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SPATIAL STRUCTURAL TRANSFORMATION AND INEQUALITY 1

I Introduction

The last half-century has seen a remarkable structural transformation of the world. While there has been sus-
tained deindustrialization and a general shift towards the service sector in most developed countries, there is
a significant variation in the extent of this structural transformation across geography within a given country.
Figure 1 shows the change in employment shares for both the manufacturing and service sectors in US cities
over the last half-century. In the left-hand panel, both the median share of people employed in the man-
ufacturing sector and its spatial variation represented by the blue inter-quartile bands have been declining
in most cities since the 1970s. In the right-hand panel, there has been concurrent growth in the share em-
ployed in the service sector. However, in contrast to the manufacturing sector, this continues to show large

geographic variation. While the causes and consequences of structural transformation have been well docu-

Figure 1: Change in Employment Share across U.S. Cities (MSAs)
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Note: These figures show the change in employment share for the manufacturing and construction sector and the service sector. The red line shows the median across MSAs in the U.S. and the blue

lines show inter-quartile ranges for any particular year.

mented at a national level, we know very little about what drives its variation across space within countries.
And, importantly, the uneven impact of this structural transformation could explain both spatial inequality
and geographical variation in the social mobility of workers.

In this paper, I (i) show how amenities and productivity spillovers are the main drivers of the geographical
unevenness of structural transformation and (ii) use the model and fitted data to perform counterfactuals that
allow me to trace out the consequences of this variation for inequality and mobility across metropolitan areas
in the US. To this end, I build a dynamic economic geography model based on a standard gravity framework
that incorporates overlapping generations, multiple sectors and the frictional adjustment for workers who
switch locations and industries. In their youth, workers’ tastes for which industry to work in is a function
the industries represented in their location of birth. Given their tastes for industry and locations, they choose
cities and industries to work in later in their life, and this fuels the dynamics of labor allocation across in-
dustries. Incorporating overlapping generations of workers to characterize the evolution of labor allocation
across space and industries is a novel extension of the economic geography model.

Structural transformation in a given locality is caused by both differential technological progress between
industries and non-homothetic demand. My model therefore provides a tractable expression for understand-
ing the key mechanisms that determine the spatial dynamics of total factor productivity (TFP), welfare, fac-
tor prices and intergenerational mobility. I then calibrate this model using data on U.S. metropolitan areas
(CBSAs) from 1980 to 2010 to obtain the amenity and productivity estimates that drive differential rates of
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structural transformation across locations and then trace out their effects on inequality and mobility.

My dynamic economic geography model has three key components: (i) structural transformation caused
by both non-homothetic preferences and differential productivity growth across sectors, (ii) a multi-location
and multi-sector version of the gravity model, and (iii) barriers for workers to switch locations and indus-
tries. Conditional on the technological progress in fundamental productivity, the non-homothetic preferences
of individuals between the manufacturing sector and services sector leads to a different slope of the Engel
curve across workers in different locations and industries. I embed this mechanism of structural transforma-
tion in the multi-sector version of the gravity model and this enables me to consider the microstructure of
spatial linkages in production and consumption. Compared to the standard formula in this class of the model
(Arkolakis et al. 2012), my model adds endogenous productivity spillovers through both the labor mobility
and consumption margins due to non-homothetic demand. Firms are competitive and firms in each location
benefit from other locations over time because they can exploit technology developed in other places through
the in-migration of workers who bring knowledge with them. The different patterns of demand shifts by
workers imply heterogeneous gains from trade by geography and sector, and disparity in real incomes leads
to the localization and sector specialization of workers. These agglomerations are essential in the endogenous
mechanisms creating the spatial variation of structural transformation and its relation to the spatial inequality

in welfare.

Once I have defined the structure of demand, production and trade, I present an overlapping generation
theory for workers’ choice of local labor markets which drives the dynamics of labor allocation. Individuals
live for two periods. In the first period, individuals choose the location and industry that will be the focus of
the second period. Individual workers’ decisions on where to supply labor depend on two probabilities: (i)
their location choice is determined by amenities, real income and mobility costs; (ii) the choice of an industry
that reflects the future expected return and exposure to the previous generation’s sectors of employment
in their home local labor market. Conditional on the choice of industry, lower migration costs increase the
opportunity for labor mobility on geography, allowing workers to move where higher returns from work
exist, leading to welfare gains. Turning to the industry choice of individuals in the first period, I introduce
the simple microfoundation for the influence of the industrial composition in the previous generation on
their choice. An individual receives information regarding jobs in an industry from the previous generation
in the local labor market where they live in the first period. If there are a large number of workers in any
particular industry among the previous generation, an individual in the next generation has more exposure
to the industry and receives more information from it. This information leads to different taste values. An
individual then decides on an industry that gives them the highest expected utility, taking into account their
specific taste values. This, in turn, creates a path dependency in the local labor market over generations.
Intuitively, an individual’s choice of industry is affected by the degree of structural transformation in the
local economy. This is consistent with a large body of sociological literature and empirical evidence from the
study of the local labor market. In the model therefore, individuals’ decisions feature two probability choices
that take quite different roles in the transition of local labor markets. The former accounts for how local
characteristics and spatial structure define labor supply, and the latter explains why the transition process of

workers persists in some local economies.

Together with these key mechanisms which drive the geographical pattern of structural change, I also
provide a quantitatively oriented theory to study the consequences of the distributional effects of structural
change on workers’ inequality over space and time. The model allows me to characterize the local labor market

dynamics with the Stolper-Samuelson effect and the Rybczynski theorem at work in the spatial economy.
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In equilibrium, the disparity of wages, consumption and sector-specific local agglomeration forces create
cross-sectional inequality among workers. For upward mobility over generations, the two sets of workers’
idiosyncratic preferences over locations and industries and the extent of structural transformation determine
the equilibrium intergenerational income mobility. Therefore, my model with overlapping generations and
workers’ mobility speaks to the fundamental source of the variation of inequality and upward income mobility

with a focus on the role of the geography of structural transformation.

After exploring the key qualitative and quantitative insights in the theoretical model, I calibrate the model
with the data from U.S. metropolitan areas and multiple industries. I consider 395 core based statistical areas
(CBSAs) and 17 industries in the manufacturing sector and the services sector, and a construction sector. I
first estimate some parameters by exploiting the structural equations in the model. I use gravity equations
for internal trade and migration to estimate their elasticities. I then estimate key parameters that determine
workers’ industry choice based on the data on wage and employment by industry and CBSAs, leveraging
the model structure. Subsequently, I invert the model to recover the time-varying fundamental productivity
and amenity estimates by industry and CBSAs for different periods, 1980, 1990, 2000 and 2010. While I
allow for high dimensions in locations, industries and time, I find that my model remains tractable and allows
me to compute these fundamentals in the real economy. Based on the inverted fundamentals and computed
workers’ choice, I calculate the measured TFP, welfare and intergenerational inequality across space. The
quantification highlights the quantitative importance of different margins in the model that determine the

geographical variation of structural transformation and its impact on welfare and upward mobility.

Armed with the estimated parameters and inverted fundamentals in the economy, I perform two sets of
counterfactual exercises varying (i) technological progress and (ii) local amenities. For the former, I start by
quantifying the effect of fundamental technological progress on the geographical pattern of structural trans-
formation, welfare and upward mobility. To do this I conduct a counterfactual exercise where the evolution
of fundamental productivity in the service sector shows different patterns to the baseline. I also look at what
happens if information technology (IT) intensive services had not experienced technological advancement
over time. Namely, I compute the counterfactual equilibrium when the fundamental productivity of commu-
nication services and finance, insurance and real estate (FIRE) was fixed after a negative shock to the baseline
economy in 1990. In addition, I look at a counterfactual to assess the role of technological progress in the
manufacturing sector due to the adoption of robots. I find that such fundamental productivity growth drives
spatial variation in structural change via differential productivity spillovers and demand shifts. Technological
progress, on average, lowers the upward mobility of workers and I find pronounced geographical variation
in this effect. For the latter I perform a set of counterfactuals where I vary amenities across localities. In
the model, fundamental amenities for workers are location and industry specific, and they include location-
specific migration barriers and sector-specific taste shifters. To assess the importance of labor mobility, I first
suppose that migration barriers are low. Further, I assume that the geographical variation of amenities be-
comes uniform so that every worker in any particular industry enjoys the same benefit from amenities across
space. In these model counterfactuals, I find that the persistent variation of fundamental amenities is crucial
for explaining the regional disparity in TFP changes and workers’ mobility. This leads to the disparity in
welfare and intergenerational income mobility among workers across CBSAs observed in the U.S. I also find

that lower migration barriers yield higher geographical and income mobility for workers.

The power of the framework developed in this paper is that it is tractable and is capable of performing
various counterfactual exercises to study policy interventions and their consequences of inequality among

workers from both cross-sectional and intergenerational perspectives. It is applicable to a whole range of set-
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tings beyond that examined in this paper. My key finding is that interplay between structural transformation
in the aggregate and local economies is critical for understanding spatial inequality and worker mobility. The
dynamic nature of my spatial model allows me to study phenomena that have received limited scrutiny but
which are of fundamental interest in a country which is increasingly riven by growing inequality and barriers
to upward mobility. My paper addresses how the structure of the spatial economy - through trade and migra-
tion, local labor market exposures and agglomeration - shapes individual outcomes. We begin to understand
why citizens in different cities in the same country have such different outcomes. Why some remain mired in
the Rust Belt with limited prospects whilst others reside in the most dynamic cities on earth. We also begin
to glimpse why rising inequality might constrain upward mobility thus providing microfoundations for the
Great Gatsby Curve that the late Alan Krueger originally pointed to. These issues of inequality and limited
mobility are perhaps the most important facing not just the U.S. but a whole range of countries across the
world. My paper contributes by opening the black box of how the structure of economy can influence patterns

of inequality and mobility in different locations.

Related Literature. My work is related to the explanation of the structural transformation in macroeconomy
(Matsuyama 1992, Caselli and Coleman II 2001, Ngai and Pissarides 2007, Matsuyama 2009, Buera and Kaboski
2012, Herrendorf et al. 2014, Matsuyama 2019, Comin et al. 2020) and the neoclassical analysis of regional
disparity (Barro et al. 1991, Barro and Sala-I-Martin 1992). Bairoch (1991) described the role of cities during
the time of structural transformation in the world. In the context of the spatial economy, there is a line
of discussions about the underlying sources of the diversity of spatial development: input-output linkages
(Puga and Venables 1996), innovation and entrepreneurship (Brezis and Krugman 1997, Duranton and Puga
2001, Glaeser et al. 2015), trade costs (Redding and Venables 2004, Redding and Sturm 2008), the interregional
transport network (Duranton and Turner 2012, Allen and Arkolakis 2014), spatial spillover of technology
(Desmet and Rossi-Hansberg 2009, Desmet and Rossi-Hansberg 2014), and amenities (Rappaport 2007, Glaeser
etal. 2016)." My model integrates them to make these ideas quantitatively precise, and I propose the structural
approach relating to the recent empirical findings of Hornbeck and Moretti (2020).

Theory adopts the recent modeling of non-homothetic preferences to consider the role of heterogeneous
Engel curves across local labor markets in the spatial pattern of structural transformation and inequality.
Matsuyama (2019) studied the implication of the non-homothetic demand system in the two-country inter-
national trade model. Comin et al. (2020) investigated the non-homothetic constant elasticity of substitution
(CES) demand system in the structural transformation of the macroeconomy. I adopt the non-homothetic CES
demand system for keeping the tractability of the model compared to previous works using different types of
preferences.” The modeling approach of dynamics is similar to that of Allen and Donaldson (2019). However,
my study has different motivations. The extension of their framework to multiple sectors and the introduction
of linkages between generations in labor supply add new insights for spatial inequality and worker mobil-
ity. The counterfactual analysis to study the quantitative importance of different margins is also related to
Caliendo et al. (2018) for sectoral linkages and Hsieh et al. (2019) for labor misallocation.

The quantitative framework shares some common features with the growing literature on quantifiable
general equilibrium with space (Redding and Rossi-Hansberg 2017). In particular, my research is closely
related to the dynamics of the spatial economy through labor mobility and productivity spillovers. There

is a list of papers that analyze the theory of dynamic equilibrium in economic geography (Krugman 1991,

' Others include: Banerjee and Duflo (2005) for the distortion of resource allocation across space; Rossi-Hansberg and Wright
(2007) for the human capital accumulation; and Saiz (2010), Hsieh and Moretti (2019) for differences in housing supply.

* There are different specifications for the nonhomothetic preferences applied in international trade and urban economics: Fieler
(2011), Caron et al. (2014), Simonovska (2015), Handbury (2019).
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Matsuyama 1991, Ottaviano 1999, Baldwin 2001). At the expense of forward-looking choices, my approach
provides tractability to isolate the importance of migration barriers, local labor market exposure, structural
transformation and externalities in the workers’ response to any particular shock. This is also my attitude
toward the recent advancement in the formulation of the spatial dynamics of perfect foresight infinitely lived
workers response to external shocks (Artug et al. 2010, Dix-Carneiro 2014, Dix-Carneiro and Kovak 2017,
Caliendo et al. 2018, Caliendo et al. 2019, Caliendo and Parro 2021, Kleinman et al. 2021). For labor mobility,
my approach is also related to Porcher (2020) on the role of information friction in internal migration, although
I underscore the past industry distribution in the decision to work within the local labor market. Regarding
productivity spillovers, Desmet and Rossi-Hansberg (2014) and Desmet et al. (2018) built the model for tech-
nology diffusion. The model in this paper incorporates their concept but is more tractable to accommodate
dynamic gain and loss from agglomeration economies, spatial linkages and consumption-led growth. This
allows for a detailed description of welfare, TFP, and wealth over time and space for a wide range of shocks.
Among others, Michaels et al. (2012) provided the static model that studies the link between urbanization and
the shift of labor from agriculture to manufacturing. Eckert and Peters (2018) considered the dynamic version
of the structural transformation of the early U.S. economy. Fan et al. (2021) accounts the regional difference
in the service led growth in India. Compared to them, I explicitly consider the role of spatial linkages and
frictions that are abstract in their model. The spatial structure is important. With trade costs, remote places
exhibit higher prices in tradable goods. The complementarity between goods and services leads to smaller
expenditure share and employment share of consumer services in the remote places even if they are endowed
with high productivity. Therefore, the ordered spatial structure matters to assess the fundamental productiv-
ity. In addition, the model presents new approaches for analyzing labor mobility across locations related to
the policy discussion3.

Finally, as an essential contribution, I take an approach focused on the structural mechanisms for the
recent discussion on the dynamics of inequality by geography. In addition to the cross-sectional inequality
across locations (Glaeser et al. 2009, Behrens et al. 2014), I derive an implication for the heterogeneity in
intergenerational mobility found in recent studies, including Ferrie (2005), Long and Ferrie (2013), Chetty et al.
(2014), Feigenbaum (2015), Biitikofer et al. (2019), Fogli and Guerrieri (2019), and Boar and Lashkari (2021).
This paper’s approach and quantitative results complement their evidence, and I can obtain the absolute effects
of structural change in the economy on the upward income mobility of individual workers.

The rest of this paper is structured as follows. Section II describes the spatial variation of structural
changes and its relation to factor prices and the upward mobility in the U.S. Section III develops the model,
and Section IV describes the analytical results for accounting objectives in the model along with the numerical
illustration of equilibrium. The data and parameters for calibration and calibration procedure are described
in Section V. The results of calibration and quantitative analysis for the U.S. economy are discussed in Section
VI. Armed with the data and parameters, Section VII presents the results of the counterfactual analysis in the

U.S. economy. Section VIII concludes.

I Spatial Variation of Structural Transformation in the U.S.

I'start by documenting the spatial variation of structural transformation in the U.S. economy. Figure 2 displays
the relationship between changes in employment share and initial employment level across CBSAs for the

manufacturing sector and services sector over different periods, using the data on industry level employment

3 This includes: Diamond (2016), Giannone (2017), Fajgelbaum et al. (2019), Ossa (2019), Burstein et al. (2020)
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from the county business pattern (CBP). In the left-hand panel, cities with large initial employment in the
manufacturing sector showed a significant shift of workers to the services sector during 1980 — 1990. Al-
though this pattern became less pronounced in the later periods, it shows that the deindustrialization of the
U.S. economy has been led by cities where the size of the manufacturing sector was large. This implies that
employment in the manufacturing sector has been dispersed across space over time. In the right-hand panel,
the service sector exhibited a weak relationship between the change in the employment share of the services
sector and the initial size of employment in the sector. This shows that the variation in the employment share

of services across cities has not declined over time in contrast to the manufacturing sector. Another observa-

Figure 2: Geography of Structural Transformation in the U.S.
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95% confidence intervals. Employment is normalized by the total employment in the economy.

tion in these figures is a large variation in the change of employment composition for specialized cities. For
both the manufacturing sector and service sector, the confidence intervals become large for cities with large
size of employment in a particular sector. One logic that creates the spatial variation in this structural trans-
formation is the differential productivity growth across space through fundamental technological differences
and productivity spillovers across space. Therefore, my model allows spatial heterogeneity in fundamental
productivity growth and spillovers. Another driver of this geographical unevenness in structural transfor-
mation is a significant difference in demand. In the U.S., while the average expenditure share of goods has
declined and that for housing and services has increased in most places, there is considerable variation in
expenditure share across cities. In addition, a larger expenditure share on services is associated with a large
consumption expenditure and the relationship has been observed for different periods. See Online Appendix
for the expenditure share for some representative cities in the U.S. To reconcile this pattern, I incorporate the
non-homothetic preferences of individuals in the model. This leads to the different slope of the Engel curve
of workers by their locations and industries.

The population distribution is uneven across cities and agglomerations change the value of local amenities,
which is reflected in land and housing prices. Figure 3 shows the changes in the U.S. economy in the average
and standard deviation of the house price index and its relation to the structural change. In the left-hand
panel 3a, the standard deviation decreased before 2000, then increased. The right-hand panel 3b confirms
that changes in housing prices are relatively small in markets where services are concentrated, and the initial
housing prices are high in the 1990 — 2000 period. This is consistent with the decline in the variation of

housing prices. In contrast, there has been a polarization in housing prices since 2000. These variations
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in the housing prices and the underlying local amenities are essential margins that account for the welfare

disparity by place occurring in the structural transformation phase. In the model, I introduce the different

Figure 3: Spatial Variation of Housing Prices in the U.S.
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value of amenities for workers by location and sector and developers that supply residential stocks. I discuss
the variation of the price of residential stocks across space and time and how it is related to the pattern of
structural transformation.

Lastly, Figure 4 shows the relationship between inequality in the local labor markets (CBSAs) and the
change in service employment share. This is consistent with the significant income inequality in large cities
where employment of services increased in 1980 — 1990 but turned out less pronounced later. Turning to
intergenerational mobility, Figure 4b displays the variation in the measure of upward mobility of workers
across metropolitan areas constructed by Chetty et al. (2014) and its relation to the change in the service
employment share. The measure of upward mobility represents the expected rank for children from families
with below-median parents’ income in the national distribution. They exploit residents born in 1980 — 82 and
their income is evaluated in the years 2011 —12, and related to the income of their parents back in 1996 —2000.
There is a large variation across U.S. cities in the upward mobility, and the structural transformation toward
the service sector in the local labor market is associated with lower intergenerational income mobility for
workers. In the next section, I develop a quantifiable model to consider the variation of upward mobility and
its relation to structural transformation. Intuitively, more structural transformation to services inherently
low productivity growth in the local economy and the lower degree of labor mobility together lead to lower
upward mobility. Therefore, the current labor composition of the local economy and the pattern of structural
transformation is important to create the variation of upward income mobility. Modeling with overlapping
generations and workers’ mobility speaks to the fundamental source of the variation of inequality and upward
income mobility with a focus on the role of the geography of structural transformation.

The heterogeneity in structural transformation across space gives rise to the question of its redistributive
effects across space and over generations. What are the underlying drivers that create the spatial variation
of structural transformation? What is their quantitative importance in explaining the spatial inequality and
upward mobility of workers in the U.S. economy? To address these questions, I build the quantifiable gen-

eral equilibrium model that accommodates heterogeneous geography, fictional adjustment of workers across
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Figure 4: Inequality and Intergenerational Mobility across the U.S. Cities

1 — 1980-1990 = 2000-2010 %

45

40

Coefficient of Variation of Income in CBSA

Upward Mobility for Cohort '80-82 (Chetty et al. '14)

-1 0 1 2 3 -1 [ 1 2 3 4
Change in Service Employment Shares over the Period Change in Service Employment Share, 1980-2000

(a) Urban Inequality (b) Upward Income Mobility

Note: (a) Inequality within local labor market is measured by the coefficient of variation (CV) of income. The polynomial fitted line for CBSAs in the U.S. Dotted lines show 95% confidence intervals.

(b) Measure of the absolute upward mobility comes from Chetty et al. (2014): the expected income rank for children from families with below-median parents’ income in the national distribution.

locations and industries, and structural transformation.

IIT The Model

I develop a theoretical framework that investigates the spatial heterogeneity of structural transformation and
its consequence of inequality in the dynamic spatial economy. The mechanisms behind the structural trans-
formation are together demand driven consumption inequality and heterogeneous distribution of industries
founded by the trade costs and agglomeration economies. Those mechanisms highlight how shocks in the
economy lead to changes of labor mobility and industrialization across geography. Those dynamics, in turn,
creates the dynamics of both nominal and real income inequality along with the spatially biased regional

industry reallocations.

The basic environment is following. Time is discrete. A single country consists of a discrete number of
locations, indexed by 7, £ or n € N. Ilet K denote the set of S + 1 industries: there are S tradable industries
and single sector providing the structure or housing services, which I refer sector 0. Each sector is indexed
by j, k or s. Locations are different in fundamental productivity, amenity and land endowment. Immobile
landlords own the raw land, and the total units of land is 7}, and it is unchanged over time. Locations differ
in terms of fundamental amenity B; = {B;;} and fundamental productivity A; = {47,}. At generic time
t, the economy is inhabited by two overlapping generations of equal size L: the old born at period ¢ — 1 and
the young born at period ¢. Only the old work and consume with each of them supplying a unit of labor
inelastically. Accordingly, at any time, L also represents the total number of consumers and workers in the
economy. Each local labor market is characterized by the combination of location () and industry (s). Young
workers decide in which location to live and in which industry to work when old, thus potentially giving
rise to intergenerational changes in employment across local labor markets. In this respect, the first period
of individuals is formative years. Online Appendix A presents the details of each element in the model not

included in the main text.
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IIILA Demand, Land of Opportunity, and Exposure in Local Labor Market

I consider the individuals’ decisions for the consumption, industry to work and location. At the initial of time
t — 1, people of generation ¢ are homogeneous ex ante. During the period ¢ — 1, individuals in location ¢
observe the idiosyncratic taste shocks relating to the industry choice for future. They anticipate the wage and
prices in the next period ¢ and compute expected payoff for the future. Given the expected payoff, they decide
the industry, and I take that choice is unchanged later. At the initial of period ¢, individuals draw and observe
the amenity shocks across locations and they decide location n where they live in period ¢. They move to the
destination at the initial of period ¢ subject to bilateral migration costs. In the location, they supply one unit
of labor inelastically and decide consumption allocations. The lifetime utility of a worker w of generation ¢

who lived in ¢ in period ¢ — 1 and works and consumes in location n and industry s in period ¢ is:
InUy; (w)=1n By +1n C;t(w) —InDp;+ +In zf}t(w) + In vy, 1 (w),

where C;, ;(w) is subutility function associated with consumption of individuals. The utility benefit from

s
n,t>

amenity, B; ,, is common to sector s workers living in 7, and migration from location ¢ to n incurs the utility
cost Dy, ; that reflects any impediments that movers across locations face.> The idiosyncratic taste shocks
from industry choice 2} ;(w) depends on the origin of the worker. The second idiosyncratic shocks of amenity,
Up,t(w), depends on the destination but independent across i and s. I describe them in detail later.

For the demand system, my objective is to study the implication of demand heterogeneity across workers
and locations along with the structural transformation in the economy. Therefore, I depart from the stan-
dard CES demand by introducing a heterogeneous income effect across sectors, keeping tractability in the
substitution effect. To this end, in the baseline analysis, I adopt the implicitly additive separable consump-
tion aggregator featuring non-homothetic CES demand discussed in Hanoch (1975) and recently Matsuyama
(2019) and Comin et al. (2020). While there are alternative approaches In the international trade and macroe-
conomics literature®, as I discuss below, the non-homothetic CES demand system in the baseline analysis has
advantages: first, I keep non-homotheticity in the asymptotic; second, I easily accommodate multi-sectors;
third, the elasticity of substitution between sectors is constant; and fourth, the elasticity of relative sectoral
demand with respect to aggregate demand is solely determined by parameter values. These gain tractability
and entail the core mechanisms of demand shift.

Workers of generation ¢ working in location n and sector s receives income Wy, , which include labor
earnings (wage) and surplus distributed among workers. I refer p;, = {pﬁ7t} to price of consumption of
goods. The expenditure share of a worker with income W, is given by:

7/’1§\n,t = aZ’l (pfz,t/sz,tyia (Wi,t/sz,t> Gkil, kek (1)

where o = {ay}, 0 and 8 = {0} are exogenous preference parameters and I assume (0, — o)/(1 — o) >0

for all industries.” P;, , is aggregate ideal price index corresponding to the optimal consumption patterns for

* This can be easily extended to allow exogenous heterogeneity including race and gender. See discussion in the subsection IILE.

5 This conceptually includes moving costs between locations, the cost of job search in different locations, as well as the cost of
searching a place to live. For any location 4, I assume that D;; ; = 1 when I discuss the analytical results. This assumes that people
can relocate within the same location between two periods at the same cost across locations. Yet, in the quantification of the model,
I allow D;; + may different across locations.

¢ The different types of non-homothetic preferences include: Stone-Geary preference; price independent generalized linearity
(PIGL) preference (Buera and Kaboski 2012, Eckert and Peters 2018); constant ratio of income elasticity (Fieler 2011, Caron et al.
2014); income specific elasticity of substitution between goods (Handbury 2019).

7 This ensures the global monotonicity and quasi-concavity of the consumption aggregation. See Online Appendix A.1 for details.
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workers in sector s and location n that solves:

1/(1—0)
nt - <ZO& pnt 1 U(W’ri,t/,])ri,t)ek_1> (2)

kek

Using the price index, I let W, , denote the real income for workers in location n and sector s: Wy, =
Wi /P I 0 = 1 for all k, this becomes standard (homothetic) CES price index. I emphasize the three
key elasticities for this demand system (1). First, the elasticity of substitution between sectors is 1 — ¢ which
keeps the feature of the standard CES demand function. Second, the elasticity of relative demand between
two different sectors to the aggregate demand is specific to the pair of sectors and the elasticity is governed by
0, by sector. Third, income elasticity varies across sectors and depends on expenditure patterns: individuals
exhibit higher income elasticity of demand for the industry with large 6. When expenditure shifts to an
industry with large 6, the income elasticity of consumption becomes lower as the relative slopes of Engel
declines for all sectors.

Tlet Y, = W;

s . . . _ s
Ly, be aggregate income of workers in location n and sector s and Yy, ; = >, Yoy

also define income share of workers in any particular industry: y, ; = Y,7;/Y, ;. Then, the change of local

expenditure share on sector k between time ¢ and ¢ — 1 at the first order approximation becomes:

Yn,t s€iC En,t—l n,t

EF Wn Y n,
dln —mt :Zw [(l_g)dl (p t) +(9k—1)dan£7t+dlnny¢ (3)

where Ekt is aggregate expenditure on sector k in location n. The local level Engel slope changes over time
through substitution effect, real income change (VV;, ;) and the change of income distribution (y;, ;) given
previous expenditure patterns.

Turning to the location choice of workers, I formally posit the followings for the stochastic factor:

ASSUMPTION 1 An individual draws vector v = {v; 1(w) }icpr from the time invariant multivariate distribu-

tion: G({vi¢(w)}) = exp (= > ;cpn(Vit) ™). vit(w) and vy ¢ (w) are independent: v;(w) L vy ¢(w) for any
i # n conditional on industry choice.

The shape parameter reflects the dispersion of the idiosyncratic utility. Low € implies higher heterogeneity in
taste across places to live, and € — oo implies that all individuals face the same order of locations in terms of
the utility benefit. Under Assumption 1, the probability that worker born in ¢ at period ¢ — 1 ends up working

in location n at period ¢ conditional on choosing industry s equals:

BS W € 1/e
nt’Vnt . s s . €
Anils,t = <W> with  Uj, = (Z (BeWz,t/Dez,t) > (4)

LeN

U i+ 1s expected utility conditional on job choice s. By law of large numbers across continuum of individuals,
each element of matrix As¢ = {5} characterizes the share of movers among individuals of generation ¢
conditional on industry choice s. The share becomes large when the destination exhibits higher real income
from consumption (W, ;) associated with the adjustment of amenity value (B;, ;) and discount of migration
costs (Dp; ¢). Therefore, Ust reflects the land of job opportunity for individuals born in ¢ when working in
industry s.

I turn to the distribution of idiosyncratic taste shocks relating to the choice of industry, z; = {zit(w) }

An individual of generation ¢ + 1 in location ¢ receives the discrete number of taste shocks for each sector
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from previous generation ¢ during the formative period, ¢t. An individual of generation ¢ + 1 (young) spends
entire one unit of time for job choice during period ¢. An individual acquires information containing taste
shock from existing workers in the local labor market. An individual split one unit time into 7" time spans
with interval A, and she receives the valuable information regarding industry s with probability ./, during
A. Within each time span, an individual decides time allocation across different industries to maximize the
logit of probabilities of receiving the valuable shocks. I'let O(J;;, L;,) denote time required to achieve the
probability J,. This is increasing in /7, and decreasing in L} . Intuitively, marginal time needed for obtaining
valuable information becomes small if there is a large pool of existing workers. For the objective function,
an individual maximizes average of odds that captures the chance of receiving valuable taste shocks relative
to valueless ones regarding industries with minimizing the average coefficient of variation for the number of
valuable taste shocks in a unit time.® Specifically, during time span A, an individual of generation ¢ + 1 in

location 7 solves:

-k
s _ Ji -k o1k ok L 1 k\—
Jiy = argjfyél(z%)ﬁ) { g In —— s.t. g O(j; ,Liyt) <A, O ’Li,t) =—1In < k) (Li,t) Ti}

ree LU kek Chit

The first constraint is time constraint. In the specification for (’)(Jit, Lf,t)’ (Cs,t and 7 are strictly positive
constant. (,; is a scale shifter and 1 quantifies how much an individual can save time when there are more
existing workers in the local labor market. Taking the limit A — 0, the problem above can lead to that
the number of shocks an individual of generation ¢ + 1 receives during a unit of time is following Poisson
distribution with arrival rate .J;;. Further, to gain the tractability, the value of each shock is supposed to be
following Pareto distribution with shape parameter ¢ and shocks are independent. The parameter ¢ defines
tail of Pareto distribution and small value implies fat tail distribution for the size of shocks. Intuitively, if ¢
becomes small, an individual is more likely to receive higher value of shock in job choice. Therefore, there
is more idiosyncrasy in the industry choice. Summarizing the assumptions about the taste shocks that an

individual of cohort ¢ + 1 receives:

ASSUMPTION 2 An individual of cohort t + 1 solves (5) and consider the limit case A — 0 to characterize the
distribution for the number of arrival shocks. The value of each taste shock follows independent Pareto distribution

with shape parameter ¢ > 1.

Intuitively, this assumption argues that individuals face the consideration set when deciding future industry
and location of work, and the set is influenced by the labor market environment. Given the set, individuals
make their decisions following subjective expectations about future returns.” Let m;,(w) be the number of
shocks an individual receives from location ¢ and industry s. An individual decides industry s to work in if
and only if:

_ m — o o (m)
seck : max Uiktzft( ) > max max Uiziy . (6)
m€{172""7m']§,t(w)} ’ ' SIEIC m€{17277m:y/t} ’ 7

Under Assumption 2, I derive the share of cohorts ¢ + 1 in location ¢ that choose industry s:

JE

5 1/6
Uit . n/ - ¢
<zt+1=<s¢<Lf,t>"( ’”) with  Vier = (ch,t(Lftt) (G ) . )
ke

Vits1

¥ The coefficient of variation captures the relative variation of number of valuable information over the average number of valuable
information. Minimizing such variation is isomorphic to maximizing the logit.

® The subjective expectation about future wage differentials is an important factor that affects young people’s schooling and career
choices (Dominitz and Manski 1996, Keane and Wolpin 1997).
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The matrix ¢; = {git} close the individuals’ decision process and it determines the geographical distribution
and its dynamics of labor supply. The share of individuals, 7, , ;, depends on three components. The shifter
(s, translates the macro effect in the industry choice that is common across locations. The large probability
of choosing sector s is associated with large size of employment in previous generation (L;,). Intuitively,
more existing workers in the local labor market can save the marginal cost of information acquisition and it
turns to be large number of expected number of shocks that arrive to young generation ceteris paribus. This
result can be interpreted as a path dependency in job choices at the local labor market over generations.
This formulation under Assumption 2 is consistent with empirical evidences of intergenerational linkage
in job choices and work behavior in labor economics'®. In particular, the path dependency in the specification
may capture the path dependency in the local labor market through education. Some U.S. manufacturing
cities, including Buffalo, Cincinnati and Youngstown (Ohio), have underdeveloped the infrastructure to edu-
cate young generations for a long time, and the number of high school and college graduates has been low in
these cities. For these cities, the industrial specialization leads to the underinvestment into education: workers
of steelmaking or paper-pulping tied to specialized industries did not have any motivations for higher educa-
tion or education for the new technology in services. Therefore, specialization of the industry has a long-term
effect over generations through the accumulation of schooling.’* The specification of workers’ idiosyncratic
taste shocks also reflects the recent literature in the intergenerational transmission of preference apart from
the endogenous creation of human capital or productivity. In their findings, the previous generation affects
the formation of preference and risk attitude for the current generation through the neighborhood effects and
the formal or informal social interactions. '* Lastly, individuals of cohort ¢ 4+ 1 choose sector s with high
probability when conditional expected utility (Uit) is large since it determines the advantage of industry s in

terms of net gain for their future.

IIILB Technology and Trade

I build on the multi-sector and multi-location Ricardian model embedded with input-output linkages and
externalities from agglomeration. In each tradable sector, there are final good producers and intermediate
good producers. In each location, final good producers supply local consumption goods and materials using
sector-specific intermediate goods, and their technology is CES with elasticity of substitution . The final
goods producers supply consumption goods or materials in a competitive fashion but they are consumed

locally. The time span of each period is not too short, and I assume that final goods are produced and used as

' Loury (2006) showed that around half of jobs are found in the network among relatives and friends in the U.S., and the highest
wage was paid to workers who found the job through male relatives in the prior generation. Kramarz and Skans (2014) investigated
the relationship between parental network and job entry of their children. They showed that young workers find the first stable job
in a parent’s firm, and the effect is more substantial for low skilled jobs. Corak and Piraino (2011) found the direct evidence on inter-
generational transmission of employers in Canada; Lindquist et al. (2015) found that the probability of children’s entrepreneurship
increases by around 6o percent given parental entrepreneurship in Sweden. The intergenerational linkage in the job choice found in
the literature is one potential feature behind the recent trend of intergenerational mobility, as discussed in Corak (2013).

' To consider the movement of people for education, I extend the baseline model to include the additional choice of individuals
for education. See subsection IILE for further discussion.

'? The relationship between generations in the job choice can be explained by the (unobserved) transmission of taste or preference
instead of investment of education or financial assets. For example, in the historical context, Doepke and Zilibotti (2008) highlighted
the impact of the previous economic environment on the formation of the preference among the future generation. Dohmen et al.
(2012) found that the risk attitudes in preference are transmitted from parents to children and there is a neighborhood effect in the
transmission. Fernandez et al. (2004) and Fernandez and Fogli (2009) suggested that there are significant effects of female labor par-
ticipation in the previous generation on the work and fertility behavior among the second generation, and this reflect the persistence
of the formation of preference between generations. These pieces of evidence suggest that the non-cognitive transmission of taste
over generations matters to explain the observed behaviors of agents, and the transmission occurs in the formal or informal social
interactions discussed in Manski (2000).
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inputs simultaneously in each period. Therefore I do not consider the dynamic decision among firms.
Intermediate goods’ as well as the factors’ markets are perfectly competitive. Intermediate goods are pro-
duced using labor and materials exploiting a Cobb-Douglas function. Firms face location and sector specific
productivity Z = {Z},} and firm specific productivity that is drawn from Fréchet distribution with shape
parameter ks > 1 in the wake of Eaton and Kortum (2002). Intermediate goods can be traded incurring
a sector-specific iceberg trade cost, so that delivering one unit of an intermediate good from n to ¢ requires
s

75 . > 1 units, with 7;

ind = >+ = 1. The probability that final producers of sector s in location ¢ source intermediate

goods from location 7 is:

s (TiniZnt/Zng) "™

S e E Zg T She= @i 1] @)™ 0
Z? bl b

JEK\O

T

In turn, price of final good in location ¢ for consumers is:

—1/kKs
pit =T (Z (Tise,tEZt/ZZt> ) (9)

LeN
o\ /(=)
where 'y =T (1 - is constant. The trade elasticity for industry s is k5. The gravity structure
of regional trade characterized by (8) and (9) summarize the spatial linkage of goods.
The aggregate productivity in the local production place is increasing in employment size and evolves

through the spatial spillovers. I make the following assumption:

ASSUMPTION 3

P
Vs
Zz‘s,t = Af,t (Z Lfn,tZZ,t—1> ( zst)

neN
foralli € N and s € K\0.

I allow the fundamental productivity A7, to change over time to reflect the technology change in sector s in
the local economy. Suppose that p = 0. Then, productivity increases in the size of local workers to power
~s > 0, which naturally arises when economies of scale exist. Suppose that p > 0. Each location benefits
from other locations through workers (including stayers) who have ideas of sector s. Then, the formulation
of productivity spillover in Assumption 3 captures has two features. First, the "technology” is embodied with
workers in tacit form (Polanyi 1958), and it moves across locations over generations. Intuitively, a large in-
flow of workers from productive places enhances local productivity. This is microfounded by the movement
of workers who produce ideas based on the knowledge accumulated in the previous places — standing on the
shoulders of Giants.'? Second, technology spillover across space depends on the by the local economic con-
ditions. Intuitively, inflow of workers (L;;, ¢) reflects the current economic condition in location 7. Therefore,
gains from the productivity spillover is high in the location with high real income. This is in line with the clas-
sical study of the technology diffusion across space (Griliches 1957). Further, this representation claims that
locations differ in technology adaption to the macroeconomy trend of productivity change in the exogenous
term of A; = {Aft} The exogenous environment may create a random difference of productivity across
space, while employment growth and flow of "ideas" create the self-organizing technological advancement

across space that is related to labor mobility and demand-led growth.'¢

'3 A series of works Desmet and Rossi-Hansberg (2009, 2014) and Desmet et al. (2018) introduced the explicit mechanisms of local
technology diffusion and spatial correlation of productivity.
' When p = 0 and s = 1/ks, this specification is isomorphic to the new economic geography model in which the mass of firms
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III.C Development of Residential Stocks

Sector 0 denotes residential structure in each location. The structures are produced by a competitive devel-
oper sector who can convert structures over the residential land T' = {7;}. Ilet h;; refer to the stock of
structure per unit of land in period ¢ and v; refer to the constant depreciation rate. The production technol-
ogy of a developer sector exhibits constant return to scale. Letting lgt be the employment per unit of land for

development sector, I specify the technology by:

hit =v; (l?,t>x ((1 - Bi)hi,tfl)lix (10)

Therefore, I think of development as the process of adding structure to the previous stocks by exploiting labor.
The productivity is unchanged over time and normalized.’> The share of labor in construction is given by .
I also think v; as a fundamental advantage of location in the supply of residential stocks and h; captures the
efficiency in the renewal of residential stocks or depreciation rate. Small value of h; leads to relative increase
of residential stocks conditional on the current stock.

I consider the bidding process for developers to obtain the right to develop the place by paying rent to
landlords. I denote the bidding price by r; ; per unit of land. The aggregate surplus extracted from developers

in location ¢ through bidding becomes:

Ry =ri Ty = (1 — x)vip}, (L?,t)x <(1 - Bi)Hi,t—1> o (11)

Landlords in each location collect the surplus R;; and this captures classical idea of law of rent by David
Ricardo: the total land rent is equal to the share of land in total cost of production. Given the fixed amount of
land, the bidding price for a unit of land is determined endogenously to balance the total endowment of land
and the surplus from development of land.

Lastly, I make an assumption about the division rule of the surplus among the population to take the

general equilibrium effects into account.

ASSUMPTION 4 In each location, individuals hold a portfolio of land that is proportional to their labor earnings

share.

On top of the tractability, Assumption 4 does not distort the income distribution at location since income is
proportional to wage.'® I refer W;; to the total labor earnings of generation ¢ in location 7 and I let y1;; = 1+

R; +/W; +. Under Assumption 4, the income of each individual of sector s in location i becomes W, = p; ;ws,.

III.LD Equilibrium and Aggregate Dynamics

I now move to the aggregation in the economy to define the equilibrium. Combining individuals’ choices in

self-selection ¢; in (7) and gravity structure of migration A, in (4) determine the spatial allocation of labor and

is proportional to the mass of labor due to the fixed cost of entry and monopolistic competition. Nevertheless, I emphasize the caveat
in the interpretation. In the present model, the agglomeration forces work as externalities in production, but not through love of
variety or extensive margins. Hence, the results of quantification are different. See discussion in Online Appendix A.3.

!5 This is in line with Davis and Heathcote (2005) that shows almost no change of productivity in the U.S. construction sector.

'S Another way of distribution rule is that the total land rent is divided among people with equal share. Then, the income becomes
wfyt + R;+/L; . The drawback of this specification is that income ratio between workers in different sectors are not preserved. This
feature is not convenient in the analysis of inequality of workers. However, the definition of competitive equilibrium is not largely
different from this assumption. In Caliendo et al. (2019), land is owned by a national investment fund to which all workers participate
with shares taken from the data. In the present model, land is locally owned by local workers. Hence, in their case land prices do not
affect the location decision, while in mine they do.
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its dynamics:

Lit = Z >‘ni|5,t§fz,th7t*17 (12)
neN

where L, ;1 is the total population of generation ¢ — 1 that choose location n: L, ;1 = ZSEIC Lfb,t—l' In
this equilibrium condition, I suppose that the ex ante indirect utility of generation ¢ born in ¢ is equalized: the
value of the outside option for generation ¢ born in ¢ becomes equal to V; ; to preserve the total population
over generation.'’

Given the consumption pattern of workers 1); and trade pattern 7, the market clearing conditions for

final goods implies that the total value of production of sector s is:

iy k ik rk
o= Z Bjs Z Tria Xt Z Vit WitLis, (13)

JEK\O0 neN kek

where, on the right-hand-side, the first term is demand from intermediate producers in location 7 for use
of materials, and the second term is aggregate demand from individuals consumption.’® Analogously, the

market clearing condition for residential stocks is:

0 kovk ok
PigHir = E :¢0\i,tvvi,tLi,t' (14)
kek

The right-hand-side is the total expenditure on housing of workers in location ¢ and ngli , captures the different
expenditure pattern of workers by their sector. The labor market of industry s in location ¢ clear at each point

of time:

wf,th,t = Bs Z szi,terL,tv
neN (15)

X - 1-x
w?,tL?,t = XVipg,t (L?,t) ((1 - hi)Hi,t—1>

where (3, is labor share of sector s in production of intermediate goods and Y is labor share in development
of residential stocks. To close the description of the model, ..\ Li¢ = L for all period ¢. This implies that
the total population size is fixed at the national level.

I define the equilibrium in the economy. I let F; denote the set of time-varying fundamentals, and F
denote set of time-invariant fundamentals. F; includes migration costs between locations (D, ¢), trade costs
(7;,.+)» exogenous productivity growth (47 ;), amenities (B;,) and exogenous shifter of macroeconomy taste
(Cs,t)- F includes efficiency in development of housing (v;), re-structuring parameter (h;) and endowment of
land (7). For the initial state, G includes the initial population distribution in the economy, the initial produc-
tivity (Z;) and the initial endowment of residential structure (i.e., housing). 2 denotes the set of parameters
associated with demand system, choice of individuals, migration elasticity, production technology, trade elas-
ticities, and productivity spillover. Then, variables of interest are dynamics of (¢, A¢, &, 7, Pr, Wi, Hy, 7))
expenditure patterns, location choice of workers, sector choice of workers, pattern of trade, price of consump-

tion goods and housing, wage, amount of residential structure and land rent.

'7Tlet V; ¢ be the value of outside option for generation ¢ born in location 3. If V; ; < V; +, people move to outside option and
total population of generation ¢ is strictly lower than L; ;1. If V;; = V; ¢, I suppose that people stay in the economy and total
population of generation ¢ is equal to L; ;1. If V; ; > V; 4, potentially people in outside option enter into the economy, therefore
total population of generation ¢ is equal to or more than L; ;1. Hence, I suppose that V; ; = V; ; in equilibrium to equalize the total
population of generation ¢ to L;,;—1, and V; ; is determined endogenously.

'8 To simplify the discussion, I do not include the net export to the international market here. Yet, it is straightforward to include
the exogenous term of the net export.
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DEFINITION 1 Given (Fy, .7~:, Go, Q), the dynamic equilibrium of the economy is characterized by endoge-
nous sequences of: 1, solving utility maximization, A; determined by (4), ; determined by (7), 7; determined
by (8), p+ that solve market clearing conditions (13) and (14), W that solves labor market clearing condition (15),

and H; and r; solving profit maximization of developers (10) and (11).

The dynamic equilibrium describes the full transition of economic activities over time and space. In Online
Appendix B.1, I discuss the forward solution of the model. Given the pre-period state, I solve the equilibrium
system to characterize the next period. To guarantee the uniqueness of the forward solutions, I need assump-
tions on parameters of (i) variation of idiosyncratic shocks, (ii) trade elasticity, (iii) non-homotheticity of de-
mand system, and (iv) externalities in productivity. Intuitively, larger variation in labor mobility (¢ and ¢) and
trade (ks) and difference in expenditure patterns (s and o) across workers are related to more labor mobility
in the equilibrium, while lower agglomeration forces (7;) prevents the concentration of workers as in black
hole. For the concrete discussion, I consider the special case in which p = 0 and x = 1. This implies that the
externalities in productivity are purely local economies of scale and the supply of residential stocks is elastic.
In this case, the dynamic equilibrium conditional on the initial state is unique when 5 < % (1 + %)
This condition is intuitive. When ¢ — oo, the idiosyncratic shocks for migration are homogeneous across
workers, and it requires a small value of 5 to avoid generating multiple equilibria. If 65 becomes large, the
condition becomes slack as large heterogeneity in consumption across workers of different incomes leads to
more dispersion. I also emphasize that the condition under the special case (p = 0 and x = 1) is conservative
since productivity spillover is purely local agglomeration and congestion force from land is small. Therefore,
I consider the condition as a bound for the unique dynamic equilibrium conditional on the initial state. Online
Appendix B.1 display the analytics for the special cases. I can characterize the dynamic equilibrium by the
system of equations for change in variables between periods. I compute the dynamic path recursively from
any state of the economy, and this is the tractable way to analyze the spatial dynamics featuring structural
change, regional specialization and inequality. I describe the system of equations and solution methods in
Online Appendix B.2. While the main aim of the model is a characterization of the transition process, the
level of the spatial distribution of economic activities in the (very) long run is characterized by the stationary
steady-state equilibrium in which all aggregate variables are constant given that the exogenous time-varying
factors (F;) are constant (F ™). The following statement gives sufficient conditions for the uniqueness of the

steady-state equilibrium in this economy.

PROPOSITION 1 Suppose that there exists a sequence of fundamentals such that Fy — F*. Then, the station-

ary steady-state equilibrium exists. The steady-state is unique under the regularity conditions:

x>0 N N Oln X}
max max e —
T seK\0(im)eNxN | OInL§ ’
L 0In&s oLk OLF
sup (€5 + Y T4 <1, Y &> max | Y &b
ey’ L OlnL; () ow; (0,5")#(i,s) (R 2 is) ow;

where X is matrix in which each entry is elasticity of export from local market (i, s) to wage of other local market

(,5'). £, = Ninjs - S, is transition probability for workers sorting into sector s and moving fromn toi.

The set of conditions argue the following. The first and second condition implies that linkage between local
labor market through trade shows the regularity conditions. The third condition argues that labor mobility

across space is large enough not to be clustered in one location, and the last condition is about the regularity
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condition for the linkage in local labor markets. In Online Appendix B.3, I show the manipulation of the

system of equations for the steady-state equilibrium and discuss its uniqueness.

IILE Discussion of the assumptions and possible generalization

Efficient labor. The taste shock in the industry choice of workers in the model is isomorphic to the human
capital specificity at industry level. Let z; = {zit} be a vector of idiosyncratic productivity that each worker
can supply and suppose that individual determines the industry that gives highest return from work. Young
generation receives the discrete number of productivity shocks and each value is drawn from Pareto distri-
bution as in Assumption 2. Then, the share of workers that choose the industry is the same as in the baseline

setting. The difference arises in the labor market clearing conditions.

Education. The baseline model abstracts any endogenous mechanisms that generate heterogeneity of labor
supply and productivity among workers. I can extend the framework to include an explicit education choice.
I allow workers to differ in terms of not just sector and location but also education level. Consider two dif-
ferent education levels, for instance, graduate or non-graduate. During the first period, an individual decides
whether to obtain graduate education and do so in the city of birth or other cities. Assume that she can only
leave the city of birth to obtain graduate education in the junior period. Other choices are the same as in the
baseline model. By introducing additional idiosyncratic factors in the net return of education, I can formulate

the probabilities of education choice by similar representations. See Online Appendix A.5 for details.

Infinitely lived workers with perfect foresight. Iconsider individuals that work only in the second period of
their life. Other approaches to see the dynamics entail infinitely lived workers with perfect foresight (McLaren
2017, Caliendo et al. 2019, Caliendo and Parro 2021, Kleinman et al. 2021). As I show in Online Appendix A.6,
infinitely lived workers and households determine the future path of mobility in a forward-looking way, taking
into account future shocks. Their choice of a given location is based on current real income but also an option
value associated with that location. Comparing such approach and my model, forward solutions of the model
upon the transitory shocks are different, and therefore different transitions arise. At the expense of forward-
looking choices, my approach gives tractability to isolate the importance of migration barrier, local labor
market exposure, structural transformation and externalities over space in the workers’ long-run response to
the common shocks. With such externalities and lower costs of labor mobility, there may exist the potential
issue of self-fulfilling prophecy and multiplicity of transitions that hinges on expectations rather than the
past. Therefore, it is challenging to characterize the option values by sector and geography and discuss the
intergenerational link (Krugman 1991, Matsuyama 1991, Ottaviano 1999, Baldwin 2001). It is also noted that
there is the equivalence between the two approaches when considering the backward solution to back out
the past fundamentals in the economy from the steady state. As shown in Online Appendix A.6, equilibrium
dynamics are fully characterized by transition dynamics between two consecutive periods. Hence, we can

solve the past states by backward from the steady state in both approaches.

IV Dynamics of Spatial Economy and Inequality

I now turn to the model’s implication for the dynamics of local productivity, welfare and inequality by geogra-
phy. I derive positive and normative analytical results regarding how common shocks or changes in exogenous
fundamentals shape the spatial disparity of productivity, welfare, and inequality along with the transition. In

this section, I use the notation for the change of equilibrium variables x; such that dlnx = In(x;/x;_1).
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Throughout this section, I assume that the fundamental amenities, sector-specific taste parameters and mi-
gration costs are unchanged: d In Bi ,=0,dIn¢;; =0and dIn D;,; = 0. In subsection IV.A, I first consider
the transition dynamics for the total factor productivity (TFP) in local economy and its spatial variation, then
I discuss welfare gains and losses in the transition. After that, in subsection IV.B, I derive the model’s impli-
cations for the dynamics of the equilibrium prices in the local labor market and immobile factors. Lastly, the
model’s simple framework speaks to inequality in the local labor market and intergenerational mobility in
subsection IV.C. Details associated with these analytical results are in Online Appendix C. In the last subsec-
tion IV.D, I describe the numerical results of equilibrium to explore the pattern of structural transformation

and inequality on the simple economy. I also present some numerical results for comparative statics.

IV.A  Measured Local TFP and Welfare Dynamics

I explore the role of spatial linkages of trade and labor mobility in the evolution of the local TFP and its spatial
variation. I refer to 67, as the local TFP of sector s in location .

The first objective is to see how exogenous shocks in the economy change the local level TFP differently
by geography. Intuitively, remoteness of the production places in the regional trade network, the pattern of
migration and local labor exposure in the sectoral choice together define the geographical variation of local

TFP change. I also derive the steady state level of local TFP. The following proposition summarizes them:

PROPOSITION 2 Suppose that there is a common shock in the fundamental productivity in periodt. The change

in measured TFP in the local economy is:

dInd;, 1 dlnwj, ~ dIn A s;  dlng,
) :1_7 ) < ~S lS ) ) )
dIn A3, nsdlnAft+zn: Ping T Vlint ) | A Az, T~ dm A,

- LS . Z2 T L3
where 28, = Tt s the contribution of location n in the baseline equilibrium; and 13, , = <=1 is
int = 15,70, f 9 sandlf, = s

the share of workers’ inflow. In the steady state, the local TFP converges to:

Inég; = —ﬁlslnﬂfi +ZKfn<lnAz +(ys+p)InL; +pAfL)

~ m
where K7, is (i,n)-th element of the matrix K* =" pm{/\mscﬁlfn} and A? is small positive constant.

To a common shock to the technology of sector s in the economy at period ¢, the second term reflects the gains
from trade: an increase of local TFP is associated with more export to other locations. A small trade elasticity
(ks) leads to a large variation of local TFP gains ceteris paribus. The third term conflates the scale effect
and spillover from the in-migration of workers. A large value of scale economies (vs) and spillover effect
(p) are associated with the significant variation of local TFP gains ceteris paribus. An increase in sectoral
productivity leads workers away from the sector, and its reallocation differs by location according to the
industrial specialization. Therefore, higher mobility of labor and a higher degree of industrial specialization
leads to a large variation of local TFP gains. These margins are key mechanisms that create the heterogeneous
transition of productivity in the local labor markets when there is a common shock. In the steady state, the
first term captures the comparative advantage in trade, and the matrix { K, } is the matrix summarizing the
linkages between productivity in other locations and the local labor market. See Online Appendix C.1 for
details.

Next, I consider the welfare dynamics in the transition of the economy. My interests are the spatial
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difference in welfare change and its decomposition into margins in the model. To this end, I use V; ; in (7) as
a measure of welfare for individuals of generation ¢t who have origin ¢. This measure is ex-ante average real
income conditional on the previous employment distribution.'® Then, I can represent the welfare change of

individuals between two consecutive generations of workers who have the same origin.

PROPOSITION 3 In the dynamic equilibrium, change of welfare measure over generations dInV; ; is propor-

tional to:
dIn )‘ii|s,t dln gst(Lft—l)i77 Y dIn es|zt 5 dlnﬂ-
|l — 7 +0s | T +65265J — (1—65) 2653
se\0
where €® ofit 18 expenditure on sector s by workers in sector s an location i, Esj is element of matrix (I — ]~3)*1

with B = {84}, and 0, =(1—0)/(0s — o).

See Online Appendix C.2 for details of derivation. The presented framework has essential margins that
determine the spatial variation of welfare changes (dInV; ;). The first term is the change in non-migration
probability with elasticity —1/e. Conditional on the sector choice, d In Aiijst 1s expected to be declining as
migration frictions are smaller, ceteris paribus. This term depends on the responses of labor mobility across
all local labor markets to arbitrary changes in the environment and summarizes the degree of the land of
opportunity for workers. When ¢ — o0, idiosyncratic shocks in location choice are homogeneous, and gains
from migration become zero. The second source of welfare dynamics is the change of the industry choice of
workers. The second term (—dIn¢7, /@) captures how flexibly workers move across sectors or how labor is
specific to the sector. Greater job opportunity for workers in location ¢ is associated with less labor specificity
to the sectors in their origin. Instead, a huge distortion in the sector choice () implies the lower opportunity
for the future location choice, and it turns out to lower welfare gain in dynamics. Given these endogenous
responses, the large heterogeneity in the taste shocks across industries (small ¢) leads to greater welfare
changes as it allows the variety of industry choice during the young for workers or less labor specificity.
The local labor market externalities lead to further job opportunities for sector s when the sector exhibits
employment growth in the previous period.

Apart from these choice probabilities of individuals, the last part in the welfare dynamics stands for the
change of real income from the consumption of tradable goods. With a non-homothetic demand system,
change in demand for sector s is decomposed into the change in expenditure patterns, change of purchasing
power in the local market and change in terms of trade. This part is related to welfare gains in international
trade. Namely, without factor mobility via migration (¢ — 00), self selection in industry choice (¢ — 00), and
non-homotheticity (55 = 1), this is collapses to multi-sector extension of Arkolakis et al. (2012). Comparing
the non-homothetic demand and homothetic demand (53 = 1), the welfare growth to the local price change
depends on the curvature of the local Engel curve. If the local Engel curve shows a relatively high slope (i.e.,
0, > 1), the size of welfare change and its spatial variation becomes large.

These welfare dynamics relate to the key mechanisms of reallocation of workers along with the structural
transformation in the model. Large migration opportunities, job opportunities, and consumption opportuni-

ties give an incentive for workers to move to the local labor market, and production relocates to the place

Y Tt is important to note that, in my model, the ex-ante expected utility among cohort ¢ also includes the Lagrangian multiplier
associated with (5). The multiplier is determined by the employment composition of the previous generation ¢ — 1. However, I do
not include the multiplier in the measure of welfare since it does not affect the choice probabilities of workers.
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in response to the productivity changes and demand shift. The spatial linkages between local labor markets
determine the distributional effects of TFP change and welfare change over time.
At this point, I can consider the welfare loss from the migration barrier. The following augment states

that the role of labor mobility and its relation to the variation of sector choice:

LEMMA 1 Suppose that any particular generation faces D;y, = 1 for alli # n. If ¢ < oo, welfare growth from

eliminating migration barrier is strictly small compared to the limit case as ¢ — oo.

I can evaluate the welfare loss from migration cost by the d In Vzg — dInV;; where dIn Vf; is the welfare
when migration barrier is eliminated, D;, ; = 1 for all ¢ and n. Eliminating migration frictions allow workers
to choose the sector that exhibits the highest average real income in the economy, as average real income
is equalized across locations. When ¢ — oo, workers have less specificity ex-ante location choice. Ex-ante
labor specificity makes it difficult to adjust the labor supply in the future, taking into account the sector-level
average utility change. Consequently, gains from eliminating migration frictions are large when workers are

homogeneous as ¢ — co compared to the baseline.

IV.B Measures of Local Market Dynamics

I now consider features of the model that determine the transition of local labor markets. The key measures
for the local labor market are twofold. First, employment distribution is given by the share of employment
across industries, [, = Lj /> ek Li?,t and its variation across space represents the geography of structural
transformation. Another one is the fraction of income for different industries y;, = w;, L7,/ ek wi-ftLﬁt
characterize the income distribution. These two measures are the sufficient statistics of the local labor markets.
Lastly, the dynamics of price for immobile factor explains the source of spatial variation of housing price and

land price.

Local labor market. By definition, the change of employment (dIn L) and change of income (dInY =
dInw + dIn L) characterize the change of the fraction of employment (f = {f;;}) and income (y = {y;,})
conditional on previous equilibrium state. The employment evolves by location and industry choice of work-
ers (12), and labor market clearing condition for each industry and location pins down income distribution
that is consistent with the employment growth in the local labor market. Based on the initial distribution
of employment and income in the economy, I obtain their transition dynamics of wages by the closed-form

representation as follows:

PROPOSITION 4 Suppose that ji; = 1. Then, wage growth for generation t satisfies:

s __ sj
dlnwm— E Ai,t—l

J
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w! . . . ;
j‘i’t) =1 js weighted geometric mean of expenditure share

for each type of worker with expenditure share on s among tradable goods in previous period V7, _,, O;r—1 =

where I use the following notations: &ft =11 j(

A ~ -1 -,
Zj \Ilit_IQj is weighted average of Engel slope, Ay, ;1 is an element of matrix (I—{)\mu,tq }ZJ) , \Ilg,t—l =
Do \Iijt_lgsj, Afﬁ;_l is the element of matrix (I — {Bj\ig,t—l}j,j) - , and Af,t—l = Zj Af,{t—l'

See Online Appendix C.3 for details and more general discussion. To keep the discussion clear, I assume

that the revenue from land goes to landlords absent in the economy. This proposition states how wage evolves.
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I consider a change of productivity over time but keep labor mobility costs fixed and assume land development
revenue is distributed to the absentee landlords. Then, the wage dynamics combine the Rybczinski derivatives
and the Stolper-Samuelson derivatives in the spatial economics framework. In the first term on the right-hand
side, the pre-determined elements {Afﬁ;_l} summarize the substitution of labor between sector s and ;. Hence,
the first term explains the effect of increased migration of workers in industry j on the wage of industry s.
Within the parenthesis, the first term is about the workers’ heterogeneity in consumption. Analytically,
{@ft} evaluates the distortion in expenditure patterns relative to the uniform expenditure share. The second
term factors the change of real income and the slope of the local Engel curve. When considering homothetic
demand system, 6;;—1 = 1 and this term is reduced to pure change of real income, dIn WZJ ;- These two
terms together determine the expansion of labor in industry j in the location ¢, and its impact on industry
s depends on the labor intensity in production. Hence, this term is about the Rybczinski derivatives. The
second parenthesis on the right-hand side states the relationship between TFP changes and wage growth.
As I discussed in Proposition 2, change in the import penetration and productivity contribute to the change
in TFP. Therefore, the matrix A = {Aj, ;} gives information of the Stolper-Samuelson derivatives that
summarizes how the change in trade pattern affect the wage. The input-output linkages and expenditure
patterns together characterize the derivative. These two derivatives determine wage changes to the common
shocks in the economy. The differences in elements {Af:{sjfl} govern the difference in wage growth between
industries, and the spatial variation of wage growth results from the variation in the probabilities of labor

reallocation (i.e., migration) and trade conditional on the local expenditure patterns.

Price of immobile factors. The immobile good - residential stocks — is essential as a dispersion force for
workers in the economy. In the model, the stock of residential structure shows the dynamics that reflect
the demand heterogeneity for housing. To account for the demand heterogeneity across workers, I let £ =
{ff +—1 } refer to the matrix whose elements are the pre-period share of housing demand by workers in industry
s. The following statement presents the mapping from land rent and income distribution to the price dynamics

of the housing:

PROPOSITION 5 Suppose that p;; = 1. The dynamics of housing price, to a first order term, is given by:

od lnﬁ?yt = —xdIn L?,t +dlnr;; + Z &1 [(d Iny’, — dlnygt) + (60 — @t,l)dln Wi +dln &it
se

where ﬁgt = pgt/ﬁm is relative price of housing, ;; is relative land rent, and p; ; is Tornqvist price index using

the pre-period expenditure share.

This proposition allows me to isolate different channels behind the spatial heterogeneity of housing price
changes. See Online Appendix C.4 for derivation. On the right-hand side, the first and second terms are stan-
dard mechanisms of housing supply. When the supply of housing is inelastic, x = 0 in the first term. The
direct pass through of land prices is given by 1 /0. The third term combines the change of income distribution,
the change of real income, and the shift of expenditure share. An increase in the income share of workers
of the industry s showing higher demand for residential structure leads to an increase of relative price, f)?’t.
Therefore, this term captures the relationship between the change of local income inequality and housing
price change. The next term is a change of real income associated with labor mobility. Suppose Engel slope
of housing () is smaller than the average level (9; ;—1). Then, a low probability of staying in the place is as-
sociated with increased housing prices since a stronger congestion force induces higher gains of migration to

other locations. The last term is the change of expenditure shares: large consumption inequality is associated
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with an increase in housing prices, ceteris paribus. Apart from the traditional channels of the heterogeneity of
housing supply, the transition dynamics of the income distribution, labor mobility, and consumption disparity

across workers create the fluctuation in the housing price index.

IV.C Dynamics of Inequality

Given the dynamics of prices, I am now in the position to discuss income inequality among individuals. The
first aspect of income inequality is the cross-sectional inequality among workers in any particular location.
This within-location inequality may change over time in response to the structural transformation. The second
focus is income mobility. The model, by its nature, can speak to the degree of upward mobility in the income

distribution relative to the previous generation.

Inequality. The probability mass function ({y;,}) gives the income distribution of workers in location i
during period £. The share of workers in place ¢ that receives a certain income level is equal to the share
of workers in the relevant industry. Therefore, the measure of income inequality in each location is fully
characterized by industry employment share and industry income share. As I discuss in Online Appendix C.5,

these two measures are sufficient statistics to evaluate intra-location income inequality by different widely

Iy = Z #G <yit>

seX it

used measures that take a form of:

where G(-) is an arbitrary function corresponding to different measures, including coefficient of variation,
Gini coefficient, and Theil index. Change in employment share (f) affects the income inequality through the
composition effect of workers conditional on the ex-ante wage difference in the local labor market, and the
relative wage change across industries is captured in y{,/ f5 as it is identical to the slope of the Lorenz curve
in the model. To see the mechanisms at work, I focus on the coefficient of variation where the function G(-)

is multiplicative decomposable.

PROPOSITION 6 Consider the measure of income inequality based on the coefficient of variation. The change

of income inequality at the local level over generations is:

dInZ;; = Z tip1dIn Gy, — Z <yis,t71 - fzfs,tfl)dln L,
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where 1}, is the contribution of sector s in the income inequality among previous generationt — 1, and let 77 ,
refers the transformed variables using previous income share such that r;, = se;c(z%t)yf“l .
See Online Appendix C.5 for derivation. This proposition illustrates how income inequality in the local market
is related to spatial structural change. The composition effect is a standard: employment shift from industry
with relatively lower wage to higher wage suppress the inequality. Other than this, relative growth of industry
(dIn 172), pre-trend of employment growth (d In it,l), change of workers’ sorting pattern in the sectoral

choice (dIn ), difference in no-mobility workers (d In 3\%\1 ) and difference in expenditure share in housing
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(d1ln 1;?) shift the income inequality together. First, the industrial agglomeration creates the uneven labor
adjustment process across industries in the first and second terms. With n = 0, there is no direct effect
of persistency in the adjustment of factor specificity. The relative wage growth in the sector is positively
associated with the sector’s contribution to an expansion of income inequality. If T assume no heterogeneity in
sectoral choice (¢ — o0), these mechanisms of factor specificity are absent in the change of income inequality.
A small probability of staying in the place is positively associated with a change in income inequality. When
idiosyncratic shocks are more heterogeneous (¢ — 1), its contribution becomes large as workers must face a
large gap in wage growth to stay conditional on industry choice. The last term says that the strong congestion
force counteracts the positive composition effects. Given that congestion forces are substantial when more
substitutes, this countereffect is magnified by lower 1 — o.

So far, Proposition 6 gives the general equilibrium relationship between the different trends of income
inequality in local labor markets along with spatial structural transformation, factor specificity, and labor

mobility.

Upward mobility. The model gives a simple framework to argue the relationship between spatial structural
change and intergenerational mobility of workers — how does the next generation climb up the income lad-
der compared to the previous generation? The model abstracts the exact linkage between individual pairs of
parents and children, and therefore I have no explicit inter-generational link between specific pair of parents
among generation { — 1 and children among generation ¢.>° Nevertheless, my model emphasizes the struc-
ture of local labor markets and mobility between them.>* Therefore, the model enables me to focus on the
importance of location choices and sector choices in shaping the geography of intergenerational mobility. In
particular, the model allows me to characterize (i) income distribution of generation ¢ (i.e., parents) in each
location, and (ii) income distribution of generation ¢ + 1 (i.e., children) who have the same origin. Using
them, I assess the general equilibrium relationship of income distribution between parents and children in
each location.??

I start with the discussion of the measure. Ilet R?; be the mean of percentile in the national income
distribution for generation ¢ working in location ¢, and th 1 refers to the expected percentile in the national
income distribution for the next generation who are born in location i. Using these measures, the baseline

index of intergenerational mobility for individuals in location 7 between generation ¢ and ¢ + 1 is:
M1 = RZt—&-l/Rgt (16)

The ratio M; ;1 is the expected climb up on the income ladder for individuals who have origin in location
. When location ¢ exhibits greater land of opportunity in terms of upward income mobility for the future,
M 41 returns a high value.

In the model, the measure (16) is fully characterized by the variables in equilibrium. The upward mobility
increases when workers of generation ¢ 4 1 sort into the industry with high wage growth and move to the
location with relatively high wages and large surplus from land. The first effect is controlled by the probability
of industry choice, and the second effect hinges on the expected value of relative income in the destination

to the origin. The average upward mobility (16) compounds these two forces. I summarize the relationship

*° Besides, [ abstract the details in the decision of human capital accumulation in the baseline model, and I do not impose a detailed
structure on the lifecycle of individuals. See discussion in IILE for them.

! This is the similar attitude of Huttunen et al. (2018) that emphasizes the structure of the local labor market and idiosyncratic
factors (e.g., family ties) in migration decisions, which turns out to be persistent of income difference across locations.

** Note that the income distribution in the model is characterized by the probability mass function across different income levels.
Income levels take N x (S + 1) different values.
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between the measure and the equilibrium of the model in the following proposition:

PROPOSITION 7 Define the income distribution in the whole economy Q; such that:

s j j s Ln,t s
A( i,t) = Z Zf%,tH[WTJL,t < Wi,t] 7 =Yt

neN jeK

The upward income mobility measure for generationt 4 1 in terms of average rank is:

s Qe1(Wy 441)
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I can compute the measure for the equilibrium in a straightforward way, and the measure (17) is very

intuitive. It is useful to see the decomposition of this measure into the different margins in the model:

Q7 Q3 s
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The first term of sector choice probability reflects the job opportunity in location ¢ for generation ¢ + 1. The
second term is about the local income inequality for generation t as it is the relative position of workers in
sector s to the local average in terms of income. The third term is the growth of the local labor market over
generations represented by the change of positions in national income distribution between two generations
for each industry. The last term in parenthesis captures gains from the geography of labor mobility for gener-
ation ¢+ 1. Thus, the variation of intergenerational mobility on geography is the consequence of the different
extent of structural change, and evaluate the importance of spatial economy regarding how further the young
generation can climb up on the income ladder.

I can define alternative measures for intergenerational income mobility. One index is related to absolute
upward mobility: what is the likelihood of earning more than parents? I can represent them by the probability
of earning higher than a worker at a-th quantile in the previous generation with any particular value of a.
Another measure captures the upward mobility from the bottom to the top by comparing the workers at the
bottom of the quantile and the top of the quantile. Intuitively, a large value of such index in particular place
i implies that the top income individuals arise from the cohort of generation ¢ 4+ 1 born in location ¢ where
workers in the previous generation are relatively lower income group at the national level. Therefore, this can
be seen as the "American Dream." See Online Appendix C.6 for discussion on these measures. As a baseline,

however, I use (17) since it is robust and shows continuity over time compared to other measures.

IV.D Numerical Illustration of a Dynamic Equilibrium

In this subsection, I provide a numerical illustration of an equilibrium. The goal is to understand the equi-
librium implications I discussed above more concretely. To this end, I consider the simplest spatial economy.
Imagine the hypothetical one-dimensional space (i.e., line) in which there are discrete locations over unit
space. They locate with even geographical intervals. Specifically, there are 250 discrete locations over unit
space [0, 1]. The simulation requires specifications for some fundamental environment and parameters in the
model. I briefly discuss the key settings here and Online Appendix D summarizes other details.

There are four sectors: manufacturing (M), non-tradable service (R), tradable service (S), and construction

(C). The construction sector corresponds to sector 0 in Section III. The elasticity of substitution between
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sectors is 0.4 and sector-specific income elasticities are set to be in line with Comin et al. (2020) such that
the tradable service sector shows a larger value of Engel slope compared to non-tradable service. I set trade
elasticity equalized across sectors: k = 6.0. I abstract input-output linkage for simplicity, therefore labor is
the only input in production. The static scale effects are set to be v\ = vs = yng = 0.20, and I abstract the
spillover in productivity (p = 0). For the construction sector, I set the depreciation rate of structure, 0.20, and
labor share is y = 0.35. For the choice of workers in labor supply, there are three parameters. The parameter
€ captures the elasticity of labor mobility across different locations to real income. Following Fajgelbaum et al.
(2019), I set € = 1.5. The next parameter, ¢, captures the elasticity of industry choice to the return from the
choice of industry. I assign ¢ = 2.5. Lastly, I set 7 = 0.80 as a benchmark. These values are similar to values

I adopt in Section V.

An exogenous environment is as follows. I turn off the spatial variation in amenities and land endowment
is homogeneous across space. Assume that initial fundamental productivity is high in the left edge of the space
and monotonically decreases to the other edge of the space. This rationalizes the concentration of manufac-
ture in the early period and enables to eliminate the potential multiplicity of equilibria.?3 I let the exogenous
productivity for the manufacturing sector grow at the exogenous rate in each period, while exogenous pro-
ductivity growth is absent for other sectors. I parametrize migration costs and trade costs. The bilateral
migration cost between location i and n is proportional to geographical distance D;,; = exp(d|i —n|). I
assign d = —In 0.5 that implies the remaining of utility after moving from the edge to edge is 50 percent.
The bilateral trade cost takes a form of Tijﬁt = exp (Tj li — n|) with sector j’s efficiency of transportation 77,
Set ™ = 75 = 0.15 for manufacturing and tradable services, while 7R = 1.0, so that non-tradable services
are much less tradable compared to manufacturing and tradable sector. For the initial state, without further

information, I assume that the initial equilibrium is consistent with the long-run steady state.

I first describe the baseline equilibrium and then proceed to see different scenarios. Figure 5 displays the
structural change and variation in housing prices in the aggregate economy. Panel 5a confirms the shift of
aggregate employment from goods (manufacturing sector and construction sector) to services (non-tradable
service and tradable service). The employment ratio of goods to services declines over time, driven by the
productivity growth of the manufacturing sector and nonhomothetic demand. Panel 5b shows the standard
deviation of housing prices and land rent. The spatial variation of housing prices increases as the agglomer-
ation of services arises in the right edge of space along with the decline of the manufacturing sector. Figure
6 shows the distribution of workers for three sectors. The gradation represents the share of employment in
each sector for any particular location. The left edge locations keep the manufacturing sector’s comparative
advantages over time but move to service sectors. On the other hand, the right edge cities show specialization
of nontradable services in early stages with shrinking of the manufacturing sector. This leads to demand shift
to tradable service sectors due to non-homothetic preference. Therefore, the right cities give rise to tradable
services. In the later period, the right-edge cities are specializing tradable services and the right-central cities
see the agglomeration of nontradable services. The difference in the location of agglomeration between panel
6b and 6c¢ is due to the difference in trade costs.

Figure 7 graphics the welfare change for individuals between two generations. The first panel 7a shows
welfare difference between generations (d In V; ;). The overall welfare change for workers is high in the right
edge places. The other three panels give the different margins to determine the welfare changes as I discussed

in Proposition 3. Panel 7b shows that the left places exhibit larger gains for workers from migration to the

3 Suppose I assume a uniform distribution of fundamental productivity. In that case, potentially multiple equilibria arise where
one sector is concentrated in either the central place or the edges.
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Figure 5: Structural Change and Variation of Housing Prices
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Figure 6: Geography of Structural Change
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right locations where real income is high, and such gains decline over time as service sectors are dispersed
in the later period. Panel 7¢ shows the spatial variation of gains from job opportunities. Individuals in the
hot-colored locations benefit from the local labor markets in their choice of the sector. This margin takes
an important role in the overall welfare changes in its magnitude. In contrast, individuals in the left-edge
cities benefit less. The logic is clear; a higher probability to sort into the manufacturing sector leads to less
opportunity to move to other labor markets. The last Panel 7d shows the gains from trade. The right cities
are net exporters of services to the left cities so that the measure of gains from trade exhibits large values in

these areas. These three margins are compounded in the overall welfare changes in Panel 7a.

Next, I show inequality and upward mobility in Figure 8. Panel 8a confirms the intuition in Proposi-
tion 6. In the initial period, the left-edge cities show a concentration of the manufacturing sector, leading
to lower inequality compared to the right places. Conditional on this fundamental pattern of sectoral con-
tribution in income inequality, persistency of sorting and lower mobility keep the income inequality in the
right cities high. I investigate the implication of upward mobility in Panel 8b where I show the measure of
the intergenerational mobility proposed in Proposition 7, In M; ;11. I find that there is a huge difference in
intergenerational mobility over space. In early periods, workers who originate from the service cities in the
right area can climb up the position of income distribution compared to manufacturing cities. They are able
to migrate to other cities and sort into the service sector with high likelihood. The central places exhibit the
lowest upward mobility over time. The logic behind this is the low degree of dynamics among workers in the

central places for both location choice and sector choice. Ultimately, the service cities exhibit lower upward
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Figure 7: Welfare Changes
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mobility of workers. This is intuitive. In these cities, the service sector grows and more workers sort into
both sectors of service. Then, conditional on the job opportunity, the change in the position of the income
ladder becomes small. In contrast, the left-edge cities show higher upward mobility in the later period. This
is because of the structural change from manufacturing to services and the spread of service sectors to the

left cities where individuals from left-edge cities can move into.

IV.DI Productivity Shock and Migration Costs

Next, I consider the different two scenarios in the simple economy. First, suppose that there is technolog-
ical progress in the manufacturing sector. In the baseline, I assume that the fundamental productivity of
manufacturing grows at 5 percent each period. I now set 10 percent for the growth rate. Intuitively, this
captures the continuous innovation in the manufacturing sector. Second, I consider high migration costs. In
the baseline, I set d = —In0.5. Now, I set d = — In 0.1, which implies that only 10 percent of utility remains
when individuals migrate from the edge city to the other edge city. For these two scenarios, I consider how
cross-sectional inequality and upward mobility are changed. In Figure 9, the left-hand panel 9a shows the

change of employment ratio corresponding to Figure 5a, and the right-hand panel gb shows the variation of
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Figure 8: Inequality and Upward Income Mobility
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housing prices for different scenarios. When the productivity of manufacturing grows at a higher rate, the
structural transformation from manufacturing to services proceeds and it generates more variation of hous-
ing prices due to the agglomeration of services. For the high migration costs, I can see a similar pattern of
structural transformation in the macroeconomy. However, the spatial variation of housing prices becomes
large compared to the baseline since high migration costs prevent individuals from adjusting their locations

and agglomerations are reinforced.

I'turn to inequality and upward mobility in Figure 10. The left-hand panel 10a shows an increase in income
inequality in the left cities due to the rapid structural transformation compared to the baseline. In contrast,
the right cities show small income inequality due to the further specialization of tradable services than the
baseline. The right-hand panel 11a gives the spatial variation of upward mobility corresponding to Figure 8b.
Comparing these two figures, I find that central places exhibit lower upward mobility from the early period.
The structural change due to the technological progress of manufacturing leads to specialization of workers
in the edge cities and worse off individuals in the central cities in terms of mobility. Intuitively, this suggests
the role of technology-driven structural transformation in the declining upward mobility of workers. Next,

Figure 11 give these patterns for the case of high migration costs. The left-hand panel 11a shows a similar
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Figure 10: Inequality and Upward Income Mobility When Productivity Growth of Manufacturing
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pattern of inequality in the local labor market to the baseline results. This implies that the bilateral migration
costs have a limited impact on inequality within the city. Nevertheless, the right-hand panel 11b shows that
upward mobility is small for most locations relative to baseline when migration is costly. With high migration
frictions, workers are unable to leverage geographical mobility, and therefore, workers are less able to climb

up the income ladder by moving across cities.

IVD.II Role of Local Labor Market Exposure

Lastly, I exploit the simple economy to understand the role of local labor market exposure in the sector choice
of workers by setting a lower value of 7. The parameter controls the limited exposure of individuals to the
local labor market as I discussed in Assumption 2. As a contrast to the baseline value of n, I set n = 0.10.
This implies that the effect of the previous generation in the local labor market has less impact on the choice
of the sector. Figure 12 give inequality and upward income mobility for the alternative parameter value.
First, I see significant income inequality compared to the baseline. All locations show an increase in income

inequality over time. When the persistent effect of local labor market exposure is weak, less specificity to
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Figure 12: Inequality and Upward Income Mobility When n = 0.10
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sector and location fosters the mobility of workers and it leads to less specialization of workers in equilibrium.
Therefore, I see a rise in income inequality within a city and less variation of housing prices (Panel gb). In the
right-hand panel 12b, I see the relatively low intergenerational income mobility. The less specialization and
structural transformation lead to a small variation of real income across locations and a small gap in expected
return from sector choice between the tradable service sector and non-tradable service sector. Together, the
intergenerational income mobility becomes low and shows small geographical variation. Overall, the local
labor market exposure impacts inequality and upward mobility by the direct effect in the sector choice of

workers and an indirect effect through the specialization of workers in local labor markets.

V  Model’s Calibration

The goal is to quantitatively assess the extent of spatial structural change and its impact on individual con-
sequences of welfare and inequality. To this end, I use data and model structure to estimate parameters and
obtain the fundamentals in the real economy.

I map the model into the U.S. economy. The spatial unit of locations is the core based statistical area
(CBSA). The time range is from 1980 to 2010 when there have been a considerable decline in the relative
price of goods to services and an increase in real housing prices in the macroeconomy. The set of industries
in the model is mapped into 18 industries. Among them, I consider the construction sector, 9 manufacturing
industries, and 8 service industries. The construction sector corresponds to sector 0 that develops the resi-
dential stock in the model. All of the sectors classified in the manufacturing sector are tradable, while one
sector among service sectors, retail, is non-tradable. For CBSAs and sectors, I construct the data of employ-
ment and industry wage from the County Business Pattern (CBP), the American Community Survey (ACS)
and decennial censuses. Through the analysis, I focus on 395 CBSAs where I am able to construct these data
for different periods. I measure geographical distances between CBSAs. For each pair of CBSAs, the distance
is computed between the reference points for the pair of most populated counties.

Model calibration proceeds in two parts. In subsection V.A, I discuss the parameters in the model. First,
I explain the choice of parameters for the demand system and production technology. I set parameters in
the non-homothetic demand system (s, 85, o), production technology for manufacturing and service sectors

(Bs;) and technology in development of residential stocks (). Second, I discuss the key parameters in trade. I
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exploit the gravity structure for manufacturing sectors and tradable services and determine the trade elasticity
(ks). Third, I consider the set of parameters in labor supply. I combine the structure of the model and parameter
value of migration elasticity (¢) from literature to pin down the industry choice parameters (1, ¢). Fourth, I

discuss the parameter choice for the economies of scale (7,) and productivity spillover (p).

In subsection V.B, I leverage the structure of the model to back out the fundamentals in the U.S. economy.
This procedure is sequential, and therefore I discuss it step by step. I assume that the economy is in the
stationary steady state equilibrium in the last period 2010. Then, the structural relationships allow us to
derive the fundamentals in the development of residential stocks (v;, Ei), location fundamentals of amenity,
and location and industry productivity that are consistent with the distribution of workers to be the steady
state equilibrium. Then, the inversion of the equilibrium conditions leads to fundamentals in past periods.

The details of data construction and technical details are in Appendix E.

V.A Parameters

I explain the parameters in the baseline analysis. Table 1 reports the summary.

Parameters in Demand and Production. The demand system has three parameters. For the elasticity of
substitution between sectors, I set o = 0.40 following the macroeconomic literature on structural transfor-
mation. This ensures the complementarity between different sectors. I assign the slope of the Engel curve
based on the estimation from Comin et al. (2020). In particular, I set different values between two large cate-
gories of manufacturing sector and service sector. Namely, 6 is normalized to 1.0 for the construction sector
and manufacturing sector. For service sector, I set 6, such that (05 —o)/(1—o0) = 1.75, which is in the middle
of estimates from Table I in Comin et al. (2020). In turn, 6 is equal to 1.375 for service sector. This implies
that expenditure share on manufacturing sectors is independent of real income, while expenditure share on
service sectors increases in real income. For the rest of the parameters in the demand system, the parameters
of demand shift («s) are chosen to match the year 2010 expenditure shares in the manufacturing and service
sector.

I need input share for each industry: labor input share is 3,, and input from other sectors is 3,;. Using
the US Bureau of Economic Analysis (BEA) table of input-output accounting, I compute these shares to match
the average values during 2011 — 15. Since I do not consider the international trade of intermediate goods
as a baseline, I need to adjust the input-output identity, and the labor share is computed as the share of labor
compensation in the adjusted total production values based on the identity. The parameters of input-output
linkages are equal to the share of input purchases from other industries. On the development of residential
stock, the production technology exhibits the labor share equal to x. The input-output accounting from BEA
gives x = 0.35 for labor share in the construction sector on average. Therefore, the aggregate surplus is a

constant share, 1 — x = 0.65, of the total value of structure in every period.

Trade elasticity. The regional trade in the model is the gravity fashion. I parametrize the impediment of
trade. The trade costs for non-service industries between two locations are decomposed into an elastic func-
tion of geographical distance with elasticity ¢, origin-specific friction, and destination-specific friction. Then,

I obtain the restricted gravity equation for the value of export from n to ¢:

In an,t = Df,t + @i,t — ks Indistin + Efn,t (19)
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where D7, factors destination characteristics and Oy, , factors characteristics of source locations, respectively.
I estimate k46 for the trade of manufacturing sector by using U.S. Commodity Flow Survey (CFS) in 2012. After
the estimation of the gravity equation, to decompose the trade elasticity of each industry (k) and trade cost
elasticity (9), [ assume that 6 = 0.125 = 1/8. The value is close to the estimates in Eaton and Kortum (2002)
and lower than trade cost elasticities estimated for international trade. This gives the inferred different trade
elasticities (k) by manufacturing industries that are in the range of estimates in the literature of international
trade (Head and Mayer 2014, Simonovska and Waugh 2014) as well as domestic trade (Gervais and Jensen
2019).

Turning to the service sector, I cannot directly observe the trade flows. Therefore, I rely on the estimation
by Anderson et al. (2014). Their estimates can be directly used to my definition of service sectors to pin down
the trade elasticity of services. I assume the same value of trade cost elasticity as manufacturing sectors and
obtain the different Fréchet shape parameters by service industries. They are within the range of estimates

in Gervais and Jensen (2019). See Table E.3 in Online Appendix for numbers.

Table 1: Parameters

Parameter Source and Comments
1. Demand: Zj(ajcj)(”‘l)/”Ufw(w)(gﬂ‘”) =1
o =040 Elasticity of substitution between industries
Oy = 1.00, g =1.375 Sector specific non-homotheticity; Comin et al. (2020)
0 for all industries in manufacturing; 6 for all industries in service
ayr = 3.00, ag =0.1, ag=0.25 Sector level demand shifter

Matched to expenditure share ratio between service and manufacturing sector
. —s i X _ T—x
2. Production: 2%, = (w,)" Hje)c\o(pit)ﬁ“’ hit =, (th) ((1 - hz’)hi,t—1>

Bs Bs; Input share; BEA table of input-output accounting

x = 0.35 Labor share in housing construction; BEA table for construction sector

3. Productivity: Fs(p) = exp(—p™"), Z7, = A, ( > Lfn"tZZ,tfl)p(Lf’t)“

Ks Trade elasticity from gravity estimates using CFS for manufacturing;
Anderson et al. (2014) for services; see Table E.1 in Online Appendix

p=0.0284 Spillover in productivity across space; internal estimation

Vs Local externalities; upper bound of uniqueness condition

see Table E.3 in Online Appendix
4. Workers’ Choice: G(v) = exp(— Y_,, v;¢), O(jF, Lﬁt) = 1;« In ( L ) (LE)™ F(z)=1-27°

nn - e 1-jF
e=1.50 Migration elasticity; Fajgelbaum et al. (2019)
¢ =2.50 Variation of taste shocks; estimation from migration pattern
n = 0.80 Local labor market exposure effect; estimation from migration pattern
5. Spatial frictions: D;,, ; = (distm)‘SAMi,t, Ting = (distin)®
6=0.125 Trade cost elasticity; Eaton and Kortum (2002)
§=0.50 Migration cost elasticity from gravity estimates

Note: This table reports parameters in calibration and quantitative analysis.

Migration Costs and Elasticities in labor supply. There are three parameters in the choice of workers
and also need to characterize the migration frictions. The migration elasticity of workers is €. This is
the shape parameter of Fréchet distribution of the idiosyncratic shocks in location choice. Therefore, the
parameter captures the elasticity of labor allocation across different locations with respect to real income:

dln(Ls,/L:
n(”/”t)) Following Fajgelbaum et al. (2019), I set ¢ = 1.5. Next, I consider the migration costs.

— om(wp, /W,
Suppose that the bilateral migration cost is decomposed into an elastic function of bilateral distance and desti-

nation characteristics. In particular, I parametrize D;,, ; = (distin)gMi,t for migration cost from n to ¢, where
dist;, is geographical distance, § is positive constant and M ; is time varying destination characteristics.
Under this parametrization, the model derives the gravity equation of labor mobility across space conditional
on sector choice:

InL;

n,t —

W3, — €d Indisty, + HS,, (20)
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where
Wi, =elnW;, —elnM;;, H;,=elng,, —elnlU;,+InLy; 1

contain source location and industry characteristics, and destination and industry characteristics, respectively.
To estimate , I use American Community Survey (ACS) 5 year sample data between 2006 — 10 and 2011 —15.
In the sample, the ACS data allows me to identify the current location county, previous county and industry
of the worker. I extract workers in sectors of my analysis and map their locations to the CBSA level. Then,
I focus on workers who moved between different CBSAs in the sample and estimate the gravity equations.
Based on the estimates during different sample periods, 2006 — 10, 2011 — 15 and 2006 — 10, I set 5 = 0.50.¢

Once I have the migration elasticity and bilateral term in migration cost, I leverage the structural equations
for labor mobility to calibrate the other two parameters in the choice of individuals (1 and ¢). Given the
parameters (e, 8), the model allows me to characterize the mobility of workers in equilibrium. In particular,
for each pair of values (¢, 1), I uniquely determine the set of endogenous characteristics that rationalize
the observed change in the distribution of workers. In turn, I can compute predicted migration flow, Emt
Therefore, I can define the moment conditions that argue the difference between the observed pattern of labor

LData

int ) and the predicted one in the model (Em,t) are not systematically correlated to the bilateral

mobility (
distances between source and destination in the same range of distances. As an observation of labor mobility,
I exploit Internal Revenue Service (IRS) county-to-county migration data and aggregate them to the CBSA
pairs for two time periods, 1990 — 2000 and 2000 — 10. Comparing the pattern of labor mobility between

data and prediction, I obtain the estimated value of two parameters: ¢ = 2.50 and n = 0.80.

Parameters in productivity. The parameter in the productivity is s controls the strength of the externali-
ties in production. I assign the value of 7, based on the discussion in theory. The one condition imposed on
the parameter argues that the dynamic equilibrium converging to the stationary steady state equilibrium is
unique when 75 is not too large to avoid the black hole equilibria in which production of intermediate good
is concentrated in one location. Since the long-run equilibrium in history does not show such a black hole
equilibrium, I use the condition to set 5. AsIdiscussed in Section III, one of the condition that is related to the
uniqueness of the dynamic equilibrium conditional on the initial state is given by v < % (1 + %) . This
condition gives the upper bound of the parameter when allowing labor mobility across locations, productivity
spillover happens only locally (p = 0), and the supply of residential stocks is perfectly elastic (x = 1). In the
quantification, however, I allow p # 0. If I introduce the spillover in productivity across space through migra-
tion of workers, it leads to further agglomeration forces in the steady state since favorable locations attract
workers while the remoted places lose. Therefore, I take the conservative values that satisfy the condition
with additional restriction € — oo. This assures that the dynamic equilibrium is unique when idiosyncratic
shocks for location choices are even homogeneous. This gives us the parameter values by industry such that
Vs = %. For comparison to the existing values in empirical studies, I also refer values in Combes
et al. (2012) and Bartelme et al. (2021) in Appendix E.2.5. It is worth emphasizing that I assume that y = 1
to derive the condition. If x < 1, the supply of residential stocks becomes less elastic and congestion force
arises. Therefore, setting xy = 1 keeps the conservative value for purpose. Lastly, for the parameter of spatial

spillover (p), I discuss it in the next subsection along with the inversion of productivity.

*¢ The estimates of the gravity equation are similar to the findings for intra-national migration elasticity to distance in the literature
(e.g., Bryan and Morten 2019). Compared to Allen and Arkolakis (2018), estimates are small. This difference may arise from the
difference in periods. For the old period, it would be large because of the higher moving cost per unit of distance.
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V.B Calibration of Fundamentals

Next, I solve the model for the fundamentals of the economy conditional on the information about the local
labor markets. The inversion of the fundamental productivity (A7,), fundamental location characteristics
(B}y, M, viand h;) and fundamental sectoral parameter ({s ;) proceeds in two steps. In the first step, [ assume
that the economy is in the steady state level in 2010 and compute the time-invariant location characteristics in
the development of residential stock (v; and h;) by using the information of price of housing. Then, I use the
system of equations in the equilibrium to back out the overall productivity (Z7) and attractiveness of locations
that combine amenities (B;) and migration friction (1/;). Once I obtain the overall productivity, I compute
the exogenous part of productivity (Af) along with the estimation of parameter p. In the next step, I solve
the model for the time-varying fundamentals. I match the dynamic equilibrium and observation of wage and
employment for the inversion of the path of exogenous part of productivity (A7), amenities (B;;), migration

frictions (M; ;) and sectoral shifter (s ;). The whole process is sequential, so I explain the procedure by step.
Efficiency of development of residential stock. In the steady state, (10) implies that
Ui = vi(1— hy) ™% = exp (X(— Iny + Inw) — lnp?)) (21)

where I have equilibrium wage (w?) and housing price (p?). Data for the housing price comes from Federal
Housing Finance Agency (FHFA). I exploit the Housing Price Index (HPI) of all-transactions index across
CBSAs for 2010. The location characteristics ; combines efficiency of development (v;) and persistency of
residential stocks (h;). In Online Appendix E.3, I show the spatial distribution of efficiency of development
across CBSAs inverted in the model. Intuitively, CBSAs with large values 7; implies that there is a persistency
of residential stock and higher efficiency of construction. In equilibrium, the geographical differences in {7; }

affect the spatial variation of housing supply and price changes.

Productivity. Isolve for the overall productivity in location 7 and sector s, Z7 in the steady state. The zero

profit condition of producers (9) implies:

—Ks

re(n) = (G ()" (wz)ﬁsgl(m)ﬁs'j (22

n

where 75, = (dist;;)° is bilateral trade costs. Given productivity and wages, solving this allows me to char-
acterize the equilibrium prices. The set of parameters (x5, 9, 35, 55;) are given in the previous discussion.

Turning to the demand system, I solve (2) for the non-homothetic aggregate price index:

()=o) () >

where income of workers (I¥°) is constructed from the wage and employment. Given the parameters of

preference (o, 05, os) and 6, > o and o € (0, 1), I obtain the unique matrix of price index {P}} solving (23).
Then, I use the labor market clearing condition. (15) implies:

7= ()" () TL0) ) (S ) 5 24tk o) (o) () )

J n J
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Combining (22), (23) and (24) allows inversion of productivity {Z} that is consistent with the observation

to be the equilibrium. Figure 13 shows the relationship between overall productivity (Z;) implied by the

Figure 13: Productivity and Employment for CBSAs
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Note: These figures show log scale of overall productivity (Z ) and log scale of employment for particular industries in 2010.

model and employment (L;) in 2010. Each mark shows CBSA in the analysis. The left-hand panel 13a shows
the relationship for three industries in the manufacturing sector: textile, chemical/petro/coal products and
electric/computer industry. I find a larger variation of overall productivity for the electric/computer industry
than the other two industries. This is consistent with the dispersion of workers in the industry over space. The
right-hand panel 13b presents four industries in the service sector: retail, finance, insurance and real estate
(FIRE), health and education/legal services. FIRE and education services exhibit relatively large variation

across CBSAs in overall productivity compared to retail and health.

Location amenities and industry taste. As a next step, I use the model structure for the inversion of ameni-
ties and location characteristics in the migration frictions — location attractiveness. I solve for the steady state
level of them in order to use the pattern of labor mobility in the next step. In the steady state, amenities (B;,)
and migration barrier (; ;) are constant. The two location fundamentals ({ B }, { M; }) decide the exogenous
gains for workers who choose the destination, and it is impossible to isolate them. In addition, there is an-
other fundamental in the industry choice. The constant parameters {(;} capture the taste shifter of workers
by sector. Ilet Q) = (B} /M;)( . /% that conflates these fundamentals. Then, (4) implies that adjusted average

utility of a worker in location n in sector s is:

~ _ we1e\ Ve _
0, = Z[ DP] _ cilegy (25)
i (2
where D;;, = disti_n‘S~ is the inverse of bilateral migration frictions. Using this, I compute the inferred proba-
bility of location choice for workers in sector s ({\y,|s }) and the probability of industry choices ({s;, }). Then,
I use the labor mobility condition (12) for computing the attractiveness of location ¢ and sector s with imple-
menting the aggregate price index derived in (23). In this step of inversion, I also compute the predicted labor

mobility ({Efn}) in the steady state and use this information in the next step.
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Fundamental Productivity. I proceed to the inversion of fundamental productivity and calibration of pa-

rameter p. In the steady state, the exogenous fundamental productivity satisfies:
InA =InZ’—pln (Z L3, ;;) —vsIn L7 (26)
n

I implement the productivity ({Z7}) derived in the previous step and the labor mobility ({Efn}) into this.
Given the employment data ({ L{}) and parameter values ({7s}), I am able to compute the fundamental pro-

ductivity for each value of p. To estimate p, I consider the following moment conditions:

E

S 1 S 1
<lnAi —NznzlnAn—SzkjlnAf> xlg] =0, g€ GyGy,---,Gp (27)

where I, is an indicator that the location ¢ and sector s is in the group of g. The group is defined by the labor

market potential for each location and sector. Namely, for location ¢ and sector s, I compute the measure

dYon 2i (distm-) " L}, and I order locations and sectors by the measures. Based on the order, I use 20 groups
defined by 5 percentile of the measure. The moment condition assumes that the location and industry specific
fundamental productivity after eliminating the averages is not systematically related to the labor market
access since the spatial dependence of productivity is captured by the second term in (26). Therefore, I use (27)
and search parameter p that minimizes the distances of the moment conditions. In result, I obtain p = 0.0284

that is reported in Table 1.

Dynamics of Fundamentals. Once I have characterized the fundamentals in the steady state equilibrium, I
compute the path of the time-variant environment of the economy conditional on the information about the
local labor market. Specifically, I compute change of fundamental productivity and location attractiveness
({dIn A3, }, {dIn M; ;}) for periods: 2000 — 2010, 1990 — 2000 and 1980 — 1990. I suppose that the economy
reaches the steady state equilibrium in 2010, and I backcast the change of these fundamentals in the past. I

follow four steps as in the previous procedure for the steady state equilibrium.

First, I compute the residential stock and their prices in the past conditional on the current observations.

The production function of developers (10) implies the previous residential stocks:

1
In Hyp1 = 7—— ( In Hi; — In% — yIn L,-,t> (28)
X
and market clearing condition leads to the price of residential stocks:
lnp?vt_l =—Iny+In wgt_l +In L?,t—l —InH; ;1 (29)

Iimplement parameter in production technology of residential structure (), observed wage and employment
in the construction sector and location fundamentals ({#; }) to obtain the path of ({p), _, }, {Hi -1}, {Rit—1})
in the dynamic equilibrium that are not directly observable. In HPI, I have limited data of prices for CBSAs in
1990 and 1980 and therefore I can gauge the model specification in (28) and (29). In Online Appendix E.3.2,
I show the comparison between prices across CBSAs predicted by the model and the limited data for 1980
and 1990. Second, I compute the path of productivity dIn Z7?;, such that wage and employment in the past
are consistent with equilibrium. I guess the productivity in the past (dIn Z7;) and compute the change of

prices and trade patterns. I solve the static equation (23) for the aggregate price index, and I use the market
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clearing condition (24) to update the productivity change. Next, I use the forward equations in the model
for computing the path of location attractiveness. The labor mobility condition (12) implies that the adjusted

attractiveness for location 7 and sector s satisfies:

S
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S
Py

n n,t

€ S 7 S ¢ _1/6
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where U}, , is derived for each generation as in (25). Conditional on the observation about employment ({ L , })

1 D,
S mn
it Lf,t Z (US

and income and aggregate price index constructed by the model, I obtain the location and sector specific ad-
justed amenities ({€2},}) in each period. Then, I am able to compute the two probabilities of workers’ choice
({Ninjs,t }> {sn.+}) predicted by the model. Lastly, I compute the development of fundamental productivity in
the analogous way to (26). Given the overall productivity of two consecutive periods ({Z;;}, {Z;,_1}), em-
ployment ({L;,}) and labor mobility ({ L}, ;}), I compute fundamental productivity ({ 47, }) that is consistent

with the dynamic equilibrium. For the initial period, I set A7, = Z7, in 1980.

VI Quantitative Analysis

Having an inversion of the model to obtain the fundamentals in the economy and estimated parameters, I
assess the role of these fundamentals and analyze the dynamics of TFP, welfare and inequality across CBSAs
in the U.S. economy. I first discuss the role of industry and location specific amenities for workers’ distribution.
As I discussed in the previous section, in the model calibration, I only identify the amenities adjusted with
location-specific migration barriers and sector-specific taste parameters. The variation of amenities plays an
important role in determining the evolution of workers’ location in the structural transformation. Then, I
discuss the TFP changes. I derive the measured TFP predicted by the model and discuss the industry level
and aggregate TFP at sector level: manufacturing and service. Next, I discuss the welfare differences of
individuals between two generations and how they are different across locations. Following theoretical results
in Proposition 3, I present the different margins in welfare dynamics. Lastly, I explain how the measure of
intergenerational income mobility derived in the model shows spatial variation and investigate its relationship

to the underlying mechanisms in the general equilibrium.

Amenities. As I discussed in the previous section, the amenities in each local labor market, {27, is obtained
by exploiting the model structure. I first discuss their role in the pattern of structural change. Figure 14
shows the relationship between real income of workers and employment share for different industries in
2010. The vertical axis is the real income of workers in any particular industry in each CBSA, W}’,, derived
in the model. I compute the real income using the calibrated income and nonhomothetic price index in the
equilibrium relationship. The horizontal axis shows the de-meaned employment share of each industry in
CBSA. The left-hand panel 14a displays three industries among the manufacturing sector. The employment
share exhibits large variation relative to real income, and the pattern is different across industries. This
confirms that there exist industry-specific amenities for workers. In the right-hand panel 14b, I show two
distinctive industries - finance, insurance and real estate (FIRE) and retail among the services sector. For
FIRE, a large employment share is associated with higher real income for workers. In contrast, the retail
industry exhibits the importance of amenities to explain the spatial variation of workers. These results are
consistent with the industry and location specific amenities for workers’ location choices and such amenities

are crucial to explaining the spatial variation of employment shifts.
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Figure 14: Real income and Employment
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Note: The employment share of each industry is de-meaned by the average employment share across 395 CBSAs. Each circle represents the size of total employment in 2010 for CBSAs. The real

income of workers is computed in the model.

In Online Appendix F, I also confirm the relationship between the average level of amenities and the size
of employment in CBSA. The relationship is stable over time, which suggests the importance of location fun-
damentals for the persistency in the aggregate size of employment in CBSA. Furthermore, in Online Appendix
F.1, Ireport the geographical distribution of the average value of amenities, CBSAs with the highest average

amenities and correlation between average amenities and some observed characteristics in CBSA.

Productivity. As I discussed in Section IV and proposition 2, I am able to compute measured TFP for each
CBSA and industry given overall productivity ({Z;, }) and trade probabilities ({r}; ,}). Using the equilibrium
relationships, I compute TFP for each period. I find distinctive dynamics of the spatial distribution of measured
TFP by industry. For instance, for the electric and computer industry, I can identify an increase in the spatial
variation of TFP and the development of clusters in California and large metropolitan areas on the East coast.
I also see the different evolution of TFP for FIRE. In the initial period 1980, the variation of TFP across CBSAs
is small and TFP is relatively low. However, over time, I see a remarkable increase in its level and variation.
The industry has seen a significant development on the East coast (New York metropolitan area) and large
cities that are the hub of the financial market in each region (Chicago, Dallas, Atlanta and Nashville) from
1980 to 1990. Then, these clusters show persistent development over time, while some other inland cities
also have seen a rise in FIRE. These spatial distributions are in Online Appendix F.1. The developments of
TFP over time are the combination of exogenous productivity change and endogenous spillovers in theory.
To see the source of geographical variation and its pattern, in Online Appendix F.1, I additionally report the
spatial variation of fundamental productivity and TFP across CBSAs for 17 industries in each period. I find a
significant variation in the fundamental productivity for the services sector, leading to the variation of TFP
along with the structural transformation.

Having measured TFP of each industry, I compute the aggregate TFP for the sector level: manufacturing

and services sector. Namely, for sector K, I compute:

s

X
o =3 — 0, (31)
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where 67, is measured TFP of industry s in location ¢ for period ¢ and X7, is value of output of the industry.
K is the set of industries in aggregated sectors. In an analogous way, I can compute aggregated fundamental
productivity. Figure 15 shows the relationship between change in aggregate sector level TFP and fundamental

productivity for the manufacturing and services sector. This corresponds to the implication in Proposition 2.

Figure 15: Change in TFP and Fundamental Productivity for Manufacturing and Service
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Note: These figures show the change in log of fundamental productivity for aggregate sector (d In Ath) and the change in log of TFP for aggregate sector (d In 61.Kt )-

In the left-hand panel, changes in TFP and fundamental productivity for the manufacturing sector exhibit a
similar pattern. In contrast, changes in TFP of the services sector show large values relative to the fundamental
changes. This implies that TFP growth in the services sector over these periods is driven by the endogenous

mechanisms of labor reallocation and productivity spillovers.

Welfare. Next, I quantitatively evaluate the welfare dynamics I discussed in Proposition 3. I find a large
variety of welfare effects across CBSAs.?> In sum, the welfare differences between generation ¢ and ¢ — 1 can

be decomposed into three different terms:

V;,t = GMM X GJOM XGCM (32)
—— ———
j—1/€ -1/¢ n/é
|| PR 1. (gft) <L§‘7t71)

where GM; ; is gains from labor mobility across space, GJO; ; is gains from job opportunities in the local
labor market and GC; ; is local gains from consumption and amenities. Figure 16 presents this relationship
for U.S. CBSAs.

In the first panel (a), higher gains from migration are associated with small welfare differences. The logic is
clear. Conditional on industry choice and growth of real income, an increase in the probability of staying in the
original location requires higher welfare gains for individuals who stay in the local labor market. Comparing
the two periods, the elasticity of welfare difference to gains of migration becomes small. This is consistent
with the recent decline of the migration rate in the U.S. economy. The second panel (b) shows the positive
relationship between job opportunities in the local labor market and welfare. Individuals gain from the labor

specificity in relatively small local labor markets. In these CBSAs, specialization of workers into a particular

*5 See Online Appendix F for the map of its spatial pattern.
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Figure 16: Welfare Differences
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industry of growing sector leads to significant welfare differences over generations. The positive relationship
is steady for these two periods. The third panel (c) exhibits the positive relationship between the change in
real income adjusted with amenities and welfare differences. The change in average real income shows large
variation and the role of real income disparity in the welfare change is large in the early period. The smaller
elasticity of welfare differences to gains of migration and growth in the real income account for a decline
of welfare differences over periods, while the gains of job opportunities account for the persistency in the
role of local labor market adjustment. These three margins are quantitatively consistent with the theoretical

implications.

Inequality. My final objectives in this section are workers inequality and upward income mobility. For the
inequality, following the discussion in Proposition 6, I use the coefficient of variation in income within CBSA
as a measure of income inequality. For the intergenerational income mobility, I compute

~ M 111

M; =" x25
A+l Moy (33)
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Figure 17: Geography of Upward Mobility
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where M, ;11 is given in Proposition 7 and Miyqis average of M ;11 in the economy. Intuitively, this mea-
sure gives an expected rank of individuals in CBSA 7 when their previous generations are in the 25 percentile
in the income distribution in the economy.? First, my interests are the variation of upward mobility across
space. Figure 17 display the measure for different generations. I find a considerable variation of upward mo-
bility. For the first generation who worked in 1990, central cities in the region show relatively higher upward
mobility. In later periods, upward mobility becomes lower on average. Given this spatial variation, I consider
the relation of upward mobility to the underlying mechanisms in equilibrium. Following the discussion in

Section IV.C, the measure of upward mobility can be written as:

AT § s s s
Mi’t_l’_l XX LL’L7t+1 X ISMZ,t+1 X GLMZ,t-‘rl (34)
e —— N — —_——
Q74 Qi1 St 2on Anils, 410041/ D 11

E ok 5
TrIEQF, Qi

where LL7, | captures the inequality in the local labor market in period ¢ and local economic growth,
ISM; 11 is patterns of industry choice and GM;', ., is the geographical labor mobility. I can quantify each
margin in the model. Figure 18 present these margins. The first panel (a) displays the relationship between
upward mobility and local inequality for two generations. The vertical axis is the upward mobility measures
for generation 1990 and 2010, and the horizontal axis is inequality in CBSA in 1980 and 2000, respectively.
I find the negative relationship: individuals from CBSAs with large income inequality among workers are
likely to experience lower upward mobility. This is related to the Great Gatsby curve in the U.S., showing the

negative relationships between local inequality and upward mobility. In my model, this arises from the spe-

%6 See Online Appendix F for further discussion about the measure and relation to measures in the literature.
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Figure 18: Intergenerational Income Mobility
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Note: These figures show the relationship between the measure of intergenerational income mobility and relevant measures. In panel (a), I show the relationship between the measure of upward
income mobility for generation 1990 and 2000 to the inequality in the local labor market in period 1980 and 1990 measured by the coefficient of variation. Each marker shows CBSA and blue
(black) solid line is fitted line, and dash lines are 95% confidence intervals. In panels (b), (c) and (d), I report the polynomial fitted line for CBSAs. Dash lines are 95% confidence intervals. In panel (b),
I show the relationship between upward income mobility of three different generations (1990, 2000 and 2010) to the log of manufacturing employment in 1980, 1990 and 2000, respectively.
Panel (c) shows the relationship between upward income mobility and individuals’ expected utility from industry choice in each CBSA for generations 1990, 2000 and 2010. Panel (d) displays the

relationship between upward income mobility to the probability that individuals stay in the CBSA for three generations, 1990, 2000 and 2010.

cialization and wage disparity in the local labor market, leading to less opportunity in the choice of industry
for the next generation. The second panel (b) shows the structural transformation and upward mobility. As
seen in Figure 2, CBSAs of large employment size in the manufacturing sector exhibited structural transfor-
mation to services. Therefore, panel (b) implies that structural transformation lowers the upward mobility
of individuals. This accounts for the part of LL}, . In third panel (c), I consider the land of opportunities
for individuals that are related to the intersectoral mobility (/.SM7, ). The horizontal axis is an expected
utility from industry choice for individuals in CBSAs: large values correspond to the land of opportunities for
the future. Therefore, such CBSAs exhibit high upward mobility. Over generations, the relationship becomes
more robust. This confirms that the disparity of land of opportunities drives an increase in the spatial varia-
tion of upward mobility. The last panel (d) describe the role of labor mobility across CBSAs that is related to
GLM;, ;. Intuitively, low mobility of workers on geography predicts less possibility to climb up the loca-
tion ladder ceteris paribus. This panel shows the probability of non-migration for individuals from the CBSAs
in the horizontal axis. As predicted in theory, a high probability of staying in origin is associated with low

intergenerational income mobility. This is consistent with the decline of upward mobility along with a lower
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migration rate in the U.S. economy during the last decades.

I have presented the calibrated results for the U.S. CBSAs and quantitative analysis for the general equi-
librium implications for measured TFP, workers’ welfare, inequality and intergenerational income inequality.
My quantitative analysis reveals the underlying mechanisms to create their spatial variation and dynamics.
In the next section, I perform counterfactual exercises to understand the contribution of these mechanisms

when there are shocks in the fundamentals.

VII Counterfactual Experiments

Armed with the data and parameters calibrated above, I undertake counterfactual experiments to understand
the quantitative impact of the development of fundamental productivity and amenities in shaping the varia-
tion of structural transformation, TFP growth, welfare and intergenerational income mobility. As I discussed
in the calibration, I obtain the trajectory of fundamental productivity (A7) in each CBSA and industry and
fundamental amenities (£2;,) that conflates location and industry specific amenities for workers (B;,), mi-
gration barrier to CBSA (M; ;) and sector specific taste parameters ((s). In the quantitative analysis in the
previous section, I discussed the importance of these fundamentals to explain the spatial heterogeneity of
workers’ location choices and industry choices. The changes in workers’ mobility across locations and indus-
tries determine their welfare gains relative to the previous generation and their position on the income ladder.
My objective of undertaking counterfactuals is understanding the quantitative impact in the dynamic equi-
librium. Shocks to fundamental productivity and amenities are salient in shaping individual consequences.
Consider the sector level negative shock to the productivity in any particular period. The standard mecha-
nisms are the following: it directly lowers TFP and overall productivity and lowers labor demand and wage,
and workers are less likely to sort into the sector, and lower labor supply counteracts the negative impact
on wages in equilibrium. However, my model has additional channels to amplify the general equilibrium
effects. First, change in income leads to demand shift of workers due to non-homothetic preference, therefore
feedback loop in goods market: lower income leads to less demand for the services sector. Second, there is
friction in the workers’ adjustment due to the exposure effect in the local labor market. These effects play
out across space. Therefore, the overall impacts on individuals are different across locations, leading to the
different consequences in their mobility.

I undertake counterfactuals for the fundamental productivity and amenities, respectively. In the first
subsection, I consider the impact of productivity shocks on structural change, welfare and intergenerational
income mobility of workers. This allows me to study the importance of technological progress in shaping
individual-level consequences in the last decades. In the second subsection, I undertake the counterfactuals
when there are shocks in the fundamental amenities. Specifically, I consider the lower barrier for migration
across CBSAs. The counterfactual experiment reveals the importance of the location specific environment
to explain the spatial pattern of structural change and labor mobility. In addition, for both productivity and
amenities,  undertake the counterfactuals where the productivity and amenities become uniform across space.
The motivation for this counterfactual is twofold. First, I aim to understand the persistent role of ex-ante
differences in fundamentals to explain the equilibrium allocation in the later period. Second, it is useful to
think about the future of the economy where the spatial productivity differences or spatial misallocation
tend to decline with development. In the counterfactual experiments, the economy starts from the actual
equilibrium observed in the data in 1980. Then, I implement the changes in the fundamentals to solve the

counterfactual equilibrium. The uniqueness of the dynamic equilibrium is not guaranteed in the presence of
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spillovers in productivity and inter-sectoral linkages in production. Therefore, I compute the counterfactual
equilibrium with the observed equilibrium as a starting point. I also run the model with a small perturbation

of the initial equilibrium to assess the local uniqueness of the counterfactual equilibrium.

VIILA Productivity Changes

Productivity Shocks. The first set of counterfactuals assume that there are negative shocks on the funda-
mental productivity. I undertake the first counterfactual where fundamental productivity of services sector
({Ait }jeService) is dropped by 10 percent in 1990 relative to the observed level and fixed at the level for the
later periods, 2000 and 2010. Therefore, the fundamental productivity of all service industries is fixed at the
90 percent of the level of 1990 throughout time. In the second counterfactual, I focus on particular industries.
Over the last decades, the main driver of TFP growth has been the industries relating to information technol-
ogy (IT). As discussed in the previous section, the IT intensive industry such as FIRE has shown a significant
increase of TFP in CBSAs in the U.S. economy. To see the role of such a rise in IT intensive industries in
the service sector, I assume that there were no such positive technological progress in IT intensive service
industries, including FIRE and communication service. I set their productivity at 90 percent of the level in
1990 throughout time. Further, I also consider the technological progress in the manufacturing sector for the
comparison of their impacts. In particular, I focus on industries that use robots intensively, the electric and
computer industry and transport equipment.”’ I set lower productivity for these two industries in the same
manner as services.

In the Panel A of Table 2, I report the results for these three counterfactuals about the TFP changes and
structural changes. The rows for the first counterfactual experiment (i) shows the negative impact on services
sector TFP ((555’"”“) defined in (31). In 1990, it shows 8.5 percent lower than the baseline economy. Since
the TFP is determined by both fundamental productivity and endogenous mechanisms through labor mobility
(Proposition 2), the absolute effect is less than 10 percent, and it implies that the workers’ adjustment mitigates
the negative shock on average. More interestingly, the negative effect becomes smaller over time. This implies
that the negative impact of fundamental productivity shocks in the initial period can be faded out through
workers’ mobility over generations. I also find an increase in the variation of the negative effect over time.
This implies large heterogeneity in adopting the negative shocks across CBSAs. Row 2 in Panel A shows the
difference in the employment share of services to the baseline economy. When turning off the technological
progress in the service sectors, I see a large drop in the employment share of services. This happens for
two reasons, as I discussed above. The first channel is the traditional effect of factor mobility across sectors.
The second channel is an additional impact of the demand driven structural changes. When I abstract the
exogenous fundamental productivity growth, the real income of workers becomes low and the expenditure
shift from goods (manufacturing and housing) to services is slow down. Therefore, it further prevents the
labor shift to services. This mechanism through the demand side is fundamental as I see its effect in the
counterfactual (iii) in the table. In the counterfactual (iii), I do not introduce the direct negative shocks to the
services sector, but I see a low employment share compared to the baseline. For the counterfactual (ii), I see
the average negative effect on sector level TFP in 1990 and 2000, while it turns out to be positive in 2010.
This is also consistent with the consequences of labor adjustment.

In Table 3, I report the results for the impact on welfare. For each counterfactual, the first Row shows
the average percentage change of the welfare dynamics (dInV;;), and other rows show those for different

margins in (32). The average of changes in welfare dynamics is small over periods, but there is a large varia-

*7 These industries show the highest penetration rate of robots in the U.S. economy (Acemoglu and Restrepo 2020).
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tion. The standard deviation of the changes shows 3.2 for generation 2000 and generation 1990, and 3.1 for
generation 2010 and 2000. The pattern is the same for other counterfactuals (ii) and (iii). When I investigate
the margins, the main contribution for the change of welfare dynamics is the gains from consumption and the
gains also exhibit large variation. This confirms that the negative productivity shocks create a large variation
in real income across CBSAs Part of this result is due to the fluctuation of housing prices. As I showed in
Proposition 5, a large variation of real income is associated with a large variation of housing prices. Among
other mechanisms, counterfactual migration gains show large values compared to the job opportunity gains.
Yet, I find a substantial variation of these two margins across CBSAs. Their inter-quantile ranges are similar
to those of changes in welfare dynamics.

Next table 4 reports the impact on intergenerational income mobility. Row 1 to 3 show the results for
the first set of counterfactuals. For each generation, I report the percentile change of ]\A/[/M in (33) from the
baseline economy. For the first generation, the average impact is relatively small since the 10 percent decline
in productivity for all CBSAs does not alter the location choice of workers much, and it turns out to be
smaller effects. However, the generations of 2000 and 2010 show higher upward mobility on average. For
generation 2000, individuals experience around 5 to 6 percentage increase in the upward mobility compared
to the baseline economy. The logic for this result is the following. When the exogenous productivity is absent,
the endogenous spillover in productivity becomes salient, and workers sort into the place with agglomeration.
In addition, as I see in welfare results, a larger variation of real income growth creates workers’ mobility both
across locations and sectors. Together with these endogenous responses of workers, I see higher upward
mobility on average, but with large variation in its gain. The variation in the change of intergenerational
income mobility becomes large over time.

Figure 19 present the welfare effects and change in intergenerational income mobility across 395 CBSAs
when undertaking the counterfactual for the low productivity in all service industries. In Panel (a), I find
the variation of welfare effects across CBSAs. For the welfare difference between generation 1990 and 2000,
dIn V; 2000, the CBSAs with welfare losses show further welfare losses in the counterfactual. The technologi-
cal progress in services and structural transformation benefit these CBSAs in the baseline economy. Panel (b),
(c) and (d) displays the distribution of the upward income mobility across CBSAs for different generations. An
important takeaway from the first generation, in Panel (b), is that the negative impact on the productivity of
services leads to a large variation of upward income mobility for the generation 1990. Once the productivity

of services is fixed after 1990, Panels (c) and (d) show less variation of upward mobility.

Spatial Variation of Fundamental Productivity I next consider another counterfactual for fundamental

productivity: eliminating the variation of fundamental productivity differences on geography. I set the fun-

damental productivity of industry j in period ¢ such that Zi = (Hl Ag,t> 1/N. The average productivity
grows over time, but the evolution is same across CBSAs. In Panel A of Table 2, I report the results for this
counterfactual in (iv). Compared to the baseline economy, I find that the service sector TFP shows 7.6 per-
cent higher in 1990 and reaches 15.1 percent in 2010 on average, and most CBSAs exhibit TFP growth in the
service sector. This is consistent with the implication of the agglomeration economies. Once I abstract the
exogenous variation, industrial locations are subject to strong agglomeration forces due to the spillover in
productivity. Since the strength of local agglomeration economies is strong for service sectors (7;), I can see
an increase of service sectors TFP and an increase of the standard deviation. The decline of employment share
is small relative to counterfactuals (i) to (iii). This implies that the benefit of agglomerations counteracts the
slow structural change. The endogenous spillover works for the welfare changes in Table 3. When I compare

the numbers to counterfactuals (i) to (iii), both average welfare change and change in standard deviation show
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significant increases. In Row (iv) of Table 4, I see the positive effects on the upward mobility of workers. These
findings conclude that the spatial variation of productivity mitigates the polarization of locations in terms of
welfare dynamics and upward income mobility. Without such exogenous productivity differences, individual
consequences in terms of intergenerational income mobility are crucially shaped by the place they have an

origin, while they may benefit on average.

Figure 19: Welfare Effects and Intergenerational Income Mobility for the Productivity Change in Services
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Note: These figures show the results for welfare and intergenerational income mobility for the counterfactual when fundamental productivity of all service industries (transport service, wholesale
trade, retail, FIRE, health service, education and legal, communication service and other services) is dropped by 10 percent in 1990 and fixed over time. Panel (a) shows the welfare difference for the
baseline and the counterfactual between two generations, d In Vj; ;. Blue dots (black triangles) show the welfare differences between generations 1990 and 2000 (2000 and 2010), respectively.
In panels (b), (c) and (d), I report the distribution of upward income mobility for different three generations, generation 1990, 2000 and 2010. In each panel, gray bars show the distribution of the

upward income mobility measure across CBSAs in the baseline, and the blue bars show that for the counterfactual economy.

VILLB Amenities and Migration Barriers

The second set of experiments undertakes the counterfactuals for the fundamental location characteristics in
amenities. As I discussed in the previous sections, I used the model structure to obtain the overall amenities
for workers in any particular CBSA and industry. By construction, the variation of overall amenities across
space include both the variation of fundamental benefit (B;,) and migration barrier (M; ;). Then, I start with
the lower migration barrier by 10 percent uniformly for every location. This benefits any workers in the
economy, as it is isomorphic to an increase of benefit from residing and working in any particular location.
Yet, workers’ choices are not necessarily the same as the baseline since workers are ex-ante different in their
origin, and the bilateral cost of migration defines the aggregate benefit of labor market access differently
across workers. As another counterfactual about the migration barrier, I consider the case in which I set a

10 percent lower migration barrier for top CBSAs. I define the top 50 CBSAs based on the total employment
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size in 1980, selecting them for the counterfactual experiments. Given that most migration occurs from small
towns or cities to large cities, this counterfactual is of interest to consider whether such directed migration is
important to explain the variation of structural change, welfare and upward mobility.

Panel B in Table 2 shows the results. In (v), I can find TFP growth in the services sector. On average, service
sectors TFP exhibits 1.2 percent higher from the baseline economy in 1990 and it increases to 4.5 percent in
2010. In contrast, the employment share of the services sector is dropped compared to the baseline economy
and the change shows large variation. This is rationalized by the specialization of workers in CBSAs that
exhibit relatively high amenity and productivity. Once the migration barrier is lower, workers are directed
to such CBSAs and the clustering of workers counteract the movement of workers across sectors due to the
persistence in the model. More interestingly, when I compare the results between counterfactuals (v) and (vi),
I find that lowering migration barrier for top 50 CBSAs has a similar impact of lowering migration barrier for
all CBSAs. This suggests that workers directed sorting to the large cities are essential to consider the role of
migration barrier in shaping the extent of structural change and TFP dynamics.

Turning to welfare, Panel B in Table 3 shows similar results as in the previous counterfactuals. The main
driver of welfare dynamics is the change in the gains from consumption and their effects are persistent over
generations. In Table 4, I find that upward mobility becomes high when I have a low migration barrier. This
is consistent with the theory and quantitative analysis in the previous sections. Individuals are able to sort
into the location with a higher return for any particular industry, and they have more opportunities to climb
up the income ladder by the location choices. I also confirm that this mechanism is mainly at work for the

migration to the large cities by comparing the similar magnitude in two counterfactuals (v) and (vi).

Spatial variation of amenities. Lastly, I investigate the role of differences in fundamental amenities across
CBSAs. To this end, I perform the counterfactual in which overall amenities develop at the same rate across
all CBSAs given any particular industry s. This implies that workers in any particular industry face the
same level of amenities across CBSAs in each period. As reported in (vii) in Table 2, this further benefits the
TFP growth of the services sector. Once I turn off the difference of fundamental amenities among CBSAs, I
predict a 7.1 percent increase in service sector TFP on average in 1990, and it becomes 14.16 percent in 2010.
Compared to the results in the counterfactual (iv), I see a similar magnitude for the average changes but less
variation. This is intuitive since equalizing productivity has both a direct effect and indirect effect of fostering
the TFP growth, while equalizing the amenities has only indirect effects through mobility. In Table 3, I find the
largest welfare gains among the counterfactuals. In (vii), welfare dynamics is larger than baseline economy
by 2.8 percent for the generations 1990 and 2000, and it is 0.3 percent for generations 2000 and 2010. When
I see the decomposition of the effect, this substantial effect in welfare dynamics arises through the gains from
a job opportunity. When the value of amenities is the same across CBSAs, workers’ industry choice and
location choice are purely determined by the return of industry choice in the current location. Therefore,
individuals achieve large gains from job opportunities. In Table 4, I also find substantial positive effects on
intergenerational income mobility. This is also consistent with the benefit from job opportunities in the local
labor market. When eliminating the variation of amenities across locations, individuals are more likely to
achieve a higher position of income rank compared to the previous generation. The measure of upward
mobility becomes 9.2 percent higher for those in generation 2000 and 10.8 percent higher for generation
2010 on average. However, endogenous agglomeration of industries and ex-ante distribution of workers keep
such gains substantially different across space.

Figure 20 present the welfare effects and change in intergenerational income mobility across 395 CBSAs

for the last counterfactual experiment where I set uniform values of amenities across CBSAs for any partic-
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ular industry. In Panel (a), the spatial variation in welfare differences between generation 1990 and 2000 is
magnified in the counterfactual. Intuitively, equalizing amenities allows the first generation to change their
location choices such that they move to productive and high real income places. This magnifies the differences
of such gains among CBSAs, and therefore, more spatial inequality in welfare gains. For the generations 2000
and 2010, the spatial variation of such gains becomes small since workers’ location choices show the path
dependency for each industry. In Panel (b), (c) and (d), I show the distribution of upward income mobility
across CBSAs in the counterfactual. As in the welfare effects, the upward income mobility for generation
1990 exhibits a larger variation in the counterfactual than the baseline, while the negative impact is average.
For other generations, the distribution becomes small in the counterfactual since the spatial variation in the
labor mobility is less relative to the baseline once the geographical distribution of workers shows persistency

after the change in the early period.

Figure 20: Welfare Effects and Intergenerational Income Mobility for the Uniform Distribution of Amenities
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Note: These figures show the results for welfare and intergenerational income mobility for the counterfactual when overall amenities become uniform across CBSAs for given industry choices. Panel
(a) shows the welfare difference for the baseline and the counterfactual between two generations, d In V; 4. Blue dots (black triangles) show the welfare differences between generations 1990 and
2000 (2000 and 2010), respectively. In panels (b), (c) and (d), I report the distribution of upward income mobility for different three generations, generation 1990, 2000 and 2010. In each panel,

gray bars show the distribution of the upward income mobility measure across CBSAs in the baseline, and the blue bars show that for the counterfactual economy.
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Table 3: Counterfactual Experiments — Impact on Welfare
Panel A 1990 — 2000 2000 — 2010

Mean SD 25prc 75 prc Mean SD 25 prc 75 prc

(i) Low Productivity Welfare 0.052 3.219 —1.687 2.112 0.05 317 —-1.971 1.733
in All Services Consumption 0.126 5.181 —3.033  2.231 0.125 4.962 —2.453 3.231

Migration Gain 0.08 3.897 —1.433 2433 0.085 4.18 —2.256 1.698

Job Opportunity Gain  0.052  3.201  —1.933  2.129 0.037 2715 —1.729 1.885

(ii) Low Productivity in Welfare 0.044 2945 —1.637 1.888 0.061 3.173 —-1.923 1.713
IT intensive services Consumption 0.126  5.196 —3.23 2.383 0.126 498  —2.457 3.131

Migration Gain 0.078  3.841 —1.275 2404 0.086 4.217 —2.257 1.691

Job Opportunity Gain  0.049 3.102 —1.816  2.129 0.036 2.666 —1.737 1.768

(iii) Low Productivity in Welfare 0.044 2.963 —1.643  1.963 0.054 3.284 —2.004 1.859
Robot Intensive manufacturing Consumption 0.133 5344  —3.457 2461 0.142  5.282 —2.725 3.238
Migration Gain 0.081  3.912 —1.51 2.326 0.1 4.554 —2.516 1.829

Job Opportunity Gain  0.05  3.145 —1.772  2.046 0.039 2766 —1.725 1.92

(iv) Uniform Productivity Welfare 0.09 4.232 —2.277 2507 0.067 3.664 —2.179 2.234
Change across Space Consumption 0.228  6.858 —3.65 3.735 0.229 6.772 —-3.324 3.781

Migration Gain 0.136 5176  —2.165 2.94 0.164 5.796 —2.898 2.829

Job Opportunity Gain 0.068 3.686 —1.818  2.349 0.06 3.454 —2.214 2498

Panel B 1990 — 2000 2000 — 2010

Mean SD 25 prc 75 prc Mean SD 25 prc 75 prc

) Low Migration Barrier Welfare 0.043 2924 —1.584  1.887 0.052 3.202 —1.882 1.879
for All CBSAs Consumption 0.121  5.112 —3.364 2374 0.128  5.000 —2.548 3.142

Migration Gain 0.074 3.737 —1.391  2.467 0.087 4.255 —2.265 1.705

Job Opportunity Gain  0.049 3.124  —1.819 2.05 0.037 2.686 —1.648 1.893

(vi) Low Migration Barrier Welfare 0.053 3.251 —1.917 1.895 0.053  3.247 —1.782 1.845
for Top 50 CBSAs Consumption 0.121  5.104  —3.399 2.68 0.128 5.004 —2.509 3.231

Migration Gain 0.075 3.745 —1.519 2419 0.087 426 —2272 1.73

Job Opportunity Gain  0.058  3.406 —1.945  2.165 0.038 2727 —-1.73 1.794

(vii) Uniform Amenities Welfare 2.89 23375 —13.812 21.407 0.344 7944 345 5.546
Change across Space Consumption 0.852 13.383  —9.98 9.665 0.116  4.737  —2.376 2.755

Migration Gain 0.901 13.254 —7.365 9.403 0.675 11.274 -5.116 7.315

Job Opportunity Gain  2.374 21.418 —14.399 18.771 0.244 6.851 —3.274 4.858

Note: For each counterfactual (i) to (vii), I report percentage change of the welfare differences over generations. Welfare differences are defined for between generation 2000 to 1990 and 2010 to

2000. I show the mean, standard deviation, 25 percentile and 75 percentile values of their changes across 395 CBSAs in the U.S. economy. Units of all entries are percentages. Panel A report results

of counterfactual exercises about productivity changes. Panel B reports counterfactuals about amenities. See note of Table 2 for more details of counterfactuals.

Table 4: Counterfactual Experiments — Impact on Intergenerational Income Mobility

Panel A 1990 2000 2010
Mean SD 25 prc 75 prc Mean SD 25 pre 75 prc Mean SD 25 pre 75 prc
(i) Low Productivity —0.772 13.405 —7.408 8.752 5.612 30.591 —16.232 23.18 6.692 36.848 —19.431 27.432
in All Services
(ii) Low Productivity in —0.799 13.596 —7.552 9.003 5.396 30.236 —17.408 23.461 5971 3518 —17.739 23.469
IT intensive services
(iii) Low Productivity in —0.82 13.792 -7.72  9.128 5.332 29.536 —16.303 23.62 5.802 35.517 —18.338 24.659
Robot intensive manufacturing
(iv) Uniform Productivity —1.089 15.73 —9.982 10.029 6.399 44.263 —22.205 24.941 7.511 52466 —26.36 29.747
Change across Space
Panel B 1990 2000 2010
Mean SD 25 prc 75 prc Mean SD 25 pre 75 prc Mean SD 25 pre 75 prc
) Low Migration Barrier —0.821 13.754 —7.792 9.182 5.342 29915 —16.806 23.297 5.621 34.982 —18.316 23.462
for All CBSAs
(vi) Low Migration Barrier —0.814 13.779 7.6 9.264 5.322  29.886 —17.243 23.004 5.634 34.956 —18.656 23.911
for Top 50 CBSAs
(vii) Uniform Amenities —1.202 14.948 —6.838 7.264 9.222  41.652 —24.22 34.772 10.829 51.562 —27.384 30.928

Change across Space

Note: For each counterfactual (i) to (vii),  report percentage change of the intergenerational income mobility from the baseline values. For each year, 1990, 2000 and 2010, I show the mean, standard

deviation, 25 percentile and 75 percentile values across 395 CBSAs in the U.S. economy. Units of all entries are percentages. Panel A report results of counterfactual exercises about productivity

changes. Panel B reports counterfactuals about amenities. See note of 2 for more details of counterfactuals.
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VIII Conclusion

The interplay between structural transformation in the aggregate and local economies is key to understanding
spatial inequality and worker mobility. To look at this, I have developed a dynamic economic geography
model with overlapping generations that accommodates the frictional adjustment of workers across locations
and industries, non-homothetic preference and productivity spillovers in a tractable way. The theoretical
framework provides insights into the cross-sectional disparity and intergenerational income inequality among
workers that arise due to structural changes in the economy. I have calibrated the model with the U.S. economy
and despite the high number of dimensions — on location, industry and time — the model structure allows
me to back out productivity and amenities from the data. And this, in turn, enables me to quantitatively
assess the importance of different mechanisms that drive spatial variation in total factor productivity (TFP),
welfare dynamics, inequality and intergenerational income mobility. The dynamic nature of the spatial model
therefore allows me to study phenomena that have received limited scrutiny but which are of fundamental
interest in a country which is increasingly riven by growing inequality and barriers to upward mobility.

My paper allows us to understand how the structure of the spatial economy - through trade and migration,
local labor market exposures and agglomeration - shapes individual outcomes. We begin to understand why
in the same country, the citizens of San Jose are on entirely different trajectories than those in Cleveland.
Why rising levels of inequality might constrain upward mobility as characterized by the Gatsby Curve. These
are issues at the top of the policy agenda not just in the U.S. but in countries across the world. In effect,
my paper is trying to open the black box of how the structure of economy not just across space but also
across time can influence patterns of inequality and mobility in different locations. To do this, I perform
counterfactual experiments using the parameterized model, which enables me to quantify the importance of
technological progress and spatial variation in amenities in determining the pace of structural transformation
across locations. Through such counterfactual analysis, I find that the productivity growth of industries
that drive structural change and higher migration barriers limit upward mobility. In addition, the persistent
variation in productivity and amenities across geographies is critical to explaining the regional disparity in
TFP changes and workers’ mobility. These results suggest they are critical to understanding how mobility
can be encouraged and inequality in an economy that is increasingly dominated by services.

As seen in Figure 1, structural transformation shows uneven patterns across space in the U.S. While there
has been sustained deindustrialization over the last half-century, manufacturing employment share remains
high in most cities in the Rust Belt, including Buffalo, Cleveland, Detroit, Pittsburgh, and St. Louis. As late as
the 1990s, the majority of Silicon Valley technology jobs were still in hardware, and the region was surrounded
by fabrication plants building silicon semiconductors. Today, Silicon Valley has a very limited number of
fabrication plants; however, it remains the dynamic global center of the communication service industries.
Using the U.S. data, I show that the geographical variation of amenities and productivity spillovers are the
main driver of such unevenness, and historical exposure to different industries creates persistence in the
occupational structure. My paper demonstrates how different patterns of structural change across both space
and time determine the geographical variation of welfare and the upward mobility of workers. Understanding
this is critical to understanding how the U.S. as a whole and not just a few cities within it can regain the “land
of opportunity” mantle.

The framework I proposed is easily extended to quantify the effects of various shocks on local economies
and workers within them in the long run. Amongst possible shocks, the interaction between locations and
the rapidly changing international market is perhaps the most important to look at. Globalization and in

particular the U.S. relationship with China is very much in the spotlight in terms of understanding why
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some cities in the U.S. have prospered whilst others have declined. In recent work with Italo Colantone
and Gianmarco Ottaviano (Colantone et al. 2021), I am looking at whether higher trade exposure to Chinese
imports in the U.S. reduces social mobility, both in absolute and relative terms, conditioning for the initial
level of inequality. The foundation of that paper is the framework I developed in this paper, which allows
us to quantify the redistributive impacts of the trade shock across space and time. My model can also serve
as a stepping-stone for analysis of the effects of other dynamic processes. Using my model, I plan to look
at how environmental damages including climate change and air and water pollution might affect inequality
and mobility across locations in the U.S. Another research avenue I plan to pursue is to apply my framework
to locations within developing countries where the overall pace of structural change tends to be more rapid
but where we understand little about distributional effects across space and time. The framework I have
developed in this paper when combined with developing country data serves as an interesting laboratory for
understanding variation in inequality and mobility. This understanding is fundamental to designing policies
to equalize opportunities across locations within countries, something which is very much at the top of the

global policy agenda as the world moves gradually out of the pandemic.
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