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Housing is the single largest component of
consumer spending and has enormous price dis-
persion across space. As a result, an accurate
measure of spatial differences in housing costs is
crucial to accurately measure differences in the
affordability of places to live.

Measuring housing affordability across space
requires comparing the prices of a single year of
housing services. For the rented housing mar-
ket, this is easily done by comparing rents for
simple units in different cities. This is much
more challenging for the owner-occupied hous-
ing stock, which makes up about two-thirds of
the occupied housing stock. The challenge is
that we do not directly see the rental value of
owner-occupied housing.1

This paper applies a new method we devel-
oped in Diamond and Diamond (2024) (DD) to
impute the rental value of owner-occupied hous-
ing across 15 CBSAs. This method uses a panel
of housing units that switch between the owner-
occupied and rental markets to more accurately
estimate owner-occupied properties’ rents. This
allows us to include a property’s value as a co-
variate to predict rents in addition to the stan-
dard hedonic controls. By including property
value as a covariate, we can proxy for unob-
served housing and neighborhood quality of the
housing unit.

Our method predicts a 3.2 percent higher aver-
age rental value of owner-occupied housing than
standard hedonic methods. This masks substan-
tial spatial heterogeneity. We find hedonic meth-
ods overestimate the rental value of owner occu-
pied housing in the most expensive and land-use
regulated CBSAs and underestimate its rental
value in the least expensive and regulated CB-
SAs. Our results imply a smaller difference
in housing affordability between high and low
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1In the construction of the Consumer Price Index for cal-
culating inflation, imputing the rental value of owner-occupied
housing is both the largest and most model-based step.

cost CBSAs than previous work. For example,
standard hedonic methods predict that owner-
occupied housing is 225 percent more expensive
in San Francisco CBSA than Detroit. The DD
method implies that this difference gap is only
200 percent.

We provide suggestive evidence that our re-
sults are due to spatial misallocation of physical
housing quality caused by land-use regulation.
In the most regulated CBSAs, it is much harder
to develop high-quality housing in the most de-
sirable locations. As a result, the correlation be-
tween location desirability and housing quality
is lower (or even negative) than in more regu-
lated CBSAs.

In the most regulated CBSAs, hedonic meth-
ods should therefore underestimate the cost of
the most desirable locations, where the housing
stock is low quality. This can explain why our
method reduces the cost estimates of the most
regulated cities and increases it it in the least reg-
ulated cities.

I. Data

We use the public-use American Housing Sur-
vey (AHS) from 2015-2021. The AHS is a panel
of properties that are surveyed every two years.
The panel was completely resampled in 2015,
so we focus on these later years with a consis-
tent panel structure. Our analysis will focus on
comparing the rental value of owner-occupied
properties across US CBSAs. The public-use
AHS only identifies the 15 largest CBSAs in the
public-use files, so we restrict our analysis to
these 15 CBSAs. Summary stats of key vari-
ables are listed in Appendix Table 1.

II. Measuring Owner-Occupied Housing Costs

As discussed in Poterba (1984), the purchase
price of housing is not an accurate measure of
the annual flow cost of housing consumption.
Since housing is an asset, its purchase price rep-
resent the present discounted value of future ex-
pected rents. The ideal measure of current hous-
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ing costs is the ”spot market” price of a year of
housing services, namely the rental cost. For
properties in the rental market, this is directly
observed in data. For owner-occupied proper-
ties, the annual rental costs must be estimated.

A standard approach to estimate the rental
value of an owner-occupied housing unit is to
use the rent of a “matched” rental property
with similar observable characteristics (Davis,
Lehnert and Martin, 2008; Demers and Eisfeldt,
2022). This is done with a hedonic regression:

(1) ri jt = δt +δ j +βXit + εi jt ,

where i indexes properties, j CBSAs, and t
years. ri jt is the annual log rent of property i, Xit
is a vector of property characteristics: property
age, property age squared, dummies for single
family homes and multi-family buildings (ex-
cluded category is mobile home), and the num-
ber of rooms in the unit.

We can estimate equation 1 by pooling our
rental property data across CBSAs and years. To
measure the difference in log rent across cities
for the owner-occupied market, we predict rents
for each CBSA using equation (1), with Xit equal
to the nationwide owner-occupied average prop-
erty characteristics. This method is used by the
BEA to measure Regional Price Parities and by
Diamond and Moretti (2021) and Moretti (2013)
to measure local housing cost differences.2

One shortcoming of this method is that it ig-
nores unobservable characteristics. If owner-
occupied housing is higher quality than rental
housing for reasons not captured by our observ-
ables, the hedonic method would underestimate
the rental value of the owner-occupied housing
stock. To account for unobservable quality dif-
ferences between the rented and owner-occupied
housing stocks, we apply new methods we de-
veloped in Diamond and Diamond (2024) (DD).

DD show that housing units that switch be-
tween the owner and rental markets over time,
for which we observe both a rent and a sales
price, can be used to account for the impact of
unobserved housing quality. We refer to housing

2Another common approach is to multiply the purchase
value of the property by a fixed percentage, often 0.0785, fol-
lowing Peiser and Smith (1985) to impute rent. This method is
used by Gyourko and Tracy (1991), Albouy (2016), and Dia-
mond (2016).

units that switch between the owner and rental
market in consecutive survey waves of the AHS
as switchers. DD show that their method accu-
rately predicts the rents of switchers across the
price distribution. They also show that hedo-
nic methods overestimate the rent of low-price
switchers (which have low unobserved qual-
ity) and underestimate the rent of high priced
switchers (which have high unobserved quality).

To give some intuition about how switchers
can improve rental cost estimation of owned
units, we compare switchers’ reported property
values and rents to the overall property value and
rental distributions. Housing units that switch
between the rental and owner markets rent for
17% more than the average rental unit, but are
valued 30% less than the average owned prop-
erty. This shows that is significant segmentation
between the owner-occupied and rental markets.
If this segmentation is not fully captured by
the observable differences between the owner-
occupied and rented properties, hedonic rent es-
timation using equation (1) could be biased.

We briefly describe the DD method here; see
DD for details. Since housing values and rents
for switchers are measured two years apart, we
transform rents and value dollar amounts to rent
and value ranks within the nationwide AHS dis-
tribution for the year in which these prices are
observed. Define SRi jt and SVi jt as housing unit
i′s rank in the nationwide rental and value distri-
bution in year t.3 For any given unit in a given
year, we either observed SRi jt or SVi jt . We esti-
mate the following quantile regression at quan-
tile q using housing units that have switched be-
tween the rental and owner markets:

(2) Sq
Ri jt′

= δ
q
t ′ +δ

q
j +β

qXit ′ + γ
q
1 QVi jt∗

+ γ
q
2 Q2

Vi jt∗
+ ε

q
i jt ′ ,

where t ′ is the year a switcher house is ob-
served in the rental market and year t∗ is the year
of the consecutive survey wave (either before or
after) where house is observed in the owner mar-
ket.

3Because rent-to-price ratios fluctuate over the business cy-
cle (Diamond, Landvoigt and Sanchez, 2023), the relationship
between rents and prices is more stable over time in ranks than
in levels.
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We estimate this quantile regression at quan-
tiles 15.5, 39, 59, 79, 92, 97 and 99. We then
predict the distribution of rental market ranks
for each CBSA in each year using equation (2)
where we where we set Xit equal to the nation-
wide owner-occupied average property charac-
teristics and QVi jt∗ ,Q

2
Vi jt∗

to the average property
value rank (and its square) within each CBSA.
Ŝq

R jt′
= δ

q
t ′ + δ

q
j + β qX̄ + γ

q
1 Q̄V j∗ + γ

q
2 Q̄2

V j∗
. We

then transform these predicted ranks in the rental
distribution, Ŝq

R jt′
, to their corresponding log an-

nual rents according to the distribution of rents
observed in the AHS in year t, Ft . r̂q

jt = Ft(Ŝ
q
R jt′

).
To get the expected annual log rent in CBSA
j in year t we then integrate over this distribu-
tion of log rents. E(r jt) =

∫ 1
0 r̂q

jtdq. We ap-
proximate this integral using the midpoint rule
with the midpoint set at the quantiles mentioned
above.

A few studies have analyzed housing units
that switch between the owner-occupied and
rental market to estimate price-to-rent ratios
(Bracke, 2015; Eichholtz et al., 2021). How-
ever, our method utilizes these switchers as a
way to extrapolate rental cost estimates to the
entire stock of owner-occupied housing.

III. Results

On average, we find that our switcher meth-
ods predicts expected log rents for the owner
occupied housing stock that are 3.2 percent
higher than those predicted by hedonic methods
(equation (1). We find substantial heterogeneity
across CBSAs in the difference between rents
predicted by the two methods. In Detroit, the
switcher method predicts rent are 12.3% higher
than the hedonic estimates. On the other end of
the distribution, we find the switcher method es-
timates New York rents to be 3.6% lower than
suggested by the hedonic method.

We find the difference in predicted owner-
occupied rents between the switcher and hedo-
nic method is strongly correlated with the hous-
ing property (asset) values across CBAS.4 Fig-
ure 1a shows a 1 percent increase in a CBSA’s

4We estimate the property value price index by using equa-
tion 1, but change the dependent variable to the house value (as
opposed to rent) reported for each owner-occupied house in the
AHS. We then predict CBSA property values holding fixed ob-
servable differences in housing quality.

property value index is associated with a 0.08
percent decrease in the difference between rental
predictions from the switcher and hedonic es-
timation methods. Hedonic methods overstate
differences in the rental cost of owner-occupied
housing across CBSAs.

To highlight a salient example, we compare
the CBSAs of Detroit and San Francisco. Ac-
cording to the hedonic property value estimates,
the difference in house asset values of owner-
occupied properties in these CBSAs is 440 per-
cent. Asset value of housing is a poor mea-
sure of the per-period cost of housing consump-
tion. Higher purchase prices are associated
with higher subsequent house price apprecia-
tion, confounding this a measure of cost (De-
mers and Eisfeldt, 2022). Looking at hedo-
nic rental differences for owner-occupied prop-
erties, San Francisco is 225 percent more expen-
sive than Detroit. Using the switcher estimation
method, San Francisco is 200 percent more ex-
pensive than Detroit.

IV. Mechanisms: The Role of Land-use
Regulations

A full analysis of why hedonic methods dis-
proportionately under predict rental values for
owned homes in low price cities is beyond the
scope of this paper. We investigate one possible
theory: geographic variation in land-use regula-
tion. Prior work has shown the growing impor-
tance of land-use regulation over the past 70+
years in restricting housing supply and inflating
the cost of housing in highly regulated cities.
See Gyourko and Molloy (2015) for a review of
this literature.

Land-use regulations restricts the choice-set
of what types of housing can be built in differ-
ent locations. Since most of the present laws
were enacted prior to 1970, many areas that have
highly restrictive land-use laws today have their
housing stocks “frozen in time” with what was
built in or before the 1970s. This leads to spatial
misallocation in the characteristics of the hous-
ing stock. For example, Cambridge, MA has
a large stock of 2-3 unit multi-family proper-
ties that were built in the 19th century and can-
not be replaced with modern housing by regu-
lation. Despite their low physical house qual-
ity, they rent for a high price due to their cen-
tral, desirable location. Compare this to sub-
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urban North Andover, MA. According to the
town-level Wharton Land-Use Regulation In-
dex, North Andover’s land use regulation is 0.5
standard deviations lower than the nationwide
mean, while the overall Boston CBSA land-use
level is 0.4 standard deviations higher. North
Andover has substantial new construction and
affordable single family homes. Despite the
housing quality being higher in North Andover,
the location is less central and does not com-
mand the high land values of Cambridge. This
misallocation creates a negative correlation be-
tween location quality and housing quality in
CBSAs that are highly regulated: new construc-
tion can only be built in less desirable parts of
the CBSA with less land-use regulation.

In contrast, CBSAs like Detroit have very lit-
tle land-use regulation and allow construction of
most housing types in most areas. Since higher
income households are likely willing to pay for
high quality housing in high quality neighbor-
hoods, one would expect there there be strong
income sorting on housing quality in CBSAs
that have lower land-use regulation. In highly
regulated CBSAs, the high quality housing will
be misallocated to lower quality neighborhoods
more often. This low quality housing stock in
desirable neighborhoods is also more likely to
be rented. In these high regulation CBSAs, high
income households are more likely to have to
choose either a high quality neighborhood with
inferior house quality, or a lower quality neigh-
borhood with higher house quality.

What does this imply about the rental value
of owner-occupied housing? Since high-income
households are much more likely to be home
owners vs. renters, the owned housing stock
will be selected towards to the high-end of the
housing market, both in terms of housing qual-
ity and location quality. However, most hedonic
rent imputations, such as equation (1), only ad-
just for quality differences in the housing struc-
ture and not neighborhood differences. When
land-use is not restricted, this suggests that for a
given level of structure quality, owner-occupied
houses tend to be in higher quality neighbor-
hoods than equivalent rental houses. Thus, he-
donic rental predictions would be biased down-
ward for low regulation CBSAs. In high regula-
tion CBSAs, the sorting of high quality houses
to high quality neighborhoods is weakened and
could even be reversed, as suggested by the

Boston example above. If this is the case, the
hedonic rent imputations can over predict rents,
since rental housing units for a given physical
quality could be in higher quality neighborhoods
than similar owner-occupied units.

To test this theory, we first regress the dif-
ference in predicted owner-occupied rents be-
tween the switcher and hedonic method on the
2018 Wharton Real Estate Land-Use Regulation
Index (Gyourko, Hartley and Krimmel, 2021).5

Figure (1b) shows a one standard deviation in-
crease in the WRLURI is associated with a 0.08
drop in the difference in log rental value predic-
tions between the hedonic and switcher meth-
ods. This shows that in low regulation CB-
SAs, such as Detroit, the hedonic rents are be-
low the switcher rents, while in high regula-
tion places, such as New York, hedonic rents are
above switcher rents.

To further probe our hypothesis that land-use
regulation is causing misallocation of housing
quality across neighborhoods, we estimate the
level of income sorting across housing quality
for each CBSA. To do this, we use our hedo-
nic rent equation (1) to predict a housing qual-
ity index for each housing unit in the the AHS
(including both rented and owner properties).
Housing quality is simply: β̂Xit . We then regress
this housing quality on the log household in-
come, LnIncit of the household living in the
housing unit: β̂Xit = γ jLnIncit +δ jt +εit . γ j rep-
resents the elasticity of housing quality with re-
spect to household income in CBSA j. When γ j
is high, this means households are strongly sort
on physical housing quality across the income
distribution.

Our theory of housing misallocation in regu-
lated CBSAs would predict a lower level of in-
come sorting in highly regulated CBSAs, and a
higher level in low regulation CBSAs. Figure
(1c) regresses γ j on the level of land-use regula-
tion. We find a 1 standard deviation in land-use
regualtion is associated with a 0.02 lower elas-
ticity of housing quality with respect to house-
hold income. This is a substantial effect. De-
troit’s elasticity of housing quality with respect
to household income is 0.078. Moving De-
troit’s level of regulation to San Francisco’s level

5Following Gyourko, Hartley and Krimmel (2021), we mea-
sure a CBSA’s land-use regulation by taking a simple mean WR-
LURI across municipalities in the CBSA.
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would lower this elasticity to 0.048, a forty per-
cent decline.

We next look at how γ j relates to the the dif-
ference in rental predictions between our hedo-
nic and switcher methods. Figure (1d) shows a 1
unit increase in the elasticity of housing quality
with respect to household income is associated
with a 2.81 percent increase is in the difference
between the switcher and hedonic rental market
predictions, consistent with our housing misal-
location theory of land-use regulation.

V. Conclusion

We apply the method of Diamond and Dia-
mond (2024) to estimate housing rental prices
of owner-occupied housing across the 15 largest
CBSAs in the US. We show that standard he-
donic rent methods overstate the spatial varia-
tion in housing affordability. We find that he-
donic rent methods systematically under predict
rents for owner occupied units, but this is espe-
cially true in low land-use regulation CBSAs. In
the most highly regulated CBSAs, hedonic rent
methods over predict rents for owner-occupied
units. This difference appears to be driven by the
misallocation of housing quality across neigh-
borhoods in regulated CBSAs.
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(a) ∆ Log Rent vs Property Value Price Index (b) ∆ Log Rent vs WRLURI

(c) Elasticity of Housing Quality wrt Income vs
WRLURI

(d) ∆ Log Rent vs Elasticity of Housing Quality
wrt Income

Figure 1.

Note: Panels a-c’s dependent variable is the difference in the switcher method estimate of the owner-occupied rent index and the
hedonic method estimate of the owner-occupied rent index. WRLURI stands for the Wharton Real-Estate Land-Use Regulation Index,.

Table 1—: Summary Statistics

(1)

mean sd Obsevations
Ln Annual Rent 9.49 0.81 52202
Ln Property Value 12.6 0.94 77298
Owner Occupied 0.58 0.49 128419
Number of Rooms 5.56 1.63 128419
Property Age 47.4 25.2 128419
Single Fmaily Home 0.63 0.48 128419
Multi Family Property 0.35 0.48 128419
Ln Family Annual Income 10.9 1.22 124958
Switched btwn Owner and Renter Markets 0.035 0.18 128419
Year 2018.1 2.24 128419

Note: Data come for the the 2015-2021 American Housing Survey covering the 15 largest CBSAs, as identified in the public-use ASH
data.


