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Homeownership rate varies dramatically across states, metro areas and rural and urban areas 

within the United States. While cross-country homeownership differences can be explained by 

national differences in history, institutions, and macroeconomic conditions, these factors 

cannot explain why homeownership rates vary across regions, given that regions in the same 

country share similar historical, institutional, and macroeconomic arrangements. This study aims 

to explain the cross-sectional and inter-temporal differences in homeownership between Census 



 

regions using zip code level data covering approximately 90 percent of all zip codes in the 

country. Specifically, do the factors that explain intra-regional variation in homeownership rate 

have similar effects across regions and, what is the differential impact of housing market 

variables related to home value, rent and household income across different regions? I conclude 

that while relationship between demographic factors and homeownership is consistent for all zip 

codes regardless of region, housing market variables like price-rent ratio and price-income ratio 

have different relationship with homeownership across zip codes depending on the regional 

location. This study also investigates the impact of the housing bubble on homeownership during 

the bust and the initial phase of economic recovery on three dimensions. Is there a structural 

break in the national housing market in 2011-2012? Did regional disparities due to unobserved 

region-specific factors significantly decrease during the recovery period of 2012-2016? Finally, 

since most of the run-up in homeownership was due to relaxed credit standards, how did the 

response of homeownership to relative affordability change before and after the crash in house 

prices? The Chow test concludes that housing markets were indeed quite different before and 

after the housing crash at both the national and sub-national level. Not only did the 

homeownership response change for all included variables and for all regions, but also the 

recovery phase can better explain collective variation across regions and across zip codes. 

Results also show that the homeownership response of households to relative affordability 

became stronger due to both personal experience of foreclosures as well as tighter lending 

standards. 

 

 



Introduction

Shikha Agarwal

The rate of homeownership is traditionally interpreted as a major indicator of
economic welfare. Housing services consumption alone was 12% of GDP as of the
third quarter of 2016, nearly 100 basis points below the 30-year average1. Residential
fixed investment is another category of housing related expenditure which contributes
to GDP. The promotion of homeownership has for decades been one of the most
popular political objectives in the United States.

The decade through 2004 witnessed robust economic expansion and a policy en-
vironment promoting broad access to homeownership. For instance, the Clinton
Administration and the Bush Administration enacted policies to have lower down-
payment requirements, and Zero-Downpayment Initiative for first time homebuyers,
respectively2. The gains in homeownership started eroding with bursting of the
housing bubble of 2007. Subsequently, in the aftermath of the ensuing recession,
homeownership fell with tighter credit conditions, rising student loan debt, stagnant
real incomes, and perhaps a subtle change in attitudes toward homeownership.

A significant part of the existing empirical research focuses either on microeco-
nomic decisions of owning versus renting, or on cross-country differences in home-
ownership rates. While cross-country homeownership differences can be explained by
national differences in history, institutions, and macroeconomic conditions, these fac-
tors cannot explain why homeownership rates vary across regions, given that regions
in the same country share very similar historical, institutional and macroeconomic
arrangements.

1Rosen et al. (2017)
2Chambers et al. (2009)

1



Homeownership rates in different regions within the United States have exhibited
large independent movements despite facing symmetric interest rates and federal
tax treatment3. The West experienced a steady decline in homeownership rates
from 1967 through the early 1990s. As the Northeast’s rate marched upwards, the
Midwest and South regions experienced extended stagnation in homeownership rates.
Regional disparities within the United States underscore the role of local factors in
influencing the homeownership rate.

Regional housing prices also react uniformly to certain national economic factors,
such as mortgage rates. On the other hand, local factors such as population shifts,
employment and income trends often have unique impact on housing prices. During
the housing crisis of 2007-2008, all regions witnessed different extent of decline in
homeownership rate. The impact on home prices and the extent to which a bubble
developed also depended largely on local conditions. While the Western region had
the largest concentration of foreclosures and the sharpest declines in home prices,
the Northeast witnessed the smallest decline in housing prices and homeownership
rate amongst the four regions.

These experiences indicate that variation in homeownership rates must be ana-
lyzed by superimposing broad national trends upon unique regional trends instead of
assuming a single homogeneous national housing market. There is a huge variation
across the nation, with some states, particularly in the middle of the country, having
much higher rates than others. There is also a difference between metropolitan and
nonmetropolitan areas, with non-metro areas generally having higher homeowner-
ship rates. Finally, certain expensive cities on the coasts have homeownership rates
that are lower than both their state and other metro areas. Explaining this variation
is a promising topic for future study 4.

Moreover, the issue of regional disparity has largely been discussed using data
from the cities or the metro areas, while the rural areas have been left out of such
studies. Such datasets are not only smaller but oversample highly regulated cities and
underrepresent the bulk of American housing. Hence, analyzing the regional variabil-

3Painter and Redfearn (2002)
4Goodman and Mayer (2018)
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ity of homeownership rates using a more inclusive dataset than just the metro areas
is vital to gaining more insight into the regional economic and socio-demographic
factors affecting household tenure choice.

Multiyear estimates from the American Community Survey (ACS) produces data
on 35 housing variables amongst other key characteristics at extremely low geographic
levels. Such estimates offer increased statistical reliability of the data for less pop-
ulated areas and small population subgroups. I use the aggregate 5-year estimates
from the ACS at the zip code level covering approximately 90% of all zip codes in
the country. I assign region membership to each zip code using the state Federal
Information Processing Standards (FIPS) codes.

The first chapter focuses on the cross sectional variation in homeownership rates
across zip codes and across regions during the 2007-2011 collapse in housing prices,
using the 5-year ACS estimates for this period. Specifically, do the factors that
explain intra-regional variation in homeownership rate have similar effects across re-
gions? I also investigate the differential impact of housing market variables related to
home value, rent and household income across different regions. I use six explanatory
variables, three dummy variables and relevant interaction terms in a linear regres-
sion model to explain the variation in homeownership rates. Households’ social or
demographic characteristics may reflect their preference towards owning or renting.

According to the 2007 Survey of Consumer Finances (SCF), the median home-
owner is more educated, has higher earnings and higher wealth, and is older than
renters. Older households are more likely to be homeowners, because age is a proxy
for wealth, and wealthy households are more likely to own homes. Similarly married
couples are much more likely to be homeowners than either those living alone or
single households living with other relatives. Education is usually seen to be rep-
resentative of the expected lifetime earnings of an individual. Increased earnings
potential from additional education makes saving for a down payment, qualifying
for a mortgage, and affording monthly mortgage payments easier. A higher level of
education is correlated with higher credit scores, higher financial literacy and better
comprehension of loan options.

Housing units in multifamily structures are typically characterized by higher den-
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sity and urban living. These are also more often associated with rental occupants
than owner occupants. Lack of maintenance, ease of relocation, and convenience
in terms of location and transportation may encourage households to occupy rental
multifamily housing. Based on economic theory, demographic factors like age and
education level of the household head, household structure and multifamily housing
in a zip code should have similar effects across regions. However, housing market
variables like price-rent ratio and price-income ratio have different impact in different
regions. Price-rent and price-income ratios that would be considered "high" for one
region may be typical for another.

I find that demographic variables and housing density in an area are important in
explaining homeownership rate in a zip code and bear the expected relationship with
homeownership. However, the four Census regions should be seen as four different
housing markets since homeownership is related to key housing market variables
in different ways across regions. I find that at the national level, price-rent ratio
is negatively related to the homeownership rate. Since zip codes within a region
are expected to be similar, I find a positive relationship between price-rent ratio
and homeownership for the Midwest and the Northeast, and near-zero for the West
and the South. Similarly, the effect of price-income ratio on homeownership is very
different in magnitude for zip codes located in different regions.

While the first chapter focuses only on one cross-sectional analysis, the second
chapter uses a panel data for two time periods to analyse changes in the housing
market and homeownership behavior during and after the Great Recession. I use the
aggregate 5-year data from 2011 and 2016 ACS at the zip code level. My choice of
time periods is based on the developments of the housing bubble and the resulting
credit crisis. Home prices reached their peak in the second quarter of 2006 and did
not start recovering until the end of 2011. The first time period of 2007-2011 is the
bust phase in the housing market and the second period of 2012-2016 can be thought
of as the phase of initial recovery. I utilize the best model developed in the first
chapter to proceed with my analysis.

Assuming that the regional housing markets changed after the crisis of 2007-08,
I evaluate the econometric model for both time periods and test for joint equality
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of the coefficients using the Chow test. The Chow test rejects the null hypothesis of
no structural break or parameters shift at a high level of statistical significance. As
expected, I find that the relationship of homeownership to the variables included in
my model is indeed significantly different in the recovery period relative to the crisis
period. The housing crisis not only altered lending and banking practices but also
households’ behavior and attitude towards homeownership.

The idea of a return to more ’normal’ times is also analysed by testing for regional
differences in homeownership due to unobserved factors. More specifically, I create a
measure of collective variation and the reduction in this measure across time to build
a test statistic. I utilize the basic nonparametric bootstrap algorithm to generate
distribution of this custom test statistic and test for a significant difference of means
using a paired t-test. I find that included factors have a more homogeneous effect
on the homeownership rate across regions in the recovery period than in the crisis
period. In other words, the collective variation across regions and across zip codes
can be explained more by fundamentals in the recovery than in the bust.

Next, I focus on the response of homeownership rate in a zip code to the ratio of
median home value to median household income. The homeownership rate increased
during the housing boom through the mid-2000s, fueled by an extremely loose credit
environment and sustained home price appreciation. U.S. housing and mortgage
markets became stressed during 2007 and 2008 as a result of significant house price
declines and the weakening economy. Following the end of the Great Recession, new
rules and standards on lenders contributed to the constrained credit environment and
substantially inhibited lending even to the most creditworthy households. Consistent
with my hypothesis, I find that homeownership is more "tightly" associated with
relative affordability in the recovery period. This can be attributed to a dramatic
shift from lax lending standards to a much tighter credit regime.

This research improves upon the existing empirical studies in three main ways.
Firstly, existing studies are based on data from individual households or on aggregate
data at the county or the statistical area level. No investigation of the ownership
outcomes across regions and across time has used aggregate data for a large number
of zip codes. In contrast, my study uses aggregate data at the zip code level from
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approximately 90% of all zip codes covered by the ACS. This granularity of data also
accounts for heterogeneity across submarkets within the county or the statistical area.

Secondly, the issue of regional disparity has largely been discussed using data
from the cities or the metro areas and the rural areas have largely been left out.
Such datasets may oversample highly regulated cities and underrepresent the bulk of
American housing. My study uses the most comprehensive dataset with almost 40%
zip codes belonging to counties where more than half the population lives in rural
areas. Approximately 64% of zip codes in my dataset do not belong to a Metropolitan
Statistical Area (MSA) and at least 50% zip codes are completely rural.

Lastly, I create a custom metric and test statistic to confirm the change in the
housing market at the regional level. This serves as a way to isolate regional differ-
ences from zip code level data and focus on only collective inter-regional disparity
in homeownership rates that exists due to unobserved or excluded factors. This
research is a novel attempt to quantify the difference in homeownership rates, con-
ditional on the included variables. In the absence of any regional variation apart
from what can be accounted for demographic and market variables, this measure
should be statistically close to zero. This metric is then compared across the bust
and recovery periods to yield insights into the changes that occurred in the housing
market due to the Great Recession.

While the specific empirical results pertain only to the included zip code level
sample and time period of 2007-2016, the presence of this regional variation merits
a more general discussion. Both the coastal regions, West and Northeast, have the
lowest homeownership rates, highest median household incomes and highest median
home values. Much of this can be attributed to the various forms of supply side con-
straints in these regions. High-slope and coastal areas are severely land-constrained
by their topography, rendering housing supply relatively inelastic. Furthermore, the
extent of topographical constraints correlates positively and strongly with regulatory
barriers to development.

Land use regulations in the United States are widespread, largely under local
control, and may be a major factor accounting for why housing appears to be in
inelastic supply in many of the larger coastal markets. Zoning ordinances enacted
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by local governments greatly affect the costs, size and quantity of new single family
homes built. In areas with stricter regulations, building costs typically increase and
fewer homes are built, especially when compared with areas with fewer regulations.
As land use regulations stifle new supply, land prices and construction costs rise,
greatly reducing affordability and limiting homeownership. Housing supply factors
are relatively harder to quantify and incorporating these is beyond the scope of this
study. These supply side constraints are, however, likely to manifest in the observed
differential relationship between homeownership and housing prices variables.

The existing level differences in regional dummies may be due to other unob-
served factors that are likely to generate heterogeneous inter-regional association
with homeownership. For instance, average mortgage rates, household’s marginal
tax bracket and occupation profile may vary depending on the location. Spatial
patterns of subprime lending reveal a disproportionately large market share in low
income, low education and minority neighborhoods. Similarly, declines in house-
hold income observed during the Great Recession correlate to the type of jobs lost.
Composition of housing stock, cost of maintenance and depreciation and cultural
preferences towards homeownership are some of the other unobserved factors that
may either confound with observed determinants or have independent effects.

Summarizing, my research improves our understanding of variation in homeown-
ership rates across regions and over time. The four regions should be considered as
four distinct housing markets, and this has important policy implications. Addition-
ally, understanding the interaction between different regional housing markets may
improve forecasts of home values. My dissertation, though leaves many questions
unanswered, outlines a road map using publicly available data, provides baseline
econometric framework and test statistic for future work and identifies opportunities
for improvement.
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Chapter 1:
Cross-sectional Heterogeneity in U.S.

Homeownership Rates

Shikha Agarwal

Abstract

The issue of regional disparity in homeownership rates has largely been
discussed using data from the cities or the metro areas and the rural areas
have been left out of such studies. I use U.S. zip code level data to explain
differences in homeownership rates across Census regions. Specifically, do the
factors that explain intra-regional variation in homeownership rate have simi-
lar effects across regions? I find that age and education of household have the
same positive relationship with homeownership across all regions. Similarly,
homeownership is seen to be lower for non-family households and in densely
populated urban areas. I find that this relationship is also consistent across
regions. I also investigate, what is the differential impact of housing market
variables related to home value, rent and household income across different
regions? I find that the four regions can be considered as four separate housing
markets. The regression coefficient on price-rent ratio for the Midwest is more
than three times that for Northeast. Similarly, the ratio of median home value
to median household income price-income ratio which is an indicator of relative
affordability in a zip code has very different impact on homeownership depend-
ing on the regional location. South is the only region where price-income ratio
is associated positively with homeownership rate, which is inconsistent with
my hypothesis.
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1 Introduction

The rate of homeownership is traditionally interpreted as a major indicator of eco-
nomic welfare. Together, housing services and residential fixed investment spending
constitute the majority of housing related expenditure nationwide, and account for
more than 15% of GDP. Beyond improving overall economic conditions, homeown-
ership is beneficial to both individual households and society as a whole. Homeown-
ership is associated with a high level of wealth accumulation and economic freedom
(Turner and Luea (2009)). Homeowners also tend to be more satisfied with their
housing situation than tenants (Elsinga and Hoekstra (2005)). Several studies even
report a positive influence of homeownership on social cohesion and stability (Rossi
and Weber (1996), DiPasquale and Glaeser (1999), Dietz and Haurin (2003)). It
has been reported that, relative to renting, homeownership generates neighborhood
benefits related to property upkeep, public safety, school quality, and the like (Green
et al. (1997), Aaronson (2000)).

A significant part of the existing empirical research focuses either on microeco-
nomic decisions of owning versus renting, or on cross-country differences in home-
ownership rates (Proxenos (2002), Fisher and Jaffe (2003), Earley (2004), Gwin and
Ong (2008)). Homeownership rates differ vastly across Europe, ranging from over
80% in Spain and Ireland to around 40% in Germany and below 35% in Switzerland.
Within Germany itself, regional homeownership rates vary as much as 50 percentage
points. Within Switzerland, there exist large difference between the cantons.

There is, however, a surprising paucity of studies empirically analyzing differ-
ences in owner-occupation rates within countries. While cross-country homeown-
ership differences can be explained by national differences in history, institutions,
and macroeconomic conditions, these factors cannot explain why homeownership
rates vary across regions, given that regions in the same country share very similar
historical, institutional and macroeconomic arrangements. Analyzing the regional
variability of homeownership rates hence creates an opportunity to gain more insight
into the regional economic and socio-demographic factors affecting household tenure
choice.
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(a) Variation in Homeownership Rate across States

(b) Variation in Homeownership Rate across Counties

Figure 1: Cross-sectional Variation in U.S. Homeownership Rate

Source: https://geofred.stlouisfed.org/map
Note 1: Panel (a) displays annual average homeownership rate for states in contiguous U.S. in 2011.
The states of Alaska and Hawaii fall in the lowest homeownership rate category. States are divided
into five fractiles of homeownership rate, with each class consisting of 9-11 states. Values range
from 44.8% to 78.7%.
Note 2: Panel (b) displays 5-year estimate of homeownership rate for counties in contiguous U.S.
during the period 2007-2011. Counties are divided into eight fractiles of homeownership rate, with
each class consisting of 392-394 counties. Values range from 0.0% to 91.9%.3



Figures 1a and 1b show the extent of variation in homeownership rates across
states and across counties, respectively. A deeper color represents a higher homeown-
ership rate. At the state level, the average homeownership rate in 2011 ranges from
less than 65.4% to 78.7%. This variation gets even more striking at the county level.
Based on a 5-year estimate of homeownership rates during 2007-11, the range is from
less than 65.5% to 91.8%. Similarly, there is also a difference between metropolitan
and micropolitan areas, with non-metro areas generally having higher homeowner-
ship rates. Figures 1a and 1b indicate that we expect even more variation at a more
sub-aggregated level of geography like zip codes. A closer look at figure 1b also
brings out that most counties in the western part of the country fall in the bottom
two fractiles of distribution of homeownership rate. In general, areas within a region
are expected to be more similar than areas in another region (Lee and Myers (2003)).

I aim to investigate the factors that explain cross sectional variation in home-
ownership rate across zip codes and across regions. Specifically, do the factors that
explain intra-regional variation in homeownership rate have similar effects across
regions? By focusing on households that own both their principal residence and
additional real estate, Ioannides and Rosenthal (1994) confirm that the investment
and consumption demands for housing differ. Specifically, the investment demand
for housing is more sensitive to wealth and income than is the consumption demand
for housing, but consumption demand is more sensitive to demographic variables like
age, education, and family size.

I also investigate, what is the differential impact of housing market variables
related to home value, rent and household income across different regions? Painter
and Redfearn (2002) emphasize that regional disparities within the United States
underscore the role of local factors in influencing homeownership rate. The West
experienced a steady decline in ownership rates from 1967 through the early 1990s as
New England’s rate marched upwards. The Midwest and South regions experienced
extended stagnation in ownership rates, punctuated by infrequent but significant
changes. The note that all of this intra-regional variation occurred under generally
uniform interest rate and federal tax regimes.

I use the aggregate 5-year data from 2011 American Community Survey (ACS)
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at the zip code level. These contain ’period’ estimates of data collected over the
time period 2007-2011. My sample contains 29,851 zip codes consisting of both
urban and rural areas. Additionally, I assign the regional location to each zip code
based on U.S. Census codes. I use six explanatory variables, three dummy variables
and relevant interaction terms to explain variation in homeownership rates across
regions. The region can affect the homeownership rate of an area not only through
its unobserved locational effect but also through interaction with market variables.
Three dummy variables are used in a linear regression model with intercept to avoid
dummy variable trap with four regions. I choose ’West’ as the omitted category
since it has the lowest homeownership rate throughout my time period of interest,
2007-2011.

The results are mostly consistent with my hypotheses. I find that demographic
and density variables have the expected signs and high statistical significance. Based
on economic theory of housing tenure choice, there is no reason to expect differential
effect of these variables. However, I also find that each region is characterised by
different housing market conditions. Price-to-rent and price-to-income are two com-
monly considered housing market indicators. My results show that homeownership
responds very differently to these indicators across regions. The regression coefficient
of homeownership rate on price-rent ratio is positive and largest in magnitude for
the Midwest. I conclude by showing that my included variables indeed reduce the
differences between regions that can be owed to unobserved factors.

This paper improves upon the existing empirical studies in two main ways.
Firstly, existing studies are based on a data from individual households or on ag-
gregate data for only Metropolitan Statistical Areas (MSA). No investigation of the
ownership outcomes has used aggregate data for a large number of zip codes. My
study takes into account the heterogeneity across submarkets within MSAs, not just
across MSAs. Eilbott and Binkowski (1985) use aggregate MSA data from the 1970
Census to explain homeownership rates and find that over 56% of the variation can be
explained by the age distribution of the households. Coulson (2002) uses a standard
probit model of the individual homeownership decision where the micro-level obser-
vations are aggregated at the regional level to determine the causes of inter-regional

5



disparities. Secondly, the issue of regional disparity has largely been discussed using
data from the cities or the metro areas and the rural areas have been left out of
such studies. In fact, Glaeser and Gyourko (2002) point out that smaller datasets
which feature only large metropolitan areas may oversample highly regulated cities
and underrepresent the bulk of American housing.

The remainder of the paper is organized as follows. Section 2 reviews general lit-
erature and section 3 develops the specific hypotheses of interest. Section 4 describes
the data source and sample construction. Section 5 describes the econometric spec-
ifications and model selection. Section 6 presents the results and section 7 provides
concluding remarks.

2 Literature Review

The demand for housing services is determined by socioeconomic characteristics, such
as income (determined in part by skills), age, and household size, with which house-
holds are “endowed.” After the level of demand for housing services is determined, the
user cost of owning relative to renting (Goodman (1988); Henderson and Ioannides
(1983)) provides a framework to analyze tenure choice. According to Zhou (2013),
expectations influence people’s tenure decisions. If a person expects the value of a
house, the cost of renting, or his income to increase, he will be more likely to buy
a house, and vice versa. However, the impact of expectation is short-term because
people will change their expectations based on their information set about the hous-
ing market. For an example, a young household that prefers to buy a house in their
30s may delay entering owner-occupation for a few years because they expect price
to fall.

Preference, on the contrary, may change people’s decision in the long-run. A
young household that prefers to rent in their 30s may not buy a house until their
40s. People’s social or demographic characteristics may reflect their preference to-
wards owning or renting. These factors, include age, education, occupation, marital
status, race and immigration status, could change the way that people think about
the tenure decision. Thus, if young households in different time have different char-
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acteristics, or value these characteristics differently, their preference for tenure choice
may also change in the long-term. Many studies have focused on the factors that
reveal people’s expectations. These factors include the owning cost (such as down
payment, mortgage payment, interest rate, property tax, and maintenance cost) or
renting cost (mainly rent), housing (either owning or renting) cost relatively to in-
come, and potential capital gain from owning. By comparing the current level of
these factors to the previous level, people will form expectations about future, and
make tenure choice accordingly.

According to the 2007 Survey of Consumer Finances, the median renter is 39 years
old, while the median homeowner is older, 52. 40% of homeowners have a college
degree but only 25% of renters. Earnings for the median homeowner are about
twice as high as those for the median renter, $51,418 versus $24,887. Homeowners
are also wealthier: the median wealth-to-earnings ratio for homeowners is almost
4 but a meager 0.21 for renters. Finally, homeowners hold a staggering 97.5% of
aggregate household wealth in the United States. Briefly, the median homeowner
tends to be more educated, has higher earnings and higher wealth, although on
average homeowners are older than renters.

The empirical literature also finds that wealth constraints are typically more im-
portant than income constraints when purchasing a home; see, for instance Linneman
et al. (1997) or Quercia et al. (2003). In a world with credit market imperfections,
one of the main benefits from homeownership is that it provides access to collateral-
ized credit. In reality, the available collateralized credit to borrowers is determined
by his/her income and wealth.

Since earnings increase along the life cycle, it should be the case that poorer and
younger households are liquidity constrained, their user cost is higher than the rental
price and they prefer renting to owning while they accumulate the down payment
needed to buy a house—the findings by Haurin et al. (1996), Linneman et al. (1997),
and Quercia et al. (2003) indicate that younger and poorer households are credit
constrained in the U.S. economy.

Another key feature of homeownership is that selling housing stock involves sub-
stantial transaction costs. This ex-post illiquidity of owner-occupied housing is the
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source of most costs to homeownership. In the absence of transaction costs, buying
and selling housing stock is not different from buying and selling financial assets.
Buying and selling costs affect homeownership in different ways. Higher buying
costs delay homeownership over the life cycle since it amounts to a higher down pay-
ment. Selling costs discourage young households from becoming owners since they
face higher income uncertainty and move more frequently than older households.
Selling costs also lower the frequency at which homeowners upgrade or downgrade
their houses, as shown by Dıaz and Luengo-Prado (2010). Bajari, Chan, Krueger,
and Miller (2010) estimate that, due to substantial transaction costs, most home-
owners do not reduce their housing consumption in the short run after a fall in house
prices and income, they rather reduce their non housing consumption and deplete
their savings. That is, an ex-ante welfare increasing policy may have ex-post welfare
decreasing consequences.

The literature on the impact of homeownership on the economic and social be-
haviors, as well as outcomes (including that of offspring) is extensive, and Dietz
and Haurin (2003) provide a review of the micro-level evidence. In general, home-
ownership is associated to good outcomes (higher success in the labor market, higher
education achievement for children, better neighborhood, etc.) but Dietz and Haurin
(2003) cast some doubt on some of these results as the standard methodology failed
to control for unobserved differences between owners and renters in several cases.
The events of recent years, a period of easy credit followed by a downturn coupled
with house-price declines, have highlighted some of the dangers of over investing in
housing and its broader consequences for the economy.

3 Hypothesis Development

There exists variation in the observed homeownership rates across regions, and many
factors affect the propensity to own for an individual. My objective is to investigate
factors that contribute to cross-sectional variation in homeownership at the zip code
level, with special emphasis on the regional location of the zip code.
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3.1 Effect of demographic variables

Age of household head. Age of the household head is typically included in
many studies related to tenure choice and homeownership (Gillingham and Hage-
mann (1983), King (1980), Goodman (1988), Mayo (1981), Lee and Myers (2003),
Pickvance (1974) among others). Previous tenure studies have shown that older
households are more likely to be homeowners (Eilbott and Binkowski (1985) , Coul-
son (2002)). To some extent this may reflect the fact that age is a proxy for wealth,
and wealthy households are more likely to own homes (Rosen et al. (2017)).

Goodman and Mayer (2018) find that homeownership rate is the lowest for house-
hold heads aged 35 years or lesser, increases with age and peaks during retirement
after the age of 65. Older people have more working experience and therefore, higher,
and more stable income compared to young people (Güriş et al. (2011)). With the
expectation of higher wealth of older household head, just like his income, a positive
relation is expected between the probability of homeownership and wealth. An older
household head has likely accumulated the necessary wealth to overcome downpay-
ment constraint on buying a home (Bourassa (1995)).

Eilbott and Binkowski (1985) show that MSAs with younger populations have
lower homeownership rates. Specifically, they find that the percentage of population
under 35 has a significantly negative effect on the MSA homeownership. This is also
likely due to preference for more inter-regional mobility that comes with renting.
Goodman and Mayer (2018) note that areas with high homeownership rates have
witnessed lower labor mobility, longer commute times, and lower rates of business
formation. Similarly, Lerbs and Oberst (2014) show that higher proportions of young
adults is negatively associated with homeownership due to high expected mobility
rates (e.g., changing workplaces).
H1a: Zip codes with a higher proportion of relatively younger households have lower
homeownership rates.

Type of household. Household type is an important determinant of homeown-
ership (Struyk and Marshall (1974), Gillingham and Hagemann (1983)). A household
is composed of one or more people who occupy a housing unit. Non-family house-
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holds consist of people who live alone or who share their residence with unrelated
individuals.

Goodman and Mayer (2018) and Coulson (2002) find that married couples are
much more apt to be homeowners than either those living alone or single householders
living with other relatives. Buying a house is the biggest financial decision for a
household. Individuals are more comfortable in committing to a mortgage with
a spouse than individually or with an unrelated person. Rosen et al. (2017) also
find that older, more established married families are more readily able to sustain
homeownership. Couples combining their wealth and income would make it easier
to own a house compared to singles.

Lee and Myers (2003) argue that since non-family households are mainly com-
posed of single persons or singles with friends, there is no reason to own a home. In
fact, they are least likely to own a home among all household types. Larger house-
holds, and particularly families with minors, tend to favor owning over renting due
the demand for more living space (e.g., gardens) or a higher demand for housing
autonomy (Lerbs and Oberst (2014)). Married couples also prefer more settled life
compared to singles (Güriş et al. (2011)). As a result, I expect the following hypoth-
esis to hold true,
H1b: Zip codes with a higher proportion of non-family households have lower home-
ownership rates.

Education level of household head. Education is usually seen to be represen-
tative of the lifetime earnings of an individual. The literature indicates a strong as-
sociation between education and homeownership. Researchers (Painter et al. (2001);
Gyourko and Linneman (1996)) note that education may proxy for permanent in-
come, or it could be an indicator for parental resources. Educational attainment
is typically positive and significant in models estimating homeownership likelihood
(e.g., Coulson (1999); Gyourko and Linneman (1996)). Painter et al. (2001) find that
receiving a four year college degree is associated with a 4.1 percentage point higher
probability of homeownership among movers. Similarly, Hilber and Liu (2008) find
that high school and college completion exhibit a positive impact on homeownership.

Education generally increases both job opportunities and income. In general,
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increased earnings potential from additional education makes saving for a down pay-
ment, qualifying for a mortgage and affording monthly mortgage payments easier
(Rosen et al. (2017)). In fact, compared with not having a high school diploma,
a bachelor’s degree increased homeownership by 17.5 percentage points for young
adults as of 2013, according to a study by Fannie Mae (Myers et al. (2016)). A
well-established relationship exists in the housing literature between homeownership
and household income and wealth (e.g., Haurin et al. (1995)). Because not all data
sources record household wealth, significant attention has focused on down pay-
ment constraints (Linneman et al. (1997) among others) that presumably proxy for
household wealth and other credit constraints. This literature has drawn consistent
conclusions that permanent income is positively related to homeownership and that
down payment constraints, either in the form of a lack of assets or in terms of other
credit constraints, reduce homeownership.

Education may advance the chances for homeownership in a variety of other
ways. Education may have independent effects as a proxy for financial skills, such as
knowledge of credit markets, which would increase the chances for homeownership.
Grant (2007) shows that income profiles are steeper for better educated households,
and hence these households should be more optimistic about their future income.
Education may be correlated with factors such as job security and wealth, both of
which increase an applicant’s ability to obtain a mortgage. Holmes and Horvitz
(1994) find that the percentage of adult residents who have at least one year of
formal education after high school has a positive and highly significant relationship
with conventional mortgages granted. Lusardi (2003) finds that households whose
head has a high education have higher savings. Moreover, many households, with
low education, have little wealth until late in their life-cycle or start saving very late,
making it difficult to do much accumulating (Lusardi (2008)).

According to Birkenmaier and Tyuse (2006), households with less education of-
ten have weaker financial education than those with higher education. Collins (2009)
finds that mortgage loan applicants with higher rates of college completion are less
likely to submit incomplete applications, to withdraw applications before they are
reviewed by the lender, and to reject lender-approved loan offers. To the extent
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education is correlated with financial capability, these findings suggest loan appli-
cants with lower educational attainment lack financial literacy concerning refinance
mortgage application search strategies.

Higher levels of education also facilitate better comprehension of loan options
and the solicitation of more options. Hullgren and Söderberg (2013) show that a
lower level of education, lower income, lower financial literacy, and trouble handling
interest rate influences Swedish consumers to opt for Adjustable-Rate Mortgages
(ARMs) which are relatively risky compared to fixed-rate mortgages. Crosby and
Taylor (1981) emphasize that better educates and high income consumers have better
ability to process information to make a decision and are more adept at computations.
Prior studies indicate strong associations among income, education, and performance
across a variety of financial capability measures (Hilgert et al. (2003); Lusardi and
Mitchelli (2007)).

Additionally, it is likely that higher degrees do equate with higher credit scores
(Priceonomics (2017)) due to better decision-making skills (Bernheim et al. (2001)).
Using data from the Survey of Consumer Finances (SCF), Ionescu and Simpson
(2010) find that people with better credit are more likely to have a bachelor’s degree
than people with worse credit. By this reasoning, areas with a higher percentage
of household-heads holding a bachelors or higher degree would observe a higher
homeownership rate due to easier access to mortgage credit. This leads to the next
hypothesis,
H1c: Zip codes with a higher proportion of household heads with at least a bachelors’
degree have higher homeownership rates.

3.2 Effect of density

The housing industry generally defines multifamily housing as structures with five or
more housing units. Housing units in multifamily structures are typically character-
ized by lesser dwelling area and higher density. While apartments are found both in
cities and in the suburbs that surround those cities, they are traditionally associated
with urban living. Lerbs and Oberst (2014) argue that urbanized areas are typically
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characterized by high proportions of multifamily dwellings in the housing stock, in-
creased levels of land scarcity, and high ownership operating expenses, all of which
should impede homeownership.

Multifamily housing structures are also more often associated with rental occu-
pants than owner occupants. Colton et al. (2001) note that multifamily housing
tends to be located closer to employment centers, public transportation and neigh-
borhood services. Lack of maintenance, ease of relocation, and convenience in terms
of location and transportation are some of the factors which encourage households
to occupy rental multifamily housing. Rosen et al. (2017) also point out that renting
is more common and buying is less affordable in urban neighborhoods compared to
suburban locations.

Coulson (2002) shows that market-based characteristics like price, density, and
central city location are most important in explaining regional differences in home-
ownership. According to Halket et al. (2015), homeownership is correlated with
housing structure in England. They suggest that large, detached, expensive, subur-
ban houses are more likely to be owned while smaller, cheaper apartments in urban
centers are less likely to be owned. Amior and Halket (2014) also observe that there
is striking difference in the homeownership rates of single versus multifamily hous-
ing units throughout the U.S. Glaeser and Shapiro (2003) find in their calculations
based on The 1998 Survey of Consumer Finances, that 85.5% of people living in
single family detached homes are owners, and 85.9% of people living in multifamily
units are renters.

Based on this, the proportion of multifamily housing structures in a zip code
can proxy for the relative population density or central city location of that zip
code. Eilbott and Binkowski (1985) show that heavy concentration of units located
in multifamily dwellings in an area might restrain homeownership. High levels of
population density may, therefore, be associated with lower ownership rates. I predict
the following hypothesis to hold true,
H2: Zip codes with a relatively higher proportion of multifamily housing structures
have lower homeownership rates.
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3.3 Effect of housing market variables

Regional housing prices react uniformly to certain national economic factors, such
as mortgage rates. On the other hand, local factors such as population shifts, em-
ployment and income trends often have unique impact on housing prices. Reichert
(1990) rejects the hypothesis of a single national housing market in favor of one that
allows for broad national trends to be superimposed upon unique regional markets.
His study finds that during the period 1975-1987, housing prices in the Northeast
appear to be most sensitive to changes in construction costs while those in the West
were most sensitive to permanent income.

Baffoe-Bonnie (1998) finds that economic variables have a different impact on the
dynamic behavior of housing prices and the number of houses sold in different regions
at different time periods. The results of this study suggest that housing prices and
houses sold do respond to economic fundamentals. These economic conditions may
vary from one region to another. Differences in structural conditions in the various
regions may account for regional differences in houses sold and housing prices (for
example, supply elasticities are relatively low on the West and East coasts but high
in the South and Southwest parts of the United States). Glaeser (2007) points that
the expensive places in the U.S. have low development and the places in the U.S.
with abundant development have low prices. This indicates differences in housing
supply across regions due to land use regulations, construction costs or land density.
Gyourko and Saiz (2006) estimate that one-fifth of the variation in housing prices
across space can be attributed to differences in the cost of building homes.

Glaeser (2007) also notes that a positive correlation between housing values and
median household incomes across MSAs could imply causation in either direction.
It might mean that some places are intrinsically more productive than others and
therefore have high wages which then cause high prices. Alternatively, it might
mean that some places are intrinsically more expensive than others and those high
prices then ensure the need to pay high wages. Ortalo-Magné and Prat (2014)
investigate mechanisms that generate urban growth restrictions that are critical to
housing market dynamics. They hypothesise that new housing construction in an
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area implies an immediate drop in the price of housing and reduces the future housing
rents. Based on this, I expect the following hypothesis to hold true,
H3: After controlling for regional fixed effects, the conditional effects of housing
market variables are different for zip codes located in different regions.

Price-Rent Ratio. The relationship between house price and rent is an impor-
tant concept in the analysis of housing markets. The price-rent ratio in the housing
market is like the price-to-earnings ratio for stocks (Leamer (2002), Himmelberg
et al. (2005)). This metric is intended to reflect the relative cost of owning versus
renting. Goswami et al. (2014) treat housing as an asset that entitles the owner to a
series of future rent cash flows. Price-rent ratios offer important housing market in-
sights. Variations across time and space in price-rent ratios can provide information
about local real estate markets, including future market expectations and speculative
market behavior.

Current price-rent ratio reflects households’ expectations about future rent growth
and future housing prices (Kishor and Morley (2015)). An upward surprise in the
price–rent ratio today must correspond to news that future housing returns will be
higher or to a downward revision in expected rent growth. Peng and Yang (2015)
derive the minimum price-rent ratio below which a household will find buying more
attractive than renting. As a result, if the current market price-rent ratio is above
this equilibrium, the household will self-select to be renter. A high price-rent ra-
tio implies that either housing prices are expected to fall or rents are expected to
rise. Both of these market movements will motivate households to reduce current
ownership.

This effect can be termed as the long-run steady-state effect. Homeownership is a
long-term decision based as much upon anticipated future needs as on present needs.
A household who plans to remain in its home over a long period is more likely to
own; a household who plans to remain in its home over a short period is more likely
to rent. Different housing markets have different equilibrium or steady-state value
of price-rent ratio. If there is any deviation from this long-run equilibrium value,
the price-rent ratio should self-correct. Gelain and Lansing (2014) demonstrate that
an upward shift in households’ preference for housing raises the mean price–rent
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ratio and lowers the average realized return on housing. Since homeownership rate is
the cumulative result of households’ house price expectations in the future, a higher
price-rent ratio in an area is expected to lead to a lower aggregate homeownership
rate in that area. A unified national housing market would indicate a common
steady state of price-rent ratio and hence, zip codes with a lower value having a
higher homeownership rate.

This paper focuses on variation across space and the impact of price-rent ratio
on homeownership. Himmelberg et al. (2005) argue that differences in appreciation
rates and local taxes explain disparities in price-rent ratios across markets and find
that prices-rent ratios remain fairly consistent over time. Begley et al. (2019) also
show that the price-rent ratio moves similarly across all property types, but varies
significantly by geography. Himmelberg et al. (2005) assert that one cannot draw
conclusions about house prices by comparing cities: price-to-income and price-to-rent
ratios that would be considered “high” for one city may be typical for another.

Focusing specifically on spatial variation in price-rent ratios, Capozza and Seguin
(1996) find that price-rent ratios are predictive of future price appreciation within
metropolitan areas. Sinai and Souleles (2005) find statistical evidence using data
from 44 metropolitan areas that the cities with the highest price-to-rent ratios also
have the highest expected growth rates of prices and rents. Later work by Gallin
(2008) also confirms that price-rent ratios are predictive of future prices. Thus, higher
price-rent ratio in an area directly leads to higher homeownership due to households’
expectations of higher future growth rate.

This can be called a short-term effect within region. Prices within a region are
more likely to be correlated compared to housing prices across the country. Ortalo-
Magné and Rady (2002) predict that all else being equal, the advantage of ownership
increases with the covariance of the prices of the different properties that a house-
hold may consider for present and future housing consumption. To the extent that
households prefer to stay in one region due to reasons like employment prospects and
community ties, small differences in costs of renting and owning may lead to none
or positive effects on homeownership within a region (Pickvance (1974)).

There is another channel through which price to rent ratio can be expected to
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positively correlate to homeownership. Cronin and McQuinn (2016) examine the
implications of macroprudential policy and, in particular, loan-to-value (LTV) limits
on the house price to rent ratio. They find that a policy, which lowers the effective
LTV ratio will lead to a permanent decline in the house price to rent ratio. Higher
LTV ratios in an area lead to higher homeownership by relaxing households’ down-
payment constraint. Lamont and Stein (1997) empirically show in cities where LTV
ratios are higher, price-rent ratios are also higher.

Jurgilas and Lansing (2012) develop a theoretical model where easier lending
standards and lower mortgage transaction costs contribute to a substantial rise in
house prices relative to rents by reducing households’ perception of economic risk.
Lower risk perception induces households to accept a lower rate of return on the
purchase of risky assets such as houses. A lower expected return leads to an increase
in the area’s fundamental price-rent ratio.

Sinai and Souleles (2005) emphasize the role of homeownership as a hedge against
fluctuations in rents. They find that rent risk (volatility of rent growth) leads to
higher housing prices relative to rents. However, the relationship between house
price and rent varies across zip codes due to the composition of housing structures.
As Hattapoglu and Hoxha (2014) indicate that failing to control for different types
of houses poses a problem. Previous research has provided ambiguous results which
may have been caused by comparing prices of single family houses with rents, where
the latter is dominated by apartments.

Thus, I investigate the following hypothesis,
H3a: Zip codes with a higher ratio of median home value to median rent have
lower homeownership rates, conditional on everything else. However, a non-negative
relationship between homeownership rate and price-rent ratio is to be expected when
regional differences are taken into account. If each region can be considered a different
housing market, they are also expected to have different equilibrium price-rent ratio.

Price-Income Ratio. Price-to-income ratio is another key measure used to
assess whether housing prices are “too high” (Himmelberg et al. (2005)). Unlike the
price-to-rent ratio, which measures the relative cost of owning and renting, the price-
to-income ratio provides a measure of local housing costs relative to the local ability
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to pay. Nissan and Payne (2013) find that regional housing markets may be driven
by local demand and supply factors, and that the response of regional housing prices
to business cycle fluctuations may be asymmetric across regions.

Income (current and expected lifetime) directly impacts on a household’s ability
to purchase and make housing payments. Households with insufficient wealth or
income (relative to their preferred housing consumption and local house prices) are
unable to become homeowners due to constrained access to mortgages (Acolin et al.
(2016)). Adelino et al. (2018) find that higher income households perceive housing
as significantly safer than low-income individuals, perhaps because they find it easier
to navigate the risks of the housing market.

The most widely used and cited indicator of homeownership affordability is the
median house price to median income ratio, due to its simplicity and ease of under-
standing (Phang (2009)). However, this ratio fails to incorporate many factors that
affect the affordability of housing. The main factor not directly considered by this
ratio is the prevailing interest rate. Since the majority of house purchases involve a
loan, the interest rate is an important influence on people’s ability to pay. Assuming
that interest rates are the same for all regions in a country, the difference lies in
house prices and incomes. Demand for housing is a function of many factors, but
mainly the desirability of each location (Robinson et al. (2006)). Based on this, I
investigate the following hypothesis,
H3b: Zip codes with a higher ratio of median home value to median household in-
come have lower homeownership rates. Moreover, the regression coefficient of home-
ownership on price-income ratio is expected to be different across regions.

4 Data

4.1 Census Regions

The U.S. Census Bureau has defined a system of state groupings called ’regions’
(appendix B) based on contiguous counties with the primary purpose of classifi-
cation for objective statistical analysis. Regions combine all the nation’s counties
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and statistically equivalent entities into a more concise set of general-purpose areas.
The four U.S. regions have very distinct geographical, climatic, demographic, and
economic characteristics and hence, characteristically different housing markets. So-
cioeconomic heterogeneity was the principal criterion for grouping states into regions.

Table 1 presents the descriptive statistics for demographic and economic variables
that affect homeownership outcomes in an area. West and Northeast regions have a
higher proportion of multifamily housing structures, higher proportion of more edu-
cated household-heads, higher rents and home values, and higher incomes compared
to Midwest and South. While these may imply similarities between West and North-
east, they are very different on the age-profile of household heads. West has the
highest proportion of relatively younger households and Northeast has the highest
proportion of older households.

As a result of these socio-demographic and economic differences, there is variation
in the homeownership rate across regions. Figure 2 shows the quarterly homeowner-
ship rates for nationwide and the four regions for 1990:Q1 - 2017:Q1 from the Federal
Reserve Economic Data. For the time period 2007-2011, West had the lowest home-
ownership rate (61.28%) and Midwest had the highest (70.32%). Midwest and South
regions have always had higher homeownership rates than the other regions and
higher than the national average. During this period, homeownership reached its
peak in 2005:Q1 and has been declining since then, the decline being most steep in
the West.

4.2 Sample Data

The U.S. Census Bureau reports the median housing prices and other characteristics
as part of the Housing Vacancy Survey (HVS), Current Population Survey (CPS)
and the American Community Survey (ACS). While Census data has the broadest
coverage, it reports only median prices for owner occupied homes. For this study,
I use the aggregate 5-year data from the 2011 American Community Survey (ACS)
at the zip code level. These contain ’period’ estimates for data collected over the
time period 2007-2011. The primary advantage of using multiyear estimates is the
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Table 1: Region Descriptive Statistics, ACS 2007-2011

Variable U.S. West Midwest NortheastSouth
Homeownership Rate (%) 66.13 61.28 70.32 63.56 67.74

Household-heads aged less
than 35 years (%) 20.40 21.50 20.70 17.40 20.70

Household-heads aged 65
years and over (%) 21.50 20.00 21.90 22.80 21.30

Median household income
($ ’000) 52.8 57.4 51.1 59.0 48.8

Median home value ($ ’000) 186.2 296.6 150.3 261.1 154.0

Median gross rent ($) 871 1,034 734 972 817

Non-family households (%) 33.30 32.70 34.30 34.50 32.50

Housing structures with
more than five units (%) 17.62 19.70 14.80 21.30 16.30

Household-heads with
Bachelors’ degree or higher
(%)

25.72 26.73 24.57 29.88 23.73

Source: 2007-11 American Community Survey, U.S. Census Bureau
Note 1: Numbers represent officially reported aggregate estimates for the U.S. and each region.
Note 2: The 2011 ACS sampled approximately 3.3 million housing unit addresses.
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Table 2: Sample Descriptive Statistics

Variable U.S. West Midwest Northeast South
HOR(%) 74.40 67.96 78.18 75.27 73.38

(17.38) (19.49) (14.44) (18.59) (17.03)

hhUnder35yrs(%) 16.45 17.26 16.84 14.32 16.97
(10.80) (12.42) (9.73) (9.91) (11.30)

hhOver65yrs(%) 24.91 23.45 25.67 24.87 24.95
(12.01) (13.90) (10.76) (11.29) (12.51)

priceRentRatio 18.75 25.87 16.05 21.52 15.82
(11.89) (18.36) (7.31) (11.32) (9.26)

priceIncomeRatio 3.45 5.43 2.47 3.93 3.08
(4.35) (7.07) (1.59) (2.59) (4.88)

propNonFamily(%) 31.07 31.80 30.70 31.69 30.66
(13.25) (15.77) (11.71) (13.00) (13.37)

moreThan5Units(%) 7.62 9.74 5.75 9.30 7.36
(13.74) (15.66) (10.58) (15.96) (13.74)

bachelors(%) 20.35 22.96 17.57 29.08 18.12
(14.86) (16.40) (11.80) (16.85) (14.20)

Source: 2007-11 American Community Survey, U.S. Census Bureau
Note 1: Sample consists of 29,851 5-digit zip codes. Of these, 5899, 9894, 8865, 5193
observations belong to the Northeast, Midwest, South and West regions, respectively.
Note 2: Numbers represent the mean values for each variable. Mean values for U.S. are
computed over the entire sample. Numbers in parentheses represent standard deviations.
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Figure 2: Homeownership Rate for the U.S. and Regions , 1990 - 2017

Source: https://fred.stlouisfed.org/

increased statistical reliability of the data for less populated areas and small popu-
lation subgroups. ACS 5-year estimates were first released for the period 2005-2009.
The 5-year ACS is unique in its ability to produce estimates on 35 housing variables
amongst other key characteristics at extremely low geographic levels.

The unit of observation in this study is a Census-developed proxy for zip codes:
Zip Code Tabulation Areas (ZCTAs). "ZCTAs are generalized area representations
of U.S. Postal Service (USPS) zip code service areas. Simply put, each one is built
by aggregating the Census 2000 blocks, whose addresses use a given zip code, into
a ZCTA which gets that zip code assigned as its ZCTA code. They represent the
majority USPS five-digit zip code found in a given area. For those areas where it is
difficult to determine the prevailing five-digit zip Code, the higher-level three-digit
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zip code is used for the ZCTA code."1

I selected ZCTAs that carry the full five digit zip code and assigned region mem-
bership to these using the state Federal Information Processing Standards (FIPS)
codes. Following the U.S. Census Bureau data documentation, I exclude ZCTAs
that either had no sample observations or too few sample observations to compute
an estimate. Additionally, if the median in a ZCTA falls in the lowest interval of the
distribution, the monthly rent for that ZCTA has been winsorized at $100 and the
home value has been winsorized at $10,000. Similarly, if the median in a ZCTA falls
in the uppermost interval of the distribution, the monthly rent for that ZCTA has
been winsorized at $2000 and the home value has been winsorized at $1,000,000.

Of the total of 29851 observations, 5899, 9894, 8865, 5193 observations belong
to the Northeast, Midwest, South and West regions, respectively. These comprise
of both urban and rural zip codes. Table 2 reports the mean values of all explana-
tory factors for the U.S. and the four regions. Looking at simple averages of the
observations, West has the lowest homeownership rate followed by South, Northeast
and Midwest. West also has the highest proportion of relatively younger households,
the highest price-rent ratio, highest price-income ratio and highest proportion of
multifamily housing structures on average.

The U.S. Census Bureau collects information on these variables at the household
level and aggregates those over different geographies. Such estimates are reported
in 1 for the U.S. and four region. These must not be confused with the aggregate
estimates from Table 2, which are in contrast with these. In this study, I use the
aggregates reported at the zip code level and use the simple average of all those
belonging to the same region, solely for the purpose of discussion.

5 Econometric Model

I use demographic and household characteristics for each ZCTA and three dummy
variables to explain variation in homeownership rates across regions. Three dummy

1https://www.census.gov/programs-surveys/geography/guidance/geo-areas/zctas.
html
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variables are used in a linear regression model with intercept to avoid dummy variable
trap with four regions. I choose ’West’ as the omitted category since it has the lowest
homeownership rate throughout my time period of interest, 2007-2011 (Table 1).

The dependent variable is the percentage of occupied housing units that were
owner occupied in the period 2007-2011 in each of the ZCTAs. The independent
variables are:

x1 - hhUnder35yrs. This represents the percentage of household heads in a ZCTA
that are younger than 35 years of age.

x2 - hhOver65yrs. This represents the percentage of household heads aged 65 years
or more.

x3 - priceRentRatio. This variable is computed as the ratio of median home value
in a ZCTA to median annual rent.

x4 - priceIncRatio. This variable is computed as the ratio of median home value in
a ZCTA to median household income.

x5 - propNonFamily. This measures the percentage of non-family households in a
ZCTA.

x6 - moreThan5Units. This measures the percentage of housing structures with five
or more units.

x7 - bachelors. This is the percentage of household heads with a Bachelors’ degree
or higher.

d1, d2, d3 - Census regional location of the ZCTA, where
d1 = 1 if ZCTA is in Midwest, 0 otherwise.
d2 = 1 if ZCTA is in Northeast, 0 otherwise.
d3 = 1 if ZCTA is in South, 0 otherwise.
d1 = d2 = d3 = 0 if ZCTA is in West.
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I use the following regression model to explain variation in homeownership rates,

HORi = β0 + β1x1i + β2x2i + β3x3i + β4x4i + β5x5i + β6x6i + β7x7i

+ γ1d1i + γ2d2i + γ3d3i

+ β31x3id1i + β32x3id2i + β33x3id3i

+ β41x4id1i + β42x4id2i + β43x4id3i

(1)

where,
i is the identifier for a ZCTA,
βj is the slope coefficient for variable j for West, and
(βj + βjk) is the slope coefficient for variable j for,

Midwest if k = 1,
Northeast if k = 2,
South if k = 3.

γk is the slope coefficient for dummy variable k.
While this OLS model is useful as a reference, it has a few methodological draw-

backs. First, each unit of observation (ZCTA) represents a region located in space.
This makes spatial dependence between the observations a likely scenario due to
possible linkages. In the presence of spatial dependence, the OLS estimator is known
to be no longer the best linear unbiased estimator. A second potential source of
bias is the existence of unobserved regional characteristics that exert an influence on
regional homeownership rates. For instance, the share of owner-occupiers in a given
area may be affected by unobserved preferences for homeownership, e.g. regional
traditions. If any of the omitted factors correlate with the explanatory variables,
their influence may wrongly be attributed to the included covariates. Using cross-
sectional OLS - i.e., in the absence of a panel - it is not possible to control directly
for unobserved regional characteristics.

Next, I evaluate the following linear models,
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Model A:
HORi = γ0 + γ1d1i + γ2d2i + γ3d3i

Model B:

HORi = β0 + β1x1i + β2x2i + β3x3i + β4x4i + β5x5i + β6x6i + γ1d1i + γ2d2i + γ3d3i

Model A is a baseline model with the homeownership rates regressed only on the
regional dummy variables with West as the omitted category. Model B includes
all the covariates without any interaction terms so as to focus only on the regional
variation.

To quantify the variability into a single measure, I define the sum of squared
differences (SSD) as the sum of squares of pairwise differences between regression
coefficients on the dummy variables,

SSD =
2∑

i=0

3∑
j=i+1

(di − dj)2

where d0, d1, d2 and d3 indicate West, Midwest, Northeast and South respectively.
The reduction in SSD for Model B relative to SSD for Model A can be interpreted
as the regional variation that can be accounted for by my included explanatory
variables.

5.1 Model Selection

Based on economic theory and existing research, I identify seven demographic and
market variables that affect the homeownership rate in a ZCTA besides the regional
location of the ZCTA. I adopt a general-to-simple2, or backward step wise reduction
model to achieve a simpler specification and avoid overfitting, if any.

I run regressions on the full unrestricted model and also iteratively by dropping
one explanatory variable at a time. Next, I compare the explanatory power of each

2Greene (2003)
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Figure 3: Price-Income Ratio across Regions

Source: 2007-2011 American Community Survey
Note 1: The figure shows the relationship between price-income ratio and the homeownership rate
for each region. The relationship is always negative but the line of best fit also has different slopes
for different regions.
Note 2: Outliers for both price-income ratio and homeownership rate have been dropped for each
region. Specifically, only the following range of values are plotted in the figure,

West: priceIncRatio < 10.89 & HOR > 41.39
Midwest: priceIncRatio < 4.37 & HOR > 51.53
Northeast: priceIncRatio < 7.64 & HOR > 42.20
South: priceIncRatio < 5.94 & HOR > 40.09

Note 3: The following limits were used for range of values after dropping outliers,
(Q1 − 1.5 ∗ IQR, Q3 + 1.5 ∗ IQR)

where,
IQR = Q3 −Q1,
Q1 and Q3 are the first and third quantiles, respectively.
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of the reduced models to the unrestricted model. If the adjusted-R2 of a restricted
model obtained by dropping a variable falls by more than 3% compared to the unre-
stricted model, then I proceed with retaining that variable in my model. The choice
of 3% threshold is arbitrary.

Adjusted-R2 has been suggested as a measure of goodness of fit that appropriately
penalizes the loss of degrees of freedom that result from adding variables to the model.
Two alternative fit measures that are commonly considered in model selection are
the Akaike Information Criterion (AIC) and the Schwarz or Bayesian Information
Criterion (BIC). Both measures improve as adjusted-R2 increases, but, everything
else constant, degrade as the model size increases. Unlike adjusted-R2, a lower AIC
or BIC value indicates a better fit.

I follow this approach for two model specifications to ensure consistency. Table 3
reports the results of eight regression models starting from the unrestricted model in
the first column and then dropping one variable at a time. This specification includes
only the quantitative explanatory variables and omits any regional factor. Similarly,
Table 4 reports results for the second specification where regional dummy variables
as well as interaction terms with price-rent ratio are included in the models. Finally
from Table 5, I select the model with the highest adjusted-R2 and lowest AIC and
BIC. This specification includes additional terms for interaction between region and
price-income ratio but reports results only for the selected models for comparison.

Table 3 reports the results of eight regression models. Model 1 in the first column
includes all the variables. Based on the highest adjusted-R2 and the lowest AIC and
BIC, Model 1 has the best explanatory power. One variable is dropped at a time in
Model 2 – 8. The adjusted-R2 reduces most heavily from 64% to 51.8% (by 19.1% or
12.2 percentage points) by omitting the variable,moreThan5Units in Model 3. Simi-
larly, omission of bachelors, propNonFamily, priceRentRatio and hhUnder35years
also lead to substantial loss of explanatory power. In fact, hhOver65years and
priceIncRatio are the only variables which when dropped individually do not lead
to a decline in adjusted-R2 of more than 3%.

I repeat this exercise and report results in Table 4, except that I also include
locational variables. Due to the strong presence of regional variation in homeowner-
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ship rates, I don’t exclude the regional dummies from any of the candidate models in
Table 4. I find that the results align very well to those in Table 3. The adjusted-R2

reduces most heavily from 67% to 55% (by 17.8% or about 12 percentage points) by
omitting the variable,moreThan5Units in Model 3. Similarly, omission of bachelors,
propNonFamily, priceRentRatio and hhUnder35years also lead to substantial loss
of explanatory power. Once again, hhOver65years and priceIncRatio are the only
variables which when dropped individually do not lead to a decline in adjusted-R2

of more than 3%.
Above discussion indicates that conditional on other variables being included in

the model, at least one of hhOver65years and priceIncRatio may be dropped from
the final model specification. However, it is well established in the housing research
that the price-to-income ratio provides an adequate indicator of homeownership af-
fordability in regional housing markets (Lerbs and Oberst (2014)). While on the other
hand, it is likely that the presence of another age-related variable, hhUnder35yrs in
the regression equation suppresses the explanatory power of hhOver65years. These
two are also likely to be correlated. Hence, I conclude that it is reasonable to ex-
clude hhOver65years from the regression model and include all other explanatory
variables.

Surprisingly, omission of priceIncRatio decreases the explanatory power of the
unrestricted model only marginally (by 0.9% in Table 3 and by 0.3% in Table 4). It
turns out that priceIncRatio impacts the homeownership rate very differently across
different regions. Figure 3 shows the relationship between price-income ratio and the
homeownership rate for each region. The relationship is always negative but the line
of best fit also has different slopes for different regions. For instance for the Midwest,
homeownership rate stays around 80% for price-income ratio greater than 2. They
seem to be linearly inversely related when price-income ratio is less than 2. While
for Northeast and West, the relationship, though negative, is non-linear.

In order to account for the different nature of relationship between homeowner-
ship and price-income ratio across regions, I also include interaction of priceIncRatio
with regional dummy variables. Table 5 reports results for four regression specifi-
cations. All four models exclude hhOver65yrs from the equation. Model 1 from
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Table 5 is the same as Model 7 from Table 4. Model 2 also excludes priceIncRatio
in addition to hhOver65yrs. Consistent with earlier observation, the adjusted-R2

declines marginally from 66.77% to 66.59%. Model 3 omits the interaction terms for
priceRentRatio but includes those with priceIncRatio. Adjusted-R2 increases by
approximately 1 percentage points relative to Model 1.

Model 4 omits only hhOver65yrs and includes interaction terms with both
priceRentRatio and priceIncRatio. This model has the highest adjusted-R2 and
the lowest AIC and BIC, among all four models. priceIncRatio plays a key role
in explaining the cross-sectional variation in homeownership rates when regional
heterogeneity is accounted for by including interaction terms with regional dummy
variables. Therefore, I select the specification in Model 4 from Table 5 as the best
model for investigating my hypotheses.

6 Results

Results of the best econometric specification are reported in Model 4 in Table 5.
All the demographic variables i.e. hhUnder35yrs, propNonFamily and bachelors,
and moreThan5Units have the expected signs and high statistical significance. The
intercept x0 represents the mean conditional homeownership rate for the West re-
gion. All the dummy variables d1, d2, d3 and corresponding interaction terms are
interpreted relative to the West region since that is the omitted category.

A striking observation from Table 5 is the instability of the dummy variable
for the South across the four models. In Models 1 and 2 which do not include
the interaction terms priceIncRatio:region, the so dummy is equal to 2.3191 and
2.8599, respectively and is significant at 0.001 level of significance. However, it
is equal to only 0.6057 in magnitude and becomes less significant in Model 3. This
happens when the interaction terms priceRentRatio:region are dropped and the terms
priceIncRatio are added to the model. In the best model specification (Model 4),
where the priceRentRatio:region terms are also included, the so dummy becomes
statistically insignificant, i.e., not significantly different from zero.

This occurrence can perhaps be explained by the presence of relatively large intra-
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Table 5: Model Selection III

Variable Model 1 Model 2 Model 3 Model 4
x0 - intercept 87.0844*** 86.6057*** 89.1007*** 89.1880***
x1 - hhUnder35yrs -0.5123*** -0.5132*** -0.5304*** -0.5277***
x2 - hhOver65yrs — — — —
x3 - priceRentRatio -0.0662*** -0.0866*** 0.0357*** -0.0018
x4 - priceIncRatio -0.2380*** — -1.1274*** -1.0158***
x5 - propNonFamily -0.2496*** -0.2549*** -0.2531*** -0.2438***
x6 - moreThan5Units -0.5718*** -0.5843*** -0.5205*** -0.5183***
x7 - bachelors 0.2485*** 0.2515*** 0.2450*** 0.2421***
d1 - mw 4.1085*** 4.4764*** 5.6492*** 3.9933***
d2 - ne 5.4745*** 5.9042*** 5.7213*** 5.0079***
d3 - so 2.3191*** 2.8599*** -0.6057* 0.0133
x3d1 - priceRentRatio:mw 0.2090*** 0.2122*** — 0.2517***
x3d2 - priceRentRatio:ne -0.0654*** -0.0755*** — 0.0787***
x3d3 - priceRentRatio:so 0.0898*** 0.0745*** — -0.0327*
x4d1 - priceIncRatio:mw — — 0.2134* -0.7706***
x4d2 - priceIncRatio:ne — — -0.6150*** -0.8637***
x4d3 - priceIncRatio:so — — 1.1494*** 1.0741***
adj-R2 0.6677 0.6659 0.6781 0.6814
AIC 187164 187304 186335 186074
BIC 187279 187411 186450 186214

Note 1: The table shows the results of four regression models investigating the relationship
between various explanatory factors and homeownership rate in a ZCTA.
Note 2: Model 1 is the same as Model 7 from table 4.
Note 3: Significance codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1.
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regional heterogeneity in housing prices and greater dispersion in household incomes
across Southern cities. The South consists of 16 states and 1421 counties (out of
the total 3142 counties in the U.S. as of 2013). States with the largest (Texas with
50% drop) and the smallest (Oklahoma with 6% drop) decline in home prices during
2007-2011 co-exist in the South3. Additionally, the relative variability as measured
by coefficient of variation4 (CV) is also the highest in the South among all four
regions for both the median household income as well as the median house prices.
This also leads to the highest CV for price-income ratio in the South.

The net effects for each variable are reported in Table 6. Column 1 (βi) reports
regression coefficients and represents percentage point change in homeownership rate
by a 1 unit change in the right-hand side variable. Column 2 (σx) reports the
standard deviations of respective variables. Column 3, (β∗

i ) contains the standardized
coefficients. β∗

i represents the change in left-hand side variable in percentage points
when the value of ith variable increases by one standard deviation.

6.1 Analysis of Hypotheses 1

hhUnder35yrs is the proportion of householders aged 35 years or less in a ZCTA
and is representative of the proportion of relatively younger households in the area.
From Model 4 in Table 5, the coefficient on hhUnder35yrs is negative and statis-
tically significant at 0.001 level of significance. This is consistent with hypothesis
H1a. Conditional on other included variables, a 1 unit decrease in the proportion of
relatively younger households in a ZCTA is associated with an increase of 0.53 per-
centage points in the homeownership rate in the ZCTA. This conditional effect holds
irrespective of the regional location of the ZCTA. From Table 6, the standard devi-
ation of the distribution of hhUnder35yrs is 10.80. Hence, in standardized terms,
the effect of 1 standard deviation increase in the proportion of younger households
in a ZCTA is associated with an increase of approximately 5.7 percentage points in
the homeownership rate.

3https://www.corelogic.com/downloadable-docs/corelogic-peak-totrough-final-030118.
pdf

4Appendix C
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Table 6: Conditional Effects on HOR

(1) (2) (3)

Variable βi σi β∗
i

hhUnder35yrs -0.5277 10.80 -5.6992

priceRentRatio

West -0.0018 18.36 -0.0330
Midwest 0.2499 7.31 1.8268

Northeast 0.0769 11.32 0.8705
South -0.0345 9.26 -0.3195

priceIncRatio

West -1.0158 7.07 -7.1817
Midwest -1.7864 1.59 -2.8404

Northeast -1.8795 2.59 -4.8679
South 0.0583 4.88 0.2845

propNonFamily -0.2438 13.25 -3.2304
moreThan5Units -0.5183 13.74 -7.1214
bachelors 0.2421 22.68 5.4908

Note: The table shows the values of region-specific standardized and
unstandardized regression coefficients. βi represents percentage point
change in homeownership rate for a 1 unit change in the value of ith
variable. β∗

i represents percentage point change in homeownership rate
for a 1 standard deviation change in the value of ith variable. σi is the
standard deviation of ith variable.

β∗
i = βi ∗ σi
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propNonFamily is the proportion of non-family households in a ZCTA. Consis-
tent with hypothesis H1b, I expect the regression coefficient on this variable to be
negative and statistically significant. This can be seen from Model 4 in Table 5.
Conditional on all other included variables in the model, a 1 unit increase in the pro-
portion of non-family households in a ZCTA is associated with fall of 0.24 percentage
point in the homeownership rate of that ZCTA. A ZCTA, irrespective of its regional
location, which has a higher proportion of family households (married couples etc.)
will on average have a higher homeownership rate. From Table 6, propNonFamily
has a standard deviation of 13.25 in my sample which indicates that a 1 standard de-
viation increase in this variable is expected to result in a decrease in homeownership
rate, equal to 3.23 percentage points.

While both these demographic variables have a conditionally negative impact on
the homeownership rate, bachelors has a net positive effect. bachelors represents the
proportion of householders with at least a Bachelors’ degree. Results from Model 4
in Table 5 support the prediction from hypothesis H1c. All else equal, one percentage
point increase in the proportion of householders with a Bachelors’ degree or higher in
a ZCTA is associated with an increase of 0.24 percentage points in the homeownership
rate of the ZCTA. This regression coefficient is also highly significant at the 0.001 level
of significance. In standardized terms from Table 6, one standard deviation increase
in bachelors leads to more than 5 percentage point increase in homeownership rate,
conditional on all other included variables. Thus the data are consistent with the
predictions in hypotheses H1a, H1b and H1c.

6.2 Analysis of Hypothesis 2

I use the proportion of housing structures with more than five units as a proxy for
the density of the area. Existence of more multifamily structures indicates a higher
proportion of renting and hence a lower homeownership rate. From Model 4 in Table
5, the coefficient on moreThan5Units is negative and statistically significant at the
0.001 level of significance. Conditional on all other included variables, a one unit
increase in the proportion of multifamily structures in a ZCTA is associated with a
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decrease of approximately half a percentage point in the homeownership rate of the
ZCTA.

From Table 6, this is equivalent to more than 7 percentage points decrease in the
homeownership rate for every one standard deviation increase in the proportion of
multifamily structures. Thus, a ZCTA located in a central city is expected to have a
lower homeownership rate compared to a similar ZCTA located in a suburban area.
This confirms the prediction in hypothesis H2.

6.3 Analysis of Hypotheses 3

6.3.1 Price-rent Ratio and Homeownership Rate

Table 3 reports results of iterations to a basic model specification without including
any regional terms. The results show that regression coefficient for priceRentRatio
is negative and statistically significant at 0.001 level of significance. This represents
the marginal impact of priceRentRatio of a ZCTA on the homeownership rate, con-
ditional on all other variables. In Model 7, this is equal to -0.0672, i.e., for every one
unit increase in the price-rent ratio across ZCTAs, the homeownership rate is ex-
pected to decrease by 0.07 percentage points. This is consistent with the prediction
of H3a in accordance with the present-value approach to housing market.

This relationship changes when we consider the different nature of housing mar-
kets across regions. From Model 4 in Table 5, regression coefficient on priceRentRatio
represents the effect of price-rent ratio on homeownership for the West. This is equal
to -0.0018 and is not statistically different from zero. Since West is the reference cat-
egory, regression coefficients on variables x3d1, x3d2 and x3d3 indicate the marginal
impacts of price-rent ratio on homeownership rate for ZCTAs in Midwest, Northeast
and South, respectively.

The coefficient on priceRentRatio:mw is equal to 0.2517 and is statistically signif-
icant at 0.001 level of significance. Consistent with hypothesis H3a, this means that
assuming everything else is same across two ZCTAs including the regional location,
the ZCTA with a higher price-rent ratio is expected to have a higher homeownership
rate. This also implies that conditional on all other included variables, price-rent
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ratio has a larger impact on the homeownership rate of a ZCTA in the Midwest
relative to the West.

The Northeast also shows a similar result. Regression coefficient for priceRen-
tRatio:ne is 0.0787 and is also statistically significant at 0.001 level of significance.
The positive sign confirms the prediction of hypothesis H3a for the Northeast too.
However, the differential impact of regional location on the relationship between
price-rent ratio and homeownership rate in a ZCTA is statistically different and
stronger in the Midwest than in the Northeast.

The regression coefficient on priceRentRatio:so is -0.0327. This is the marginal
impact of price-rent ratio on the homeownership rate of a ZCTA in the South relative
to one in the West. The net regression coefficient is -0.0345 which is not statistically
significant. This is also not consistent with the prediction in hypothesis H3a. The
net effects of price-rent ratio on homeownership rate for different regions can be
seen from column 1 in Table 6. Conditional on everything else, if price-rent ratio
increases by 1 unit in a ZCTA, the homeownership rate is expected to increase by
0.25 percentage points if the ZCTA is in the Midwest and by 0.08 percentage points
if the ZCTA is in the Northeast. In standardized terms, this means that if price-rent
ratio increases by one standard deviation in a ZCTA, the homeownership rate is
expected to increase by 1.82 percentage points if the ZCTA is in the Midwest and
by 0.87 percentage points if the ZCTA is in the Northeast.

6.3.2 Price-income Ratio and Homeownership Rate

From Model 4 in Table 5, regression coefficient on priceIncRatio represents the effect
of price-income ratio on homeownership for the West. This is equal to -1.0158 and is
statistically significant at 0.001 level of significance. Since West is the reference cat-
egory, regression coefficients on variables x4d1, x4d2 and x4d3 indicate the marginal
impacts of price-income ratio on homeownership rate for ZCTAs in Midwest, North-
east and South, respectively.

The coefficient on priceIncRatio:mw is equal to -0.7706 and is statistically signif-
icant at 0.001 level of significance. Consistent with hypothesis H3b, this means that
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assuming everything else is same across two ZCTAs including the regional location,
the ZCTA with a higher price-income ratio is expected to have a lower homeownership
rate. This also implies that conditional on all other included variables, price-income
ratio has a larger impact in absolute terms on the homeownership rate of a ZCTA
in the Midwest relative to the West.

The Northeast also shows a similar result. Regression coefficient for priceIncRa-
tio:ne is -0.8637 and is also statistically significant at 0.001 level of significance. The
negative sign confirms the prediction of hypothesis H3b for the Northeast too. The
differential impact of regional location on the relationship between price-income ratio
and homeownership rate in a ZCTA is statistically different and stronger in absolute
terms in the Northeast than in the Midwest. The regression coefficient on priceIn-
cRatio:so (Model 4 in Table 5) is positive and statistically significant at 0.001 level of
significance. This is the marginal impact of price-income ratio on the homeownership
rate of a ZCTA in the South relative to one in the West.

The net effects of price-rent ratio on homeownership rate for different regions can
be seen from column 1 in Table 6. Conditional on everything else, if price-income
ratio increases by 1 unit in a ZCTA, the homeownership rate is expected to decrease
by 1.02 percentage points if the ZCTA is in the West, by 1.79 percentage points if
the ZCTA is in the Midwest and by 1.88 percentage points if the ZCTA is located in
the Northeast. On the other hand, for a ZCTA located in the South, 1 unit increase
in price-income ratio is associated with an increase of 0.06 percentage points in the
homeownership rate of that ZCTA.

6.3.3 Regional Variation

The regional variation in homeownership rates is accounted for by the insertion of
regional dummies into the regression equation. This is an estimate of the difference
in homeownership rates, conditional on covariates included in the model i.e. how
much of the regional variation is due to unobservables, and ideally this should be
zero. In Table 7, I utilize this reasoning to measure the extent of collective variation
that is explained by the included covariates. Model A is a baseline model with the
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Table 7: Measurement of Regional Variation

Variable Model A Model B
intercept 67.9606*** 86.2161***
hhUnder35yrs — -0.5086***
priceRentRatio — -0.0319***
priceIncRatio — -0.2464***
propNonFamily — -0.2529***
moreThan5Units — -0.5724***
bachelors — 0.2515***
mw 10.2171*** 7.7914***
ne 7.3113*** 4.2088***
so 5.4165*** 4.0782***
adj-R2 0.0410 0.6637
SSD 222.26 121.69

Note 1: *, **, and *** indicate significance at the 0.1,
0.01, and 0.001 levels respectively.
Note 2: Sum of Squared Differences (SSD) is defined
as the sum of squares of pairwise differences between
regression coefficients of the dummy variables,

SSD =

2∑
i=0

3∑
j=i+1

(di − dj)2

where d0, d1, d2 and d3 indicate West, Midwest, North-
east and South respectively. d0 = 0 and d1, d2, d3 are
the regression coefficients for mw, ne and so respec-
tively.
Note 3: For four regions, there are six distinct abso-
lute pairwise differences which are |d0 − d1|, |d0 − d2|,
|d0 − d3|, |d1 − d2|, |d1 − d3| and |d2 − d3|.
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homeownership rates regressed only on the regional dummy variables and West is
the omitted category. Model B includes all the covariates without any interaction
terms so as to focus only on the explained regional variation.

Comparing the magnitudes of dummy coefficients in the two models form Table 7,
for instance, the difference between West and Midwest reduces by over 3 percentage
points, and the difference between West and South falls by 1.3 percentage points.
In another case, the disparity between the size of Northeast and South coefficients
reduces from close to 2 percentage points to just about 0.13 percentage points.

To quantify the variability into a single measure, I define the Sum of Squared
Differences (SSD) as the sum of squares of pairwise differences between regression
coefficients on the dummy variables. The measure SSD reduces from 222.26 in
Model A to 121.69 in Model B. If the coefficients on a regional dummy measures the
differences among regions as a residual, it can be concluded that the set of included
explanatory variables in my specification can explain approximately 44.2% variation
in the homeownership rates across regions.

However, the residual component also captures the influence of important omitted
variables or factors that are internal to the market process and harder to measure,
but that are correlated with homeownership such as school district, crime rate and
cultural disposition towards homeownership. As Eilbott and Binkowski (1985) point
out, the decision to own rather than rent may be influenced by noneconomic factors.
Insofar as taste differences, for example, reflect regional differences within a country,
a desire for homeownership may be associated with living in, or growing up, in a
particular are of the country. Several studies have identified specific regional differ-
ences in housing tastes. For example, Krumm (1987) finds that during the period of
his study 1976-1979, the propensity toward homeownership is greatest in the rural
West and Central regions, and in the urban and rural South, and lowest for locations
throughout the Northeast.
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7 Conclusion

This paper investigates the factors that explain cross sectional variation in home-
ownership rate across zip codes and across regions. Specifically, do the factors that
explain intra-regional variation in homeownership rate have similar effects across re-
gions? I also investigate, what is the differential impact of housing market variables
related to home value, rent and household income across different regions?

The key contributions of this paper are threefold. Firstly, existing studies are
based on a data from individual households or on aggregate data for only Metropoli-
tan Statistical Areas (MSA). No investigation of the ownership outcomes has used
aggregate data for a large number of zip codes. Secondly, the issue of regional dis-
parity has largely been discussed using data from the cities or the metro areas and
the rural areas have been left out of such studies.

My study accounts for the heterogeneity across submarkets within metro areas,
micro areas and rural areas. I model the regional effect on homeownership rate
through two channels, the unobserved locational effect and the effect through inter-
action with observed market variables. I use a sample of 28,851 zip codes from the
aggregate 5-year data from 2011 ACS. I construct six key demographic and economic
variables for each zip code from the ACS data and assign the regional membership
to each of these.

Conditional on other included variables, a one percentage point increase in the
proportion of relatively younger households and non-family households is associated
with the same decrease in homeownership rate across all four regions. Similarly,
a percentage point increase in the proportion of householders holding a Bachelors’
degree or higher in a zip code is associated with an increase of 0.24 percentage points
in the homeownership rate of that zip code.

Demographic variables influence the consumption demand for housing which is
expected to be driven in the same way irrespective of the location. Nonetheless, a
proxy for local density is included in the model to account for specific urban loca-
tions more heavily concentrated with multifamily housing structures. All else equal,
one percentage point increase in the proportion of multifamily housing structures is

42



seen to be associated with a decline in homeownership by half a percentage point.
Additionally, there are key housing market economic variables that influence the
homeownership rate in an area.

I show that the four regions can be considered as four separate housing markets. I
rely on the use of interaction terms between the market variables and regional dummy
variables to establish this result. High statistical significance confirms my hypotheses.
The regression coefficient on price-rent ratio for the Midwest is more than three times
that for Northeast. This indicates that one percentage point increase in price-rent
ratio in a zip code leads to only 0.08 percentage point increase in homeownership if
the zip code is in the Northeast but to 0.25 percentage points increase if the zip code
is in the Midwest.

Similarly, the price-income ratio, which is an indicator of relative affordability in
a zip code has very different impact on homeownership depending on the regional
location. South is the only region where price-income ratio is associated positively
with homeownership rate, which is inconsistent with my hypothesis. However, the
small magnitude (0.06 percentage points) may be indicative of homeownership be-
coming agnostic to home prices or income due to easier access to credit (Rosen et al.
(2017)).

Results indicate that factors that are commonly associated with housing demand
like household demographic profile and density are associated similarly with the
aggregate homeownership rate in a zip code irrespective of the regional location of
the zip code. However, variables related to housing prices have different effects on the
homeownership rate within and across regions. While the specific empirical results
pertain only to the unique time period of 2007-2011 and the sample data at the zip
code level, the presence of these differences merit a more general discussion.

Region descriptive statistics (Table 1) report that both the coastal regions, West
and Northeast, have the lowest homeownership rates, highest median household in-
comes and highest median home values. Much of this can be attributed to the
various forms of supply side constraints in these regions. High-slope and coastal
areas are severely land-constrained by their topography, rendering housing supply
relatively inelastic. Furthermore, the extent of topographical constraints correlates
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positively and strongly with regulatory barriers to development (Saiz (2008), Saiz
(2010)). Gyourko et al. (2008) notes that the coastal states have the most highly
regulated communities on average.

Land use regulations in the United States are widespread, largely under local
control, and may be a major factor accounting for why housing appears to be in
inelastic supply in many of the larger coastal markets. Zoning ordinances enacted
by local governments greatly affect the costs, size and quantity of new single fam-
ily homes built. In areas with stricter regulations, building costs typically increase
and fewer homes are built, especially when compared with areas with fewer regula-
tions. As land use regulations stifle new supply, land prices and construction costs
rise, greatly reducing affordability and limiting homeownership. These supply side
constraints are likely to manifest in the observed differential relationship between
homeownership and housing prices variables.

Lastly, I interpret the regression coefficients on regional dummy variables to indi-
cate any inherent locational effects not captured in my regression specification. The
relative magnitudes of these dummy coefficients reduce significantly by including my
selected covariates. When I combine the pairwise differences into a single metric,
I find a decrease of 45.2% in this unobserved component. The existing level differ-
ences in regional dummies may be due to other unobserved factors that are likely to
generate heterogenous inter-regional association with homeownership. For instance,
average mortgage rates, household’s marginal tax bracket and occupation profile
may vary depending on the location. Spatial patterns of subprime lending reveal
a disproportionately large market share in low income, low education and minority
neighborhoods (Hershaff et al. (2005)). Similarly, Rosen et al. (2017) report that the
declines in household income observed during the Great Recession correlate to the
type of jobs lost. Mid-wage jobs paying between $14 and $21 per hour consisted of
nearly 60% of the jobs lost during the recession. Composition of housing stock, cost
of maintenance and depreciation and cultural preferences towards homeownership
are some of the other unobserved factors that may either confound with observed
determinants or have independent effects.

Therefore, my study creates an opportunity to investigate the changes that have
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occurred in the housing market and consequently in the homeownership behavior
around the Great Recession. Shiller (2007) reports that the increase in homeown-
ership since 1994 was largely due to the remarkable housing boom. The period in
my study belongs to the time immediately following the burst of housing bubble.
Performing the same exercise for the time period 2012-2016 might generate insights
into the changing attributes toward homeownership as well as structural changes in
regional and national housing market.
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A Data Definitions

Metropolitan Statistical Area (MSA). A census-designated area with at least
one urbanized area of 50,000 or more inhabitants.

Micropolitan Statistical Area. A census-designated area with at least one urban
cluster of at least 10,000 but less than 50,000 population.

Housing Unit. A housing unit is a house, an apartment, a group of rooms, or a
single room occupied or intended for occupancy as separate living quarters. Separate
living quarters are those in which the occupants do not live and eat with other
persons in the structure and which have direct access from the outside of the building
or through a common hall. Living quarters of the following types are excluded
from the housing unit inventory: Dormitories, bunkhouses, and barracks; quarters
in predominantly transient hotels, motels, and the like, except those occupied by
persons who consider the hotel their usual place of residence; quarters in institutions,
general hospitals, and military installations except those occupied by staff members
or resident employees who have separate living arrangements.

Occupied Housing Units. A housing unit is occupied if a person or group of
persons is living in it at the time of the interview or if the occupants are only
temporarily absent, as for example, on vacation. The persons living in the unit must
consider it their usual place of residence or have no usual place of residence elsewhere.
The count of occupied housing units is the same as the count of households.

Householder. The householder refers to the person (or one of the persons) in
whose name the housing unit is owned or rented or, if there is no such person, any
adult member, excluding roomers, boarders, or paid employees. If the house is jointly
owned by a married couple, either the husband or the wife may be listed first, thereby
becoming the reference person, or householder, to whom the relationship of the other
household members is recorded. One person in each household is designated as the
"householder."
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Number of Housing Units in Structure. A structure is a separate building
which either has open space on all four sides or is separated from other structures
by dividing walls that extend from ground to roof. The count of housing units in
a structure is the total number of units in the structure, both occupied and vacant
units. In the tabulations, occupied mobile homes or trailers, tents, and boats are
included in the category one housing unit in structure.

Contract Rent. For renter-occupied units, the contract rent is the monthly rent
agreed upon regardless of any furnishings, utilities, or services that may be included.
The median monthly rent is the rent which divides the series into two equal parts,
one-half of the units with rents higher than the median and the other half with rents
lower than the median.

Value. Value is the respondent’s estimate of how much the property would sell
for on the current market. For vacant units, value is the sales price asked for the
property at the time of the interview and may differ from the price at which the
property is sold. The median value or sales price is the amount which divides the
series into two equal parts, one-half of the units with values higher than the median
and the other half with values lower than the median.

Homeownership Rate. The proportion of households that are owners is termed
the homeownership rate. It is computed by dividing the number of households that
are owners by the total number of households. The formula is as follows:

Homeownership Rate (%) =
[
Owner occupied housing units
Total occupied housing units

]
∗ 100

Family. A family is a group of two persons or more (one of whom is the householder)
related by birth, marriage, or adoption and residing together; all of such persons
(including related subfamily members) are considered as members of one family.

Non-family Householder. A non-family householder is a person maintaining a
household while living alone or with non-relatives only.

56



B Census Regions

Figure 4: Four Census Regions

Source: https://mapchart.net/usa.html
Notes:
Northeast: Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, Vermont, New
Jersey, New York, Pennsylvania.
Midwest: Illinois, Indiana, Michigan, Ohio, Wisconsin, Iowa, Kansas, Minnesota, Missouri, Ne-
braska, North Dakota, South Dakota.
South: Delaware, District of Columbia, Florida, Georgia, Maryland, North Carolina, South Car-
olina, Virginia, West Virginia, Alabama, Kentucky, Mississippi, Tennessee, Arkansas, Louisiana,
Oklahoma, Texas.
West: Arizona, Colorado, Idaho, Montana, Nevada, New Mexico, Utah, Wyoming, Alaska, Cali-
fornia, Hawaii, Oregon, Washington.
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C Coefficient of Variation

Region Median Home Value Median Household Income Value-Income Ratio
West 0.7120 0.4287 1.3028
Midwest 0.5721 0.3274 0.6437
Northeast 0.7382 0.4479 0.6602
South 0.7998 0.4613 1.5863

Source: 2007-11 American Community Survey, U.S. Census Bureau
Note: Values represent Coefficient of Variation (CV) for region i computed as,

CVi =
σi
X̄i

where X̄i and σi are the sample mean and sample standard deviation of that variable for region i,
respectively.
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Chapter 2:
Changes in Homeownership Behavior around the

Great Recession

Shikha Agarwal

Abstract

This paper investigates the impact of the housing bubble on homeownership
during the bust and the initial phase of economic recovery on three dimensions.
Is there a structural break in the national housing market in 2011-2012? Did
regional disparities due to unobserved region-specific factors significantly de-
crease during the recovery period of 2012-2016? Finally, since most of the
run-up in homeownership was due to relaxed credit standards, how did the
response of homeownership to relative affordability change before and after the
crash in house prices? I find that the housing markets were indeed very different
before and after the housing crash at both the national and sub-national level.
Not only did the homeownership response change for all included variables and
for all regions, but also the recovery phase can better explain collective vari-
ation across regions and across zip codes. I also find that the homeownership
response of households to relative affordability became stronger as a result of
both personal experience of foreclosures as well as tighter lending standards.
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1 Introduction

The rate of homeownership is traditionally interpreted as a major indicator of eco-
nomic welfare. Together, housing services and residential fixed investment spending
constitute the majority of housing related expenditure nationwide, and account for
more than 15% of GDP. Beyond improving overall economic conditions, homeown-
ership is beneficial to both individual households and society as a whole. Homeown-
ership is associated with a high level of wealth accumulation and economic freedom
(Turner and Luea (2009)). Homeowners also tend to be more satisfied with their
housing situation than tenants (Elsinga and Hoekstra (2005)). Several studies even
report a positive influence of homeownership on social cohesion and stability (Rossi
and Weber (1996), DiPasquale and Glaeser (1999), Dietz and Haurin (2003)).

The promotion of homeownership has for decades been one of the most popular
political objectives in the United States. The decade through 2004 witnessed robust
economic expansion and a policy environment promoting broad access to homeown-
ership (Rosen et al. (2017)). As Mattews and Robert (2016) note, the housing bubble
of 2007 was a creation of both market forces and government policy mistakes. Sub-
sequently, in the aftermath of the Great Recession, homeownership fell with tighter
credit conditions, problematic student loan debt, stagnant real incomes, and perhaps
a subtle change in attitudes toward homeownership.

I aim to investigate the impact of the housing bubble on homeownership during
the bust and the initial phase of economic recovery. Specifically, is there a structural
break in the housing market in 2011-2012, both nationwide and at the regional level?
Painter and Redfearn (2002) emphasize that regional disparities within the United
States underscore the role of local factors in influencing homeownership rate. Since
part of the run-up in homeownership was due to relaxed credit standards (Goodman
and Mayer (2018)), how has the homeownership response to relative affordability
changed before and after the crash of house prices?

I use aggregate 5-year data from the 2011 and 2016 American Community Survey
(ACS) at the zip code level. These contain ’period’ estimates of data collected over
the time period 2007-2011 and 2012-2016, respectively. My choice of time periods
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is based on the developments of the housing bubble and the resulting credit crisis.
Home prices reached their peak in the second quarter of 2006 and did not start
recovering until the end of 2011. The first time period of 2007-2011 is the bust
phase in the housing market and the second period of 2012-2016 can be thought of
as the phase of initial recovery. My sample consists of a panel of 29,575 zip codes for
each of the two time periods, consisting of both urban and rural areas. I construct
six key demographic and economic variables for each zip code from the ACS data.
Additionally, I assign the regional location to each zip code based on U.S. Census
codes.

I follow a methodology similar to Agarwal (2020), who studies cross-sectional
variation in homeownership rates and develops a metric to measure unexplained
variation across regions. The region can affect the homeownership rate of an area
not only through its unobserved locational effect but also through interaction with
demographic and market variables. I use six explanatory variables, three dummy
variables and relevant interaction terms to explain variation in homeownership rates
across regions and over the time period, 2007-2016. I evaluate the econometric model
for both time periods and test for joint equality of the coefficients using the Chow test
(Chow (1960)). Next, I define a measure of the regional variation in homeownership
explained by included explanatory variables and create a test-statistic to compare
this across time. I utilize the basic nonparametric bootstrap algorithm to generate
distribution of this custom test statistic and test for a significant difference using a
paired t-test.

The results are consistent with the predictions of my hypotheses. I test for
joint equality of regression coefficients from a linear regression model fit on the data
for each time period. The Chow test rejects the null hypothesis of no structural
break at a high level of statistical significance. This implies that the response of
homeownership to the variables included in my model is indeed significantly different
in the recovery period relative to the crisis period. The housing crisis not only altered
lending and banking practices but also households’ behavior and attitude towards
homeownership. The idea of a return to more ’normal’ times is also analysed by
testing for regional differences in homeownership due to unobserved factors. I define
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a measure of collective variation and the reduction in this measure across time to
build a test statistic.

Using a bootstrapped distribution of this statistic, I find that my included fac-
tors have a more homogeneous effect on the homeownership rate across regions in
the recovery period than in the crisis period. Next, I go a step further to focus
only on the response of homeownership rate in a zip code to the ratio of median
home value to median household income. Since there was a dramatic shift from lax
lending standards to a much tighter credit regime, I expect homeownership to be
more responsive in the recovery period. I find that an increase in this affordability
measure leads to a much larger decrease in homeownership rate during the recovery
phase compared to the response in the bust phase. This result is also statistically
significant and consistent for all regions.

This paper improves upon the existing empirical studies in three main ways.
Firstly, existing studies are based on data from individual households or on aggre-
gate data for only Metropolitan Statistical Areas (MSA). No investigation of the
ownership outcomes across regions and across time has used aggregate data for a
large number of zip codes. This paper uses data for almost all zip codes covered
by the 5-year American Community Survey (ACS). This enables me to account for
heterogeneity across submarkets within MSAs, not just across MSAs.

Secondly, the issue of regional disparity has largely been discussed using data
from the cities or the metro areas and the rural areas have been left out of such
studies. In fact, Glaeser and Gyourko (2002) point out that smaller datasets which
feature only large metropolitan areas may oversample highly regulated cities and
underrepresent the bulk of American housing. Lastly, I create a custom metric and
test statistic to confirm the change in the housing market at the regional level. This
serves as a way to isolate regional differences from zip code level data and focus
on only collective inter-regional disparity in homeownership rates that exists due to
unobserved or excluded factors.

The remainder of the paper proceeds as follows. Section 2 reviews prior literature
and develops the hypotheses of interest. Section 3 describes the data source and
sample construction. Section 4 describes the econometric models and test statistics.
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Figure 1: Homeownership and Home Price Trend, 2007-2017

Source: https://fred.stlouisfed.org/
Note: Figure shows the nationwide trend of quarterly homeownership rate(%) on the left y-axis and
the Case-Shiller U.S. National Home Price Index (Index Jan 2000=100) on the right y-axis.

Section 5 presents the results and discusses robustness. Section 6 provides concluding
remarks.

2 Literature & Hypotheses Development

2.1 Fundamental Changes in the Housing Market

Figure 1 depicts the trajectory of the Case-Shiller 20-City Price Index and the U.S.
homeownership rate over the time period 2007-2016. During the period 2007-2011,
both the Case-Shiller Index and the homeownership rate were falling on average
across the nation. However, the relative movement of these two measures reversed
direction in 2012. While home prices started recovering, homeownership remained
low and on a downward trend. This indicates a stark change in the housing market
around the cusp of 2011-12.

The homeownership rate increased during the housing boom through the mid-
2000s, fueled by an extremely loose credit environment and sustained home price
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appreciation (Rosen et al. (2017)). During the 1990s and early 2000s, the national
homeownership rate skyrocketed to 69.2%, adding approximately 11.3 million new
owner households nationwide from 1994 through 2004. This trend shifted rapidly,
however, with the national homeownership rate plummeting over the following decade
in the wake of the foreclosure crisis and great recession, throughout the early stages
of recovery. As of 2016, the national homeownership rate reached an annual average
of 63.4%, which marked the lowest level in more than 50 years and a decline of 5.6
percentage points compared with the pre-recession peak.

The National Bureau of Economic Research (NBER) declared the U.S. to have
entered in a recession beginning December 2007 based on key economic indicators
(WSJ (2008)). House prices fell about 9% in 2007 and stock market indices that
peaked in October 2007 began to trend downward (Bricker et al. (2011)). O’Neill
and Xiao (2012) reference the term “new normal” to describe the changed U.S. eco-
nomic landscape. At the micro level, U.S. households were deleveraging their debt
balances and increasing their rate of precautionary savings as a percentage of house-
hold income. In addition, more than half of working adults reported some measure
of unemployment, such as a cut in pay, a reduction in work hours, or involuntary
part-time employment (Taylor et al. (2010)). The financial crisis not only caused
a deep recession and a sharp rise in unemployment, it also took a heavy toll on
household financial positions.

During the Great Recession, the U.S. economy experienced its sharpest drop in
household consumption expenditures in the postwar period (De Nardi et al. (2011);
Petev et al. (2011)). Consumption declined precipitously across all categories, not
just durables, from its peak in early 2007 to its trough roughly five years later. This
rapid fall occurred at the end of a decade of markedly above-trend growth. Mian et al.
(2013) associate these atypical aggregate consumption dynamics to the extraordinary
swings in U.S. housing net worth that occurred since the end of the 1990s. O’Neill and
Xiao (2012) find evidence that the financial crisis was associated with pre- and post-
differences in financial practices. As Glumov (2013) reports, household net worth
dropped, largely due to sharp declines in stock market valuations and in homeowner
equity. He finds that investors became more risk-averse as the riskier assets in their
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portfolios declined substantially in value, especially relative to other less volatile
assets.

Ozdemir (2020) examines the link between housing market common factors, busi-
ness and interest rate business cycles, and finds that the credit market factor switches
to a low growth regime over the Great Recession. His results support the view that
the incorporation of regime shifts in the housing market and credit market may
contribute to improving our understanding of boom-bust cycles of the general econ-
omy. Cukierman (2013) shows that the global financial crisis resurrected concerns
about financial stability, and underlined the importance of the central bank’s lender-
of-last-resort function and the use of unconventional monetary policy instruments.
Barth et al. (2013) also show that the pre-crisis trend of loosening bank regulation
reverted in the aftermath of the crisis with governments and regulators tightening
their regulatory regimes.

Tan and Cheong (2016) reinforce the idea that the U.S. housing market underwent
regime shifts between alternate stable states consistent with the observed signals.
They find that the U.S. housing market experienced six different regimes during the
period 1975-2011, last of which is a structural break in 2007Q1-2007Q2. The first
period is attributed to a large historic rise in the subprime proportion of mortgages
issued in the fourth quarter of 2003. 2007 marks the onset of the Great Recession,
the second period. If their study was extended beyond 2011, I would expect that the
recovery period after the recession would constitute another stable state marked by
changes in relationship between homeownership and economic variables.

Nneji et al. (2013) discuss the relationship between the housing market and its
macroeconomic determinants may be regime-varying, and so accounting for the hous-
ing market cycle is critical when examining its response to external macroeconomic
factors. They find that the housing market becomes completely insensitive to changes
in the economic variables in the crash regime, with prices generally being more sen-
sitive during housing booms.

All these studies indicate that the Great Recession induced a fundamental break
not only in mortgage lending practices but also in the household consumption, in-
terest rate business cycles and monetary policy. As Brueckner et al. (2012) note, the
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spectacular run-up and subsequent collapse of U.S. housing prices were watershed
events in the real-estate history and no previous brief period witnessed such dramatic
price escalation.

Based on this, I expect the following hypothesis to hold true,
H1a: The relationship between zip code level homeownership rate and its deter-
minants changed in the recovery period (2012-2016) compared to the period of the
housing crisis (2007-2011) due to changes in the household behavior and housing
market dynamics. For instance, during the recession a growing number of residents
doubled up on housing, moved back in with parents and delayed household formation,
thus reducing the homeownership rate (Rosen et al. (2017)). This indicates that, for
example, age of the householder may not be a strong determinant of homeownership
during the recession but is potentially important during non-recessionary times.

All regions of the country witnessed different extent of decline in homeownership
rate. Rosen et al. (2017) report that households in the Midwest and the Northeast
regions, where the boom in construction was less pronounced and home price appre-
ciation was generally more moderate through the early and mid-2000s, were the most
resilient, leading to smaller declines in homeownership. Meanwhile, homeownership
among households in the West and South regions proved most affected by the hous-
ing crisis. Among the four major Census regions, volatility in the homeownership
rate was greatest in the West region, with the largest concentration of foreclosures.
Northeast was the least volatile region of the country.

The rise in housing prices and the subsequent fall did not occur uniformly across
the country (Baily et al. (2008), Bhattacharya and Kim (2011)). While the factors
encouraging price increases applied broadly (especially the low interest rates), the
impact on prices and the extent to which a bubble developed also depended largely
on local conditions.

Aalbers (2009) investigates cross-sectional effects of the mortgage crisis and finds
a great deal of variation not only in default and foreclosure rates, but also in regula-
tion. He concludes that housing bubbles, faltering economies and regulation together
have shaped the geography of the financial crisis at the state and city level. This in-
dicates the possibility that homeownership responses might have changed at the sub-
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national level i.e. can demographic and market variables explain more inter-regional
variation after the crisis? Nissan and Payne (2013) examines whether convergence
exists with respect to housing prices across the 50 states, especially in light of the
housing market collapse and re-emergence of the housing market after the crisis.
The results reveal a great deal of variation across states and regions. Miles (2015)
shows that the extent of regional integration has important policy implications. In
addition, understanding the interaction between different regional housing markets
may improve forecasts of home values. However, Clark and Coggin (2009) finds that
the evidence for regional convergence is mixed.

All four regions had varied experiences during the housing crash due to differences
in regulation and underlying nature of housing market. After accounting for demo-
graphic and economic determinants of homeownership, the residual inter-regional
differences exist due to difference in unobserved factors. It is reasonable to expect
that in a recovering housing market, fundamental factors should be able to account
for a higher proportion of inter-regional variation relative to the bust phase. Thus,
I predict the following hypothesis to hold true,
H1b: Conditional on demographic and market variables, during the recovery in the
housing market, we observe less regional variation due to unobserved factors.

2.2 Effect of Lending Practices on Homeownership Rate

The homeownership rate increased during the housing boom through the mid-2000s,
fueled by an extremely loose credit environment and sustained home price appre-
ciation. The Federal National Mortgage Association (FNMA), commonly called as
Fannie Mae and the Federal Home Loan Mortgage Corporation (or Freddie Mac) are
two Government Sponsored Enterprises (GSEs). They were created by Congress to
provide liquidity, stability and affordability to the mortgage market and support the
nation’s housing finance system1.

As house prices peaked in January 2006 and then rapidly declined, over a third
1https://www.fhfa.gov/SupervisionRegulation/FannieMaeandFreddieMac/Pages/About-

Fannie-Mae—Freddie-Mac.aspx
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of U.S. homes with mortgages fell “underwater” (Acolin et al. (2016)). In response
to high foreclosure rates, mortgage underwriting was tightened over the period 2008-
2013 beyond historic norms (Goodman et al. (2015)). Goodman (2018) states that
mortgage credit is defined by a number of factors, including credit scores, loan-to-
value (LTV) ratios, debt-to-income (DTI) ratios, and the type of mortgage loan the
borrower takes out. He combines these factors into a single measure of market risk.
He finds that the market risk at the beginning of 2017 is less than one-third of the
risk in 2006-2007, a period when credit standards were too loose. Gwartney et al.
(2008) identified relaxed mortgage lending standards as one of the key factors leading
to the housing bubble and credit crisis.

Debt-to-income (DTI) ratio is one of a number of risk factors a lender considers in
assessing whether to offer a mortgage to a borrower. Federal Housing Finance Agency
(FHFA) defines DTI as the percentage of a borrower’s income that is devoted to debt.
Generally, it is calculated by dividing the total monthly debt expense by the total
monthly income at the time a mortgage is originated or modified (WPR-2019-002).
Fannie Mae and Freddie Mac consider a borrower’s DTI, along with other factors,
to determine if a mortgage is eligible for purchase. Fannie Mae explains that, as the
DTI increases, “the level of risk also tends to increase; and a high ratio,” along with
other high-risk factors, creates higher risks associated with the borrower. Freddie
Mac states that a borrower with a higher DTI “increases the probability a borrower
may be unable to meet all their obligations at some point in the future.”

Prior to 2008, both GSEs purchased mortgages with DTI ratios up to 65%. The
housing market experienced a significant downturn in 2008, and the GSEs adjusted
various underwriting requirements, including DTI. In 2008 through early 2010, Fan-
nie Mae and Freddie Mac each implemented a series of adjustments to DTI limits.
In May 2008, Fannie Mae introduced additional requirements for mortgages with
DTI ratios between 55%-65%. Soon after, in January 2009, Freddie Mac reduced
the maximum DTI to 55% and by early 2010, both GSEs reduced their DTI limit to
50%. In 2014, the Consumer Finance Protection Bureau established a 43% debt-to-
income requirement (Rosen et al. (2017)). This high income requirement has been a
significant barrier to securing a mortgage in the initial years of housing recovery.
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Down payment or loan-to-value (LTV) requirements also changed substantially in
the years following the Great Recession. Historically, most mortgages were 30-year
fixed rate loans requiring a down payment of at least 20% of the property value and
mortgage insurance if the 20% down payment requirement was not met (Holt (2009)).
The borrowers also had to prove that their income was sufficient to ensure that the
monthly mortgage payments would be manageable. Monthly payments generally
were required to be no more than 36% of monthly income (underwriting ratio).

Baily et al. (2008) notes that a deterioration in lending standards can be dated
back to 2004 or 2005. Families that lacked the income and down payment to buy
a house under the specific mortgage terms of Fannie Mae and Freddie Mac were
encouraged to take out a mortgage that had a very high loan to value ratio, perhaps
as high as 100% meaning that they started with no initial equity and thus no true
financial stake in the house. By 2006 many mortgages had no down payment and
no verification of income (Mattews and Robert (2016)). Such borrowing typically
requires a high interest rate and high monthly payments, that likely violate the usual
rules on the proportion of household income needed to service the debt. As default
rates began to soar in 2006 and 2007, banks began to tighten their standards and to
require larger down payments. As of the second quarter of 2016, the average down
payment for conventional 30-year fixed rate purchase mortgages was more than 17%
(Rosen et al. (2017)).

In addition to the change in DTI and LTV requirements, other mortgage financing
practices also changed after the Recession. A major cause of the foreclosure crisis
was the widespread use of risky alternative mortgage products such as Adjustable
Rate Mortgage (ARM) loans, interest only loans, negative amortization mortgages,
balloon loans and hybrid ARMs. Pavlov and Wachter (2009) show that the supply of
aggressive lending instruments temporarily increased the asset price in the underlying
market by making it more attractive for agents to own or by relaxing their borrowing
constraint, or both. Schloemer (2006) finds that compared with fixed-rate mortgages,
ARMs are more than twice as likely to default.

As per FHFA (2019), a “subprime” borrower refers to mortgage applicants con-
sidered to be the least creditworthy because of low credit scores or uncertain income
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prospects. Alt-A borrowers, deemed a bit less risky but not quite prime, had bet-
ter credit scores but little to no documentation of income. Historically, mortgages
taken out by the lower-income households often did not conform to Fannie and Fred-
die’s strict standards for down payment requirements and income requirements (Holt
(2009)). Baily et al. (2008) describe the shifting composition of mortgage lending
and the erosion of lending standards. In 2004-06, the share of subprime and home
equity lending expanded greatly. Prime mortgages dropped to 64% of the total in
2004 from 85% in 2003, 56% in 2005 and 52% in 2006, meaning that nearly half of
mortgage originations in 2006 were subprime, Alt-A or home equity.

Ashcraft and Schuermann (2008) summarise that the boom in mortgage bor-
rowing was sustained by low interest rates, easier lending practices and lack of due
diligence. A substantial portion of the former homeowners who are now perceived as
particularly risky after losing a home to foreclosure, may never have gone through
a foreclosure if they had taken out a conventional 15 or 30-year fixed rate loan, as
opposed to a riskier alternative mortgage product such as interest only mortgages,
negative amortizing mortgages and ARMs. During the peak of the housing boom
in 2005, ARMs accounted for 42% of new mortgage origination, according to the
Urban Institute (2016). This number fell sharply following the crisis, decreasing to
the low-1% range as of 2016.

U.S. housing and mortgage markets became stressed during 2007 and 2008 as a re-
sult of significant house price declines and the weakening economy. Since the financial
crisis, the single-family mortgage credit market tightened dramatically, compound-
ing the effects of lower wage growth and unemployment, and leading to a lower than
average pace of new entrants into the homeownership market (Rosen et al. (2017)).
Following the end of the Great Recession, new rules and standards on lenders con-
tributed to the constrained credit environment and substantially inhibited lending
even to the most creditworthy households. Acolin et al. (2016) find that tightened
borrowing constraints have a substantial negative impact on the probability of be-
coming a homeowner in the aftermath of the Great Recession.

Based on this, I investigate the following hypothesis,
H2: Conditional on other factors, relationship between homeownership rate and the
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ratio of median home value to median household income in a zip code became stronger
during the recovery phase of 2012-2016 compared to the bust phase of 2007-2011 for
all regions.

Moreover, the marginal effects for zip codes in the Midwest, Northeast and South
also increased relative to the West during the recovery period. Among the four Cen-
sus regions, the West had the largest concentration of foreclosures and the greatest
volatility in the homeownership rate during 2006-2016.

3 Data

The U.S. Census Bureau reports the median housing prices and other characteristics
as part of the Housing Vacancy Survey (HVS), Current Population Survey (CPS)
and the American Community Survey (ACS). While Census data has the broadest
coverage, it reports only median prices for owner occupied homes. For this study,
I use the aggregate 5-year data from 2011 and 2016 ACS at the zip code level.
These contain ’period’ estimates that represent data collected over the time period
2007-2011 and 2012-2016, respectively. The primary advantage of using multiyear
estimates is the increased statistical reliability of the data for less populated areas
and small population subgroups. ACS 5-year estimates were first released for the
period 2005-2009. The 5-year ACS is unique in its ability to produce estimates on
35 housing variables amongst other key characteristics at extremely low geographic
levels.

My choice of time periods is based on the developments of the housing bubble and
the resulting credit crisis. Home prices reached their peak in the second quarter of
2006. The National Bureau of Economic Research (NBER) declared the U.S. to have
entered in a recession beginning December 2007 based on key economic indicators2.
The housing bubble burst, and the U.S. housing market did not show signs of recovery
until five years later (Holt (2009)). The first time period of 2007-2011 is the bust
phase in the housing market and the second period of 2012-2016 can be thought of

2https://blogs.wsj.com/economics/2008/12/01/nber-makes-it-official-recession-started-in-
december-2007
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as the phase of initial recovery.
The unit of observation in this study is a Zip Code Tabulation Area (ZCTA).

These were created by the Census Bureau and are generalized representations of zip
codes that have been assigned to census blocks. Therefore, ZCTAs are representative
of geographic locations of populated areas. I selected ZCTAs that carry the full
five digit zip code and assigned region membership to these using the state Federal
Information Processing Standards (FIPS) codes.

The Census Bureau has defined a system of state groupings called ’regions’3 based
on contiguous counties with the primary purpose of classification for objective statis-
tical analysis. Regions combine all the nation’s counties and statistically equivalent
entities into a more concise set of general-purpose areas. The four regions have
very distinct geographical, climatic, demographic, and economic characteristics and
hence, characteristically different housing markets. Socioeconomic heterogeneity was
the principal criterion for grouping states into regions.

Finally, I include only those ZCTAs which are present in both the time periods.
As a result, I track 29,575 observations for each period. Of these, 9839, 5848, 8773,
5115 observations belong to the Midwest, Northeast, South and West regions, re-
spectively. These comprise of both urban and rural zip codes. Figure 2 displays the
nationwide and regional homeownership rates for 1990:Q1 - 2017:Q1. Homeowner-
ship rate is defined as the proportion of households that are owners. Midwest and
South regions have always had higher ownership rates than the other regions and
higher than the national average. During this period, homeownership reached its
peak in 2005:Q1 and has been declining since then, the decline being most steep in
the West.

I also collect data on the age and education of the household-head, household
type, median home value, median rent, median household income and number of
housing units in structure (definitions in Appendix A) to construct the variables
used in my study.

3Appendix C
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Figure 2: Homeownership Rate for U.S. and Regions , 1990 - 2017

Source: https://fred.stlouisfed.org/

4 Econometric Model

My regression approach is similar to Agarwal (2020), who studies cross-sectional
variation in homeownership rates and develops a metric to measure unexplained
variation across regions. I use six demographic and household characteristics and
three dummy variables to explain variation in homeownership rates across regions
and around the housing crisis. Three dummy variables are used in a linear regression
model with intercept to avoid dummy variable trap with four regions. I choose ’West’
as the omitted category since it has the lowest homeownership rate throughout my
time period of interest, 2007-2016 (Figure 2).

The dependent variable is the percentage of occupied housing units that were
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owner occupied in each of the ZCTAs, called the homeownership rate. HORi denotes
the homeownership rate in ith ZCTA. The independent variables are:

x1 - hhUnder35yrs. This represents the percentage of household heads in a ZCTA
that are younger than 35 years of age.

x2 - priceRentRatio. This variable is computed as the ratio of median home value
in a ZCTA to median annual rent.

x3 - priceIncRatio. This variable is computed as the ratio of median home value in
a ZCTA to median household income.

x4 - propNonFamily. This measures the percentage of non-family households in a
ZCTA.

x5 - moreThan5Units. This measures the percentage of housing structures with five
or more units.

x6 - bachelors. This is the percentage of household heads with a Bachelors’ degree
or higher.

d1, d2, d3 - Census regional location of the ZCTA, where
d1 = 1 if ZCTA is in Midwest, 0 otherwise.
d2 = 1 if ZCTA is in Northeast, 0 otherwise.
d3 = 1 if ZCTA is in South, 0 otherwise.
d1 = d2 = d3 = 0 if ZCTA is in West.

Firstly, I use the following regression model to analyze structural changes in
housing market around the 2007-08 crisis.

HORi = β0 + β1x1i + β2x2i + β3x3i + β4x4i + β5x5i + β6x6i + γ1d1i + γ2d2i + γ3d3i

+ β31x3id1i + β32x3id2i + β33x3id3i

+ β41x4id1i + β42x4id2i + β43x4id3i

(1)
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where,
i is the identifier for a ZCTA,
βj is the slope coefficient for variable j for West, and
(βj + βjk) is the slope coefficient for variable j for,

Midwest if k = 1,
Northeast if k = 2,
South if k = 3.

γk is the slope coefficient for dummy variable k.
Equation (1) is evaluated for both time periods and the coefficients are tested for

joint equality using the Chow test (Chow (1960)). The Chow test is a test of whether
the true coefficients in two linear regressions on different data sets are equal. The
null hypothesis of the Chow test asserts that,

βT1
i = βT2

i ∀ i

where βT1
i denotes regression coefficients from the first time period (2007-2011) and

βT2
i denotes regression coefficients from the second time period (2012-2016).
The Chow test statistic is given by Fstat and follows the F -distribution.

Fstat =
(Sc − (S1 + S2))/k

(S1 + S2)/(N1 +N2 − 2k)
∼ F(k,N1+N2−2k)

where,
Sc is the sum of squared residuals from the combined data,
Si is the sum of squared residuals from the ith group for i = 1, 2,
Ni is the number of observations in the ith group for i = 1, 2, and
k is the total number of parameters.

Next, I compare the region-specific slope coefficients of the variable priceIncRatio
from both time periods to test my hypothesis regarding the change in homeownership
response as a result of changed lending practices.

Finally, similar to Agarwal (2020), I also evaluate the following linear models for
each time period,
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Model A:
HORi = γ0 + γ1d1i + γ2d2i + γ3d3i

Model B:

HORi = β0 + β1x1i + β2x2i + β3x3i + β4x4i + β5x5i + β6x6i + γ1d1i + γ2d2i + γ3d3i

Model A is a baseline model with the homeownership rates regressed only on the
regional dummy variables with West as the omitted category. Model B includes
all the covariates without any interaction terms so as to focus only on the regional
variation.

To quantify the variability into a single measure, I define the sum of squared
differences (SSD) as the sum of squares of pairwise differences between regression
coefficients on the dummy variables,

SSD =
2∑

i=0

3∑
j=i+1

(di − dj)2

where d0, d1, d2 and d3 indicate West, Midwest, Northeast and South respectively.
Next, I compute the percentage reduction in the SSD between models A and B as
below,

∆ =
SSDB − SSDA

SSDA
∗ 100

This measure, ∆ is the relevant test statistic. I generate 5000 bootstrap samples
with replacement to get a distribution of ∆ for each of the two time periods (Hansen
(2020)). Next, I utilize a paired t-test of significance to test for statistically significant
differences in explanatory power of variables across time.

5 Results

Table 1 shows the results for linear regression model outlined in equation (1) for time
periods, T1 (2007-2011) and T2 (2012-2016). Values indicate the slope coefficients for
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Table 1: Regression Results

Variable (1) (2)

T1 : 2007-2011 T2 : 2012-2016
x0 - intercept 89.0050*** 86.1003***
x1 - hhUnder35yrs -0.5190*** -0.6103***
x2 - priceRentRatio -0.0019 0.0787*
x3 - priceIncRatio -1.0609*** -1.3739***
x4 - propNonFamily -0.2398*** -0.1767***
x5 - moreThan5Units -0.5071*** -0.5241***
x6 - bachelors 0.2444*** 0.1995***
d1 - mw 3.9221*** 4.6340***
d2 - ne 5.2992*** 5.3437***
d3 - so 1.4489* 0.8933
x2d1 - priceRentRatio:mw 0.2545*** 0.4271***
x2d2 - priceRentRatio:ne 0.1007*** 0.1262**
x2d3 - priceRentRatio:so 0.0678 0.2643***
x3d1 - priceIncRatio:mw -0.7948** -1.8592***
x3d2 - priceIncRatio:ne -1.0779*** -1.1279***
x3d3 - priceIncRatio:so 0.0490 -0.7590(.)
adj-R2 0.6860 0.7304
AIC 185297 173746
BIC 185436 173884

Note 1: The table shows the results of a regression investigating the
relationship between various explanatory factors and homeownership rate
in a ZCTA.
Note 2: Significance codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
respectively.
Note 3: Significance levels indicate Pr(> |t|) using White standard er-
rors.
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each variable and significance levels indicate Pr(> |t|) using White robust standard
errors for heteroscedasticity. Table 2 shows three types of standard errors for all
independent variables included in the model for both time periods. Columns (1)
and (4) show the ordinary least squares (OLS) standard errors. OLS estimators
are not the best linear unbiased estimators in the presence of heteroscedasticity
in the class of linear unbiased estimators. As a result, they may lead to biased
inference. White robust standard errors are also called heteroscedasticity-consistent
(HC) standard errors. White standard errors are larger than OLS standard errors
for both T1 and T2 for all coefficients. However, most coefficients are statistically
significant at 0.0001 levels based on either OLS standard errors or White standard
errors. White standard errors result in lower significance than OLS standard errors
for three coefficients (priceRentRatio, so and priceRentRatio:so) for T1 and four
coefficients (priceRentRatio, so, priceRentRatio:ne and priceIncRatio:so) for T2.

Table 2 also reports another type of standard errors in columns (3) and (6). Clus-
tered standard errors may be considered as extensions to HC standard errors. These
assume that the errors are uncorrelated across clusters while errors for individuals
belonging to the same cluster may be correlated (Abadie et al. (2017), Cameron and
Miller (2015)). In my study, observations belong to four census regions which can
be thought of as clusters. Comparing columns (3) and (6) with (1) and (4) respec-
tively, clustered standard errors are generally larger than the OLS standard errors
for all quantitative variables for both time periods. However, this is not the case for
dummy variables pertaining to regions and the interaction variables. All coefficients
have the same level of statistical significance based on clustered standard errors and
OLS standard errors (except dummy variable, so in T1).

5.1 Analysis of Hypothesis H1a

Table 1 shows the regression results. The same regression model is evaluated for a
consistent sample of ZCTAs over T1 and T2. Intercept represents mean conditional
homeownership rate for the West. Regional dummy variables indicate marginal ef-
fects on homeownership rate of a ZCTA located in a region relative to the West.
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All the demographic variables - hhUnder35yrs, propNonFamily and bachelors
have the expected signs and high statistical significance for both time periods. Age
and education can be considered as proxies for permanent income and hence are
expected to correlate positively to homeownership (Coulson (2002)). Non-family
households consist of people who live alone or share their residence with unrelated
individuals. Individuals are more comfortable in committing to a mortgage with a
spouse than individually or with an unrelated person. As a result, households with
married couples are more likely to be homeowners. Thus, propNonFamily has the
expected negative sign.

Hypothesis H1a predicts that the relationship between zip code level homeowner-
ship rate and its determinants changed in the recovery period (2012-2016) compared
to the period of the housing crisis (2007-2011) due to changes in the household be-
havior and housing market dynamics. The adjusted-R2 for T1 is 68.6% and for T2 is
73%. This implies that the factors that can explain 73% variation in homeownership
rate across zip codes in recovery phase, explain only 68.6% variation in the period
of the housing crash. This is indicative of a structural change in the housing market
and demand for homeownership.

Amongst the quantitative variables, all coefficients except for propNonFamily
and bachelors, increased in magnitude. Conditional on all other included variables,
if the hhUnder35yrs in a zip code is higher by one percentage point compared to
another similar zip code, then irrespective of the regional location of the zip code,
it is expected to have a lower homeownership rate by approximately 0.5 percentage
points in T1 and by 0.6 percentage points in T2.

Relationship between homeownership and market variables also seems to have
changed significantly for all regions. The coefficient on priceRentRatio which indi-
cates the effect in the West, changed from -0.0019 (not significantly different from
zero) in T1 to 0.079 with somewhat higher significance in T2. The marginal effects of
region on priceRentRatio also increased sharply for all regions. The most striking
of these are the coefficients for the South. From column (1) in table 1, priceRentRa-
tio:so is just 0.0678 which is not significantly different relative to the West. However,
for T2 (column (2)), the coefficient on priceRentRatio for the South is higher than
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the West by 0.2643 and is significant at 0.001 level of significance.

I utilize the Chow test to test for joint equality of regression coefficients across
the two time periods. It is the seminal test to detect a structural break or shift in
parameters of the relevant model due to some external shock. The null hypothesis
of a Chow test asserts that the underlying model yields better explanatory power
when fit to the combined data instead of grouped data.

I find that Chow test rejects the null hypothesis of no structural break at 0.001
level of significance. This implies that the model fit on two groups of data provides
better explanatory power than the model fit to the combined data set. My results
conclude that there was a significant effect of the bubble on the cross-sectional home-
ownership behavior at the zip code level (F(16,29543) = 70.27, p < .00001).

5.2 Analysis of Hypothesis H1b

Regional dummy variables in the regression equation account for the regional variabil-
ity in homeownership rates. This is an estimate of the difference in homeownership
rates, conditional on covariates included in the model, i.e., how much of the regional
differentiation is due to unobservables. I use a naive approach to build and test
hypothesis (H1b). Table 3 shows the results of my exercise.

Model A is a baseline model with the homeownership rates regressed only on
the regional dummy variables with West as the omitted category. Model B includes
all the covariates without any interaction terms so as to focus only on the regional
variation. All the variables are highly significant and have the expected signs for
both time periods. I define the Sum of Squared Differences (SSD) as a measure of
total inter-regional variation that cannot be explained by the explanatory variables
in my model. SSD is the sum of squares of pairwise difference between regression
coefficients of the dummy variables. There are six unique pairwise differences for four
regions. For instance, SSD for Model 1A is equal to 209.63 while that for Model 2A
is equal to 214.99.

The SSD by itself does not convey any evidence about regional variation across
time periods. To address this, I define the measure ∆ which is the percentage
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Table 3: Sum of Squared Differences

T1 : 2007-2011 T2 : 2012-2016
Variable Model 1A Model 1B Model 2A Model 2B

x0 - intercept 68.5325*** 88.7356*** 67.1214*** 86.1904***

x1 - hhUnder35yrs — -0.5204*** — -0.6094***

x2 - priceRentRatio — 0.0668*** — 0.2543***

x3 - priceIncRatio — -1.4442*** — -2.1514***

x4 - propNonFamily — -0.2387*** — -0.1805***

x5 - moreThan5Units — -0.5131*** — -0.5284***

x6 - bachelors — 0.2542*** — 0.2025***

d1 - mw 9.8455*** 6.0484*** 9.8332*** 5.8006***

d2 - ne 7.3080*** 3.2837*** 7.5621*** 2.9862***

d3 - so 5.2749*** 3.1926*** 4.8079*** 2.5226***

SSD 209.63 73.37 214.99 67.81

∆ -65.0% -68.5%

Note 1: Significance codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1.
Note 2: Sum of Squared Differences (SSD) is defined as the sum of squares of pairwise
differences between regression coefficients of the dummy variables,

SSD =

2∑
i=0

3∑
j=i+1

(di − dj)2

where d0, d1, d2 and d3 indicate West, Midwest, Northeast and South respectively. d0 = 0
and d1, d2, d3 are the regression coefficients for mw, ne and so respectively.
Note 3: Delta (∆) is defined as the percentage reduction in the SSD by including the
explanatory variables,

∆ =
SSDB − SSDA

SSDA
∗ 100

Note 4: For four regions, there are six distinct absolute pairwise differences which are
|d0 − d1|, |d0 − d2|, |d0 − d3|, |d1 − d2|, |d1 − d3| and |d2 − d3|.
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Figure 3: Bootstrap Distribution for Test-statistic, ∆

Note:Number of bootstrap samples, B = 5000
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reduction in the SSD by including the explanatory variables in the model. This
step yields a single measure for each time period. The ∆ for T1 is -65% and for T2
is -68.5%. The point estimates of ∆ indicate an improvement of only 3.5% in the
reduction in regional differentiation due to unobserved factors.

In order to test for the statistical significance, I create a bootstrapped distribution
of the statistic, ∆ with replacement and then perform a paired t-test. Bootstrapped
distribution is approximately normal (see Figure 3) for both time periods and is cen-
tered around the observed point estimate. I check for stability of the test-statistic
and bootstrap algorithm by iterating over different random seeds and different boot-
strap sample sizes (Appendix B). ∆ follows a t−distribution with 4999 degrees of
freedom.

A paired t−test on the difference of means (t4999 = 3.41867, p < 2.2e − 16)
concludes that the regional variation due to unobserved factors has indeed decreased
during the recovery period. In other words, housing market fundamentals have a
more homogeneous effect on homeownership rate across regions. This is consistent
with the prediction of hypothesis H1b.

5.3 Analysis of Hypothesis H2

Hypothesis H2 predicts that the homeownership rate became more strongly related
to the ratio of median home value to median household income in the recovery phase
(T2) compared to the bust phase (T1). I focus on the coefficients for priceIncRatio
and its interaction with the regional dummy variables from Table 1. The region West
is omitted for the region dummy variables. Regression coefficient on priceIncRatio
indicates the change in the homeownership rate in percentage points for every unit
change in the priceIncRatio of a ZCTA for the West region, conditional on other
explanatory variables. The coefficient on the interaction of priceIncRatio should be
interpreted relative to the West.

The median household income can be considered a good proxy for permanent
income in a ZCTA (Eilbott and Binkowski (1985)). The demand for ownership
increases with rising income, and higher income makes it easier to obtain a mortgage.
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At the same time, the demand for homeownership decreases with rising home prices
in an area. Thus, the ratio of median home value to the median household income
serves as a measure of housing affordability in an area and is expected to have a
negative impact on homeownership.

For T1 in column (1) of Table 1, the homeownership rate decreases by a 1.06
percentage points for every unit increase in priceIncRatio for a ZCTA in the West.
Similarly for T2 in column (2), the homeownership rate decreases by 1.37 percentage
points for every unit increase in priceIncRatio for a ZCTA in the West. Coefficients
for both time periods are highly significant and have the expected signs for the West.

The effect of priceIncRatio in the other three regions in T1 is also shown in
column (1) of Table 1. Even after adjusting for the other factors included in the
regression, the absolute magnitude of effect of priceIncRatio on homeownership rate
is 0.8 percentage points higher in the Midwest than the West, 1.1 percentage points
higher in the Northeast than the West and not significantly different in the South
than the West.

Column (2) of Table 1 reports these effects for T2. Conditional on the other in-
cluded variables, the effect of priceIncRatio on homeownership in absolute terms is
1.9 percentage points higher in the Midwest than the West and 1.1 percentage points
higher in the Northeast than the West. Both of these coefficients are statistically sig-
nificant at α = 0.001. However, responsiveness of homeownership to priceIncRatio
in absolute terms is 0.8 percentage points higher in the South than in the West,
which is significant only at the 10% level.

These results are consistent with hypothesis H2. While regression coefficients for
priceIncRatio increased for all regions in T2, the marginal effects for zip codes in
the Midwest, Northeast and South also increased relative to the West during the
recovery period. Coefficient for the South is not statistically different from the West
since both of these regions had the largest concentration of foreclosures and were most
affected by the housing crisis. Home price appreciation was generally more modest
in the Midwest and Northeast regions. In fact, housing market in the Northeast was
the least volatile among the four Census regions (Rosen et al. (2017)).

Next I focus on the net coefficients for variable priceIncRatio for each region as
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shown in Table 4. Columns (1) and (4) report the net regression coefficients for T1
and T2. Overall the net effect of an increase in the ratio of median home value to
median household income in a ZCTA is larger in T2, the initial recovery phase than
the T1, across all four regions. For instance, during the bust phase, an increase of 1
unit in the priceIncRatio of a ZCTA in the Midwest would be expected to decrease
the homeownership rate there by less than 2 percentage points. This is because a
bubble formed in the housing markets as home prices across the country increased
each year from the mid 1990s to 2006, moving out of line with fundamentals like
household income (Baily et al. (2008)). As credit mortgage defaults escalated, credit
availability decreased and mortgage underwriting standards tightened. As can be
seen from column (4) in Table 4, in the initial recovery phase, a unit increase in
the priceIncRatio for a ZCTA in the Midwest predicts a decrease of more than
3 percentage points in the homeownership rate. The results are similar across all
regions.

Table 4 also shows the standardized effects of a unit standard deviation change
in the right-hand side variable in columns (3) and (6). β∗ represents the percentage
point change in the homeownership rate for one standard deviation change in the
magnitude of the explanatory variable. Columns (2) and (4) report the standard
deviation of the respective variables in my sample dataset.

It appears that the spread of the distribution of ratio of median home values to
median household incomes reduced significantly during the recovery period. This
occurrence leads to similar region-specific homeownership responses before and after
the bursting of housing bubble, with the exception of the West. It is also worth point-
ing out from columns (2) and (4) in Table 4, the standard deviation of priceIncRatio
decreased the most for the West and the least for the Northeast in T2 relative to T1.

For zip codes in the West, a priceIncRatio higher by one standard deviation
would, on average, have a homeownership rate lower by 7.5 percentage points com-
pared to a similar zip code in T1. In T2, due to a sharp decrease in standard deviation
of priceIncRatio from 7.1 to 2.8, the magnitude of standardized coefficient is only
3.85 for the West. For the Midwest, the increase in magnitude of slope coefficient
and the decrease in standard deviation seem to nearly offset the opposing effects. If
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the priceIncRatio in a zip code in the Midwest is higher than that in another similar
zip code by one standard deviation, then homeownership rate in the zip code with
higher priceIncRatio is expected to be lower by 2.97 percentage points in T1 and by
2.91 percentage points in T2.

6 Conclusion

This paper investigates the impact of the housing bubble on homeownership during
the housing bubble bust (2007-2011) and the initial phase of economic recovery (2012-
2016) both at the national and the regional levels. Since a major part of the run-up in
homeownership was due to relaxed credit standards (Goodman and Mayer (2018)), I
also investigate how has the homeownership response to relative affordability changed
before and after the crash of house prices.

I use a sample of 29,575 zip codes from the aggregate 5-year data from 2011
and 2016 American Community Survey (ACS) at the zip code level. The first time
period of 2007-2011 is the bust phase in the housing market and the second period
of 2012-2016 can be thought of as the phase of initial recovery. I construct six key
demographic and economic variables for each zip code from the ACS data and assign
the regional membership to each of these.

The key contributions of this study are threefold. Firstly, existing studies are
based on a data from individual households or on aggregate data for only Metropoli-
tan Statistical Areas (MSA). No investigation of the ownership outcomes across re-
gions and across time has used aggregate data for a large number of zip codes. This
paper uses data for almost all zip codes covered by the 5-year American Commu-
nity Survey (ACS). This enables me to account for heterogeneity across submarkets
within MSAs, not just across MSAs. Secondly, the issue of regional disparity has
largely been discussed using data from the cities or the metro areas and the rural
areas have been left out of such studies. In fact, Glaeser and Gyourko (2002) point
out that smaller datasets which feature only large metropolitan areas may oversam-
ple highly regulated cities and underrepresent the bulk of American housing. Lastly,
I create a naive metric and test statistic to confirm the regime change in the housing
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market at the regional level.
The region can affect the homeownership rate of an area not only through its un-

observed locational effect but also through interaction with demographic and market
variables. I use six explanatory variables, three dummy variables and relevant inter-
action terms to explain variation in homeownership rates across regions and around
the housing crisis. I find that the housing markets were indeed very different before
and after the housing crash of 2007-08 at both the national and the regional level. I
test this using Chow test for structural break and find sufficient evidence to reject
the null hypothesis of no structural break in the homeownership model. Based on
adjusted-R2, the regression model has a higher explanatory power in the recovery
period compared to the crisis period.

I look further into it by using dummy coefficients to estimate the regional variation
in homeownership rates. I find that fundamental demographic and market variables
reduce the collective variation more in the recovery period than in the crisis period.
This reduction is also statistically significantly different. Using a bootstrapped dis-
tribution of this statistic, I find that my included factors have more homogeneous
effect on homeownership rate across regions in the recovery period than in the crisis
period.

Next, I focus only on the response of homeownership rate in a zip code to the
ratio of median home value to median household income. Since there was a dra-
matic shift form lax lending standards to a much tighter credit regime, I expect the
homeownership to be more responsive in the recovery period. I find that an increase
in this affordability measure leads to a much larger decrease in homeownership rate
during the recovery phase compared to the response in the bust phase. This result
is also statistically significant and consistent for all regions.

My study presents opportunities for future research in two dimensions. Motivated
by expectation of a regime switch before and after the housing market recovery,
I focus on homeownership analysis across only two time periods. Extending the
analysis to a longer time horizon would shed light on the homeownership behavior
during the economic boom and house price appreciation that occurred prior to the
crash (2002-2007). However, insufficient history of the ACS 5-year aggregate data
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limits the prospects of conducting a full panel analysis here. Since these estimates
were first released for the period 2005-2009, only three distinct, non-overlapping time
periods are available to date. Other data sources may be considered that provide
estimates over a longer time period to conduct a panel data study.

Secondly, beginning in the late 1970s, state and local governments, have become
increasingly important to the development and implementation of housing policy
(Buckley and Schwartz (2011)). My study outlines a framework to analyzes regional
variation in homeownership rates by insertion of dummy variables and interactions
with market variables. While this uncovers interesting insights into key determin-
ing factors, this obscures the role of factors contributing to inter-state variations in
homeownership rates.

Aside from factors that are commonly associated with housing demand (demo-
graphics, income and density), housing prices are found to be associated with local
and statewide regulations (Eicher (2008)). State policies in the form of land use
regulations, zoning restrictions and construction approval delays may add a com-
plementary supply-side dimension of the variation in housing prices to the analysis.
The Wharton Residential Land Use Regulatory Index (WRLURI) is an aggregate
measure that summarizes information on the different aspects of local and state
regulatory environment (Gyourko et al. (2008)).

Stricter land use regulations tend to stifle or delay new supply, leading to a rise
in land prices and construction costs, and a decrease in homeownership (Rosen et al.
(2017)). Additionally, past studies have also identified differential state income taxes
leading to differences in homeownership. For instance, Narwold and Sonstelie (1994)
show that the probability that a household owns its home is positively related to
its own tax rate and is negatively related to the top tax rate in its state. Thus,
explaining state level variation in homeownership is a promising topic for future
study.
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A Data Definitions

Metropolitan Statistical Area (MSA). A census-designated area with at least
one urbanized area of 50,000 or more inhabitants.

Micropolitan Statistical Area. A census-designated area with at least one urban
cluster of at least 10,000 but less than 50,000 population.

Housing Unit. A housing unit is a house, an apartment, a group of rooms, or a
single room occupied or intended for occupancy as separate living quarters. Separate
living quarters are those in which the occupants do not live and eat with other
persons in the structure and which have direct access from the outside of the building
or through a common hall. Living quarters of the following types are excluded
from the housing unit inventory: Dormitories, bunkhouses, and barracks; quarters
in predominantly transient hotels, motels, and the like, except those occupied by
persons who consider the hotel their usual place of residence; quarters in institutions,
general hospitals, and military installations except those occupied by staff members
or resident employees who have separate living arrangements.

Occupied Housing Units. A housing unit is occupied if a person or group of
persons is living in it at the time of the interview or if the occupants are only
temporarily absent, as for example, on vacation. The persons living in the unit must
consider it their usual place of residence or have no usual place of residence elsewhere.
The count of occupied housing units is the same as the count of households.

Householder. The householder refers to the person (or one of the persons) in
whose name the housing unit is owned or rented or, if there is no such person, any
adult member, excluding roomers, boarders, or paid employees. If the house is jointly
owned by a married couple, either the husband or the wife may be listed first, thereby
becoming the reference person, or householder, to whom the relationship of the other
household members is recorded. One person in each household is designated as the
"householder."
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Number of Housing Units in Structure. A structure is a separate building
which either has open space on all four sides or is separated from other structures
by dividing walls that extend from ground to roof. The count of housing units in
a structure is the total number of units in the structure, both occupied and vacant
units. In the tabulations, occupied mobile homes or trailers, tents, and boats are
included in the category one housing unit in structure.

Contract Rent. For renter-occupied units, the contract rent is the monthly rent
agreed upon regardless of any furnishings, utilities, or services that may be included.
The median monthly rent is the rent which divides the series into two equal parts,
one-half of the units with rents higher than the median and the other half with rents
lower than the median.

Value. Value is the respondent’s estimate of how much the property would sell
for on the current market. For vacant units, value is the sales price asked for the
property at the time of the interview and may differ from the price at which the
property is sold. The median value or sales price is the amount which divides the
series into two equal parts, one-half of the units with values higher than the median
and the other half with values lower than the median.

Homeownership Rate. The proportion of households that are owners is termed
the homeownership rate. It is computed by dividing the number of households that
are owners by the total number of households. The formula is as follows:

Homeownership Rate (%) =

[
Owner occupied housing units
Total occupied housing units

]
∗ 100

Family. A family is a group of two persons or more (one of whom is the householder)
related by birth, marriage, or adoption and residing together; all of such persons
(including related subfamily members) are considered as members of one family.

Non-family Householder. A non-family householder is a person maintaining a
household while living alone or with non-relatives only.
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Figure 4: Bootstrap Robustness for varying number of bootstrap sample

Note 1: The figure shows the bootstrap distributions of test statistic ∆ for number of samples, B =
500, 1000, 5000. In each panel, the left column is the plot for 2007-11 and the right panel is the plot
for 2012-16.
Note 2: This check confirms the qualitative robustness of the bootstrap algorithm. The sampling
distribution of the test statistic, ∆ is approximately normal and a t-test can be used to test for
difference of means.
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C Census Regions

Figure 5: Four Census Regions

Source: https://mapchart.net/usa.html
Notes:
Northeast: Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, Vermont, New
Jersey, New York, Pennsylvania.
Midwest: Illinois, Indiana, Michigan, Ohio, Wisconsin, Iowa, Kansas, Minnesota, Missouri, Ne-
braska, North Dakota, South Dakota.
South: Delaware, District of Columbia, Florida, Georgia, Maryland, North Carolina, South Car-
olina, Virginia, West Virginia, Alabama, Kentucky, Mississippi, Tennessee, Arkansas, Louisiana,
Oklahoma, Texas.
West: Arizona, Colorado, Idaho, Montana, Nevada, New Mexico, Utah, Wyoming, Alaska, Cali-
fornia, Hawaii, Oregon, Washington.
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