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Abstract 

Cities are physical structures, but the modern literature on urban economic 
development rarely acknowledges that fact.  The elasticity of housing supply 
helps determine the extent to which increases in productivity will create 
bigger cities or just higher paid workers and more expensive homes.  In this 
paper, we present a series of facts documenting the important role that the 
housing supply plays in mediating urban growth.  We also show that 
differences in the regulatory environment across space are not only 
responsible for higher housing prices, but also affect how cities respond to 
increases in productivity.   
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I. Introduction 

 

The modern literature on urban growth and economic geography generally ignores 

housing supply.  In the index of the recent Oxford Handbook of Economic Geography, 

the subject of housing only appears in John Kain’s essay on racial and economic 

segregation (Kain (2000)).  The subject “real estate” does not appear at all.  Virtually 

none of the papers on urban growth that have appeared in general interest economics 

journals over the past 20 years ever mention the supply of housing.  At the same time, the 

real estate literature has focused on variety of other issues such as the determinants of 

housing prices and housing as a financial asset that tend to ignore housing’s larger role in 

economic geography.   

 

In this paper, we argue that it is impossible to understand many aspects of urban 

dynamics without understanding housing supply, and that it is difficult to think sensibly 

about real estate in many contexts without understanding the urban equilibrium which 

determines the price and quantity of housing.  This observation is not new.  Many of the 

great early urban economists including William Alonso (1964), Richard Muth (1969), 

Edward Mills (1967) and John Kain (1962, 1968) were keenly focused on the interplay 

between housing markets and the urban economy.   But in the years since their seminal 

work, real estate and urban economics increasingly have become separate subject areas.  

In this paper, we update their early observations and explore empirically the role that 

housing supply plays in mediating urban dynamics in recent decades. 

 

Different types of evidence are presented supporting our contention that research on 

urban growth and decline requires that attention be paid to the housing market.  We begin 

in Section II by reviewing the extraordinarily tight link between the stock of housing and 

population in an area.  The number of people and the number of workers in an area can 

be thought of as a multiple of the number of housing units.  This relationship is true both 

in levels and in growth rates.  
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We also examine changes in vacancy rates and household size.  To break the tight link 

between the number of homes and the number of people, it would have to be true that 

there is significant variation in vacancy rates or household size over space and time.  

While there certainly is variation in these variables, our investigation of the data shows 

that generally it is not enough to create meaningful variation in population across cities 

absent a change in the size of the housing stock. 

 

The correlation between housing supply and population change provides a necessary, but 

not sufficient, element of the case that the nature of the supply of housing is important for 

understanding urban growth and decline.  In principle, city growth could be completely 

determined by other variables, with the housing supply simply responding to those 

factors.  In order to make the case that housing actually influences the course of city 

dynamics, we discuss particular features of its supply.  First, we turn to recent research by 

Glaeser and Gyourko (2004) which focuses on the fact that housing is durable.  This 

implies that supply is inelastic with respect to downward shocks, which means that cities 

will lose housing units and people only very gradually after they receive negative shocks.  

That work examines declining cities in recent decades and reports much evidence that 

urban decline is mediated by durable housing.  We then provide additional evidence here 

on the durability of housing, documenting that net losses from a city’s housing stock 

almost never exceed 1% per annum over decade-length periods.  This is confirmed with 

data from the American Housing Survey showing that permanent losses from the housing 

stock of America’s cities average no more than 0.5% per year.   

 

Next, we examine whether the nature of housing supply affects the form that urban 

success takes.  A simple model suggests that it could lead to more people and houses, 

higher house prices, higher wages, or some combination of these outcomes depending 

upon the elasticity of supply.  Initially, we turn to the role of density and inelastic supply.  

Building up is known to make construction more expensive, suggesting that housing 

supply should be more inelastic in denser places.  This implies that when dense places 

become more productive, there will be larger increases in prices and wages and smaller 

increases in population than when less dense places become more productive.  Following 
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Glaeser and Saiz (2004), we use the initial skill level in the city as the source of variation 

in productivity shocks.  We find that skills have a stronger impact on population growth 

in less dense areas, while they have a stronger impact on wage growth in more dense 

areas.   In the housing price regressions, coefficients are estimated much less precisely 

and we do not find a significant interaction between density and skills.    

 

After reviewing this preliminary evidence, Section III presents a simple growth model to 

provide a more formal structure for thinking about changes in population, housing prices 

and wages across cities with different elasticities of housing supply.  This model 

formalizes the observation that shocks to places with more inelastic housing supply will 

have bigger impacts on wage and house price growth and smaller impacts on population 

growth.  Its primary contribution is to provide a framework for empirical work that 

integrates housing supply heterogeneity into urban growth studies.     

 

In Section IV, we estimate the parameters of the model using data on metropolitan areas 

in the 1990s.  Following Saks (2003) and Glaeser, Gyourko and Saks (2004), we argue 

that housing supply has become very inelastic in many areas of this country because of 

restrictive land use regulations.  Using proxies for the severity of restrictions on new 

construction, we show that in places where land use regulation is less severe, the 

population (and new housing supply) response to positive shocks is much stronger than in 

places where land use regulation is more severe.  Finally, we show that high levels of 

land use regulation restrict population growth, but keep housing prices and ultimately 

wages high.  As such, housing supply is important not only for understanding changes in 

population levels within metropolitan areas, but also changes in wages within those areas 

as well.  A brief conclusion summarizes our results and discusses potential avenues for 

future research. 

 

II. Housing and Urban Dynamics 

 

This section documents the stylized facts that help make the case housing supply is an 

important factor influencing the nature of urban growth and decline.  We start with what 
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must be the most obvious aspect of the relationship between the housing stock and urban 

population—the extraordinarily high correlations between these two variables.  We then 

turn to somewhat more subtle aspects of the relationship.   

 

Correlations between the Housing Stock and Urban Growth 

 

The deep connection between urban change and the housing stock is clearly evident in 

the strong correlation between population levels and housing units.  We begin with a 

sample of 314 American cities with at least 30,000 residents in 1970 for which we have 

complete data on housing units and population for 1970, 1980, 1990 and 2000.  The top 

panel of Table 1 reports the correlation between the logarithm of the number of housing 

units and the logarithm of the population in every decade between 1970 and 2000.  

Unsurprisingly, the correlations are quite tight, with the R2 in each regression being at 

least 0.98.  Not only is the fit of the relationship almost perfect, but the estimated 

coefficients are remarkably close to one, ranging from 0.97 to 1.02 across the census 

years.  Figure 1 plots the relationship between the logarithm of population and the 

logarithm of housing units in 2000, along with the fitted regression line.  Across cities, 

there is little doubt that the number of people is a simple multiple of the number of 

housing units. 

 

Of course, the tight correlation between population and housing units at a point in time 

does not necessarily imply that changes in population and changes in the housing stock 

also line up perfectly.  To examine this issue, the bottom panel of Table 1 reports the 

correlations between the change in the logarithm of population and the change in the 

logarithm of the number of housing units.  The R2 for the 1970s is 94 percent and the R2s 

for the 1980s and 1990s are both around 80 percent.  For the 30 years spanning the 1970-

2000 period, the R2 from the analogous regression is 91 percent.  While these numbers 

are below than those seen in the cross-section relationships, they still reflect quite strong 

relationships. 
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The point estimates of the housing unit—population elasticity also differ slightly from 

one, at least after the 1970s.  In the 1970s, the estimated coefficient is 1.01.  In the 1980s 

and 1990s, the estimated coefficients decline to 0.86 and 0.77 respectively.  Over the 

entire 30-year period, the estimated coefficient is 0.92.  This relationship is graphed in 

Figure 2.  Even though the relationship between changes in population and housing 

supply is not perfect, the raw correlations suggest that the overwhelming variation in 

population is accomplished through changing the number of units, not in changing the 

number of people per unit.  Nevertheless, for completeness we next discuss the reasons 

why population might differ from the housing stock—namely, vacancy rates and 

household size. 

 

Vacancy Rates and Changing Household Size 

 

The number of people in a city equals the number of housing units times the number of 

people per housing unit.  There are two ways in which the number of people per housing 

unit can change.  First, the number of people in an occupied unit can grow or contract.  

Second, the vacancy rate—that is, the share of housing units that are unoccupied--can 

change. In principle, if either the vacancy rate or household size is sufficiently flexible, 

then the actual stock of housing might not be so tightly linked with the size of the 

population.   

 

Looking at one year of our data—1990—for illustrative purposes finds that the mean 

residential vacancy rate across our sample of 314 American cities was 8.3%.  The 

standard deviation of this variable was 3.4%, with the vacancy rate of the city in the 10th 

percentile of the distribution being 4.5% and the vacancy rate of the city in the 90th 

percentile of the distribution being 12.3%.  Thus, if a city dropped from being one of the 

one-tenth least vacant cities in the nation to one of the one-tenth most vacant cities in the 

U.S., the total decline in population (holding people per occupied unit constant) would be 

7.8%.  As most declining cities already have significant vacancy rates, further increases 

in vacancy rates seem unlikely to produce substantial additional decreases in population 

(given the range we see in the data, at least).  In growing cities, vacancy rates are already 
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fairly low, so there is little chance that decreases in vacancy rates can account for 

population growth in those places. 

 

Another way to think about this relationship is to consider the correlation between 

increases in population and changes in vacancy rates.  Figure 3 shows the relationship 

between the growth rate of population in the 1990s and the change in the vacancy rate 

over the same time period.  There is indeed a negative relationship (and it is statistically 

significant), but it is relatively small.  A 0.1 log point increase in population is associated 

with just over a .8 percentage point decrease in vacancy rate.  This coefficient means that 

as a city grows by 10 percent, that city’s vacancy rate declines by eight-tenths of one 

percent.1 

 

In some traditional analyses of urban systems (e.g., Roback, 1982), housing is a flexible 

variable and changes in demand will readily lead to changes in housing consumed per 

capita.  Even if the amount of occupied housing remains the same, changes in a city’s 

population could occur if the number of people per household changed.2  For example, 

declining house prices could lead smaller households to occupy more space.  Or, rising 

housing prices might cause larger households to crowd into smaller homes.  In either 

case, the overall population level would not be tied as strongly to the size of the housing 

supply.  

 

It is indeed true that changes in the size of households can have a significant impact on 

urban population levels.  In Table 2, we show the number of people in households per 

occupied unit across different decades.  As households have become smaller and families 

with children have left cities, the overall number of people in each housing unit has 

fallen.  In 1970, there were 3.03 people per occupied housing unit on average in our 

sample of cities; by 2000, there were only 2.51.  Note that the bulk of this decline took 

                                                 
1 Further evidence suggesting that vacancy rates do not play a large role in urban dynamics can be found in 
Hwang and Quigley (2004), who find that local macroeconomic conditions (like income and 
unemployment) do not have a significant impact on vacancy rates.   
2 The so-called ‘crowding’ literature has a long and distinguished history.  The issue was central to some of 
the early work in modern urban economics.  In addition to the works cited above, also see Kain and 
Quigley (1975) for an examination in the context of race and discrimination. 
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place over the 1970s.  Changes in household size help to explain why population levels 

declined much more quickly than the housing stock in some places like Detroit in the 

1970s.  Smaller family size meant that population could fall even with little change in the 

vacancy rate and only modest shrinkage of the housing stock.  If the typical household 

size in a city shrank by the national average and if no new homes were built, city 

population could have fallen by as much as 15% in the 1970s.  In contrast, the average 

household size shrank by only 3% in the 1980s, and did not change much at all in the 

1990s.  Thus, in the past two decades, falling household size cannot account for much of 

the declines in population we observe in some of our cities.   

 

While it is true that declining household sizes in the 1970s made it possible for some 

cities to shrink significantly despite the durability of housing, only a small amount of the 

variation in the city population levels occurs through changes in household size.  This is 

true for both cities with population declines and cities with growing populations.  In the 

cross section of cities, there is a statistically significant elasticity between the logarithm 

of city population and the logarithm of average household size.  However, it is small and 

not economically important.  Figure 4 plots the relationship with data from the 2000 

census.  The R2 from the underlying regression is only 0.01, and the dispersion in the 

graph shows clearly that there is much more driving population differences across cities 

than differences in household sizes.  Essentially, these results support our contention that 

relatively little growth or decline has occurred recently through changes in household 

size.  Instead, growth occurs by changing the number of households, which requires 

changes in the number of housing units.  

 

Urban Decline and Durable Housing 

 

Previous research by Glaeser and Gyourko (2004) contends that many features of 

declining cities can be understood only as the result of the durable nature of housing—

which makes the elasticity of housing supply very inelastic for such cities.  The key 

predictions of the model in their paper are that (1) cities grow more quickly than they 

decline; thus, the distribution of population growth rates is skewed to the left;  (2) urban 
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decline is more persistent than urban growth;  (3) there is a concave relationship between 

changes in prices and changes in population across cities; (4) there is a convex 

relationship between changes in population and exogenous shocks to urban growth; (5) 

there is a concave relationship between changes in prices and exogenous shocks to urban 

growth; and (6) the less skilled will congregate in cities.  The authors report much data 

that is strongly consistent with each of these implications, supporting the claim that the 

supply side of the housing market has important effects on the nature of decline in cities 

suffering negative shocks.   

 

Next, we provide evidence pertaining to two additional aspects of durable housing and 

urban decline.  By durable housing, we mean that housing units very rarely disappear 

from the stock of housing.  To support that claim, we turn to the American Housing 

Survey (AHS).  The AHS is a panel of housing units, so we can track the extent to which 

housing units cease to exist.  Table 3 shows the permanent loss rates of central city 

housing units between 1985 and 1993.  Every two years, between 1.3 and 1.8 percent of 

housing units either permanently exit the housing stock or suffer such severe damage as 

to render the units uninhabitable.  These rates of permanent loss suggest that the housing 

stock of a city is unlikely to decline by more than 1 percent per year or 10 percent per 

decade.  Data from the decennial censuses on the aggregate change in housing units over 

decadal periods is quite consistent with these figures (see Table 4 below for more detail).   

 

To investigate this implication more closely—which is at the heart of the implication that 

growth rates will be skewed—Table 4 reports data on the fastest and slowest growing 

cities in terms of housing stock during the 1970s, 1980s, and 1990s.  In order to observe a 

larger amount of variation, in this table we allow the sample of cities to grow over time 

by including all cities with more than 100,000 residents at the beginning of each decade.   

 

The table shows that cities can expand their housing stocks extremely rapidly—if they so 

desire.  For example, housing units in Las Vegas grew by approximately 50% in both the 

1980s and the 1990s.  The stock of units in Colorado Springs grew by more than 60% 

during the 1970s.  While there seems almost no upper bound on growth even for these 
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cities which already are fairly large in the sense they begin each decade with at least 

100,000 residents, declines rarely exceed -10%.  Over the entire 30 year period, in only 

five cases did a city lose 11% or more of its housing stock in a single decade: Newark in 

the 1980s (-16.9%), St. Louis in the 1970s (-16.5%), Gary in the 1980s (-14.5%), Detroit 

in the 1980s (-14%) and Detroit in the 1970s (-11.5%).    

 

In the absence of significant increases in the vacancy rate or a major decline in the 

number of people per housing unit, declines in a city’s population will also be limited to 

about 10% per decade.  Due to the declines in household size documented above, 

population declines were larger in the 1970s than changes in the housing stock.  

Nonetheless, the maximum positive population growth rate in the 1970s still is double 

highest rate of population decline.  In later decades, population growth declines match 

housing unit declines very closely.  For example, in the 1980s, Newark lost 17.9% of its 

population or barely more than the decline in its housing stock.  In the 1990s, the most 

severe population loss among cities with at least 100,000 residents was a 13.9% decline 

in Hartford.  These figures demonstrate that the biggest population declines have only 

been modestly more severe than the corresponding changes in the housing stock. 

 

In sum, many of America’s declining cities have housing prices that are too low to justify 

new construction.  In a sense, houses in these places continue to exist because of the 

durable nature of the housing stock.  To understand the population and employment 

dynamics of this group, it is particularly important to recognize the role played by 

housing supply.  In particular, these cities are not on the verge of a population 

turnaround.  To gain net new population, there must be new construction.  And, for there 

to be new construction, prices must rise far above their current levels to make bringing 

new units to market financially attractive to developers. 

 

Density and the Growth of Population, Housing Prices and Income  

 

This subsection reports preliminary evidence that differences in housing supply impact 

the form that urban success will take.  When a city experiences an outward shift in 
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demand, we should expect an increase in population if the housing supply is relatively 

elastic (see point A in Figure 5).   The corresponding increase in housing prices should be 

relatively modest.  The positive shock will generate a large enough increase in the 

number of new homes to prevent the price of housing from rising above construction 

costs.  If homes can always be supplied at a price equal to $80 per square foot (the norm 

in much of America--see Glaeser and Gyourko (2003)), then this will be the price of 

housing.  Moreover, new construction will also help ensure that wages do not rise 

dramatically because an elastic supply of homes helps create an elastic supply of labor.   

 

However, if housing supply is inelastic, then positive shocks to urban productivity will 

have little impact on new construction or urban population.  Because the number of 

homes does not increase significantly, housing prices must rise (see point B in Figure 5).  

Wages must rise as well, both because firms have become more productive and because 

workers must be compensated for rising housing prices.  In contrast, if an amenity level 

rises in a city with an inelastic housing supply, then nominal wages (which are 

determined by labor demand) will be unchanged and housing prices will rise, implying a 

decline in real wages.    

 

Empirically, there are several ways to identify which locations may have a more inelastic 

housing supply than others.  We will work with differences in land use regulation later in 

the paper.  Here we focus on a simpler determinant of housing supply elasticity:  urban 

density.  Density is likely to reflect attributes of an area related to housing demand, so 

these findings should be viewed as illustrative and as setting the stage for the more 

formal model that is estimated below in Section IV.  Still, we find evidence consistent 

with the hypotheses that the elasticity of housing supply is an important determinant of 

housing prices and population in a city, as illustrated in Figure 5.   

 

There is little argument that less land makes it more difficult to build.  At Manhattan-like 

extremes, this is obvious.  The price per square foot in multi-floor apartments is 
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considerably higher than the price per square foot in single-family detached homes.3  

However, with the single-family house category, there are only modest differences in cost 

per square foot between a 1- and 3-story home. 

 

Certainly, as Figure 6 shows, there is a robust empirical connection across cities between 

housing prices and density.  This figure plots the relationship between the logarithm of 

median self-reported housing value and the logarithm of density in 1990 for our sample 

of 314 cities.  The estimated elasticity is 0.34, so that as density doubles, housing prices 

rise by 34%.  These results are consistent with it being more difficult and more expensive 

to build at higher densities. 

 

If housing supply is more inelastic at high densities, then it follows that positive shocks to 

the demand for housing will have a greater impact on population in less dense places.  

Correspondingly, there will be a greater impact on housing prices in more dense places.  

Because urban productivity creates an increase in the demand for housing, shocks to 

urban productivity also will have a larger impact on income in more dense places.  To 

examine these contentions empirically, we use the share of highly educated adults (e.g., 

those over 25 years of age with at least a bachelor’s degree) as an indicator of changing 

housing demand for a particular locale in the 1990s.  A host of research documents the 

strong positive correlation between the skill level of a city’s population and city growth 

in recent decades.  We take this relationship as evidence that a larger amount of human 

capital in a city increases productivity (Glaeser and Saiz (2003), Moretti (2004a,b)).  

Because it is more difficult to build in denser areas, we should expect to see the effect of 

the share of college graduates on population growth to be smaller in denser cities.  

Similarly, the relationship between the share of college graduates and housing price 

appreciation should be larger in denser areas.     

 

Table 5 reports the impact of the skill level and its interaction with density on population 

growth, house price appreciation, and household income growth during the 1990s.  For 

                                                 
3 A primary reason is that elevators are not required and interior and exterior stairwells are not required for 
exit routes in single family homes.  Data reported by the R.S. Means Company (2000a,b) provides the 
details. 
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these estimates, we use a bigger sample of cities that includes all large cities in 1990.4  

All estimations are OLS.  Each specification includes the share of college graduates in 

1990, population density in 1990 (in log form), and an interaction between the two.  Each 

regression also includes initial period city population, median house price, and median 

household income (all in log form) as control variables.   

 

The interaction between the college graduate share and the log of city density is of 

particular interest (see row 3).  This interaction term is strongly negatively related to 

population growth, indicating that in denser cities, our proxy for higher productivity does 

not lead to as much growth as in less dense places.  However, column (2) of Table 5 

shows that this interaction term is not significantly associated with higher house price 

appreciation.  Although the point estimate is negative as expected, it is not close to being 

statistically significant.   

 

Since college graduation rates appear to work through productivity increases, our model 

also predicts that income increases will be steeper in those cities with higher density 

levels.  Columm 3 of Table 5 reports results using the log change in median household 

income as the dependent variable.  The coefficient on the interaction term is strongly 

positive, indicating that the impact of initial skills on income growth is greater in denser 

areas that presumably have constricted housing supplies.     

 

While these regressions provide suggestive evidence that the nature of housing supply 

can affect the form that urban success takes, a more formal model is needed to interpret 

the coefficients properly.  We now turn to that framework.   

  

III. Housing Supply and Urban Dynamics: An Empirical Framework 

 

                                                 
4 There is potentially severe selection bias associated with using the smaller city sample used above that 
only included cities with at least 30,000 people in 1970.  It is unlikely they will be representative of density 
across places in the 1990s.  Hence, Table 5 uses a 976-city sample of places with at least 30,000 residents 
as of 1990.  In addition, we required that the city’s boundaries not change materially between 1990-2000.  
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In this section, we present a simple model of regional growth that incorporates housing 

supply.  Because we have dealt elsewhere with issues surrounding urban decline (Glaeser 

and Gyourko (2004)), here we focus on urban growth and the impact that differences in 

housing supply will have on the form that growth takes.   

 

We assume the economy is composed of many metropolitan areas, each denoted “j”.  

Following much of the urban growth literature, we start with the simplifying assumption 

of homogenous workers, who are indifferent across metropolitan areas and everywhere 

receive a real reservation utility equal toU .  Utility in each location equals  

jjj RWC −+ , where jC  is a city-specific amenity flow consumed by residents, jW  is 

the city-specific wage paid to workers, and jR   is the cost of housing and transportation 

in city j.  Together these assumptions imply that jjj CWRU +=+ . 

 

To capture labor demand, we assume there exists a distribution of tasks within the city 

that is indexed by productivity.  The distribution of these tasks is characterized by an 

exponential distribution, so that the number of tasks with productivity greater than jW  is 

)( jj WAe −α .  At a given wage, these opportunities will be exploited to the point where the 

output of the marginal activity equals the wage. This means that that the total labor 

demand is determined by jjj WANLog αα −=)( , where jN  denotes city employment. 

 

To close the system, we also must describe the housing market.  There are several issues 

that make housing complex.  As already discussed above, housing is durable.  Thus, if 

rents are not high enough to justify new construction, the supply of housing essentially is 

perfectly inelastic.  If rents do justify new construction, then the price of housing will be 

determined by the cost of new construction.  This cost is composed of the physical cost of 

new construction plus any costs related to regulatory barriers or other limits on housing 

supply.  We make the simplifying assumption that the cost of new construction equals 

)/( jjj LNLogK δ+ , where jL  reflects the land area in the city.  Thus, the cost of new 

construction is based on a fixed city-specific factor (K) and is an increasing function of 
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land density, where a low value for δ indicates a relatively elastic supply of housing.  

This dependence on density is meant to capture the myriad of ways that housing supply 

regulations can increase the cost of construction.  To convert housing prices into rent, we 

assume that rents equal a fixed capitalization rate (denoted ρ ) times construction costs.  

We let jH  denote housing prices in the city.   

 

Combing the three separate markets, we can determine wages, rents and population in a 

non-declining city.  This produces the following equations: 

 

(1) 
αρδ
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+

−−++
=

1
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These three equations yield comparative statics that are reassuring, if unsurprising.  The 

effects of changes in productivity ( jA ) or changes in the attractiveness of an area ( jC ) 

are summarized in Table 6.  If an area becomes more productive then population, wages 

and housing prices each increase.  If an area becomes more attractive, then housing prices 

and population will rise, but wages will fall.   

 

Given exogenous variation in the level of amenities or productivity, the parameters of the 

model can be estimated from the equations above.  Our primary focus will be on the 

effects of changes in the productivity level, jA , and the consumer amenity level, jC .  We 

presume that these are the only city-specific attributes that change over time.   More 

specifically, we assume that A
tj

k

k
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k
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C
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k
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k
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tjX ,  are city-specific characteristics at time t.  
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One example of a component of k
tjX ,  is the skill composition of the city, which should 

increase productivity as discussed above.  Thus,   
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where iI  for i=N, W, Q is an intercept term that is constant across cities, and i
tj,µ  is an 

error term, which has a zero mean and is orthogonal to the k
tjX ,  terms as long as the 

underlying error terms, i
tj ,ε , also are mean zero and orthogonal to the k

tjX ,  terms.   

 

Equation (1’), (2’) and (3’) allow us to use the differences in the coefficients from 

population, wage and price growth regressions to determine the values of δ and ρ for any 
k

tjX ,  variable.  The intuition behind this claim is that if a variable increases population 

and prices, but not wages, then the variable itself reflects increasing consumption 

amenities.  However, if the variable is correlated with increasing population and housing 

prices, more so than with wages, the implication is that the variable reflects increasing 

productivity.5 

 

                                                 
5 More specifically, any k

tjX ,  that leads to an increase in consumption amenities will have effects equal to 

those shown in the second column of Table 6 multiplied by a factor of k
Cβ .  Similarly, an k

tjX , that leads to 
productivity increases will have an effect equal to that reported in the first column of Table 6 multiplied 
by k

Aβ .  Note also that the impact of productivity on housing prices is larger than the effect on wages 
because the ratio of the two effects is ρ, which should be less than 1.  The intuition for this result is that, 
because land is not used in the production of goods, an increase in productivity will have the same impact 
on wages and rents.  Since housing prices reflect the capitalization of all future rents, the net impact on 
housing prices will be larger. 
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Our primary interest is in the differences in housing supply across areas, which we model 

as differences in δ.  Because the impact of productivity on population is decreasing in δ, 

we expect to see variables that raise productivity be associated with larger increases in 

population in places where housing supply is elastic (i.e., where δ  is low).  Conversely, 

the effect of a productivity shock on wages and housing prices will be smaller in these 

areas.  In places where housing supply is inelastic, we expect to see variables that raise 

productivity be associated with relatively small increases in population, while the effects 

on wages and housing prices will be larger.6   

 

IV. Estimation 

 

In this section, we measure the elasticity of housing supply in different metropolitan areas 

and examine how it impacts urban growth outcomes.  Our basic strategy is to estimate 

growth equations where changes in population, income and housing prices are regressed 

on variables reflecting productivity and amenity differences across areas.  By allowing 

the relevant coefficients to differ across more and less regulated areas, we obtain 

estimates of the parameters to the underlying model and examine whether they can help 

explain key differences across locations as discussed above. 

 

The regressions below use more direct measures of housing market regulation than the 

density measure employed above.  New construction should respond readily to increases 

in demand in areas where housing markets are essentially unfettered.  In housing markets 

                                                 
6 Another useful set of predictions from this structure is that comparing the effects of productivity or 
amenity shocks on each of the outcome variables can provide estimates of δ and ρ.  For example, the effect 

of an increase in productivity on changes in housing prices is 
αρδ
αδ
+1

, while the effect on changes in 

employment is 
αρδ
α

+1
.  Thus, the ratio of these two coefficients is δ.  In the regressions below, we will 

take advantage of this relationship to estimate values of δ in low and high regulation metropolitan areas.  
An important advantage of using this method to estimate the elasticity of housing supply is that the 
parameter α cancels out of the ratio.  Therefore, we can obtain estimates of δ even if there are differences in 
productivity (or α) across areas. 
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with binding development restrictions, new supply should be far more inelastic.7  While 

there is no obvious proxy that is completely purged of demand side effects, housing 

market regulations seem to be a closer reflection of exogenous differences in the 

elasticity of housing supply.  The drawback of using them is that they are difficult to 

measure because land use regulation itself has become so complex.  There are many 

possible avenues or vehicles by which a project can be delayed or stopped:  zoning 

boards, city councils, the court system, public health officials, wetlands conservation 

reviews, etc.  The very richness of the regulatory environment means that there are no 

obvious laws that would allow us to pinpoint some metropolitan areas as being more 

onerously regulated compared with others.  Moreover, it is not obvious that the rules on 

the books necessarily reflect the full extent of the zoning environment.  While it is 

possible to use comparisons within a narrow geographic area to assess the impact of 

particular types of regulations (e.g., as in Katz and Rosen (1987)), comparisons across 

metropolitan areas are much more difficult. 

 

Because measurement of the laws themselves is so difficult, past studies of zoning have 

focused on measuring the speed and ease of getting building approvals.  For example, the 

Wharton land use control survey conducted by Linneman, et. al. (1990) describes the 

severity of the regulatory environment for 60 metropolitan areas.  Indications of housing 

supply regulation include the length of time it takes to go through the zoning process and 

the probability of success of obtaining a permit.  Although these variables still may 

reflect demand-related factors such as the number and quality of projects trying to get 

permitted, we believe that these concerns are far less severe than with less direct 

measures such as urban density.     

 

Given our concerns about the survey evidence, we avoid using these measures as 

continuous variables.  Instead, we group metropolitan areas into heavily and lightly zoned 

areas.  To do this, we combine evidence from two separate surveys.  The first is the 

Wharton survey, from which we use the answers to six questions about the regulatory 

                                                 
7 A growing literature has documented a significant impact of these types of regulations on new 
construction and housing prices.  For example, see Glaeser and Gyourko (2003), Glaeser, Gyourko, and 
Saks (2004), Malpezzi (1996), and Mayer and Somerville (2000). 
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environment.8  The second is a survey of statewide regulations carried out by the 

American Institute of Planners (see Malpezzi (1996)).9  These two surveys have a total of 

54 metropolitan areas in common.   

 

We create our regulatory index by adding up the survey responses after normalizing each 

to have a mean of zero and a variance of one.  Our final measure is increasing in the 

amount of regulation, with a mean of -.02 and a variance of 2.1.  However, the 

distribution is fairly discontinuous, with 24% of the metropolitan areas clustered within 

one third of a standard deviation of the median and a number of highly-regulated areas in 

a fairly large right tail.  To reflect this discontinuity, we define highly-regulated areas as 

those with an index value greater than 0.5, which includes 38% of the sample.  Because 

there is so much clustering around the median, we believe this break point creates a more 

reasonable distinction between the more and less regulated areas.  Dividing the areas 

around the median would arbitrarily categorize many similar communities into different 

groups.   

 

As an alternative method of classifying metropolitan areas by the degree of land use 

regulation, we also create a state-level index by taking the average of our metropolitan 

index for each state.  We then classify all of the metropolitan areas in the state based on 

the state-wide average.  Thus, metropolitan areas are considered highly regulated if they 

are in a state where other metropolitan areas are highly regulated.  The disadvantages of 

this approach are obvious:  there is heterogeneity within states that is deliberately 

obscured by this classification.  This problem will be particularly extreme in large states 

like New York or California that combine both restrictive and non-restrictive areas.   

 

                                                 
8 These questions are:  the average length of time for re-zoning permits to be approved, the average length 
of time for subdivision permits to be approved, the fraction of zoning applications approved, a rating of the 
adequacy of the provision of infrastructure for growth needs, a rating of the importance of regulation in the 
development process, and the amount of impact fees per housing unit.    
9 The regulations that make up this index are: comprehensive land use planning, coastal zone management 
plans, wetlands management regulations, floodplain management, designation of some locations as 
“critical” for land use regulation, enabling legislation for “new towns,” requirement for environmental 
impact statements, and regulations preempting local regulations for “developments of greater than local 
impact.” 
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There are, however, two advantages to this approach that, in our opinion, outweigh this 

cost.  First, by using the state average, the sample size increases by a factor of four, from 

54 to 251 metropolitan areas.10  Furthermore, the state average will capture general legal 

or political aspects that pertain to the whole state.  For those cities that are not 

specifically covered by either of the two surveys, this measure will be free from some of 

the endogeneity problems created by using time-to-permit and other potentially demand-

influenced measures.  Indeed, within-state heterogeneity and mismeasurement of the 

regulatory environment in a particular metropolitan area should bias us against finding 

any impact of this regulation variable.   

 

We begin by estimating models suggested by equations (1’), (2’) and (3’), where changes 

in the logarithm of population, per capita income and housing prices are regressed on 

metropolitan-level characteristics that predict economic growth.  Initially, separate 

equations are estimated for high regulation and low regulation areas using the larger 

sample of 251 MSAs.  Then, we limit the sample to MSAs where we actually actual 

survey-based measures of the regulatory environment.    

 

Two different city-level characteristics that predict economic growth are employed.  

First, we follow Bartik (1991) and use the industrial composition in the area multiplied 

by the growth in the industry over the subsequent decade.  This measure predicts the 

extent that employment in the area would have grown if its composition had stayed at its 

1990 levels and if the area’s industries had grown at exactly the same rate as those 

industries had nationally.  Industries are defined at the level of 2-digit SIC codes from 

county-level data and aggregated to the metropolitan level using 1990 MSA definitions.  

Second, we follow Glaeser and Saiz (2003) and use the initial share of adults with at least 

a bachelor’s degree as a predictor of local economic growth.  Housing prices are 

measured using the median housing price from the 1990 Census as a base and 

                                                 
10 The reason why there are only 251 metropolitan areas instead of the full 318 in the United States is that 
we do not have estimates of the regulatory index for every state. 
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extrapolating this level to the year 2000 with the MSA-specific constant-quality price 

indexes published by the Office of Federal Housing Enterprise Oversight.11   

 

The top panel of Table 7 reports estimates from specifications in which regulation is 

defined by state averages. The entry in the first row and first column shows that the 

Bartik-type labor demand variable strongly predicts population growth among low 

regulation metropolitan areas.  In fact, the coefficient is quite close to one, suggesting 

that for these areas, population rises proportionately with predicted labor demand.  The 

results for metropolitan areas in high regulation states are quite different (see row 2 of 

column 1).  The coefficient on the labor demand variable is one-fifth of the size of the 

coefficient in the low regulation states and is statistically indistinguishable from zero.  As 

shown in the third row of the first column, these two coefficients are statistically different 

from one another 

.   

Column 2 of this panel reports results for the impact of the labor demand variable on 

income per capita in high versus low regulation areas.  The impact of the labor demand 

variable is three times larger in high regulation areas, but the coefficients are statistically 

different only at the 10 percent level.  Still, these results match the predictions of the 

model.  In places where housing supply is elastic, increases in labor demand are 

associated with relatively small increases in wages and relatively large increases in 

population.  In contrast, increases in labor demand are associated with large increases in 

wages and small increases in population in places where housing is in inelastic supply. 

 

                                                 
11 There are two advantages to using the OFHEO price indexes instead of Census data on median housing 
values or rents.  Because the definition of metropolitan areas changed between 1990 and 2000, median 
housing values in some expanding places in 2000 will reflect a larger geographic area than in 1990.  If the 
average housing price is lower in the outlying regions of a metropolitan area, the overall change in the 
median housing value will be biased downward.  Another problem with using the Census data is that a 
portion of the change in housing values will reflect changes in the quality of housing, which could differ 
systematically across metropolitan areas.  Neither of these problems are present in the OFHEO price 
indexes because the definitions of metropolitan areas remain constant over time.  Also, housing price 
changes are calculated from repeated sales of the same house, which avoids the bulk of the concerns about 
changes in quality.  Nevertheless, the results we present below are not materially different from those 
obtained when using median housing values instead of the OFHEO price indexes.   
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The impact of the labor demand variable on changes in housing prices is documented in 

the final column of Table 7.  The pattern of coefficients is again exactly that predicted by 

the model.  Labor demand strongly increases housing prices in highly regulated states and 

has a much weaker impact in less regulated areas.  The coefficient is almost four times 

higher in the more regulated places.  However, these coefficients are very imprecisely 

estimated so that we cannot conclude they are statistically different from one another at 

anything approaching standard confidence levels.   

 

The bottom panel of Table 7 reports results using the initial share of the adult population 

with college degrees to reflect productivity differences.  Column one shows that this 

variable statistically significantly predicts population growth in the relatively unregulated 

areas.  While this coefficient is nearly 50% larger than in highly regulated areas, the 

difference between the coefficients is not statistically significant (see the bottom row of 

the table).  Looking at the impact of human capital on the growth in wages and housing 

prices in the second and third columns finds all four coefficients statistically significant 

and positive.  Furthermore, the coefficients in the highly regulated areas are much larger 

than in the less regulated areas and, in both cases, the difference between the coefficients 

is statistically significant.  Thus, in more regulated areas, high human capital has a 

stronger impact on income and housing price growth and a weaker impact on population 

growth.  Overall, the pattern of coefficients is supportive of the model, suggesting the 

significant role that housing supply plays in mediating local economic growth.12 

 

Next, we examine the implications of our estimates for the parameters of the model.   If 

we assume that our labor demand and human capital variables operate solely by 

increasing productivity and not by increasing amenities, then comparing the coefficients 

across equations provides back-of-the-envelope estimates of δ  and ρ .  As can readily be 

determined by forming the ratio of the formulae in the 2nd and 3rd rows of column one in 

                                                 
12 In Appendix  Table A.1, we report analogous results using only those metropolitan areas where we have 
direct measures of housing market regulation.  The pattern of coefficients is completely consistent with the 
pattern shown in Table 7.  However, due to the smaller sample sizes, the differences between coefficients 
are almost never statistically significant.  Only in the case of the population growth regressions using the 
human capital measure can we reject the null hypothesis that the two coefficients are equal and then only at 
the ten percent level. 
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Table 6, the ratio of the coefficients in the income and housing regressions gives us an 

estimate of ρ , the extent to which higher housing prices translate into higher user costs of 

housing.  When using predicted changes in labor demand, ρ=0.21 in low regulation areas 

and ρ=0.17 in high regulation areas.  When measuring productivity with the share of the 

adult population with a bachelor’s degree, the analogous computation yields a ρ=0.11 for 

low regulation areas and ρ=0.06 for high regulation areas.13   

 

The value of δ  can be inferred by the ratio of the coefficient on the productivity control 

in the house price growth regression to that in the population growth regression (i.e., 

compute the ratio of the term in the third row of column one of Table 6 to that in the first 

row of the first column).  The implied values of δ are 52,788 (~54,899/1.04)and 

1,023,560 (~204,730/0.20) in the two labor demand regressions, and 133,783 

(~8,027/.06) and 923,200 (~36,928/.04) in the two human capital regressions.  The 

economic interpretation of these numbers is that they reflect the amount that housing 

prices rise with a 1 log point (approximately 100 percent) increase in the population 

density of the metropolitan area.  Thus, an estimated value of δ equal to 1 million means 

that if the density of the city rises by 10 percent, housing prices will rise by about 

$100,000.  From our perspective, the important point is the vast difference between the 

high and low regulation areas.  In the low regulation areas, a ten percent increase in city 

population appears to raise housing costs by between $5,000 and $13,000.  In high 

regulation areas, a ten percent increase in city population raises housing costs by about 

$100,000.  Thus, the impact in highly-regulated metropolitan areas is about ten times 

higher. 

 

A more statistically precise way to estimate δ  is to combine the equations in a joint 

system and restricting ρ  to some reasonable value.  Table 8 reports estimated values of 

δ  using this procedure when ρ=0.15 (the midpoint of the range of estimates from 

                                                 
13 In terms of gauging the sensibility of these results, the estimates using the college graduate share of the 
population to measure productivity are close in sizes to published estimates of the user cost of housing 
(e.g., see Peiser and Smith (1985) who report an estimate of about 8% or 0.08).  User costs do change over 
time for a variety of reasons, and Poterba (1992) reports higher numbers, so that even the estimates based 
on predicted changes in labor demand are not completely out of reasonable range.   
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above).14  In low regulation areas, δ equals about 75,000 and 137,000, respectively.  Our 

estimates of δ  in high regulation areas equal 499,000 and 1.4 million.  While we again 

find large differences between low and high-regulation areas, the estimates are imprecise 

enough that we cannot reject the hypothesis that the housing supply elasticities are equal 

in the two areas.  In future work, we hope to explore other methods that will allow us to 

estimate these coefficients more precisely.   

 

Finally, amenity shocks, rather than productivity differences, are used to identify the 

parameters of the model.  One measure of the value of living in different geographic 

locations is the climate, and we use mean January temperature to reflect amenity 

differences across locations.  Because the climate has not changed significantly over the 

past decade, this variable is perhaps more naturally a determinant of the level of an 

amenity rather than a change in an amenity.  Therefore, we begin by estimating the model 

from the levels of log(population), housing prices and income.  As long as mean January 

temperature is exogenous (i.e., not correlated with omitted variables), the coefficients 

based on estimating equations (1) –(3) should yield the same estimates as (1’)-(3’).  For 

comparison we also estimate the equations in changes, which does require the assumption 

that the value of warmer January temperatures increased during the past decade.  Whether 

in levels or changes, the predictions of the model are that amenities will have a positive 

impact on population and housing prices and a negative impact on income.  The model 

also predicts that the magnitudes of the effects on population and income will be smaller 

in more regulated areas, and that the effects on housing prices will be larger.  

 

Table 9 reports the impact of mean January temperature using our full set of 251 

metropolitan areas.  The top panel shows the results in levels;  the bottom panel shows 

the results in changes.  As before, we begin by estimating separate equations for each 

dependent variable and each type of metropolitan area.  The first column shows the 

                                                 
14 To be specific, a joint system of three equations with changes in population, real income per capita, and 
real housing prices as the dependent variables is estimated.  The independent variables in each equation are 
the productivity shock (either predicted changes in labor demand or the share of college educated), an 
indicator for highly regulated areas, and the interaction between the two.  Then, δ is calculated after 
imposing the nonlinear restriction that the ratio of the coefficient on the productivity shock in the housing 
price equation to the same coefficient in the wage equation must equal 0.15. 
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impact of the logarithm of January temperature on the logarithm of the population.  In the 

levels regressions, higher temperatures are associated with relatively greater population 

in high regulation areas.  This result is contrary to the basic theory, but the difference 

between the coefficients is small and statistically insignificant.  Using population growth 

(column one of the bottom panel), the difference between the two areas goes in the 

expected direction, although it, too, is not statistically meaningful.  In the regression 

using income per capita as the dependent variable, we find that higher temperatures are 

associated with lower levels of income in low regulation areas, as expected.  Although 

the effect is less negative in high-regulation areas, it is so much larger that the point 

estimate is positive.  However, the standard errors are large enough that neither of these 

estimates is significantly different from zero, so all we can say here is that the results are 

not inconsistent with the model.  

    

Turning to the effects on housing prices in column three, we find that temperature raises 

housing prices in high regulation areas, but reduces housing prices in low regulation 

areas.  In the case of the level regressions, the differences are statistically significant (top 

panel).  Although the signs of these differences go in the expected direction (housing 

prices react more to positive amenities in highly-regulated areas), the negative impact in 

low-regulation areas is a bit disturbing.  One possible explanation is that higher January 

temperatures actually make construction easier, which would imply that this amenity 

shock is correlated with the housing supply.  Another possibility is that this variable 

could be correlated with omitted productivity variables.15  Further investigation of this 

issue is an important topic for future research.     

 

Generally, the results reported in this section show that population, income, and housing 

prices behave differently in low regulation and high regulation metropolitan areas.  

Although we do not yet fully understand the channels through which the amenity variable 

is impacting urban development, it seems clear that the housing supply matters.    

 

                                                 
15 Table A2 in the Appendix shows the results for the smaller set of metropolitan areas for which we 
observe direct measures of housing supply regulation.  As before, the pattern of results is similar to that in 
the broader sample, with the coefficients being less precisely estimated. 
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V. Conclusion 

 

Cities and regions are not just made up of people and firms, but of bricks and mortar as 

well.  The growth and decline of a region’s economy is mediated by the physical 

structure of the city.  In declining cities, housing prices and incomes fall long before 

houses collapse. Until those houses collapse, population levels in cities remain high.  

Thus, cities decline slowly because housing and other infrastructure is durable. 

 

Not only is the pace of urban decline determined by the durability of residential 

structures, but the growth of cities is determined by the elasticity of the supply of 

housing.  In places where limited regulation and low density facilitate the construction of 

new homes, urban success is more likely to take the form of higher population levels.  In 

contrast, in places with high density and high levels of regulation, urban success is more 

likely to leave population levels relatively unchanged.  It is housing prices and income 

levels that rise in these places.  Thus, it is impossible to understand that both Cambridge, 

MA, and Las Vegas, NV, were successful cities in the 1990s without recognizing that 

Cambridge faces an enormously restrictive building environment and Las Vegas does 

not.  

 

The primary message of this paper is that housing and real estate cannot be seen as 

research areas apart from the mainstream of urban economics.  Researchers who care 

about urban and regional growth must think about housing markets as well—and the 

nature of housing supply in particular.  After all, firms in a region cannot expand 

employment without new homes to house new workers.  Researchers who care about real 

estate and housing markets are likewise dependent on understanding the urban markets 

that determine prices.  Moreover, it is important for researchers from both disciplines to 

recognize the crucial role that the housing supply plays in creating the differences that 

exist across urban America.    
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Table 1: 

City Housing and Population Since 1970—Levels and Changes 
Levels:  Log Housing Unitst = αt + βLog Populationt + εt 

Year (t) β 
(standard error) R2 

1970 1.016 
(0.006) 0.99 

1980 1.008 
(0.006) 0.99 

1990 0.995 
(0.007) 0.98 

2000 0.972 
(0.008) 0.98 

Changes:  Log Change Housing Unitst = αt + βLog Change Populationt + εt 

Decade (t) β 
(standard error) R2 

1970-1980 1.012 
(0.014) 0.94 

1980-1990 0.860 
(0.024) 0.81 

1990-2000 0.774 
(0.022) 0.80 

 
Note:  Sample includes 314 cities with full data in each year. 
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Table 2:   
Persons in Households Per Occupied Housing Unit 

Year Persons Per Occupied Unit 
(standard deviation) 

1970 3.03 
(0.28) 

1980 2.61 
(0.23) 

1990 2.53 
(0.28) 

2000 2.51 
(0.34) 

 
Notes:  Authors’s calculations from the decennial censuses.  The sample includes 314 
cities with at least 30,000 residents in 1970. 
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Table 3: 
Loss from the Permanent Housing Stock 

American Housing Survey National Core Files  
Central City Data, 1985-1993 

 1985-1987 1987-1989 1989-1991 1991-1993 
Probability of Severe 
Damage or Permanent Loss 1.3% 1.4% 1.5% 1.8% 
 
 
Notes:  Authors’ calculations from the American Housing Surveys, 1985-1993.  
Observations are in identified central cities. 



 32

 
Table 4: 

Housing Unit Growth 
Cities With 100,000+ Residents 

1970-1980 
Bottom Five Top Five 

St. Louis -16.5% Colorado Springs 64.1% 
Detroit -11.5% Austin 53.7% 
Cleveland -9.8% Albuquerque 52.2% 
Buffalo -6.0% Stockton 48.4% 
Pittsburgh -5.8% San Jose 46.4% 

1980-1990 
Bottom Five Top Five 

Newark -16.9% Las Vegas 49.1% 
Gary -14.5% Raleigh 47.1% 
Detroit -14.0% Virginia Beach 46.9% 
Youngstown -10.0% Austin 39.3% 
Dayton -7.7% Fresno 37.7% 

1990-2000 
Bottom Five Top Five 

Gary -10.5% Las Vegas 53.5% 
Hartford -10.3% Charlotte 28.8% 
St. Louis -10.2% Raleigh 25.0% 
Youngstown -9.6% Austin 22.3% 
Detroit -9.3% Winston-Salem 21.3% 
 

Data source:  Decennial censuses for 1970, 1980, 1990, 2000.  Housing units defined to 
include owner-occupied and rental units. 
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Table 5:  Density and Growth in Population, Incomes, and House Prices in the 1990s

Dependent Variable 

Independent Variables Log Change 
 City Population, 

1990-2000 

Log Change  
Median House 

Price, 
 1990-2000 

Log Change 
Median Household 

Income, 1990-
2000 

College Grad Share, 1990 1.59** 
(0.41) 

1.24** 
(0.55) 

-0.75** 
(0.23) 

Log Density, 1990 
(log persons per square 
mile) 

-0.03** 
(0.01) 

0.03* 
(0.02) 

-0.04** 
(0.01) 

College Grad Share*Log 
Density, 1990 

-0.20** 
(0.05) 

-0.07 
(0.07) 

.11** 
(.03) 

Log Median Household 
Income, 1990 

0.06** 
(0.02) 

0.20** 
(0.03) 

-0.03** 
(0.01) 

Log Population, 1990 0.013** 
(0.006) 

0.004 
(0.008) 

0.006* 
(0.003) 

Log Median House Price, 
1990 

0.05** 
(0.012) 

-0.36** 
(0.02) 

-0.03** 
(0.01) 

Intercept -1.02** 
(0.20) 

1.93** 
(0.27) 

1.20** 
(0.11) 

# of Observations 976 976 976 
R2 0.13 0.46 0.17 
 
 
Notes:  Standard errors in parentheses.  ** indicates significance at the 95% level or 
better;  * indicates significance at the 90% level or better.  Sample includes 976 cities 
with at least 30,000 residents in 1990 and no significant boundary changes between 1990 
and 2000.  Boundary changes are identified as places with changes in area less than –10% 
or greater than 50%. 
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Table 6: Predicted Effects of Productivity and Amenities on Urban Growth  
 Productivity (Aj) Amenities (Cj) 
Ln(Population) 

αρδ
α

+1
 

αρδ
α

+1
 

Wages 
αρδ

αρδ

αρδ
+

=
+ 111

1  
αρδ+

−
1

1  

Housing prices 
αρδ
αδ

αρδ
ρ +

=
+ 111

11  
ρ
1

αρδ
αδ

αρδ
+

=
+ 111

1  

Note.  Each cell shows the effect of a 1-unit increase in either productivity or amenities on each of the 
variables in the left-hand column.  See the text and equations (1)-(3) for details. 
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Table 7:  Effects of Productivity Shocks on Changes in Income/Capita, 
Housing Prices and Population, 1990-2000 

 ∆Ln(Population) ∆ Income/capita ∆ Housing 
prices 

Labor Demand 
Low Regulation 1.04 

(.28) 
11,597 
(3,917) 

54,899 
(37,478) 

High Regulation .20 
(.30) 

34,651 
(13,007) 

204,730 
(137,972) 

Test low=high1 -2.03 
(.04) 

1.71 
(.09) 

1.06 
(.29) 

Share of Population with Bachelors Degree2 

Low Regulation .06 
(01) 

850 
(274) 

8,027 
(3,682) 

High Regulation .04 
(.03) 

2,246 
(552) 

36,928 
(7,761) 

Test low=high1 -.57 
(.57) 

2.28 
(.02) 

3.40 
(.00) 

Note.  Each cell shows results from a separate regression.   There are 179 low-regulation metropolitan areas 
and 72 high-regulation metropolitan areas. All regressions correct for heteroskedasticity using the White 
estimator.  
1. T-test that the effect of a productivity shock is the same in high and low regulation metropolitan areas.  

P-values are shown in parentheses. 
2. Share of population with a BA degree in 1990.  All regressions control for the level of income per capita 
in 1990. 
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Table 8:  Implied Estimates of δ 
 Labor Demand Share of Population with 

Bachelors Degree 
Low Regulation 74,790 

(59,231) 
137,059 
(46,531) 

High Regulation 1,404,023 
(3,592,845) 

498,879 
(251,279) 

Test low=high .14 
(.71) 

2.00 
(.16) 

Note.  Coefficients are obtained by estimating all three equations simultaneously and imposing ρ=.15.  The 
test that δ is the same across areas is a chi-squared test with 1 degree of freedom.  P-values are shown in 
parentheses. 
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Table 9:  Effects of Amenity Shocks on Income/Capita, Housing Prices 
and Population, 1990-2000. 

Note.  Each cell shows results from a separate regression.   The rows in the upper panel use the levels of 
ln(population), income per capita and housing prices as the dependent variable.  The rows in the bottom 
panel use changes in each of these measures as the dependent variable.  In each case, the amenity shock 
is the logarithm of mean January temperature.  There are 179 low-regulation metropolitan areas and 72 
high-regulation metropolitan areas. All regressions correct for heteroskedasticity using the White 
estimator.  
1. T-test that the effect of the amenity shock is the same in high and low regulation metropolitan areas.  P-

values are shown in parentheses. 

 Ln(Population) Income/capita Housing 
prices 

Levels    
Low Regulation .36 

(.21) 
-2,451 
(917) 

-9,742 
(4,227) 

High Regulation .41 
(.33) 

950 
(1,827) 

77,443 
(23,365) 

Test low=high1 .15 
(.89) 

1.67 
(.10) 

3.71 
(.00) 

Changes    
Low Regulation .011 

(.001) 
-93 
(27) 

-899 
(201) 

High Regulation .007 
(.003) 

40 
(92) 

357 
(865) 

Test low=high1 -1.19 
(.24) 

1.41 
(.16) 

1.43 
(.16) 
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Appendix Tables:  Effects of Productivity and Amenity Shocks for the Subset of 
MSAs with Observable Measures of Housing Supply Regulation 

Table A1 
Effects of Productivity Shocks on Changes in Income/Capita, 

Housing Prices and Population, 1990-2000. 
 ∆Ln(Population) ∆ Income/capita ∆ Housing 

prices 
Labor Demand 

Low Regulation 1.92 
(1.15) 

28,529 
(14,000) 

135,846 
(218,547) 

High Regulation .75 
(.96) 

45,035 
(40,453) 

263,510 
(258,726) 

Test low=high1 -.78 
(.44) 

.39 
(.70) 

.38 
(.71) 

Share of Population with Bachelors Degree2 

Low Regulation .25 
(.06) 

3,158 
(1,254) 

12,294 
(23,896) 

High Regulation .08 
(.07) 

5,976 
(2,188) 

44,812 
(21,529) 

Test low=high1 -1.87 
(.07) 

1.13 
(.26) 

1.01 
(.32) 

Note.  Each cell shows results from a separate regression.   There are 33 low-regulation metropolitan areas 
and 21 high-regulation metropolitan areas.  All regressions correct for heteroskedasticity using the White 
estimator.  
1. T-test that the effect of a productivity shock is the same in high and low regulation metropolitan areas.  

P-values are shown in parentheses. 
2. Share of population with a BA degree in 1990.  All regressions control for the level of income per capita 

in 1990. 
 

Table A2 
Implied Estimates of δ 

 Labor Demand Share of Population with 
Bachelors Degree 

Low Regulation 83,830 
(111,618) 

65,187 
(59,022) 

High Regulation 377,193 
(456,687) 

551,555 
(396,975) 

Test low=high .39 
(.53) 

1.47 
(.23) 

Note.  Coefficients are obtained by estimating all three equations simultaneously and imposing that ρ=.15.  
The test that δ is the same across areas is a chi-squared test with 1 degree of freedom.  P-values are shown 
in parentheses. 
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Table A3 
Effects of Amenity Shocks on Income/Capita, Housing Prices 

and Population, 1990-2000 

Note.  Each cell shows results from a separate regression.   The rows in the upper panel use the levels of 
ln(population), income per capita and housing prices as the dependent variable.  The rows in the bottom 
panel use changes in each of these measures as the dependent variable.  In each case, the amenity shock 
is the logarithm of mean January temperature.  There are 33 low-regulation metropolitan areas and 21 
high-regulation metropolitan areas. All regressions correct for heteroskedasticity using the White 
estimator.  
1. T-test that the effect of a productivity shock is the same in high and low regulation metropolitan areas.  

P-values are shown in parentheses. 
 

 Ln(Population) Income/capita Housing 
prices 

Levels    
Low Regulation .29 

(.28) 
-3,356 
(1,281) 

-8,164 
(10,477) 

High Regulation .57 
(.48) 

5,454 
(4,777) 

106,680 
(61,316) 

Test low=high .51 
(.62) 

1.81 
(.08) 

1.87 
(.07) 

Changes    
Low Regulation .017 

(.005) 
-67 
(74) 

393 
(763) 

High Regulation .009 
(.005) 

215 
(286) 

373 
(2051) 

Test low=high -1.16 
(.25) 

.97 
(.34) 

-.01 
(.99) 
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Figure 1:  Housing Units and Population Levels, 2000
Log Population, 2000
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Figure 2:  Log Changes in Housing Units and Population, 1970-2000
Log Change Population, 1970-2000

 log change tot housing units, 1  Fitted values

-.580574 1.84035

-.344024

2.1741

St. Loui
JohnstowGary citYoungsto

Detroit 

Buffalo 
ClevelanPittsburFlint ci
Niagara 
WheelingUtica ciSaginaw Dayton cHuntingtLouisvil

Newark c

Baltimor
Harrisbu
Cincinna
Canton c
ScrantonBinghamt
RochesteSyracuseCharlestParkersbLima citWashingtNorfolk 

Hartford

AnnistonWarren c

PhiladelAltoona Akron ciRichmondMacon ci
JamestowJackson 

Erie citBirminghWilliams
York cit

New Lond
Trenton 
New OrleToledo cAlbany cMilwauke

Atlanta Anderson

Atlantic

Terre HaSouth BeRacine c
Chicago 
Duluth cKansas CKansas C
Lorain cEvansvil
Galvesto

BerkeleyMinneapo
Peoria c
Bridgepo

MansfielHamiltonNew Have
Muskegon

Kalamazo
Fitchbur
Decatur 
Wilmingt
Lansing PortsmouWaterloo

Livonia 
Greenvil

Boston c

Lake Cha

Jersey C
New BedfSt. Paul
Reading 
SpringfiPoughkee
Monroe c
Pensacol
Pawtucke
Fall Riv
Yonkers 
Providen

Allentow
Muncie c
Worceste
Lancaste

Topeka c
BeaumontPortland

Sioux CiDes Moin
Waterbur
Knoxvill

Davenpor
Grand RaNew York

Independ
RockfordHagersto

Columbia

Torrance

Paterson

Roanoke 

Salt Lak

Memphis Danville
Biloxi c

Mobile c
Norwalk 
Pueblo cHouma ciBremerto
Brockton

Albany c

Seattle 

Florence

Elizabet

Stamford

Lawrence

Denver c
Miami ci
Wichita 
San Fran

Cedar Ra
Fort LauTampa ciShrevepo

Oakland 

Savannah

Lowell c
AlexandrOmaha ci
State Co

Texarkan
Ann Arbo
Honolulu
Kenosha 
Spokane 

Huntsvil

St. Pete
AlexandrFort Way

Charlott
Joplin c

Odessa c

New Brun

Middleto

Wausau c

Pasadena

Tuscaloo

Tulsa ciElkhart 
Champaig

Waco cit

AshevillJackson 
Madison 
LynchburHampton SpringfiManchestAppletonBurlingt

Lawton c
Wichita 

Inglewoo

Tacoma c

LafayettSpringfiFort Smi
Janesvil

Long Bea

Abilene 
Chattano
Hollywoo

Newport 

Sarasota

Los AngeSanta Ba

ColumbusLubbock 

Garden G
Joliet c

Corpus C
Fort WorAmarillo
Battle C
Baton RoOklahoma

Little REau ClaiSunnyvalSan Ange
Portland

Winston-

Dallas c
Daytona 
Boulder Decatur 
Concord 
West Pal

ColumbiaCharlest
Tyler ci
Billings

Fullerto

Glendale

Danbury 

Gainesvi

Hayward 

Lincoln Montgome

Santa Fe
GreensboLakewood
Dothan c

Yakima c
Houston 
Pasadena
Midland Rocheste

Lafayett

Sacramen
Longview

Blooming
Blooming
Huntingt
Johnson Wilmingt

El Monte

Orange c

Fargo ci

Santa Cr

Bellingh

Pomona c

Sioux FaEl Paso San Anto
San Dieg
Vallejo 

Melbourn

San Bern

Eugene c

Riversid

Albuquer
Tucson cOrlando Fayettev

Aurora c

Overland

Bryan ci
Durham c
Las CrucSimi ValIrving c

Anaheim 

Greeley Provo ci
San Jose
Salem ci

Fremont 

Tallahas

Santa An

Hialeah 

ChesapeaCharlott
MesquiteFayettev

Stockton

Phoenix 

Raleigh 

Santa MaOxnard c

Killeen 

Ontario 

Virginia

Reno cit
Boise Ci

Tempe ci

Chula ViLaredo c

Salinas 

Fresno c

Austin cGarland Brownsvi
Colorado

Fort ColMcAllen 
Santa Ro

Scottsda

Modesto 

Thousand
ClarksviBakersfi

Escondid

Arlingto
Aurora c
Las Vega

Oceansid

Glendale

Mesa cit



 42

C
ha

ng
e 

in
 V

ac
an

cy
 R

at
e,

 1
99

0-
20

00

Figure 3:  Changes in Population and Vacancy Rates, 1990-2000
log change population, 1990-2000
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Figure 4:  City Population and Household Size, 2000
log persons in HH per occupied u

 log population 2000  Fitted values
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Figure 5:  The Nature of Housing Supply and the Impacts of Demand Shocks 
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Figure 6:  Density and House Prices, 1990
log density, persons per square 
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