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Abstract

This paper studies how local housing supply regulations restrict low-skilled workers from

responding to local labor demand shocks. Over the past three decades, skilled-biased technology

has induced the growth of college-educated workers to different extents across cities. These

workers lack time but not income, and their presence increases the demand for low-skilled services.

This rising demand can spur growth in the number of low-skilled jobs or increase the wages of

low-skilled service workers, depending on whether low-skilled workers are migrating into these

cities. In a spatial-equilibrium model, I illustrate that stringent housing supply regulations drive

up housing costs and discourage the migration of low-skilled workers. This in turn leads to

greater wage growth, but lower employment growth for service workers when there is rising

demand. To isolate this consumption-related mechanism from production-side theories–including

production complementarity and knowledge spillover–I divide low-skilled workers by service and

non-service occupations. I use the index developed in Saks (2008) to measure the restrictiveness

of housing supply regulations across cities, and I use Bartik-style shocks as instrument for the

growth of college-educated population. I find that, when compared with cities with less rigidly

regulated housing supply, the growth of a college-educated population in more strictly regulated

cities is associated with greater wage growth and lower employment growth of low-skilled service

occupations. Regulation has a less evident effect on non-service occupations. These results suggest

that stringent housing supply regulations induce inefficiency in the spatial allocation of labor and

hinder the growth of the service occupations.
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1 Introduction

The presence of college-educated workers in an area can raise local labor demand for less-educated

workers through production- and consumption-related mechanisms. The former refers to knowledge

spillover and production complementarity that are emphasized in the vast literature on agglomeration

economics and human capital externalities (Marshall (1890); Rauch (1993); Acemoglu and Angrist

(2000); Glaeser and Maré (2001); Moretti (2004a,b,c); Rosenthal and Strange (2004); Ciccone and Peri

(2006)). The latter derives from the fact that college graduates, with a high opportunity cost of time,

are more likely to purchase low-skilled services instead of performing these services themselves.

This consumption choice generates demand for less-educated workers, who are disproportionately

employed in the provision of these services. (Manning (2004); Kaplanis (2010); Mazzolari and Ragusa

(2013)). However, whether the increased demand generates more jobs or higher wages for incumbent

workers in the local labor market depends on the local labor supply elasticity of low-skilled workers,

which is largely determined by whether low-skilled workers are willing to move to cities where the

jobs are. Restrictive housing supply regulations (which increase local housing costs) can discourage

the in-migration of low-skilled and can also affect how less-skilled workers respond to the demand

shift generated by the increase in high-skilled population.

Previous studies on the relationship between the high-skilled population and the wages of low-

skilled workers emphasize the production-related mechanism. The consumption-related mechanism

and the role of local housing supply regulations have largely been ignored. This paper contributes

to the literature in two ways. First, it provides a more complete assessment of how the size of the

local skilled population affects wages, occupation choice, and employment of non-college-educated

workers, taking both production- and consumption-related mechanisms into consideration. Second,

it is the first paper to study how adjustments in low-skilled labor market are restricted by housing

supply regulations. In light of ongoing dramatic sectoral labor market shifts and the large variation

in policies on housing supply across the nation, these two perspective are important in understanding

the dynamics of the low-skilled labor market.

Though production- and consumption-related mechanisms can operate in local labor markets

simultaneously, they play distinct roles in different sectors of the economy. The production-related

mechanism is more relevant to the manufacturing sector. There high-skilled workers work alongside of

low-skilled workers and increase the low-skilled productivity by sharing their knowledge and fostering

innovation or through production complementarities. The consumption-related mechanism, is more

relevant to low-skilled service occupations, that involve in-person assisting or caring for others. These

service jobs are different from non-service jobs in two important ways. First, non-college graduates are

disproportionably employed in the service sector, and college graduates, with a high opportunity cost

of time, are net buyers of these services.1 Second, the output of non-service jobs can be sold everywhere

1See Mazzolari and Ragusa (2013). Consumer expenditure data show that consumption of these services, as a fraction of
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at the same price; and, thus, its wage is determined by marginal productivity. However, the output of

service occupations is usually non-tradable, and local demand relies heavily on the physical proximity

to college-educated workers. Wages in service occupations are, therefore, determined by local demand

and supply, not by marginal productivity. Given the asymmetry between the skill levels of consumers

and suppliers and the non-tradable feature of these services, one should expect that an increase in a

city’s skilled population will boost the labor demand for less-skilled workers.

The distinction between the effects of the skilled population on service and on non-service occu-

pations is important, considering recent evidence on the polarization of the U.S. labor market(Autor

et al. (2006); Autor et al. (2008); Autor and Dorn (2013).) Among all occupational categories, service

occupations show the sharpest increase in employment shares and wages among non-college-educated

workers. This indicates an increasingly important role for the consumption-related mechanism. The

relative importance of different mechanisms over time has implication for urban planning and local

economic development. The productivity advantage can for example, provide an economic rationale

for business location decision. While the consumption spillover supports mixed uses of land, which

constributes to cities functioning as consumption centers.

If a city experiences a skill-biased shock, or any other shock that attracts the in-migration of

college graduates, it follows that it will also attract the in-migration of non-college graduates, because

college workers generate the demand for low-skilled services. If labor were perfectly mobile, in cities

with relatively lax housing supply regulations, residential construction would easily respond to new

demand. In these cities, the increase in demand translates into greater employment growth and smaller

wage growth. In cities with strict housing supply regulations, new construction is constrained. Thus,

in-migration in these cities pushes up housing prices and discourages further in-migration of low-

skilled workers. An increase in labor demand, therefore, translates into greater wage growth and

smaller employment growth.

From this perspective, housing supply regulations can determine how low-skilled labor markets

adjust to changes in local demand. Strict housing supply regulations limit low-skilled workers’ access

to cities with an educated and productive population. This isolates low-skilled workers from potential

job opportunities that are generated by high-skilled worker’s consumption.2 As high-skilled workers

move into different cities, service jobs are generated across the nation. How these opportunities

translate into actual employment depends on whether low-skilled workers can find housing in cities

with jobs. This paper suggests that a flexible housing supply is essential if the low-skilled labor market

is to take advantage of the local demand shift. Moreover, to accommodate a greater number of low-

skilled workers, new, smaller houses need to be built.

This paper develops a model to explore how local skilled populations increase the demand for low-

skilled workers; and it investigates the role of the housing market in the realization of this increased

total expenditures, increases with an individual’s skill level.
2Another potential welfare loss for low-skilled worker is the opportunity of human capital accumulation.
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demand. First, I consider a closed economy with two inputs (high- and low-skilled workers) and two

sectors (the tradable goods sector and the non-tradable service sector). The model allows for non-

homothetic utility, which indicates that workers with different skill levels spend different shares of

their income on services. Skilled workers, with higher productivity in the goods sector, endogenously

sort into this sector and are net consumers of services.3 The model describes the production- and

consumption-related mechanisms by presenting the relationships between the skilled population and

the wages of non-college-educated workers in the two sectors. The knowledge spillover and production

complementarity is reflected mainly in the tradable goods sector, where both high- and low-skilled

workers are inputs of the production function. The consumption spillover is reflected mainly in the

service sector, where skilled workers generate demand for services and ultimately raise the wages of

low-skilled workers. Low-skilled workers endogenously sort into the sector that provides them with

higher wages. A simple empirical exercise to distinguishes the two mechanisms. If consumption

spillover dominates, one should see more low-skilled workers moving into service occupations.

Otherwise, one should see the low-skilled workers moving into the goods sector. With the college-

educated population in the cities growing, one can empirically test in which sector low-skilled workers

have ligher wages and employment growth and learn which, if any, mechanism is more important for

the economy. Next, I allow for the interregional mobility of labor and extend the model to a spatial

equilibrium setting where local labor markets have differential levels of housing supply regulations.

The model implies that stricter housing supply regulation is associated with a larger wage effect and a

smaller employment effect.

I pool data from the US Census (1980, 1990, and 2000) and the American Community Survey (ACS,

2005 and 2010) to study how the wages and employment levels of low-skilled workers are changing

with the increasing skilled population. By using the index developed by Saks (2008) to measure housing

supply regulations across cities, and by using the Bartik-style shocks to instrument the growth of the

skilled population, I find that the growth of the skilled population in a city is associated with growth in

the wages and employment level of non-college-educated workers in both the service and non-service

sectors. Growth in high-skilled workers is also associated with a larger share of service occupations

among non-college-educated workers. By including the interaction of the skilled population and the

local housing supply regulation index, I find that for the service sector, areas with stricter regulations

experience a sharp rise in the wages of low-skilled workers and a modest growth in employment; areas

with less strict regulations experience modest rise in wage and substantial growth in employment. The

effect of regulation is less evident for the non-service occupations. This spatial difference suggests that

strict housing supply regulations can lead to labor market inefficiency.

My paper is related to a growing body of literature on the labor market consequences of housing

3The prediction that skilled workers do less home production than unskilled workers, and consume more market

substitutes for home goods and services is a standard result in the theory of allocation of time( Mincer (1963), Becker

(1965), and Gronau (1980)).
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supply regulations.4 Among them, Saks (2008) shows that regulations reduce the response of the local

population to labor demand shocks. Ganong and Shoag (2013) predict that regulation limits migration

from low-wage to high-wage areas and causes income differentials across locations to persist. Glaeser

et al. (2006) and Hsieh and Moretti (2015) find that regulation restricts urban growth. In contrast,

Zabel (2012) finds that migration flows are greater in strictly regulated areas when there is a demand

shock. Instead of studying the whole population, this paper emphasizes the effects of regulation on

the non-college-educated labor supply in response to demand shocks generated by college graduates.

My findings relate to the literature that studies changes in wage inequality within and between

local labor markets (Beaudry et al. (2006); Black et al. (2009); Moretti (2013); Baum-Snow and Pavan

(2013); Diamond (2015)). Most closely related to my paper are Moretti (2013) and Diamond (2015),

both of which show the importance of accounting for the diverging location choices of high- and low-

skilled workers when measuring welfare inequality. The former shows that low-skilled workers are

concentrated in low-cost cities and, therefore, are paying lower housing costs; the latter shows that

low-skilled workers in low-cost cities are enjoying a lower level of amenities. My paper complements

these two papers by arguing that less skilled workers are missing out on potential job opportunities by

locating in low-cost cities.

The model and empirical results of my paper indicate that cities that have a large skilled population

should also have a large population of low-skilled workers, this is consistent with the stylized fact that

both high-skilled and low-skilled workers are disproportionately sorting into large cities (Eeckhout

et al. (2014); Zhang and Fu (2014); Moretti (2011); Moretti and Thulin (2013).) These results are

related to the skill-sorting literature. As in the human capital externality literature, most papers in this

field explain skill sorting across locations as being driven by productive advantages in tradable goods

production, such as skill complementarity and learning externality (Combes et al. (2008); Glaeser and

Resseger (2010); Combes et al. (2012); Matano and Naticchioni (2012)). Instead, my paper focuses on

how the sorting of low-skilled workers can be explained by the consumption spillover generated by

high-skilled workers and local housing supply regulations.

The remainder of the paper proceeds as follows. Section 2 develops a simple theoretical framework

examining the mechanism by which the local skilled population and housing supply regulations affect

the labor market outcomes of lows-skilled workers. Section 3 introduces the data and descriptive

statistics. In section 4, I describe the estimation model and identification strategy. Section 5 reports the

estimated wage and employment effects. Section 6 concludes.

4Recent developments in the measurement of land-use regulations include Gyourko et al. (2008), and Saks (2008).

Regulation of the housing market appears to raise house prices, reduce construction, and reduce the elasticity of the housing

supply. See Gyourko and Molloy (2014) for a more detailed summary of the measures, causes and consequences of local land

use regulations.
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2 Model

In this section, I begin by presenting a simple theoretical model that illustrates both production- and

consumption-related mechanisms in a closed economy. This model identifies the effects of an increase

in the relative supply of college graduates in a city on the wage of non-college workers in both the

tradable goods and non-tradable service sectors. Non-college workers in the tradable goods sector

benefit from imperfect substitution and knowledge spillover, while non-college workers in the service

sector benefit from the spillover of high-skilled consumption. Then, I consider an open economy

and explain how the connection between college and non-college workers is affected by local housing

supply elasticity based on a spatial equilibrium setting.

Consider an economy with two sectors (j = c, s) that produce “tradable goods” and “non-tradable

services” using two inputs: low-skilled labor Nl and high-skilled labor Nh.5 Assume that there is a

continuum of mass one of population, that is, Nh + Nl = 1.

2.1 Preference

Workers derive their utility from the consumption of tradeable goods c and non-tradeable services s

with the following non-homothetic Leontief 6 preference:

u(c, s) = min{c, ρs}, (1)

where ρ denotes the substitution between goods and service which is set to 1 for simplicity. The

tradable goods must be purchased at the market, while non-tradeable services can be either produced

at home or purchased at the market. All workers have a unit endowment of time and decide whether

or not to engage in home production.7 If the worker decides to obtain services at home, her time is

divided between home production, denoted by t, and market production, 1− t. If she decides to obtain

services from the market, all her time is devoted to market production. Home productivity is γ, which

is independent of workers’ skill level. The amount of services produced at home equals γt. Denote the

indirect utility functions for obtaining service at home or through market consumption as Vm and Vh;

then,

Vm = max
c,s

u(c, s)

s.t. c + pss = w,

5Capital is assumed away for simplicity.
6The non-homothetic assumption is necessary to derive the employment shift of low-skilled workers between the two

sectors.
7For simplicity, I exclude the case in which workers can obtain service partly from home production and partly from

market production. Also, as in Gronau (1980), I assume perfect substitutability between market goods and home products in

terms of the service. This assumption rules out that some housework activities provide extra benefits beyond the consumption

value of household production. These conditions are likely to hold for activities, such as cleaning the house, doing the

laundry, and maintenance services, even though they are somewhat unrealistic for the case of child care activities.
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and

Vh = max
c,s

u(c, s)

s.t. c = w(1− t),

s = γt,

where the price of the tradable goods is normalized as 1; the price of service is ps; and the wage

from market production is denoted as w. The worker chooses home production if Vm < Vh, or market

substitutes if Vm > Vh. The home production choice is summarized in the following Lemma.

Lemma 1. The worker chooses home production if and only if

w
ps

< γ.

Proof. See Appendix A1.

Whether the worker chooses home production depends on the relative market wage w
ps

and home

productivity γ. The higher the market wage, the less likely the worker is to spend time on home

production, and the more likely she is to be a net demander of these services. Compared with less-

educated workers, college graduates have the same level of home productivity but higher market

wages; thus, they are more likely to consume market substitutes for home production activities. This

result follows from the standard theory of home production and allocation of time(Mincer (1963);

Becker (1965); Gronau (1980)).

2.2 Production

Production of tradable goods combines both skill levels of labors using the following technology:

Yc = (θhNhc)
α(θl Nlc)

1−α, 8 (2)

where Nhc and Nlc are the number of high- and low-skilled workers employed in this sector. High- and

low-skilled workers complement each other in this production function, where substitution elasticity is

determined by α ∈ (0, 1). θh and θl are productivity shifters. As in Moretti (2004a), I allow productivity

shifters to depend on the share of high-skilled workers in the city:

log(θi) = φi + βNh i = l, h,

where φi is a group-specific effect that captures the skill-biased productivity with φh > φl ; Nh is the

size as well as the share of skilled workers because the total population is normalized to 1. If β > 0,

then there exists positive productivity spillover.

8Model implications do not change if a more general CES technology is used.
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The service sector uses only low-skilled labor with the following production function:9

Ys = γNls,

where γ measures the productivity in the service sector. In this sector, marginal production is constant

and equals γ. For simplicity, I normalize γ to 1 for the rest of the paper.

Since low- and high-skilled workers have homogeneous productivity working in the service sector

and heterogeneous productivity working in the goods sector, they endogenously sort into different

sectors in which the return to their labor is higher. High-skilled workers sort into the goods sector,

while low-skill workers supply their labor either in the goods sector or in the service sector, with the

same equilibrium non-college wages in the two sectors. Suppose that the proportion of low skilled

worker working in service sector is µs; then, the share of low-skilled workers in the service sector is

Nls = µsNl and the share in the goods sector is Nlc = (1− µs)Nl .

2.3 The Effect of the High-skilled Population

The purpose of the model is to illustrate how the size (share) of high-skilled workers affects the low-

skilled wages and occupation choices, that is, how wlc, wls, and µs are changing with Nh.

For the goods sector, the wages of low-skilled workers equal the marginal product; that is,

log(wlc) = log(1− α) + α log(θhNh)− α log(θl Nlg). (3)

This indicates that the increase in the number of educated workers in a city may raise the wage

of low-skilled workers in the goods sector (wlc) through knowledge spillover (θl) and production

complementarity as long as α 6= 1. For the service sector, the equilibrium wage is determined by

local demand and supply of services; that is,

Nhs∗p∗s = Nlswls. (4)

The left-hand side denotes the amount of money high-skilled workers spend on services, while the

right-hand side denotes the amount of money that the low-skilled workers employed in the service

sector receive. In equilibrium, s∗ = wh
1+ps

and p∗s = wls, and we have

log(1 + wls) = log(wh) + log(Nh)− log(Nls). (5)

Therefore, skilled workers in a city can raise the wage of low-skilled workers (wls) by generating larger

demand of low-skilled services. A low-skilled worker chooses between the goods sector and the service

sector, where he receives a higher wage. In equilibrium, the marginal low-skilled worker is indifferent

between working in either sector. The occupation choice of low-skilled workers is summarized in

Lemma 2.
9A more general assumption is that high-skilled workers are also allowed to work in the service sector, but as long as their

productivity in the goods sector is higher than in the service sector, they would endogenously choose to work in the goods

sector. Therefore, relaxing this assumption would not affect the model’s implications.
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Lemma 2. In equilibrium, the proportion of low-skilled worker in the service sector is increasing with the size

(share) of high-skilled worker. That is,
∂µ∗s
∂Nh

> 0

Proof. See Appendix A1.

This result comes from a non-homothetic preference. As the share of high-skilled worker increases,

a larger proportion of income in the society is spent on services. This pushes up the wages of service

sector workers more than those of goods sector workers, thus attracting more low-skilled workers to

the service sector. In a model with homothetic preference, the proportion of low-skilled workers who

are employed in the service sector (µs) is constant and it is entirely determined by the consumption

substitution between goods and services in the utility function, as well as by the production elasticity

in the production function of the goods sector.10

Because Nlc, Nlc, θh and θl are functions of the number of high-skilled workers in the city (Nh), the

wages of low-skilled workers in the goods and service sectors can also be written as a function of Nh

based on Lemma 2. Specifically,

∂log(wlc)

∂Nh
= [

α

θh
+

1− α

θl
]β +

α

Nh
+

α

1− Nh
+

α

1− µs

∂µs

∂Nh
(6)

∂log(wls)

∂Nh
= [

1
Nh

+
∂wh

∂Nh
− 1

∂µs

∂µs

∂Nh
+

1
1− Nh

]
1 + wls

wls
. (7)

The above equations illustrate that the high-skilled population raises the wages of low-skilled

workers in the goods sector through knowledge spillover ([ α
θh
+ 1−α

θl
]β ), production complementarity

( α
Nh

+ 1
1−Nh

), and supply effect, which is caused by the employment shift from the goods sector to the

service sector ( α
1−µs

∂µs
∂Nh

). At the same time, the high-skilled population raises the wages of low-skilled

workers in the service sector through consumption spillovers ( 1
Nh

+ ∂wh
∂Nh

) and conventional supply

effect (− 1
∂µs

∂µs
∂Nh

+ 1
1−Nh

). Moreover, 1+wls
wls

reflects the non-homethetic feature of the utility function.

Wage equations (6) and (7) indicate that the skilled population can raise low-skilled workers’ wages

in the two sectors through different mechanisms. Consumption spillover is not confounded by the

production-related mechanisms, given that low-skilled workers are disproportionately employed in

the service sector.

2.4 Spatial Equilibrium

In the closed economy model, local labor supply is assumed to be exogenous and fixed, but in the real

world, labor is mobile across cities. The ability to relocate labor to places with job opportunities is one

of the most important advantages of the United States economy. To relax this assumption, I consider

10Detailed proof of this case is provided in the Appendix.
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an open economy in which low- and high-skilled workers are free to move across cities and local

prices adjust to maintain the spatial equilibrium. This setup shares features of the Rosen (1979) and

Roback (1982) framework, focusing on a long-run general equilibrium setting. Using this framework,

I address two related questions. First, I seek to understand what will happen to local labor market of

low-skilled workers when the local economy experiences an exogenous increase in skilled populations.

To emphasize the consumption spillover, low-skilled workers are allowed to work only in the service

sector.11 Second, I add the housing market to the model and analyze how housing supply regulations

in this market affect the spillover from high-skilled consumption to low-skilled labor market.

There are two cities: city A and city B. High- and low-skilled workers choose between the two

cities. Let Nhj and Nl j denote the number of low- and high-skilled workers in city j, for j ∈ {A, B}, and

assume that the total numbers of high- and low-skilled workers in the two cities are N̄h and N̄l–that

is, N̄h = NhA + NhB and N̄l = Nhl + Nhl . To model the housing market, I assume that everyone in the

population works12 and that all workers must live in a separate house, so that housing demand and ,

therefore, the equilibrium size of the housing stock, are equal to the population.

In order to investigate the effects of the high-skilled population on low-skilled labor market

outcomes, I take the wages and numbers of high-skilled workers in cities A and B (NhA, NhB, whA,

and whB) as given 13 and suppose that high- and low-skilled workers live in different housing markets

on purpose. The price of low-skilled housing in city j is

rj = z(Nl j)
ηj j ∈ {A, B}, (8)

where Nl j is the low-skilled population in city j. The parameter ηj characterizes the restrictiveness of

local housing supply regulations. In cities where the regulations are less strict and new houses are

relatively easy to build, ηj is small. In the extreme case where there are no constraints on building new

houses, ηj is zero. In another extreme case where it is impossible to build new houses, ηj is infinite.14

Suppose low-skilled housing supply in city A is restricted by regulations, while city B has a perfectly

elastic housing supply. That is, ηA > 0 and ηB = 0. The relative number of high-skilled workers affects

the relative wages of low-skilled workers in the local labor market, who take wages and home prices

for each city as given and decide where to locate.

Suppose that the utility function of low-skilled worker is u(c, h) = cρh1−ρ; then, the indirect utility

is

Ul j = f (wl j/rj), (9)

11Similar implications can be derived if low-skilled workers are also allowed to work in goods sector.
12As in Roback (1982), I abstract from labor supply decisions and assume that each worker provides one unit of labor,

so that the local labor supply is determined only by workers’s location decisions. Thus, the supply of labor in each area is

determined by the size of the population. The supply of labor in the short run is completely inelastic because there is no

adjustment through changes in hours or unemployment.
13A relaxation of this assumption does not affect the main conclusion.
14The limitation of this assumption is that housing production does not involve the use of any local input and the durability

of housing. See Roback (1982) andGlaser and Gyourko (2005).
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where f ′(·) > 0, and wl j/rj is the real wage in city j. The low-skilled wage (wl j) is determined by the

distribution of skills in city j, and the rent( rj) is determined by the low-skilled population and the

restrictiveness of the housing supply regulations in city j. Taking the number of high-skilled workers

Nhj as given, this paper seeks to understand how low-skilled wages change with Nhj. In the spatial

equilibrium, workers are completely indifferent between living in city A and B; that is,

f (wlA/rA) = f (wlB/rB).

As in the closed economy, an increase in Nhj can raise non-college wages through consumption

spillover. However, to what extent wages increase depends on how many low-skilled workers are

attracted by the higher wages and choose to move from other cities to city j. That is, the increase in

wage depends on the local labor supply elasticity. In the extreme case, when labor supply is perfectly

elastic, we should observe no increase in low-skilled wages, but only an increase in employment.

On the other hand, when labor supply is perfectly inelastic, we should observe the increase only in

wages, but not in employment. From this perspective, consumption spillover can translate into a wage

increase or an employment increase. Considering only the wage effect, as in most of the literature,

tends to under-evaluate the effects of local college population.

Migration affects local labor supply elasticity because workers respond to demand shocks and

housing costs by moving across locations over time. Migration into an area increases with the relative

level of wages and decreases with the relative level of housing prices. By affecting housing costs,

housing supply regulations affect migration and the equilibrium wage and employment of low-skilled

workers. To illustrate this point, let’s consider two cases for city A. In both cases, city A experiences an

increase in skilled population, which increases demand for low-skilled services. In the first case, city

A has stricter housing supply regulations (larger ρA); the in-migration of the low-skilled population

leads to a larger increase in rent and discourages further in-migration of the low-skilled workers. In

the second case, city A has less-strict regulations (smaller ρA); the in-migration leads to a moderate

increase in rent, and attracts low-skilled workers to follow high-skilled workers to move to city A.

In equilibrium, we should observe that a larger number of high-skilled workers is associated with

two outcomes: higher wages for low-skilled workers in cities with stricter regulations, and more

employment of low-skilled workers in cities with less-strict regulations. From this perspective, the

direct effect of the demand shock, caused by the increase in high-skilled workers, is partially offset by

the general equilibrium changes due to worker relocation. The ultimate change in the nominal wage

of unskilled workers is different from the partial equilibrium change and depends crucially on the

degree of labor mobility and, therefore, the magnitude of local housing supply regulations. The effect

of high-skilled workers on the wages and employment of low-skilled workers and the role of local

housing supply regulations are summarized in Proportion 1 and 2.
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Proposition 1. The skilled population increases the employment of low-skilled workers; that is

∂ log(NlA)

∂ log(NhA)
> 0.

Moreover, the skilled population raises the wages of low-skilled workers ,

∂ log(wlA)

∂ log(NhA)
> 0,

as long as
∂ log(NlA)

∂ log(NhA)
< 1.

Proof. See Appendix A1.

Proposition 2. The inverse of housing supply elasticity η reduces the employment effect and increases the wage

effect. That is,

∂
∂ log(wlA)
∂ log(NhA)

∂ηA
> 0,

∂
∂ log(NlA)
∂ log(NhA)

∂ηA
< 0.

Proof. See Appendix A1.

Proposition 1 illustrates that the increase in the skilled population generates labor demand for low-

skilled workers. Proposition 2 shows that the extent to which the demand shift leads to higher wages

or higher employment for low-skilled workers in the city depends on the local housing regulations.

The idea in the above propositions is illustrated in Figure 1. If the local housing supply is elastic,

then workers are relatively more mobile, and the elasticity of the local low-skilled labor supply is high.

In this case, the low-skilled local labor supply curve is relatively flat, and the reaction to a positive

demand shock is reflected in higher growth in employment and in lower growth in wages (from point

X to point Y). If the local housing supply is strictly regulated, then workers are relatively less mobile,

and the elasticity of the local low-skilled labor supply is low. In this case, the local low-skilled labor

supply curve is relatively steep, and the reaction to a positive demand shock is reflected in a larger

growth in wages, and smaller growth in employment (from point X to point Z).

Inelastic housing supply induces welfare loss for two reasons. First, it reduces the ability of low-

skilled workers to migrate to places with job opportunities and, thus, leads to inefficiency in spatial

labor allocations. Second, higher low-skilled wages imply higher prices of low-skilled services, which

decreases of high-skilled workers’ expenditure on these services. The total welfare loss is captured by

the shadowed areas (XYZ) in Figure 1.

3 Data

To study how the wages and employment of low-skilled workers are associated with skilled population

in the city, I use data from the Census (1980, 1990, and 2000) and the American Community Survey
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(ACS, 2005 and 2010).15. The Census data provide the most detailed and comprehensive geographic

coverage, which makes it suitable for city-level analysis. Summary statistics are presented in Table 1.16

Based on the Census, Figure 2 plots the smooth employment and wage growth by skill percentiles

between 1980 and 2005.17Skill percentiles are defined at the 1980 mean occupational wage across 320

consistently defined occupations. The employment growth is scaled relative to the average across all

skill percentiles, so a positive number shows an increased share in total employment, while a negative

shows a decreased share. The polarization pattern is straightforward, with very rapid job and wage

growth in the upper part of the distribution, a hollowing out in the middle, but increased job and wage

growth also at the bottom.

To explore the spatial heterogeneity of the polarization phenomenon, I divide the metropolitan

areas18 into more and less strictly regulated cities. The strictness of regulation is measured by an

index compiled by Saks (2008). This index is a “combined” measure of regulatory restrictiveness for

the late 1970s and the 1980s based on six independent surveys conducted during this time period.19

Figure 3 carries out the same exercise as that in Figure 1 for the two groups of cities. Figure 3

reveals that employment and wage growth in both types of cities are characterized by the U-shape

polarization, as in Figure 3, but with differences in the extent of polarization. Compared with less

strictly regulated metropolitan areas, more strictly regulated areas show a more evident U-shape in

wage polarization and a moderate U-shape in employment polarization. To be more specific, the

upper tails of skill distribution of the two types of cities are similar, both experiencing large growth

in employment and wages. The difference is reflected in the lower tail of the skill distribution, where

high-regulated metropolitan areas experience more substantial wage growth but relatively smaller

employment growth, while low-regulated metropolitan areas experience moderate wage growth but

larger employment growth.

To look at the polarization pattern in terms of specific occupations, I divide all occupations into four

broader groups, roughly by their skill levels.20 The first is “low-skilled service occupations.” These jobs

15See Ruggles et al. (2004). The integrated Public Use Micro-sample series (IPUMS) files are used. The census samples for

1980, 1990, and 2000 include five percent of the US population; The 2005 and 2010 ACS samples include one percent of the

population.
16The sample is restricted to individuals aged 16 through 65 who did not live in group quarters and who were employed

at the time of the survey. High-skilled workers are defined as those with college education. Employment is measured by

the product of weeks worked that year and hours usually worked per week. All monetary variables are converted to 2010

dollars.
17The figure replicates the Figure 2 in Autor and Dorn (2013) using the 1980 Census and 2005 ACS.
18Between 290 and 300 metropolitan areas are defined in the Census between 1980 and 2000. The geographic definition of

metropolitan areas changes over time. Previous work suggests that spatial wage and employment trends are not significantly

affected by this issue(Shapiro (2006)).
19There is abundant evidence that land use regulations are good proxies for housing supply elasticity. See Quigley and

Raphael (2005) and Saks (2008). More details on this measurement is provided in Appendix A.
20The Census classification of occupations changed over time, particularly between 1990 and 2000. To get a consistent

classification, I follow Autor and Dorn (2013), who create a balanced panel of 330 occupations for the years 1980 to 2005.
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typically involve caring for, serving, or protecting others. As in Autor and Dorn (2013), I subdivide

service occupations into nine groups: food preparation and service workers; building and grounds

cleaning workers and gardeners; health service support workers (such as health and nursing aides,

but excluding practical or registered nurses); protective service workers; housekeeping, cleaning, and

laundry workers; personal appearance workers (such as hairdressers); child care workers; recreation

and hospitality workers (such as guides, baggage porters, or ushers); and other service workers. This

group constitutes the lower tail of the skill distribution and corresponds to the non-tradable service

sector in the model. According to Tables 2 and 3, both wages and employment experienced sharp

increase between 1980 and 2005; the share of labor hours in service occupations grew by 22.8 percent,

and the mean hourly wage grew by 11.1 percent.

Other low-skilled occupations can be divided into two categories. The first is low-skilled white-

collar occupations, which include clerical and administrative support occupations. The second is blue-

collar occupations, which usually involve jobs in the manufacturing sector, such as craft, operative and

assembling occupations. The common feature of the two categories is that low-skilled workers in these

occupations usually work in the same office or factory with high-skilled workers. The final group

consists of high-skilled white-collar occupations which include managerial, professional, technical,

finance, and public safety occupations that typically employ highly educated workers specializing in

abstract job tasks. The theoretical model categorizes the latter three groups into the tradable goods

sector (non-service occupations), as the products of these occupations are usually tradable.

Panel 1 of Table 2 reports the employment share in different occupations from 1980 to 2010. In

contrast to the rapid growth of service occupations, low-skilled non-service occupations experienced

rapid decline in employment, while the decline of low-skilled white-collar occupations was more

moderate than that of blue-collar occupations. Panel 1 of Table 3 reports the mean real log hourly

wages in different occupations for low-skilled workers from 1980 to 2005.21 For the entire period and

for all occupations, wages in service occupations were lower than wages in other occupations, which

confirms the fact that service occupations are traditionally low paid jobs. All four groups experienced

an increase in wages, but the increase in service sector was more substantial than that in the non-service

sector.

Panels 2 and 3 of Tables 2 and 3 report employment and wage patterns for metropolitan areas with a

high and a low regulation index, as in Panel 1. Low-skilled service occupations experienced a relatively

substantial increment in employment shares in low-regulated metropolitan areas and a relatively larger

increment in real wages in the high-regulated metropolitan areas. These simple exercises make a critical

point: to interpret the pronounced polarization of employment and wages in the United State at the

Details of the construction of the occupational classification and a full list of the resulting 330 occupations are given in

Dorn (2009). See Manning (2004) and Mazzolari and Ragusa (2013) for a discussion of more issues on home production

occupations.
21

2010 wages are not available because ACS stops reporting the exact hourly wage since 2007.
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regional level, it is necessary to understand how the employment and wages of low-skilled workers in

the service occupations are affected by the local housing supply.

To explore how the skilled population affects the employment and wages of low-skilled workers

in service occupations at the city level, I measure city-level skill as the log of the college-educated

population in the city.22 One concern about using population instead of the share of high-skilled

workers is the size effect. That is, larger cities attract a better educated labor force and pay higher

wages. This is unlikely to be a major problem, as city-fixed effects absorb permanent differences in city

size.

Figures 4 and 5 plot the correlation of the college population against the wages and employment of

non-college workers in service occupations. The left-hand side figure reports the correlation based

on all the available metropolitan areas, while the right-hand side reports the correlation for low-

and high-regulated metropolitan areas. Consistent with the model’s predictions, I find a positive

correlation between the college population and low-skilled wages and employment in the service

sector. Furthermore, compared with low-regulated metropolitan areas, high-regulated metropolitan

areas experience a stronger wage correlation and a weaker employment correlation.

Figures 6 and 7 show the relationship between growth in low-skilled employment and wages for

service occupations and the growth of the college population at the metropolitan level. Metropolitan

areas with stricter regulations experience a larger growth in wages and a moderate increase in

employment, along with the expansion of a college population. On the contrary, low-regulated

metropolitan areas experience a moderate increase in wages and a larger increase in the employment.

These stylized facts are consistent with the existence of a demand shift for low-skilled workers

stemming from a rise in the high-skilled population. As predicted in the model, the demand shift

translates to larger employment growth in places with less-strict regulations, and larger wage growth

in places with stricter regulations. In the estimation section, I explore whether the documented

associations in Figures 4-7 are causal.

4 Empirical Specification

The model predicts that cities with a larger college population have a greater demand for low-skilled

workers. In this section, I estimate the magnitude of this effect by comparing wages and employment of

otherwise similar low-skilled workers who work in cities with different sizes of skilled population. In

order to isolate the consumption-related mechanism from the production-related mechanism, I divide

low-skilled workers by their occupations. In view of the theoretical discussion in the previous section,

I also estimate the role of the housing market by incorporating the interaction of the regulation index

and college population in the city.

22The share of the skilled population is usually used in the literature, such as Moretti (2004a), to measure the level of

human capital. I choose the level of population in order to have a better understanding of the employment effect.
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To estimate the wage effects, suppose that the wage for occupation o in city j in period t is

determined by an equation of the form

log(wojt) = βw1 log(Sjt) + βw2 log(Sjt) ∗ Regj + βw3Zjt + dj + dt + uw
jt . (10)

where Sjt represents the size of the skilled population in the labor force of city j in year t; Regj is the

housing supply regulation index in city j; Zjt is a vector of city characteristics; dj represents a city-fixed

effect; dt represents the time effect; and uw
ijt is the transitory component of log wages, which should be

independently and identically distributed over cities and time. The coefficients of interest are βw1 and

βw2, which represent the wage effect and the heterogeneity of this effect in cities with different levels

of housing supply regulations.

The average city-level wages for service and non-service sectors are measured by the “adjusted city

average wage.” To be more specific, I use the individual-level census data and regresses the log wages

of employed workers on a large set of controls and metropolitan area and year fixed effects. That is,

log(wijt) = αjt + Xitβ + εijt,

where αjt is city and time dummies, and Xit is a vector of individual characteristics including age,

age squared, education, sex, and race. The fixed effect estimated from the above regression is a

composition-adjusted measure of the wage premium.23

To estimate the employment effect, I consider two sets of estimations. The first estimates the relative

size of employment in service and non-service occupations by estimating the occupation choice of low-

skilled workers. The second considers the absolute size of employment of low-skilled workers in both

service and other occupations. Accordingly, the estimation equations can be written as follows:

Pjt = βp1 log(Sjt) + βp2 log(Sjt) ∗ Regj + βp3Zjt + dj + dt + up
jt, (11)

and

log(Eojt) = βe1 log(Sjt) + βe2 log(Sjt) ∗ Regj + βe3Zjt + dj + dt + ue
jt, (12)

where Pjt measures the proportion of low-skilled workers employed in the service sector among all the

low-skilled workers in city j; Ejt is hours worked by the low-skilled workers in occupation o in city j in

period t; up
ijt and ue

ijt are estimation errors.

4.1 Identification

A key issue in the above OLS estimations is the presence of city-specific unobservable characteristics

that may be correlated with low-skilled labor market outcomes and the population of skilled workers

at the same time.24

23Shapiro (2006),Albouy (2008), andNotowidigdo (2011) employ a similar method to measure city-level wage.
24Another source of omitted variables is individual-level factors. That is, low-skilled workers observed in cities with a

large college population may be better workers, in terms of ability and family background, than low-skilled workers with the
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Cities differ widely in geographical location, industrial structure, housing supply regulations,

weather and amenities. To control for permanent city-specific characteristics, I employ a city fixed effect

estimation and a first-difference estimation. To control for time-varying city-specific unobservables, I

incorporate several metropolitan areas-level variables: unemployment rate, female labor participation

rate, share of elderly in the population, share of foreign-born workers, and share of Hispanic workers.

However, rather than affect service employment and wages, these factors may actually result from

them. For example, the female labor supply and immigrants’ location choices may be endogenous

to service job opportunities in an area. Thus, controlling for these factors may bias the estimation

coefficients of interest. Moveover, there are still some city-level unobservable factors that may be

omitted. In terms of equation (10), this implies that cov(uw
jt ; Sjt) 6= 0. As a result, if city-specific time-

varying unobserved factors are positively (negatively) related to wages or employment of low-skilled

workers, the spillover effects would be overestimated (underestimated).

To solve this endogeneity problem, I instrument the college population with exogenous city-level

college demand factors as measured by the Bartik-style shocks developed in Bartik (1991).25 The Bartik

instrument captures exogenous demand shocks in the local labor market. These shocks are caused

by national employment growth across industries over time and local industry structure. I adjust the

demand shocks for high-skilled workers and use them to predict the growth of skilled workers in

the city. The idea behind this strategy is that if an industry hires many college workers and if this

industry grows fast (in the whole economy), then one would expect the city with a big share of this

industry to experience a positive shock to its skilled labor force, which leads to greater growth of the

high-skilled population. For example, the predicted labor demand of high-skilled workers in areas

with a large share of the finance industry will be high when the finance industry is hiring more high-

skilled workers nationally, relative to firms in other industry (New York). Similarly, the predicted labor

demand of high-skilled workers in areas with a large share of the information technology industry

will be high when the IT industry is hiring more high-skilled workers nationally, relative to firms in

other industries (San Francisco). Since the high-skilled Bartik shocks are driven by national changes in

industrial demand for high-skilled workers, they capture exogenous growth in the skilled population.

More specifically, I create the following measure of city-level labor market demand shock for high-

same observable characteristics who live in cities with a smaller college population. For example, a nanny in New York is

probably different along some unobservable dimension from a nanny in San Antonio, TX. This type of sorting may take place

if a larger college population in a city is associated with a higher return to unobserved ability for both low- and high-skilled

workers, causing higher-ability workers to move to cities with a larger college population. In this case, the correlation of a

larger college population with high wages may simply reflect a higher unobserved ability of workers rather than the spillover

effect. Though cross-sectional data in the census fail to control for this source of bias, I argue that the bias caused by this

source of omitted variables is not large, following Moretti (2004c).
25This approach has since been employed by Blanchard et al. (1992), Bound and Holzer (2000),Saks (2008), Notowidigdo

(2011), Notowidigdo (2011), and Diamond (2015).
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skilled workers:

Bartik jt =
I

∑
i=1

eijt−1(lnẼit − ln ˜Eit−1),

where i indexes industry, j metropolitan area, and t year. eijt−1 is the share of employment in industry i

in year t− 1 for the city j. It used as weight for the log national employment growth term. The term in

parentheses is a measure of the high-skilled employment growth in industry i nationally. In particular,

it is the log of national high-skilled employment, excluding city j employment in that industry (Ẽit),

divided by the same quantity in the previous year ( ˜Eit−1). Based on local-level industry structure, the

Bartik shocks predict growth in high-skilled workers in the city by the weighted national-level growth

in high-skilled workers. To measure the local share of employment, I use the total number of hours

worked by employed college workers between the ages of 18 and 64. The classification of industry is

based on the Census codes.

The first-stage equation for the instrument estimates (with standard errors in parentheses ) is as

follows:

∆Sjt = −0.27 + 2.25(0.57) ˆBartik jt R2 = 0.36,

The estimated coefficient on the Bartik instrument indicates that one percent growth in the national

demand for college employment induces about two percent growth in the college population. This

suggests that industry mix has a fair amount of explanatory power with regard to local population

change. The F-statistic for the first stage is 25.6, indicating a strong correlation between the college

population and high-skilled Bartik shocks.

5 Estimation results

5.1 Wage Effects

Table 5 reports the estimated wage effects for low-skilled workers in service (top panel) and non-service

occupations (bottom panel). As predicted by the model, the OLS estimates of β1 in column (1) are

significantly positive, indicating that a larger college population is associated with higher non-college

wages in both service and non-service occupations. The magnitude of wage effects in the service

sector are larger than that in the non-service sectors. A one percentage point increase in the college

population raises low-skilled wages in the service sector by 2.56 percent and low-skilled wages in the

non-service sector by 1.915 percent. To investigate the role of housing market conditions on this wage

effect, I include the interaction of the regulation index and the college population in the estimation in

column (2). The coefficient for the interaction term is significantly positive, which is consistent with

the model’s predication that the wage effect is more evident in strictly-regulated metropolitan areas.

To control for metropolitan area time-invariant factors, column (3) adds metropolitan area dummies

and column (4) employs the first-difference estimation. In both models, the coefficients for service and
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non-service occupations are smaller after taking permanent differences across cities into consideration.

To isolate exogenous shifts in the demand for college workers, based on the first-difference model, I

employ the Bartik instrument in column (5). The justification for preferring the first-difference model

over the fixed effect model is that the shift in demand is more likely to be uncorrelated with the growth

of residuals over time. Comparing the IV estimates to the OLS estimates, I find that the former is a

bit smaller than the latter. This is consistent with our notion that the OLS estimates are confounded

with other city-level productivity factors that attract both high- and low-skilled workers, leading to

upward biases in the estimated effects of demand on market outcomes. The IV estimate implies that

a one percent shift in demand for college workers leads to a wage increase for low-skilled workers

of 0.75 and 0.65 percent in the service and non-service sectors, respectively. At the same time, a one

percent larger housing supply regulation index increases the wage effect by 0.178 percent for service

occupations, while its effect for non-service occupations is not significant.

Columns (6) and (7) further control for time-varying city-level factors by including city-level

variables. Column (6) includes factors that affect the demand for low-skilled services, such as the

unemployment rate, the high-skilled female labor participation rate, and the share of elderly in the

population. Column (7) includes additional variables, such as the share of immigrant workers and

the share of Hispanic workers, which affect the supply of low-skilled workers. The coefficients for

the skilled population are significant but slightly smaller in columns (6) and (7) than in column (5).

The coefficient for the high-skilled female participation is significantly positive, which is consistent

with the hypothesis that in cities in which market value is higher for high-skilled females, households

are more likely to outsource their home production and, therefore, generate a larger labor demand

for low-skilled workers. Likewise, since the elderly have high demand for specific services, such as

home health assistance, a greater share of senior citizens in the population are more likely to raise

the demand for services. The coefficient for the share of elderly is positive but not significant. The

coefficient for share of the immigrant workers is significantly positive, which implies that immigrant

workers are more attracted to places with a larger population of skilled workers.26

In Table 6, I report estimates from several alternative specifications to check the robustness of the

main results from Table 5. The association between the skilled population and the wages of low-

skilled workers can be explained by consumption- or production-related mechanism. In the above

regression, I distinguish these two mechanisms by investigating wages of workers in service and non-

service occupations. In column (2) of Table 6 , I present one more piece of information relevant to

distinguishing the two mechanisms. When dividing the high-skilled population into female and male,

I find that the coefficient for the female skilled population is much larger than that for the male skilled

population, while the coefficients for both genders are similar for other occupations. These results are

consistent with the features of the consumption mechanism because cities with a larger female college

population generate a greater demand for low-skilled services. However, the effect of production

26The estimation results for these coefficients are not presented in the table.
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complementarity and knowledge spillover should be similar in terms of gender. In columns (3) and

(4), I consider two different time periods, 1980-1990 and 2000-2005. The results show that the effect of

the college population on service occupations becomes larger in more recent years, while the effect of

skilled population on non-service occupations remain stable over the time. This time trend is consistent

with the rise of low-skilled service employment, as documented in Autor and Dorn (2013).

So far, I have measured housing supply elasticity using the housing supply regulation index

provided in Saks (2008). Though this index is comprehensive, it is only an approximation of housing

supply elasticity and bears measurement error. To make sure that the estimation results are not

sensitive to the choice of the index, I make use of three alternative measures to approximate housing

supply elasticity. The first one is the Wharton Residential Land Use Regulatory Index, which captures

the restrictiveness of regulation around 2005(Gyourko et al. (2008)). Metropolitan areas with higher

values of the Wharton Regulation Index have more strict zoning regulations or project approval

practices that constrain new residential real estate development. Besides land use regulation, the

geographic conditions in the city can also affect housing supply elasticity, as documented in Saiz

(2010). Thus, I use the proportion of developable land provided in Saiz (2010) to approximate city-

level housing supply elasticity. Finally, I use the direct measure of housing supply elasticity, as in Saiz

(2010). Columns (5)-(7) in Table 6 report the estimation results using the three alternative measures of

housing supply elasticity. The magnitudes of the coefficients for the interaction term are different but

still significant.

In addition, Table 7 reports the instrument estimates for the relationship between the skilled

population and low-skilled wages in nine subgroups of service occupations: food service, cleaning

and gardening, health support, house clean and laundry, child care, personal appearance, security

guards, recreation, and miscellaneous services. The positive wage effect is present both in female-

dominated service occupations that provide substitutes for home production–child care workers and

health-related service occupations. Moreover, the effect of housing supply regulations is the largest for

child care jobs among all the service occupations.

5.2 Employment Effects

Besides the wage effect, the city-level college-educated population can affect the employment of

low-skilled workers through two channels. First, if the consumption spillover is larger for the

service occupations than the production-related benefits for the non-service occupations, the service

occupations should attract more low-skilled workers than the non-service occupations attract when

the city-level college population is expanding. Second, as long as workers are mobile across different

cities, the job opportunities created by the college population should attract more low-skilled workers

in other cities to migrate to the “smart” city. In those cases, as predicted in the theory, a larger

college population is correlated with a relatively larger share of low-skilled workers employed in the
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service sector and greater absolute employment in the service sector. I define employment in different

occupations as hours worked in that sector.

Table 8 reports the estimates of employment effects. Panel A studies the relationship between

the probability of being employed in the service sector among low-skilled workers and the city-level

college-educated population. It shows that a one percentage point increase in the skilled population

in a city raises the probability of low-skilled workers being employed in the service sector by 0.041

percent, based on the first-difference estimation where college-educated population is instrumented

by the Bartik demand shocks. This effect is smaller, but it remains significant after I control for time-

varying city-level variables, as shown in columns (6)-(7).

Panel B studies the absolute employment of low-skilled workers in different occupations. I find

that the growth of the college-educated population increases the growth in employment of low-skilled

workers in service occupations by 0.34 percent, and the employment of low-skilled workers in non-

service occupations by 0.30 percent. The IV estimates of the employment effects are generally smaller

than those from OLS, which is consistent with the idea that there are other city-level productivity

factors that attract both high- and low-skilled workers, in this case leading to upward biases in

estimated effects. The coefficients for the interaction term of housing supply regulation are significantly

negative for the service occupations, but not significant for the non-service occupations. To be more

specific, a one percent higher housing supply regulation decreases the employment effect by 0.040

percent for the service occupations. These results are consistent with the model’s predication that

employment effects are more evident in metropolitan areas with less-strict housing supply regulations.

In Table 9, I report estimates from several alternative specifications to check the robustness of

the employment effects. In column (2), I divide the high-skilled population into female and male.

Similar to the wage effect, I find that the coefficient for the female skilled-population is larger than

that for the male skilled population for workers in the service sector, while the coefficients for both

genders are similar for the non-service sector. These results again are consistent with the features of

the consumption mechanism because cities with a larger female college population generate a larger

demand for low-skilled services. In columns (3) and (4), I consider two different time periods, 1980-

1990 and 2000-2005. The results show that the effect of the college population on service occupations

becomes larger in the more recent period, while the effect of the skilled population stays stable over

time for the non-service occupations. In columns (5) and (6), I consider alternative measurements of

housing supply regulation, and the negative effect of regulation on the employment growth of low-

skilled workers in the service sector stays significant across different measures.

Table 10 reports the instrument estimates for the relationship between the skilled population and

low-skilled employment in nine subgroups of service occupations. The positive employment effect is

largest in child care and health support occupations, while the effect of housing supply regulation is

the largest for the child care occupations. These results are consistent with what I find about the wage

effect, indicating that low-skilled workers in the child care jobs are the most likely to be affected by
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housing supply regulation.

6 Conclusions

This paper offers a unified analysis of the effect of the skilled population on the labor market outcomes

of low-skilled workers, taking into account housing supply conditions via a measure of regulatory

restrictiveness in the local housing market. I find that the skilled population increases the wages and

employment of low-skilled workers in both the service and non-service sectors. However, depending

on the restrictiveness of local level of housing supply regulations, wages and employment increase

to different extents for low-skilled workers in the service sector: higher wages in cities with stricter

regulations, and more employment in cities with less-strict regulations. On the other hand, the effect

of the regulation is less significant for low-skilled workers in non-service occupations. The different

effects in service and non-service sector indicates that the spillover from high-skilled consumption

is more likely to be affected by local housing market conditions, compared with the productivity

advantage caused by knowledge spillover.

To fully understand the effect of the local skilled population and housing supply regulation on

non-college labor market outcomes, the work in this paper can be extended in three directions. First,

besides migration, there are various ways that an area can adjust to positive labor demand shocks in

the short run, such as a lower unemployment rate or an increased labor supply. Therefore, to provide

a more complete estimate of the consumption spillover effect, instead of assuming a full-employment

model, as in this paper, future work can examine the unemployment probability or hours of work

of non-college workers. Second, the demand shift generated by high-skilled workers, as well as the

rising housing costs induced by stringent housing supply regulations, can also alter the housing and

commuting choices of low-skilled workers. Future work should take these options into consideration.

Finally, this paper recovers the difference between service and non-service sectors in responding to

local labor demand shock. An extension of this paper is to explore the heterogeneity effects of local

demand shock across skill distributions using a newly developed quantile regression method which

delivers city-level treatments (Chetverikov et al. (2015)).
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Figure 1: Demand Shift of Low-skilled Workers: Cities with High(Low) and Low(High) Level of Local

Labor Supply Elasticity (Housing Supply Regulations)
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Figure 2: Smoothed Changes in Employment Share and Wage and by Skill Percentile: 1980-2005
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Note: Employment share is measured as the share of total hours worked among all

occupations in that year. Data Source: Census 1980 and ACS 2005.
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Figure 3: Smoothed Changes in Employment Share and Wage by Skill Percentile in Cities with High

and Low Level of Housing Supply Regulation Index: 1980-2005
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Note: The metropolitan areas are divided into two groups by the housing supply

regulation index. This index is scaled to have a mean of 0 and a standard deviation of

1. Higher index is associated with more strict housing supply regulations. Data

Source: Census 1980 and ACS 2005.
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Figure 4: College Population and Non-college Wage for Service Occupations: 1980-2005
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Data Source: Census 1980,1990, 2000 and ACS 2005.

Figure 5: College Population and Non-college Employment for Service Occupations: 1980-2005
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Data Source: Census 1980,1990, 2000 and ACS 2005.
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Figure 6: Growth of College Population and Growth of Non-college Wage for Service Occupations:

1980-2005
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Data Source: Census 1980,1990, 2000 and ACS 2005.
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Figure 7: Growth of College Population and Growth of Non-college Employment for Service

Occupations: 1980-2005
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Table 1 

Employment Share by Major Occupation Groups, 1980-2010: 

Occupations Ordered by Average Wage Level in 1980 

 

Share of Employment 1980 1990 2000 2005 2010 
Growth 

(1980-2010) 
Panel A: All MSAs 

      
Service Occupations 0.129 0.130 0.136 0.145 0.158 0.228 
Blue-collar Occupations 0.241 0.234 0.231 0.215 0.209 -0.131 
Low-skilled White-collar Occupations 0.355 0.298 0.273 0.258 0.238 -0.328 
High-skilled White-collar Occupations 0.276 0.339 0.360 0.381 0.394 0.430 

       Panel B: High Regulated MSAs 
      

Service Occupations 0.119 0.117 0.128 0.136 0.151 0.266 
Blue-collar Occupations 0.271 0.252 0.240 0.219 0.209 -0.229 
Low-skilled White-collar Occupations 0.282 0.234 0.217 0.208 0.192 -0.318 
High-skilled White-collar Occupations 0.328 0.397 0.415 0.436 0.448 0.366 

       Panel C: Low Regulated MSAs 
      

Service Occupations 0.122 0.125 0.127 0.139 0.162 0.324 
Blue-collar Occupations 0.268 0.257 0.247 0.229 0.211 -0.214 
Low-skilled White-collar Occupations 0.325 0.261 0.250 0.237 0.222 -0.316 
High-skilled White-collar Occupations 0.285 0.357 0.376 0.396 0.405 0.423 

 
Note: The sample includes persons who were aged 18–64 and who are employed. Employment share is defined as 

share in total work hours and measured as weeks worked times usual weekly hours. All calculations use labor 

supply weights. The designation of occupations as “service occupations” is based on the occupational 

classification of the 2000 Census. Service occupations include the following nine groups: food preparation and 

service workers; building and grounds cleaning workers and gardeners; health service support workers (such as 

health and nursing aides, but excluding practical or registered nurses); protective service workers; housekeeping, 

cleaning, and laundry workers; personal appearance workers (such as hairdressers and estheticians); child care 

workers; recreation and hospitality workers (such as guides, baggage porters, or ushers); and other personal 

service workers. Blue-collar occupations include transportation, construction, mechanical, mining, precision 

production and craft occupations, and machine operator and assembler occupations.  Low-skilled white collar 

occupations include clerical and administrative support occupations. High-skilled white collar occupations 

include managerial, professional, technical, finance, and public safety occupations. High- and low-regulated MSAs 

are defined as MSAs where the housing supply index is higher or lower than zero. More details of the housing 

supply regulation index are introduced in the Appendix. 

 

Source: Census 5 percent samples for 1980, 1990, 2000; American Community Survey 2005 and 2010. 

  



Table 2 

Mean Log Hourly Wages by Major Occupation Groups, 1980-2005: 

Occupations Ordered by Average Wage Level in 1980 

 

Mean Log Hourly Wage 
(2010$) 

1980 1990 2000 2005 
Growth 

(1980-2005) 
Panel A: All MSAs 

     
Service Occupations 15.131 14.279 16.897 17.018 0.111 
Blue-collar Occupations 18.393 17.219 18.949 18.237 -0.009 
Low-skilled White-collar Occupations 15.568 16.045 16.151 16.760 0.071 
High-skilled White-collar Occupations 24.715 25.037 29.002 29.825 0.171 

      Panel B: High Regulated MSAs 
     

Service Occupations 16.216 16.478 17.912 18.560 0.126 
Blue-collar Occupations 17.077 18.536 18.336 18.352 0.069 
Low-skilled White-collar Occupations 19.674 19.835 21.424 20.403 0.036 
High-skilled White-collar Occupations 27.625 28.938 33.956 37.795 0.269 

      Panel C: Low Regulated MSAs 
     

Service Occupations 15.569 14.210 16.342 17.253 0.098 
Blue-collar Occupations 16.181 17.117 17.287 17.279 0.064 
Low-skilled White-collar Occupations 19.331 17.049 19.432 18.062 -0.070 
High-skilled White-collar Occupations 26.127 25.845 29.892 30.345 0.139 

 
Note: The sample includes persons who were aged 18–64 and who are employed. Hourly wages are defined as 

yearly wage and salary income divided by the product of weeks worked times usual weekly hours.  ACS 

Hourly wages after 2007 are not available because ACS stops reporting the exact hourly wage since 2007. 

 

Source: Census 5 percent samples for 1980, 1990, 2000; American Community Survey 2005. 

 

 

Table 3 

Skill Level by Major Occupation Groups 

 

 
Service 

Low-skilled  
White-collar 

Blue-collar  
High-skilled 
 White-collar 

Total 

High School Dropout 30.72 9.39 29.54 3.84 16.53 
High School 47.57 49.39 60.18 10.44 39.75 
Some College 16.29 27.50 15.85 23.92 21.26 
College 4.19 11.21 3.49 29.44 13.99 
Graduate School 1.23 2.51 0.93 22.37 8.47 

 
Source: Census 5 percent samples for 1980, 1990, 2000; American Community Survey 2005 

and 2010. 

  



Table 4 

Summary Statistics 

 

 
Census 

 
1980-2010 S.D. 

Individual Variables 
  

Hourly Wage ($) 22.995 22.779 
College 0.225 0.354 
Age 42.222 20.769 
Female 0.524 0.499 
White 0.776 0.417 
Black 0.121 0.326 
Hispanic 0.081 0.328 
Foreign Born 0.148 0.355 
Married 0.558 0.497 
Service Occupations 0.135 0.286 
Blue-collar Occupations 0.230 0.379 
Low-skilled White-collar Occupations 0.296 0.383 
High-skilled White-collar Occupations 0.339 0.439 

City-level Variables 
  

Log(Population of Skilled Workers) 9.325 1.101 
Unemployment Rate 0.054 0.016 
Female labor participation rate 0.524 0.010 
Share of elderly in the population 0.200 0.041 
Share of immigrant workers 0.144 0.116 

   Number of Cities 282 
 

Number of Individuals 
  

Observations 17,386,492 
 

 
Source: Census 5 percent samples for 1980, 1990, 2000; American Community Survey 2005 and 

2010;  

  



Table 5 

Wage Effect: Low-skilled Wages and log (College Population) 

 

 
(1) (2) (3) (4) (5) (6) (7) 

 
OLS OLS MSA Fixed First-Diff IV Bartik  IV Bartik IV Bartik 

Service occupations 
       

log (College Population) 2.564*** 1.597*** 0.846*** 0.959*** 0.755*** 0.705*** 0.698*** 

 
[0.0576] [0.0974] [0.347] [0.132] [0.135] [0.213] [0.323] 

log (College 
Population)*Reg  

0.219*** 0.243*** 0.292*** 0.178*** 0.119*** 0.128** 

  
[0.079] [0.074] [0.102] [0.065] [0.034] [0.089] 

N 1133 371 371 371 371 371 371 
R2 0.109 0.157 0.467 0.698 0.599 0.611 0.624 

        Non-service occupations 
       

log (College Population) 1.915*** 1.377*** 0.866*** 0.727*** 0.653*** 0.453*** 0.534*** 

 
[0.137] [0.133] [0.236] [0.143] [0.145] [0.138] [0.123] 

log (College 
Population)*Reg  

0.182*** 0.134** 0.093** 0.069 0.072 0.092 

  
[0.086] [0.083] [0.035] [0.073] [0.071] [0.059] 

N 1133 371 371 371 371 371 371 
R2 0.025 0.153 0.408 0.489 0.399 0.416 0.432 

        MSA-level Supply Factors 
     

Y Y 
MSA-level Demand Factors 

      
Y 

Year Dummies Y Y Y Y Y Y Y 
MSA Dummies 

  
Y 

    
 

Note: Reg is the housing supply index compiled in Saks (2008). This index is scaled to have a mean of 0 and a standard deviation of 

1.  About one third of the metropolitan areas have information of the level of housing supply regulation. MSA level supply factors 

include unemployment rate, female labor participation rate, and share of elderly in the population; MSA level demand factors 

include the share of immigrant workers. Bartik Instrument measures the national college employment growth across industries 

using local industry employment shares as weights. Standard errors clustered by MSA. * p<0.10, ** p<0.05, *** p<0.01. 

 

Source: Census 5 percent samples for 1980, 1990, 2000; American Community Survey 2005 and 2010. 

 

  



Table 6 

Wage Effect: Robustness Check 

 

 
(1) (2) (3) (4) (5) (6) (7) 

 
Base 

By 
Gender 

1980-2000 2000-2005 
Wharton 

Index 

Undevelopable 
Area  
(%) 

Housing 
Supply 

Elasticity 
Service occupations 

       
 log (Female college population) 

 
1.021*** 

     

 
 

[0.364] 
     

log (Female college population)*Reg 
 

0.211*** 
     

 
 

[0.057] 
     

log (Male college population) 
 

0.814*** 
     

 
 

[0.323] 
     

log (Male college population)*Reg 
 

0.159*** 
     

 
 

[0.077] 
     

log (College Population) 0.755*** 
 

0.797*** 1.246*** 0.621*** 1.010*** 0.017* 

 
[0.135] 

 
[0.096] [0.345] [0.380] [0.345] [0.010] 

log (College Population)*Reg 0.178*** 
 

0.119** 0.131** 0.243* 0.013*** -0.014** 

 
[0.065] 

 
[0.034] [0.141] [0.144] [0.009] [0.010] 

Non-service occupations 
       

 log (Female college population) 
 

0.632*** 
     

 
 

[0.318] 
     

log (Female college population)*Reg 
 

0.062*** 
     

 
 

[0.033] 
     

log (Male college population) 
 

0.608*** 
     

 
 

[0.278] 
     

log (Male college population)*Reg 
 

0.078** 
     

 
 

[0.045] 
     

log (College Population) 0.653*** 
 

0.693*** 0.637*** 0.602*** 0.713*** 0.032 

 
[0.145] 

 
[0.237] [0.374] [0.311] [0.578] [0.328] 

log (College Population)*Reg 0.069 
 

0.060 0.061 0.042 0.018** -0.033 

 
[0.073] 

 
[0.038] [0.082] [0.043] [0.009] [0.046] 

 
Note: All columns report first-difference model with Bartik shock as instrumental variable Reg is the housing supply index 

compiled in Saks (2008). This index is scaled to have a mean of 0 and a standard deviation of 1.  About one third of the 

metropolitan areas have information of the level of housing supply regulation. MSA level supply factors include unemployment rate, 

female labor participation rate, and share of elderly in the population; MSA level demand factors include the share of immigrant 

workers. Bartik Instrument measures the national college employment growth across industries using local industry employment 

shares as weights.  Standard errors clustered by MSA.  * p<0.10, ** p<0.05, *** p<0.01. 

 

Source: Census 5 percent samples for 1980, 1990, 2000; American Community Survey 2005 and 2010. 

 

  



Table 7 

Wage Effect: Sub-group of Service Occupations 

 

 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 

 
Food 

service 

Building 
clean/ 
garden 

Health 
support 

House 
clean/ 

laundry 
Child care 

Personal 
appearance 

Security 
guards 

Recreation 
Misc. 

personal 
services 

Service occupations 
         

log (College Population) 1.066*** 1.003*** 1.136*** 0.808*** 1.111*** 0.911*** 0.617*** 0.851*** 0.281*** 

 
[0.00772] [0.00205] [0.0102] [0.00328] [0.0072] [0.00306] [0.00223] [0.00465] [0.00294] 

log (College 
Population)*Reg 

0.0878*** 0.107 0.104 0.109*** 0.103*** 0.087** 0.086*** 0.0805*** 0.0888 

 
[0.00187] [0.246] [0.178] [0.0246] [0.0208] [0.0595] [0.0224] [0.00335] [0.0596] 

 
Note: All columns report first-difference model with Bartik shock as instrumental variable. Reg is the housing supply 

index compiled in Saks (2008). This index is scaled to have a mean of 0 and a standard deviation of 1.  About one third of 

the metropolitan areas have information of the level of housing supply regulation.  MSA level supply factors include 

unemployment rate, female labor participation rate, and share of elderly in the population; MSA level demand factors 

include the share of immigrant workers. Bartik Instrument measures the national college employment growth across 

industries using local industry employment shares as weights. Standard errors clustered by MSA.  * p<0.10, ** p<0.05, *** 

p<0.01. 

 

Source: Census 5 percent samples for 1980, 1990, 2000; American Community Survey 2005 and 2010. 

 

  



Table 8 

Employment Effect: Low-skilled Employment and log (College Population) 

 

 
(1) (2) (3) (4) (5) (6) (7) 

 
OLS OLS MSA Fixed First-Diff IV Bartik  IV Bartik IV Bartik 

Relative effect: Probability of 
employed in Service 
Occupations 

       

log (College Population) 0.0704*** 0.0733*** 0.0449*** 0.0506*** 0.0412*** 0.0393*** 0.0321*** 

 
[0.0111] [0.0178] [0.0234] [0.0105] [0.0132] [0.0186] [0.0109] 

log (College 
Population)*Reg  

0.0612*** 0.0920*** 0.0101*** 0.0911*** 0.0710*** 0.0772*** 

  
[0.00699] [0.0152] [0.0043] [0.0025] [0.0010] [0.0017] 

N 1133 371 371 371 371 371 371 
R2 0.178 0.179 0.193 0.211 0.167 0.177 0.181 

Absolute effect: 
Service Occupations        

log (College Population) 0.848*** 0.869*** 0.668*** 0.481*** 0.341*** 0.344*** 0.213*** 

 
[0.0131] [0.0189] [0.107] [0.119] [0.107] [0.107] [0.100] 

log (College 
Population)*Reg  

-0.0502*** -0.0559*** -0.0417*** -0.0406*** -0.0308*** -0.0325** 

  
[0.0146] [0.0145] [0.0157] [0.0167] [0.0169] [0.0097] 

N 1133 371 371 371 371 371 371 
R2 0.403 0.477 0.551 0.547 0.481 0.499 0.504 

Non-service occupations 
       

log (College Population) 0.832*** 0.861*** 0.647*** 0.406*** 0.308*** 0.351*** 0.313*** 

 
[0.00796] [0.0123] [0.0354] [0.0382] [0.0251] [0.0231] [0.0378] 

log (College 
Population)*Reg  

-0.0496 -0.0106 -0.0206 -0.0254 -0.0507 -0.0232 

  
[0.0440] [0.0452] [0.0471] [0.0221] [0.0567] [0.0551] 

N 1133 371 371 371 371 371 371 
R2 0.406 0.435 0.393 0.434 0.413 0.450 0.519 

MSA-level Supply Factors 
     

Y Y 
MSA-level Demand Factors 

      
Y 

Year Dummies Y Y Y Y Y Y Y 
MSA Dummies 

  
Y 

    
 

Note: Reg is the housing supply index compiled in Saks (2008). This index is scaled to have a mean of 0 and a standard 

deviation of 1.  About one third of the metropolitan areas have information of the level of housing supply regulation.  MSA 

level supply factors include unemployment rate, female labor participation rate, and share of elderly in the population; MSA 

level demand factors include the share of immigrant workers. Bartik Instrument measures the national college employment 

growth across industries using local industry employment shares as weights. Standard errors clustered by MSA.  * p<0.10, ** 

p<0.05, *** p<0.01. 

 

Source: Census 5 percent samples for 1980, 1990, 2000; American Community Survey 2005 and 2010. 

 

 

  



                                                                            Table 9 

Employment Effect: Robustness Check 

 

 
(1) (2) (3) (4) (5) (6) (7) 

 
Base 

By 
Gender 

1980-2000 2000-2005 
Wharton 

Index 

Undevelopable 
Area  
(%) 

Housing 
Supply 

Elasticity 
Service occupations 

       
 log (Female college population) 

 
0.514*** 

     

 
 

[0.143] 
     

log (Female college population)*Reg 
 

0.051*** 
     

 
 

[0.0037] 
     

log (Male college population) 
 

0.441*** 
     

 
 

[0.211] 
     

log (Male college population)*Reg 
 

0.033*** 
     

 
 

[0.0027] 
     

log (College Population) 0.441*** 
 

0.315*** 0.566*** 0.716** 1.578*** 0.0288*** 

 
[0.107] 

 
[0.164] [0.221] [0.403] [0.378] [0.0025] 

log (College Population)*Reg -0.0406*** 
 

-0.038*** -0.051*** -0.143 -0.017*** 0.023*** 

 
[0.0167] 

 
[0.014] [0.019] [0.111] [0.009] [0.009] 

Non-service occupations 
       

 log (Female college population) 
 

0.422*** 
     

 
 

[0.128] 
     

log (Female college population)*Reg 
 

0.022*** 
     

 
 

[0.023] 
     

log (Male college population) 
 

0.401*** 
     

 
 

[0.148] 
     

log (Male college population)*Reg 
 

0.028** 
     

 
 

[0.015] 
     

log (College Population) 0.408*** 
 

0.362*** 0.432*** 0.098*** 0.523 0.143*** 

 
[0.0251] 

 
[0.237] [0.134] [0.0131] [0.778] [0.029] 

log (College Population)*Reg -0.0254 
 

-0.070** 0.081 -0.093 -0.037 0.029 

 
[0.0221] 

 
[0.038] [0.087] [0.077] [0.027] [0.033] 

 
Note: All columns report first-difference model with Bartik shock as instrumental variable. Reg is the housing supply index 

compiled in Saks (2008). This index is scaled to have a mean of 0 and a standard deviation of 1.  About one third of the 

metropolitan areas have information of the level of housing supply regulation.  MSA level supply factors include 

unemployment rate, female labor participation rate, and share of elderly in the population; MSA level demand factors include 

the share of immigrant workers. Bartik Instrument measures the national college employment growth across industries 

using local industry employment shares as weights.  Standard errors clustered by MSA.  * p<0.10, ** p<0.05, *** p<0.01. 

 

Source: Census 5 percent samples for 1980, 1990, 2000; American Community Survey 2005 and 2010. 

 

  



Table 10 

Employment Effect: Sub-group of Service Occupations 

 

 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 

 
Food 

service 

Building 
clean/ 
garden 

Health 
support 

House 
clean/ 

laundry 
Child care 

Personal 
appearance 

Security 
guards 

Recreation 
Misc. 

personal 
services 

Service occupations 
         

log (College Population) 0.465*** 0.230*** 0.536*** 0.328*** 0.481*** 0.315*** 0.207*** 0.451*** 0.382*** 

 
[0.032] [0.015] [0.030] [0.013] [0.012] [0.0109] [0.0103] [0.0235] [0.0134] 

log (College 
Population)*Reg 

-0.013*** -0.014*** -0.018*** -0.011*** -0.014*** -0.017 -0.016*** -0.014*** -0.0188** 

 
[0.001] [0.006] [0.008] [0.004] [0.005] [0.015] [0.0014] [0.005] [0.009] 

 
Note: All columns report first-difference model with Bartik shock as instrumental variable. Reg is the housing supply index 

compiled in Saks (2008). This index is scaled to have a mean of 0 and a standard deviation of 1.  About one third of the 

metropolitan areas have information of the level of housing supply regulation.  MSA level supply factors include 

unemployment rate, female labor participation rate, and share of elderly in the population; MSA level demand factors include 

the share of immigrant workers. Bartik Instrument measures the national college employment growth across industries 

using local industry employment shares as weights.  Standard errors clustered by MSA.  * p<0.10, ** p<0.05, *** p<0.01. 

 

Source: Census 5 percent samples for 1980, 1990, 2000; American Community Survey 2005 and 2010. 

 

 

 



7 Appendix

A1. Model Appendix

Lemma 1. The worker chooses home production if and only if

w
ps

> γ.

Proof. If the worker chooses not to engage in home production, the optimal problem is equivalent to

max
c,s

u(c, s) = max
c,s

min{c, s}.

The optimal conditions are

c = s and c + pss = w.

Then, we have

Vm = c∗ = s∗ = w
1 + ps

.

If the worker chooses to engage in home production, then the optimal problem is equivalent to

max
t

min{w(1− t), γt}.

The optimal condition is

w(1− t) = γt.

Then, the optimal time allocated in home production is

t∗ =
w

w + γ

and the optimal consumption bundle is

Vh = c∗ = s∗ =
wγ

γ + w
.

The worker chooses to obtain services from home production as long as Vm < Vh, that is

w
ps

> γ;

otherwise, if w
ps

< γ, the worker chooses to purchase services from the market.

Lemma 2. In equilibrium, the proportion of low-skilled worker in the service sector is increasing with the share

of high-skilled workers; that is,
∂µ∗s
∂Nh

> 0.
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Proof. For the tradable goods sector, wages of high- and low-skilled workers equal their marginal

product,

log(wh) = log(α) + (α− 1)log(θhNh) + (1− α)log(θl Nlc) + log(θh), (13)

log(wlc) = log(1− α) + αlog(θhNh)− αlog(θl Nlc) + log(θl). (14)

Substituting Nls = µs(1− Nh) and Nlc = (1− µs)(1− Nh) into equation (14), the wage of low-skilled

workers in the goods sector can be written as

log(wlc) = log(1− α)− log(α) + log(wh) + log(Nh)− log((1− µs)(1− Nh)). (15)

For the non-tradable service sector, wage is determined by local demand and supply; that is,

log(wls + 1) = log(Nh) + log(wh)− log(Nls). (16)

Substituting Nls = µs(1 − Nh), Nlc = (1 − µs)(1 − Nh) and wh into equation (16), the wage of

low-skilled workers in the service sector can be written as

log(wls + 1) = log(Nh)+ log(1− ρ)+ log(α)+ (α− 1)log(θhNh)+ (1− α)log(θl Nlc)+ log(θh)− log(µs(1−Nh)).

(17)

Taking derivative of Nh from both sides of equations (15) and (17), and making use of θl = φl + βNh

and θh = φh + βNh, we have

∂log(wlc)

∂Nh
=

α

Nh
+ [

α

θh
+

1− α

θl
]β +

α

1− Nh
+

α

1− µs

∂µs

∂Nh

∂log(wls)

∂Nh
= [

α

Nh
+ [

α

θh
+

1− α

θl
]β +

α

1− Nh
− α

µs

∂µs

∂Nh
]
1 + wls

wls

Suppose that ∂µ∗s
∂Nh

= 0, we have

∂log(wlc)

∂Nh
=

α

Nh
+ [

α

θh
+

1− α

θl
]β +

α

1− Nh
.

∂log(wls)

∂Nh
= [

α

Nh
+ [

α

θh
+

1− α

θl
]β +

α

1− Nh
]
wls + 1

wls
<

∂log(wlc)

∂Nh
.

∂log(wlc)
∂Nh

< ∂log(wls)
∂Nh

implies that ∂µ∗s
∂Nh

< 0, which contradicts to ∂µ∗s
∂Nh

= 0.

Suppose ∂µ∗s
∂Nh

< 0, then we have

− α

µs

∂µs

∂Nh
> 0,

and therefore,
∂log(wlc)

∂Nh
>

∂log(wls)

∂Nh
,

which implies that ∂µ∗s
∂Nh

> 0. This contradicts to ∂µ∗s
∂Nh

< 0. So we must have ∂µ∗s
∂Nh

> 0.
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Proposition 1. The skilled population raises the employment of low-skilled workers, that is,

∂ log(NlA)

∂ log(NhA)
> 0.

Moreover, the skilled population raises the wage of low-skilled workers,

∂ log(wlA)

∂ log(NhA)
> 0,

as long as
∂ log(NlA)

∂ log(NhA)
< 1.

Proof. In a spatial equilibrium, low-skilled workers have equal utility across cities; that is,
wlA

rα
lA

=
wlB

rα
lB

. (18)

Substituting wl j =
whj Nhj

Nl j
for j ∈ {A, B}, rlA = NlA

ρ, rlB = r̄, NhB = N̄h − NhA, and NlB = N̄l − NlA into

the (18) and taking the log of both sides, we have

log(whA) + log(NhA)− log(NlA)− ρ log(NlA) = log(whB) + log(N̄h − NhA)− log(N̄l − NlA)− log(r̄).

Taking the derivative with respect to log(NhA) for both sides of the equation,

1− (1 + ρ)
∂ log(NlA)

∂ log(NhA)
=

NhA

N̄h − NhA
+

NlA

N̄l − NlA

∂ log(NlA)

∂ log(NhA)
.

That is,
∂ log(NlA)

∂ log(NhA)
=

1 + NhA
N̄h−NhA

1 + ρ + NlA
N̄l−NlA

> 0. (19)

Taking the derivative with respect to log(NhA) for both sides of log(wlA) = log(whA) + log(NhA) −
log(NlA), we have

∂ log(wlA)

∂ log(NhA)
= 1− ∂ log(NlA)

∂ log(NhA)
. (20)

So, ∂ log(wlA)
∂ log(NhA)

> 0 as long as ∂ log(NlA)
∂ log(NhA)

< 1.

Proposition 2. The inverse of housing supply elasticity η reduces the employment effect and increases the wage

effect. That is,

∂
∂ log(wlA)
∂ log(NhA)

∂ηA
> 0,

∂
∂ log(NlA)
∂ log(NhA)

∂ηA
< 0.

Proof. Taking the derivative with respect to ρ for both sides of equation (19), we have

∂
∂ log(wlA)
∂ log(NhA)

∂ηA
= −

1 + NhA
N̄h−NhA

(1 + ηA + NlA
N̄l−NlA

)2
[1− ∂NlA

∂ηA

1
N̄h − NhA

− NhA

(N̄h − NhA)2
∂NlA

∂ηA
] < 0

According to equation (20), we have

∂
∂ log(wlA)
∂ log(NhA)

∂ηA
= −

∂
∂ log(wlA)
∂ log(NhA)

∂ηA
> 0.
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A2. Model with homothetic utility function

Suppose that workers derive their utility from the consumption of the tradable goods c and non-

tradable service s with the following homothetic preferences:

u(c, s) = cρs1−ρ,

where ρ < 1 denotes the elasticity of substitution across goods and services.

Lemma 2. In equilibrium, the proportion of low-skilled workers in the service sector is constant; that is,

µ∗s =
α− ρα

(1− ρα)
.

Proof. For the goods sector, wages of high- and low-skilled workers equal their marginal product,

log(wh) = log(α) + (α− 1)log(θhNh) + (1− α)log(θl Nlc) + log(θh).

log(wlc) = log(1− α) + αlog(θhNh)− αlog(θl Nlc) + log(θl).

So, we have

log(wlc) = log(1− α)− log(α) + log(wh) + log(Nh)− log(Nlc).

For the service sector, we have

log(wls) = log(Nh) + log(1− ρ) + log(wh)− log(Nls)

Subtracting the above two equations, we have

log(wls)− log(wlc) = log(1− ρ)− log(1− α) + log(α)− log(Nls) + log(Nlc)

= log(1− ρ)
α

(1− α)

Nlc

Nls

In equilibrium, low-skilled workers are indifferent between working in the goods sector or in the

service sector. So, log(w∗ls)− log(w∗lc) = 0, which implies

(1− ρ)
α

(1− α)

N∗lc
N∗ls

= 1.

Since µsNl = µs(1− Nh) = Nls and (1− µs)Nl = (1− µs)(1− Nh) = Nlc, we have

(1− ρ)
α

(1− α)

1− µ∗s
µ∗s

= 1,

⇒ µ∗s =
α− ρα

(1− ρα)
.

Thus, the proportion of low-skilled workers who are employed in the goods sector is a constant term,

which is determined by consumption elasticity (ρ) and production elasticity in the goods sector (α).

Moveover, we have
∂µ∗s
∂ρ

< 0,
∂µ∗s
∂α

> 0.
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A3. Regulation Index

Saks (2008) derives a combined measure of regulatory restrictiveness for the late 1970s and the 1980s

by using the simple average of six independent surveys conducted during this period. The six

surveys include: (1)a survey on local development regulations conducted by the Wharton Urban

Decentralization Project in the late 1980s; (2) a survey on the attitude of city managers towards

regulatory restrictions conducted by the Fiscal Austerity and Urban Innovation project; (3) fraction

of land area reserved for historic districts or sites and the number of historic buildings and structures

per square mile from the National Register of Historic Places (NRHP);(4)a survey on State regulations

conducted by the American Institute of Planners (AIP); (5) a survey on the estimation of the fraction of

suburban land area made unavailable for development as a result of government regulation, conducted

by the Regional Council of Governments; and (6) a survey on how frequently zoning or environmental

regulations were altered to facilitate economic development, conducted by the International City

Management Association. Therefore, this housing supply regulation index provides comprehensive

measurements of the restrictiveness of the housing supply regulations across metropolitan areas.

This index is scaled to have a mean of 0 and a standard deviation of 1. New York (most restrictive)

has the highest index, 2.21 and Bloomington-Normal, Illinois has the lowest index, -2.40. Generally,

desirable coastal metropolitan areas, such as New York, San Francisco, San Diego, Los Angeles, and

Boston, are the most tightly regulated, whereas metropolitan areas in the Midwest and the South are

more likely to have lax land use controls.
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