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Abstract

We study optimal spatial policies in quantitative trade and geography frameworks with
spillovers and sorting of heterogeneous workers. We first characterize efficient spatial transfers
and the labor subsidies that would implement them. Then, we quantify the aggregate and
distributional effects of implementing these policies in the U.S. economy. Under homogeneous
workers and constant-elasticity spillovers, a constant labor subsidy over space restores efficiency
regardless of micro heterogeneity in fundamentals and trade costs. In that case, the quantifi-
cation suggests that the observed spatial transfers in the U.S. are close to efficient. Spillovers
across heterogeneous workers create an additional rationale for place-specific subsidies to attain
optimal sorting. Under heterogeneous workers, the quantification suggests that optimal spatial
policies may require stronger redistribution towards low-wage cities than in the data, reduce
wage inequality in larger cities, weaken spatial sorting by skill, and lead to significant welfare

gains. Spillovers across different types of workers are a key driving force behind these results.
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1 Introduction

A long tradition in economics argues that the concentration of economic activity leads to
spillovers. For instance, agglomeration economies drive productive efficiency while congestion
spillovers may arise in dense cities. These spillovers shape the distribution of city size and pro-
ductivity. Furthermore, groups of workers with different skills arguably vary in how much they
contribute to these spillovers and in how much they are impacted by them. As a result, these
forces also shape spatial sorting of heterogeneous workers across cities. Being external in nature,
spillovers likely lead to inefficient spatial outcomes. In this paper, we ask: is the observed spatial
distribution of economic activity inefficient? If so, what policies would restore efficiency and what
would be their welfare impact? Would an optimal spatial distribution feature stronger, or weaker,
spatial disparities and sorting by skill than what is observed?

We develop and implement a new approach to answer these questions. We rely on a framework
that nests two recent strands of quantitative spatial research with spillovers: the location choice
model with sorting of heterogeneous workers in Diamond (2016), and the economic geography
models in Allen and Arkolakis (2014) and Redding (2016). Crucially, we generalize these models
to allow, in the market allocation, for arbitrary policies that transfer resources across agents and
regions. We use the framework to characterize the spatially efficient net transfers across regions
and workers, as well as the labor taxes and subsidies that would implement them. Then, we use
data across MSA’s in the United States to quantify the impact of optimal spatial transfers on the
spatial allocation, wage inequality and welfare of low and high skill workers relative to the observed
equilibrium.

The framework incorporates many key determinants of the spatial distribution of economic
activity. Firms produce differentiated tradeable commodities and non-tradeables such as housing
using labor, intermediate inputs, and land. Locations may differ in fundamental components of
productivity and amenities, bilateral trade frictions, and housing supply elasticities. Productivity
and amenities are endogenous through agglomeration and congestion spillovers that may depend
on the composition of the workforce. Different types of workers vary in how productive they are
in each location, in their preference for each location, and in the efficiency and amenity spillovers
they generate on other workers. In the market allocation, government policies may arbitrarily
redistribute income across agents and regions. Unless the right policies are implemented, com-
petitive equilibria are typically Pareto inefficient because workers do not internalize the impact of
their location choice on aggregate amenities, and firms do not internalize the impact of their hiring
decisions on aggregate productivity.

In the model, the multiple spatial forces lead to complex general-equilibrium ramifications of
the spillovers. However, in the spirit of the “principle of targeting” pointed out by Dixit (1985),
the first-best allocation can be tractably implemented by policies that act upon inefficient margins
only. In particular, we derive a condition on the joint distribution of expenditures and wages
across workers and regions that ensures the existence of an efficient competitive allocation. This

condition generalizes a standard efficiency requirement from non-spatial environments with convex



technologies such as Hsieh and Klenow (2009), whereby the marginal product of labor should be
equalized across productive units. Here, the optimal spatial allocation balances the net benefit of
agglomeration (through production or amenities) against the opportunity cost of attracting workers-
consumers to each location. Because the location and consumption decisions are not separable,
these opportunity costs are measured in terms of local consumption expenditures. Therefore, they
vary across locations due to the compensating differentials born of geographic forces (congestion,
amenities, trade costs, and non-traded goods). As a result, assessing the efficiency of an observed
allocation requires information about both wages and expenditure per capita across locations.
We carry this idea into the quantification, where we assess the efficiency of the observed spatial
allocation based on data on wages and expenditures across MSA’s.

We show that the optimal expenditure distribution ensuring spatial efficiency can be imple-
mented by labor taxes or subsidies coupled with lump-sum transfers. Under homogeneous workers
and constant-elasticity spillovers, a constant labor subsidy over space coupled with a lump sum
transfer suffices to restores efficiency. Hence, somewhat paradoxically, in this case the optimal
“place-based” policy turns out to be independent from space: every location is taxed in the same
way. Spatial variation in optimal policies arises when there are spillovers across types. For exam-
ple, if the productivity of low skill workers depends on the presence of high skill workers, spatial
efficiency may require more mixing of heterogeneous workers across cities than in the competitive
allocation, and the decentralized pattern of sorting by skill may be too strong. In the quantitative
application, we explore whether the observed allocation features inefficient sorting.

We apply the results to clarify the normative welfare properties of well-known economic geogra-
phy models from the literature, such as Allen and Arkolakis (2014), Helpman (1998) and Redding
(2016). These models correspond to special cases of our framework provided we assume inelastic
housing supply, a single worker type and no intermediate inputs. We find that, in these models,
global efficiency is characterized by the distribution of trade imbalances between regions and can
be implemented by a simple transfer rule. Specifically, efficiency is attained only if, in addition to
labor income, each worker living in a location where the wage is w receives a transfer of n (W — w),
where w is the average wage in the economy and 7 is a constant that depends on spillover elastic-
ities and the non-traded expenditure share. We show that, because these models make different
assumptions about imbalances in the absence of policy, they have very different implications for
whether the optimal policy should redistribute income from high- to low-wage regions or vice-versa.

We then show how to use the main framework to quantify efficient outcomes given the data.
First, given the optimal policy, the non-convexities implied by the spillovers may lead to multiple
inefficient market equilibria alongside the optimal allocation. To tackle this issue, we identify a
condition on the distributions of spillover and housing supply elasticities ensuring concavity of the
planner’s problem, and therefore uniqueness of the competitive allocation under the optimal spatial
policies. This property generalizes existing uniqueness results to spatial environments with optimal
policies and heterogeneous workers with asymmetric spillovers. Second, we identify the set of

sufficient statistics in the data which, in addition to the spillover elasticities and standard production



and utility function parameters, are needed to implement the optimal allocation. In addition to
standard data requirements to quantify economic geography models, such as the distributions of
wages and employment across worker types and regions, backing out the fundamentals needed to
compute the optimal allocation also requires information on expenditures per capita across worker
types and regions.

We take the distribution of economic activity across MSA’s in the U.S. in the year 2007 as our
empirical setting. We allow for two skills groups, high skill (college) and low skill (non college)
workers. To fulfill the data requirements enumerated above, we combine data on labor income,
taxes and transfers at the city level from the BEA, with Census data that allows to break down
these MSA-level totals down by demographic groups within cities and to control for within-group
heterogeneity based on socio-demographic characteristics by skill group and MSA. To parametrize
the spillover elasticities we rely on standard estimates from the literature, including Diamond
(2016), Ciccone and Hall (1996) and Kline and Moretti (2014a), who estimate equations that are
consistent with our model in the U.S. context.

We first implement the quantification through the lens of a version of our model that assumes
away heterogeneity by skill. In that case, our results imply negligible welfare gains from optimal
reallocation, suggesting that spatial transfers in the U.S. are close to efficient in terms of aggregate
welfare. We demonstrate that this result is not a feature of our model but a feature of the data
by applying our approach to counterfactual data corresponding to equilibria under alternative
fundamentals and no spatial transfers. In equilibria where the variance of wages by MSA or the
correlation between wage and city size is higher in absolute value than in the data, the welfare
gains from optimal reallocation may be substantial.

Then, we compute spatially efficient allocations using the full model featuring both high and
low skilled workers. Across cities, the optimal transfers decrease more steeply with city wages than
in the data, implying a stronger redistribution towards low-wage cities. As a result, on average,
there is employment reallocation from large to small cities. However, there is also considerable
heterogeneity in optimal growth rates over the size distribution, and initial city size is a poor
predictor of whether a city is too large or too small in the observed allocation.

When moving from the observed to the optimal equilibrium, the increase in transfers per capita
from large to small cities is stronger for high-skill workers. As a result, the optimal reallocation
towards initially smaller places is sharper for high skill workers. The differential patterns of real-
location by skill lead to weaker spatial sorting in the optimal allocation than in the data, pointing
to too little mixing of skills in the observed equilibrium. Within-city wage inequality, in terms of
the skill premium, on average decreases in initially larger and more unequal cities. As a result, the
urban skill premium is tempered. In contrast to the case with homogeneous workers, the quantifica-
tion with heterogeneous workers suggests potentially large welfare gains. We tease out the source of
this difference by shutting down alternative channels in the full model with heterogeneous workers,
and find that the spillovers across workers play a substantial role in driving the gap between the

measured welfare gains under heterogeneous and homogeneous workers.



Overall, the results suggest that heterogeneity in skills is important to optimally design and
measure the aggregate welfare gains from spatial policies and that spatially efficient allocations
are likely to feature weaker spatial sorting and lower inequality within larger cities than what is
observed empirically.

The rest of the paper is structured as follows. Section 2 connects the paper to the related
literature. Section 3 presents the general environment and defines the decentralized allocation and
the planner’s problem. Section 4 characterizes the optimal policies, teases out its implication in
specific cases of the model corresponding the models from the literature, and determines the data
that suffices to implement the model. Section 5 described the data and the calibration. Section 6
presents the quantitative implementation and Section 7 concludes. Proofs, additional derivations

and details of the data construction are sent to the Appendix.

2 Relation to the Literature

The economic geography models covered by our framework introduce labor mobility and spillovers
in general-equilibrium models with trade frictions such as Eaton and Kortum (2002) and Anderson
and van Wincoop (2003).! These models are the basis of a growing body of research, summarized
by Redding and Turner (2015) and Redding and Rossi-Hansberg (2017), that studies the counter-
factual implications of particular shocks to economic fundamentals or trade costs in spatial settings.
The standard applications impose restrictions on transfers across locations through assumptions on
how the income generated by fixed factors is distributed across locations. We show that the optimal
allocation must be implemented through a particular set of spatial transfers, and characterize the
distribution of imbalances that ensures spatial efficiency.

Our framework also nests the model of Diamond (2016), who allows for asymmetric amenity and
efficiency spillovers across workers with different skills in a Rosen (1979)-Roback (1982) location
model and takes the model to the data using the U.S. as an empirical setting. Her analysis shows
that these forces partly determine the spatial distribution of skill shares and skill wage premia,
including the recent “great divergence” in these outcomes across cities in the U.S. pointed out by
Moretti (2012), among others.? Giannone (2017) argues that productivity spillovers across workers
are relevant to understand the spatial effects of skill biased technological change. In this paper, we
focus on the normative implications of these forces. In doing so we are also motivated by the well
known empirical evidence that larger cities feature higher wages, higher share of skilled workers, and
higher skill premium, as documented among others by Combes et al. (2008). We ask quantitatively

whether these observed patterns of spatial disparities are too strong from the perspective of spatial

!These trade models belong to the class considered by Arkolakis et al. (2012), who show that the welfare implica-
tions of changes in trade costs depend on the elasticity of trade with respect to trade costs. Our theoretical analysis
does not impose the constant-elasticity form for trade flows that is typically assumed in the gravity literature. The
optimal spatial tax turns out to be independent from the trade elasticity.

2Baum-Snow and Pavan (2013) document that a considerable share of the increase in wage in inequality in the
U.S. is due to the increase in wage dispersion within larger cities after controlling for worker characteristics.



efficiency.? Our results suggest that spatially efficient allocations would typically feature less spatial
wage disparities and lower wage dispersion within larger cities than what is currently observed.

Also related to our research are recent papers such as Desmet and Rossi-Hansberg (2013),
Brandt et al. (2013), Hsieh and Moretti (2015) and Behrens et al. (2017) that quantitatively study
spatial misallocation through wedges, as well as others such as Fajgelbaum et al. (2015) and Ossa
(2015) that study specific spatial policies such as state taxes or subsidies. These studies compare
the actual allocation to counterfactual ones with different distributions of wedges or policies, but do
not implement the globally optimal spatial allocation.* In addition, these models usually proceed
under the assumption that there is a single worker type, while a key component of our analysis
is the allocation of heterogeneous workers with asymmetric spillovers. Relative to the typically
small welfare impact of removing dispersion in spatial wedges under homogeneous workers, our
results suggest significant welfare effects from moving to an optimal allocation in the presence
of spillovers across heterogeneous skill groups. Gaubert (2015) studies a model without trade
frictions, homogeneous workers, heterogeneous firms and a complementarity between city size and
firm productivity, and characterizes the optimal allocation in that setup.

Starting with Henderson (1974) and Flatters et al. (1974), a large theoretical literature in urban
economics studies optimal city sizes.? Relative to that literature, we theoretically characterize and
quantify globally efficient policies in a framework that simultaneously accounts for productivity and
amenity spillovers, multiple sources of spatial heterogeneity, realistic trade frictions, and sorting
of heterogeneous workers with asymmetric spillovers. Due to these multiple forces, and given that
we allow for an arbitrary distribution of initial transfers to be observed from the data, there is
no systematic prediction as to whether larger cities are too large or too small in a decentralized
allocation. Our quantitative results suggest that an optimal policy would tend, on average, to
reallocate workers towards currently smaller cities, but we also find considerable dispersion on
whether cities would grow or shrink conditional on their observed initial size.

Finally, our paper also relates to analyses of place-based policies. A large empirical literature,
summarized by Kline and Moretti (2014b) and Neumark et al. (2015), estimates the local impact of
policies such as government investments in public goods and regional subsidies, often in the presence
of agglomeration economies. For instance, Kline and Moretti (2014a) study the effect of a large
regional development program. Glaeser et al. (2008) and Kline (2010) draw some of the aggregate
implications of these policies. We characterize and implement first-best place-based policies in a

quantitative spatial framework accounting for multiple indirect effects across economy.® While we

3Recent papers including spatial sorting of heterogeneous individuals to rationalize some of these patterns include
Eeckhout et al. (2014), Behrens et al. (2014), and Davis and Dingel (2012). In the first paper there are no spillovers.
The latter feature an inefficient allocation but do not study optimal sorting.

4Ossa (2015) simulates non-cooperative and cooperative firm subsidies in a framework with homogeneous workers,
home market effects and no amenity spillovers. His analysis abstracts from transfers across regions to attain the global
optimum, as subsidies are financed locally and the cooperative solution features zero subsidies. Eeckhout and Guner
(2015) numerically find an income tax that maximizes welfare in a model without trade frictions, homogeneous workers
and efficiency spillovers only. Other recent papers studying different policies include Allen et al. (2015) who consider
zoning restrictions within a city and Fajgelbaum and Schaal (2017) who consider transport network investments.

SFor a review of this theoretical literature see sections 2 and 8 of Abdel-Rahman and Anas (2004).

5In his review of the policy implications of empirical economic-geography studies, Combes (2011) notes the lack



focus on place-based taxes and subsidies, we show that our approach can be easily adapted to

accommodate investments in public goods.

3 Economic Geography Model with Worker Sorting and Spillovers

3.1 Environment

We start by describing the physical environment, then the competitive equilibrium and finally
the planner’s allocation. We consider a closed economy with a discrete number J of locations
typically indexed by j or i. Workers are heterogeneous. Each worker belongs to one of © different
types. The type indexes each worker’s preference and productivity in each location, as well as
each worker’s capacity to generate and absorb productivity and amenity spillovers. The utility of

a worker of type # in location j is

uf = af (L}, L9) U (,10) (1)

The function a? (+) captures the valuation of a worker of type 6 for location j’s exogenous and

endogenous amenities. Workers may vary in how much they value fundamental amenities associated
with exogenous features of each location. They may also vary in how much they value amenity
spillovers created by each type; for example, a demographic group may prefer living in locations
with higher density of their own demographic group. Workers also derive utility from a bundle of
differentiated tradeable commodities (¢!

J
The utility function U (c, h) is homogeneous of degree 1.8

) and from non-tradeable services including housing (hg’-).7

In both the competitive and optimal equilibria that we will consider, the number L? of type-0

workers located at j is endogenous. National labor market clearing is
0 0
> =1 (2)
J

where L? is the fixed aggregate supply of group 6.
Every location produces traded and non-traded goods. Tradeable output uses the aggregate

technology Y; (N jY , IJY> requiring services of labor N JY and intermediates IJY. Similarly, production

in the non-traded sector is H; (N]H ) jH ) The functions Y; and H; may be city-specific and

of a general-equilibrium analysis of the optimal allocation of employment in a model of regional trade allowing for
geographic inter-dependencies.

"There is no heterogeneity across workers within each type. However, since the number of types is unrestricted,
this is not a restriction on the theory. For example, two skilled workers with different preferences for location can be
represented as two different types. A standard formulation in the empirical literature is to allow for heterogeneity
in preferences for location across workers distributed according to an extreme value distribution. In Section 4.1 we
show how to incorporate this margin explicitly.

8The analysis can be easily generalized to homothetic utility functions which are not homogeneous of degree 1 at
the cost of more burdensome notation. E.g., we can accommodate functions of the form Fj (U (c?, h?)) at the cost of
keeping track of the elasticity of F' with respect to U. Such a formulation would capture decreasing marginal utility
from the consumption bundle of each location.



feature constant or decreasing returns to scale. They can also be constants if the good is supplied
inelastically. The decreasing returns arise due to the use of fixed factors in production, such as
land. Therefore, the framework allows for different housing supply elasticities across cities through
the city specific decreasing returns to scale in H; (-).

The feasibility constraint in the non-traded sector in j is

H; (NI, 1) ZL%?. (3)

Goods in the traded sector can be shipped domestically or to other locations. The country’s
geography is captured by iceberg trade frictions dj; > 1. These frictions mean that d;;()j; units
must be shipped from location j to i for ();; units to arrive in location 7. The feasibility constraint

dictates that the quantity of traded goods produced at j must equal the quantities shipped:
(1) = S (4)

Traded goods may be differentiated by origin, reflecting either industrial specialization at the
regional level or variety specialization at the plant level. The traded goods arriving in ¢ are combined
through the homothetic and concave aggregator @ (Q14, .., Qs;). This bundle of traded commodities
may be used for the final consumption of the local population or as an intermediate input in the

production of traded and non-traded sectors:

Q(Quir - Qui) =Y Ll + 1) + I (5)
0

We finally map the distribution of employment across types, {L? }, to the labor services available
in each sector. All workers supply one unit of labor with efficiency that may vary by worker type

and location. Each type-0 worker in location j supplies

2 =2 (L, LY) (6)

efficiency units. The function z?

captures exogenous differences in productivity between locations
and skill groups, as well as productivity spillovers across workers. As with amenities, these spillovers
may depend on the distribution of types. For example, high-skill workers may benefit more than
low-skill workers from living in the same place as other high-skill workers, or from living in more
densely populated areas. In both traded and non-traded sectors, the services z?LQ of the various

types of labor are combined through the constant-returns aggregator N ( ;le,. . J9L®>. This

9To keep notations light, we do not feature land explicitly as a variable input and we assume that the fixed factors
in production cannot be reallocated between the traded and non-traded sectors. This assumption can also be easily
relaxed. If H; (N, I}") is homothetic, so that it can be expressed as H; (N}, I]') = H} (H} (NJH, If")) for some
H0 (NJH7 IJH) that is homogeneous of degree 1, then in the competitive allocation the elasticity of H is the housing
supply elasticity.



aggregator also captures imperfect substitution across workers. Feasibility in the use of labor
services dictates that

Y H 171 ©roe
N; + N;i' =N (2 Lj, ..,z L) . (7)

This completes the description of the physical environment. We highlight two key features
relative to an otherwise standard neoclassical framework with a representative worker/consumer.
First, the location of a worker drives both her marginal product (productivity is place specific)
and her marginal utility of consumption (through local amenities). Therefore, production and
consumption decisions are not separable. Second, the framework features two potential sources
of non-convexities through the amenity and productivity spillover functions. The utility of each
agent may increase with the number of other agents in the same location through af», and the labor
aggregator N (-) may feature increasing returns to the number of workers in a particular group
through zf (L}, - Lj@ L?. Both sources of non-convexities operate though the same margin, L?.
The non-separability and the non-convexities in the labor allocation will play key roles in driving

the policy implications of spillovers and data requirements for the quantitative implementation.

3.2 Competitive Allocation

In the decentralized equilibrium each worker chooses location and consumption to maximize
utility, while competitive producers hire labor and buy intermediate inputs to maximize profits.

Agents do not take into account the impact of their choices on the spillover functions a? (L}, . L?)

0 1 ©
and z; (Lj, ..,Lj )
Workers Conditional on living in j, a type-6 worker with expenditure level a:? solves

max U (c?, h?) s.t. chje + th? = a:?, (8)

0 1,0
cj,hj

where P; is the price of the bundle of traded goods and R; is the unit price in the nontraded sector.

As a result, the common component of utility from (1) becomes

xY
¥ (P, Rj)’

0
uj = aj (L), L) o

9)

where ¢ (P, R) is the price index associated with U. Since workers are homogeneous within each

type, their utility is equalized. Worker’s location choice implies that
0 0 : 0
u; <w’, =if Lj > 0. (10)

Firms Producers of traded and non-traded commodities solve:



Y = max p;Y; (NY, 1)) = W;NY — PIY Qs (11)

W
J g

where p; is the domestic price of the tradeable commodity produced in j and W is the wage per
efficiency unit of labor. Given a distribution of wages per worker {wf-}, the wage per efficiency

unit is the solution to a standard cost-minimization problem,

W; = min ZU)?LQ st. N (ZJI»L}, ..,zjeL]@) =1.
Importantly, this labor hiring decision takes the efficiency zf as given, ignoring its dependence on
the employment distribution. As a result, the wage of type-6 workers in location j equals the value

of its marginal product given the efficiency distribution {z?} :

ON <Z]1-LJ1, ..,z?L?)
w, = Wj 0
oL

(13)

We assume a no-arbitrage condition, so that the price in location ¢ of the traded good from j equals
d;ip;. This condition is ensured for instance by free entry of intermediaries who can buy and resell

goods between regions. Given these prices, the trade flows are:

0Q(Qui, -, Qui)
b 0Qj; - Y

In the competitive equilibrium the prices of consumption goods, P; and R;, adjust so that the

corresponding goods markets clear.

Expenditure Per Worker The only component of the competitive allocation left to define is
the per capita expenditure x?. By definition, 33? is the sum of all sources of income for a type-6
worker who lives in j. This covers labor and non-labor income, as well as, potentially, government
taxes and transfers. Each type-6 worker in location j earns the wage wf and owns a fraction b? of
the national returns to fixed factors II =}, H}/ + H]H , so that S"0/LY = 1. We assume that each
individual’s portfolio is type- but not place-specific: individuals of a given group hold the same

portfolio regardless of where they locate.!® In addition, we allow for flexible government policies

10This assumption rules out cases considered in the trade and economic geography literature in which individuals
are assumed to own part of the fixed factors where they choose to live, as in Caliendo et al. (2014). These cases
introduce an additional distortion in the competitive allocation, therefore creating an additional role for policy besides
dealing with spillovers. Empirically, that assumption has been made to help to match trade imbalances. In our model,
the distribution of trade imbalances across cities can be fully explained by policies that tax and redistribute income
across locations. Note though that assuming local ownership of fixed factors is straightforward to include in our



that tax and transfer income across locations, including city-specific labor income subsidies (or

taxes if negative) Tf and lump-sum transfers Tje. As a result, expenditure per capita is

:L'? :w?+b0H—|—t?, (15)

where the net transfer to a type-0 worker living in j is

t? = Tjewf- + Tje. (16)

Net government transfers equal zero, implying that expenditure equals income:
0,60 __ 0,0
DD Lyaf=2> ) Ljuf+IL (17)
i 6 i 6

Definition 1. A competitive allocation consists of quantities c?, h?, L?, Qij NJY, IJY, NjH, IJH, utility

levels u?, prices P;, R;, pj, wages per efficiency unit W;, and wages per worker w? such that
i) the consumption choices ¢, h? are a solution to (8) for expenditures x? satisfying (15), and
2770 7
employment L? is consistent with the spatial mobility constraint (10);
ii) the labor and intermediate input choices NY , I, NH TH are a solution to (11) and (12),
VIR L B
labor demand is given by (13), and trade flows Qj; are given by (14);
(iii) the government budget constraint is satisfied; i.e. (17) holds, and

(iii) all markets clear, i.e. (2) to (7) hold.

3.3 Planning Problem

We characterize a planning problem where the planner chooses the endogenous margins of

the competitive allocation: distribution of workers over locations and types {Lg}, consumption of
traded and non-traded commodities {c?, hg }, trade flows {Q;;} and allocation of efficiency units and

intermediate inputs, {N ]Y ) ]Y , N, JH ) JH } The planner implement policies that treat all individuals
within a type 6 in the same way and is bound by the spatial mobility constraint (10). Along with
that constraint, the market clearing conditions (2) to (7) define a set U of attainable utility levels

{ue}. The optimal planning problem consists in reaching the frontier of that set,

max Ue

st u’ =u? for 0 +£6
W eU for all ¢/
The solutions of this problem given an arbitrary 6 and all feasible values of u? € U for 8 # 6 defines

the utility frontier. Competitive equilibria according to Definition 1 may not correspond to a point

on the frontier due to spatial inefficiencies: workers do not internalize the impact of their location

analysis, and in fact in Section (4.1) we formally show the implications of this assumption for optimal policies.
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choice on amenities through a? and firms do not internalize the impact of their hiring decisions on

efficiency through zje. We turn in the next section to the solution of the planning problem.

4 Optimal Policies

To understand what policies may remedy the market inefficiencies we first characterize a nec-
essary condition for an efficient allocation. Then we show that it can be implemented by proper

choice of spatial taxes and subsidies. Formal derivations are detailed in Appendix A.1.

Optimal Expenditure Distribution We note that the competitive allocation from Definition
(1) can be fully determined given an arbitrarily chosen expenditure distribution of ac?- > 0 satisfying

(17), without imposing the requirement that x? satisfies the rule (15). In other words, we can modify
0
J
resulting equilibrium allocation, we can then compute taxes and transfers {Tj@ , Tf} consistent with
0

5
This logic suggests that we can first obtain a condition over the expenditure distribution m?

Definition (1) to treat expenditure per capita x% as primitive. Using the wages and profits at the

(15) given the arbitrarily chosen z

that must hold in any efficient allocation, regardless of what particular policy tools are used to

achieve it. We do so now, and then move to the implementation of the optimal expenditure

distribution through specific policies. Comparing a decentralized allocation given expenditures x?

to the outcomes of the planning problem, detailed in Definition (2) of Appendix (A.1), we reach

the following result.

Proposition 1. If a competitive equilibrium is efficient, then

0 1o o’
dN; xy Ly Qa5 o0 g
Wi+ St g = L >0 (18)

for all 7 and 8 and some constants {Ee} If the planner’s problem is globally concave and (18)

holds for some specific {Eg}, then the competitive equilibrium is efficient.

Condition (18) defines a relationship between expenditure per capita and the labor allocation
that must hold in any efficient allocation. This condition shows the equalization of the marginal
benefits and costs of type-6 workers across all inhabited locations. The first term on the left is the
value of the marginal product of labor, including both the direct output effect and the productivity
spillovers.!! The second term is the marginal benefit (or costs if negative) through amenity spillovers
on each group of workers living in j, measured in expenditure equivalent terms.

These marginal benefits from allocating a type 6 worker to location j are equated to the marginal
costs on the right. The first term, :U?, results from the non-separability between a worker’s location

0

and consumption: each type-6 worker in j requires z; units of expenditures in that particular

11 dN; . . 1 1 €] 1 <) 1 (S] © . [
dng? denotes the total differential of N; = N (zj (Lj, s L ) Lj,..z2 (Lj, o L ) L; ) with respect to Lj.

11



location. From a social planning perspective this is a cost, because each additional worker in j
translates into lower consumption of traded and non-traded commodities for other workers in that
location. The last term, EY, measures the opportunity cost of employing a worker elsewhere, and
is not place-specific.'?

We can draw several useful implications from this result. First, it implies that market ineffi-
ciencies can be fully tackled through policies acting only on mg to reach (18). This is because the
set of equations defining the competitive allocation coincides with the set defining the planner’s
allocation, except potentially for the expenditure distribution.'® Therefore, asking whether the
spatial allocation is efficient is equivalent to asking whether the expenditure distribution in the
market allocation lines up with (18). Despite the multiple general-equilibrium ramifications of the
spillovers, no other margin but the expenditure distribution requires policy intervention.!* We
construct policies that implement the optimal expenditure distribution in the next section.

Second, Proposition 1 extends a familiar efficiency condition from the misallocation literature
to spatial environments. In our economy, “space” enters through trade costs, non-traded goods,
congestion and amenities. In the absence of these forces,'® there would be no compensating dif-
ferentials across locations and, as a result, the equilibrium would exhibit the same expenditure
per capita acf- for each type 6 across locations. In that case, the model would be equivalent to
one describing the allocation of workers across firms selling differentiated products as in Hsieh and
Klenow (2009), and (18) would collapse to the familiar condition that the marginal value-product

of labor, W; (de / dL?), is equalized across locations.

9
J
the economy’s efficiency. In studies of misallocation across firms, the absence of compensating

Third, information about the distribution of expenditure per capita x% is needed to assess
differentials justifies the common practice of inferring allocative inefficiencies from differences in
income and number of workers. In our spatial environment with compensating differentials, the
non-separability of consumption and production means that the net marginal benefit of reallocating
a worker includes the local expenditure of that worker. As a result, assessing the efficiency of the
allocation requires data on the distribution of expenditure per capita x? . This property motivates
an efficiency check of the observed allocation based on wage and expenditure data, and it drives
the data requirements for the quantitative implementation of the model.

Finally, we note that (18) is a necessary but not sufficient condition for efficiency. Even if it

2The constant E? is the multiplier of the national market clearing constraint (2) in the planner’s problem. It is
the marginal welfare impact of adding an additional type-0 worker in the economy.

1311 the planner’s allocation, m?- coincides with shadow value of the local goods assigned to each 6 worker in j. The
market allocation of efficiency units {N;7, N)}, intermediates {1/, I}"}, trade {Q:;} and relative consumption per

]

capita {Z—Jg} is efficient if the equilibrium prices {Wj, R;, P;, p; } equal the multipliers of the constraints on efficiency
J

units, non-traded goods, traded goods, and exports faced by the planner. See the proof of Proposition 1.

This compartmentalization of the inefficiencies in few margins reflects a broader “principle of targeting” noted
by Bhagwati and Johnson (1960) in trade-policy contexts and by Sandmo (1975) and Dixit (1985) in economies with
external effects.

151 e., assuming away trade frictions (d;; = 1, implying P; = P), non-traded goods (U (c?, h?) = ¢), congestion

Oa?l

(577 = 0) and preferences for location (a? = a;).
J
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holds, there could exist inefficient market equilibria. However, the inefficient allocations consistent
with (18) can be ruled out if the planner’s problem is globally concave. In that case, there is only
one allocation that satisfies the first order conditions of the planner’s problem. Because these first
order conditions correspond to the definition of a competitive equilibrium given expenditures, it
must be that only one competitive equilibrium exists and is efficient. In Section 4.2 we introduce

conditions for global concavity of the planner’s problem.

First-Best Subsidies We move on now to considering specific policies that can implement the
optimal expenditure distribution presented above. These policies will implement the optimal ex-
penditure distribution if the market equilibrium with governement transfer us unique, an issue we

come back to in Section 4.2. To that end, we define the productivity spillover elasticity

0 o’
pyj _ Lj 0z

Vo0 = 0 7R (19)
% OLj
and the amenity spillover elasticity
L% 9a?
Ag _ T35
a; J

These elasticities capture the marginal spillover of a type 0 worker on the efﬁciency and utility of
each type 6" worker in city j. The case without spillovers corresponds to ’y(f GJ, = 79 9/ = 0. So far
we have not imposed functional forms, so that these elasticities can be variable. Combining labor
demand (13) and expenditure per capita (15) in the market allocation with with (1) we obtain the

following result.

Proposition 2. The optimal allocation can be implemented by labor income subsidies Tf such that

/ A,j 9 * 0«
Pj '7 Swd eyl e
. Yo +7@0 +2 020 0 G*M 6%
e J (21)
1- ’Ye,e
coupled with transfers
EG
T = -
L=

] )
to the multipliers on the resource constraint of type 0 workers in the planner’s allocation.

where ( O JQ-*, L?*, H*) are the outcomes at the efficient allocation and {EH} are constants equal

We highlight that the lump-sum transfers 77 9 take care of distributional concerns across types
in the planner’s problem, and only vary over space if the own spillover elasticity 'Ya J does. In
the absence of spillovers (7979, = 79,9’ =0 for all 6,6’, j), these transfers would still be present for
redistribution across types (as implied by the second welfare theorem), but the labor subsidies 7']?0
would be equal to zero because the spatial allocation would be efficient. Therefore, the burden of

dealing with the spatial inefficiencies falls on the spatial income subsidies 7' . We also note that,
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even if lump-sum transfers were flexible over space, they would not always suffice to implement the
first best in the absence of subsidies.'® Instead, a combination of labor subsidies with lump-sum
transfers always does. We move on now to studying the implications of this optimal policy scheme

in special environments.

4.1 Applications

In this section we explore the implications for optimal policy in different well-known models.
So far we have not imposed any functional form, but a predominant assumption in theoretical and
applied studies is that the spillover functions z? (+) and a? () adopt the constant-elasticity forms,
’yé? ;9‘7, = 'yé? o and fyg}:g = fyé‘}’e. From now on we adopt these constant-elasticity formulations. We

will also adopt them for the quantitative application (as defined in (37) and (38) below).

Optimal Place-Based Policies with Homogeneous Workers Consider first a case with a
single worker type, |©| = 1. This case corresponds to the majority of studies on spatial misallocation
and place-based policies reviewed in the introduction. Denoting the productivity and amenity
spillovers by v* and 44, respectively, and using the wage equation (13), the necessary efficiency

condition over the distribution of expenditure per capita 18 simplifies to

1++F E
xj:l_fyij_l—’yA’ (22)
whereas expression (21) implies that optimal labor subsidy becomes
P A
7t
=T A A (23)
This optimal subsidy is accompanied by the lump-sum transfer T' = —%H* — %, which

ensures that condition (17) and the government budget constraint hold. Under negative congestion
spillovers (y4 < 0), if the agglomeration spillover is not too strong (y7 < —+4), then all workers
should pay the same tax (a negative subsidy, 7 < 0) everywhere.

We point out two important implications from this result. First, the optimal policy scheme
(1,T) does not vary over space. Somewhat paradoxically, the optimal “place-based” policy turns
out to be independent from space: every location is taxed in the same way. In spite of this,
the policy does impact the spatial allocation. To see why, it is key to consider the role of the
compensating differentials implied by the spatial dimensions (trade costs, non-traded goods, and
amenities). From the mobility constraint (10), indifference across populated locations j and j’

implies:

Y (P, Ry) Jay (Ly) _ (L+7) Wiz (Ly) + T+

¥ (Pj, Rj) [a; (L, (1 +7) Wz (Lj)+T+ 1 2y

16In particular, Tjg can implement the first best if and only if {L?} can be inverted from the spatial mobility
constraint (9). With multiple worker types, this inversion would be infeasible under no amenity spillovers (%“b{ =0).
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The left hand side is the relative compensating differential (amenity-adjusted cost of living) and the
right hand side is the relative expenditure (equal to relative after-tax income) between locations j’
and j. In the presence of amenities, non-traded goods and trade costs, the relative compensating
differentials vary across space. As a result, changes to the policy scheme (7,7T") leads to changes in
the employment distribution. In contrast, in the absence of compensating differentials, the policy
scheme (7,T') ceases to impact the spatial allocation.

Second, (23) implies that the decentralized allocation without intervention is not efficient. Oth-
erwise we would have found that 7 = 7" = 0 is optimal. But we have found that (7, T") are different
from zero, and that they generally distort the allocation. This property means that there exist
aggregate effects from reallocating workers across regions, and in particular that there are gains
from implementing the tax scheme (4) relative to a laissez-faire allocation.

This second result runs against the notion that, in an economy with a single type of worker
and constant-elasticity spillovers, there can only be gains from policy interventions that reallocate
workers if the elasticity in the spillovers varies across locations. This notion is expressed, for ex-
ample, by Glaeser et al. (2008) and by Kline and Moretti (2014a), among others.!” Even though
our framework includes margins that not included in these models (such as trade costs or inter-
mediate inputs), these margins are not necessary to generate the result that there are gains from
implementing the optimal (7,7") scheme. For example, this result holds in a classic Rosen-Roback
framework with local externalities, where, in addition to the features of the model we are currently
discussing, there are no trade costs (d;; = 1), no valuation for non-traded goods (u(c,h) = c¢),
no intermediate inputs in production (Y} (NJY, IJY> =Y, (2 (Lj) Lj)), and perfectly substitutable
products across locations (Q; = >, Qj;).*®

Economic Geography Frameworks and Monopolistic Competition The environment laid
out in Section 3 includes standard economic geography models, such as Helpman (1998), Allen
and Arkolakis (2014) and Redding (2016) including either perfect competition or monopolistic
competition with free entry. Our presentation so far assumed that each location j sells a j—specific
homogeneous tradeable product under perfect competition. In Appendix A.2 we show that the
normative implications are equivalent to those of a differentiated-products model with free entry
of monopolistic producers instead of productivity spillovers.™

These models are the backbone of a growing body of quantitative research studying the spatial

17See the review of the literature on place-based policies by Neumark et al. (2015).

18T the further special case where, in addition to the previous restrictions, we impose constant-returns to scale
production function Y}, no spillover in amenities, and no differences in amenities across locations (a; = a (L;)), the
decentralized allocation without taxes turns out to be efficient despite the existence of efficiency spillovers. In that
case, the spatial forces are shut down and there are no compensating differentials. Efficiency requires equalization
of value of marginal products of labor, which happens to be achieved in the market allocation through the spatial
mobility constraint (10), because output per worker is proportional to the marginal product of labor. In that case,
the policies (7,7") do not distort the allocation.

In particular, under a single worker type, the normative implications of a differentiated-products model with
elasticity of substitution x > 1 across varieties and no productivity spillovers are equivalent to those of a homogeneous-

1

product model with spillover elasticity equal to ~7 = —- Therefore, our normative analysis also encompasses the

models in Helpman (1998) and Redding (2016), who assume free entry of monopolistically competitive firms.
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implications of regional shocks such as infrastructure investments and regional productivity changes,
summarized by Redding and Rossi-Hansberg (2017).20 However, their normative implications have
barely been explored. We now apply the previous results to shed light on the optimal transfers and
policies in these models.

To specialize the physical environment to these models we need to impose a number of assump-
tions. First, we assume a single worker type with Cobb-Douglas preferences with weight ac on

the traded goods and with a constant amenity spillover elasticity v*. The common component
1444
J

spillover has a constant elasticity v, so that tradeable output in region j is Y; =2

c?‘chjlfac. Production only uses labor and the efficiency
L
J

of utility 1 then becomes u; = A;L
. Supply
of non-traded goods in location j is inelastic and equal to Hj. In a competitive allocation, workers
in j receive a gross wage w; equal to tradeable output per worker.
Applying Proposition 1, under these assumptions we find that the expenditure of workers in j
in the optimal allocation is:
zj = w;(1—n) + nw, (25)
ac(1+’YP )
f—
combines the key elasticities. Our key finding is that, in these models, a simple linear relation-

where w = ) %wi is the average wage in the economy and n =1 — is a constant that
ship between expenditure and wages implements the efficient allocation. Micro heterogeneity in
amenities, productivity, and trade costs do not affect the shape of this relationship. We note that,
empirically, the corresponding optimal transfers t? = n(w — wj) show up as trade imbalances.?!
Therefore, barring knife-edge cases on the parameters (n = 0) or the fundamentals (such that
w; = w), the efficient allocation generically features trade imbalances. In particular, under the
empirically consistent case of 1 < 0, efficiency requires net trade deficits in high-wage regions.
Should the optimal policy that implements 25 redistribute towards or away high-wage areas?
The answer depends on the distribution of income in the market allocation, absent policy interven-
tion. This distribution is shaped by a key assumption, namely how the returns to the fixed factor
H; are allocated across workers in different locations. The existing applications in this literature
make different assumptions in this regard, ranging from no transfers to even ownership. To nest
these cases we can assume, as in Caliendo et al. (2014), that a fraction w of the returns to H; is
distributed locally to the L; workers in j and the remainder is evenly split across all workers.??
The pattern of ownership assumed in (15) is equivalent in this context to w = 0. Then, proceeding

as in Section 4, the optimal policy can be expressed as a labor subsidy 7 coupled with a lump-sump

208ome features studied in recent applications within this literature that are not included in our model include
multiple traded sectors with input-output linkages as in Caliendo et al. (2014) and commuting as in Monte et al.
(2015).

2INet transfers equal the difference between value added and expenditure per capita of a region, which in turn
equal the difference between value added and expenditure in the tradeable sector.

22 After imposing these assumptions on the framework laid out in Section 3, the model becomes equivalent to
Helpman (1998) when v* = w = 0 < 4, to Allen and Arkolakis (2014) when ac = 1, and to Redding (2016) when
44 =0 < ~v¥ and w = 1. We remain more general than these models in that the trade-flows aggregator Q (Quiy--, Qui)
is not restricted to the constant-elasticity (CES) form. Therefore, we do not impose a constant trade elasticity.
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payment T. The optimal subsidy is common across locations and equal to

1 P
= gl (- ac)e] - 1, (26)
with lump-sum transfer of 7' = —7w. The optimal policy redistributes income away from low-wage

regions under a labor subsidy (7 > 0), and into low-wage regions under a labor tax (7 > 0).

We now identify the optimal policy in different models. We consider again the case when n < 0.
In Helpman (1998), who assumes common ownership of the national portfolio (w = 0), the default
transfers to low-income regions in the competitive equilibrium are too large form the lens of spatial
efficiency; therefore, the optimal policy redistributes income to regions with above-average wage
(7 > 0). In contrast, in Allen and Arkolakis (2014) and Redding (2016), who assume away trade
imbalances, the default transfers to low-income regions in the competitive equilibrium are too small;
as result, the optimal policy redistributes income to low-wage regions (7 < 0).

In sum, we have shown that several details of the microeconomic structure and the country’s
economic geography (represented by bilateral trade costs) do not impact the relationship between
optimal trade imbalances and wages in economic geography models, nor the policies that implement
them. We have also shown how the specific assumptions about ownership of fixed factors in the
laissez-faire allocation of these models impact whether the optimal policies should redistribute

income towards or away from high-wage regions.

Examples with Heterogeneous Types We now discuss some examples to gain intuition on
the shape of optimal policies with heterogeneous types. First, consider a case without spillovers
across types, Vg, = 7(;49, = 0 for all  # 6’. Then, a direct implication of (21) is that the optimal

labor subsidy is type-specific, but constant over space:

P A
Lo _ oo +%.0

. (27)
1-— fyg}e

As in the case with homogeneous workers, in this case with no cross-type spillovers the optimal
place-based subsidy is not place-specific. In contrast, cross-spillovers create complementarity across
types and a rationale for place-specific labor subsidies for each labor type. To see how, consider a
polar case without any amenity spillover (7@‘}9, = 0 for all ,0") and without efficiency spillover on

the own type (75, = 0). Then, (21) simplifies to
o' 1o
0 P
3
In this special case, the subsidy for workers in group 6 varies across locations according to the
distribution of wage bills. A positive efficiency spillover of type 6 on type 6’ ('yéD o > 0) implies a

higher marginal gain from attracting type-6 workers to locations where the economic size of the

population of type 6’ workers is relatively larger, as captured by their wage bill. The result is
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a higher optimal subsidy for §-workers where they are more scarce.?® Relative to a laissez-faire
equilibrium, this policy is likely to temper the degree of sorting across cities. In Section 6 we will
return to these basic intuitions, as they will help us rationalize the quantitative findings about the
spatial efficiency of the current transfer scheme across regions and workers with different levels of

skill in the U.S. economy.

Extension to Public Spending So far we focused the spatial policies on pure transfers. How-
ever, place-based policies often take the form of funding of government spending in public goods that
are valued by consumers and firms.?* Our previous results can be easily generalized to this case.

Relative to the previous framework we can allow for government spending valued by workers (ng)
to enter as an additional shifter in the amenity valuation for location j, ag = a? (Gg«], L]l, . L?),
and government spending in public goods that impact productivity (Gf) to enter as an additional

shifter in the efficiency units of labor, N; = N; (G}/,z]l-le, ,zje

Lj@>. We can also allow for a
production function of public goods G; = G (I]G, H]G) that takes as input the bundle of traded
commodities (IJG) and non-traded services (H JG ). This formulation encompasses most standard
representations of public spending, including classic studies such as Flatters et al. (1974) and re-
cent quantitative analyses such as Fajgelbaum et al. (2015). For example, whether the public good
is rival or not can be captured by how the population distribution enters in the amenity function
a? (.)‘25

Following the same steps as in Section 3.2, we define a decentralized allocation under the
assumption that, for any given G, the government uses inputs efficiently. Focusing for simplicity
on the case with a single type of worker, the generalized version of the necessary efficiency condition

(22) is:

1+ ’yP EN,G 1+ ’yA’G
vp=|(1+") 5 ‘

-—F 29
1+’)/A EN,L Wi 1+’}/A ’ ( )

where z; = .Z‘;-D + l‘jG is the sum of public and private expenditure per capita. In addition to the
standard spillover elasticities, (29) includes the elasticities of labor efficiency IN; with respect to
government spending (ey,¢) and the services of labor (ey,1), as well as the elasticity of amenities
with respect to spending (’yA’G), all of which are here assumed to be constant. Therefore, here too

we obtain that a simple linear relationship between total expenditure per capita and wages must

2For example, consider a case with unskilled and skilled workers, denoted by 6 = U, S respectively, where only

skilled workers generate positive productivity spillovers on the other type. Then, the optimal subsidies are 7° =

-

759/ (%) and 7Y = 0. In this case ZT—[S, <0<+— 7§U75,S > 0, so that subsidies of high and low skill workers
are negatively correlated over space if both types generate positive efficiency spillovers. It is easy to show that, with
a CES aggregator of skills and vs, < 1, the optimal subsidy to high skill workers is higher where the population of
low skill workers is is higher.

24Recent analyses of large place specific investment programs include Glaeser et al. (2008) and Kline (2010), and

recent reviews of the literature on these investments include Kline and Moretti (2014b) and Neumark et al. (2015).
A,G

) A
#For example, with a single worker type, we can write a; (G;I,Lj) = Aj (G]) L;O . The coefficient x

X
J
captures the degree to which the public good is rival in consumption. In this context, using our previous notation we

would have: 74 = ~¢t — 44 %.
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hold in an efficient allocation. In addition to this necessary condition, efficiency now also requires

an optimal breakdown of total expenditure into its private and public components:

ZL']G = VA’G:Uf + Zi’iwj. (30)

The efficiency conditions (29) and (30) can be implemented as before through a policy scheme

of the form (7,7T), now coupled with inter-governmental transfers to finance spending. Importantly,
under any such scheme, the optimal tax 7 remains the same as in the absence of public spending,
as defined in (23). The reason is that the public goods do not modify the planner’s incentives
to assign workers according to the trade-off between marginal product and private expenditure
cost described before. As a result, 7 still targets the spillovers. Simultaneously, the optimal
government expenditure in j is attained by an inter-governmental grant equal to :anLj. Hence, as
long as transfers across regions are flexible, bringing in government spending to the picture does

not change the optimal spatial tax we derived before.

Extension to Preference Draws within Types A standard assumption in the urban eco-
nomics literature is that workers differ in their individual tastes for location. Our theory accommo-
dates this margin, as # may index preferences. Two workers who are identical in every dimension
except for their preference for location can be represented as belonging to two different 6’s. How-
ever, for broad definitions of the types (e.g., if 6 defines high and low skill workers), preference
heterogeneity within types may be relevant.

This margin can be incorporated in our analysis. Letting Ly index the set of type-6 workers,
the utility of a worker | € Ly is now u?eé., for u? defined in (1). Now, eé- captures the worker’s

idiosyncratic preference for location 7. We make the standard assumption that the preference draw

l.
J

Pr (eé < x) = ¢ % The parameter og € [0,1] indexes workers’ immobility. The individual

€. of a type-f worker is i.i.d. across workers and locations according to a Fréchet distribution,

preference draws are eliminated when oy = 0, in which case we return to the original formulation
of the model. Under this assumption, every aspect of the model environment and competitive
allocation described in sections 3.1 and 3.2 remains unchanged except for the spatial mobility

constraint (10), which is is now replaced with the following labor-supply equation:

e ul 1/og
J J
0~ (m) ' (81)

Now, u’ is the expected utility of a type-@ individual before drawing the eé-’s and the common
components of utility u? may vary across populated locations in equilibrium.

We can compute the optimal allocation and construct optimal policies using the same definition
of the planner’s problem as in 3.3, replacing constraint (10) with (31). In this formulation, the

planner still conditions outcomes on location j and type 6, but not on the individual preference

0

draws €7. Le., the planner’s objective function weighs symmetrically every individual within a
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group, without knowledge of the draw received by each particular individual, Propositions 1 to 4
then go through with minor modifications. In particular, Proposition 2 takes the same form as
before, with one difference: instead of ’yg ’ej , the relevant amenity spillover elasticity on the own
type becomes ’3’2’9]' = fyé éj — og.

Hence, preference draws that are unobserved by the planner slightly alter the optimal policy and

create a reason for intervention. Even without spillovers ('y(’ﬁ’g = 7(5’](; = 0), this force leads to a labor

0 _ _ 09
- 1409

low-wage locations. We must be careful in interpreting the reason for this policy intervention. Now,

< 0 coupled with a lump-sum subsidy 7% > 0, resulting in redistribution towards

tax,T

the planner has incentives to redistribute income across cities for reasons other than spillovers.
The reason is that, in the planner’s problem, every individual within a group receives the same
weight. However, in equilibrium, individuals with the same 6 who sort into different locations
have different marginal utilities from expenditures in traded and non-traded commodities.?6 In
particular, individual sorting into lower-wage locations receive on average higher draws, creating

the incentive to redistribute income towards low-wage locations.

4.2 Quantitative Implementation

We now return to the main model and work through some necessary steps to bring it to the
data. First, we impose the functional-form assumptions that will be used in the quantitative imple-
mentation. Second, under those functional forms, we identify conditions that guarantee concavity
of the planner’s problem and, in the light of Proposition 1, uniqueness of the competitive allocation
under the optimal spatial policies. Then, we identify a set of data that suffices to identify the

fundamentals of the model and compute the allocation under the optimal spatial policies.

Functional Forms On the demand side, we assume that preferences for traded and non-traded
goods are Cobb-Douglas:
U (c,h) = c*pl-oc, (32)

while the aggregator of traded commodities is CES,

o

Q (Qui, -, Qi) = (ZQK) _ 7 (33)

where o > 0 is the elasticity of substitution across products from different origins.

On the supply side, the production functions of traded and non-traded goods are Cobb-Douglas

26T.e., the conditional distributions of €. is not the same across locations after sorting:

J
Pr [eé <z |j=arg maxj,ug, eél]will vary by j.
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in labor and intermediate inputs:
1-bi, . b
Y (N), 1Y) =2 (N)) 9 (1)) (34)

1
(8T = <3 (v (2 ) )

where dy ; > 0 and {z}/, zf } are TFP shifters. We note that traded goods are produced under
constant returns to scale, but we allow for decreasing returns in the housing sector. In particular,
the coefficient dy ; plays the role of the inverse housing supply elasticity of location j, and is allowed
to vary across regions.?’

The aggregator of labor types is CES,

o=

5 e t) = |5 (3 2 22) | )

0

where p > 0 is the elasticity of substitution across types of workers.

Finally, we impose constant-elasticity forms for the spillovers:

P
AL}, L9) =20 (L?’)W” : (37)
6/
al (L}, L9) = A°T] (L9’>7‘9 . (38)
J 7707 - 7 J :
0/

These functional forms are standard in studies that estimate spillover elasticities such as Diamond
(2016), allowing us to draw from existing estimates. The ZJQ capture exogenous comparative ad-

vantages in production across types and Ag capture preferences for location across types. We refer

to {ZJQ, A?} as fundamental components of productivity or amenities in location j.

Concavity Condition To ease the notation, we introduce the following composite elasticities of

efficiency and and congestion spillovers:
'’ = max n
9/
' =min{ — oy
{54

Also, we let D = min; {dg ;} be the lowest inverse elasticity of housing supply. Under the functional

form assumptions (32) to (38) we have the following property.

2T.e., optimization of producers of non-traded goods implies that housing supply isln H. ;X ﬁ‘j In R;.
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Proposition 3. The planning problem is concave if
R (39)

't >0 and 'yé%, > 0 for 8 # 6. Under a single worker type (© = 1), the planning problem is

quasi-concave if:

1—7A>(1+7P)<11+Og+ac). (40)

The first condition establishes concavity by imposing that congestion forces, are at least as
large as agglomeration forces. Specifically, the congestion from the type that generates the weak-
est congestion, measured by I'4, dominates the agglomeration from the type that generates the
strongest agglomeration, measured by I''’. Condition (39) may also apply when there is a single
type, in which case it simplifies to —y? > ~F. With a single type, further assuming Cobb-Douglas
preferences over traded and non-traded goods we obtain the weaker restriction (40). These cases
apply to the economic-geography models we reviewed in the introduction, which typically assume
a single worker type.?®

Proposition (3) establishes conditions under which the market allocation is unique given the
optimal spatial policies. It extends existing uniqueness results in two dimensions. First, we com-
plement results that characterize uniqueness of the spatial equilibrium under no policy intervention
and trade balance (Allen et al., 2014). Second, our result holds in a context with heterogeneous
workers and cross-groups spillovers. We note that our uniqueness condition applies under the opti-
mal expenditure distribution. Multiplicity is still possible under sub-optimal policies or no policy

intervention, but this poses no limitation for our approach.

Implementation in Changes and Data Requirements We bring the model to the data by
assuming that the observed allocation is generated by a decentralized equilibrium consistent with
with Definition (1) under the functional form assumptions (32) to (38). To compute the optimal
allocation, we solve for a planner’s problem that optimizes over the changes in the expenditure of

~

each type of worker :1:? and in the remaining endogenous variables {Pi,ﬁi,ﬁ-, Wi, Nj, Lg, ]%Z-,ub}

relative to this observed equilibrium.?"

The planner controls these variables to maximize the
welfare change of one arbitrarily chosen group, uAe, relative to the observed allocation, subject to
lower bounds for the welfare changes of the remaining groups. We can then trace the utility frontier
by solving the problem under different lower bounds for the remaining groups.

The solution to this problem in changes is equivalent to the solution to the problem in levels

from Section (3.3), assuming that the same parameters and fundamentals underlie the observed

28The CES restriction (33) on the aggregator of trade flows @ (-) is not needed for any of these results. Therefore,
these condition holds regardless of product differentiation across locations. We also note that these conditions
sufficient but not necessary for uniqueness.

29 As shown in Appendix (A.5), given an arbitrary change in expenditure per capita {;tAf }, an equilibrium in changes

relative to the observed allocation consists of {]51'7151', Yi7 Wi, Nj, I:?, ]%1'7 1;9} such that the system of equations (A.45)
to (A.54) hold.
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equilibrium and the planning problem in levels. In the spirit of Dekle et al. (2008), as shown in
Section A.5, this strategy allows us identify the data that is sufficient to back out fundamentals

and solve for the optimal allocation, as stated in the following proposition.

Proposition 4. Assume that the observed data is generated by a competitive equilibrium consistent
with Definition (1) under the functional forms (32) to (38). Then, relative to the initial equilibrium,
the optimal allocation can be fully characterized as function of:
i) the distributions of wages, employment and expenditures across labor types and locations;
i1) the distribution of bilateral import and export shares across locations;

i11) the utility and production function parameters {ac, a,p, b{/j, b%j, dHJ}; and

iv) the spillover elasticities {7@%9,759}.

The proposition establishes data requirements that are sufficient, in the light of our model, to
characterize the optimal allocation. In particular, it is sufficient to observe the data in i) and ii)
and the elasticities in iii) and iv).

Importantly, this implementation does not impose restrictions on the distributional policies

across locations in the observed equilibrium. These policies, entering the model through the trans-
0
-
As a result, we do not impose that the observed allocation is inefficient: the efficiency of the ob-

fers t? defined in (15), manifest themselves empirically through the expenditure distribution x

served allocation depends on whether the distribution of expenditures lines up with condition (18)
in Proposition 1. It could be that the empirical relationship between expenditures, wages and
employment is not far from (18), in which case our implementation of the planner’s problem would
predict small welfare gains from implementing optimal policies.

We also highlight that, by following this approach, we ensure that the model is initially
parametrized in a way that exactly matches the observed outcomes enumerated in items i) and
ii) of the proposition. In particular, the fundamentals {ZJQ,Ag}, TFP shifters {Z]Y, Zf }, and bi-
lateral trade costs {d;;} are chosen such that the equilibrium from Definition (1) generates these

outcomes.

5 Data and Calibration

To take the model to the data, we use as an empirical setting the distribution of economic
activity across Metropolitan Statistical Areas (MSAs) in the United States in the year 2007. We
focus on the spatial allocation of two skill groups, high skill (college) and low skill (non college)
workers. In section 5.1 we first describe the data sources used to to fulfill the data requirements
in points i) and ii) of Proposition 4. Then, in Section 5.2 we describe the strategy to set the
parameters required in points iii) and iv) of the proposition. The broad steps are described here
while more details are given in Appendix B. We conclude with basic stylized facts that set the

stage for the quantitative analysis in the next section.
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5.1 Data

As established in point i) of Proposition 4, we need data on income and expenditures by group
and MSA. To that end, we rely on the BEA’s Regional Accounts, which reports labor income, capital
income and welfare transfers by MSA. A complementary BEA dataset for the years 2000 to 2007
reports total taxes paid by individuals and MSA (Dunbar, 2009). Taken together, these sources give
us a dataset at the MSA level. We then split each of these MSA-level totals into two labor groups:
high skill, defined as workers who have completed at least four years of college, and and low skill,
defined as everyone else. To compute these shares, we use data from the March supplement of the
Current Population Survey (IPUMS-CPS, Flood et al. (2017)) collected by Census. We compute
the shares of labor income, capital income, taxes and transfers that pertains to each group in each
MSA and use these shares to apportion the total at the MSA level reported by the BEA into two
groups. Since the March CPS supplement is not available for the smallest MSAs, our dataset covers
245 MSAs in the continental US.3°

An important concern when measuring these variables is that, in the model, there is no hetero-
geneity across individuals within each group 6 (high skill and low skill workers) whereas in reality
these groups are heterogeneous across cities. If we did not control for this heterogeneity, our pro-
cedure to implement the model would interpret the observed variation in net individual transfers
across MSA’s within a group as place-based transfers, when they reflect, in part, differences in
the types of workers that locate in different MSA’s. In principle, this concern can be mitigated
by allowing for several groups corresponding to the fine individual characteristics observed in the
CPS. While potentially feasible, such an approach would increase the dimension of the problem and
the number of elasticities to calibrate. Alternatively, we choose to purge the observed measures of
income, expenditure, and transfers by skill and MSA from compositional effects using a detailed set
of socio-demographic controls (age, detailed educational attainment, sectoral composition, racial
composition, and labor force participation) measured from Census data (IPUMS). In the quantifi-
cation we then use measures of income, expenditures, taxes and transfers that are net of variation
in composition within groups across MSA’s. We discuss the details of this step in Appendix B.

We use the variables above to construct expenditure per capita, xf, using its definition (15) as
labor plus capital income net of taxes and transfers, which also corresponds to the BEA’s definition
of disposable income. In the model we assume (15), implying no variation in capital income across
cities for each type. Therefore we construct expenditure as labor income net of taxes and transfers,
plus a group-specific measure of capital income constructed from each skill group’s share of national
capital income according to the BEA/CPS data.!

As implied by ii) of Proposition 4, quantifying the model also requires data on trade flows

between MSAs. The Commodity Flow Survey (CFS) reports the flow of manufacturing goods

39These areas correspond to 97% of the population and 98% of Income of all US urban areas. Urban areas in the
US in turn cover 83% of the population, and 87% of personal income. In the implementation we limit the analysis to
the 218 MSAs studied in Diamond (2016) for which housing supply elasticities are available.

3In our data, 59% of non-labor income is owned by high skill workers. This step involves setting a national share
of profits in GDP consistent with the general equilibrium of the model. See Appendix B for details.
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shipped between CFS zones in the US every five years. The CFS zones correspond to geographic
units that are larger than our unit of observation, the MSA. To overcome this data limitation,
we adapt the approach in Allen and Arkolakis (2014) and Monte et al. (2015), who use estimates
of trade frictions as function of geography to project CEFS-level flows to the MSA level. In our
context, we use the aggregate gravity equation predicted by the model to find the unique estimates
of trade flows between MSAs that are consistent with actual distance between MSAs, estimates of
trade frictions with respect to distance taken from Allen and Arkolakis (2014), and observed trade
imbalances. Imbalances are computed comparing income in the traded sector to expenditure on
traded goods (for both final and intermediate use) in each MSA, and are matched exactly by this
procedure.

Finally, to calibrate the labor shares in production in part iii) of Proposition 4, we use CPS
data on employment in traded and non-traded sectors by MSA.3? We also adjust this measure
to remove variation coming from compositional effects, following a similar approach to the one

described above for the income, expenditure, and transfers variables.

5.2 Calibration with Heterogeneous Workers

Our model is consistent with Diamond (2016) and generates the estimating equations used
in her analysis. We use the same definition of geographic units (MSA) and skill groups (College
and Non College), and we rely on similar data sources for quantification. Therefore, estimates in
Diamond (2016) constitute a natural benchmark for our quantification. In what follows, we discuss

the benchmark elasticities and caveats to keep in mind for sensitivity analysis.

Utility and Production Function Parameters {ac,o,p, b§7j,b§{7j,dH7j} We use Diamond
(2016) estimate of the Cobb-Douglas share of traded goods in expenditure (ac = 0.38), of the
inverse housing supply elasticity (dg,; in (35)) for each MSA, and of the elasticity of substitution
between high and low skill, estimated at 1.6 and implying p = 0.392.

We calibrate the Cobb-Douglas share of intermediate use in traded good production (b{, ;=
0.468 for all j in (34)) using the share of material intermediates in all private good industries
production in 2007 from the U.S. KLEMS data. The calibrated share of intermediates used in
non-traded production in each city (bg,; in (35)) is chosen to match the share of workers in the
non-traded sector of each MSA, as detailed in Section B.2. We assume the same elasticity of
substitution between traded varieties in (33) of o =9 as Allen and Arkolakis (2014).

Productivity Spillovers 75 o Diamond (2016) reports estimates for the causal effect of MSA
population by skill on wages. She estimates an elasticity of wage by skill group with respect to the
population of each skill group. As we discuss in Appendix 4.2, these estimates can be mapped to

our ’yéD o barameters using the wage equation (13) and the parameter p reported above. An issue

32We use the following NAICS sectors: retail, real estate, construction, education, health, entertainment, hotels
and restaurants.
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raised by this approach is that these elasticities are large compared to existing references estimating
city-level agglomeration elasticities such as Ciccone and Hall (1996), Combes et al. (2008), or Kline
and Moretti (2014a).33 As also detailed in Appendix 4.2, the agglomeration coefficient estimated
in these studies would correspond, in data generated by a model with our supply-side structure
and heterogeneous workers, to m(’}'ss +us) + (1 — SW75> (you + vsv), where sWS s average
share of high skill workers in total wages across cities. Hence, for our benchmark case, we scale
uniformly the previous values of fyg: o to match a value of 0.06 from Ciccone and Hall (1996), which
represents a common agglomeration elasticity used in the literature. The resulting elasticities
are (75Ua75377§U7’Y§S) = (0.003,0.02,0.044,0.053). In robustness checks, we also re-scale 759,
to match the larger value of 0.2 from Kline and Moretti (2014a). In sum, this way of setting the
efficiency spillover elasticities allows us to preserve both a city-level elasticity that is consistent with
previous estimates from the literature and relative elasticities across skill types that are consistent
with Diamond (2016).

Amenity Spillovers ’yg} o Diamond (2016) estimates elasticities of labor supply by skill group

,y(l
with respect to real wages, as well as an endogenous amenity index of the form <L39 / ng) where
~% captures the elasticity of MSA level amenities with respect to the relative supply of high skilled
workers. As we detail in Appendix 4.2, we can directly map her estimates of these elasticities to the

amenity spillovers 'yg} ¢ in our notation using the labor-supply equation implied by our framework.

As a result we obtain (’YésﬁésﬂéUﬁéU) = (0.77,—1.24,—-0.43,0.18) as benchmark for our
quantification. We also inspect the implications of scaling down these elasticities or eliminating
the cross-spillover elasticities while keeping their overall level constant. It is worth noting that, if
our model was specified with idiosyncratic preference draws across MSA’s within types discussed
in Section 4.1, the welfare-relevant coefficient :yé‘}e would be parametrized to the same level as
’Yé% is parametrized in a specification without preference draws. Therefore, given the definition of
the planner’s problem discussed in Section 4.1, whether or not idiosyncratic preference draws are
included in our model does not matter for the quantification, once we condition on the moments
from the data reported by Diamond (2016).

5.3 Calibration with Homogeneous Workers

To tease out the impact of accounting for heterogeneous workers types, we start the quantitative
section by implementing a model that assumes a single type of worker. Proposition 4 establishes
the data requirements of that restricted model as well. To implement that version of the model, we
use the aggregate MSA-level variables constructed above. To determine the spillover elasticities,
we compute one-group elasticities that correspond to the two-groups spillovers calibrated above, in
the following sense. We ask: what elasticities (’yA, ~F ) of the single-group case would be estimated

through the lens of the labor supply and demand equations of the single-group model, if one were to

33These studies find city-level elasticities 4* typically in the range of (0.02,0.2). See Rosenthal and Strange (2004)
for a review.
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use an MSA-level dataset generated by the model with heterogeneous groups and elasticities 75’9
and 7579 calibrated above? Given how we scaled the efficiency spillovers 7570 above, this procedure
by construction delivers v* equal to the value chosen in the normalization of the efficiency spillovers
described above (i.e., 0.06 under Ciccone and Hall, 1996, or 0.2 under Kline and Moretti, 2014a).
For amenity spillovers, as detailed in the last subsection of Appendix B.2, this step delivers an an

aggregate elasticity of

a_ 1+ sbs (WJ‘,S/%‘,S) + (1 - SL’S) (’@U/’ﬁU)

\ _ , (41)
sL’S/'yg‘S + <1 — stS) /’yﬁU

~y

where s+ is the average share of skill workers in the population across cities. As a result of this

step we obtain 4 = —0.19.

5.4 Stylized Facts

Figure 1 revisits standard stylized facts on spatial disparities and sorting in the data, as well as
a relatively lesser known fact on the spatial structure of trade imbalances. These facts will serve
as a benchmark to evaluate the impact of optimal spatial policies.

Panels A to C show the standard facts about spatial disparities and sorting. Panel A documents
the urban wage premium, defined as the increase in average nominal wages with city size. The
elasticity of wages to city size is 7.5%. Panel B shows spatial sorting, in terms of the share of
high-skill workers. The semi-elasticity of the share of high skill workers with respect to city size is
2.3%. L.e., doubling population increases the skill share by 2.3 percentage points.?* Panel C shows
the urban skill premium, defined as the increase in the ratio of high- to low-skill wage with city
size. The slope of 0.11 means that larger cities feature a more unequal nominal wage distribution.
The first fact suggests differences in productivity and cost of living across cities, while the last two
suggest complementarities between city size and skill.

Panel D shows a somewhat less known fact, the relationship between city size and net imbal-
ances. For each city we construct the absolute value of the net imbalance as the difference between
expenditures and total income (from labor and non-labor sources). The graph shows net imbalance
relative to labor income at the MSA level across MSA’s. We note that, given our construction of
the expenditure variable, these differences in imbalances across cities purely result from: i) sort-
ing by skill with with differences in capital income by skill; and ii) government policies (taxes
and transfers). The first force leads to a positive slope because high-skill workers earn more non-
labor income, sort into larger cities. The overall negative slope reflects that government policies

redistribute income from larger, high wage, high skill cities to smaller, low wage, low skill cities.?>

34This spatial sorting has been increasing over time. Cities with initially higher shares of high skill workers have
seen that increase. This trend, often referred to as “Great Divergence”, is at the heart of the analyses of Moretti
(2013) and Diamond (2016) on real wage inequality.

35We note that these transfers are net of compositional effects according to detailed demographic characteris-
tics in IPUMS, as mentioned above. Therefore, distributive government distribution policies that vary with these
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Figure 1: Urban Premia
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Note: each figure shows data across MSA’s. All the city level outcomes reported on the vertical axis are adjusted by
socio-demographic characteristics of each city, as detailed in Appendix B.1. The slope (SE) in each panel is: Panel
(a): 0.074 (0.008); Panel (b): 0.023 (0.005); Panel (c): 0.113 (0.039); Panel (d): -0.02 (0.002).

6 Optimal Spatial Policies in the U.S. Economy

We now explore quantitatively the predictions of our model and discuss the optimal spatial
policies that come out of the quantified model. To tease out the role of skill heterogeneity in
driving results, we first solve for the optimal allocation in a version of our model with homogeneous

workers and we then move to the case with skilled and unskilled workers.

characteristics across individuals are not driving these patterns.
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6.1 Homogeneous Workers

We solve the planner’s problem in relative changes described in Section 4.2 assuming that
the economy is populated by one homogeneous group of workers, following the calibration steps
described in Section 5.3. In this case the welfare gains from implementing the optimal allocation
are negligible, equal to 0.05%. Hence, through the lens of a model with homogeneous workers, the
spatial allocation in the U.S. economy seems to be close to efficient in terms of aggregate welfare.
The first panel of Figure 2 shows transfers relative wages across MSA’s in the optimal allocation
and in the data (corresponding to Panel D from Figure 1). As implied by our discussion of optimal
transfers with homogeneous workers in Section 4.1, the optimal net transfers vary one-to-one with
the wage.?® Empirically, the relationship between net transfers and wages across cities is quite close
to the optimal relationship. However, the optimal transfers induce non-trivial labor reallocations,
as about 2% of the workforce changes location relative to the data. The right panel of Figure 2
summarizes this reallocation, by showing changes in city size as function of initial city size.

Why are the gains from optimal spatial policies with homogeneous workers so tiny? The answer
may lie in the calibrated spillover elasticities or in the observed spatial distribution. We show next
that these small gains are a feature of the particular data that was fed into the quantification,
rather than a feature of elasticities.

First, the small gains remain under a range of alternative values for the spillover elasticities,
given the observed data. When we vary the productivity and amenity spillover elasticities (7‘4, ~F )
over a range from 0 to 4 times their baseline calibrated values, we find that the welfare gains
from optimal reallocations are always below 0.2%. Second, the gains increase by up to an order
of magnitude if we perturb the transfers per capita across MSA’s entering the quantification.

We randomly modify the difference between expenditure and wages across cities (i.e., the ratio

Figure 2: Change in City Size and in Per Capita Transfers in Optimal Allocation
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(x; — wj) /wj), keeping the mean and variance of these rates at, at most, the level in the data. We
then compute the welfare gains from optimal reallocations starting from this distorted equilibrium
with random (but small) transfers. In these cases, the welfare gains are always in the ballpark of
0.5% or less.

The previous results suggest that, at the given observed distribution of wages, modifying elas-
ticities or eliminating transfers could lead to somewhat larger, but still small gains. However, when
we perturb the data in other dimensions, the inferred gains can be much larger than in the baseline
parametrization. We simulate counterfactual market equilibria for random values of equilibrium
wages and population, each corresponding to a specific laissez-faire equilibrium (without govern-
ment policies) under counterfactual vectors of exogenous fundamentals (productivity and amenity
shifters {Z;, A;}). In particular, we simulate equilibria where the wages and city size distributions
exhibit either more or less variance than in the observed U.S. data equilibrium, as well as stronger
or weaker covariance patterns. Figure 3 plots the results. The calibrated U.S. economy lies at the
point (1,1), where the welfare gains are close to zero. The figure shows that welfare gains from
optimal policies, starting from a laissez-faire equilibrium without redistribution, could be substan-
tial. In particular, they are large if the equilibrium features either a larger variance of wages across
cities relative to the data, or stronger (either positive or negative) correlation between wages and
city size.

We conclude that, under homogeneous workers, the model does not deliver small gains by design.
Instead, through the lens of a model with homogeneous workers, the data suggests that the U.S.

transfers are close to efficient.

6.2 Heterogenous Workers

We now move on to the quantitative implications of optimal spatial policies in the context of
the full model that features two groups of workers, skilled (S) and unskilled (U). Here again we
solve the planner’s problem in changes relative to the observed equilibrium. Specifically, we solve
the problem of maximizing the change in utility of skilled workers, uS , subject to a lower bound
for the change in utility of unskilled worker, ul Varying this lower bound allows to trace out the
Pareto frontier.

Figure 4 shows the utility frontier of the U.S. economy, expressed in changes relative to the
observed equilibrium. The point (1,1) corresponds to allocations where the welfare of skilled and
unskilled workers is unchanged compared to the calibrated equilibrium. In contrast to the one-
group case, we now find sizable welfare gains from the optional spatial reallocation. Three points
are highlighted on the frontier, corresponding to different social weights for unskilled and skilled
workers in the planner’s optimization problem. When the welfare gain of unskilled and skilled
workers is restricted to be the same, optimal transfers lead to a 6.1% welfare gain for types of
workers. When only the welfare of one group is maximized subject to a constant level of welfare
for the other group, we find gains of 14.5% for high skill workers and of 10.1% for low skill workers.

In what follows, we first describe key differences between the optimal and the data equilibrium.
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Figure 3: Welfare Gains from Optimal Reallocation from Different Initial Equilibria
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Note: We simulate a range of laissez-faire equilibria with no government transfers in which the joint distribution of
wages and city sizes differs from the data in terms of the variance of the wage distribution and the correlation between
wages and city sizes. In these equilibria, the distribution of city sizes has the same variance as in the data. Correlation
and variances are reported in relative terms compared to the data. For each variance-correlation combination we
draw 20 random distributions of wages and city sizes, and report the mean welfare gains across these simulations.

Then we analyze the drivers of the stark difference between the optimal welfare change under the

one-group and two-groups calibration.

Actual versus Optimal Transfers The optimal allocation is implemented through net transfers
by worker type and city. How does the optimal spatial redistribution implied by the model compare
to the data? To guide the answer to this question we can return to the optimal policies. By

definition, from (15), transfers per capita are the difference between expenditure and income:
0_ .0 0, 10
9 =af — (w] +41) . (42)

Letting (79 () ,TG) be the optimal policies derived from Proposition 2, the optimal transfer received
by type 6 worker in city j are t? =79() w‘; + 7.

Figure 5 shows a scatter plot of the net transfers per capita relative to wages t? /w? by MSA
and worker type on the vertical axis against the average wage wf- in both the data (blue circles) and

the optimal allocation (red diamonds), for low skill workers (hollow markers) and high skill workers
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Figure 4: Utility Frontier of the U.S. Economy between High and Low Skill Workers
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The figure shows the optimal welfare changes (uAL, uh) between the optimal and observed allocation, corresponding

to the solution of the planner’s problem in relative changes described in Appendix A.5. Each point corresponds to a
maximization of u* subject to a different lower bound on u’.

(solid markers).3” If the observed allocation was efficient, the data and the optimum should be the
same up to to a scale on the vertical axis.

Consider first the transfers in the data. This figure illustrates a clear pattern across groups and
city sizes: redistribution flows from high skill workers and large cities towards low skill workers and
small cities. Net average transfers are positive for low skill workers in most MSA’s, and on average
across MSA’s, they equal 1.9 thousand dollars or 13% of the average low-skill wage. For high skill
workers the net transfers are negative. The corresponding numbers are -3 thousand dollars or -7%
of the average wage. Within skill groups, net transfers decrease with the average wage of the MSA,
and become negative for skilled workers in MSA’s with sufficiently high wages. In cities where high
skill workers earn on average more than $50k per year, net transfers of for skill workers are -6.9
thousand dollars or -12% of wages.

The observations in red show the efficient allocation. By construction, this relationship satisfies
the optimality condition from Proposition 1. Across cities, the optimal transfers relative to labor
income decrease more steeply with wages than in the data for both labor types, implying a stronger
redistribution towards low-wage cities than what is observed empirically. Moreover, the increase in
the implicit tax rate is sharper for high-skill workers, as seen from the greater change in the slope
of transfers for the high-skilled.

To understand the forces behind these patterns, we note that the slope is partly driven by

3"The optimal allocation represented in the figure corresponds to the point on the Pareto frontier where welfare
gains are equal for both types of workers. In Section A.5 we show that these patterns are robust to picking efficient
allocations in other points of the utility frontier.
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Figure 5: Per Capita Transfers by Skill Level and MSA, Data and Optimal Allocation
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Note: each point in the figure corresponds to an MSA-skill group combination. The vertical axis show the difference
between average expenditure and wage and the horizontal axis shows the average wage. For details of how the
data is constructed see Appendix B. The slopes of each linear fit (with SE) are: Low Skill, Data: -0.02 (0.001);
Low Skill, Optimum: -0.04 (0.004); High Skill, Data: -0.003 (0.0004); High Skill, Optimum: -0.05 (0.001). The
figure corresponds to planner’s weights such that both types of workers experience the same welfare gain (i.e., point
(1.061,1.061) in Figure 4).

P A
the optimal subsidies 77 (-) defined in equation (21). The term % would be the optimal
0,0

tax if there were no spillovers across types. The dispersion in optimal transfers around a trend
is exclusively due to the spillover across types, i.e. the remaining terms in (21). This term also
drives part of the slope, depending on the sign of the cross-spillovers. For low-skill workers, the
negative own spillovers alone imply a tax, ﬁ#g‘” < 0, although not big enough to generate the
net transfers in the optimal allocation. The larlgér implicit optimal tax is driven by the negative
cross spillovers through amenities (fy(‘j‘v’ g < 0). Because a larger concentration of group U generates
negative spillovers on group 5, this channel implies a larger implicit tax on low skill workers in
cities where a larger of share of consumption accrues to high skill workers. These places are the
large, high-wage cities in both the data and the optimal allocation.

For high skill workers, the role of own- and cross-spillovers is quite different than for low skill
workers. High skill workers generate positive own spillovers, Vé;iy;zgs > 0. Absent spillovers on
low-skill workers, this force would imply a large proportional labofsincome subsidy for high skill
workers. However, this force is more than offset by positive cross spillovers. Because a larger
concentration of group S generates positive spillovers on group U, the cross spillovers 'yg y and

'yéU lead to a larger optimal subsidy to high skill workers in places with a high share of low skill
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workers. These places are the small, low-wage cities in both the data and the optimal allocation.

Specifically, high skill workers are more subsidized (or less taxed) where the spending of low skill
U

U
workers relative to the wage bill of high skill workers, %, is larger.
555

Optimal Reallocation and Sorting The optimal transfers change the spatial distribution of
economic activity compared to the data. By changing the location incentives of workers, they
affect spatial sorting and the city size distribution. These reallocations in turn impact the spatial

distributions of labor productivity and wages through agglomeration spillovers, and the distribution

Figure 6: Changes in Population, Skill Shares, and Skill Premium across MSA’s
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of urban amenities through amenity spillovers. These effects in turn feed back to location choices,
changing the spatial pattern of skill premia and inequality. Our goal here is to describe the spatial
equilibrium that results from this process and contrast with the facts on spatial disparities discussed
in Section 5.

Figure 6 shows the pattern of reallocation. Panel (a) shows the initial total population of
each MSA on the horizontal axis and the percentage change in population implied by the optimal
allocation on the vertical axis. The stronger redistribution to low-wage locations discussed in the
previous section implies that, on average, there is reallocation from large to small cities. However,
there is also considerable heterogeneity in growth rates over the size distribution, including some
middle- and small-MSA’s that shrink. The R? of the linear regression is only 4%, implying that, due
to the multiple sources of spatial heterogeneity and interactions, initial city size is a poor predictor
of whether a city is too large or too small in the observed allocation. Panel (b) shows the same
figure within groups skill, including the linear fit from the left panel for reference. The reallocations
towards initially smaller places is sharper for high skill workers than for low skill workers. This
is consistent with the initially observed allocation featuring too little mixing of skills due to the
spillovers across types.

These differential patterns of reallocation by skill lead to less segregation of skills across cities.
Panel (c) shows the histogram of skill shares across MSA’s in the initial and optimal allocation,
implying a concentration of skill shares across MSA’s. An additional implication of these reallo-
cations, shown in panel (d), is that, within-city wage inequality, in terms of the skill premium,
tends to decrease in cities that are initially more unequal. Therefore, the optimal spatial transfers

reduces inequality within cities that are more unequal in the observed allocation.

The Urban Premia in the Optimal Allocation We now revisit the stylized facts about urban
premia mentioned in Section 5 in the optimal allocation vis-a-vis the data. Figure 7 reproduces
Figure 1 in the data and the optimal allocation. Each pair of linked observations corresponds to
the same MSA. Before discussing each of these figures, it is worth highlighting that in all of them
there is a fair amount of heterogeneity in terms of how cities change between the observed and the
optimal allocation: conditioning on any initial size, some cities shrink and some expand; in addition,
an optimal city expansion is not necessarily associated with an increase in the average wage, skill
premium, share of skill workers, or net transfers. These rich responses result from the different
dimensions of heterogeneity captured by the model. We now focus on the average response of the
various margins, and on how it impacts the patterns of urban premia observed in the observed
equilibrium.

We start with Panel D of Figure 7, which summarizes the relationship between city size and
imbalances relative to wages. As expected given the previous discussion, redistribution to smaller
MSA’s is stronger in the optimal allocation than in the data. In the optimal allocation the absolute
value of the imbalances is larger, pointing to an inefficiently low overall amount of transfers in the
data.
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Figure 7: Urban Premia, Data and Optimal Allocation
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Note: each panel reports outcomes across MSA’s in the data and in the optimal allocation. FEach linked pair of
observations corresponds to the same MSA. The slope (SE) in each panel is: Panel (a): Data 0.074 (0.008), Opt 0.045
(0.01); Panel (b): Data 0.023 (0.005), Opt 0.015 (0.004) ; Panel (c): Data 0.113 (0.039), Opt -0.17 (0.040); Panel (d):
Data -0.034 (0.004), Opt -0.07 (0.02).

We turn to differences between high skill and low skill workers. Panel B shows that spatial
sorting is somewhat less pronounced, on average, in the optimal equilibrium compared to the data.
That is, the optimal allocation features more mixing of high and low skills in large cities. This
dampening of sorting is a result of the larger increase in implicit taxes for high skill workers than
for low skill workers in Figure 5 discussed above. Associated with this dampened sorting there is a
reduction in the urban skill wage premium, as shown in Panel C. The lack of an urban skill premium
reflects the reduction in efficiency spillovers among high skill workers in larger cities. Overall, these
results imply that, in the optimal allocation, the sorting patterns end up being detached from the

urban skill premium. This suggests that high skill sorting into larger cities ends up being driven
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by differential preferences for urban amenities (both endogenous and exogenous).

Finally, as Panel A of Figure 7 indicates, there is still a noticeable wage premium in the large
cities, although it is also tempered relative to the data. Given the lack of an urban skill premium,
this urban wage premium is driven by an average productivity advantage across both skill groups

in larger cities, rather than by a relatively higher productivity of high-skill workers in these cities.

6.3 Contrast of the Results under Homogeneous and Heterogeneous Workers

Why are the welfare gains so different with multiple worker types relative to a single worker
type? To answer this question, it is worth noting the quantification with heterogeneous workers
would deliver the exact same MSA-level outcomes and welfare gains (common to all workers) as the
quantification with homogeneous workers if, under heterogeneous workers: (i) the data exhibited no
spatial sorting by skill (the share of workers of type 6 is constant over space), no urban skill premium

(the skill wage premium w—{] is constant over space), and no relative differences in expenditures
j

(the expenditure ratio % is the same across space); (ii) high and low skill workers were perfectly
substitutable in production (p = 1); and (iii) spillovers across types were absent, with own spillovers
equal the calibration in the one-group case, i.e.: 75,0/ =0if  #6 and 75,9 =~ for j = A, P.
This benchmark is a useful reference to inspect why, given the U.S. data, the results are so
different under a homogeneous and heterogeneous workers. We can investigate the role played by
different forces by releasing each of the restrictions (i)-(iii) above. As we do so, we move from
a “one-group calibration” of the model with heterogeneous workers (with no sorting in the data,
elasticity of substitution equal to 1, and no cross-spillovers) to the full two-groups case calibration

we have previously implemented (where all these forces are included).3®

Table 1: Welfare gains under different model specifications

Data Elasticity p Cross Spillovers? | Welfare Gain (%)

(1) No Sorting 1 No 0.05
(2) No Sorting 1 Yes 1.69
(3) No Sorting 0.39 Yes 0.79
(4) Sorting 1 No 0.17
(5) Sorting 1 Yes 7.57
(6) Sorting 0.39 Yes 6.10

Table 1 reports the results. Each of the columns allows for a different relaxation of (i), (ii), or
(iii). The first row corresponds to the welfare gain under homogeneous workers reported in Section
6.1, and the last row corresponds to the welfare gains from model with heterogeneous workers in

Section 6.2, when the gains are common to all workers.

38We note that what we have just called the “one-group calibration” is not the calibration of the model with
homogeneous workers, but rather a calibration of a model with heterogeneous workers which, by design, delivers the
same welfare effects for all workers and MSA-level reallocation as the model with homogeneous workers.
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Starting from a case with perfect substitution across workers, bringing in cross spillovers con-
siderably increases the welfare gains, regardless of whether there is sorting (i.e., comparing rows 4
and 5) or not (comparing 1 and 2). Therefore, the existence of spillovers across workers plays a key
role in driving the results. Sorting also plays a relevant role, but only cross-spillovers are present.
In the absence of cross spillovers, including sorting in the data (i.e., comparing rows 1 and 4) raises
the welfare gain, but still to a small amount. However, the inclusion of sorting when there are cross
spillovers (comparing rows 2 and 5, or 3 and 6) leads to considerably larger gains. We conclude
that accounting for heterogeneity in skills is important for the implied benefits of implementing
optimal spatial policies, and that spillovers across different types of workers play a substantial role

in driving this result.

6.4 Robustness

We consider the robustness of the results with heterogeneous workers presented so far to alter-

native assumptions on the parameters.

Pareto Weights Throughout our discussion of the reallocation patterns in Section 6.2, we com-
pared the data to an optimal allocation corresponding to the same welfare gains to all workers (i.e.,
the welfare gains (ﬁU,ﬂS ) = (1.061,1.061) in Figure 4). The patterns of optimal redistribution
from Figure 18 are similar under optimal allocations corresponding to other points on the utility
frontier in Figure 4. Different planner’s weights are implemented through the lump-sum transfers
across types, which turn out to have little effect on the optimal spatial transfers.

To highlight this property, Figure A.1 in Appendix C shows the outcomes as in Figure 5 but
assuming planner weights that are either 10 times larger for high skill workers (case labeled “low
weight on U”) or 10 times larger for low skill workers (case labeled “high weight on U”). The
optimal welfare changes relative to the observed allocation associated with those weights are very
different from the benchmark case. However, we find a similar pattern of net transfers as in our
previous analysis. The lower is the weight for high skill workers, the lower is the intercept of
the optimal transfer schedule for that group and the higher is for low skill workers, but the slope
remains similar to the benchmark. Therefore the stronger redistribution to smaller and low-wage
cities in the optimal allocation is roughly independent from the point on the utility frontier that
we target. As a result, as shown in Figure A.2, the qualitative and quantitative aspects of the

reallocation patterns in Figure 7 remain unchanged.

Amenity and Efficiency Spillover Elasticities We now revisit the main results under different
values of the spillovers. In particular we consider two alternative parametrizations that assume dif-
ferent levels for the spillover elasticities. Noting that, in absolute value, the amenity 'yé%, spillovers
are larger than the efficiency spillovers 7579, we revisit our main results assuming that 7&?9' is 50%
below the benchmark parametrization. As a result, the single-group equivalent amenity spillover

constructed in 41 falls to 4 = 0.085. Second, rather than normalizing the efficiency spillovers ’yéD o

38



to match an average value of 0.06 from Ciccone and Hall (1996), we normalize them to match an
average of 0.2 as in Kline and Moretti (2014a).3? This step amounts to multiplying our benchmark
spillover elasticities by a factor of 3.3.

Table 2 shows the welfare when the planner’s weight are such that low and high skill workers
benefit similarly from the optimal reallocation. The first row corresponds to benchmark in Figure
4. Lowering the amenity spillover by 50% brings the common welfare gain down to 3.3%, while
multiplying the efficiency spillovers by 3.3 increases the gain to 7.3%. Importantly, the qualitative
patterns of optimal reallocation and spatial premia discussed in the benchmark are also similarly
present under these alternative parametrizations. Figure A.3 replicates the optimal patterns of
urban premia from Figure 7 under the benchmark and under the alternative parametrizations.
Under low amenity spillovers, the basic qualitative and quantitative patterns are very similar to
the benchmark. Under high efficiency spillovers, the patterns are also roughly similar, and we
observe an even stronger tempering of the sorting pattern by skill, to the point that the optimal

allocation features no sorting by skill into larger cities.
Table 2: Welfare gains under different levels of the spillovers

Spillovers ~ Welfare Gain (%)

Benchmark 6.1
Lower 'yg}@ 3.3
Higher 75 0 7.3

The table reports the common welfare gains for skilled and unskilled workers under alternative parametrizations.

“Lower fyé‘ia” corresponds to amenity spillovers that are 50% lower than the benchmark, while “Higher 759” corre-

sponds to efficiency spillovers that are 3.3 times larger than the benchmark.

In sum, implementing our analysis under these alternative parametrizations does not alter
the main messages from the quantification, in the sense that optimal spatial policies may require
stronger redistribution towards low-wage cities than in the data, reduce wage inequality in larger

cities, weaken spatial sorting by skill, and lead to significant welfare gains.

7 Conclusion

In this paper we studied optimal spatial policies in quantitative geography frameworks with
spillovers and sorting of heterogeneous workers. We rely on a framework that nests recent strands
of quantitative spatial research and includes many key determinants of the spatial distribution
of economic activity such as geographic frictions and asymmetric spillovers across heterogeneous
workers. We generalize these models to allow, in the market allocation, for arbitrary policies that
transfer resources across agents and regions.

We first derived a condition on the joint distribution of expenditures and wages across workers
and regions that ensures existence of an efficient competitive allocation. Using this condition

we showed how to use data on the observed distribution of wages, expenditures and spillover

39The resulting elasticities are (Y5y, Virs: Yau, v5s) = (0.011,0.146,0.065, 0.176).
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elasticities to assess the efficiency of the observed spatial allocation. We showed that the optimal
expenditure distribution can be implemented by labor taxes or subsidies coupled with lump-sum
transfers. Under constant-elasticity spillovers and absent spillovers across workers, constant labor
income taxes coupled with lump-sum transfers are distortive and sufficient to implement the efficient
allocation. When spillovers across workers are present, spatial efficiency may require place-specific
labor subsidies and more mixing of heterogeneous workers across cities than in the competitive
allocation.

We showed how to use the main framework to quantify efficient outcomes in the data. In order
to deal with issues of multiplicity, we first identified conditions on the distributions of spillover and
housing supply elasticities to ensure uniqueness of the competitive allocation under the optimal
policies. We also showed that the distributions of fundamentals needed to compute the optimal
allocation can be backed out from data on the distribution of wages, employment, and expenditures
across worker types and regions.

We applied the model to data on distribution of economic activity across MSA’s in the U.S. in
the year 2007. Under standard existing estimates of the spillover elasticities, our results suggest
too little redistribution to low-wage cities. The net transfer per capita falls more sharply with the
average wage across cities in the optimal allocation than in the data. As a result, the spatially
efficient allocation implies, on average, a reallocation of workers from large to small cities and
features smaller dispersion in city sizes compared to the observed allocation. However, there is also
considerable dispersion in the distribution of growth rates for any given initial size, including large
cities that grow as the economy moves to the optimum.

The results also suggest that spatial optimality requires a greater degree of mixing of different
skills. Relative to the data, the optimal allocation exhibits lower skill wage premium in larger cities
and weaker spatial sorting of high skill workers into larger cities. Through the lens of a model
with homogeneous workers, our approach delivers negligible gains. However, under heterogeneous
workers, the gains are considerably larger. These differences are driven by spillovers across hetero-
geneous workers. Overall, the results imply that accounting for heterogeneity across skills may be

crucial for the design and aggregate welfare effects of optimal spatial policies.
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A Appendix to Section 4

A.1 Planning Problem and Proofs of Propositions 1 to 3

The planning problem described as follows.

Definition 2. The planning problem is

)
max L u

subject to (i) the spatial mobility constraints
L?u‘9 < L?a? (L}7 ..,L?) U (c;‘?7 h?) for all j;
L?/ge/ < L?/afv (lev, ..,L?) U (c?,h?) for all j and ' # 0,
(@) the tradable and non-tradable goods feasibility constraints
3 diQi <Y (NjY,IjY) for all j,i;

ST+ 1+ 1 <Q(Quy, - Quy) for all j;
7]

Sorong < iy (NS 1) Jor all j;
0
(%) local and notional labor-market clearing,
NY 4+ N = N (2 (L3, £9) B 2 (13,0 L) L) for all j;
> L =L for all 0; and
J
(v) non-negativity constraints on consumption, trade flows, intermediate inputs, and labor.

Proposition 1. If a competitive equilibrium is efficient, then

dN; 'L 0a) . e s
WjdLg ; 7 8L§—aﬁj+E if L >0, (A1)

for all j and 6 and some constants {EG}. If the planner’s problem is globally concave and (A.1) holds for some
specific {Ee}, then the competitive equilibrium is efficient.

Proof. First we present the system of necessary first order conditions in the planner’s problem. Then we contrast
Y Yy
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it with the market allocation. The Lagrangian of the planning problem is:

£ =’

~S WL (u9 —a’ (L}-, ..,L?) U (cf,h?))
J
=S (w = af (L 9) U ()

0'#6 j

-> 0 (Zda’z@ji =Y (Nyyafyy)>
J %

-S> F; <ZL§C§ +1] + 1] - Q(Qu, ..,QJj)> -> R; (zLﬁ-h? — H, (Nf,[f’))
j 0 J 0

=Sowyr (N N =N (5 (2,0 L) 2 (2,0 19) 1))
J

-y E° <ZL§—L9> + ... (A.2)

where we omit notation for the non-negativity constraints. The first-order conditions with respect to trade flows,

labor services and intermediate inputs are:

«0Q (Qui, -, Qi)

[Qji] P; 90, < pjTjis (A3)
* aY * * 8H *
J J
aY; OH;
L Piorm < PRy < P, (A.5)
|: J J ] J aIJY' J J aI]I—I J

each holding with equality in an interior solution. The first-order conditions with respect to individual consumption

of traded and non-traded goods can be written:

oU (4, nl .
@] wa? SR g g
J
o pe
] et g
J

Adding up the last two expressions and using degree-1 homogeneity of U gives

wialU (c?, h?) =i, (A.6)
where
af* = RS + Pycl. (A7)
Therefore, we can write
0 10
ac (¢;,h;) 4.
[c?] c? = 2\ ) (P]* ) m? (A.8)
J
1—ac (2, R
] =ty (19)
Rj
where ac (¢, h) = aUéZ’h) U(ih) is the elasticity of U with respect to c.

Using (A.7) and the slackness condition on the spatial mobility constraint, the first-order condition of the planning
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problem with respect to L? is:

’ ’ 80, ( .. ) ’ ’ dN
Z e o' 16 &0 0
with equality if L] > 0. Further using (A.6), if L? > 0 then:
6/ 9/
da; O 0
Wi dL“’ aL]§ =z T B (A.11)

An optimal allocation is given by quantities {le, NY N]H, IJY, I]H, Je, he Lg 9} and multipliers {P",pJ SR, W,

such that the first-order conditions (A.3)-(A.11) and the constraints enumerated in (i) to (iii) in Definition 2 hold.
It is straightforward to show that (A.3) to (A.9) coincide with the optimality conditions of producers and
consumers (i) and (ii) in the competitive equilibrium from Definition 1 given competitive prices {P;,p;, R;, W;}
equal to the multipliers {Pj*, Py, R}, W*} and decentralized expenditure a: equal to m . In addition, the restrictions
(i) to (iii) from definition 2 of the planning problem are the same as restriction (iii) from the competitive equilibrium.

Therefore, the system characterizing the competitive solution for {Qj,, NY NJH7 I]Y, I]H7 cj, he Le} given the prices

{Pj,pj, Rj, W;} and the expenditure xf is the same as the system characterizing the planner allocation for those same

quantities given the multipliers {P*, p;, R, W;‘} and x;*. As a result, if the competitive allocation is efficient, then

0
Tj =

planners problem, there is a solution for the competitive allocation such that {P;,p;, R;j, W} = {P*,pJ R, W*} It

= x * where x is given by (A.11). Conversely, if xe = :rg-* for xe* defined in (A.1) given the W? that solve the

the planning problem is convex then there is a unique solution to the system characterizing the planner’s allocation,

in which case {P;,p;, R;j,W;} = {P*,p] , R, W*} is the only competitive equilibrium.

O
Proposition 2. The optimal allocation can be implemented by labor subsidies Tjg such that
P,j 79 w f *Jr’yeej Le/
0 Vo5 + i+ 2020 79* e
= g (A.12)
1- 79,9
coupled with transfers
E9
Tj9 - 7b9H 714]
L=5
where (x?*, 0 L?*,H*) are the outcomes at the efficient allocation and {EG} are constants equal to the multiplier

on the resource constraint of type 0 workers in the planner’s allocation.

Proof. The result follows from combining (1) with the expressions for labor demand (13) and expenditure per capita
(15). The labor demand condition (13) implies that the value of the marginal product of labor entering in (18) can

be written as function of wages, employment and elasticities:

dN; 0 , o LY ’
j 0/ £6 J

Using this expression with and the definition of 7;(’9”;7 we can re-write (18) as follows:

P,j 79 e/w +“/;‘(j/x9 L?/
) (1 + 70,0) + 20020 w10, %G

»J

1*'79A,’9] 1*7’99

Combining this expression with (15) and (16) gives the result.

45

wy'}



Proposition 3. The planning problem is concave if T4 > ', T > 0 and vgfe, > 0 for 0 # 0'. Under a single

worker type (© = 1), the planning problem is quasi-concave if 1 + A > (1 + 'yP) [ll—ch + ac].

Proof. We consider the following planning problem defined in section (3.3):

0
maxu

st u’ = ye, for 0 # 6

W eU forall @

where 0 is a given type, U is the set of attainable utility levels {ue}and gel for 6’ # 0 is an arbitrary attainable utility
level for group 6’. U is characterized by a set of feasibility constraints which are defined in the main text, and which
we come back to below. We show here that this problem, noted P, can be recast as a concave problem, under the
condition stated in proposition 2. Therefore, a local maximum of P is necessarily its unique global maximum.

The planning problem P can be recast as the following equivalent problem P’, after simple algebraic manipula-

tions:

0
max v (A.15)
0 170 o 0 706 Nk 1k .. . .
{v0.vf,c0, 1Y, L NF 1F,Q;5,M;,5;}

subject to the set of constraints C:

7(5",9
ULy (22) 7
O —F | Loz g_ JA> <0 for all j; (A.16)
76,6
()
’YBA”,B/
UY Tgse (L97) 77
o F s oz 1<WJA ) <0 for all j and 6’ # 6; (A.17)
6’,0"
)
vy —u(cf.m)) <o (A.18)
_1
> diiQji - (b¥ (W)™ d (1 )By> <0 for all i (A.19)
S0+ (1) + (1) = Q(Quys s Quy) < 0 for all js (4.20)
0
_1
SoH) - <b% (V)™ 4 vl (If)BH> <o (A.21)
2
We o \7
My = (S TT(E) = (7). <0 for all j; (A.22)
6 o’
NY N - M; <0 (A.23)

1
S (L) - =0k
j —L"=0forall 0 (A.24)

J

To reach these expressions, we have introduced the auxiliary variables Mj;, S; and Uf and we have used the
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following change of variables
o =F (ua)
= 1
ol = 11
~0 9 1+a .
L; = (L]-) forall j€1,...,N and 6,
where F(.) is a bijection that we define below and where we have written a = T'Y . Problems P and P’ are equivalent:

any solution to P’ is a solution to P and vice-versa. We then consider the relaxed problem P’ that is identical to P’

except that the last constraint of P’ is relaxed into an inequality constraint:
PN
L L) <0 forall 0 A25
- Z j < 0 for all 6. (A.25)
J
We now show that problem P’ has a concave objective and convex constraints under the assumptions of proposition

2. To that end, we show that under these assumptions, each constraint of P’ is convex.

Yo’.,6
0 70'\ Tfa
UJ Mpr g (£ ) 5

Consider first constraints (A.16) and (A.17), and specifically the term — Fo— . By proposition 11 of
@)=
E %
Khajavirad et al. (2014), functions of the form f(y,z) = H‘%y’ where a; > 0, b > 0 and Zle a; < b are G-concave,

1
for functions G(x) that are any concave transform of —z>@~?. G-concave means that the function G(f(y,z)) is

concave in (y, z). Therefore, we seek a function F such that (A.16) and (A.17) are convex for all § whenever ’yf/ﬁ >0

A A
for all 0" # 0 and % > 1+ Wl‘iofj This parameter restriction corresponds to the assumption that I'* > I'T.
We use here the common function F(z) = —z® for b = Fl,ff: + in constraint (A.16) for any j and any 6. Given the
140P
P_(o ’ A, . .
definition of I'*, F(.) is a concave transform of G (z) = —x 8 ( AR ,9) for any 6 , where Gy is a transformation

that makes the group 6-constraint concave, applying Proposition 11 of Khajavirad et al. (2014). Second, functions
of the form f(z1,..,zn) = [Z aixfr are concave whenever 3 € (0,1) and pS8 < 1. Therefore, constraints (A.19),
(A.21) and (A.25) are convex. Constraint (A.18) is convex because U(.) is concave. Constraint (A.20) is convex
because the aggregator Q(.) is concave. Next, consider the constraint (A.22). The second term is the negative of a
composition of an increasing CES function with exponent p < 1, which is concave, and a series of functions of the

form N
Yo’ 0

flz,...,z0) = H (m‘")m (xe)ﬁ .
97

143207 v . -
% € (0, 1). This restriction

holds by definition of a. We finally invoke that the vector composition of a concave function that is increasing in all

As concave transforms of a geometric mean, these functions are concave, whenever

its elements with a concave function is concave. Therefore, constraint (A.22) is convex. Finally, constraint (A.23) is
linear hence convex.

It follows that the relaxed problem P” is a maximization problem with concave objective and convex inequality
constraints. It admits at most one global maximum, and a vector satisfying its first order conditions is necessarily
the global maximum. If at this unique optimal point for P the relaxed constraint (A.25) binds, so that (A.24) holds,
we guarantee that the solution to P” is also the unique global maximizer of P’ and the unique global maximizer of
the equivalent problem p.40

We now specialize to the case of a single type of workers (© = 1) where the decreasing returns to scale in the

production of housing help make the problem concave. The relaxed planner’s problem P” can be further simplified

49We have not proven that (A.25) necessarily binds at the optimal solution for . Therefore, we verify that this
is indeed the case in the solution to P” in the implementation.
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in this case to: g
e ()
1tog—g'y
U
subject to the constraints (A.19), (A.20), (A.22), (A.23) and (A.25), which are unchanged except that they now hold
for only one group. The modified constraint for housing production is:

max min;
0 o o 0 760 Nk 1k . . .
{v0.v8,00,HY,L9 Nk 1¥,Q;;5,M;,5;}

1 1

~ ——\ B (1+D) —~\ (1+D)B By 1+D
7. (bﬁ (N]H) " Ty (I;I) H) L) (A.26)

. . = 1+dYy . . . .
where we have used the following change of variable Hf = (Hje ) +9H3  The modified housing market constraint
(A.26) is convex. The objective of the planner is quasi-concave as the minimum of a ratio of a concave and a convex

1 1+og —754,9
Ty +ac < T+a
problem is a quasi-concave maximization problem as long as the parameter restriction in (ii) holds.

function, as long as (1 — ac) in each city. The constraints are convex. Therefore, the

O]

A.2 Equivalence with Monopolistic Competition

Consider the economic geography environment from Section 4.1. As a reminder, that environment starts from
general model from Section 3 and imposes only one labor type, inelastic housing supply (H; (NJH ,IJH ) = Hj is a

constant), and only labor used in production of traded goods (Y; (N}, I))) = N}” = N; = z; (L;) L;). Now suppose
that, in addition, the production structure in the traded sector is the same as in Krugman (1980): in each location j,
M; homogeneous plants produce differentiated varieties with constant elasticity of substitution x among them, and
setting up a plant in location j requires Fj units of labor. The resulting environment corresponds to the Redding
(2016) or to Helpman (1998) in the absence of individual preference shocks (o = 0).

We now show that the competitive allocation of such an extended model, as well as their normative implications,
are equivalent to the model with homogeneous products analyzed in Section 4.1 under an aggregate production

function equal to:

Vi (L) = K; (2 (L) Lj) =7, (A.27)

1
where K; = %1 (kF;)T=* is a constant. Therefore, a monopolistic competition model with no productivity spillovers
1

is equivalent to a homogeneous-product model with perfect competition and spillover elasticity equal to v* = —-
This property relates to the result, dating back to at least Abdel-Rahman and Fujita (1990) and highlighted among
others by Allen and Arkolakis (2014), that CES product differentiation with monopolistic competition has the same
aggregate implications to constant-elasticity aggregate production function with increasing returns. In our context,
we must also demonstrate that the equivalence extends to the welfare implications summarized in Proposition 1.
The key reason why this equivalence holds is that, as it is well-known, under CES preferences the number of
producers M; and the bilateral trade flows are efficient given the allocation of labor {L;}. Therefore, the labor
allocation remains the only inefficient margin and our propositions and results from Section 4.1 go through. We note
that these properties would not go through under monopolistic competition outside of CES. In that case, the entry

and bilateral pricing decisions would be inefficient.

Environment We start by describing how the physical environment of this model differs from the environments
from section 3. Now, the aggregate bilateral flows are Q;; = M fj qji, where M; is the number of plants in j
and gj; is the quantity exported by each of these from j to . The feasibility constraint for traded goods(4) becomes

zj (L) Lj = M; (Zl Tjiqji + Fj) to account for the use of labor in setting up plants. Combining these two expressions,
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that constraint can be further expressed:

_1
M (25 (L) Ly = FiM;) = ) 75iQji- (4.28)

Competitive Equilibrium Now we describe how the market allocation differs from the baseline environments.

First, the optimization conditions (11) is replaced by:
max Y (P — 75:W;) ¢ (A.29)

Pji
Pji
pji is the price at which each firm from j sells in ¢. The solution to this problem yields the standard constant markup

—K _1
subject to gj; = Qji , where pj; = Mjl”‘p}g is the price index corresponding to the exports from j to i and

rule, pj; = 75 "5 W;. We have as before that the price in location 7 of the aggregate traded good from j, p;;, can

be expressed according to the “mill pricing” rule as 7;;p;, where now the price index corresponding to the domestic
sales of traded goods in j is
K

_1
py=M" W, (A.30)

k—1
As a result, condition (14) still determines the flows in the competitive equilibrium. Combining these pricing rules

with (A.29), imposing zero profits and using (4) we obtain the number of producers in a competitive allocation:

zj (Lj) L;
M; =2 2070 A.31
- (A31)
And further combining with A.28, we can write
Y (L;) = ZTijQij (A.32)
J

for ?; given in A.27.

We conclude that the competitive allocation can be represented as in the model without product differentiation
from Definition 1 under the restrictions from Section 4.1 and assuming the aggregate production function i}; (Lj)-
Le., it is given by quantities {c;, hj, Lj, Qij, L;} and prices P;, R;, p;, such that: (i) consumers optimize (i.e., ¢;, h;
are a solution to (8) given expenditures x;); (ii) trade flows are given by (14); (iii) employment L; is consistent with
the spatial mobility constraint (10); and (iv) all markets clear, i.e. (2), (3) and (A.32) hold. !

Planning Problem In turn, the planning problem from Definition (2) is now associated with the Lagrangian
.ff:u—Zw- u—a; (L) U (¢j, hy) Liy™”
. i § L 35 1 I
1
-> <Z djiQji — M~ (25 (Ly) Ly — Fij)>
j i

J

- ZP; (Ljc; — Q(Quj, -, Quj)) — ZR; (Ljhj — Hj) =W (Z Lj - L) + (A.33)

Relative to Definition 2, now the planner also chooses the number of firms M; in each location and faces the constraint
(A.28) instead of (4). We readily see that entry is efficient by noting that the first-order condition with respect to
M; implies (A.31). As a result, the market clearing constraint in the second line of (A.33) can be replaced by (A.32).
The resulting planning problem is equivalent to Definition (2) applied to the economic geography model in Section

4.1 under the production function Z (L;).

“I'Note that the definition of the competitive allocation can dispense with the wage W;, which can be determined
residually from (A.30).
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A.3 Extension to Public Spending

The Lagrangian of planning problem described under the extension to public spending in Section 4 is
L =u
= wiL (U —aj; (Gvaj) U(Cj,hj))
J
« Y 7Y
- p; <Z d;iQji — Y; (Nj 21 ))
F] i
-> F (IJG +Lie; + 1) + 1) - Q(Q1j7-~7QJj)> -> R; (HJG + Ljh; — H; (NfI’IJH)>
J J
Gx [ Y U G G
-3 B (Gj +GY — G (Ij JH ))
J

_ZWJ_* (Nf _|_NJH — N; (G}/,Zj (Lj)LJ'))
J

—E(ZLJ- —L) + ... (A.34)

Letting xf = Pjc; + Rjh; be private expenditure, following the same steps as in the proof of Proposition 1 we find

NS L A
J 1_,YA J 1_,YA'

(A.35)

Combining the first order condition over ¢; with optimization over government spending gives
U P_AG _ pGx AU
[Gﬂ : WiNjene =PGY

A4,G — 995 G;

— 0Gj; aj
Adding up the two previous equations, using the first-order conditions over I ]G and H JG , and applying homogeneity

where v and en,g = %% are elasticities of amenities and labor efficiency to government spending.
J J

of the the production function of government spending G (I]G,HJ-G) we reach condition (30) in the text. Further

combining (30) with (A.35) gives (29) in the text. In terms of the efficient implementation, under constant labor

subsidies with a lump sum transfer individuals earn xf =w;(1+7)+ % + T'. Hence, the optimal tax must still be

(23), as when there is no government spending. Given the value of 7, the lump-sum transfer T is such that

Z(ij—l—xJG)%—FT:O

J

so that the national government budget constraint holds. This constraint ensures that each local government can be

finance spending per capita xJG

A.4 Extension to Preference Heterogeneity within Groups

The Lagrangian of planning problem described under the extension to preference draws in Section 4 is formally

the same as (A.2), except that now the spillover function ag/ (le-, . L?) is replaced by a?/ (L?)_U”. Following the

same steps as in the proof of Proposition (1), we find that condition (18) is extended to

dN; > 22 1Y 9a?

W, S 4 :
a? 8L§

T =2l (14+00)+E° if LI >0. (A.36)
J

0/
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Following the same steps as in the proof of Proposition (2), we find that (21) is extended to

P 60'x, A _60'x g/,
P,j A,j Vo005 TV % L]
, oo T ('79,9 —00) + e w1
20— g i (A.37)

J .
(i)

The general-equilibrium structure underlying propositions (3) and (4) under the assumptions of the quantitative
model can be expressed exactly as in the proof of Proposition (3) and as in the planning problem in relative changes

from Section (A.5) below, the only modification being that the term vg)‘fg is replaced by m‘;‘ﬁ — 0p.

A.5 Planning Problem in Relative Changes and Proof of Proposition 4

We show how to express the solution for the competitive allocation under an optimal new policy relative to an
initial equilibrium consistent with Definition 1, and then define the planning problem that optimizes over the policy

space.

Preliminaries We adopt the functional forms from Section 4.2. From the optimization problems (11) and (12)
and market clearing in the housing market we obtain the following conditions:

WiN) = (1 - b’m) piYi. (A.38)
g 1= b,
W:N;" = Td}{il (1 — Otc') X;. (A39)
These terms imply the non-traded labor share, %, as function of the share of gross expenditures over tradeable
income pi(ﬂi‘i :
NH ;Zii 11—_130. (P)z({/z)
i : Y.i (A.40)

N; 1*”% l—a¢ (Xi )+1

I+dg,; 1-b4 . \ piVs

Using (A.38) and (A.39) along with labor-market clearing (A.4), we can further express gross expenditures over

tradeable income as a function the shares of wages in expenditures:

X, 1-b,
L= e . (A.41)
piYi W; N; l_bH,i 1
X T, (1 ao)

We now re-formulate some of the equilibrium from Definition 1 conditions to include prices. Consider first the
market clearing condition 5. Multiplying both sides by the price of the traded bundle P;, letting EJY = PjQ; =
P;Q (Q1j,..,QJ;) be the gross expenditures in tradeable goods in j (used both as intermediate and for final consump-
tion), using equilibrium in the housing market, and using optimality condition for the choice of intermediate inputs

in the traded sector, we can re-write that condition as

I

bl
Ej = (Oéc +(1—ac) dHHj—1> X+ by (p;Y5). (A.42)
sJ

where X; =3, L?/xg, are the aggregate expenditures in region j. This condition says that aggregate expenditures
in traded goods results from the aggregation of expenditures by consumers and final producers. Second, consider the
market condition (4) for traded commodities. Multiplying both sides by the price of traded commodities at 7, pj,

this condition is equivalent to

> sp=1 (A.43)

B )s% is region #’s share of j’s sales of tradeable goods (i.e., the export share of ¢ in j) and

X _
where sj; = (ijj
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s is region j'sshare of i’s purchases of tradeable goods (i.e., the import share of region j in 7). Finally,

M P;jiQji
Ji E;
aggregating the budget constraints of individual consumers gives

> osii=1 (A.44)
J

Equilibrium in Relative Changes We now express the solution for the competitive allocation from Defi-
nition 1 under the new policy relative to an initial equilibrium. Consider a policy change that affects the equilibrium
expenditure distribution {zf} We now show that the outcomes in the new equilibrium relative to the initial equi-
librium are given by a set of changes in prices {ﬁi,ﬁi,lﬁw}, wages {Wl}, employment by group {if}, supply of
efficiency units {NZ}, production of tradeable goods {YZ}, and utility levels {uA"} that satisfy a set of conditions

given the change in expenditure per capita by group and location {x‘?}. The planner problem in relative changes

k3

will then choose the optimal {fo}

From the previous expressions we obtain the following system in relative changes:

l1—0o
Z sfj (g) E;.Y: p:Y; for all 4, (A.45)
i J

A~ l1—0o
Z Eyed (pfj) =1 for all g, (A.46)
J P
NAN o NFE P .
(1 N >p1Yz + TZ_XZ = W;N; for all ¢, (A.4T)
£ 1-bi; A b, A .
W; Pt = p; for all ¢ (A.48)

where Xj =3, sf‘oaa?l:? is the change in and aggregate expenditures by region, where sj(‘o is group 0’s share in
the consumer expenditures in j in the initial equilibrium. Equations (A.45) and (A.46) follow from expressing (A.43)
and (A.44) in relative changes and using the CES functional for @ (-) form (33). In condition (A.45), using (A.42)

implies that the change in expenditures in tradeable commodities is:
b
bY ~

bk X5 P
(ac +(1-ac) dH,j+1) (Pij) +oy

EY = X; +

g;.<’

(A.49)

Condition (A.47) follows from expressing labor-market clearing (7) in relative changes together with (A.38) and
(A.39), where the non-traded labor share 1}[\{1 is defined in (A.40). Condition (A.48) follows from optimization of
producers of tradeable commodities.

The system (A.45) to (A.48) defines a solution for {ﬁj,ﬁj, Y;, WJ} given the change in the number of efficiency

units N; and expenditures in each region X;, and independently from heterogeneity across groups or spillovers.
Heterogeneous groups and spillovers enter through N;.
To reach an explicitly expression for Ni, we first note that the labor demand expressions in the market allocation

(13) allows us to back out the efficiency of each group:

[ o\ 1—r
A= (Lﬁ) (A.50)

Expressing the CES functional form for the aggregation of labor types in (36) in relative changes and using (A.50)

we obtain:

S (e () T () ) an

9/
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we _ _ wjiL]
A SR
units in a location to the distribution of wage bills in the observed allocation, the changes in employment by group,

where s is group 6 share of wages in city j. This expression relates the total change in efficiency

and the production function and spillover elasticity parameters.
The change in the number of workers {Lf} of each type in every location that is initially populated must also

be consistent with the spatial mobility constraint, (10),

o= TL() ™ (A.52)
uv = i —ac A 1-oc " :
o PR, "¢

In this expression, R; is the change in the price of non-traded goods in location i. Solving for the equilibrium in the
market from non-traded goods, after some manipulations this relative price can be expressed as solely a function of

the price of the own traded good, the price index of traded commodities, of aggregate expenditures in i:

1
I I A
L0 I bl 1=bpr p T+dp
N Tl A PHGTOY T 4 dy
Ri=|p: Y.i P vi X; " . (A.53)

Finally, the national labor market must clear for each labor type is

Z s?’glj? =1 for all 6. (A.54)

J

Ly . S
where s;“ 0= 2729, is group 0’s share of employment in city j.
]

In sum, an equilibrium in changes given a change in expenditure per capita {;g?} consists of {Pi,ﬁi, Yi, Wi, Nj, I:§7 ]fii, 1;9}

J
such that equations (A.45) to (A.54) hold. These equations conform a system of 5J + ©.J + © equations in equal

number of unknowns, where J is the number of locations and © is the number of types.

Planner’s Problem in Relative Changes In the implementation, we solve an optimization over {35;9}
subject to {T:’i,p}, Y, Wi, Nj, fg, R, 129} consistent with (A.45) to (A.54) in order to maximize the utility of a given
group 6, u?, subject to a lower bound for the change in utility of the other groups (uAe’ > u? for 0 # 0). This
problem (call it P3) differs formally from the baseline problem in Definition 2 (call it P2) for two reasons. First, it
features prices, expenditures and incomes rather than being expressed in terms of quantities alone, as in conditions
(A.38) to (A.44). We denote P3 an intermediary problem expressed in terms of income and expenditure rather than
quantities, but still in levels. Second, P4 is expressed in changes relative to an initial equilibrium rather than in
levels. We show here that the two problems are nevertheless equivalent. Therefore, the problem that we implement
has a unique maximizer under the conditions of Proposition 2.

To see that the two problems have the same solutions, we first focus on the first order conditions of problem P»
and compare them to the problem in levels P5 expressed in income and expenditures terms rather than in quantities.
Conditions (A.3) and (A.5) define the Lagrange multipliers corresponding to good and factor prices for P». They are
identical to the price index definition constraint of problem P5. Furthermore, manipulating these equations together
with the constraints expressed in quantities leads to the constraints expressed in terms of income and expenditure.
Therefore, a vector satisfies the first order conditions for P» if and only if it satisfies the first order conditions for Py’.
Then, note that the problem in relative changes stated here is simply the problem P} modified through the changes of
variable © — x,Z for all variables, where x, is a constant corresponding to the observed data and Z the optimization
variable in P5. The problem in relative changes considered here and the problem P, , and in turn problem P», have
therefore the same solutions, subject to the appropriate change of variables. In particular, a point that satisfies the

first order conditions under the conditions of Proposition (3) is the (unique) global maximizer for both problems.
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Proof of Proposition 4 Proposition (4) follows from inspecting (A.45) to (A.54) under the planner’s problem
in relative changes defined above. Note that, given the elasticities {ac,p, b{fyj, bfq,j, dHJ-}, and as long as b > 0,

computing the change in tradeable expenditures requires information about gross expenditures over tradeable income,

) H .
pX;, This information is also needed to compute the non-traded labor share 1;’\; in (A.47).However, as shown in
777 i

(A.40) and (A.41), % can be constructed from the elasticities {ac, by, biy,dm,;} and the share of wages in gross
J°a
WiN;
x; -

expenditures,

B Data Appendix

We detail the construction of the variables used to implement the counterfactuals. We rely on three primary
data sources: i) BEA regional economic accounts, CA4 Personal Income and Employment by Major Component
(https://www.bea.gov/regional /downloadzip.cfm); ii) estimates of disposable income by MSA from Dunbar (2009)
based on BEA regional economic accounts (https://www.bea.gov/papers/xls/dpi-msa_working_paper_2001_2007_results.xls);
iii) March CPS based on the IPUMS-CPS, ASEC 2007 sample (https://cps.ipums.org/cps/index.shtml).

B.1 Appendix to Section 5.1 (Data)

MSA-Level Outcomes We first extract from Dunbar (2009) the following information: population, personal
income, and personal tares paid by MSA, in 2007. To split personal income by source of income, we merge this data
with the BEA Regional Economic Accounts. We compute the share of personal income corresponding to each possible
source: labor income, capital income, and transfers. Specifically, we measure labor income as BEA’s earning by place
of work;42 capital income as the sum of proprietor’s income, and dividends, interests and rents; and transfers as
current transfer receipts.43 Combining these shares with the total personal income and taxes by MSA from Dunbar

(2009) provides us with a measure of labor income, capital income, transfers and taxes at the MSA level.

Break-Down By Skill Group We split these totals at the MSA level into two groups, high skill and low
skill. To that end, we use March CPS data , part of the Integrated Public Use Microdata Series (Flood et al., 2017).
The March CPS reports, at the individual level, income by source (labor, capital and transfers), MSA of residence
and level of education. We define as high skill those workers who have completed 4 years of college, or more; and as
low skill those who have completed less than 4 years of college, or have not gone to college. We aggregate individual
level data from the March CPS at the MSA-group level, to get an MSA-level estimate of capital income, labor income,
transfers and taxes by group, as well as the population of both groups.44 We do not use this information directly,
as the MSA aggregates from individual-level data might be noisy, in particular for smaller MSA’s. Instead, we use
this information to construct the shares of the MSA-level outcomes from the BEA described above corresponding to
each group of workers. That is, for each MSA 4, we compute sF = )}L)j_% where )Z'f denotes total MSA i-group
0 level capital income, labor income, transfers, taxes or population in lthe 1march CPS data. We use this share sZ,
together with the MSA-level dataset for income described above, to build our measure X! = X;s? of MSA-group

42The BEA’s earning by place of work is comprised of: wages and salaries, supplements to wages and salaries,
proprietor’s income, net of contributions for government social insurance, plus adjustment for residence.

43Current transfer receipts is defined as the sum of government social benefits and net current transfer receipts
from business (https://www.bea.gov/glossary/glossary_p.htm).

4Gpecifically, we aggregate the following categories to measure capital income: income from interest, from divi-
dends, from rents. We aggregate the following categories to measure labor income: wage and salary income, non-farm
business income, farm income, income from worker’s compensation, alimony and child support. We aggregate the
following categories to measure transfers: welfare income, social security income, income from SSI, income from
unemployment benefits, income from veteran’s, survivor’s, disability benefit, income from educational assistance. We
aggregate the following categories to measure taxes paid: federal income tax liability, after all credits, and state
income tax liability, after all credits.
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level population, labor income, capital income, transfers and taxes. We also compute the corresponding per-capita
6 x?
measures for each MSA-group: z; = 5

Controlling for Heterogeneity within Groups Before applying it in the quantification we purge the
raw data described above from compositional effects across MSA’s. We use Census data (IPUMS) to obtain the
share of individuals with the following characteristics for each MSA-skill group: age by bins :<20, 20-40, 40-60, >60;
detailed level of educational attainment: less that 8th grade, grade 9-12, some college (those are relevant for the low
skill group) and bachelor, masters or professional degree (for the high skill group); share black; share male ; share

unemployed, share out of the labor force; and share working in manufacturing, services, agriculture. We then proceed

6
as follows: denoting by z? the per-capita measure )L(,é (where X 9 can stand for labor income, capital income, transfers

or taxes) in MSA ¢ and group 6, we run the followiﬁg MSA level regression, separately for each group 6:

o = a5+ BIDEM; +&!, (A.55)
J

where DEij is the demographic variable j enumerated above in MSA ¢ and for group 6. The coefficients ﬁf measures
how demographic characteristic j correlates with zf across cities within group . We then adjust the observed z¢

from compositional differences across cities measured as deviations from the population mean:

=2l -3 B (DEMSJ. - DEMJ.G) (A.56)
J

where Bf is the estimate from (A.55) and DEM]‘? = %Zl DE]\/[Z%.45 The adjusted measure ¢ can be interpreted
as the value that that variable z? would take if the demographics of group 6 in city ¢ where equal to the mean
demographics of group @ in the country. Through this procedure, we remove heterogeneity across cities within groups
due to observable compositional difference. For the quantification we use ¢ to measure each per-capita outcome.
The corresponding MSA-level variable is Xf = 29L%. The resulting data (Xf, 29, Lf) is our MSA-group level dataset,

where X stands for labor income, capital income, transfers and taxes.

Expenditure per Capita We construct expenditure by group and by MSA, z% in the model, as disposable
income by group. Disposable income is

e = w1470+ 17 + 11", (A.57)

The variables {wf,Tf,Tf}, respectively labor income per capita, tax paid per capita (where d <0isa tax), and
transfer received per capita, are directly taken from the BEA/CPS dataset constructed above. We measure v as
the average fraction of national capital income owned by each type 8 worker in BEA/CPS dataset. This step gives
b3L® = 0.59 and bV LY = 0.41. Finally, we set a value for national profits and returns to land II¥ that is consistent
with the general equilibrium of the model. Using profit maximization in the housing sector and market clearing in the
non-tradeable sector we obtain the following expression for II* as function of calibrated elasticities and observable
outcomes:
(1-ac) ¥, gy X LY (w! (1 + 7)) + 1Y)

dp i
17(17ac)2i#29b%§

Using ! we then construct X; (aggregate expenditure by MSA) as X; =3 L%29 and sf’e (share of expenditures by

o =

(A.58)

type within MSA). Following these adjustments, we need to ensure that the sum of transfers paid by the government

equal the sum of taxes levied. To that end, we scale all transfers uniformly so that they add up to the sum of taxes.

This ensures that the government budget constraint holds.6

4Le., we define ¢ = &8 + Zj BfDEMf + €%, where &Y is the estimated residual from (A.55).
46This step implies that transfers are uniformly scaled down by 35%. The fact that total taxes and transfers do
not match in our dataset comes in part from having removed heterogeneity that is not place-specific from the data
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Traded and Non-Traded Sectors We need data on the relative size of the non-traded sector in each city
to calibrate the labor shares by sector. The CPS data also reports the sector of activity of workers. We measure at
the MSA level the share of workers who work in the non traded sector by counting all workers in the following NAICS
sectors: retail, real estate, construction, education, health, entertainment, hotels and restaurants. This measure is
not group-specific. To remove unmodeled heterogeneity in this measure, we compute a series of MSA-level socio-
demographic characteristics, as above, and regress the share of workers in the non-traded sector on these demographic
characteristics. We compute, as above, the predicted share of workers in the non-traded sector in each city, assuming

that demographic characteristics of the city are at the nationwide mean.

Trade Shares We need data on trade shares between MSA'’s, sf\f and sﬁ (import and export shares). These
flows are observed in the CFS data, but not at the finer geographic level that we consider here (MSA). Therefore,
we adapt the procedure in Allen and Arkolakis (2014) and Monte et al. (2015), whereby the import shares from the
CFS data are used to parametrize the elasticity of trade with respect to distance. In particular, the model implies

the following expression for share of location ¢’s imports originating from j:

l1—0o
1-bL !l
”/ Y Y
M dji W Pj

Jji
Pi Zj

= (d;0752) " (A.59)

where 67 and 6]-D are origin and destination fixed effects. We assume that trade costs have the form Indj;; =
YIndistj; + eji, where distj; is the great circle distance between MSA’s j and i. We the use Allen and Arkolakis
(2014) estimate for ¢ and set trade costs to dj; = dist;ﬂ.. We then construct the smoothed import shares s% between
MSA’s using A.59. To that end we must obtain the values of {5jD, (5?}7 which are uniquely pinned down, up to a

normalization, by considering the identity that sales equals income:
M
bY, = S SE, (A.60)
i

together with equation (A.59) and the definition of the price index, leading to:
e

(5?)0—1 = (dji(st) . (A.61)

Plugging (A.59) and (A.61) in (A.60), we get a system N equations in N unknowns, which we solve to recover

{5}3, 5?} and in turn sj‘f The export shares are then constructed using s])i = (pE;,) s%, where spending F; and
777

traded income p;Y;.

B.2 Appendix to Section 5.2 (Calibration)

Intermediate Input Shares We provide details about the calibration of the intermediate input share in
non-traded goods. We use the following equilibrium relationship from the market clearing condition in the non

traded sector in city j:
W;N/J
1—by,; = ———2— (1+du;). A.62
H,j (1 — OéC)Xj ( + H«J) ( )

We compute this expression using the observed wage bill of worker sin non-traded sectors W; N. ]H and total expenditure
X; described in the previous subsection, and our calibrated values for ac and dpg,; described in Section (7). In
. . . . w;NH . . -
practice, this step requires observing u—(J)zW (1+dm,;) € [0,1) in all cities. However, for some cities we find
J

H
W, N/

Toac) X (1 +dm,;) > 1. In these cases, we recalibrate the housing supply elasticity in the non-traded sector dg, ; such
J

and from our treatment of capital to be consistent with the sources of capital income (profits from housing rents),
which scales down its share in income relative to the data.
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that Y2 (14 dpr;) = 1, and set bl , = 0.47 For four MSA’s where 5 > 1 t WiNA = (1 X;
am(ﬁ-m])—,an set by ; = 0. or four s where —-jx; > 1, we se N =(1—ac)X;

. This corresponds in practice to scaling down W NjH by less than 2 % in these cities.

Efficiency Spillover Elasticities Under the assumptions of the quantitative model, the labor demand

condition (13) gives the following expression for the log wage of type-6 worker:
lnw? = [p (1 + 759) — 1] In (L?) + pwé)/’g In (L?l) +InW; —(p—1)InN; + lns?. (A.63)

where In Ef = pln ZJQ captures productivity shocks at the worker-city level. In data generated by this model and

expressed in differences over time, we would have
Anw) = [p(14+95%) = 1] A (L) + pyiroAtn (L) + Ay + Alne] (A.64)

where Ak; = AlnWj; — (p—1)AlnNj is a city effect. We can adopt two approaches to map Diamond (2016)
estimates. She estimates equations (27) and (28) in her paper using Bartik shocks as instruments. The only difference
between these equations in her paper correspond and (A.64) is the fixed effect Ax; here. Assuming that the inclusion
of the fixed effect Ax; would not alter Diamond (2016) estimates, we can directly map her estimates in Column 3
of Table 5, i.e. p(1+7Eg) —1=0.229, pvj s = 0.312, p (1 + ) — 1 = —0.552, pv&y = 0.697. Applying the p
reported from her analysis then gives (Yy, v0s, vou, v5s) = (0.14,0.8,1.78,2.15).

We further re-scale these implied spillover elasticities so that they imply a city-level estimate of efficiency spillovers
in line with classic references such as Ciccone and Hall (1996) or Combes et al. (2008). The typical estimating
equation in these and related studies summarized by Rosenthal and Strange (2004) consists of a regression of average
city wages w; on city population L;, variously instrumented assuming a single spillover elasticity. In log-changes,
such an equation would take the form: w; = ’yPI:j + 15, where 1; is a city effect and ~F is the city-level spillover
elasticity. In our environment, city-level wages are w;L; = N;W;. Under the assumptions of the quantitative model,
applying (A.51) we find that an exogenous shift in the total population of city j keeping its composition across groups

constant would then imply:
w; = [SJW’S (mf,s + 75,5) + (1 - SJW‘S> (7§U + %’iu)] L +Wj, (A.65)

where s;.}V’S is the share of skilled workers in wages in city j. Through the lens of our model, the coefficient v
estimated at the city level would correspond to sW-5 (755 + 75%) + (1 - W) (75[] + 'y{zU), where sW-5 is the
average skill skill share across cities. Therefore, we uniformly re-scale the 'yf’ o coefficients backed out from Diamond
(2016) above such that, under their scaled values, sW-5 (v& g + 7 )+ (1 - sWiS) (v6u +vbw) =~ foray” =0.06
from Ciccone and Hall (1996) and sW:5 = 0.49 as observed in our data. The elasticities resulting from this procedure

are reported in the text.

Amenity Spillover Elasticities Diamond (2016) reports estimates for equation (31) in her paper, which

(using our notation for the variables in common with her analysis) has the form:

0 0 wj 6 R 0 6,D 6
AlnLj = agAln F] +a;Aln (FJ) + asAln (a].’ ) + AE;, (A.66)

J

J

A0’
0,D "¢ . e . .
da ;= II o (L? ) is the endogenous component of amenities in her analysis and (ao, a1, a2) are estimated coeffi-

s U S ,AS ,AU\ _
4-774 )_

cients. Columns 3 and 4 of Table 3 of Diamond (2016) reports the following point estimates: (ag, ag,as ,as,

(4.026,2.116,0.274,1.012,2.6, —2.6). We can generate the same expression from our setup and match the coefficients

4"This step affects the profits generated in the economy, in practice reducing slightly the implied values of II* and
X; whose construction we described in the previous subsection of the appendix, which in turn modifies (A.62). We
iterate to find the unique fixed point of the procedure.
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from our model to these parameters. We do so allowing for idiosyncratic preference draws within each type as in
Section 31 (i.e., assumingoy > 0), and show that whether or not we allow for these draws has no impact for our

quantification, provided we match the point estimates above. The labor-supply equation implied by (31) is

0
o¢ln Lg =In <?> —(1—ac)ln <%> +In (af-) —+ (09 InL? — lnug) . (A.67)
J

J

A a,0 ~A,0
v i : : 0,D Yo,0—BY7CTT 0,D
We redefine our amenity index a? defined in 38 as a function of a; " a? = Ag (L?) 9,6 a;"”, where B“’e =

A
% is by construction constant over #’. Using this condition in A.67, re-arranging and expressing the equation in

changes we obtain

o — . a,0
AlnL} = ! Aln (?)- L —ac Aln (%)Jr b Aln () +a¢]
(70 =ty ) + BrocAe 5] (o0 —ity) + BeocA0 37 (o0 = ity) + B0cA0
(A.68)
where Ag? = W (ln A?- +ooInL? —In ug)A Comparing A.66 with A.68 readily allow us to map
Diamond (2016) estimates to our parameters as follows:

B a a0 1
0,6 — ) Y
Qg Qg
0
A G2 .40
Yeo',0 = 7(
Qg

u S ~AS ~AU
¢, ¢Y)

for @ = U, S. The resulting numbers are reported in the text. We note that, conditional the estimates of (ag, as,ay a3,
in A.66, we back out the value of 'ygAﬂ — 0g but are unable to distinguish 'ygAﬂ from —oy. However, as discussed in
Section 31, *yg;fg — 0p is the relevant summary statistic to characterize optimal allocations and policies given data

under the definition of the planner problem with idiosyncratic preference draws defined in Section 31.

Equivalence of Amenity Spillovers Between Multiple and Single Worker Types In the
quantitative section we implement a version of the model with a single type of worker, using a single spillover elasticity
~4. To find this elasticity, we note that, under a single worker type, the labor-supply equation (A.67) expressed in

time differences becomes

AlnL, = —WAl (Aln (%) —(1-ac)Aln (%)) + A (A.69)

where A¢; includes changes in aggregate labor supply and exogenous components of amenities, A;. In turn, under
multiple worker types, the labor supply equation at the city level results from aggregating the supply of multiple
workers:

0 A

1 ! R; Y

AlnL? = sf’eiA <A1n <PJ> —(1-ac)Aln (PJ)) + Zs;’e Z ei/ﬂAAlnL?, +AE? (A.70)
0 76 = Tp.0 J J 0 079 %0 ~ Vo0

where Aff includes changes in the labor supply type-0 workers and in the exogenous component of amenities, A?. We
can draw an equivalence between the aggregate elasticity that would be estimated assuming homogeneous workers
(i.e., using (A.69)) when the true model includes heterogeneous workers, so that the data is generated by (A.70). In

the latter, assuming a shock that exogenously changes population and expenditure per capita in the same proportion
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for every worker, aggregating the labor supplies by skill we obtain:

L,6

L=

L,0_ A
% e,

E

J
A 20 5o, (
1- Ze 29/7&9 ae,ﬂ/(;\;’

i - B —(1-ac) (B = ) + A, (AT1)

where sf’a is the share of type 6 workers in j and Ag; =3, sf"’Agf. Comparing (A.69) with (A.71), we obtain that,

at the average share of type-0 workers in the economy, s&:? = % Zj sf‘e, the coefficient that would be recovered is:

SL’G"’(?’ 0

J 5

P D e T

v —o= T . (A.72)
Zg —i—

Yo.9—C0

When implementing the model with a single worker type we use this expression to determine v — o. s discussed in
Section 31, v — o is the relevant summary statistic to characterize optimal allocations and policies given data under

the definition of the planner problem with idiosyncratic preference draws defined in Section 31.

C Appendix to Section 6.4 (Robustness)

Figure A.1: Transfers relative to Wage by Skill Level and MSA under Different Pareto Weights
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The figure replicates Figure 5 under alternative weights for each skill group in the planning problem. In the case “low

weight on U”, the weight is 10 times larger for high skill workers. The welfare changes are (uAU, uS ) = (0.89,1.28). In

the case “high weight on U”, the weight is 10 times larger for low skill workers. The welfare changes are (uAU7 uS ) =

(1.18,0.90). The case “equal weight” corresponds to the optimal allocation in Figure 5.
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Figure A.2: Urban Premia under Different Pareto Weights
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Note: each panel reports outcomes across MSA’s in the optimal allocation under alternative weights for each skill
group in the planning problem. See the note to the previous graph.
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Figure A.3: Urban Premia under Different Spillover Elasticities

(a) Urban Wage Premium
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Note: each panel reports outcomes across MSA’s in the optimal allocation under alternative parametrizations of the
“Low A spillovers” corresponds to amenity spillovers that are 50% lower than the benchmark.
The welfare changes are uU = 45 = 1.033 in that case. “High P spillovers” corresponds to efficiency spillovers that are
3.3 times larger than the benchmark. The welfare changes are uU = uS = 1.073 in that case. The case “benchmark”

spillover elasticities.

corresponds to the optimal allocation in Figure 7.
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