiViWi}z‘) ={(a,e): aj; +ej - pjviw; 2 a; + €; - piliw; Vi}.
This implies that ®; ({piviw;i};) = ®; ({piviwi};), and therefore the equivalence is proven.
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D.1.5 Spatial Assignment Models with Other Factors in Production

Environment. Consider an economy with a representative household with the preferences in
(1)—(2) subject to the budget constraint in (3). We impose additional restrictions on preferences to
obtain the equivalence result. First, assume that individuals employed in all sectors of region r have
identical preferences Vi, (.) = V;-(.). Second, assume that preferences are such that the labor supply
function is invertible (up to a scalar). Third, we restrict attention to counterfactual exercises in
which v; remains constant and, therefore, v; can be normalized to one.

In every market 7, there is a representative competitive firm that uses labor and other factors in
production, with the following Cobb-Douglas production function:

Yi =Gy (L) (La)™ (T;)' . (95)

Each region r has an endowment of the other factor, T,.We assume that 7} is mobile across
sectors within a region, but that it is immobile across regions — like land in spatial models. Similar to
Caliendo et al. (2014), there is a national mutual fund that owns the other factor in all regions. We
assume that the local government in region r» owns a share x, of the national fund, and it transfers all
dividends to local residents. In particular, we impose that the transfer rate to individuals employed
in sector k of region r, pg,, is inversely proportional to the share of labor in the total cost of the
sector,

Pkr = pr/akr- (96)

Equilibrium. To characterize the equilibrium, it is useful to work with the adjusted wage rate,
Wk, = W/ . The representative household’s cost minimization problem yields spending share
and price indices that are given by

zi; € Xij ({pij};) and Py = Py ({pi},) - (97)

As in Section (2), the utility maximization problem of the representative household yields the
labor supply function. Using the transfer rule in (96), the labor supply in j is

Ly, € O ({pra)kr}kr) . (98)

Notice that the invertibility assumption implies that, for any arbitrary reference sector-region

pair sr, we can write

PoWk 1
o, = Tk (L))

In addition, the profit maximization problem of firms implies that

Dij = TijDii

W <R>
Pi=ci )\

where R; is the price of other factor faced by the producer in i, and (; = @(1 — )1,
To obtain the equilibrium level of R;, consider the market clearing condition for the other factor

where
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in region 7, T, = 3, Ty, which implies that

1 N
Rr = Z (1 - akr) wk:rLk:r

T, <
We use this expression to eliminate R; in the expression of p;; for sector s in region r with i = (s,r).
After some manipulation, we obtain

1—a;
ﬁ)i 1 pra)kr
= =" | = 11—« 7~L
Dii CZ‘I/z (L) <Tr E ( kr) kr)

Thus, the invertibility of the labor supply function yields

Dii = m (99)

with

U, (L) = ¥, (L) (1‘1’ > (1= ag) @0, (L)) L,W> : (100)

To close the equilibrium, consider the labor market clearing condition that can be written in terms
of the revenue share accruing to labor in every sector-region pair:

ﬁ)koLko = Z Tko,sr * (prwsrLsr) . (101)

S,T

Finally, the transfer rate in region r is determined by its share in the divided paid by the mutual
fund:

Pr Z wSTLST = R Z(l - ako)mkoLko (102)
s k,o

where the left hand side is region r’s total transfer payments, and the right hand side is region r’s
share in the total land revenue in the country.

The equilibrium of this economy is characterized by{p;, w;, L;, P;} that solve equations 101-98.
Thus, the equilibrium can be written as {p;;, W;, L, P; }solving 7-10 with (Xi;(.), ®;(.)), ¥;(.) =
W, (.), conditional on the transfer rule {p,} in (102).

Equivalence. To establish the equivalence, we consider the Generalized Spatial Competitive
Economy of Section 2, with ¥,(.) = ¥, (.) in (100) and the transfer rule in (102). To the extent
that the share of labor in production remains constant, the counterfactual changes in wages, w;, is
identical to the counterfactual change in the normalized wage, ;.

This establishes that the Generalized Spatial Competitive Economy is equivalent to spatial
assignment models with other factors of production that are mobile across sectors but not across
regions — e.g., land and other natural resources. A similar argument yields the equivalence with
models with other factors of production that are mobile across both regions and sectors. The only
restriction is that the invertibility step to obtain (100) requires the same transfer rate across markets
in the country.
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D.2 Extensions
D.2.1 Generalized Spatial Competitive Economy with Multiple Labor Types

Consider the Generalized Spatial Competitive Economy. Assume that production requires multiple
factors such that
o Cz\I}z (Lc)

Yij = ———Fj <{Lz‘j,g}g)

where Fj; (.) has constant returns to scale.

We write the equilibrium in terms of factor-content of trade as in Adao et al. (2017). To this
end, we define the utility function as

Uj ({Lijg}) = Uj ({Fyj ({Lije})})
and define the effective price of each factor as

_ Wi,g
pij79 = Tijg - C\I, (L )
i Xq c

This problem yields spending shares in terms of factor content:

_ dlog P; ({Pije};)

X ( o )_ 103
mljvg 13,9 {pl.]:g}'hg a log pij,g ( )
where P; is the minimum cost of achieving one unit of the consumption index in j,
Py = P; ({pijg};) = g“_igzpij,g[/ij,g s.b. Uy ({Fij ({Lijg})}) = 1. (104)
iJ i

The rest of the analysis remains unchanged. We just have to compute the Factor Content of
Trade across markets, which, in this simple model, is straightforward:

Tijg = g ({wig}) - Xij

where a; 4 ({wig}) is the share of factor ¢ in the production cost of market i. Therefore, the model
is isomorphic to the baseline model, except that a market i is defined as a sector-region-group triple.

D.2.2 Generalized Spatial Competitive Economy with Intermediate Goods in
Production

Assume that production uses labor and other intermediate goods according to the following produc-
tion function: ¢
Yij = 210 (L) F (Lig, F({Mu)
ij
where F(.) and F(.) are homogeneous of degree one, and Mj; is the quantity of good I used in
production by i.

This production function covers multiple sector gravity models reviewed in Costinot and
Rodriguez-Clare (2013). In this class of models, final preferences and production imply identical
spending shares across origins within a sector. However, sector-level spending shares differ across
industries and final consumption. In quantitative models, it is typically assumed that sector-level
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spending shares are constant, and identical to those in Input-Output Tables — for example, see
Caliendo and Parro (2014).
Let P; be the PPI in region-sector pair ¢. Cost minimization implies that

P ({pu};) = HA}IiZ?Z]DziMu st. F({My},) =1

and the input shares are given by

ol P; ({pi},)

A\ =
i Olnpy

with a matrix of input shares given by A = [)\ij]ij'
The cost minimization problem in market ¢ is

C; (wi,f’i> = minw; L + RF st. F (L,F) =1,
LF

implying that

Dii =
G (Le)
Notice that C; (.) homogeneous of degree one, with associated labor spending shares given by
~ J0ln C; (wz, 1)
i (w ! 0 1nw;

Thus, we can write

-1
Dii wj

Q=2 R

' PTG (Le)

i (105)

C. <1, P)
W;

To close the model, consider the market clearing condition for labor in each market. The total
revenue of market ¢ from sales in market j is

Xij = xijpjwiLy + Nij(1 Z

-,
Xij = ziipjwiL; + )\” —w;L;
@j
1-— Q4
Xij = | @ijpj + Aij—— Jw;L;
Qj
Thus,
1—oqy
wili =Y o (wz‘jpj + Aij(a,j)> w; L. (106)
< J
J
Notice that the equilibrium requires knowledge of the cost function, C;(.), and the associated

input shares, A, and labor share, «; (.). With this information, we can proceed as before and
consider changes in the system of equilibrium equations (7)-(10).
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D.2.3 Generalized Spatial Competitive Economy with Commuting

Let Lj be the mass of labor residing in region j and working on region [, with C}; denoting the
associated consumption index of these workers. The representative agent’s problem is

max U ({viCiu}., . {Li}.
{{Cijl}i7le}jl ( J J j,l J ],l)

subject to

Cij =U; ({ci})

Zpijcijl = wiLj
i

As in the baseline model, the first-stage problem implies that

Ccji

Ijjl ({pU}z> = min Zpijcijl s.t. Uj ({Cijl}) =1 (107)
J

with the spending shares given by
zi; € X ({poj}o) (108)
Thus,

I
Lj = wjiLj

w,
> pijeiji=PCy = Cj= 2
i J

where wj = w;/P; is the real wage of working in market [ and residing in market j. Thus,
max U ({(Vﬂwﬂ) Li},, {Lﬂ}jJ)
{Lﬂ}jz

which yields the labor supply mapping,

Lji € (19]',' ({lewdl}d,l) . (109)

The total labor supply in region ¢ is

L, = Z L;; with Lj; € ®j; ({lewdl}d,l> .
J

As in the baseline model, we consider the profit maximization problem of firms in market j.
This yields the following local competitiveness equation,
P Wi

Q=P - s (110

Notice that @)j; is a bilateral measure of competitiveness that adjusts the baseline measure by
the real exchange rate differences between markets, Q;; = %’%.

To close the model, we consider the labor market clearing condition: total labor payments to
labor in market i equals total revenue of market ¢ from selling to all other markets in the world

economy. That is,
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ZwiLij = sz‘j : (Z wlel>
i j ]

which is equivalent to

> piieij =Y @i - (ZPU%‘Z) (111)
i j I

where €ij = Cill’i(Lc)Lij'

The competitive equilibrium in this economy corresponds to {ps;, ws, Pj, Li;} such that conditions
(107)—(111) hold. In this case, we need to extend the notion of labor supply to capture commuting
flows across markets. In other words, counterfactual predictions require knowledge of the extended

labor supply mapping, Lj; € ®; ({lewdl}d,z> .

D.2.4 Spatial Generalized Competitive Economy with Selection in Production

TBA
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