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Housing Prices and the Comparative Advantage of Cities Jinyue Li1 City University of Hong Kong



Abstract The spatial concentration of economic activity varies substantially across U.S. cities. In addition, cities with larger shares of skill-intensive industries have higher housing prices. This paper proposes a theory of cities that relates housing prices, spatial sorting, and comparative advantage. Empirically, I find support for my model’s predictions about the cross section of cities. I use the model to analyze the effects of both land regulations and the Federal Empowerment Zone Program. The model predicts that although a tax credit benefits the targeted region, it would lead to a welfare loss for the whole economy.
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Introduction



The spatial concentration of economic activity varies substantially across U.S. cities. San Jose and San Antonio, for example, are two cities with roughly the same size; yet, housing prices are twice as high in San Jose, in part because of its high level of skilled workers. Indeed, San Jose hosts the production of the most skill-intensive goods, computer and electronic products, while the largest sector in San Antonio is food manufacturing. Why do workers locate in cities that are expensive to live in? What is the relationship between housing prices and skill distribution across cities? Do cities with comparative advantages in skill-intensive sectors exhibit high housing prices? This study attempts to answer these fundamental questions on the spatial variation of housing prices, skill distribution, and industrial specialization. Traditional models, pioneered by Henderson (1974), almost entirely focus on the relationship between city size and industrial composition. Only recently have economists shown an interest in the spatial sorting of individuals across cities (e.g., Davis and Dingel, 2013; Diamond, 2016). Using the assumption of there being only one tradable product in each city, these new sorting models cannot explain industrial specialization. The relationship between housing prices and the comparative advantage of cities has received little attention.2 The theory presented in this study integrates the housing prices, spatial sorting, and industrial specialization of cities, and can be used to understand the effects of government policies targeted at specific regions. More specifically, I develop a model with ex-ante homogeneous cities. Each city is endowed with a fixed amount of land, owned by competitive landowners who convert each unit of land to one unit of housing. There is a continuum of final tradable goods, each of which is assembled by combining homogeneous labor-intensive components and a composite of differentiated skill-intensive components, according to a Cobb-Douglas technology. The final goods can be freely traded between cities, and they differ by the share of skill-intensive components, the production of which features monopolistic competition, as in Dixit and Stiglitz (1977). There is a continuum of heterogeneous individuals, each choosing an occupation—either a team leader or a worker—and a location. More 2



Throughout this paper, I use the housing price as an approximation for urban cost. It turns out that cross-city



price differences can be mainly explained by the housing price differences. See Appendix 3 for detailed data and estimations.
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skilled individuals become team leaders, each designing one variety of skill-intensive components and leading a group of production workers. Less skilled individuals become workers and can produce both labor- and skill-intensive components. Each individual consumes final goods and housing, and chooses her location to maximize utility. Cross-city heterogeneity arises endogenously through the choices made by freely mobile individuals. Workers are equally productive and are located in every city. Team leaders sort across cities according to their productivity. Cities with more and/or highly skilled team leaders exhibit higher aggregate productivity and the comparative advantage of skill-intensive goods. Workers obtain the same utility everywhere, so the free migration of workers is then associated with a compensating differential, i.e., higher productivity in a city must be associated with a higher wage rate and hence a higher housing price. This difference in housing prices across cities leads to the sorting of team leaders: only the most talented will be able to afford to live in more expensive cities, while the less skilled are better off in cities where housing prices are lower. This sorting reinforces the heterogeneity between cities: in any stable equilibrium, cities are endogenously ranked so those with high housing prices have more skilled team leaders, a larger share of aggregate income and population, and a comparative advantage in tradable sectors that rely more heavily on skill-intensive components. I use the model to study the effects of government policies targeted at specific regions. Local land regulations such as zoning restrictions can affect the growth of cities. The limited expansion of the regions around New York, Boston, and San Francisco is attributable to stringent land-use regulations, which generally lead to high housing prices and limit the ability of workers to access the highly productive technologies available in these cities. In addition, local governments offer financial incentives to raise local income by increasing the number of skilled workers. These incentives are pervasive (Gaubert (2015); Kline and Moretti, 2013; Busso et al., 2013) and come in many forms, such as cash grants, loans, and tax breaks (Story, 2012). To analyze the effects of these local policies, I extend my model to incorporate both land regulations and local financial incentives. Numerical exercises show that the model performs well in predicting the effects of land regulations on housing prices, local population and income. I also extend the model to analyze the equilibrium effects of the Federal Empowerment Zone program. The model predicts that though a tax credit increases the productivity and population of the targeted region, it will lead to a welfare loss in the 2



whole economy. Empirically, I find support for my model’s predictions about the cross section of cities. As in the traditional trade model, each city produces a subset of goods. From the U.S. data, I find that cities with high housing prices specialize in more skill-intensive sectors, which is exactly what my model predicts. In addition, the model’s result regarding the spatial sorting of team leaders also implies an empirical pattern in the distribution of skills: the skill level in the top percentiles of cities with high housing prices in general is higher than anywhere else. I construct a skill-intensity index for 348 metropolitan areas in the U.S. and find that cities with high housing prices have a higher skill-intensity index. This allows me to conclude that the observed pattern of skill distribution supports the sorting mechanism in my model. The model matches a broad set of facts from the empirical literature. It generates asymmetric outcomes without relying on assumptions of asymmetries in workers’ mobility or cities’ fundamental characteristics. These asymmetric differences are accompanied by cross-city differences in wages, housing prices, and productivity (Glaeser, 2008; Moretti, 2012). Recent work by Combes et al. (2008a) and Gibbons et al. (2010) provides evidence that spatial wage variation is attributable to spatial sorting of heterogeneous workers. Bacolod et al. (2009) and Glaeser and Resseger (2010) find that more talented individuals move to cities where urban costs are higher, which is a prediction of my model. In particular, the model’s prediction that more skilled team leaders sort to cities with high housing prices is consistent with recent research. Eeckhout et al. (2014) find that skill distribution has thicker tails in large cities: the skill level in the top percentiles of large cities in general is higher than anywhere else. Gyourko et al. (2013) show that the growing spatial differences in housing prices and incomes are in part because of the inelasticity of land supply and sorting of high-income households. The paper is related to several strands of the literature. The model builds on and expands the large body of international trade literature on comparative advantage. It extends traditional Ricardian and Heckscher-Ohlin models in that comparative advantage is determined endogenously and depends on the available variety of local differentiated input components. This extension is closely related to Matsuyama (2013), who proposes a symmetric-breaking model of trade with a large but finite number of ex-ante identical countries. In his study, productivity differences across countries arise endogenously through firms’ entry and he shows that in equilibrium, countries sort 3



themselves into specializing in different sets of tradable goods. My approach is similar, with the difference that the endogenous comparative advantage arises from the spatial sorting of individuals. A unique aspect of the theory is that it features a rich set of elements in a model of cities: housing prices, industrial specialization, individuals’ occupational choice, and spatial sorting. The most closely related study is that of Davis and Dingel (2013), who develop a system of cities model in which idea exchange is an explicit economic decision. Their model also features occupational choice and spatial sorting: skilled workers produce tradable goods and unskilled workers produce non-tradable goods. Skilled workers devote time to exchange ideas with each other to raise their productivity, and highly skilled workers benefit more by sorting to large cities as these cities exhibit better learning environments. As there are only one tradable good and one non-tradable good, their model does not capture industrial specialization across cities. By having a continuum of final tradable goods, my model yields the spatial pattern of industries. The model also contributes to the literature on the specialization of regions in economic geography. Cities with high housing prices produce goods that are more skill-intensive. This kind of specialization has not been previously studied, and theories of cities have focused on the two extreme cases: either a city contains only one industry, or one that hosts all of the modeled industries. One exception is Davis and Dingel (2014), who suggest an urban hierarchy in terms of sectors and skills. In their theory, large cities produce all of the goods that are produced in smaller cities plus certain additional skill-intensive items. Larger cities then have a strict superset of goods produced in smaller cities. My model does not yield such a hierarchy; each city produces a different set of goods and no goods are commonly produced in two or more cities. With this type of specialization, the variation of industrial composition across cities becomes clear: some cities produce skill-intensive goods while others produce labor-intensive goods. The model is also related to research into the pattern of specialization that emerges from symmetric fundamentals.3 Krugman and Venables (1995), for example, develop a model in which there is no inherent difference among countries, but the world economy organizes itself into a core-periphery pattern. In their model, however, factors of production are immobile. 3



See Fujita et al. (1999) and Combes et al. (2008b) in economic geography and Ethier (1982b), Helpman (1986),



and Matsuyama (1996) in international trade.
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The theoretical literature on the spatial sorting across cities is more limited. Recently, Behrens et al. (2014) examined the complementarities between agglomeration, sorting, and selection to explain why large cities are more productive. They constructed an equilibrium with a system of talent-homogeneous cities. Location and occupation choice are modeled using two steps: each individual chooses where to locate based on talent, and when moving to a city, they draw a “serendipity,” which combined with talent, determines occupation choice. In my study, occupation and location choice occur simultaneously. The study of Eeckhout et al. (2014) shows that different degrees of complementarities between the skills of workers determine the equilibrium skill distribution across cities. Large cities disproportionately attract both high- and low-skill workers when skill complementarities are stronger between more extreme skills. My findings are consistent with their theory, in that cities with high housing prices have “fat tails” at the top of the skill distribution. All of these existing papers emphasize sorting between cities of different sizes, while my paper investigates sorting between cities with different housing prices. Finally, the model complements recent work estimating the effects of local policies on the growth of cities. Gaubert (2015) studies the sorting of heterogeneous firms across locations, and finds that firms’ location choice is driven by a trade-off between gains in productivity, local input prices, and the existence of local subsidies. The estimated model is then used to quantify the aggregate effects of local subsidies and land regulations. In my model, I examine the sorting of heterogeneous individuals and analyze both the local and the aggregate effects of the Federal Empowerment Zone (EZ) program. The local effects of this type of policies have been recently studied, for example Busso et al. (2013) empirically assess the efficiency of the EZ program4 and Mayer et al. (2013) empirically study the effect a French enterprise zones program has on establishment location decisions. In what follows, Section 2 of this paper presents detailed empirical facts on industrial specialization and skill distribution across cities with different housing prices. Section 3 introduces the baseline model, in which land supply is fixed in each city and no local government policies are involved. Section 4 derives multiple equilibria analysis and conducts a numerical exercise of solving the asymmetric equilibrium. Section 5 analyzes the welfare gain from trade. Section 6 presents two extensions of the baseline model: introducing a housing construction sector and a local subsidy on 4



Glaeser and Gottlieb (2008) also study the economic impact of Empowerment Zones, among other things.
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team leaders’ income. It also reports results from the two policy experiments. Section 7 concludes the paper.
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Data



In this section, I present empirical findings on the spatial variation of housing prices, skill distribution, and industrial composition. First, I examine the relation between skill intensity and housing prices across cities. This motivates the spatial sorting in my model, as more skilled workers choose to live in areas with higher housing prices. Second, I examine the spatial variation of employment share in each industry. I find that industries that show a large and positive effect of housing prices on employment share are more skill-intensive. This fact will shed light on the comparative advantage in the model: cities with higher housing prices have a comparative advantage in more skill-intensive sectors.



2.1



Housing Prices and City-Specific Skill Intensities



I construct a skill-intensity index for each city, and examine the correlation between skill intensity and housing prices. I define a city as a Metropolitan Statistical Area (MSA). Their boundaries are based on 2003 definitions, as issued by the Office of Management and Budget. Housing price data are taken from Carrillo et al. (2014). Employment data are taken from the 2010 County Business Patterns published by the U.S. Census Bureau, which contains data for 6-digit NAICS industries across 348 MSAs. The data on individuals’ education and the industries that employ them come from the American Community Survey, made available by IPUMS-USA (Ruggles et al., 2010). I focus on all three-digit manufacturing sectors. There are 21 such industries, and for each, I calculate its employment share in each of the 348 MSAs. The skill-intensity index, SI, is then constructed as SIi =



X



%collegej × sij .



j



The skill-intensity index in city i is the sum of the percent of college graduates in each industry j times the employment share of industry j in city i, sij . In other words it is the weighted average of skill intensities across all industries in a city. Thus, if a city has a skill-intensity index of 0.3,
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Figure 1: City-Specific Skill Intensities and Housing Prices, 2006
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the average of college graduates working in manufacturing industries in this city is 30%. Figure 1 gives a simple cross-city plot of the skill-intensity index against housing price for the year 2006, indicating a positive correlation between the two: a 1% increase in housing prices is associated with a 1.24% increase in the skill-intensity index. Cities with high housing prices have higher skill-intensity indices. These cities are skill abundant and specialize in skill-intensive sectors.



2.2



Housing Prices and Sectoral Employment Shares



I now investigate the variation in employment shares of each industry across cities. To test whether cities with high housing prices specialize in sectors that are skill intensive, I run cross-section regressions. For each of the 21 industries, I regress the employment share on housing prices across cities. The coefficient from each regression gives the effect of a change in housing price on the change in employment share, for a given industry. A positive coefficient means a larger share of that industry in cities with higher housing prices. A negative coefficient indicates that the proportion of that industry is smaller in expensive cities. The regression results are shown in Table 5 in Appendix 2. Figure 2 illustrates the regression analysis. The estimated coefficients of the 21 industries are plotted against their skill intensities, measured as the percent of college graduates in each industry.5 A clear positive relationship is found. Sectors that are more skill-intensive have larger and more positive coefficients, with smaller 5



See Appendix 2 for detailed description on how to calculate the skill composition in each industry.
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Figure 2: Industries’ Skill Intensities and Housing Price Effects
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and/or negative coefficients for less skill-intensive sectors. Computer and electronic manufacturing has 41.14% of workers with bachelor’s degrees, and a 1% rise in housing price is associated with a 2.8% rise in employment share. Conversely, only 9.89% of employees in the textile mills sector are college graduates, and a 1% increase in housing price is associated with a 4.46% decrease in its employment share. The pattern of specialization is clear: cities with high housing prices exhibit more specialization in sectors that are more skill-intensive. The results obtained from Figure 2 are consistent with the relatively limited literature on the cross-city distribution of sectoral activities. Holmes and Stevens (2004) survey the spatial distribution of economic activities in North America, and find that agriculture, mining, and manufacturing are disproportionately found in smaller cities while finance, insurance, real estate, professional, and management activities are disproportionately common in larger cities.
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The Model



The economy consists of J ex-ante identical cities, J ∈ Z+ . Each city is endowed with a fixed amount of land, which is normalized to 1. Land is owned by competitive landowners outside the economy, who convert each unit of land to one unit of housing. There is a continuum of individuals, the mass of which is L. Each chooses an occupation, as either a team leader or a worker, and a location, city j, j = 1, ..., J. Individuals are heterogeneous in their productivity ϕ, with a cumulative distribution function F (ϕ). Following the literature, I assume that the productivity ϕ is Pareto 8



distributed with a lower bound ϕ and shape parameter δ. There is a continuum of final tradable goods s ∈ [0, 1], each with a different share of two types of local components: homogeneous laborintensive and a continuum of skill-intensive components. Labor-intensive components are produced by workers only, while skill-intensive components are produced by workers using the technology provided by team leaders. Throughout this paper, I assume zero transport costs and no other impediments to trade.



3.1



Final Goods Sectors



Each final good s ∈ [0, 1] is costlessly assembled by combining labor-intensive and skill-intensive components, according to a Cobb-Douglas production technology with constant returns to scale. The aggregate output in city j by sector s is given by



(3.1)



Yj (s) = A ME,j (s)γ(s) ML,j (s)1−γ(s) ,



where A is a scale parameter, ME,j (s) is the sector s demand for skill-intensive components, ML,j (s) is the sector s demand for labor-intensive components, and γ(s) ∈ [0, 1] is the share of skill-intensive components used in the final production by sector s. This γ(s) varies across sectors. The final tradable goods are ordered so that γ(s) is increasing in s ∈ [0, 1]. That is, higher indexed sectors rely more heavily on skill-intensive components. The location of each sector s is determined through competition, resulting in the price P (s) of each final good s equaling the lowest unit cost of production. Let Cj (s) and Sj ⊆ [0, 1] denote the unit cost of production of sector s and the set of sectors active in city j, respectively, then it holds that P (s) = Cj (s) if s ∈ Sj . The differentiated skill-intensive components enter the production technology with constant elasticity of substitution 1 + 1/ε, with ε > 0, "ˆ



(3.2)



ME,j (s) =



xj (i, s)



1 1+ε



#1+ε



di



,



Ωj



where xj (i, s) is the amount of variety i used by sector s in city j, and Ωj is the endogenously determined set of varieties of skill-intensive components produced in city j. Aggregate increasing
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returns arise here from the productive advantage of sharing a wider range of varieties of differentiated inputs. An increase in the labor input of sector s must therefore be associated with more skill-intensive components, and final producers become more productive when they have access to a wider range of varieties.



3.2



Labor-Intensive Components



The local labor-intensive components are produced by workers. Labor is the only input. The market is competitive and firms need one unit of labor to produce each unit of output.



PL,j = wj



is the condition that price equals marginal cost, where wj is the wage rate of workers.



3.3



Skill-Intensive Components



As in Ethier (1982a), the production of local skill-intensive components is characterized by monopolistic competition a ` la Dixit and Stiglitz (1977). Each team leader designs one variety and leads a team of workers to produce. Therefore, Ωj , the set of varieties, also denotes the set of team leaders and i refers to a team leader, or equivalently, the variety she produces. Output of variety i in city j is



xj (i) = ϕj (i)lj (i) ,



(3.3)



where lj (i) is the number of workers needed for the production of variety i and ϕj (i) is team leader i’s productivity. Minimizing the production costs in the final goods sectors subject to technology in (3.1) and (3.2) gives the demand for skill-intensive components by sector s: "



pj (i) xj (i, s) = Pj



(3.4)



where Pj ≡



h´



1



Ωj



i−ε



pj (i)− ε di



#− 1+ε ε



ME,j (s),



is the price index of all skill-intensive varieties in city j. The price
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for each variety i in city j is then



pj (i) = (1 + ε)



(3.5)



wj . ϕj (i)



Output of variety i can then be rewritten as ˆ



ˆ



xj (i) =



(3.6)



"



xj (i, s)ds = s∈Sj



s∈Sj



pj (i) Pj



#− 1+ε ε



ME,j (s)ds,



Let Y be the economy-wide income excluding land rents. Equal weights of industries in preferences and the production technology of the final goods sectors then imply that two market clearing conditions, one for the final goods and the other for the skill-intensive components, are consolidated into ˆ



αY



´



ME,j (s)ds =



(3.7)



Sj



γ(s)ds =



Pj



Sj



αY Γj , Pj



where α is the expenditure share of final goods in consumer’s preference, and Γj ≡



´ Sj



γ(s)ds



denotes the aggregate share of skill-intensive components used in the final goods production in city j. A larger Γj means either the set of sectors active in city j, S, has a larger measure, or the available sectors in city j are more dependent on the skill-intensive components, i.e., larger γ’s. Hence, Γj measures the market size or the demand of skill-intensive components in city j. Then αY Γj represents the sum of expenditures for the skill-intensive components in city j, which is also the consumer demand. Using this equation and (3.5), I can rewrite (3.6) as



xj (i) =



(3.8)



where Φj =



h´



1



iε



ε Ωj ϕj (i) di



ϕj (i) Φj



!1+ 1 ε



αY Γj , Pj



is the aggregate productivity in city j. Note that more team leaders



in a city (i.e., a larger measure of Ω) and/or more skilled team leaders (i.e., on average larger ϕ’s) imply a higher aggregate productivity. Using (3.5) and (3.8), the price index can be rewritten as



(3.9)



Pj =



(1 + ε) wj . Φj
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Rather than being paid a flat wage as workers, each team leader i gets paid the profit of producing variety i, which can be written as αε wj xj (i) πj (i) = pj (i)xj (i) − = ϕj (i) 1+ε



(3.10)



ϕj (i) Φj



!1 ε



Y Γj .



Team leader i’s income increases with Γj , the market size of skill-intensive components in city j. Income also depends on a team leader’s own productivity relative to the aggregate productivity, ϕj (i)/Φj , that is, given team leader i’s own productivity, she will want to live in a city where there is a high demand for skill-intensive components (large Γ) and low aggregate productivity (low Φ). This combination, however, does not happen in equilibrium: large market size is associated with high aggregate productivity. In choosing a location, a team leader faces a trade-off between a large market and the tough challenges faced when competing with other highly skilled team leaders. The unit production cost for final tradable good s can thus be expressed as 1−γ(s) γ(s) Pj



Cj (s) = ξ(s)wj



(3.11)



−γ(s)



= ξ(s) (1 + ε)γ(s) wj Φj



.



Therefore, for each sector s, given w, a higher Φ (as there are more and/or better team leaders) will reduce the unit production cost in all tradables, which captures the productivity gains from varieties. This productivity gain is greater for higher-indexed sectors. The comparative advantage is then captured by the ratio of the costs, Cj (s) /Cj+1 (s) , j = 1, ..., J − 1. Before proceeding, note that the production process has elements of both Ricardian and HeckscherOhlin models with a continuum of goods. Labor is the only input for the production of both skilland labor-intensive components, and the comparative advantage is attributable to the relative wage structure between cities, which are both consistent with the Ricardian model (Dornbusch et al., 1977). Final goods are indexed in order of increasing skill intensity, which is similar to the Heckscher-Ohlin model (Dornbusch et al., 1980).



3.4



Individuals



Individuals are ex-ante heterogeneous in their productivity ϕ. Depending on this productivity, each individual chooses her occupation and location freely to maximize utility. The decisions of
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occupation and location occur simultaneously but I will address occupation choice first. Let Uj (ϕ) and yj (ϕ) denote the utility and income of an individual with productivity ϕ residing in city j. 3.4.1



Occupation Choice



Suppose that an individual chooses to reside in city j. She then chooses the occupation that will maximize her income. If she chooses to be a worker, she inelastically supplies one unit of labor. Workers are assumed to be equally productive, and therefore she receives a constant wage wj . If she chooses to be a team leader, she supplies knowledge and earns πj (ϕ) depending on her productivity. Her income is given by yj (ϕ) = max {πj (ϕ), wj } . There exists a productivity cutoff level ϕ∗j , defined by πj (ϕ∗j ) = wj , such that all individuals with productivity above ϕ∗j become team leaders and all those with productivity below ϕ∗j become workers. Using (3.10), this productivity cutoff is given by ϕ∗j



(3.12)



= Φj



1 + ε wj αε Y Γj



!ε



.



We can see that this cutoff is higher (or it is harder to become a team leader) when aggregate productivity Φ is higher, as it is more difficult to compete against more or better team leaders. It is also harder to become a team leader when the wage rate of workers is high (i.e., the outside option is more attractive), and when Γ is low (less demand for skill-intensive components).



3.4.2



Residential Choice



Each individual chooses her location to maximize utility. For the given income yj (ϕ), each individual consumes final goods and housing: h ´ 1



Uj (ϕ) = max{cj (s,ϕ)}s∈[0,1] , hj (ϕ) exp α (3.13)



0



i



ln (cj (s, ϕ)) ds hj (ϕ)1−α ,



s.t. ´1 0



P (s)cj (s, ϕ) ds + Rj hj (ϕ) = yj (ϕ),



where α is the expenditure share of final goods in consumer’s preference, cj (s, ϕ) denotes the quantity of final goods consumed by an individual with ϕ residing in city j, hj (ϕ) is the quantity of housing consumed, and Rj is city j’s housing price. Without loss of generality, I measure the 13



size of (a set of) sectors by the expenditure share of the goods produced in these sectors. With this indexing, the size of sectors whose γ is less than or equal to γ(s) is equal to s, and a city’s share in the economy-wide income is equal to the measure of the tradables in which the city ends up having comparative advantage in equilibrium. The population size of a city, Lj , is endogenously determined, ˆ



∞



Lj (ϕ)dϕ,



Lj =



(3.14)



ϕ



where Lj (ϕ) is the population with productivity ϕ in city j. In equilibrium, all individuals must live in a city. The adding-up constraint for each type of productivity thus requires that



Lf (ϕ) =



(3.15)



J X



Lj (ϕ) ,



∀ϕ ∈ [ϕ, ∞),



j=1



where f (ϕ) is the probability distribution of productivity. Equation 3.15 states that the mass of individuals with productivity ϕ across all cities must be equal to the mass of individuals with productivity ϕ in the population. Summing equation (3.15) across all productivity types then implies satisfying the full population condition of the model.
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Equilibrium Analysis



To assist in the intuition when examining the properties and implications of the model, I start with a single-city version. This can be viewed as the equilibrium allocation of a city in autarky in an economy with multiple cities.



4.1



Single-City (Autarky) Equilibrium



In the one-city economy, the markets for final goods, the two types of components, and labor clear, and the population constraints are satisfied. The city must produce all of the consumption goods in the absence of trade, P (s) = C(s) = ξ(s) (1 + ε)γ(s) wΦ−γ(s)
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∀s ∈ [0, 1] .



The market clearing condition for the skill-intensive components is ˆ



ˆ



1



1



γ(s)ds = αY ΓA ,



PME (s)ds = αY 0



0



where ΓA ≡



´1 0



γ(s)ds. In autarky, the share of skill-intensive components in aggregate income is



equal to the average share of skill-intensive components across all of the final goods sectors. Labor in the city is supplied by workers, i.e., all individuals with productivity less than ϕ∗ . City ´ ϕ∗ labor supply is then equal to LS = L ϕ dF (ϕ). As workers are involved in the production of both types of components, there are two sources of labor demand: sector s spends 100 (1 − γ(s)) % of its total revenue on labor, and each skill-intensive variety (team leader i) spends



wx(i) ϕ(i)



on labor.



Therefore, aggregating across all sectors gives a labor market clearing condition, 



A



α 1−Γ







ˆ



∞



Y + wL ϕ∗



x(ϕ) dF (ϕ) = wLS . ϕ



Using (3.8) and (3.9), this condition can be simplified as !



(4.1)



ΓA α 1 − ΓA + Y = wLS . 1+ε



This labor market clearing condition implies that aggregate workers’ income is a constant share of output. Aggregate productivity, as defined in (3.8), can be rewritten as " ˆ ∞



(4.2)



Φ= L



1 ε



ϕ dF (ϕ)



#ε



.



ϕ∗



Proposition 1. (Existence and Productivity Cutoff) Given population, L, and its productivity distribution, F (·), the equilibrium in autarky exists, is unique, and the productivity cutoff for being a team leader does not depend on city population. Proof. See Appendix 1. The intuition behind this result can be seen in equation (4.1). Workers (and thus team leaders) receive a constant share of city output. Keeping the distribution of individual productivity constant, a city therefore hosts the same proportion of workers and team leaders regardless of its size. 15



4.2



Multi-City Equilibria



There are two classes of equilibria for the multi-city economy: unstable equilibria, in which there are at least two cities with the same set of skill-intensive varieties, and a stable equilibrium, in which this endogenous variable is different across cities. The latter is empirically relevant, as there is spatial variation in productivity and in the sets of goods produced across cities. Formally, let | Ωj | be the Lebesgue measure of Ωj . Without loss of generality, cities can be thus ranked in such a way that the measure of the set of varieties, {| Ωj |}Jj=1 , is monotonically increasing in j. Therefore, the subscript j indicates the position of a city in a particular equilibrium, not the identity of the city. However, I start with equilibria that do not have this strict ranking of cities to illustrate why such equilibria are unstable.



4.2.1



Unstable Equilibria without Strict Ranking of Cities



My model has symmetric fundamentals, so there are always equilibria without strict ranking of cities. Here the endogenous variable, the set of skill-intensive varieties Ω, is the same in some cities. Without strict ranking, {| Ωj |}Jj=1 is merely non-decreasing in j. That is, for some j, | Ωj |=| Ωj+1 |. Therefore, Φj = Φj+1 , wj = wj+1 , and Rj = Rj+1 , i.e., there are two cities that have the same number of team leaders and all skill types are equally represented, and these two cities have the same prices. This implies that for this particular j, wj Cj (s) = = 1, Cj+1 (s) wj+1 ∀s ∈ [0, 1] . These two cities have the same cost of producing each good s. For a positive measure of goods, consumers are indifferent between buying goods from jth or (j + 1)th city, and the patterns of trade are indeterminate. This type of equilibria, however, is unstable. For example, in the twocity case, i.e., C1 (s) = C2 (s), since all consumers are indifferent as to which city they buy the goods from, if exactly 50% of the economy-wide income Y is spent on each city’s final goods, and if this spending is distributed in such a way that the production of skill-intensive components in each city ends up receiving exactly ΓA /2 of the economy-wide spending, then the symmetric equilibrium, in which both cities have the same set of skill-intensive components, would emerge. This equilibrium, however, is unstable in that a small perturbation resulting in one city being more productive than 16



the other (Φ1 > Φ2 or Φ1 < Φ2 ) will break the symmetric equilibrium.6 The same logic carries over to the case of J > 2.



4.2.2



Stable Multi-City Equilibrium



The stability of the equilibrium requires that no two cities share the same set of endogenous variable, Ωj . Cities can be ranked such that {| Ωj |}Jj=1 is strictly increasing in j. What is important here is the ranking or the ordering of cities in the equilibrium, not their identities. Thus, city j is the jth smallest city (in terms of | Ωj |) in the rank. Comparative Advantage As | Ωj |


(4.3)



wj wj+1



!



Φj Φj+1



!−γ(s)



,



which is thus increasing in s for any j = 1, 2, ..., J − 1. In other words, a city with more or better team leaders (a larger Φ) has a comparative advantage in higher-indexed goods, which rely more heavily on skill-intensive components. This implies that there is a sequence {Sj }Jj=0 , which can summarize the specialization pattern of final goods. The sequence {Sj }Jj=0 is defined by S0 = 0, SJ = 1, and



(4.4)



Cj (Sj ) = Cj+1 (Sj )



wj wj+1



!



Φj Φj+1



!−γ(Sj )



= 1,



j = 1, 2, ..., J − 1,



which is increasing in j. The borderline sector, Sj , could be produced and exported by either jth or (j + 1)th city as the cost of producing the good Sj is the same in both cities. Wage rates {wj }Jj=1 6



Any microfoundations in which the city with a larger set of team leaders exhibits a higher endogenous value of Φ



will result in symmetry-breaking. One example could be a perturbation on preference so that consumers prefer to buy the goods from one of the two cities. Symmetry-breaking is a circular mechanism that generates stable asymmetric outcomes in the symmetric environment due to the instability of the symmetric outcome (Matsuyama (2013)). See also Fujita et al. (1999) and Combes et al. (2008b) in economic geography.
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Figure 3: Comparative Advantage and Patterns of Specialization when J = 5
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also adjust in equilibrium so that each city becomes the lowest cost producer of a positive measure of goods. The equilibrium wages can be written as



(4.5)



wj = wj+1



Φj Φj+1



!γ(Sj )






j = 1, 2, ..., J − 1.



Therefore, the wage sequence, {wj }Jj=1 is also increasing in j. That is, more productive cities have higher wages. As shown in Figure 3, which gives an example of J = 5,7 the final tradable goods are partitioned into J subintervals of positive measure such that the city j becomes the lowest cost producer of s ∈ (Sj−1 , Sj ) . Hence, city j produces and exports goods in (Sj−1 , Sj ) . Since goods are ordered so that higher indexed goods are more skill-intensive, and cities are also ranked so that higher indexed cities are more productive (a larger measure of Ω), it is not surprising that more productive cities appear to produce more skill-intensive goods. More productive cities also produce more goods. This can be seen in Figure 3: (S5 − S4 ) > (S4 − S3 ) > ... > (S1 − S0 ) . There is therefore a strict ranking of the sequence 7



n



Sj+1 −Sj Sj −Sj−1



oJ−1 j=1



.



See Appendix 2 for details of the specified parameter values, and the sources of how these parameters are chosen.
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The endogenous comparative advantage arises from the productivity difference across cities. Higher productivity in cities with higher rankings will lower the cost of final tradables that use more skill-intensive components. As PL,j = wj , cities that have lower rankings in equilibrium will have a comparative advantage in sectors that rely more heavily on labor-intensive components because these cities have a lower labor cost.



Individual Behavior There is a population of workers located in each city. In equilibrium, each of these workers obtains the same utility, so the utility maximization problem (3.13) implies that the spatial difference in their wage rates compensates for the spatial difference in housing prices:



(4.6)



wj = wj+1



Rj Rj+1



!1−α



,



j = 1, ..., J − 1.



Therefore, the sequence of housing prices {Rj }Jj=1 is also increasing in j; i.e., more productive cities have higher housing prices, which has been documented extensively. Albouy (2008), for example, finds that for given output prices, more productive cities pay higher rents and wages. Lemma 1. (Occupation Choice) In any stable equilibrium with strict ranking of cities, the productivity cutoff for being a team leader is the same across all cities. That is, ϕ∗j = ϕ∗j+1 ≡ ϕ∗ , for j = 1, 2, ..., J − 1. Proof. See Appendix 1. Lemma 1 simply states that if an individual chooses to be a worker in one city, then she cannot become a team leader by changing her location. The intuition behind this can be seen from (3.12). It is the outcome of two offsetting forces. A higher-indexed city has a higher aggregate productivity (Φ) and a higher wage rate (w). These capture the crowding-out effects, which raise the cutoff. At the same time, the market size of the skill-intensive components (Γ) is also larger, which lowers the cutoff and captures the demand effect. These two kinds of effects exactly offset each other in my framework, demonstrated in equation 3.10. The optimal pricing strategy is a proportional mark-up over wage (i.e., equation (3.5)), due to the Dixit-Stiglitz form of demand. The constant returns to scale at the level of the production of skill-intensive components ensure that cost is proportional 19



to wage rate. Therefore, (3.10) implies that a team leader’s income, πj (ϕ), is proportional to a worker’s wage, wj . In other words, a city with a higher wj has a proportionally higher πj (ϕ) . The cutoff ϕ∗ , which is defined as πj (ϕ∗ ) = wj , therefore, does not depend on j. Lemma 2. Given her individual productivity ϕ, a team leader can always get a higher income by locating to a more productive city. That is, for all ϕ, πj+1 (ϕ) > πj (ϕ), for j = 1, 2, ..., J − 1. Proof. See Appendix 1. This Lemma is derived directly from Lemma 1, which states that the crowding out forces, a high Φ and a high w in higher-indexed cities, exactly offset the demand effect of a high Γ. Equation (3.10) shows that the only forces in the team leader’s income are Φ and Γ, and thus the demand effect in higher-indexed cities outweighs the crowding-out effect. Given a team leader’s productivity ϕ, she can attain the highest income if she locates to the Jth city. In equilibrium, however, not all team leaders locate there, as the Jth city also has the highest housing price, making it unaffordable for some team leaders. To see this, the indirect utility of team leaders with productivity ϕ who locate in city j can be expressed as α vj (P, Rj , yj ) = πj (ϕ) P 
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Therefore, there exists a sequence, ϕ∗∗ j



oJ j=0



α



1−α Rj



!1−α



.



∗ ∗∗ such that ϕ∗∗ 0 ≡ ϕ , ϕJ = ∞, and team leaders with



n



∗∗ ϕ∗∗ j , j = 1, ..., J − 1, are indifferent between residing in jth and (j + 1)th city. The cutoff ϕj



oJ−1 j=1



is defined as 



(4.7)



πj ϕ∗∗ j Rj1−α











=



πj+1 ϕ∗∗ j







1−α Rj+1



,



j = 1, ..., J − 1.



Proposition 2. (Spatial Sorting) In any stable equilibrium with a strict ranking of cities, the heterogeneous individuals are partitioned into J + 1 intervals. Individuals with ϕ < ϕ∗∗ 0 become workers and reside in every city. All individuals with ϕ > ϕ∗∗ 0 become team leaders. Team leaders ∗∗ with ϕ such that ϕ∗∗ j < ϕ < ϕj+1 for j = 0, ..., J − 1, reside in the (j + 1)th city.



Proof. See Appendix 1. 20



Figure 4: Spatial Sorting when J = 5
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The intuition behind this is that only the most skilled team leaders are able to pay the high housing prices in higher-indexed cities. Less skilled team leaders strictly prefer to be in lowerindexed cities as their income gain by locating to more productive cities is not large enough to compensate the housing price difference. The property that more skilled individuals sort into cities where housing prices are higher and their rewards must therefore be relatively higher is consistent with several key features of data documented in the literature (Wheeler, 2001; Glaeser and Resseger, 2010; Dahl, 2002). Figure 4 illustrates an example of sorting in the case of five cities under the specified parameters.



Equilibrium Characterization The population of city j is endogenously determined through spatial sorting. Let LE,j denote the 















number of team leaders in city j, then LE,j = L F ϕ∗∗ − F ϕ∗∗ j j−1







, for j = 1, ..., J. The total



number of workers in all cities is LW = F (ϕ∗∗ 0 ) . The population in city j can be written as



Lj = LE,j + λj LW ,



where λj ∈ (0, 1) denotes the share of workers in city j. Here, LE,j and LW are functions of the productivity cutoffs. In addition, λj is also endogenously determined and is a function of {Sj }Jj=0 . 21



Therefore, {Lj }Jj=1 is also increasing in j. More productive cities are larger in terms of population size. Labor in the economy is supplied by all individuals with productivity less than ϕ∗∗ 0 . As in the autarky case, the labor market clearing condition in city j becomes ˆ α (Sj − Sj−1 − Γj ) Y + wj L



where Γj ≡



´ Sj Sj−1



ϕ∗j+1



ϕ∗j



x (ϕ) dF (ϕ) = wj λj LW , ϕ



γ (s) ds. Using this equation, together with(3.8), (3.9), (3.10), and land market



clearing condition, Rj = (1 − α) Yj , I can write the housing price ratio as Rj Yj Sj − Sj−1 = = . Rj+1 Yj+1 Sj+1 − Sj



(4.8)



As {Rj }Jj=1 is increasing in j, the sequence {Sj − Sj−1 }Jj=1 is also increasing in j. It immediately follows that {Γj }Jj=1 , the market size for skill-intensive components, and {Yj }Jj=1 , the income of city j, are both increasing sequences. This confirms the implication by Figure 3 in the previous section that not only do more productive cities produce more skilled goods, they also produce more goods and have larger shares of aggregate income. Using equations (4.5), (4.6), (4.7), and (4.8), the equilibrium can be reduced to a second-order difference equation with two terminal conditions:



(4.9)
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with S0 = 0 and SJ = 1, where Γj ≡



= ´ Sj Sj−1



Γj Γj+1



!εγ(Sj )



,



γ (s) ds. Following Matsuyama (2013), the solution



to (4.9) can be characterized by a Lorenz curve, ΘJ : [0, 1] → [0, 1] , defined by ΘJ (j/J) = Sj . Matsuyama (2013) shows that the equilibrium Lorenz curve is unique for a sufficiently large J.8 The intuitive mechanism in the model can be summarized as follows: cities with higher rankings have a larger set of skill-intensive components. These higher-indexed cities are thus more productive and have higher wage rates. The free mobility of workers results in higher-indexed cities having higher housing prices. This induces the sorting of team leaders. Only the most skilled team 8



Matsuyama (2013)’s method involves interpreting 1/J as a differential when J is sufficiently large and then



applying the asymptotic expansion.
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leaders will locate in the most productive cities due to higher housing prices. Those with lower skills are better off in less productive cities. This sorting reinforces the equilibrium outcomes of the heterogeneity between cities. Higher-indexed cities are more productive, have higher housing prices, and have a comparative advantage of final goods that rely more heavily on skill-intensive components. Sorting leads to higher productivity and higher housing prices, which is exactly what is found in the empirical literature (Diamond, 2016). I do not have perfect sorting in my model. Workers locate in all cities, while only team leaders sort. This is consistent with empirical findings, as cities that are more productive overall also contain many workers with low productivity (Combes et al., 2012a; Combes et al., 2012b).
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Welfare Gain from Trade



I now compare the multi-city equilibrium with the autarky equilibrium and compute the welfare gain from trade for a specific set of parameter values. The welfare gain is the difference in utility between the laissez-faire case described in the previous section and the autarky case in which one city produces all goods. Let U and UA denote the utilitarian social welfare functions of utilities in the laissez-faire and autarky cases, respectively. For J cities, the utility can be expressed as



(5.1)
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πj (ϕ) dF (ϕ) + λj LW wj ,
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where the first and second terms represent the team leaders’ and workers’ incomes, respectively, adjusting for final goods price and housing price and aggregating across all J cities. Similarly, the utility in the autarky case can be written as 
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α PA
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πA (ϕ) dF (ϕ) + LW wA . ΩA



Table 1 shows the welfare gain from trade. In the multi-city case, I report the equilibrium in which there are two cities. The equilibrium is also computed for 5, 10, and 50 cities. The results are the same: the welfare gain from trade is positive. Here I report the two-city equilibrium for 23



Table 1: Welfare Gain from Trade Variables J P LW UW UT U (U − UA ) /UA



Number of cities Price index of final goods Fraction of workers in total population Utility of the representative worker Utility of the average team leader Aggregate welfare Welfare gain from trade



Autarky 1 0.5837 0.9648 0.6193



Multi-city equilibrium 2 0.6391 0.9670 0.8598



0.1200



0.1340



0.8105 -



0.9610 0.1857



intuition. Alongside computing the difference in utility, U − UA , three components of the utility deserve further investigation: the price index for final goods, the representative worker’s utility, and team leaders’ utility. The difference in the price index is



P − PA =



J X
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(1 + ε)γ(s) wj Φj



ˆ



1



ds − 0



−γ(s)



(1 + ε)γ(s) wA ΦA



ds,



which, from (3.9), depends on aggregate productivity Φ. From Table 1, the price index for final goods is higher in multi-city equilibria. A single-city economy enjoys full agglomeration because all team leaders locate in the same city. Final goods producers have access to all input varieties produced in the economy, which makes them more productive and hence lowers the price of all tradables. As J ≥ 2, team leaders sort to two or more cities, giving each city’s final goods producers access to a limited range of input varieties, as compared to the autarky case. This would increase the cost of producing final tradable goods. Despite the higher price index, workers are better off in a multi-city world. As all workers get the same utility regardless of where they locate, it then suffices to compare the utility of a worker in the smallest city (city 1 in the rank) in the multi-city equilibrium with the utility of a worker in the autarky case, i.e.,
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J and U A denote the representative worker’s utility in the multi-city equilibrium and in where UW W



autarky, respectively. The wage rate in autarky is higher (as aggregate productivity is higher) and the price index is lower, so a gain in worker’s utility in the multi-city case must come from a much
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lower housing price. The intuition is that when all agents live in one city, aggregate congestion increases as the amount of land is fixed. The level of congestion borne by the representative worker decreases once agents sort to more cities, which outweighs the lower wage rate and higher price index. This is further supported by the gain of the average team leaders’ utility in the multi-city world. As team leaders are heterogeneous, the aggregate utility of all team leaders in the economy is calculated,
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where UTJ and UTA denote the aggregate utility of all team leaders in the multi-city equilibrium and in autarky, respectively. The decrease in congestion, captured by a lower housing price in the multi-city case, outweighs the agglomeration force—a lower price index and a larger market size for skilled inputs. Note that in the multi-city equilibrium, the aggregate utility of all team leaders is higher and the number of team leaders decreases, which implies that the average team leader is better off.
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Two Extensions



This section extends the baseline model to analyze the effects of government policies. The first extension of the model is to incorporate land-use regulations, and the assumption that the supply of housing is fixed at 1 in each city is relaxed. I conduct two numerical exercises, first examining Philadelphia, a relatively elastic housing market, and New York City, a relatively inelastic housing market, as examples. The model can explain more than half of the relative housing prices and relative income of these two cities. The second exercise uses a sample of 50 cities to show that the model performs well in assessing the effects of land regulations on housing prices, population, and income. The second extension of the model is to introduce local financial incentives. To reduce spatial disparities, local governments offer financial incentives to attract firms to less productive areas. In this section, I analyze the equilibrium effects of the Federal Empowerment Zone program. I find that these types of policies have a positive effect on the growth of the targeted region, but they
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reduce the overall welfare of the economy.



6.1



Land Regulations



6.1.1



Model with a Housing Construction Sector



I start with the stable equilibrium in the multi-city model. Each city is still endowed with 1 unit of land, but I introduce a housing construction sector in each city. Following Gaubert (2015), landowners construct housing hj by combining their land θj with local labor lH,j , according to the housing production function hj =



b θj j



lH,j 1 − bj



!1−bj



.



The land-use intensity parameter bj restricts the amount of housing that can be built with a given amount of land. The lower the b, the more elastic the housing supply, given a fixed amount of land. The housing supply is perfectly inelastic when bj = 1, which corresponds to the case in the baseline model. The housing market in each city is competitive, and landowners take both the housing price Rj and the wage rate wj as given. The housing market clearing condition in each city determines the housing price. In this situation, the housing supply elasticity can be written as α (1 − bj ) /bj . By introducing the housing construction sector, there are now three sources of labor demand; from the production of labor-intensive components, from each team leader, and from landowners to build housing.



6.1.2



Policy Experiment



The first numerical exercise compares New York City (NYC) and Philadelphia. This pair of cities is chosen for three reasons. First, the model assumes that cities trade with each other. According to Tomer and Kane (2014), Philadelphia is New York’s largest trading partner, and vice versa, with trade between them representing 7.8% of New York’s aggregate trade and 16% of Philadelphia’s aggregate trade. Second, the model assumes free mobility of labor. The data on county-to-county migration flows published by the U.S. Census reveals large migration flows between NYC and
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Philadelphia.9 Third, and importantly for this section’s analysis of land-use regulations, New York City has more stringent zoning restrictions than Philadelphia. This shows up in differing housing supply elasticities – according to Saiz (2010), the elasticity in New York is 0.76, while in Philadelphia, it is 1.65. With these elasticities as the only “fundamental” that differs between the two cities, I compute the equilibrium implied by my model. In particular, I compute relative city size, per capita income, GDP, and housing prices between the two cities. The results are reported in Table 2. The model can explain about half of the relative population and relative GDP between the two cities. The model also performs well in predicting the relative housing price. Taking the housing price in NYC as the base, the price in Philadelphia is 76% relative to NYC in the data, while the model predicts that it is 60%. Using per capita income as an approximation for wage rates between these two cities, the model can match 98% of the relative wage.10 Table 2: The Effect of Land Regulations: Philadelphia and NYC Variable l1 /l2 R1 /R2 w1 /w2 y1 /y2



(Philadelphia/NYC) Population Housing price Per capita income GDP



Model 0.1692 0.5961 0.8344 0.1269



Data 0.3408 0.7645 0.8533 0.2580



% explained by the model 49.7 77.8 97.8 49.2



The second exercise uses the same methodology but extends it to 50 cities.11 Figure 5 shows the relation between housing supply elasticity and the house price index. The endogenous ranking of cities gives rise to a monotonically decreasing sequence of housing prices when the housing supply is more elastic. In addition to that generated by the model, I plot the actual data of the house price index against supply elasticity. The data show variations in the house price index even for cities with similar supply elasticity, but there is a decreasing trend in the housing price when elasticity becomes larger: highly regulated land markets have higher housing prices. The effect of stringent land-use regulations on local housing prices is well-documented in the literature (Glaeser et al., 9



From 2005-2009 American Community Survey (ACS), if one compares county of current residence with county



of residence 1 year ago, the number of movers in county-to-county flow is 6970. 10



The data for per capita income in MSAs are taken from the Bureau of Economic Analysis (BEA).



11



These are the 50 metro areas with population more than 500,000 that have the most inelastic housing supply as



estimated by Saiz (2010). See Appendix 2 for the list of 50 cities.
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Figure 5: The Effect of Land Regulations on Housing Prices 2.5
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2005, 2006; Glaeser and Gyourko, 2005; Saiz, 2010). The inelasticity of housing supply is not only 0.03



Population share



responsible for the higher housing price, but also affects how cities respond to growth (Hsieh and 0.025 0.02 Moretti, 2015; Glaeser and Gottlieb, 2008). 0.015 Figure 6 plots the relation between housing price and the population and income share. The 0.01



model performs well in predicting that cities with higher housing prices have higher populations 0.005



and income. This, along with Figure 5, shows that cities with more stringent land regulations have 0 0.87 0.91 0.96 1.02 1.09 1.17 1.28 1.42 1.62 1.92 higher housing prices, population, and income. Therefore, when extended to include the housing Housing price index



model sector, the model can be used to study the effects data of (fitted landline) regulations on the cross-city differences



in housing prices, population, and incomes.



6.2



Federal Empowerment Zone Program



The Federal Empowerment Zone program is a series of spatially targeted tax incentives and block grants designed to encourage economic, physical, and social investment in the neediest urban and rural areas in the United States. In 1993, the Department of Housing and Urban Development (HUD) awarded Empowerment Zones (EZs) to six urban communities: Atlanta, Baltimore, Chicago, Detroit, New York City, and Philadelphia/Camden. These all feature high poverty rates, averaging 48%, and high unemployment rates, averaging 22%. The program brought a host of fiscal and procedural benefits to EZs, among which the employment tax credit is one of the most important
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benefits.12 From 1994, firms operating in the six EZs became eligible for a credit of up to 20% of the first $15,000 in wages earned in a year by each employee who lived and worked in the community, for up to ten years. This was a substantial benefit, as in 1990, the average salary income in the EZs was $16,000. In 2000, six years after the implementation of the policy, the median income in the Atlanta EZ was less than $11,000, and in the Baltimore EZ $20,578. I assess the effects of the Empowerment Zone program by imposing a subsidy on the team leader’s profit in poorer regions, i.e., the smaller cities in the model,13 financed by a lump-sum tax levied on the profits of all team leaders in the economy. To ease the analysis, I consider the poorer economic zones as Region 1, and all other cities as Region 2. Therefore, it is essentially an application of the model when J = 2.



6.2.1



Model with a Local Subsidy



Formally, I start with the stable equilibrium in the two-city model and introduce a subsidy in the poorer city, referred to as Region 1. The aim is to attract more team leaders to move to Region 1 to increase local productivity. The rate at which team leaders are subsidized, τ, does not depend on their individual productivity ϕ, as the government has little information on individual team 12



See IRS (2004) and Busso et al. (2013) for more details.



13



In the model, cities that are lower in the ranking are smaller and poorer.
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leaders. Instead of (3.10), each team leader i who locates in Region 1 gets



π1 (i) = (1 + τ )



(6.1)



αε 1+ε







ϕ(i) Φ1



1 ε



Y Γ1 − T,



where T is the lump-sum tax levied on all team leaders to finance the tax credit. Similarly, team leader i who chooses to live in Region 2 gets αε π2 (i) = 1+ε



(6.2)







ϕ(i) Φ2



1 ε



Y Γ2 − T.



The government finances the subsidy by raising the lump-sum tax. The government balanced budget condition gives ˆ (1 − LW ) T = L



(6.3)



ϕ∗∗ 1



ϕ∗∗ 0



τ (π1 (ϕ) + T ) dF (ϕ) , 1+τ



which can be solved to obtain the equilibrium lump-sum tax T ∗ .



6.2.2



Policy Experiment



To evaluate the Federal Empowerment Zone program, I model the implementation of a tax credit by incorporating a 15% subsidy in Region 1. By raising a lump-sum tax for all team leaders in the economy, the positive local effects in Region 1 may be counterbalanced by negative effects in Region 2, leaving the aggregate welfare gain ambiguous. Table 3 reports the local and aggregate welfare effects, where I compare the results with those in the baseline model, in which no subsidy is imposed. The model predicts large local effects of this policy on the targeted region. The subsidy induces least skilled team leaders in Region 2 to move to Region 1. In Region 1, the number of team leaders thus increases by 4.97%, which raises local productivity by 5.66%, as local productivity depends not only on the number of team leaders, but also on individual team leader’s productivity. The corresponding local increase in population, however, is only 1.86%, as workers constitute a large proportion of the population. There appears to be a housing price boom in Region 1 as the increased population demands more houses. Contrary to previous studies, the subsidy makes agents in the poor region worse off. In the 30



equilibrium with subsidy, Region 1’s housing prices and wage rates are higher, but these are largely dominated by the rise of the price index, which, according to (5.2), make a representative worker worse off.14 The average team leader is also worse off in the targeted region. A higher local productivity in Region 1, i.e., a lower (ϕ/Φ), together with the lump-sum tax, T, outweighs the effect of subsidy and hence reduces the team leader’s income (See equation 6.1). Because of the lower income and higher prices in Region 1, the average team leader is worse off. The only agents that gain from this policy are team leaders in Region 2. As the least-skilled team leaders in Region 2 move to Region 1 to take advantage of the subsidy, aggregate productivity in Region 2 falls, which, according to (6.2), increases the income of those team leaders who stay in the region. As the housing price in Region 2 decreases, the average team leader in Region 2 therefore experiences an almost 20% welfare gain. While low-skilled team leaders and workers lose and high-skilled team leaders gain, the economy as a whole is worse off under this policy. The model predicts that total welfare decreases by 0.03%. This is consistent with Gaubert (2015), who also finds that local financial incentives will reduce the overall welfare of the economy. Table 3: Local and Aggregate Welfare Effects of a 15% Subsidy



Productivity in Region 1 Housing price in Region 1 Population in Region 1 Price index of final goods Utility of the representative worker Utility of average team leader in Region 1 Utility of average team leader in Region 2 Aggregate welfare
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No subsidy 0.6144 0.0755 0.4295 0.6391 0.8598 1.0994 6.6607 0.9610



Subsidy 0.6492 0.0780 0.4375 0.6409 0.8572 1.0947 7.9643 0.9607



Change 5.66% 3.31% 1.86% 0.28% -0.3% -0.43% 19.57% -0.03%



Conclusion



This paper proposes a theory of cities in which all cross-city heterogeneity is endogenous. A difference in productivity leads to a difference in worker’s wage rates across cities. In equilibrium, housing prices in more productive cities are higher, due to the utility equalization of workers. The 14



Workers get the same utility everywhere, so workers are worse off in both regions.
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difference in housing prices induces sorting as only the most talented team leaders will benefit from locating in productive cities. Less skilled team leaders are better off in less productive cities, where housing prices are lower. This sorting supports the equilibrium outcomes of the heterogeneity between cities. Cities with higher housing prices exhibit higher wages, productivity, aggregate income, populations, and skill intensities – all prominent features in the data. A distinguishing feature of the model is that it explains spatially heterogeneous outcomes as emergent results of the sorting process, without relying on assumptions of asymmetries in an individual’s ability to move or cities’ fundamental characteristics. It does, however, yield a rich set of spatial patterns. I find empirical evidence from U.S. data for the pattern of industrial specialization and skill distribution. Analyzing at both industry and city level, I find that cities with higher housing prices specialize in more skill-intensive sectors. Given the theory, this provides empirical support for the spatial sorting of individuals and the comparative advantage of cities. Extended to incorporate land regulations and local financial incentives, the model provides a foundation to study the equilibrium effects of these policies. Using housing supply elasticity estimated by Saiz (2010) as an approximation of the severity of housing regulations, I find that higher land regulations in cities is associated with higher housing prices and income. I also model tax credits as a subsidy on team leaders’ income. Although the model predicts an increase in local productivity and population in targeted regions, this type of policies reduces the overall welfare of the economy.
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Appendix A1. Theory A1.1 Proofs Proposition 1 Proof. Using equations (3.12), (4.1) and (4.2), we can write a single equation which determines ϕ∗ : A ∗ 1ε



ˆ



ϕ∗



Γ ϕ







dF (ϕ) = ϕ



1+ε − ΓA ε



ˆ ∞



1



ϕ ε dϕ. ϕ∗



The left-hand side of this equation is monotonically increasing in ϕ∗ , starting from 0 and strictly positive when ϕ∗ → +∞. The right-hand side is monotonically decreasing in ϕ∗ and equal to 0 when ϕ∗ → +∞. By continuity, there exists a unique equilibrium. Also, this equation shows that ϕ∗ does not depend on city population.



Lemma 1 Proof. From (3.12), we have ϕ∗j = ϕ∗j+1



Φj Φj+1



!



ε



wj/Γj



j = 1, ..., J − 1.



,



wj+1/Γj+1



Equation (4.7), i.e., the condition that a team leader with productivity ϕ∗∗ j (j = 1, ..., J − 1) is indifferent between locating in jth and (j + 1)th city, together with the team leader’s income in (3.10), gives us Φj+1 Φj



!1 ε



Γj Γj+1



!



=



Rj Rj+1



!1−α



,



j = 1, ..., J − 1.



Using this equation and (4.6) we will have ϕ∗j = ϕ∗j+1 for all j = 1, ..., J − 1. Lemma 2 Proof. Lemma 1 states that ϕ∗j = ϕ∗j+1 for j = 1, ..., J − 1, i.e.,



Φj



wj Γj



!ε



= Φj+1



wj+1 Γj+1



!ε
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,



j = 1, ..., J − 1.



That is, Φj Φj+1



!1 ε



Γj+1 wj+1 = , Γj wj



j = 1, ..., J − 1.



From (3.10), πj+1 (ϕ) = πj (ϕ)



Φj Φj+1



!1 ε



wj+1 Γj+1 = . Γj wj



From (4.5), we know that for j = 1, ..., J − 1, wj+1 > wj , so πj+1 (ϕ) > πj (ϕ) for all ϕ. Proposition 2 Proof. From (4.5) and (4.6), we know that both wj and Rj depend on aggregate productivity ratio, not individual team leader’s location choice. Individual team leaders take both wage rates and ∗∗ housing prices as given. Now consider a team leader with ϕ∗∗ j < ϕ < ϕj+2 , j = 0, ..., J − 2, J ≥ 2.



Suppose she locates in (j + 1)th city. Her income gain by moving to (j + 2)th city is ∆π (ϕ) = πj+2 (ϕ) − πj+1 (ϕ) =



1 αε ε 1+ε ϕ Y







− 1ε Φj+2 Γj+2



−



− 1ε Φj+1 Γj+1







> 0.



The second equality comes from equation (3.10). This income gain is positive, as stated in Lemma 2. 1 ∂∆π(ϕ) α − 1ε − 1ε = ϕ−1+ ε Y Φj+2 Γj+2 − Φj+1 Γj+1 > 0 ∂ϕ 1+ε











As ϕ increases, the income gain is larger by locating to (j + 2)th city. Since ϕ∗∗ j+1 is the productivity threshold at which the income gain by moving from (j + 1)th to (j + 2)th city exactly compensates ∗∗ for the higher housing price in (j + 2)th city, any ϕ∗∗ j+1 < ϕ < ϕj+2 will give the team leader more



income gain compared to the housing price difference. Therefore, team leaders with ϕ∗∗ j+1 < ϕ < ∗∗ ∗∗ ϕ∗∗ j+2 sort into (j + 2)th city and team leaders with ϕ such that ϕj < ϕ < ϕj+1 sort into (j + 1)th



city.
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Table 4: Parameter Values Parameter ε α ϕ δ Y L



Value 0.05 0.76 1 1 1 1



Source Behrens et al. (2014) Davis and Ortalo-Magne (2009) Basic Pareto distribution Behrens et al. (2014) Normalized to 1 Normalized to 1



A1.2 Parameters for Numerical Example of a Five-City Economy Motivated by the findings of Behrens et al. (2014), I use their estimated value of ε = 0.05, which is within the usual range in the literature.15 The expenditure share α of final goods is set to 0.76, as Davis and Ortalo-Magne (2011) find that housing expenditure is on average constant across different cities, and they estimated expenditure share on housing is 0.24. The lower bound ϕ of the productivity distribution is set to 1, as in the basic Pareto distribution. The shape parameter of the Pareto distribution, δ, is also set to 1. As in Behrens et al. (2014), the distribution of city sizes is endogenous to the sorting of heterogeneous individuals in a static spatial equilibrium, and if productivity follows a Pareto distribution, the size distribution of cities is also Pareto. The economy-wide income excluding land rents, Y, is normalized to 1. The mass of individuals in the economy, L, is also normalized to 1. The share of skill-intensive components in the final goods production, γ (s) , is assumed equal to s for all s ∈ [0, 1] .



A2. Data and Estimations A2.1 Data Description Skill Compositions by Industries I use the 2010 ACS sample to calculate the skill composition of industries. I study full-time, fullyear employees, defined as individuals who work at least 40 weeks during the year and usually work at least 35 hours per week. I consider U.S. born workers with age between 25 and 55. I weight the sample using the person weight to ensure that the sample is representative. The industries in which individuals are employed are in the variable “indnaics”. The “indnaics” codes are three or four digit 15



See Glaeser and Resseger (2010), and Rosenthal and Strange (2004).
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codes, some of which include alphabetic characters. I extract the first three digit and match them with standard NAICS codes. For each industry, I calculate the percent of college graduates, defined as those with 4 years of college or more (i.e., variable “educ” is greater than or equals 10).



List of Cities for the Policy Experiment of Land Regulations Miami, FL; Vallejo–Fairfield–Napa, CA; Los Angeles–Long Beach, CA; Newark, NJ; Fort Lauderdale, FL; Charleston–North Charleston, SC; San Francisco, CA; Pittsburgh, PA; San Diego, CA; Tacoma, WA; Oakland, CA; Baltimore, MD; Salt Lake City–Ogden, UT; Detroit, MI; Ventura, CA; Las Vegas, NV–AZ; New York, NY; Rochester, NY; San Jose, CA; Tucson, AZ; New Orleans, LA; Knoxville, TN; Chicago, IL; Jersey City, NJ; Norfolk–Virginia Beach–Newport News, VA–NC; Minneapolis–St.



Paul, MN–WI; West Palm Beach–Boca Raton, FL; Hartford, CT;



Boston–Worcester–Lawrence–Lowell–Brockton, MA–NH; Springfield, MA; Seattle–Bellevue–Everett, WA; Denver, CO; Sarasota–Bradenton, FL; Providence–Warwick–Pawtucket, RI; Riverside–San Bernardino, CA; Washington, DC–MD–VA–WV; New Haven–Bridgeport–Stamford–Danbury–Waterbury, CT; Phoenix–Mesa, AZ; Tampa–St. Petersburg–Clearwater, FL; Scranton–Wilkes-Barre–Hazleton, PA; Cleveland–Lorain–Elyria, OH; Harrisburg–Lebanon–Carlisle, PA; Milwaukee–Waukesha, WI; Bakersfield, CA; Jacksonville, FL; Philadelphia, PA–NJ; Portland–Vancouver, OR–WA; Colorado Springs, CO; Orlando, FL; Albany–Schenectady–Troy, NY.



A2.2 Estimations



A3: Cross-city Price Differences Throughout this paper, I use the housing price as an approximation for urban cost. Large cities have higher housing prices. What about prices of other goods? Can housing price differences explain the price differences of all goods? One explanatory variable on price differences across cities is population, which yields a common agglomeration force across many New Economic Geography (NEG) models. While standard price indices show a positive correlation between average prices and city sizes, however, as shown in Handbury and Weinstein (2015), this correlation almost entirely disappears when they compare transaction prices of identical products purchased in the same stores across cities.
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Table 5: Relationship of Housing Prices and Industrial Shares across Cities Manufacturing Industries



Coefficient



Manufacturing Industries



Food



-1.810∗∗∗



Chemical



(0.390) Beverage and Tobacco Product



-0.867 -4.457∗∗



Plastic and Rubber Products



-1.433∗∗∗



Nonmetallic Mineral Product



-1.198∗∗∗



Primary Metal



-4.065∗∗∗



(0.341)



(1.266) Textile Product Mills



-0.888



(0.259)



(0.576) Apparel



-0.859



(0.619) Fabricated Metal



(0.585) Leather and Allied Product



-2.939 -2.459∗∗∗



Paper



-2.732∗∗∗



Printing and Related Support Activities



0.456



Machinery



-1.620∗∗∗



Computer and Electronic Product



2.803∗∗∗



Electrical Equipment, Appliance & Component



-1.924∗∗∗



Transportation Equipment



-2.168∗∗∗



(0.361)



(0.407)



(0.519)



(0.502)



(0.483)



(0.278) Petroleum and Coal Products



-4.684∗∗



-1.616∗∗∗ (0.268)



(1.400) Wood Product



1.458∗ (0.722)



(0.782) Textile Mills



Coefficient



(0.522) Furniture



(1.665)



-0.638 (0.400)



Miscellaneous



0.622 (0.317)



Observations



2612



Observations



2612



R-squared



0.293



R-squared



0.293



Industry Fixed Effects



Yes



Industry Fixed Effects



Standard errors in parentheses ∗



p < 0.05 ,



∗∗



p < 0.01 ,



∗∗∗



p < 0.001
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Yes



To test whether price differences across cities are mainly explained by housing price differences, I use the ACCRA Cost of Living Index produced by The Council for Community and Economic Research. The ACCRA Cost of Living Index provides a useful and reasonably accurate measure of cost of living differences between urban areas. Items on which the Index is based have been carefully chosen to reflect the different categories of consumer expenditures. Using the detailed component data for 54 individual goods and services collected in the 209 U.S. cities in 2010, I find that a one log-unit rise in city size is associated with a 3.4% increase in non-tradable price index but only a 1.2% increase in tradable price index. One possible explanation is that housing prices are high in large cities.16 I use the monthly rent and monthly mortgage payment in the Housing category of the ACCRA Cost of Living Index to measure housing price differences across cities.17 I find that controlling for housing price differences, the impact of population on non-tradable price decreases by 56%. On the other hand, adding housing price as an explanatory variable in tradable prices makes population not statistically significant. Table 6: Prices and Metropolitan Characteristics, 2010



log MSA population



(1) log PT 0.012∗∗∗ (0.004)



log Housing price Constant Observations Adjusted R2



4.445∗∗∗ (0.047) 209 0.048



(2) log PT 0.005 (0.004) 0.089∗∗∗ (0.018) 4.135∗∗∗ (0.076) 209 0.148



(3) log PN 0.034∗∗∗ (0.007)



4.157∗∗∗ (0.097) 209 0.086



(4) log PN 0.015∗ (0.007) 0.225∗∗∗ (0.035) 3.373∗∗∗ (0.152) 209 0.231



Standard errors in parentheses ∗



p < 0.05 ,



∗∗



p < 0.01 ,



∗∗∗



p < 0.001



Therefore, I conclude that the cross-city prices of both tradable and non-tradable goods can be explained by housing price differences. Including the housing price in the regressions significantly reduces the effect of population on prices.



16



For example, a salon, which produces non-tradable service, has to pay high rent or mortgage if it wants to locate



in Manhattan. 17



The weight for monthly rent and monthly mortgage payment are 23% and 77%, respectively.
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