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I Introduction

In eight of the fifteen largest cities in the U.S. in 1950— Baltimore, Buffalo, Cleveland,
Detroit, Philadelphia, Pittsburgh, St. Louis, and Washington, D.C.— population has
declined in every subsequent decade. Another three of these top fifteen also have smaller
populations now than in 1950. All of these cities are still large, but many have lost more
than one-third of their populations. With decline has come poverty and social distress:
across cities, the correlation between the poverty rate in 1989 and population growth in
the 1980s was -40 percent. While firms try to downsize by firing their least skilled

workers, cities appear to downsize by losing their most skilled residents.

Many forces contributed to the decline of these, primarily rustbelt, cities. Improvements
in transportation technology eliminated the advantages that these cities once had as ports.
As lower transport costs made firms footloose, people and firms fled the harsh climates
of the Northeast and Midwest. Manufacturing has declined and de-urbanized. In 1963,
Detroit had 338,000 manufacturing jobs, and by 1992, the Motor City had only 62,000
manufacturing jobs. Local policies often exacerbated these declines as some city
officials made redistribution a higher priority than keeping businesses. National policies
also may have favored sprawl and the sunbelt. While once the rustbelt cities had high
wages—reflecting their productivity—now they are generally mired in poverty (e.g.
Detroit’s median income is 62 percent of the national average), reflecting the fact that

they no longer have a productive edge.

Indeed, the key question about these declining cities is not “why aren’t they growing?”’
The key question is “why are they still there are at all?”” Quickly growing cities rise at
dizzying rates—Las Vegas has grown by more than 50 percent in four out of the last five
decades. Why is it that declining cities collapse so slowly? The lowest growth rate in the
1990s among the set of consistently declining cities was -12.5 percent (St. Louis). And

why, when these cities decline, do they lose their most skilled workers?



Agglomeration models provide an explanation for why people stay in cities long after
those places have lost their comparative advantages. Following Krugman (1991),
agglomeration theorists argue that if a critical mass of firms assembles in one place, then
workers will stay there because they are either able to earn higher wages, or buy cheaper
manufactured goods, or face less unemployment risk. However, these theories tell us
little about the continuing existence of Detroit and many other declining cities, as these
places have low wages and high unemployment. In addition, American Chamber of
Commerce price data tells us that non-housing goods are not materially cheaper in

declining cities.'

This paper argues that people still live in the blighted cities of America’s rustbelt for a far
more prosaic reason than agglomeration economies. These places have houses, and
houses are very durable. When cities decline, housing prices fall and people continue to
live in the houses. To a first approximation, there is a one-to-one correspondence
between the number of homes in a city and the number of people in that city. It takes
decades, if not centuries, for the housing in cities to disappear, and while the houses
remain, the cities remain, attracting residents with homes that cost a fraction of new
construction costs. In 1990, over 60 percent of all owned, single unit residences in
Philadelphia were priced below the cost of new construction, and 30 percent of all homes
in the city were valued at no more than 70 percent of construction costs. In Detroit, 80
percent of the owner-occupied single family housing was valued at least 30 percent

below construction costs in 1990.

Figure 1 illustrates our framework. The supply of housing is characterized by a kinked
supply curve which is highly elastic with respect to positive shocks and almost
completely inelastic with respect to negative shocks in the medium run. The durability of

housing is such that it takes decades for a house to become economically unviable and to

' See No. 771—Cost of Living Index—Selected Metropolitan Areas, Fourth Quarter 1999 in the Statistical
Abstract of the United States 2000 for more detail. The American Chamber of Commerce computes the
cost of a mid-management standard of living in a number of participating metropolitan areas (not cities).
While not all of the shrinking cities mentioned above are not tracked in these data, among those which are,
purchasing the targeted standard of living costs more than the average in the nation. Thus, there are no
meaningful savings found in terms of non-housing goods expenses.



disappear from the market. A negative demand shock, like that illustrated in Figure 1,
leads to a large fall in price, but little change in the stock of housing—and, therefore, in
population. In growing places, positive demand shocks result primarily in more units

with little increase in price.

We incorporate this feature of supply, namely that there is an asymmetry between
positive and negative shocks, into a dynamic version of the Alonso-Mills-Muth urban
model. In our framework, housing depreciates stochastically and a fixed number of
people live in each house. Houses that decay are rebuilt if and only if the value of the
unit (including its land value) exceeds its resale price. Thus, city populations decline
only when the prices of some of their homes fall below the cost of new construction. If
the productivity of a city falls, housing prices will drop immediately as a classic
compensating variation for lower wages (see Rosen (1979)), but housing itself decays

slowly. Population declines only gradually as the houses disintegrate.

Our simple urban model with durable housing can explain several key features of urban
dynamics. First, it can explain some of the remarkable persistence of urban growth rates,
especially among declining cities. Almost nine out of ten cities that declined in the 1990s
also declined in the 1980s. Nearly eight of ten cities that declined in the 1930s also lost
population between 1940 and 1990. Because housing decay is slow, it takes decades for

the city housing stock to adjust to a new steady state.

The model also predicts leptokurtotic growth rates. If shocks to urban productivity (or
city amenities) are symmetric, then cities will grow more quickly than they decline when
housing is durable. As Figure 1 suggests, new construction is readily forthcoming when
prices are above construction costs, but units and population disappear only slowly over

time. The skewness of city growth rates is ubiquitous throughout the 20" century.

The model also predicts an asymmetric response to positive and negative “exogenous”
shocks to cities. Negative shocks will have only a small impact on urban growth,

because housing depreciates slowly. Positive shocks will have a large effect, because



housing can be built relatively quickly (at least over the decade-long periods we
examine). Just as the durable housing view of cities predicts a convexity in the
relationship between population growth and exogenous shocks, it predicts concavity in
the relationship between price changes and exogenous shocks. Negative shocks impact
prices significantly, but positive shocks will show up more in new housing, thereby
vitiating some of the increase in prices. Both asymmetries generally are borne out in
regression analysis using data on shocks to amenities (weather) and productivity (local

labor demand as represented by manufacturing employment).

Next, housing durability implies that the distribution of house prices is an excellent
predictor of future population growth—and not merely because high house prices reflect
future price growth. Population growth is quite rare in cities with large numbers of
homes valued below the cost of new construction. We do not interpret this as a causal
connection, but claim that this strong correlation illustrates the role the housing market

plays in mediating growth.

The model also explains why declining cities disproportionately attract low human
capital residents. As labor demand falls in declining cities, high and low skilled workers
lose wages roughly in proportion to their base income. However, the benefits from
lower housing prices help the poor more than the rich, because the elasticity of demand
for housing structure is far less than one (Glaeser, Kahn and Rappaport, 2000).* As such
a drop in the price of housing attracts the poor relatively more than it attracts the rich. If
housing prices fall to keep a median resident indifferent between a declining city and the
rest of America, then a low income resident will strictly prefer the city, and a high
income resident will prefer to leave. Those outside the labor force will be particularly
attracted to cheap, declining places. For them, there is no wage loss associated with a
declining city and they get their housing cheaply. This may help us understand the

correlation between urban social problems and declining urban population.

* Older estimates with higher income elasticities all look at total spending on housing. The overwhelming
component of higher spending on houses by higher income individuals is higher spending on
neighborhood, not higher consumption of physical structure.



The next section presents basic facts about housing and cities that will serve to justify the
assumptions of the model. Section III presents the model. Section IV looks at facts
about city growth. Section V examines city composition and urban dynamics. Section
VI investigates more seriously the role that housing costs might play in inducing

individuals to stay in declining cities. Section VII concludes.

II1. Housing and City Growth—Introductory Facts

This section establishes three basic facts that underpin our bricks and mortar view of
urban dynamics. First, we document the powerful connection between housing and
population. This connection is critical for our argument that the housing stock
determines the size of a city. Second, we establish that there are large portions of urban
America where housing costs are substantially below the cost of new construction (even
if land is free). This fact justifies our emphasis on declining cities with prices below the
cost of new construction. Third, we establish a connection between housing construction

and the share of the housing stock that costs less than the price of new construction.

The Connection between Housing Units and City Population

In principle, the connection between the number of homes and the number of people in a
city could be weak. Declining cities could see large increases in the vacancy rate, and
cities might grow through increases in the number of people per unit. But this is false.
The link between the housing stock and city population is extraordinarily tight. Figure 2
shows the relationship between the logarithm of the number of housing units and the
logarithm of city population in 1990.° The r-squared is 98.6 percent—the elasticity is
.996. In 1980, the elasticity is 1.007 and the r-squared of the relationship is 99.0 percent.
In 1970, the elasticity is 1.017 and the r-squared in 99.0 percent. Across cities, at any
given point in time, the link between the number of people and the number of homes is

almost perfect.

3 All of the data in this section come from the 1970, 1980 and 1990 censuses. We consider all cities with
more than 30,000 people in each decade for the levels regressions and all cities with more than 30,000
people in the initial time period for the change regressions.



The relationship between changes in housing units and changes in population is more
important for our model. Figure 3 shows this connection for the 1970s. The elasticity
estimated is essentially one (1.007) and the r-squared is 91.0 percent. The fit is less good
in the 1980s, as the elasticity from a regression of change in housing units on change in
population is only 0.82, and the r-squared is 81 percent. Closer examination of the data
from that decade finds the mismatch between housing and population to be almost
entirely due to fast growing California cities in which housing growth did not keep up
with population growth. Perhaps, this was because immigrants crowded into homes or
perhaps because of constraints on new construction.* If we exclude California cities, the
r-squared in the 1980°s rises to 87 percent and the estimated elasticity increases to 0.96.
Importantly, the mismatch between changes in population and changes in housing units
occurs almost exclusively in rapidly growing cities. The connection between people and

homes continues to be extremely tight in declining cities.’

The Distribution of Housing Prices and Construction Costs

This paper is primarily concerned with cities that lie on the vertical part of the housing
supply curve in Figure 1. For our durable housing model to explain the persistence of
Philadelphia or Detroit, it must be cheaper to live there than to build a comparable house
on the edges of the sunbelt, where land is essentially free. Thus, we compare the
distribution of the value of the housing stock with the cost of new construction, and
compute the distribution of houses priced above and below construction costs for 123

cities in 1980 and 93 cities in 1990.

* We suspect that building constraints are a more important factor, as immigrant inflows are also quite large
in very fast growing cities in Arizona, Florida, and Texas. Growth in units outpaces growth in population
in cities in those states, leading us to believe restrictions on development are relevant. However, that is a
separate issue for future research.

> An important reason the relationship between growth in units and growth in population still is so tight is
that, while vacancy rates are higher in declining cities, they are only slightly more so. For example, in
1990 the vacancy rate was 7.8 percent among cities that grew in the 1980s, and 9.3 percent among cities
that declined in population. If California cities are excluded, the mean vacancy rate among growing cities
is 8.5 percent, further narrowing the difference in vacancies between declining and expanding cities.



Housing unit values are obtained from the Integrated Public Use Microdata Series
(I[PUMS) maintained by the Minnesota Population Center at the University of Minnesota
and from the American Housing Survey (AHS). The IPUMS and AHS series contain
micro data on individuals and housing units, with self-reported values. In each, we focus
exclusively on observations of single unit residences that are owner occupied in order to
better facilitate a comparison with construction costs. We use construction cost data from
the R.S. Means Company (hereafter, the Means data). S This firm computes construction
costs per square foot of living area for single family homes in a wide variety of American
and Canadian cities. The Means data on construction costs include material costs, labor
costs, and equipment costs for four different qualities of single unit residences. No land

costs are included so their data are for the physical structure itself.’

We adjust the data to account for the depreciation that occurs on older homes, to account
for general inflation when making comparisons across different years, to account for the
fact that research shows owners overestimate the value of their homes, and to account for
regional variation in the presence of key house attributes that have a major impact on

value. The data appendix discusses these and other data construction issues in detail.

Tables in the appendix report summary statistics on the distribution of house value to
construction costs for each city in 1980 and 1990. Figure 4 highlights the extensive
heterogeneity across cities in the share of single family housing that was priced below
construction costs in 1980. Many cities in California (and Hawaii) have almost no

housing priced below the cost of new construction, while many of the older cities in the

% Two publications are particularly relevant for greater detail on the underlying data: Residential Cost
Data, 19™ annual edition, (2000) and Square Foot Costs, 21% annual edition (2000), both published by the
R.S. Means Company.

"It is noteworthy that the Means data contain information on four qualities of homes—economy, average,
custom, and luxury. The series are broken down further by the size of living area (ranging from 600ft* to
3200ft*), the number of stories in the unit, and a few other differentiators. We developed cost series for a
one story, economy house, with an unfinished basement, with the mean cost associated with four possible
types of siding and building frame, and that could be of small (<1550ft*), medium (1550ft>-1850ft>), or
large (1850ft*-25001t%) size in terms of living area. Generally, our choices reflect low to modest
construction costs. This conservative strategy is appropriate given our purposes. Because we are
particularly interested in accounting for why people continue to live in relatively unattractive areas, we
could easily bias the findings toward a ‘cheap housing’ explanation by choosing a high quality house for



colder regions of the country (the Midwest especially), are filled with cheap housing.
These data alone should raise questions about urban models that suggest land generally is

worth a great deal.

Nationally, 41 percent of single unit housing in cities in 1980 are valued below the cost
of new construction. In 1980, nearly 60 percent of all owned, single unit, attached and
detached residences in the central cities of the northeast and midwest were valued below
the cost of new construction. One-third of the stock in these regions was worth no more
than 80 percent of construction costs. Conversely, in the west only 5 percent of homes
were priced more than 20 percent below new construction costs, and nearly three-quarters
were valued in excess of 120 percent of construction costs. These regional patterns
persist in 1990 despite a general rise in housing values. By 1990, the midwest still had a
large amount of very cheap housing relative to construction costs; the west still had
plenty of land that is worth a great deal, and the south and northeast were somewhere in

between these two extremes.

Changes in Units and Housing Prices below Construction Costs

The third building block of our model is that existing cheap housing is a substitute for
new construction. For this to be true, it should be the case that cities with large amounts
of cheap housing do not have new construction. If old housing were not a close
substitute for new housing, then abundance of old, cheap housing would not deter new

construction.

Table 1 reports some basic findings for the relation between growth and the extent to
which a city’s housing is valued at less than the cost of new construction. To illustrate

the relationship, we split our sample of cities into three groups based on housing values in

which construction costs are high. Existing homes, especially those in declining areas, are more likely to
look cheap compared to that alternative. By choosing a modest home, we guard against that possibility.

¥ We also examined the 1989 and 1991 AHS to provide a comparison to the census data. Reported house
prices tend to be a bit higher, so fewer units are estimated to be valued below construction costs. However,
the basic patterns discussed above are clearly evident in these data. In addition, investigation of the 1999
AHS indicates similar regional patterns persisted throughout the 1990s.



1990: (a) cities with abundant cheap housing, i.e. those with over one-half of their
housing stock priced below the cost of new construction and with over 30 percent of the
total stock valued at least 20 percent below the cost of new construction; (b) cities with
little cheap housing, i.e. those with less than 25 percent of their stock priced below the
cost of new construction and with less than 10 percent of their stock priced at least 20
percent below the cost of new construction; and (c) cities in the middle, which are the

remaining cities.

Table 1 shows that cities with expensive housing do not necessarily grow, but cities with
cheap housing are almost uniformly shrinking. Of the 15 cities with abundant cheap
housing in 1990, 14 lost population in the 1980s, with mean and median growth rates of
about -9 percent. Of the 20 cities in the middle group, 11 had positive growth in the
1980s, while 9 had negative growth. The 45 cities with little cheap housing relative to
construction costs grew at much higher rates on average. The overall statistical
relationship between growth and the share of the housing stock that is priced below the
cost of new construction is quite strong: the correlation coefficient is —0.55 for the 1980s.
These results confirm that new homes are not built, and population does not come, to

cities with abundant cheap housing.

ITII. Theory and Evidence on Skewness and Persistence

In this section, we introduce our model of durable housing and urban decline.

We consider an “open city” model where workers will continue to migrate to the city
until the utility in the city equals an outside reservation utility (denoted U ). Thus, utility
for urban residents must equal U at every point. Wages and amenities are assumed to be

exogenous, independent of city population and variable over time. The annual flow of

utility for workers in the city from wages equals W and from amenities equals A.
The housing structure of the city is the simplest form of the classic Alonso-Muth-Mills

model with only one source of heterogeneity within the city—proximity to the

downtown. Following Solow (1973), our city is a line through the central business

10



district (CBD). Each resident works in the CBD, and pays annual commuting costs equal
to T times the distance to the city center. Each worker must consume one unit of housing
that must sit on one unit of land. The notation N refers to the number of homes, the
number of people in the city, and the total amount of land being used in the city. Since
the city is a line through a point, the distance between the CBD and the edge of the city
equals N/2. Thus, for the consumer at the edge of the city (which is N/2 units of land

from city center) the costs of commuting equal TN/2.

Housing prices within the city must in equilibrium make consumers indifferent between
living at the center and paying no commuting costs versus living elsewhere in the city.
Hence, if R(d) refers to the annual rent at distance d from the CBD, then

R(d)+Td = R(0), where R(0) is the rent for a house at the city center. There is no non-

urban use for the land, so land is free at the edge of the city. Within the city, the price of

land is determined by the demand for proximity.

The reservation utility that must be realized at every distance d from the city center at
which people live can be defined as wages plus amenities minus rent minus travel costs,
or W+A-R(d)-Td. To simplify our notation, we use X to denote W + 4 —U . Thus, the
open city assumption of the model gives us X = R(d) + 7d , which implies that the

combined rental and commuting costs of living in the city must equal wages plus

amenities minus the reservation utility.

So far, we have described a completely standard urban model. However, our focus is on
the role of housing supply and, in particular, on housing durability. While there is an
existing literature on durable housing that is well reviewed in Brueckner (2000), we differ
from most of this literature because our primary interest is in cities in decline, not
growing cities. Our basic housing supply assumption is that homes can always be built
with one unit of land at a cost of C. This cost, C, is meant to correspond with the

physical costs of construction reported in the Means data.
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In addition, during each time period, a fraction of houses, J, collapse. These houses
must be completely rebuilt at cost C if they are to be used. Houses collapse randomly,
and there is no decay of non-collapsing homes. In reality, housing decay is much more
continuous. Moving to continuous depreciation would not change the basic results of the
model, as the basic durability of housing would remain. However, continuous

depreciation makes the model much less tractable.’

New construction, or renovation, occurs when the expected rental flows from the
property equal the cost of new construction. We assume that developers discount future
rent payments with a discount rate, r, and of course, there also is the probability of
collapse which further reduces the value of the flow of housing. Thus, if we let R(d, t+7)
denote the rent at distance d from the city at time t+j, for the marginal piece of new

construction it must be the case that:

0 C=E Ez (1—6)1R(d,t+j)E
4 j20 (l+r)j

AsR(d,t+ j)=X(¢t+ j)—T1d , if we assume that E, (X (¢ + j)) = X(¢), then equation (1)

can be rewritten as C = (1+ ) (X (£) = Td) /(0 +r)."° This equation tells us that homes

will be built, or renovated, at distances from the CBD that are less than

X()/T - +r)C/(1+r). Atdistances further than this, it will not pay to build new

homes and it will not pay to renovate collapsed homes.

In a static model where X is constant over time, the distance from the city center to the

edge will equal X /T — (0 +r)C/(1+r) and the population level will equal two times this

? And, as the filtering literature has stressed, if the poor demand less housing quality, then a continuously
decaying housing stock will create an additional reason why the poor will live in declining cities.

' The random walk assumption will be problematic in some places. For example, the persistence of
growth rates implies an explosive process for X. A more general formulation might assume that

E,(X(t+ )= X +67(X(t)- X), which (as long as 1+ r > 8 ) would
imply P(d,t) = (} =Td)/r+(X()- }) /(1+7)(1+7r—0),but we will not treat this more general

case. Our view is that this does not raise a problem within the relevant range of the data.
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amount. In the static model, undeveloped land will be priced at zero, so we can also
determine housing prices because the price of a home at the edge of the city will equal

C."" Atall other points in the city, the price of housing must satisfy the following

difference equation: P=R-0C + , which implies that price this period equals the

1+r
discounted value of price next period plus expected revenues minus expected costs, or

P(d)=(1+r)(X—-Td -03C)/r. The average housing cost in the city then equals
(1+r)X/2r+(r1-90)—-90)C/2r. Average housing prices do not rise one-for-one with

construction costs because these costs also restrict the size of the city and lead to a
reduction in average commuting costs. The basic structure of this urban model is
illustrated in Figure 5, with house prices being single peaked at the CBD and city size

being bounded by prices on the edge that equal construction costs.

We now consider an unexpected permanent shock to the city, so that there is a new value
of X, denoted X’, where X' = X +¢&. For simplicity, we assume that this is the only
shock that is expected to occur. If € >0, then new construction will occur and there will

be an increase in housing units (and population) equal to 2&/7T .

When € <0, new construction will not occur. The new boundary point for construction

willbe X'/T = (0 +r)C/(1+r). Renovation will occur on homes that are closer to the

CBD than this point. However, homes that collapse which are further from the CBD than
this point will not be rebuilt. As of the first time period, there are 2¢/T homes that lie
between the old city boundary and the new point that determines efficient renovation.
Exactly 20€/T homes will, therefore, collapse in this region between the first period and
the second period, and this will create the only change in population. Over a longer time
period, between time t and time t+j the number of homes that will collapse in this region

will equal 2(1-(1-9)’)e/T. Asj goes to infinity, the effect of a negative shock will

approach 2&/T , which is the effect of a positive shock. This is illustrated in Figure 6.

" Because there is option value to land in a stochastic model, even the undeveloped land at the edge of the
city will have a positive value, as there is some chance that this land may be worth a positive amount in the
future.
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One of the most well known stylized facts about urban growth is that the growth rate is
orthogonal to the initial population level (Eaton and Eckstein, 1997; Glaeser et al., 1995).

For this to be the case, we will assume that &€ = U * Population , where the mean and
variance of [ is independent of city size. This formulation justifies our focus on growth

rates rather than raw population growth and leads to the first proposition (proofs are in

the appendix):

Proposition 1: 1f there is a shock at time t denoted & = U * Population that is

unexpected, and there are no further shocks, then the distribution of population changes

between time t and t+j is leptokurtotic, in that the mean is greater than the median. The
gap between the median and the mean of the distribution diminishes as j gets larger.

Furthermore, the rate of depreciation satisfies

EQ N,

N,

t

; <N,

1-(1-93)’ =

HNt+j _Nt Nt+j _N t+j N H_ t+j N
>2 2
H N, \ N, H » B

when the median growth rate is positive and

HN Nl+j [+j _N1E<2HNH]_N[ H_'_z%‘ﬁj_Nt%
H Nz H Nt gdH Nt ed

HN

1-(1-93)’ =

when the median growth rate is negative.

The skewness in city population growth rates predicted by Proposition 1 is ubiquitous
throughout the 20" century as Table 2 documents. The first column reports the skewness
coefficients for urban growth rates in each decade from 1920 to 2000. In every decade,
the distribution is quite skewed. Figure 7 highlights this visually for the 1980s, a decade
in which growth rates were not abnormally skewed. Even in the 1990s, which has the

lowest skewness coefficient by far, we can still conclude that growth rates are skewed at
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standard confidence levels (97 percent in this case). The bottom panel of Table 2 reports
the same information for growth rates over increasingly longer time periods. As the
model suggests, skewness becomes less severe over longer periods, but symmetry in the

distribution of urban growth rates can still be rejected over these longer intervals.

The last column in Table 2 reports the value of d that was defined in Proposition 1. On a
decadal basis, housing depreciation tends to have averaged from 2.5-3.5 percent per
annum until the 1960s. The data then suggest a systematic increase in the rate of
depreciation from the 1960s onward—which empirically reflects a more symmetric path
of urban growth. There are two plausible explanations for this higher depreciation. First,
increasing social problems in declining cities may have led to actions (e.g. more arson)
that increased the rate of depreciation. Second, the model may be somewhat faulty, and
the distribution of city-level shocks might have changed in the 1980s and 1990s. There
are fewer extremely quickly growing cities (relative to the median). The analogous
figures for multiple decade periods reported in the bottom panel of Table 2 show a
similar trend of faster depreciation in recent decades. However, the implied rates are

lower and seem more sensible to us.

Our second proposition concerns the persistence of growth rates. Here, we again assume

that there is a single unexpected shock at time t that is proportional to initial city size.

Proposition 2: Growth rates will be positively correlated over time. The current growth
rate will be increasing in the lagged growth rate when the lagged growth rate is negative
and will be independent of the lagged growth rate when the lagged growth rate is

positive.

The positive relationship between current and lagged growth rates occurs because
population does not instantaneously adjust when there is a negative shock, as the rate of
decline is determined by the depreciation rate of housing. There is no persistence of

positive shocks in this case because new housing is built to accommodate positive
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shocks. With only one shock, the second period growth rate is zero if the first period

growth rate is positive.

The persistence of growth rates predicted by Proposition 2 is one of the most striking
features of urban growth rates. Table 3 documents the effect of regressing current growth
on lagged growth for decades in the post-World War II era. As suggested by the model,
we use a spline at zero and test if the impact of past growth on current growth is greater
when past growth is negative.'” In all decades, the coefficient on past growth is higher
when past growth is negative. In three of four cases, we can reject the equality of the two

coefficients.

Of course, as Table 3 makes clear, one aspect of the model is clearly counterfactual.
While persistence is very strong among declining cities, there also is significant serial
correlation among cities that had positive growth. One explanation for this is that there is
serial correlation in the city-specific shocks.”>  Alternatively, it could take time to build
new houses and positive shocks to cities might only be accommodated over decades.
Nevertheless, the greater elasticity of current growth with past growth when past growth

is negative provides support for the importance of bricks and mortar in urban dynamics.
IV. Theory and Evidence on Shocks and City Growth

We now return to the model and consider the connection between population growth,
housing price growth and exogenous shocks. As discussed above, a population response
to a positive shock will equal 2¢ /7 , and the population response to a negative shock
equals 20¢/T . This difference makes the relationship between population movements

and € convex.

2 In each decade, we include all cities with a population level greater than 30,000 in the initial decade of
each time period. Data from two series are used. One is the sample of cities with consistent population
figures dating back to 1920. The other is a much larger sample that dates back only to 1970. This series
will be used extensively below. The notes to the table provide the details.

" Building this serial correlation into the model would not affect the qualitative results of the model, but
would lead to significant increases in tractability.
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As discussed above, the median housing price in the city before a shock will equal
(1+r)X/2r+(r(1-90)-9)C/2r, and prices at ecach distance from the city center, d,
equal (1+r)(X —Td —90C)/r. After a positive shock, prices at all distances from the city
center will equal (1+7)(X'—=7d —3C)/r . The median housing price will equal
(1+r)X'"/2r+(r(1-9)-90)C/2r, and the growth in median prices will equal
(1+r)e/2r. The growth in prices for any given house will equal (1+7r)e/r. The

growth in median prices equals one-half of the price growth for any given house because

as the city grows, it adds cheap housing on the fringe of the city.

When there is a negative shock, the price at each point in space equals

(1+r)X'=Td —90C)/r, with the price change for any given house equal to (1+r)&/r .
However, because the supply response to urban decline is limited by housing durability,
the change in the median price will not be symmetric. For example, if housing were
completely durable, then the median house after the shock would be exactly as far from
the city center as the median house before the shock, and the price of this house would

drop by (1+7)e/r. Thus, the median housing price will have declined by twice as much

in a downturn as it rises during an upturn in this case.

When housing is not completely durable, some housing far from the center collapses and
is not rebuilt. After this collapse, the median house becomes the home that is d&/2T
land units closer to the city center (because 0€/T units of housing have collapsed on the

edge of the city).'* Thus, the median house price declines by (1+ 7)€/ units because
the city has become less attractive and increases in value by —(1+7)0€/2r units because

the median home is now closer to the city. The overall change in median housing prices
equals (1+7)(2-0)&/2r . In sum, when all housing collapses each period, the impact of
shocks on prices is symmetric and when all housing is perfectly durable, the impact of
positive shocks is one-half of the size of the impact of negative shocks. This reasoning

leads to the following proposition:

' This requires that the median home is itself worth renovating after the shock, which we assume to be the
case.
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Proposition 3:

a. The effect of an exogenous shock on population will be convex around zero.
More specifically, the slope of population growth with respect to positive shocks will
equal 1/ times the slope of population growth with respect to negative shocks.

b. The effect of exogenous shocks on median housing price growth will be
concave around zero.

c. The relationship between average housing price growth and population growth

will be concave around zero.

Evidence on Asymmetric Responses to Exogenous Shocks

We start with the concavity of the relationship between population growth and average
housing price growth. There is no exogenous variable in this relationship, and this
regression is not meant to suggest causality, as both variables are being moved by
unmeasured exogenous shocks to urban productivity and urban amenities. Instead, the
regression results reported in Table 4 test an important implication of our durable housing

stock model.

By using the log change in median house price as the dependent variable in these
regressions, we are ignoring potential changes in housing quality. We could only
estimate reliable hedonic prices for constant quality units in 77 cities across 1980 and
1990." As this is a small number of cities for our purposes, and as the correlation
between adjusted and unadjusted housing prices is quite high (63 percent), to increase our

sample size, we use the unadjusted housing prices for our regressions.'®

" In terms of micro data, census data from the JPUMS are superior, as the AHS samples of housing units
tend to be very small for all but the largest cities, making it difficult to adequately control for quality
differences in many cities. Fewer cities were identified in the 1990 JPUMS, reducing the number for which
consistent data could be obtained across years.

'® Since this is the dependent variable, it is not clear that there will be any bias associated with not
controlling for quality. The case we thought most worrisome potentially was the one in which housing
quality declines in shrinking cities and grows in rising cities. We investigated this possibility by analyzing
whether the difference between unadjusted housing price changes (i.e., in the median price) and adjusted
housing prices changes (estimated via hedonic techniques using micro data) is higher in growing or
declining cities. This difference should reflect housing quality changes. This difference is not significantly
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Table 4 documents the relationship between housing price changes and population
changes for our larger sample of cities that we track from 1970. The first and second
columns report regression results for the basic spline of population during the 1970s and
1980s. There is an economically and statistically significant difference between growing
and declining cities in the relationship between population and prices in both decades.
Figure 8’s plot illustrates the strong concavity in the relationship between price and
population changes in the raw data for the 1980s."” Among cities with shrinking
populations in this decade, a one percent higher rate of population decline is associated
with two percent lower prices. Among growing cities, price change and population

change are uncorrelated.'®

A similar pattern holds for the 1970s (column 2). Finally, Proposition 3 also applies to
rental properties, so the change in median rental prices over the 1980s is examined in the
final column. The strong asymmetry again is apparent. Overall, the results from Table 4
indicate that the concave relationship between changes i