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Abstract 
 

Standard Jorgensonian (frictionless) theory suggests that user costs of capital services should equal rents. 
In practice, they diverge. This paper explores the divergence of these measures in the context of housing 
capital. It is known that ex-post measures of housing user costs are significantly more volatile than rents. 
But I demonstrate here that a substantial volatility divergence holds true for ex-ante, appropriately 
smoothed measures as well. (This volatility alone implies that user-cost measures of housing services are 
unsuitable for inclusion in official price statistics.) I also demonstrate that rents and user costs diverge 
markedly (in levels), and that this divergence persists for years. This holds not only at the aggregate level, 
but at the metropolitan-market level as well. It holds regardless of the measure of house prices used 
(OFHEO/CMHPI or Census), and regardless of the rent measure used (official BLS rent index or an index 
based upon rent inflation in single-detached homes). However, the data suggest that despite the large 
persistent divergences, these did not imply the presence of unexploited profit opportunities: though 
detached housing is readily moved between owner and renter markets, and the detached-unit rental market 
is surprisingly thick, transactions costs would have prevented risk-neutral investors from earning expected 
profits by buying a property to rent out for a year, and would have prevented risk-neutral homeowners from 
earning expected profits by selling their homes and becoming renters for a year. 
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1. Introduction 
 
Between 1995 and 2004, the CPI rose by 23%, the owners-equivalent-rent subindex of the CPI 

rose by about 30%, but the OFHEO (Office of Federal Housing Enterprise Oversight) house 

price index rose by over 61%. The divergence between the latter two measures prompted many 

commentators to question the appropriateness of using rental equivalence as the measure of 

homeowner shelter costs. However, the price of a durable good is not the best measure of costs 

accruing to an owner, since a durable provides a flow of services over time, and can in many 

cases be resold later; see Diewert (2003) for a more extensive discussion. In many simple 

models, an appropriate measure of owner costs is given by an ex ante “user cost” measure 

consisting of the expected financing, maintenance and depreciation costs minus the present value 

of its expected resale price. However, simple frictionless models also imply that a durable good’s 

rental price will equal its user cost. 

This paper is the first to demonstrate that, in the case of US housing data, rents and ex 

ante user costs diverge markedly, for extended periods of time, an evident failure of arbitrage. (I 

discuss the recent work of Himmelberg, Mayer and Sinai (2005) below.) 

Prior to this paper, it was known that ex post user cost measures are typically much more 

volatile than the corresponding rent measures (see, e.g., Gillingham 1983). Indeed, ex post 

homeowner user cost measures are so volatile that, given their large weight in consumer price 

indices, their monthly movements would dominate these price index movements. But such ex 

post measures of user costs aren’t necessarily the most interesting or relevant measure in many 

applications, for several reasons. First, ex post user costs can be negative. Second, decisions are 

made on the basis of ex ante rather than ex post user costs. Third, rents should equal ex ante 

rather than ex post user costs. Such reasons have prompted some (e.g., Diewert 2003) to suggest 

that, for the purposes of constructing official statistics, ex ante user cost measures are superior.1 

A priori, one would have expected a much tighter linkage between rents and ex ante user costs.  

For example, ex ante measures might have turned out to be far less volatile than ex post 

measures, since they involve expected rather than actual home price appreciation. 

                                                 
1 Accurate measurement of the value and costs of homeownership is crucial for estimating inflation dynamics, as 
well as for generating complete consumption measures, since shelter occupies such a large fraction of total 
consumption; mismeasurement could well alter both the level, and the dynamic properties, of key macroeconomic 
aggregates. 
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I construct several estimates of ex ante user costs for US homeowners, and compare these 

to rents. There are three novel findings. First, a significant volatility divergence remains even for 

ex ante user cost measures which have been smoothed to mimic the implicit smoothing in the 

rent data. Indeed, the volatility of smoothed quarterly aggregate ex ante user cost growth is about 

ten times greater than that of aggregate rent growth. This large volatility probably rules out the 

use of ex ante user costs as a measure of the costs of homeownership. 

The second novel finding is perhaps more surprising: not only do rents and user costs 

diverge in the short run, but the gaps persist over extended periods of time. In other words, the 

divergence between rents and user costs is not simply a high-frequency phenomenon. This 

temporal divergence is true both for the US as a whole, and – to both greater and lesser extents – 

for ten major metropolitan areas in the US. Formal cointegration tests reject cointegration in 

nearly all cases.  

The divergence between rents and user costs highlights a puzzle, explored in greater 

depth below: rents do not appear to respond very strongly to their theoretical determinants. This 

finding accords with findings of earlier work by Follain, Leavens and Velz (1993), DiPasquale 

and Wheaton (1992) and Blackley and Follain (1996). These studies focus on structural models 

of the rental housing market (the latter two estimate multiple-equation structural models), and 

each concludes that it is difficult to find strong evidence that changes in user costs influence 

rents. (In contrast, Green and Malpezzi (2003) find a stronger relationship between rents and user 

costs.) 

Despite this divergence, the third novel finding is that there were evidently no 

unexploited profit opportunities. While the detached-unit rental market is surprisingly thick, and 

detached housing is readily moved between owner and renter markets – so that the capital 

specificity issue highlighted by Ramey and Shapiro (2001) should not play a big role – the large 

costs associated with real estate transactions would have prevented risk-neutral investors from 

earning expected profits by using the transaction sequence buy-earn rent on property-sell, and 

would have prevented risk-neutral homeowners from earning expected profits by using the 

transaction sequence sell-rent for one year-repurchase.  

Finally, what distinguishes this paper from the recent work of Himmelberg, Mayer and 

Sinai (2005)? That paper is focused on explaining house price dynamics, and asks whether these 

have been driven by bubbles or fundamentals. However, it does not directly address the issue of 

rents versus user costs, since its measure of expected appreciation is a one-sided fifteen-year 
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moving average. This measure may be sensible in other contexts, but is unsuitable for this 

purpose since it cannot reflect the covariance between interest rates and expected appreciation at 

higher frequencies. 

Most statistical agencies in the US and abroad use the rental equivalence approach when 

possible. However, user costs are used frequently in international comparisons (Heston, 2005), 

are used in Iceland to compute shelter costs (Diewert, 2003; Guðnason, 2004), are in use by the 

Bureau of Economic Analysis (Diewert, 2003), and have been frequently proposed or used as 

measures of consumption (see, e.g., Landefeld and McCulla, 2000). How should we measure the 

per-period cost of owning a durable? The divergence between rents and user costs is 

disconcerting, and suggests that our understanding of the costs facing owners of durable goods is 

deficient. 

The outline of the sequel is as follows. Section 2 describes the data. Section 3 discusses 

the construction of the user cost measures. Section 4 presents graphical evidence, and Section 5 

presents the results from regression analysis. Section 6 explores the “arbitrage” question: given 

the divergences observed, were profits possible in expectation? Section 7 offers some 

conclusions. 

 

 

2. Data and comparability issues; construction of the 

detached-home rent index 
 

Data used are the CMHPIs (Conventional Mortgage Home Price Indices) for the US and for 10 

US metropolitan areas, the US Census constant-quality new home price index, the average 

contract rate on commitments for 30-year conventional fixed-rate first mortgages in the US, the 

one-year T-bill interest rate, the CPI rent indices for all-US and for 10 metropolitan areas, 

confidential post-1987 US CPI microdata on rents of detached housing units (as described 

below), and the US Census rental vacancy rate. 

 

2.1 Home Prices: OFHEO and CMHPI price indices, and the Census new home price index 

2.1.A. The OFHEO and CMHPI price indices 



Divergence of rents and user costs 

5 

To compute homeowner user costs, one must use a measure of home prices. The most widely-

used US home price data series are the OFHEO house price indices, and the Freddie Mac 

CMHPIs. Each of these quarterly indices uses a common data set (described below) to construct 

an index using a weighted repeat sales method (see Case and Shiller, 1987, 1989); the OFHEO 

index construction is described in Calhoun (1996), and the CMHPI construction is described in 

Stephens et al. (1995). These indices behave similarly. Each is available at several levels of 

disaggregation.  

The common data source consists of repeat mortgage transactions – both purchases and 

refinancings – for single family homes in a database of loans purchased or securitized by Freddie 

Mac and Fannie Mae. These comprise approximately 60% of all loan originations. However, the 

housing stock of the US is not completely represented in this data; in particular, neither the lower 

end nor the upper end of the market is fully represented. The lower end is not fully represented 

because: a), lower-valued properties are not as frequently sold (e.g., some drop out of the 

housing stock); b), such low-value transactions are more easily accomplished without mortgage 

financing; and c), such transactions are more likely to make use of government-insured loans. 

The upper end is not fully represented both because such transactions are less likely to use 

conventional mortgage loans, and because the size of the associated mortgages can lie above the 

conforming loan limits (loan amount restrictions) in the agencies.2 

Repeat-sales methodologies limit the extent to which changes in the composition of the 

sample can influence the estimated index – since only price changes on the same property are 

used in estimating the index. But there are four potential sources of bias.  

First, as Gallin (2003) and McCarthy and Peach (2004) point out, these repeat-sales 

indices are not constant-quality price measures, in that these methods do not control for changes 

in the physical characteristics of the home, such as improvements, additions, or deterioration. 

McCarthy and Peach (2004) note that inflation in the repeat sales indices has roughly matched 

the inflation of the median new home built; since the quality of new homes sold has clearly 

increased over time, they argue that the repeat sales indices are hopelessly contaminated by 

unmeasured quality change. (Baker (2004) conversely notes that, between 1991 and 2002, 

spending on improvements did not increase as a percentage of the value of the housing stock; his 

take on the evidence is that such spending could not account for more than 1% of home price 

appreciation. Gallin (2004) also notes that BEA estimates on improvements and depreciation 
                                                 
2 Greenlees (1982ab) studied the implications of truncation in FHA data. 
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3. User costs  
 

In principle, the ex ante user cost is simply the expected annual cost associated with purchasing a 

house, using it for one year, and selling it at the end of the year.5 Given the presence of risk-

neutral landlords, and under the assumption of no transactions costs, this should equal the market 

rent for an identical home. (For more details and extensive discussion about user cost, see 

Diewert 2003). 

Three different (one-year) user cost formulas are employed, all of which are standard.6 

The first ignores the preferential tax treatment given to homeowners: 

 
( )

:

h h
t t t t

h s
t t

usercost P i E

P

γ π

ψ

= + −

=
 (1) 

where h
tP  is the price of the home; ti  is a nominal interest rate;7 γ  is the sum of depreciation, 

maintenance and repair, insurance, and property tax rates (and potentially a risk premium) – all 

assumed constant;8 h
tπ  is the 4-quarter (constant-quality) home price appreciation between now 

and 1 year from now; and E represents the expectation operator (so that the final term is expected 

annual constant-quality home price appreciation). As Diewert (2003) points out, one may 

interpret ( )h
t ti Eπ−  as a period-t real interest rate.9,10 As house price data are quarterly, this gives 

rise to a quarterly user cost series. (Note that some authors refer to tψ  alone as the user cost.) 

                                                 
5 In this Section, transactions costs and financing constraints (such as minimum down payments) are ignored. The 
relationship between market rents and user costs which take such complications into consideration has yet to be fully 
explored. (However, see Diaz and Luengo-Prado (2006) and Martin (2004).) The standard frictionless theory, which 
builds upon Hall and Jorgenson (1967), implies that rents equal user costs, and is exposited in Gillingham (1980, 
1983) and Dougherty and Van Order (1982); see also Diewert (2003). Wedges resulting from taxes and transactions 
costs are considered in Section 6. 
6 See, e.g., Katz (1983), Diewert (2003), Green and Malpezzi (2003), Glaeser and Shapiro (2003), Katz (2004). The 
measures here are all end-of-period user costs, easily transformed into beginning-of-period user costs by dividing by 
(1+ it), or to middle-of-period user costs by dividing by the square root of this term (Katz 2004). For the present 
purposes, this choice turns out to be inconsequential. 
7 See Section 2 on the choice of the appropriate interest rate. I explored both the average current 30-year mortgage 
rate, and the average one-year T-bill rate. This choice turns out to be inconsequential.  
8 BEA estimates of the depreciation rate indicate minimal variation; it remains in the range 0.015-0.016. Census 
estimates of maintenance and repairs imply modest variation outside of a strong seasonal. 
9 Many other authors – e.g., Himmelberg, Mayer and Sinai (2005) – base their user cost measures upon an 
expression such as (r + γ – Eπh), where r is a real interest rate. This is erroneous, as can be understood by 
comparing two riskless economies which differ only in their rate of inflation. 
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Rather than using a crude proxy, I will construct a forecast for Eπh, as described below. 

This choice is crucial, for four reasons. First, expected home price appreciation is extremely 

volatile; setting this term to a constant is strongly at odds with the data, and its level of volatility 

will be central to this study. Second, this term varies considerably across cities, and its temporal 

dynamics might well vary across cities as well. Third, the properties of (i – Eπh) are central to 

user cost dynamics, yet these properties are unknown (or at least, not documented); again, setting 

Eπh to a constant (or even to a long moving average) would be inappropriate for this study, since 

this choice obviously suppresses the correlation between i and Eπh. Finally, the recent surge in 

Eπh is well above its 15-year average, and implies that the user cost/rent ratio has fallen 

dramatically. A single-year appreciation rate is used since we are considering the one-year user 

cost, in order to remain comparable to the typical rental contract. 

The final two user cost measures are based upon a second user cost formula which 

explicitly takes account of the preferential tax treatment given to homeowners (and assumes that 

the homeowner is itemizing): 

 
( ) ( )( )1 1

:

h Fed prop Fed h
t t t t t t t

h
t t

usercost P i E

P τ

τ τ τ γ π

ψ

= − + − + −

=
 (2) 

Here, prop
tτ  is the property tax rate, Fed

tτ  is the marginal federal income tax rate, and γ  now no 

longer includes the property tax rate. (User costs facing financial investors are considered in 

Section 6.) 

 Note that the user cost consists of two terms which are multiplied together: property 

value h
tP , and the parenthetical expression tψ  ( s

tψ  in expression (1), or t
τψ  in expression (2)). 

Movements in tψ  are dominated by changes in the “gap” between interest rates and expected 

home price appreciation. We would not expect tψ  to exceed 20%, nor to drop to 0%; thus, over 

long periods of time, user costs must track home prices. However, variations in tψ  will be 

strongly amplified, since the term is multiplied by the home price. Put differently, unless interest 

rates and home price appreciation move almost perfectly in sync with each other – implying that 

expected home price appreciation is driven only by interest rates – we should expect user costs to 
                                                                                                                                                             
10 The simple user cost measure Ph(r + γ) is often proposed, where r = i - π (with π being overall inflation); and 
indeed this measure is in use in Iceland (Guðnason, 2004). However, there is no reason to believe that expected 
inflation equals expected home price appreciation outside of steady state. 
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be highly volatile. The larger is γ  (or γ ), the less volatile are user costs. Furthermore, as 

Himmelberg, Mayer and Sinai (2005) point out, the smaller is ψ, the more sensitive it is to 

changes in i. 

 As noted above, I compute three user cost measures for each region. The first is 

computed using expression (1); it ignores the preferential tax treatment given to homeowners, 

and assumes that γ  equals 7%. The latter two are computed using expression (2), but use 

different measures of taxes. In the first of these expression-(2) user cost measures, I assume – 

following Glaeser and Shapiro (2002) – that the federal income tax rate is fixed at 0.25, and that 

the property tax is 2%. I assume that the sum of depreciation, maintenance and insurance costs, 

γ , equals 5% (results are insensitive to these choices). The second user cost measure computed 

using expression (2) is identical to this one, except that it uses the actual marginal federal income 

tax rate facing a family of four with twice the median income.11 The key results are insensitive to 

these choices, as will be clear below. For the present purpose, I ignore state taxes; these would 

change the dynamics of the user cost, but would not alter the basic findings of this paper. 

 To construct these user cost measures for each region, one must forecast four-quarter-

ahead regional home price appreciation, h
tπ . The forecasting approach settled upon here (after a 

fairly intensive search) combines three forecasts: one based upon the previous annual 

appreciation rate, a second based upon three lags of quarterly changes in home prices, and a third 

which derives from a four-lag vector autoregression (VAR) in h
tπ  and ti . In each case, only 

information actually available to agents at time t is used for time t forecasts; coefficient estimates 

are updated each quarter to reflect the newly-available information. In particular, in each quarter 

t, three regressions are run. The first specification is given by 

1 1 4 1,
h h
t t teπ α β π −= + +  

where 4: ln lnh h h
t t tp pπ −= − . The concomitant forecast is given by  

1, 4 1 1̂ˆ ˆh h
t tπ α β π+ = + . 

The second specification is given by 
1 2 3

2 2 4 2 5 2 6 2,
h h h h
t t t t teπ α β ϑ β ϑ β ϑ− − −= + + + +  

where 1: ln lnh h h
t t tp pϑ −= − . The concomitant forecast is given by 

                                                 
11 These tax rates were constructed, and graciously shared, by Elaine Maag; see Maag (2003). 
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1 2 3
2, 4 2 2 2 1 2 2

ˆ ˆ ˆˆ ˆh h h h
t t t tπ α β ϑ β ϑ β ϑ+ − −= + + +  

The third specification, as noted above, is a bivariate VAR; from this regression, the third 

inflation forecast, 3, 4ˆ h
tπ + , is simply the 4th-step-ahead forecast of h

tπ . The combined forecast 

takes the simple average of these three forecasts:12  

( )1
4 1, 4 2, 4 3, 43ˆ ˆ ˆ ˆh h h h

t t t tπ π π π+ + + += + +  

For some cities and some time periods, to ensure that the user cost expression (1) remained 

sensibly bounded below, I used an alternative “censored” forecast. This censored forecast 

equaled 4ˆ h
tπ +  except when the inequality ( )4ˆ 0.005h

t ti γ π ++ − <  held, in which case the forecast 

was set to ˆ 0.005h
t tiπ γ= + − .  

Other forecasting approaches were examined, but none provided more reasonable 

forecasts. (Below I explore the sensitivity to the forecasting approach used.) 

Note that, though commonly practiced or suggested, it is inappropriate to smooth these 

forecasts: if expectations about future house price inflation are volatile, then this should be 

reflected in ex ante user costs. Smoothing forecasts using two-sided filters is especially 

inappropriate, since this implicitly grants the forecaster with information from the future, and 

distorts parameter estimates (see Ashley and Verbrugge, 2006). The only smoothing which might 

be justified in this context is the smoothing outlined in Section 2, a procedure which transforms a 

marginal user cost series into a (temporally) “averaged” user cost series, in order to mimic the 

temporal structure of the BLS rent indices.  

                                                 
12 Prior to 1983, only the univariate forecasts are combined. While more complicated forecast combination 
techniques are available, a common finding in the literature on forecast combination is that equal-weighted forecasts 
perform quite well and are difficult to beat; see, e.g., Clemen (1989) and Stock and Watson (1999). 



Divergence of rents and user costs 

15 

4. Results 1: Graphical evidence 
 
Figure 1 displays the actual home price appreciation (using CMHPI), and its forecasted value. 

The forecast lags the actual home price appreciation (particularly early in the sample), reflecting 

the surprising amount of persistence of this series, which others have noted (see, e.g., Case and 

Shiller 1989). Persistence in appreciation rates is evident at all aggregation levels. Thus, in 

contrast to the near-random-walk behavior of most financial assets, home price appreciation has 

a significant forecastable component, in that periods of home price appreciation tend to be 

followed immediately by periods of additional home price appreciation. (In keeping with this, 

both anecdotal and survey evidence (e.g., Case, Quigley and Shiller, 2003) suggest that 

homebuyers’ appreciation expectations appear to be simple extrapolations of recent appreciation 

rates.) Figure 1 suggests that the forecast series is not unreasonable (bearing in mind that 1980 

comes on the heels of very high nominal appreciation rates). This reasonable performance 

contrasts sharply with that of other traditional measures, such as the average appreciation rate 

over the past 15 years (plotted below for 1995 onwards).13 Note that, contrary to what one might 

expect, the forecast series is not appreciably smoother than the actual home price appreciation 

series; unless i comoves perfectly with this series, user costs will be correspondingly volatile. 

                                                 
13 A four-quarter moving average, as in Krainer (2003), is a much better approximation. 
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Figure 1: Forecast of home price appreciation (all-US) 
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Figure 2 displays the mortgage interest rate along with the aggregate appreciation forecast. It is 

clear that these series do not move perfectly in sync with each other, a result confirmed in 

Section 5.2.B below. (As Bosworth (in Brookings, 2003) pointed out, liquidity constraints imply 

that when interest rates fall, the scope and size of approved mortgage loans rise, increasing 

housing demand – which naturally generates an inverse correlation between price appreciation 

and interest rate changes.) As suggested in Section 3 above, the induced volatility in tψ  implies 

that user costs will be highly volatile; this will be further indicated below. 

 

Figure 2: Gap between interest rate and expected appreciation 
 

Figure 3 presents the estimates of the three different aggregate user cost measures, using 

the aggregate CMHPI as the measure of home prices. (Recall that the first user cost measure 

ignores deductibility, the second assumes fixed tax rates over the period, and the third assumes 

that the relevant federal tax rate is the marginal rate facing a family of four with twice the 

median income.) After 1980, following a period of very low user costs, user costs rose rapidly, 

driven – as is evident in Figure 2 above – by rising interest rates and falling expected 

appreciation rates. The rise in user cost between 1987 and 1990 resulted primarily from a decline 

in expected home price appreciation, rather than the direct tax-deductibility impact of the 
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reduction in marginal tax rates resulting from the 1986 tax reform act. (Nominal interest rates 

rose a bit between 1987 and 1988, but then resumed their steady downward trend. By 1990, 

interest rates were about equal to their value in late 1986.) Since 1981, despite rising home 

prices, user costs – while volatile – have displayed no upward trend at all: the steady upward 

trend in home prices has been effectively “cancelled out” by a reduction (over this period) in the 

gap between the mortgage interest rate and the expected home price appreciation. (Indeed, over 

the recent period, expected appreciation in housing prices has caused user costs to plummet.) In 

contrast, rental prices have risen steadily over this period. Thus, the relative price of 

homeownership to renting has fallen substantially over the period. The decline in the relative 

price of homeownership is consistent with the concurrent uptick in homeownership rates.14 
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Figure 3: Alternative user cost measures (all-US) 

                                                 
14 Chambers, Garriga and Schlagenhauf (2004) attribute this to innovations in the mortgage market. 
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Figure 4 compares the movement in the two aggregate rental series, versus the movement 

in (expression (1)) aggregate user costs – constructed alternatively using either the CMHPI, or 

the Census index. Each series is logged. Then the log user cost series and the log CPI rent series 

are shifted by a constant so that each has the initial value of 1.0. Finally, the log detached rental 

series is shifted by a constant so that its value in 1988:1 equals that of the CPI rent series. 

This graph provides no evidence in favor of the hypothesis that user costs and rents are 

equivalent measures of the cost of housing services – reinforcing the theoretical arguments in 

Díaz and Luengo-Prado (2006). Rents steadily and smoothly increase over the period. User costs, 

in contrast, are anything but smooth, and do not appear to share the trend in rents. In the case of 

the user cost series constructed using the CMHPI, this series jumps up dramatically immediately 

at the beginning of the period, and is subsequently more or less trendless, before ending with a 

significant dip. (And as seen in Figure 3, this doesn’t depend upon the tax treatment in the user 

cost formula.) In the case of the user cost series constructed using the Census index, this series 

appears to have a slight downward trend over the entire period. Housing prices increased steadily 

over this period; the reduction in the differential between mortgage interest rates and expected 

home price appreciation over this period is responsible for the failure of user costs to track the 

rise in home prices. In other words, the deviation between rents and user costs is largely 

explained by the movements in tψ : seemingly small changes in interest rates or expected 

appreciation can have very large effects on user costs, since these often represent large 

percentage changes in tψ .15 To give a sense of their importance, note that if one counterfactually 

imposes a “pessimistic” expected appreciation of 0% in the final period, the scaled CMHPI user 

cost index rises to a level 26% above the scaled rent index. 

 

 

 

 

 

 

 

 

                                                 
15 Recall that ( )ln ln lnt t

h
tusercost P ψΔ Δ +Δ≡ . 
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Figure 4: Log user cost versus log rent 

Noteworthy are the lengthy periods of divergence. Similar divergence is visible, to a 

greater or lesser extent, in each of the ten cities that were examined, and across the four Census 

regions; see Figure 5 (which again, after taking logs, shifts each series so that its average value 

over the period equals 1). In Figure 5a, it is evident that this divergence is somewhat less 

pronounced for the Midwestern cities of Chicago, Cleveland and Detroit. Conversely, it is 

evident in Figures 5b and 5c that large and persistent divergences occurred for seven other major 

metropolitan areas.16 Divergences are greater for the Northeast and West than for the South and 

                                                 
16 Divergences are more pronounced if the one-year T-bill interest rate is used in place of the 30-year mortgage 
interest rate. Perhaps the more pronounced divergence for coastal cities results from reduced availability of land, and 
from greater legal restrictions such as zoning laws, both of which limit equilibrating forces. Davis and Heathcote 
(2005) point out that house price dynamics will differ depending upon land’s share of the value; this share is smaller 
in the Midwest.  
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Midwest. Nonetheless, rents and user costs do likely share the same long run trend (i.e., to be 

cointegrated): at least to the naked eye, user costs appear to fluctuate around rents.  

Over the period 1980:1-2004:4, nominal aggregate home prices (measured by the 

CMHPI) rose by 125%17 (or, as measured by the Census price index, by 92%), nominal 

aggregate CPI rents rose by 100%, and the CPI-U-RS rose by 82%. 

                                                 
17 Individual cities, of course, had different experiences: Boston’s prices rose by 206%; Houston’s, only 64%. 
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Log Rents vs Log User Costs
(Normalized so that each series average = 1)
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Figure 5a: Cities in the Midwest 
 

Log Rents vs Log User Costs
(Normalized so that each series average = 1)
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Figure 5b: Cities in the Northeast 
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Log Rents vs Log User Costs
(Normalized so that each series average = 1)
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Figure 5c: Cities in California and Texas 
 

Log Rents vs Log User Costs
(Normalized so that each series average = 1)
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Figure 5d: Census regions 



Divergence of rents and user costs 

24 

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

19
80

:01

19
81

:01

19
82

:01

19
83

:01

19
84

:01

19
85

:01

19
86

:01

19
87

:01

19
88

:01

19
89

:01

19
90

:01

19
91

:01

19
92

:01

19
93

:01

19
94

:01

19
95:01

19
96:01

19
97:01

19
98

:01

19
99

:01

20
00

:01

20
01

:01

20
02

:01

20
03

:01

20
04

:01

ex-post
fitted value 'forecast'
preferred forecast
scaled aggregate rent

The divergence does not appear to hinge crucially upon the forecasting method used. 

Figure 6 plots the simple user cost, computed using three different “forecasting” models: the 

preferred forecasting method utilized above, perfect foresight (which amounts to computing ex 

post user costs), and fitted values from the following regression specification, estimated over the 

entire period 1980:1-2004:4: 

1 1 4 2 1,
h h
t t t ti eπ α β π β−= + + +  

Each series runs from 1980:1-2004:2. As can be seen, while using alternative “forecasts” does 

impact the user cost series appreciably, it does not alter the basic conclusions regarding the 

divergence of rent and user cost. 

 

Figure 6: Sensitivity to forecast model 
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The rent inflation series and the user cost inflation series are also quite different. (This 

point is crucial for statistical agencies which are responsible for producing inflation statistics, 

since in that context the rental equivalence method takes rent inflation in neighboring rental 

markets – adjusted for costs of utilities and so on – to be an accurate measure of inflation in 

homeowner shelter costs; in other words, the relevant comparison is growth rates.) Not only are 

the respective means of these two series different (rent inflation being, on average, well above 

user cost inflation over this period), their volatility is also strikingly different. In particular, the 

volatility in the inflation rate of (MA(4)-smoothed) aggregate user costs is over 10 times larger 

than that in aggregate rents – see Figure 7 for a graphical depiction.18 The divergence would be 

even greater on a monthly basis. As owner-occupied housing typically possesses a large weight 

in consumer price index formulas, this level of volatility would essentially render such indices 

useless – such volatile movements in housing costs would drive the entire index on a month-to-

month basis, likely drowning out the signal in noise. 
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Figure 7: Volatility of user cost versus rent 

                                                 
18 As noted earlier, similar temporal and volatility divergences were observed between rents and the two CPI-U 
experimental ex-post user cost indexes, which were constructed in 1979 (with a start date of 1967) and published 
through 1983. Both of these measures used 5-year appreciation rates. See BLS (1980). The large rent-to-price 
volatility noted by Phillips (1988a,b) is only about one-fifth as large. 



Divergence of rents and user costs 

26 

5. Results 2: Regression analysis 
 
5.1 Specification  

The above graphs indicate an empirical puzzle. Rents should be driven by the same underlying 

forces as user costs: when user costs are high, it is costly to have equity tied up in housing, and 

rents should rise … and vice versa: when housing price appreciation is expected to be high, a 

landlord need not capture as a high a rent to be compensated for her opportunity cost of capital. 

Yet the two series appear to have surprisingly little relation to each other.  

 In an attempt to discover whether the two series are as unrelated as they appear, this 

section is comprised of an empirical study examining the relationship between rents and the 

determinants of user costs. Since vacancy rates are also purported to have a significant impact on 

rent inflation, vacancy rate data was also considered. 

 The first step was to determine the appropriate specification. As we seek to understand 

the empirical relationship between rents and user costs, it is appropriate to begin with the 

theoretical relationship 

 ( ) :h h h
t t t t t trent P i E Pγ π ψ= + − = ; (3) 

or, in real terms, 

 ( ): :
h

h ht t
t t t t t

t t

rent Prrent i E rp
P P

γ π ψ= = + − = . (3’) 

Equation (3) or (3´) should inform the empirical specification. In addition to investigating the 

importance of different variables in driving rents, it is of interest to investigate the long-run 

relationship between rents and user costs, i.e. to conduct cointegration tests on the basis of the 

theoretical relationship (3´). If the series are cointegrated, then error-correction regressions 

become appropriate. 

To motivate the base specification, note that a fairly standard empirical specification is of 

the form 

 ,
1 1

ln ln ln
k s

t i i t j t j t m t
i j

rrent rcosts rrent vac vα δ β φ− −
= =

Δ = + Δ + Δ + +∑ ∑ , (4) 
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where rcostsi refers to the ith real cost, rrent refers to real rent, and vac refers to the rental 

vacancy rate.19 In the present context, the primary costs of interest are those which drive user 

costs: real home prices, expected home price appreciation, and real interest rates. However, in 

the context of equation (3´), “natural” specifications of the form 

 1 2 3ln ln h h
t t t t trrent rp i E vα δ δ δ πΔ = + Δ + Δ + Δ +  

are not entirely sensible. Why not? Such specifications imply an underlying relationship of the 

form 

 ( ) [ ]( )
( )

2

1

3

exp

exp

th
t t

h
t

i
rrent rp

E

δ
δ

δ
π

⎛ ⎞⎟⎜ ⎟⎜ ⎟⎜= ⎟⎜ ⎟⎜ ⎟⎡ ⎤⎜ ⎟⎟⎜ ⎢ ⎥⎝ ⎠⎣ ⎦

; 

this is a rather poor approximation of (3´), which instead places an implicit restriction on the 

manner in which changes in i and Eπh impact changes in real rents, as in 

1 2ln ln lnh
t t t trrent rp uδ δ ψΔ = Δ + Δ +  

 The following specification is a closer approximations of (3’); an additional cost – 

energy, proxied by the CPI for fuel and utilities relative to the CPI – was also included.  

Specification 1a: 20 

 1, 1 2 1
1 1 1

1 2 1

ln ln ln ln
s r r

h
t j t j k t k t k

j k k

t t t t

rrent rrent rp

vac vac fuel v

α β δ δ ψ

φ φ μ

− − + − +
= = =

−

Δ = + Δ + Δ + Δ

+ + + Δ +

∑ ∑ ∑  (4†) 

where tfuelΔ  is the change in the log relative price of energy, proxied by the CPI for fuel and 

utilities divided by the CPI. (Note that the theoretical restrictions 1,1 2,1δ δ=  and 1,2 2,2δ δ=  are not 

imposed in this specification, nor in any other specification below.) 

Vacancy rate data are only available on a regional basis. For each region, one or two lags 

are included if the respective coefficient is statistically significant at the 10% level. Lag lengths s 

                                                 
19 Theoretically, only deviations of the vacancy rate from its natural rate should influence rent inflation. Thus, (4) is 
only valid if the natural vacancy rate is constant over time, i.e. vac* is constant, so that φ(vac – vac*) =  

φvac – φvac* = φvac – [constant term], meaning that the natural vacancy rate is captured by the regression constant. 
This restriction is not particularly defensible, however, since the natural vacancy rate likely changes over time. One 
can model a time-varying vacancy rate gracefully – allowing the data to speak to the nature of its fluctuations – 
using the methods of Ashley and Verbrugge (2006), and such an application represents work in progress. 
20 The vacancy rate data is from the Census CPS rental vacancy survey; unfortunately, these data are only available 
on a quarterly basis, at the regional level. Several studies suggest that vacancy rates have a lagged effect on rents 
(see Smith, Rosen and Fallis, 1988). In these data, lagged vacancy rates did not appear to improve the specification. 
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and r are chosen judgmentally, on the basis of statistical significance, residual correlation, and 

inspection of residual plots. Here and below, seasonal dummies are included; and one or two 

outlier dummies are included if these improve the specification. Since ln trrentΔ  is not 

particularly persistent, the small-sample spurious regression problems which occur in persistent 

I(0) data (see Ashley and Verbrugge 2003) will not be problematic for this specification (or for 

specification 2). 

An alternative nominal specification, based upon (3), is 

Specification 1b: 

 1, 1 2 1
1 1 1

1 1 2 1

ln ln ln ln
s r r

h
t j t j k t k t k

j k k

t t t t t

rent rent p

vac vac fuel v

α β δ δ ψ

δ π φ φ μ

− − + − +
= = =

− −

Δ = + Δ + Δ + Δ

′+ + + + Δ +

∑ ∑ ∑  (4††) 

Specification 1b weakens implicit restrictions in Specification 1a. In particular, Specification 1a 

places current inflation in Specification 1b (in addition to lagged inflation), and imposes a 

coefficient of ( )1,11 δ−  on this term; and further, Specification 1a imposes 1,2δ δ′ = . 

 If rents and user costs are cointegrated, then each of the above specifications is 

potentially misspecified; in particular, an error-correction term might be required.21 Thus, if rents 

and user costs are cointegrated, the following specification is suggested: 

Specification 2 (Error Correction): 

  
( )( )

1, 1 2 1
1 1 1

1 2 1

ln ln ln ln

ln ln

s r r
h

t j t j k t k t k
j k k

h
t t t t t t t

rrent rrent rp

rp rrent vac vac fuel v

α β δ δ ψ

ζ ψ φ φ μ

− − + − +
= = =

−

Δ = + Δ + Δ + Δ

+ − + + + Δ +

∑ ∑ ∑
 (5) 

 

                                                 
21 Suppose that rents and user costs evolve according to a p-th order vector autoregression (VAR); in other words, if 
we define z to be the column vector [rent  usercost]′, then zt = c + a1zt-1 +…+ apzt-p + et , where each ak is a column 
vector, and et is white noise. A system if cointegrated if each series individually is integrated of order 1 (i.e., are 
I(1)), but some linear combination of the variables is stationary; put differently, there is a long-run relationship tying 
the individual components together. (In this context, that commonality would stem from real estate prices, which 
drive both series.) If z is cointegrated, then it is not correct to fit a VAR to differenced data (Δz). Instead, the VAR 
in differences must contain at least one error-correction term. But it need not contain two; in other words, if there is 
an error correction term in the usercost equation, the rent equation does not necessarily contain one. In the present 
context, the cointegrating vector (if any) is 1; this is imposed in (5). 
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5.2 Results 

First, I present the results of cointegration tests. Then I present some of the regression results; 

other results are relegated to the Appendix. 

 

5.2.A Cointegration tests 

Three conditions must be satisfied in order for log real rents and log real user costs to be 

cointegrated: both series must each be individually I(1), and the error-correction term in (5) must 

be I(0). Thus, a test for cointegration consists of three unit-root tests. Two different unit-root 

tests are employed: the augmented Dickey-Fuller test (applied with a BIC-selected number of 

lags), and the Bayesian unit-root test procedure presented in Sims (1988). The complete test 

results are presented in full in the Appendix; but to sum up those results, there is no city or 

region which passes all the tests for cointegration. Only three metropolitan areas come close: 

Cleveland, Los Angeles, and San Francisco pass all the ADF tests, but fail one of the Bayesian 

tests. In all but one case, evidence favors a rejection of a unit root null in any of the real rent 

series; but this null can be rejected by at least one test for nine of the real user cost series. 

Furthermore, a unit root cannot be rejected by at least one test in all but two of the error-

correction term series. 

 There are two responses. First, there is a countervailing theoretical consideration: both 

real rents and real user costs must, in the long run, be driven by the real cost of housing, hP P . 

If this series is I(1), then both real rents and real user costs must be I(1); and since both series 

must ultimately be driven by this common trend, they will be cointegrated. Hence, despite the 

failure to locate strong empirical evidence in favor of cointegration, it is of interest to use 

specifications such as (5). 

 Second, the failure to detect cointegration reinforces the empirical puzzle exposed in 

Section 4: rents and user costs appear to be surprisingly unrelated, over long periods of time. 

 

5.2.B Regression results 

Ceteris paribus, rents should track user costs, so that in the above specifications, we would 

expect that 1,1 2,1
ˆ ˆδ δ= , and 2,1 2,2

ˆ ˆδ δ= . We have already seen that, eyeballing the data, rents and 

user costs can diverge markedly. Yet it remains to be seen whether statistical analysis can 

uncover an otherwise hidden, but significant, relationship between these two variables.  
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Except in the case of aggregate real rent inflation, to conserve space I report only results 

pertaining to specification 1a, since the basic results do not hinge upon the specification choice. 

Table 1 below reports the estimated coefficients, with their (robust) standard errors in 

parentheses, first for aggregate regions, and then for individual metropolitan areas. Coefficient 

estimates in boldface are those which were estimated to be significantly different from zero at 

the 5% level.  

What is most surprising is the “dog that did not bark:” there is only weak evidence that 

rents respond to the determinants of user costs (with more evidence that they respond to vacancy 

rates). In other words, regression analysis confirms the conclusions above: rents and user costs 

are not related in the expected manner. In a non-trivial number of cases, coefficient estimates do 

not even have the predicted sign. In the case of 2,.
ˆ ,δ  coefficient estimates are generally miniscule: 

rents generally do not appear to react to quarterly changes in tψ , not even with a lag.22 There is 

slightly more evidence that rents respond in the expected manner to house price inflation, but 

even here the relationship is weaker than expected. 

Surprisingly, it is even difficult to locate evidence that the vacancy rate plays a key role 

in rent inflation. Several authors (e.g., Goodman and Belsky, 1996; Emrath, 2004) note that 

locating evidence for an influence of vacancy rates on rents is difficult, despite a wealth of 

anecdotal evidence to the contrary (see, e.g., Max, 2004). 

Table 1 also reports results from a handful of well-known specification tests, displaying 

the Durbin-Watson statistic, and the p-values for the Jarque-Bera test for normality, the Hinich 

(1996) portmanteau bicorrelation test, the Hinich (1982) bispectrum Gaussianity test, and the 

Ramsey RESET test. In many cases, one cannot reject the null hypothesis, suggesting model 

adequacy. Despite this, inspection of the residual plots nearly always suggests otherwise. For 

example, Figure 8 plots the residuals for the all-US regression, based upon specification 2. The 

notable local trends, present in various forms in nearly all the residual plots (regardless of region 

or model), suggest that some important determinants of rent movements are not present in the 

regression. 

Clearly, the relationship between rent inflation and user cost inflation is more subtle than 

is captured by the simple linear specifications examined above. 

 
                                                 
22 This result is not overturned if one uses MA(4)-smoothed user costs. (In theory, given the implicit smoothing in 
the rent data, such smoothed user costs should have a closer relationship to rents.)  



Table 1: Selected Regression Coefficients, Specification 1a,23 Regions 
(standard error estimates appear below coefficient estimates) 

1, 1 2 1 1 2 1
1 1 1
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Region 

 
s  

 
1,1δ  

 
1,2δ  

 
2,1δ  

 
2,2δ  

 
1φ  

 
2φ  

 
μ  

F-test  
p-value1 

D-W, 
J-B2 

Hinich 
Bicorr.3 

Hinich 
Bispect.4 

RESET 
p-value 

All-US 1 0.17 
(0.06) 

-0.24 
(0.05) 

0.000 
(0.002) 

-0.006 
(0.003) 

1.15 
(0.44) 

0.75 
(0.41) 

-0.05 
(0.03) 

0.000 1.96, 
0.96 

0.11 0.20 0.90 

All-US 
(Err. Cor.)5 

1 0.24 
(0.07) 

-0.15 
(0.06) 

-0.001 
(0.002) 

-0.006 
(0.003) 

1.14 
(0.44) 

0.77 
(0.38) 

-0.04 
(0.03) 

0.000 1.90, 
0.93 

0.27 0.23 0.98 

Northeast 1 0.11 
(0.03) 

 
 

-0.002 
(0.001) 

 
 

0.42 
(0.34) 

 -0.07 
(0.04) 

0.000 1.70, 
0.62 

0.004 0.06 0.56 

South 4 0.32 
(0.06) 

-0.20 
(0.08) 

0.018 
(0.005) 

-0.014 
(0.006) 

0.90 
(0.32) 

  0.000 2.08, 
0.006 

0.000 0.000 0.71 

Midwest 4 0.08 
(0.07) 

-0.10 
(0.05) 

-0.013 
(0.005) 

-0.002 
(0.004) 

0.24 
(0.30) 

 -0.09 
(0.03) 

0.000 1.71, 
0.72 

0.86 0.40 0.37 

West 4 0.14 
(0.06) 

-0.16 
(0.04) 

0.002 
(0.002) 

-0.003 
(0.002) 

0.31 
(0.34) 

  0.007 1.73, 
0.53 

0.21 0.05 0.93 

10-city 
panel7 

4 0.07 
(0.01) 

0.01 
(0.01) 

0.001 
(0.001) 

0.001 
(0.001) 

  0.000     

 
_________________________________ 
1. H0: 1,1 1, 2,1 2,... ... 0r rδ δ δ δ= = = = = =  
2. Durbin-Watson statistic, Jarque-Bera p-value. 
3. Hinich (1996) portmanteau bicorrelation test p-value. 
4. Hinich (1982) bispectrum Gaussianity test p-value. 
5. Specification 2, error-correction form. (The coefficient on the error-correction term had a p-value of 0.016). 
6. Statistically-significant skewness and kurtosis present in residuals. 
7. Estimated with random effects (both individual and time); results are not sensitive to this choice. 

 
 
                                                 
23 Coefficient estimates with p-values below 0.05 are in bold. White (HAC) standard error estimates are quoted.  
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Table 1: Selected Regression Coefficients, Specification 1a,24 Cities 
(standard error estimates appear below coefficient estimates) 

1, 1 2 1
1 1 1

ln ln ln ln
s r r

h
t j t j k t k t k t t

j k k

rrent rrent rp fuel vα β δ δ ψ μ− − + − +
= = =

Δ = + Δ + Δ + Δ + Δ +∑ ∑ ∑  

 
Region 

 
s  

 
1,1δ  

 
1,2δ  

 
2,1δ  

 
2,2δ  

 
μ  

F-test  
p-value1 

D-W, 
J-B2 

Hinich 
Bicorr.3 

Hinich 
Bispect.4 

RESET 
p-value 

Boston 3 0.16 
(0.06) 

 0.001 
(0.003) 

  0.023 1.97, 
0.68 

0.004 0.69 0.02 

New York 
City 

6 0.12 
(0.03) 

 0.002 
(0.001) 

 -0.13 
(0.03) 

0.000 2.20, 
0.22 

0.001 0.35 0.69 

Philadelphia 2 0.09 
(0.05) 

 0.001 
(0.003) 

 -0.13 
(0.04) 

0.08 1.86, 
0.62 

0.06 0.04 0.10 

Dallas/FW 2 0.12 
(0.08) 

 -0.004 
(0.006) 

  0.16 2.03, 
0.61 

0.000 0.14 0.24 

Houston 4 0.30 
(0.07) 

 0.002 
(0.009) 

 -0.13 
(0.07) 

0.000 1.77, 
0.28 

0.12 0.005 0.33 

Chicago 1 -0.08 
(0.06) 

 -0.018 
(0.0005) 

 -0.14 
(0.04) 

0.000 1.82, 
0.99 

0.74 0.67 0.94 

Cleveland 1 -0.06 
(0.06) 

-0.13
(0.05) 

-0.031 
(0.009) 

-0.025 
(0.009) 

-0.20 
(0.06) 

0.000 1.90, 
0.53 

0.57 0.61 0.26 

Detroit 3 0.08 
(0.03) 

-0.04
(0.03) 

-0.002 
(0.004) 

-0.003 
(0.004) 

-0.09 
(0.05) 

0.007 1.98, 
0.30 

0.68 0.55 0.89 

Los 
Angeles 

3 0.12 
(0.04) 

-0.00
(0.00) 

0.031 
(0.078) 

-0.001 
(0.001) 

 0.004 2.01, 
0.015 

0.15 0.001 0.72 

San 
Francisco 

2 0.07 
(0.04) 

 0.001 
(0.001) 

  0.22 1.77, 
0.73 

0.38 0.88 0.17 

_________________________________ 
1. H0: 1,1 1, 2,1 2,... ... 0r rδ δ δ δ= = = = = =  
2. Durbin-Watson statistic, Jarque-Bera p-value 
3. Hinich (1996) portmanteau bicorrelation test p-value. 
4. Hinich (1982) bispectrum Gaussianity test p-value. 
5. Statistically-significant kurtosis present in residuals

                                                 
24 Coefficient estimates with p-values below 0.05 are in bold. White (HAC) standard error estimates are quoted.  



Figure 8: Structure remains in the residuals 

The differential between the mortgage interest rate and expected home price appreciation 

is, of course, a major determinant of user cost movements. This relationship is also more 

complex than expected. A regression of expected (aggregate) home price appreciation on a 

constant and on the mortgage interest rate yielded a coefficient estimate of 0.09, with a standard 

error of 0.07. In the Northeast and West, the coefficient estimate was, as in the aggregate case, 

not statistically different from zero. In the South, the coefficient estimate was 0.28 (with an 

estimated standard error of 0.05); but in the Midwest, the coefficient estimate was instead -0.15 

(again with an estimated standard error of 0.05).  

Gallin (2004) finds that, following periods in which house prices are high relative to 

rents, real house price growth is slower than usual, and (to a lesser extent) real rent growth is 

faster than usual. He further finds that, for three-year-ahead changes, the tax-adjusted interest 

rate has predictive power for both rent changes and price changes. These price responses may 

reflect the “long and variable lags” which are also highlighted in Fratantoni and Schuh (2003). 
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6. Do transactions costs prevent expected arbitrage gains? 
For each of the ten metropolitan areas investigated, there was at least one extended period of 

time during which user costs and rents diverged significantly. This naturally raises two 

questions: First, did these divergences imply the existence of unexploited profit opportunities for 

a prospective landlord? (In other words, for any of the cities, was there a time during which a 

risk-neutral agent might have purchased a house, rented it out for a year, and then re-sold the 

house, to make profits in expectation?25) The second question applies to current homeowners: 

was there a time during which a homeowner would have been better off to sell her house, rent an 

identical structure for a year, then repurchase her house? Since over one-quarter of rental 

housing is single-family (Green and Malpezzi 2003), and detached housing can readily move 

between owner and renter markets, the capital specificity which limits adjustment in other 

markets (Ramey and Shapiro, 2001) does not here hinder a rapid elimination of profit 

opportunities. 

 However, large real estate transactions costs stand in the way. But were these large 

enough? Or were there periods of time during which the real estate market was “out of 

equilibrium,” i.e. were there periods of time during which risk-neutral investors were not 

“arbitraging away” profits? 

 One requires level data relating rents to house prices in order to answer this question. 

Quarterly Consumer Expenditure Survey (CE) data between 1982 and 2002 were used to obtain 

cross-sections (over time) of reported rental equivalences, property values, and number of rooms 

for owner-occupied structures, for five cities. Then, on a semi-annual basis for each city,26 the 

CE data were used to estimate the log rent level based upon the property value and number of 

rooms of the structure. These coefficients were used, after applying the log bias adjustment, to 

form estimated rent levels associated with a structure whose property value, and number of 

rooms, were approximately at the median. Taking these estimated rents as true market prices, I 

                                                 
25 The practice of buying real estate with the intent to quickly re-sell is called “flipping,” and is sufficiently common 
that there exist tutorials of various kinds. It is always possible to posit appreciation expectations which validate any 
decision ex post, but the question being asked here is whether the same is true for appropriately disciplined 
appreciation expectations. 
26 Households remain in the CES for 5 quarters, but only the second interview from each household is used. 
Regressions were conducted annually for each city, with a first-half-year dummy variable. A small number of 
egregious outliers were removed. See Garner and Verbrugge (2006) for more details on CES rental data; that study 
uses CE data to construct rents and user costs, and finds divergences similar to those found in Section 4. 
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constructed after-transactions-costs and after-tax measures of the returns to the sets of 

transactions noted above, and asked whether profits were ever possible in expectation. 

Constructing such measures requires a careful accounting of the various tax wedges 

facing different agents. As above, I constructed appreciation forecasts and used the federal tax 

rate facing a family of four at twice the median income. I assumed that homeowners would avoid 

capital gains taxes (since it is unlikely that the capital gains enjoyed by a “median” homeowner 

would be large enough to be taxed), but that financial investors would not avoid these taxes. I 

assumed transactions costs of 8% of the value for selling (primarily real estate commissions, as 

well as moving costs), and 2% of the value for purchasing (to reflect appraisals and other closing 

costs). Note that selling costs might be higher for homeowners, if they risk the loss of a social 

network or a school district which is a good fit. 

An investor who purchases a house at t and resells it a year later has end-of-period user 

costs equaling 

 ( ) ( ) ( )1 1 1h Fed prop Fed K h
t t t t t buy sell sell t tP i tc tc tc Eτ τ τ γ τ π+⎡ ⎤− + − + + + − − −⎢ ⎥⎣ ⎦  (6) 

where tcbuy refers to the transactions costs faced when purchasing a house, tcsell for the 

transactions costs faced when selling the house, and K
tτ
+  refers to the tax rate on capital gains. A 

financial investor would compare (6), appropriately discounted, to the after-tax discounted rental 

earnings she would earn on the property. As noted above, the work of Wang, Basu and Fernald 

(2005) implies that the appropriate interest rate to use in the discount factor is the mortgage 

interest rate. Thus, the user cost (6) is discounted by ( )( )1 1 Fed
t tiτ+ − . The 12 monthly rent 

payments are also crudely discounted, so that the present value of rental earnings is 

approximated with  

 ( )
( )( )

11
2 1 1

Fed t
t t Fed T bill

t t

rentrent
i

τ
τ −

⎛ ⎞⎟⎜ ⎟⎜ ⎟− +⎜ ⎟⎜ ⎟+ −⎜ ⎟⎜⎝ ⎠
 (7) 

Here, rental earnings are assumed to be discounted at the 1-year T-bill rate. A rational financial 

investor would purchase a house, rent it out for a year, and resell it if (7) exceeded (6) at time t. 

Note that (7) overstates the expected gains from rents, since the possibility of vacancy is ignored. 

As before – see Figures below– it turns out that small approximations are inconsequential; for 

each city and over the entire period, costs were always well above benefits. 
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The first question is thus answered: there is no evidence of unexploited profits for 

prospective landlords. How about the second: was there ever a period of time in any city during 

which a “median” homeowner should have sold his house, rented for a year, and repurchased his 

house a year later?  

Here, the comparison is between the present value of equation (2) – user costs facing an 

itemizing homeowner who intends to stay in her house this year – to the total cost facing an 

owner who sells her house, rents an identical structure for a year, then repurchases her house. 

This total cost, discounted, equals 

 
( )( )

( )
( )( )

11
2 1 1 1 1

h
buy tht

t t sellFed Tbill Fed Tbill
t t t t

tc Erentrent P tc
i i

π

τ τ

⎛ ⎞ ⎡ ⎤+⎟⎜ ⎢ ⎥⎟⎜ ⎟+ + +⎜ ⎢ ⎥⎟⎜ ⎟ ⎢ ⎥+ − + −⎜ ⎟⎜⎝ ⎠ ⎣ ⎦

 (8) 

The first term in (8) is the present value of rental costs, and the second comprises the present 

value of the transactions costs the homeowner would face.  

 In this case, it appear that for Los Angeles, there was a single year, 1994, during which a 

homeowner should have sold her house, rented for a year, and repurchased her house. For every 

other time period, and for the entire period for the other four cities, a homeowner was always 

better off remaining in his house. 

The various user costs and discounted after-tax rental earnings are plotted below for the 

five cities investigated. 

 



Divergence of rents and user costs 

37 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NY

0

5000

10000

15000

20000

25000

30000

35000

40000

45000

50000

55000

19
82

19
83

19
84

19
85

19
86

19
87

19
88

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

investor user cost
post-tax rent earnings
owner user cost
cost to switch to renter for 1 year

Philadelphia

0

5000

10000

15000

20000

25000

30000

19
82

19
83

19
84

19
85

19
86

19
87

19
88

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

investor user cost
post-tax rent earnings
owner user cost
cost to switch to renter for 1 year

 
 



Divergence of rents and user costs 

38 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Chicago

0

5000

10000

15000

20000

25000

30000

35000

19
82

19
83

19
84

19
85

19
86

19
87

19
88

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

investor user cost
post-tax rent earnings
owner user cost
cost to switch to renter for 1 year

Houston

0

5000

10000

15000

20000

25000

19
82

19
83

19
84

19
85

19
86

19
87

19
88

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

investor user cost
post-tax rent earnings
owner user cost
cost to switch to renter for 1 year



Divergence of rents and user costs 

39 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

LA

0

5000

10000

15000

20000

25000

30000

35000

40000

45000

50000

19
86

19
87

19
88

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

investor user cost
post-tax rent earnings
owner user cost
cost to switch to renter for 1 year



Divergence of rents and user costs 

40 

7. Conclusions 
 

What is the per-period cost of owning a durable good? For long-lived durable goods, there are 

two commonly-proposed measures: rents, and user costs. In the simple frictionless theory, these 

measures are equivalent. Yet I demonstrate here that, in the US housing data, these measures 

diverge markedly, over extended periods of time.  

However, despite this divergence, the large costs associated with real estate transactions 

would have prevented risk-neutral agents from making profits in expectation. Arbitrage is 

evidently rather slow. 

 Do any other factors contribute to the measured divergence? It is possible that some of 

the divergence is attributable to errors in construction of various indexes, either the BLS rent 

index or the CMHPI. It would be of interest to compare the results here with those obtained 

using hedonic regression models of both rents and house prices. Work in progress (with Joshua 

Gallin) is investigating a hedonic rent index constructed from CPI microdata. But other work 

which finds similar results based upon entirely different measures (Garner and Verbrugge, 2006) 

suggests that index construction errors cannot account for this divergence. 

Perhaps the divergence partly stems from errors in applying otherwise correct user cost 

formulas. One potential flaw in the above analysis is that it hinges upon an assumption that 

expectations are formed via a forecasting approach. While there is abundant evidence in favor of 

this hypothesis, and while home price appreciation is extremely persistent, one might nonetheless 

argue that rational agents admit the possibility of rational bubbles, and hence – during periods in 

which bubbles are suspected – would reduce their appreciation forecast via attaching positive 

probability to a bubble burst. This point was made more generally by Matthew Shapiro (2005),27 

who noted that determining the correct measure of expected appreciation would be challenging. 

The correct measure derives not from a statistical forecasting exercise, but rather from applying 

the correct model to the data. In other words, “fundamentalist” forecasts are required, i.e., 

forecasts of home price appreciation should hinge upon the true underlying structural factors … 

as difficult as these may be to determine.28 Here, distinguishing between land price and structure 

price dynamics might be useful. However, it should be noted that imposing the equality of rents 

                                                 
27 Private communication, December 2005. 
28 Martin (2006) provides a structural model of house price dynamics, with some surprising implications. 
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and user costs and solving for expected appreciation as a residual results in an implied expected 

appreciation series which diverges markedly from actual appreciation.29  

Perhaps the divergence partly stems from an incomplete understanding of user costs in 

the presence of transactions costs, i.e. an error in the formula itself. However, would the user-

cost measures derived from more realistic (current-generation) models featuring adjustment costs 

also be this volatile? My suspicion is, yes. Such user costs will differ from the frictionless user 

costs outlined in section 3 in that, in place of the expected appreciation term, there will be a term 

reflecting the average probability of adjustment and realization of the capital gain. However, 

many of the same forces – home prices, interest rates, and expected home price appreciation – 

will continue to be important determinants of user cost dynamics. Home price appreciation is 

extremely persistent, and mortgage interest rates are not that tightly related to this appreciation. 

A substantial reduction in volatility would require substantial negative correlation between the 

probability of moving and the gap between interest rates and expected appreciation. This doesn’t 

seem plausible. For example, consider a period of sluggish interest rates and a sudden increase in 

home price appreciation, such as occurred during 2003. Standard user cost measures fall 

dramatically during such episodes; only an equally large decrease in the probability of moving 

would keep a more realistic user cost measure from falling dramatically. (On the other hand, user 

costs are idiosyncratic, so compositional effects brought about by a shifting margin might move 

in the opposite direction.) This underscores the need for continued research on user costs. 

Further research is needed to understand what drives rents, and why they diverge from 

user costs. There is likely some interesting industrial organization work to be done. Rents are 

much smoother than smoothed user costs, which suggests the existence of pricing frictions in 

rental markets, perhaps resulting from asymmetric information between landlords and tenants. 

Construction is inherently slow (and hinges upon the availability of suitable land, etc.), so 

sluggish adjustment of rents to user costs (or vice versa) might result either from costs of 

converting structures between owned and rental properties. Both construction lags and 

information frictions (related to search and to distinguishing permanent from transitory 

movements) should slow down adjustment. Smith and Smith (2006) emphasize the weakness of 

the mechanisms which would correct inefficiency in the housing market. Yet the non-specificity 

of detached housing suggests that these structures could be moved rather readily between the 

                                                 
29 I am indebted to Jonathan Heathcote for encouraging me to pursue this question. 
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owner and renter markets. (However, as noted in Section 6, the sizable real estate transactions 

costs have a first-order impact on adjustment.)  

Perhaps a more significant linkage between rents and user costs is obscured by 

deficiencies in the empirical methods being used. The methods of Ashley and Verbrugge (2006) 

could be applied to study the relationship of rents and user costs by frequency. (Ordinary band-

pass filtering is not appropriate, as these authors demonstrate.) In particular, rents might respond 

to (projected) low-frequency movements in user costs, but not to transitory movements. Use of 

the first-difference filter highlights the high-frequency relationship between variables (as noted 

in Baxter, 1994); if there is frequency-dependence in the relationship, this may lead one to 

erroneous conclusions about the true nature of the relationship. (Note that an error-correction 

specification does not eliminate the problem; see Ashley and Verbrugge, 2006) The fact that 

Green and Malpezzi (2003) find evidence of a lagged relationship, in annual data, supports this 

hypothesis. 

Finally, the findings of this study suggest that statistical agencies responsible for 

compiling price statistics should continue to use rental equivalence as their measure of 

homeowner user costs. There are several reasons. First, extant measures of ex ante user costs, 

even if smoothed to mimic the implicit smoothing in the CPI rent series, would be too volatile to 

be of practical use. Second, while it can no longer be claimed that rents are an alternative way to 

measure user costs, there remain other theoretical justifications for using rental equivalence, 

outlined in detail in Poole, Ptacek and Verbrugge (2005). To summarize some of the argument, 

consumer price indexes seek to track inflation in current consumption. But for a homeowner, a 

house is an investment good as well as a consumption good. The statistical agency must estimate 

the price or value of the consumption services, but – since these are considered out-of-scope for 

most price indexes – must separate out the financial aspects of homeownership. Thus it may be 

argued that hypothetical rents are the correct measure of the flow of services consumed by the 

homeowner. The fact that user costs diverge from rents merely reflects, in this view, out-of-

scope financial asset movements. (The fact that homeowners might misjudge their own 

property’s market rent level does not rule out the use of rental equivalence; as long as the true 

measure of homeowner rental equivalence grows at the rate of market rents, the inflation rate in 

rental equivalence will be correctly measured.) Finally, until the divergence between rents and 

user costs is explained, it is more conservative to continue to appeal to the consumption 
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argument and use actual transactions data to impute homeowner cost changes, rather than to use 

a potentially suspect user cost formula and a controversial appreciation forecast. 
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Appendix: Cointegration Test Results 
 Series Lags (BIC) ADF-t ADF-z ADF-Joint Sims α  

Rent 3 -2.51 -8.43 4.10 0.60 
User Cost 4 -2.17 -20.45 3.85 0.01 

All-US 

Err. Corr. 4 -0.21 -0.95 -- 0.65 
Rent 0 -1.72 -6.20 1.49 0.62 
User Cost 0 -19.01 -85.40 186.70 0.00 

Chicago 

Err. Corr. 0 -12.89 -73.62 -- 0.08 
Rent 5 -3.31 -28.13 5.79 0.43 
User Cost 0 -3.16 -18.83 5.05 0.11 

Boston 

Err. Corr. 0 -2.94 -16.52 -- 0.18 
Rent 0 -3.10 -16.97 4.85 0.02 
User Cost 0 -3.25 -17.25 5.45 0.13 

Cleveland 

Err. Corr. 0 -2.25 -9.70 -- 0.34 
Rent 2 -2.00 -8.04 2.47 0.77 
User Cost 1 -7.70 -29.78 33.28 0.00 

Dallas/FW 

Err. Corr. 1 -5.38 -23.55 -- 0.00 
Rent 1 -1.78 -6.43 1.63 0.71
User Cost 0 -3.11 -16.35 4.90 0.00 

Detroit 

Err. Corr. 0 -2.77 -13.53 -- 0.03 
Rent 3 -1.93 -8.75 1.87 0.77
User Cost 0 -3.10 -15.08 4.98 0.05 

Houston 

Err. Corr. 0 -2.17 -8.63 -- 0.38 
Rent 4 -2.08 -11.45 2.32 0.83 
User Cost 1 -2.47 -11.18 2.86 0.51 

Los 
Angeles 

Err. Corr. 1 -1.98 -9.71 -- 0.67 
Rent 0 -1.05 -2.25 0.55 0.84 
User Cost 0 -1.09 -3.96 1.24 0.34 

New York 
City 

Err. Corr. 1 -1.66 -7.96 -- 0.31 
Rent 0 -1.20 -1.74 2.61 0.79 
User Cost 0 -0.02 -0.14 1.71 0.78 

Philadelphia 

Err. Corr. 0 +0.54 +2.79 -- 0.76 
Rent 2 -2.19 -8.07 3.29 0.75 
User Cost 0 -3.00 -17.01 4.52 0.04 

San 
Francisco 

Err. Corr. 0 -2.98 -16.47 -- 0.04 
Rent 0 -1.07 -1.77 1.06 0.85 
User Cost 3 -3.22 -34.44 5.26 0.47 

Northeast 

Err. Corr. 3 -3.27 -35.39 -- 0.50 
Rent 3 -2.74 -13.50 4.04 0.35 
User Cost 1 -5.20 -37.63 15.18 0.00 

South 

Err. Corr. 4 -0.43 -1.51 -- 0.74 
Rent 0 -1.74 -6.30 1.53 0.58 
User Cost 0 -3.63 -19.42 6.87 0.02 

Midwest 

Err. Corr. 0 -1.91 -7.24 -- 0.51 
Rent 3 -2.81 -7.45 5.30 0.34 
User Cost 0 -2.37 -13.41 4.99 0.67 

West 

Err. Corr. 0 -1.23 -6.50 -- 0.77 
____________________ 
Notes: Statistics in bold indicate a test statistic which is significant at the 5% level. Augmented Dickey-Fuller t- and 
Z-tests use BIC to select lag length, and allow a trend in the case of real rents and real user costs. The ADF joint 
column reports the joint test of a unit root and no linear trend. Sims’ Bayesian unit root test uses a minimum of 1 
lag, otherwise uses the same lag length, with the same trend assumptions. The α  reported is the marginal-α :  set at 
this value (given other parameters in the test), the posterior odds ratio is even.  A small value indicates that only a 
very strong prior on the unit root will overcome the data evidence against it. 
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