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Sherwin Rosen’s landmark paper “Hedonic Prices and Implicit Markets:
Product Differentiation in Pure Competition” (1974) fundamentally al-
tered understanding of several fields of economics, including environ-
mental, labor, public, and urban economics. At its most general level,
the paper outlines how the market solves the problem of matching buy-
ers and sellers of multidimensional goods. Since virtually all goods have
multiple characteristics, the paper’s framework has proven to be broadly
applicable across a range of economic topics. It is therefore no surprise
that the paper is the sixth most cited in the Journal of Political Economy’s
history. To note just a few examples of its application, the paperhas served
as the foundation for inferring households’ valuations of air quality (Chay
and Greenstone 2005), understanding “equalizing differences” in the la-
bor market (e.g., Brown 1980), estimating the incidence of government
policies (e.g., Gruber 1994), and describing the equilibrium allocation
of individuals and firms across locations (e.g., Roback 1982; Greenstone,
Hornbeck, andMoretti 2010). Part of the enduring appeal of the paper is
that it outlines a method for estimating relationships of extraordinary im-
portance for the determination of optimal policy, particularly individuals’
willingness to pay for goods and services for which there are not explicit
markets. Canonical examples include environmental quality, school qual-
ity, crime, other amenities, and mandated government benefits.
The paper’s starting point is that virtually all goods are heterogeneous

(e.g., houses, jobs, and cities) and that while we can observe their overall
price, this alone does not shedmuch light on the demand for and supply
of their characteristics. To make progress on these more fundamental
economic questions, Rosen’s paper outlines an approach that considers
goods to be a vector of their “utility-bearing attributes or characteristics.”
The paper’s central contribution is to model how consumers’ and sup-
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pliers’ optimizing behavior governs the data-generating process that de-
livers the potentially observable equilibrium relationship between char-
acteristics and their prices.
This paper briefly reviews the model that Rosen outlined, discusses

the success of efforts to apply it empirically to gain understanding of sev-
eral key relationships, and outlines areas for future research.

I. A Brief Review of Rosen’s Hedonic Model

In Rosen’s (1974) formulation, a differentiated good is described by a
vector of its characteristics, C 5 ðc1, c2,:::, cnÞ. In the case of a house,
these characteristics may include structural attributes (e.g., number of
bedrooms), neighborhood public services (e.g., local school quality),
and local environmental amenities (e.g., air quality). Thus, the market
price of the ith house can be written as

Pi 5 P ci1, ci2,:::, cinð Þ: (1)

The partial derivative of P(�) with respect to the jth characteristic, ∂P=∂cj ,
is referred to as the marginal implicit price. It is the marginal price of
the j th characteristic, holding constant all other characteristics, and is
implicit in the overall price of the house.
In the hedonic model, the locus between housing prices and a given

characteristic, called the hedonic price schedule (HPS), is generated by
the equilibrium interactions of consumers and producers. It is assumed
that markets are competitive and that all consumers rent one house at
the market price. Consumers’ utility depends on consumption of the
numeraire X (with price equal to one) and the vector of house charac-
teristics:

u 5 u X ,Cð Þ: (2)

The budget constraint is expressed as I 2 P 2 X 5 0, where I is income.
Maximization of (2) with respect to the budget constraint reveals that in-

dividuals choose levels of each of the characteristics to satisfy ð∂U =∂cjÞ=
ð∂U =∂xÞ 5 ∂P=∂cj . Thus, the marginal willingness to pay for cj (e.g., air
quality) must equal the marginal cost of an extra unit of cj in the market.
It is convenient to substitute the budget constraint into (2), which

gives u 5 uðI 2 P , c1, c2,:::, cnÞ. Inverting this equation and holding all
characteristics but j constant results in an expression for willingness to
pay for cj :

Bj 5 BjðI 2 P , cj ;C*
2j , u*Þ: (3)

Here, u* is the highest level of utility attainable given the budget con-
straint and C*

2j is the vector of the optimal quantities of other character-

1892 journal of political economy



istics. This is referred to as a bid (or indifference) curve, because it re-
veals the maximum amount that an individual would pay for different
values of cj, holding utility constant.
Heterogeneity in individuals’ bid functions due to differences in pref-

erences and/or incomes leads to differences in the chosen quantities of
a characteristic. This is depicted in figure 1, which plots the HPS and bid
curves for cj of two consumer types. The consumers are denoted as types #1
and #2; there is potentially an unlimited number of consumer types, each
of which has a bid curve that is tangent to the HPS. Each bid function re-
veals the standard declining marginal rate of substitution between cj and
X (because X 5 I 2 P). The two types choose houses in locations where
their marginal willingness to pay for cj is equal to the market-determined
marginal implicit price, which occurs at c1j and c2j , respectively. Givenmar-
ket prices, these consumers’utilities would be lower at sites with any other
level of local environmental quality.
The other side of the market comprises suppliers of housing services.

It is assumed that suppliers are heterogeneous because of differences in
their cost functions. This heterogeneity may result from differences in
the land they own. For example, it may be very expensive to provide a
high level of air quality on a plot of land located near a steel factory.
By inverting a supplier’s profit function, we can derive the supplier’s of-
fer curve for the characteristic c j :

Oj 5 Ojðcj ;C*
2j , p*Þ, (4)

FIG. 1.—Bid curves, offer curves, and the equilibrium HPS in a hedonic market for air
quality.
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where p* is the maximum available profit given the supplier’s cost func-
tion and the HPS. Figure 1 depicts offer curves for two types of suppliers.
With this setup, individuals who live in a house that they own would be
both consumers and suppliers, and their supplier self would rent to their
consumer self.
The HPS is formed by tangencies between consumers’ bid and sup-

pliers’ offer functions. At each point on the HPS, the marginal price
of a housing characteristic is equal to an individual consumer’s marginal
willingness to pay (MWTP) for that characteristic and an individual
supplier’s marginal cost of producing it. From the consumer’s perspec-
tive, the gradient of the HPS with respect to air quality gives the equilib-
rium differential that compensates consumers for accepting the disutil-
ity (e.g., increased health risk, aesthetic disamenities) associated with
poorer air quality. Put another way, areas with high levels of air pollution
must have lower housing prices to attract potential homeowners, and the
HPS reveals the price that allocates consumers across locations (and pol-
lution levels). From the suppliers’ perspective, the gradient of the HPS
reveals the equilibrium marginal cost of supplying a cleaner local envi-
ronment.
The HPS itself is useful for a limited range of welfare analysis. The gra-

dient at each point along the HPS reveals the MWTP for the set of con-
sumers that have sorted themselves to the pair of prices and quantities of
the relevant characteristic. Thus, it is possible to infer the welfare gain
associated with a marginal change for different segments of the popula-
tion. The overall HPS can be used to determine the average MWTP in
the relevant population.
Figure 1 illustrates that knowledge of the HPS is not sufficient to con-

duct welfare analysis for nonmarginal changes, at least in partial equilib-
rium. Consider an improvement in air quality from c1j to c2j . Consumer 1’s
valuation or willingness to pay for this change is equal to the difference
between p2

1 and p1; yet theHPS would suggest that the gain is much larger,
equal to the difference between p2 and p1. The difficulty is that we observe
only one point on each person’s bid function (i.e., the pair of prices and
quantities that they choose). Other points are observed only for other in-
dividuals who presumably have different tastes or income levels. Thus,
the HPS cannot be used to determine the welfare consequences of non-
marginal changes in key characteristics.
Rosen’s solution to this problem is a two-step econometric procedure

that, in principle, delivers the HPS and consumer’s bid functions.1 Con-
sider again the case of houses and air quality. The procedure’s first step
is to regress house prices against all housing characteristics, including air
quality, allowing for their effects to be nonlinear:

1 An analogous procedure delivers suppliers’ offer functions.
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p 5 a 1 f c1, c2,:::, cnð Þ 1 ε: (5)

The marginal implicit price of air quality is the derivative of housing
prices with respect to air quality. This quantity is used in the following
second-stage equation:

∂p Cð Þ=∂cair quality 5 a0 1 g cair quality
� �

1 ε0, (6)

where ε0 includes all demand shifters, such as tastes and income, that in
principle are observable and can be included as covariates. The Rosen
method then calls for evaluating g(cair quality) at different values of cair quality
to trace out the bid function.
Successful implementation of this two-step procedure would have tre-

mendous practical value, because it would reveal consumers’ demand
primitives. Thus, it would be possible to obtain measures of the welfare
effects of nonmarginal changes in the characteristics of goods. This helps
to explain the enduring influence of Rosen’s model.

II. The Rosen Model in Action

Rosen developed this method with the aim of improving understanding
of the world. Indeed, he wrote, “We anticipate that the basic conceptual
framework outlined above will have a variety of applications tomany prac-
tical problems” (Rosen 1974, 54). However, at the time of Rosen’s paper,
the economics profession did not adequately appreciate the difficulty in
obtaining causal estimates of empirical relationships, particularly cross-
sectional ones. Thus, the paper paid little attention to the challenges of
consistent estimation of the HPS. Furthermore, the paper refers to the
second-stage estimation as a “garden variety identification problem,”which,
with the benefit of more than 40 years of continued research, also ap-
pears quite optimistic.
For the first 30 years after its publication, the hedonic approach was

largely unsuccessful empirically, and indeed, my judgment is that its
practical value was in question. However, the last 10–15 years have seen
great advances in the empirical credibility focused on the estimation of
the first stage, or HPS. As Rosen originally conceived it, there are few, if
any, instances of credible estimation of the second stage.
This section outlines the challenges with estimation, where there have

been successes, and where more work is needed.

A. Estimation of the HPS

The consistent estimation of equation (1) is the foundation on which
any welfare calculation rests. The reason is that the welfare effects of a
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marginal change in a characteristic are obtained directly from the he-
donic price schedule. Furthermore, inconsistent estimation of the HPS
will result in an inconsistent MWTP function, invalidating any welfare
analysis of nonmarginal changes regardless of the method used to recover
preference or technology parameters. These challenges were apparent
to at least one researcher just 1 year after the publication of the Rosen pa-
per: “I have entirely avoided . . . the important question of whether the
empirical difficulties, especially correlation between pollution and un-
measured neighborhood characteristics, are so overwhelming as to ren-
der the entire method useless. I hope that . . . future work can proceed
to solving these practical problems. . . . The degree of attention devoted
to this [problem] . . . is what will really determine whether the method
stands or falls” (Small 1975, 107).
For roughly 30 years, these words proved prophetic as researchers found

consistent estimation of the HPS as in equation (1) to be extraordinarily
challenging. For example, the cross-sectional estimation of theHPS exhib-
ited signs of misspecification (e.g., great sensitivity to the exact set of con-
trols and frequent findings of perversely signed estimates) in a number of
settings, including the relationships between land and/orhouse prices and
air quality (Smith andHuang 1995), school quality (Black 1999), proximity
to hazardous waste sites (Greenstone andGallagher 2008), and climate var-
iables (Deschenes and Greenstone 2007). Similar problems characterized
the estimation of compensating wage differentials for job characteristics,
such as the risk of injury or death: in a wide range of studies, the regression-
adjusted association between wages and many job amenities was found
to be weak and often had a counterintuitive sign (e.g., Smith 1979; Brown
1980; Black and Kneisner 2003).
One attempted solution to the challenges of estimating cross-sectional

hedonic equations was to move to a panel setting. An especially impor-
tant example of this method is Brown’s (1980) paper on equalizing dif-
ferences in the labor market, which included person-specific fixed ef-
fects and year fixed effects. However, the results were disappointing in
that they remained sensitive to small changes in specification and often
had the counterintuitive sign. Indeed, Brown concluded, “The impacts
of the intercepts on the coefficients of job characteristics vary consider-
ably, and there is no marked improvement in the correspondence be-
tween these coefficients and a priori predictions” (130).
Table 1, taken from Chay and Greenstone (2005), clearly illustrates

the problems the literature encountered with the cross-sectional and
panel data approaches. It presents “conventional” estimates of the capi-
talization of total suspended particulates (TSPs) air pollution into housing
values based onfitting regressions with county-level census data. Across dif-
ferent panels, the model is estimated using cross-sectional data from 1970
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(panel A) and 1980 (panel B) and by first-differencing the 1970 and 1980
data (panel C) to remove the influence of time-invariant unobservables.
Across columns 1–4, an increasing number of covariates are used to adjust
the effect of TSPs on housing values.
The instability of the estimates across specifications and within a spec-

ification across panels is striking and suggests that the conventional ap-
proach to estimating the HPS is prone to misspecification. The column 2
results illustrate this point powerfully, because they use a specification typ-
ical of the three decades of research following the publication of Rosen’s
paper. With this specification, the 1970 data suggest that a one-unit de-
cline in TSPs is associated with a 0.06 percent increase in housing values,
the 1980 data suggest that it is associated with a 0.10 percent decrease, and

TABLE 1
Estimates of the Effect of TSPs Pollution on Log Housing Values

(1) (2) (3) (4)

A. 1970 Cross Section

Mean TSPs (1/100) .032 2.062 2.040 2.024
(.038) (.018) (.017) (.017)

R 2 .00 .79 .84 .85

Sample size
988 987 987 987

B. 1980 Cross Section

Mean TSPs (1/100) .093 .096 .076 .027
(.066) (.031) (.030) (.028)

R 2 .00 .82 .89 .89

Sample size
988 984 984 984

C. 1970–80 (First Differences)

Mean TSPs (1/100) .102 .024 .004 2.006
(.032) (.020) (.016) (.014)

R 2 .02 .55 .65 .73
Sample size 988 983 983 983
County Data Book covariates no yes yes yes
Flexible form of county covariates no no yes yes
Region fixed effects no no no yes

Note.—The housing and overall consumer price index series are used to deflate all
housing values to 1982–84 dollars. The TSPs data are derived from the Environmental Pro-
tection Agency’s network of pollution monitors. The 1970 (1980) mean TSPs concentra-
tion is the average across all counties’ mean TSPs concentration from 1969 to 1972
(1977 to 1980). Each county’s annualmeanTSPs concentration is calculated as theweighted
average of the geometricmean concentrations of eachmonitor in the county, using thenum-
berof observations permonitor as weights. The county-levelmean acrossmultiple years (e.g.,
1969–72) is the average of the annual means. The flexible functional form includes qua-
dratics, cubics, and interactions of the variables as controls. The mean of the natural log of
1970 housing prices is 10.55. The means of the dependent variables in panels B and C are
10.82 and 0.27, respectively. Standard errors (in parentheses) are estimated using the Eicker-
White formula to correct forheteroskedasticity. This table appears as table 3 inChay andGreen-
stone (2005, 408).
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the first-difference data find nomeaningful relationship. The point is that
evenwhenholding the specification constant, it is possible to find virtually
any effect that one desires; not even the sign is constant across the dif-
ferent data sets. Unfortunately, this pattern of results is not specific to
the relationship between housing prices and TSPs; for example, Black
and Kneisner’s (2003) paper on the value of a statistical life convincingly
demonstrates a similar variability when estimating the relationship be-
tween wages and on-the-job fatality risks. The result of this uncertainty
was that despite the publication of perhaps hundreds of empirical papers
based on cross-sectional and panel data estimation of the hedonic model,
the prevailing sense was that the resulting estimates were plagued by omit-
ted variable bias. The hedonic method’s practical relevance was in doubt.
The late 1990s and early 2000s marked a turning point in the field as

the “credibility revolution” sparked renewed interest in estimation of
Rosen-style hedonic equations. Specifically, researchers began to iden-
tify quasi-experimental variation in the variables of interest that was plau-
sibly unrelated to unobserved determinants of the studied outcome
(e.g., housing prices, wages). In a quasi-experiment, variation in the var-
iable of interest is determined by nature, politics, an accident, or some
other action beyond the researcher’s control. The identifying assump-
tion is that this variation is exogenous, and in high-quality quasi exper-
iments, researchers understand well the source of this variation and
characterize it clearly for the reader.
This turning point manifested itself with great advances in under-

standing of a wide range of topics. As part of my dissertation, ultimately
published in the JPE, Kenneth Chay and I exploited spatial and temporal
variation in the introduction of the Clean Air Act, along with knowledge
of the exact rule that determined that variation, to study the relationship
between TSPs concentration and housing values. We found that the elas-
ticity of housing values with respect to TSPs concentrations ranges from
20.20 to20.35 (Chay and Greenstone 2005). In a compelling study, Da-
vis (2004) found that an increase in the incidence of pediatric leukemia
in a Nevada county reduced housing prices by about 15 percent. Build-
ing on the important Black (1999) paper, Bayer, Ferreira, and McMillan
(2007) estimate households’ willingness to pay for school quality using
variation across boundaries for catchment zones.2 There are many com-
pelling examples, and any effort to be comprehensive will surely fall short;
but a few other quasi-experimental findings include a negative MWTP for
proximity to a convicted sex offender (Linden and Rockoff 2008), willing-

2 This paper’s contribution goes beyond credible estimation of the HPS. It provides
great insight into the relationship between estimates of willingness to pay from hedonic
price regressions vs. those from random utility model discrete choice approaches to de-
mand estimation.
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ness to pay for Superfund cleanups that is smaller than their costs (Green-
stone and Gallagher 2008), and an 11 percent decline in housing values
within 0.5mile of newly opened industrial plants that emit toxic air pollut-
ants (Currie et al. 2015).
Overall, the application of the quasi-experimental approach has breathed

new life into the Rosenmodel. The proliferation of papers in recent years
has generated tremendous insights across a wide range of areas where
there was previously little credible empirical work that could guide peo-
ple’s understanding. There is currently tremendous interest in random-
ized control trial experiments in economics, but I am not aware of any
field experiment applications of Rosen’s hedonicmodel to date (although
they would be an incredible addition both substantively andmethodolog-
ically).

B. What about the Bid Functions?

The greatest promise of the Rosen model is not just to consistently esti-
mate the HPS but to recover individuals’ bid functions (and suppliers’
offer functions). Estimation of these primitives allows for assessing the
welfare consequences of nonmarginal changes and counterfactual poli-
cies; this is the difference between estimating what has been and what
might be. The great challenge, of course, is that estimating individuals’
bid functions requires the quite difficult task of observing the same indi-
vidual or taste type facing two sets of prices.
While the estimation of the HPS faces a formidable enemy (i.e., omit-

ted variables), the estimation of bid functions has found itself facing
seemingly even more formidable foes. Following Rosen’s paper, there
were some initial efforts to recover these bid functions (e.g., Palmquist
1984). However, Brown and Rosen (1982) cautioned researchers by dem-
onstrating the hedonic method’s reliance on potentially strong func-
tional form assumptions. A pair of later papers showed that efforts to in-
fer consumers’ bid functions from the HPS are further undermined by
taste-based sorting and that the difficulty of addressing this problem us-
ing standard exclusion restrictions means that quite strong assumptions
are necessary (Bartik 1987; Epple 1987). Thus by the late 1980s, there was
a sense that credible estimation of bid functions with the Rosen approach
was not possible, and efforts to even attempt their estimation began to
disappear.
In response to this decline, several papers tried to revive Rosen’s meth-

od’s aim of recovering demand primitives through structure or by invok-
ing alternative assumptions. Epple and Sieg (1999) outlined a “locational
equilibrium”model that can be used to develop estimates of the demand
primitives. Returning to the Rosen model’s roots, Ekeland, Heckman,
andNesheim (2004) outline the assumptions necessary to identify the de-

past, present, and future of economics 1899



mand (and supply) functions in an additive version of the hedonicmodel
with data from a single market.3 Bajari and Benkard (2005) similarly re-
turn to the Rosen model and, through alternative approaches to the first
and second stages, outline an approach to construct bounds on individ-
uals’ utility parameters and other economic objects. Each of these ap-
proaches is promising, but they all require potentially strong assumptions
and to date their influence on applied work has not been tremendous (al-
though researchers continue to experiment with them).

III. Conclusions

Sherwin Rosen’s hedonic method is a great achievement of economic
theory. Taking as its starting point an observable relationship that by it-
self does not shed any light on the economic behavior underlying it, the
paper outlines a model of buyer and seller optimizing behavior to ex-
plain the process that generates what is observed in the data. In outlin-
ing this framework, Rosen fundamentally altered how we understand the
world.
On the applied side, the application of quasi-experimental techniques

to the estimation of theHPS has reinstated the hedonicmethod as a work-
horse in environmental, labor, public, urban, and other parts of econom-
ics. Although consistent estimation of theHPS cannot be used for counter-
factual policy analysis of nonmarginal changes, the decades of empirical
research that have been guided by Rosen’s paper demonstrate that there
are manymarginal changes worth analyzing, and the last 10–15 years illus-
trate that it is possible to produce credible evidence on their welfare con-
sequences.
With respect to nonmarginal changes, the picture is not quite as bright

when it comes to using the Rosen method. However, there are already
some promising approaches that merit greater investigation, application,
and exploration. If history is any guide, the coming years will see the
development of new methods that build on Rosen’s method to recover
bid functions as the questions that can be answered remain vital and
urgent.
Although consistent estimation of the HPS does not recover the un-

derlying bid functions, it can be used to estimate the welfare impacts of
nonmarginal changes of past changes in amenities. Specifically, Green-
stone and Gallagher (2008) demonstrate that knowledge of the HPS can
be used to infer the historical welfare consequences of a nonmarginal

3 Heckman, Matzkin, and Nesheim (2005, 2010) examine identification and estimation
of nonadditive hedonic models and the performance of estimation techniques for additive
and nonadditive models.
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amenity change for landowners in a particular location (e.g., a neighbor-
hood, city, or county) before the change occurs.4 In their empirical appli-
cation, Greenstone and Gallagher use the HPS to learn about the welfare
consequences of Superfund clean-ups of industrial sites, but the historical
record is filled with countless other consequential nonmarginal amenity
changes. Use of the HPS in this manner has potentially tremendous prac-
tical value, because the benefits of previous policies are an important
guide about the benefits of future or alternative policies; this is especially
so in the all too frequent case in which reliable estimates of the underlying
demand primitives or bid functions are unavailable.
Perhaps most notably, more than four decades after its publication,

Rosen’s model is being used to generate insights about the world, and
researchers are still actively engaged with its methods. It is evident that
Rosen’s hedonic method has fundamentally altered our understanding
of the world and in so doing has passed the acid test of time.
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