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Abstract

The two primary approaches to estimate marginal willingness-to-pay (MWTP) are hedonic
(Rosen, 1974) and discrete choice (McFadden, 1974). While both approaches rely on revealed
preference methods to estimate MWTP, the primitives underlying both models are different,
making it difficult to compare them. This paper establishes the assumptions needed to develop
a tractable framework to compare both approaches. I begin with a discrete choice model and
show how to derive the gradient of the equilibrium price function implicitly. I then incorpo-
rate Rosen’s insight that the price gradient is equal to the MWTP of the marginal individual
whose indifference curve is tangent to the price function in equilibrium. However, with dis-
crete choices, some individuals may be inframarginal and their indifference curves will not be
tangent to the price function. The analytical mapping I derive formalizes this intuition and
shows that the price gradient depends on weighted averages of marginal utilities where higher
weights are assigned to individuals whose choice probabilities indicate more uncertain choices
(marginal individuals). As this choice becomes more certain, the weights start to decrease.
This result shows how choice probabilities and other moments of choice data can be used to
distinguish marginal versus inframarginal individuals.1

JEL: C01, R21, J23
Keywords: Hedonic, discrete choice, sorting, demand

∗Wharton Real Estate. 3620 Locust Walk, 1464 SHDH, Philadelphia, PA 19104-6302. Email:
maisy@wharton.upenn.edu.
1I am indebted to Fernando Ferreira for his guidance and time. I am grateful for the feedback from the editor and
two referees. I thank Kenneth Chay, Michael Greenstone, HanMing Fang, Alex Gelber, Mark Jenkins, Jeremy
Tobacman and participants at the CSWEP Mentoring Workshop for comments. Hyejin Lee and Xuequan Peng
provided excellent research assistance. I am grateful to the Research Sponsors Program of the Zell/Lurie Real Estate
Center at Wharton for financial support. All errors are my own.

mailto:maisy@wharton.upenn.edu


1 Introduction

The two primary approaches to estimate marginal willingness-to-pay (MWTP) are the hedonic
(Rosen, 1974) and discrete choice (McFadden, 1974) models. While both approaches are used
widely in many fields,2 there is little formal analysis of the relationship between both models.
Moreover, some papers that use both approaches to estimate MWTP find different results.3 How-
ever, it is difficult to investigate why the estimates differ without a framework to relate MWTP
from both approaches.

At first glance, there seems to be a relationship between the two frameworks since both rely
on revealed preference and individuals’ sorting behavior across products to infer MWTP. On the
other hand, the hedonic method assumes a continuum of products while the discrete choice method
does not. Furthermore, the hedonic model is associated with compensated demand while the dis-
crete choice model is associated with uncompensated demand. These differences in the primitives
underlying both models suggest that both approaches may not be comparable, in general.

This paper makes progress in developing a tractable framework to investigate the relationship
between the two approaches. I begin with a discrete choice model and show that one can derive
an implicit equilibrium price function which is akin to the hedonic price function in Rosen (1974).
This is useful because I can then implement the insight from Rosen to use the gradient of the
implicit price function to shed light on preferences. This approach was alluded to in the seminal
article on the estimation of discrete choice models with heterogeneous individuals (Berry, 1994).4

I establish the conditions needed to circumvent the challenges above. First, for tractability,
I assume quasi-linear utility so that the compensated and uncompensated demand functions are
identical. With the different choice environments (discrete versus continuous), the equilibrium
price function derived implicitly from the discrete choice model will generally not be comparable
to the hedonic price function derived from Rosen’s hedonic framework. Instead, my approach is
to derive the equilibrium price function associated with the discrete choice model first, which then
allows me to embed Rosen’s insight within the discrete choice framework.

Section 2 describes a discrete choice model with a continuum of heterogeneous individuals
choosing a discrete set of products to maximize utility. Individuals have quasi-linear utility with
random coefficients and an idiosyncractic Logit error term. Products are differentiated by a vector

2See Bayer et al. (2007); Cellini et al. (2008); Chay and Greenstone (2004); Pakes (2003); Berry et al. (1995); Bitzan
and Wilson (2007); Wong (2013), to name a few examples in the fields of labor economics, local public finance,
environmental economics, industrial organization as well as urban and transportation economics.

3For example, Banzhaf (2002) finds that the MWTP for the same change in air quality varies between $8 (hedonic) to
$18-$25 (discrete choice) using the same data.

4See the first footnote in Berry (1994): “Indeed, my model implicitly produces a hedonic equilibrium pricing function
that depends on product characteristics. However, the focus in this article on structural estimation with price-setting
firms and unobserved demand characteristics differs from the typical focus in the hedonic literature.”
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of (exogenous) characteristics and by prices that are determined in equilibrium. Throughout the
paper, I assume supply is fixed and focus on consumer demand. With a continuum of individuals
choosing discrete products, some individuals could be inframarginal in that small changes in prod-
uct characteristics will not change their utility-maximizing choice. This can arise due to mobility
costs faced by individuals or fixed costs of production (Arnott, 1989; Bayer et al., 2009; Gavazza,
2011).

A market equilibrium in the discrete choice model is characterized by a vector of equilibrium
prices and an allocation of individuals to products such that each individual has no incentive to
deviate. Notably, in the discrete choice framework, choices made by individuals can be summa-
rized by choice probabilities using a share function that indicates the share of individuals in a
market who choose a product as a function of the characteristics and prices of all the products in
the market.

The hedonic approach presents a dual way to characterize equilibria in markets with differen-
tiated products using the hedonic price function. Rosen (1974) showed that a utility-maximizing
individual choosing amongst a continuum of differentiated products satisfies the first order condi-
tions of optimization when her indifference curve is tangent to the hedonic price function. This
is the famous insight in Rosen (1974) that an individual’s MWTP for a characteristic is equal to
the gradient of the hedonic price function with respect to that characteristic. Overall, Section 2
highlights the hedonic price function and the share function as key equilibrium objects of interest
in the hedonic and discrete choice models, respectively.

Section 3 presents the three main results of the paper. The first result shows how to derive
an implicit equilibrium price function from the share function in the discrete choice model. This
result relies on the Implicit Function Theorem and the assumption of a continuum of individuals.
With discrete choices, the equilibrium price function may not be continuous and the gradient of
the price function (which is needed to infer MWTP) may not be defined. However, the assumption
of a continuum of individuals gives rise to a continuous share function, which describes the share
of individuals that choose each (discrete) product in equilibrium. Since the share function is con-
tinuous, I can then apply the Implicit Function Theorem to derive the gradient of the equilibrium
price function from the share function. Adopting Rosen’s insight that the gradient of the implicit
price function is equal to the MWTP of the marginal individual, Result 1 presents a way to relate
MWTP (associated with the implicit price gradient) with the share function.

While Result 1 establishes an analytical relationship between the share function and an implic-
itly defined equilibrium price function, it also underscores several differences between the discrete
and hedonic approaches. First, the equilibrium price function derived from the share function
shows that the equilibrium price for each product depends on all the products in the market. With
discrete products, some products could have “market power” in that inframarginal individuals’
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choices are inelastic and unresponsive to small changes in product characteristics. In particular,
in the random coefficients Logit model, the idiosyncratic Type I extreme value error term (εi j)
assumes each individual i has a non-zero preference shock for product j. Individuals with high
values of εi j have strong preferences for product j and will be inframarginal. By contrast, in
Rosen’s hedonic model with a continuum of products, each individual is a marginal consumer and
each product is unimportant relative to the market.

Since the implicitly derived equilibrium price function depends on all products in the market,
the relationship in Result 1 is complex and difficult to interpret. Next, the second result shows how
to simplify the relationship and presents an intuitive interpretation. Here, I rely on the assumption
in the empirical literature that typically estimates a hedonic price function by regressing the price
of a product on its own characteristics only. If we restrict that the equilibrium price function
derived in Result 1 is such that the price of each product only depends on the characteristics of
that product, then, Result 2 shows that the implicitly defined price gradient can be written as a
ratio of weighted averages of individual marginal utilities. The weights are a function of choice
probabilities in the discrete choice model with higher weights corresponding to individuals with
more uncertain choices.

The simplified relationship in Result 2 hones in on a critical distinction between the hedonic
and the discrete choice approaches. If preferences are inferred from the gradient of the equilib-
rium price function, only the preferences of marginal individuals will be identified. In equilib-
rium, prices adjust so that the marginal individual is just indifferent but inframarginal individuals’
choices are inelastic. Put another way, the hedonic approach relies on tangencies between the
indifference curves and the hedonic price function to identify MWTP using the hedonic gradi-
ent. However, only the marginal individuals’ indifference curves are tangent to the hedonic price
function. The indifference curves of inframarginal individuals are not necessarily tangent to the
hedonic price function.

This analytical relationship also formalizes how choice probabilities and choice variances can
be used to determine which individuals are likely to be marginal. To interpret the economic in-
tuition behind the probability weights, consider an individual whose probability of choosing a
product is one. I find that the MWTP derived from the price gradient assigns no weight to this
individual. This is because she chooses a product with certainty (she is inframarginal and her in-
difference curve is not tangent to the hedonic price function). More generally, the MWTP derived
from the implicit price function depends on a ratio of weighted averages of marginal utilities where
higher weights are assigned to individuals whose choice probabilities indicate a higher degree of
uncertainty regarding their choice (marginal individuals). As this choice becomes more certain (as
the probability approaches 0 or 1), the weights start to decrease.

Moreover, the second result also provides a tractable way to identify conditions under which
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MWTP from both approaches can be identical. It shows clearly that average MWTP derived from
the implicit price function depends on a ratio of (weighted) averages of marginal utilities whilst
average MWTP in the discrete choice model is an average of ratios of marginal utilities. In general,
the ratio of averages will not equal the average of ratios except in special cases (for example, when
the ratios are constant).

This intuition delivers the third result that the average MWTP for a characteristic is identi-
cal in the two approaches if the MWTP for that characteristic is constant across individuals. The
traditional Logit model with no random coefficients satisfies this condition. This appears to be a
special case when ratios of marginal utilities (MWTP’s) are constant. With heterogeneous pref-
erences for characteristics (for example, with random coefficients utility), only the slopes of the
indifference curves of marginal individuals are equal to the gradient of the implicit price func-
tion. Therefore, the average MWTP derived from the implicit price function (which gives higher
weights to marginal individuals) diverges from the average MWTP in the discrete choice model
(which estimates an average MWTP, averaged across marginal and inframarginal individuals). In
the special case when the MWTP for a characteristic is constant, the marginal individual and the
average individual have the same MWTP, so, average MWTP estimated from the two approaches
are the same.

Overall, the three results above highlight a series of assumptions needed to make the hedo-
nic and the discrete choice approach comparable. As discussed above, both approaches have
fundamental differences in model primitives and are generally difficult to compare. This paper
establishes the conditions needed to develop a tractable framework to derive the gradient of an im-
plicit price function associated with the share function in the discrete choice model. I then utilize
Rosen’s insight to connect the (implicit) price gradient with MWTP. Furthermore, I establish the
stronger assumptions required in Result 2 (to simplify the relationship and to develop intuition) and
in Result 3 (to show the conditions needed for the approaches to deliver identical average MWTP).

Finally, Section 4 discusses several extensions to the framework and highlights a few caveats.
First, I discuss other functional forms, including other error distributions besides the Logit error.
This paper also assumes quasi-linear utility which ignores income effects. Second, the framework
above only considers marginal perturbations around the equilibrium point since the Implicit Func-
tion Theorem only holds locally around the equilibrium point. Additionally, throughout the paper,
supply is fixed which ignores general equilibrium effects where supply adjusts as well. Third, I dis-
cuss how the findings in this paper inform empirical estimation and identification of preferences.
This paper abstracts away from omitted variable concerns due to unobserved product quality to
focus on selection concerns driven by the sorting of heterogeneous individuals.

While there are many empirical papers that use the hedonic and discrete choice methods to esti-
mate MWTP, there is a relatively small literature that directly compares both approaches. Cropper
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et al. (1993) and Mason and Quigley (1990) use simulated data to compare MWTP estimates in
hedonic and discrete choice models. Several papers allude to similarities and differences between
both models (Ellickson, 1981; Ekeland et al., 2004; Bayer et al., 2007; Bajari and Benkard, 2005).
The innovation in this paper is to provide a tractable framework that delivers an analytical relation-
ship between the share function in the discrete choice model and the gradient of the implicit price
function (derived from the share function). This exercise helps to crystallize the similarities and
differences between both approaches.

The remainder of the paper is organized as follows: I briefly describe the discrete choice and
hedonic models in Section 2. I derive the three results above in Section 3 and discuss their impli-
cations. I discuss some possible extensions in Section 4 and conclude in Section 5.

2 Discrete choice and hedonic models

I begin with a discrete choice model with random coefficients Logit as the underlying data generat-
ing process and describe an equilibrium in this model. Then, I characterize equilibrium in Rosen’s
hedonic model. This discussion highlights two equilibrium objects of interest: the share function
(in the discrete choice framework) and the hedonic price function (in the hedonic framework).
Throughout this paper, supply is fixed and I focus mainly on describing consumer preferences. For
simplicity, I assume all characteristics other than price are exogenous.

2.1 Discrete choice model and the share function

There are t = 1, ...,T markets and each market has Jt differentiated products. Individual i’s indirect
utility from choosing product j in market t is,

ui jt =V (x jt , p jt ;βi,yi)+ εi jt (1)

where yi is the income of individual i, p jt is the price of product j in market t, x jt is a K-
dimensional (row) vector of exogenous characteristics of product j. The numeraire good, yi− p jt ,
has a normalized price of 1. Each individual i has heterogeneous taste parameters for product
characteristics (βi drawn from a cumulative distribution function, Fβ ) and a random taste parameter
for product j (εi jt drawn from Fε ). The model is closed with an outside good, j = 0. The utility
from the outside good is normalized to 0. Each market is independent from other markets. To
simplify notation, I will drop the market subscript from here.

The empirical literature makes two common assumptions for equation (1). First, V (x jt , p jt ;βi,yi)

is a random coefficients utility function. Second, ε is drawn from a Type I extreme value distribu-
tion. For example, a common functional form is
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ui j = βip(yi− p j)+ x jβi + εi j (2)

where βip is the marginal utility of income. This model assumes quasi-linear utility with no
income effects. Under these assumptions, the MWTP of individual i for characteristic k is

MWT PD
ik =

βik

βip
(3)

and the average MWTP for characteristic k is MWT PD
k =

∫ βik
βip

dFβ . An individual chooses
product j that offers the highest utility. Let A j be the set of individuals who choose j:

A j =
{(

βi,βip,εi0,εi1, ...,εiJ|ui j ≥ uik,k = 0, ...,J
)}

(4)

The share of individuals in a market who choose product j (π j) is obtained from aggregating
across individuals in A j,

π j (x,p) =
∫

A j

dFβ dFε (5)

=
∫ exp(Vi j)

∑
j′=J
j′=0 exp

(
Vi j′
)dFβ ≡

∫
πi jdFβ

where the second row shows that the probability that i chooses j (πi j) is exp(Vi j)

∑
j′=J
j′=0 exp(Vi j′)

because

the ε ′s are drawn from a Type I extreme value distribution. The share function shows that the
probability that individual i chooses product j, depends on how product j compares to all products
in the market. If product j, has characteristics that are favored by individual i, then πi j will be
higher, since the utility will be higher from product j (Vi j) relative to other products (Vi j′).

An equilibrium is characterized by a vector of prices for each product and an allocation of
individuals to products so that no one has an incentive to deviate. The share function, π (.), can
be used to concisely summarize the optimizing choices individuals make in the discrete choice
model. Given a fixed supply, in equilibrium, each element (π∗j ) in the J-dimensional vector (π∗)
summarizes the share of individuals in a market who choose product j, as a function of product
characteristics and equilibrium prices, evaluated at (x∗,p∗).

2.2 Hedonic model and the hedonic price function

Rosen’s hedonic model offers a dual way to describe an equilibrium in a market. Each market has a
continuum of heterogeneous individuals and a continuum of products, differentiated along a vector
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of characteristics, x. Individual i takes the market price for products, P(x), as given and chooses
one unit of a product to maximize utility, ui, subject to the budget constraint, P(x)+numeraire≤ yi.
The numeraire is normalized to have a price of 1.

An equilibrium in the hedonic model is characterized by individuals who are maximizing util-
ities given their budget constraints. Graphically, individual i’s taste for xk can be illustrated using
bid functions (indifference curves in P−xk space) with steeper bid functions representing stronger
taste (higher MWTP) for xk. Each individual chooses a product that corresponds to the bid func-
tion that maximizes her utility. Under the first order conditions, optimality is achieved when the
MWTP for xk (the ratio of the marginal utility for xk and the marginal utility for the numeraire) is
equal to the ratio of the marginal cost for xk and the marginal cost for the numeraire (normalized
to 1). Under these assumptions, individual i′s MWTP for characteristic k is

MWT PH
ik =

∂ui
∂xk
∂ui
∂P

=
∂P
∂xk

(6)

In equilibrium, prices adjust so that each product is sold to the highest bidder and the marginal
individual is just indifferent between a marginal gain in utility from choosing an additional unit of
xk and incurring a marginal cost for it (relative to the numeraire). Locally around the equilibrium,
individuals are considering trade-offs along the indifference curves, with utility held constant.
Therefore, the hedonic model is associated with compensated demand and compensated elastici-
ties. Notably, with the assumption of quasi-linear utility for the discrete choice model, there is no
difference between compensated and uncompensated demand.

Equilibrium interactions in the market trace out a price-characteristic (P− xk) locus that im-
plicitly defines a market clearing, hedonic price function, P(x). The hedonic price function is also
the upper envelop of bid functions. Importantly, equation (6) delivers the famous insight from
Rosen (1974) that the gradient (with respect to xk) of the hedonic price function at each point is
equal to individual i′s MWTP for xk (the bid function for individual i is tangent to the hedonic price
function at that point).

A major distinction between the hedonic and discrete choice approaches is the number of prod-
ucts. With a continuum of products, each individual is marginal. If the first order condition is not
satisfied for individual i (if MWT Pik >

∂P
∂xk

so that the relative marginal benefit from characteristic
k is greater than the relative marginal cost, for example), she can always find a close substitute with
marginally more characteristic k since there is a continuum of products. However, with discrete
choices, some individuals could be inframarginal (MWT Pik >

∂P
∂xk

in equilibrium). This can arise
due to adjustment costs faced by consumers (mobility costs associated with changes in location
choices, for example) or fixed costs of production faced by firms.

The insight that relates the gradient of the hedonic price function to MWTP is the founda-
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tion underlying many empirical applications of preference estimation. Most of the empirical es-
timations focus on estimating the hedonic price function, known as the first stage of the hedonic
estimation method. It is well-known that the second stage of the hedonic estimation method is gen-
erally not identified (see Epple (1987) and Bartik (1987), and also Bishop and Timmins (2015) and
Banzhaf (2015) for more recent discussions). For simplicity, this paper abstracts away from omit-
ted variable concerns by assuming all characteristics are exogenous and assuming no unobserved
product quality. I discuss identification concerns in Section 4.

3 Results

This section builds on the discrete choice and hedonic approaches described in Section 2 to provide
a tractable framework to compare both approaches. The results in this section are derived holding
the functional forms and distributional assumptions described in Section 2.1 fixed. I discuss some
caveats to this model and possible extensions in Section 4. The analysis delivers the three results
below. The first result is an analytical mapping between the share function and the gradient of the
equilibrium price function associated with the discrete choice model.

Result 1: Let the share function π1, ...,πJ : RJ(K+1)→ R1 be a C1 function around the equi-

librium point, (x∗,p∗), which satisfies the system of J equations described in equation (7) below.

Then, the gradient of the equilibrium price function can be expressed implicitly using the share

function.

π1(p1, ..., pJ,x11, ...,x1K, ...,x jk, ...,xJ1, ...,xJK) = π
∗
1

...

...

πJ(p1, ..., pJ,x11, ...,x1K, ...,x jk, ...,xJ1, ...,xJK) = π
∗
J (7)

Proof. This result is an application of the Implicit Function Theorem (Theorem 15.7 in Simon and
Blume (1994)). Consider the system of equations above as possibly defining p1, ..., pJ as implicit
functions of x11, ...,xJK. The left hand side of each equation j is the share function for product j

and the right hand side is the share of individuals in the market choosing that product. Suppose
that (p*, x*) is a solution of (7). If the determinant of the JxJ matrix
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∂π1
∂ p1

· · · ∂π1
∂ pJ

... . . . ...
∂πJ
∂ p1

· · · ∂πJ
∂ pJ


evaluated at (p*, x*) is nonzero (ie. the matrix is invertible), then there exist C1 functions in
RJ(K+1)

P1(x11, ...,xJK) = p1

PJ(x11, ...,xJK) = pJ

(8)

defined on a ball B about x∗ such that

π1(P1(x), ...,PJ(x),x11, ...,x1K, ...x jk, ...,xJ1, ...,xJK) = π
∗
1

...

πJ(P1(x), ...,PJ(x),x11, ...,x1K, ...x jk, ...,xJ1, ...,xJK) = π
∗
J (9)

for all x = (x11, ...,xJK) in B and the gradient of this implicit function is
∂P1
∂x jk

...
∂PJ
∂x jk

=−


∂π1
∂ p1

· · · ∂π1
∂ pJ

... . . . ...
∂πJ
∂ p1

· · · ∂πJ
∂ pJ


−1

∂π1
∂x jk

...
∂πJ
∂x jk

 (10)

Since ε is Type I extreme value and independent from Fβ , we know from (5) that π j =∫ exp(Vi j)

∑
j′=J
j′=0 exp(Vi j′)

dFβ . Moreover, with random coefficients utility from (2), ∂Vi j
∂x jk

=
∂Vi j
∂x j′k

= βik and

∂Vi j
∂Pj

=
∂Vi j
∂Pj′

= βip.

Therefore, the partial derivatives on the right hand side of equation (10) are:

∂π j
∂x jk

=


∫

βikπi j(1−πi j)dFβ∫
βikπi jπi j′dFβ j 6= j′

and ∂π j
∂Pj

=


∫

βipπi j(1−πi j)dFβ∫
βipπi jπi j′dFβ j 6= j′

�

This result delivers an analytical relationship between the gradient of the share function and the
gradient of the implicit price function. The steps from equations (7) to (9) use equilibrium condi-
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tions and the share function, π(x, p), to implicitly define price as a function of x, P(x). In general,
with discrete choices, the equilibrium price function may not be continuous and the gradient may
not be defined. However, the assumption of a continuum of agents with a distribution of Type I
extreme value preference shocks and a discrete number of products gives rise to continuous share
functions. The Implicit Function Theorem can then be used to derive the gradient of the implicit
price function from the share function (equation (10).

Locally around the equilibrium point, (p*, x*), a small change in x jk will induce individuals’
choices to change, which in turn, leads to changes in market shares and equilibrium prices. One
implication of using the Implicit Function Theorem for Result 1 is that the price function can only
be defined locally around the equilibrium. This is valid for marginal changes in characteristics
around the equilibrium, but not applicable for general equilibrium analysis with non-marginal
changes in product characteristics.

Nevertheless, the analytical relationship in (10) is useful because it represents a mapping be-
tween the gradient of the equilibrium price function and the share function in the discrete choice
model. Using Rosen’s insight that connects the price gradient to the gradient of bid functions, this
mapping can be used relate MWTP inferred from the equilibrium price function to MWTP in the
discrete choice model.

While the analytical relationship in (10) is useful, it is still difficult to interpret because it is
complicated by the inverse of the JxJ matrix in (10). This inverse shows that the equilibrium price
for each product depends on all products in the market. This is reflected in the share function as πi j

depends on the ratio of individual i’s utility from product j relative to the sum of her utility from all
products in the market. With discrete choices, some products can have "market power" because the
inframarginal individuals’ choices are inelastic. By contrast, in Rosen’s hedonic framework with
a continuum of products, each product is small relative to the market and no one is inframarginal
because each individual can always find a product so that her indifference curve is exactly tangent
to the hedonic price function.

Next, the second result shows that the analytical relationship in Result 1 can be simplified if the
equilibrium price function, P(x), is only a function of own-product characteristics, so that ∂Pj

∂x j′k
= 0

for j 6= j′.5 It is a common assumption made in the empirical literature. For example, the hedonic
price function is typically estimated by regressing the price of a product on the characteristics of
that product only (but rarely on the characteristics of other products).

Result 2: If the implicit price function defined in Result 1 is a function of own-product char-

acteristics only, then, the gradient of this price function can be expressed as a ratio of weighted

5For example, if k represents the square footage of a house, this assumption states that locally around the equilibrium,
the price of house j depends on its square footage but the square footage of other houses will not affect its price.
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averages of marginal utilities where the weights depend on choice probabilities in the discrete

choice model.

Proof. The own-product assumption reduces the dimensionality of the price function from RJ(K+1)

to R(K+1). This is the major simplifying step that reduces the JxJ matrix in (10). To derive the
second result, differentiate each row j of (9) with respect to x jk,

∂π1

∂P1

∂P1

∂x1k
= − ∂π1

∂x1k

...
∂πJ

∂PJ

∂PJ

∂xJk
= − ∂πJ

∂xJk
(11)

where the additional terms on the left hand side of (11) are 0 now because ∂Pj
∂x j′k

= 0. Therefore,
we can re-write (11) as


∂P1
∂x1k

...
∂PJ
∂x jk

 = −



∂π1
∂x1k
∂π1
∂P1...
∂πJ
∂xJk
∂πJ
∂PJ

 (12)

where ∂π j
∂x jk

=
∫

βikπi j(1−πi j)dFβ and ∂π j
∂Pj

=
∫

βipπi j(1−πi j)dFβ .
�

Equation (12) indicates that the gradient of the implicit price function (defined in Result 1)
can be written as a ratio of weighted averages of marginal utilities ( ∂Pj

∂x jk
=

∫
wi jβikdFβ∫
wi jβipdFβ

), where the
weights, wi j, are a function of choice probabilities in the discrete choice model (wi j = πi j(1−
πi j)). These weights represent the variance of individual i′s choices. Equation (12) gives 0 weight
to individuals whose choice probabilities are 1 or 0. This is because these are individuals who
will choose (not choose) a product with certainty (the variance of their choice is 0). Conversely,
equation (12) gives the maximum weight to individuals whose choice probability is 0.5.6 These

6The max at 0.5 is a consequence of the Type I extreme value assumption. This distributional assumption implies that
the choice probabilities are drawn from a logistic distribution. This is because choices are driven by differences in
random utilities and the difference between two random variables of Type I extreme value distribution is a random
variable drawn from the logistic distribution. Logistic distributions have a cumulative distribution function that is
sigmoid shape with the steepest slope at 0.5.
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are individuals who have the highest choice variance and are on the margin of choosing or not
choosing a product.

The key insight is that the hedonic method relies on the tangency between the bid functions
and the price function (see first order conditions in (6)) but only the marginal individual’s bid
function is tangent to the price function. Therefore, the hedonic method gives a higher weight to
marginal individuals whose choice probabilities indicate a higher degree of uncertainty regarding
their choices. As this choice becomes more certain (πi j approaching 0 or 1), the weights decrease.

Result 2 formalizes why the implications are different with discrete versus continuous products
and shows how we can use other moments from choice data to determine which individuals are
marginal versus inframarginal. Since the hedonic approach assumes a continuum of products, in
principle, each individual is marginal because she can always find a product where her indifference
curve is tangent to the price function. Therefore, the theory does not provide guidance on how to
determine which types of individuals are more likely to be marginal. The analytical relationship
between the share function and the price gradient provides a theoretical justification for using
choice data and other moments (choice variance) to determine which individuals are more likely to
be marginal. This complements the hedonic approach which typically only utilizes data on prices
but not choice data.

In the case of random coefficients Logit, each individual is matched to a choice so everyone
is inframarginal and experiences a choice-specific surplus, captured in the εi j term. In theory, the
inframarginal individual’s MWTP for characteristic k ( βik

βip
) should be greater than the marginal cost

or the implicit price of characteristic k ( ∂P
∂xk

). Therefore, the gradient from the implicit price func-
tion with respect to characteristic k can serve as a lower bound for the inframarginal individual’s
MWTP for that characteristic ( ∂P

∂xk
< βik

βip
). In practice, this intuition will tend to hold in settings

where there are many choices spanning the support for characteristic k, so that each choice is rel-
atively less important. However, the inequality may not hold if the choice-specific taste (εi j) is
important. For example, an individual may still choose a house j even if her MWTP with respect
to the square footage of the house is less than the implicit price for square footage ( βik

βip
< ∂P

∂xk
), if

she has a strong taste for that house (εi j). Small changes in square footage will not change her
choice if the choice-specific term is important. Such an inframarginal individual is less likely to
change her choices, and will have lower weights as a result.

Next, Result 3 shows how to use the simplified relationship in Result 2 to identify the conditions
needed to compare MWTP from both approaches. To fix ideas, I focus on comparing the average
MWTP associated with the discrete choice model in Section 2.1 and the average MWTP inferred
from the gradient of the equilibrium price function. The average MWTP is typically the primary
empirical object associated with the first stage of any hedonic analysis. In principle, the intuition
should carry through as well for other moments of the MWTP distribution.
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Result 3: The average MWTP for characteristic k from the discrete choice model is equal to the

average MWTP for characteristic k from the implicit price gradient if the ratios of marginal utilities
βik
βip

are constant across all individuals. The traditional Logit model with no random coefficients

satisfies this condition.

Proof. This result compares the average MWTP for characteristic k estimated using the price gra-
dient to the average MWTP in the discrete choice model, averaged across MWT PD

ik and MWT PH
ik ,

as defined in (3) and (6), respectively

MWT PD
k =

∫
βik

βip
dFβ (13)

MWT PH
k =

1
J ∑

j

∂Pj

∂x jk
=

1
J ∑

j

∫
wi jβikdFβ∫
wi jβipdFβ

(14)

since the average MWTP estimated from the price gradient is ∂Pj
∂x jk

=
∫

wi jβikdFβ∫
wi jβipdFβ

from equation
(12).

Strikingly, the two estimates of average MWTP will generally be different because the discrete
choice method estimates the average of ratios (

∫ βik
βip

dFβ ) and the price gradient approach depends

on the ratio of (weighted) averages. For MWT PD
k = MWT PH

k , we need the ratios ( βik
βip

) to be
constant across all i′s so that the average of ratios equals the ratio of averages. If βik = cβip for all
i and for some constant c, then, MWT PD

k =
∫ βik

βip
dFβ = c and ∂Pj

∂x jk
=

∫
wi jβikdFβ∫
wi jβipdFβ

=
∫

cwi jβipdFβ∫
wi jβipdFβ

= c.

So, MWT PH
k = c also.

The traditional Logit model with no random coefficients satisfies this condition. Without ran-
dom coefficients, equation (2) reduces to ui j = β̄p(yi− p j)+ x jβ̄ + εi j =Vj + εi j. So, MWT PD

k =∫ βik
βip

dFβ = β̄k
β̄p

. Also, the share function simplifies from π j =
∫ exp(Vi j)

∑
j′=J
j′=0 exp(Vi j′)

dFβ to exp(V j)

∑
j′=J
j′=0 exp(V j′)

.

Therefore, applying (12) to the simplified share function, ∂π j
∂x jk

= β̄kπ j(1− π j) and ∂π j
∂P j

=

β̄pπ j(1−π j). And, ∂Pj
∂x jk

=−
∂π j
∂x jk
∂π j
∂Pj

=
β̄kπ j(1−π j)

β̄pπ j(1−π j)
= β̄k

β̄p
for all j. Therefore, MWT PD

k =MWT PH
k = β̄k

β̄p
.

�

Intuitively, without random coefficients, there is no heterogeneity in the taste for product char-
acteristics and only heterogeneity in the taste for products (εi j). So, MWT Pik is constant across
individuals ( βik

βip
= β̄k

β̄p
). Individuals have bid functions with identical slopes with respect to k. This

is akin to having a representative consumer, a special condition discussed in Rosen (1974) where
all the bid functions effectively collapse to one bid function for the representative consumer, and
this bid function is also the hedonic price function.
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Implementing Rosen’s insight here, the implicit price function has a constant gradient with
respect to k equal to the constant, β̄k

β̄p
. In other words, the representative consumer is also the

average consumer and the marginal consumer so there is no wedge between MWT PD
k (which

estimates the MWTP for the average consumer) and MWT PH
k (which gives higher weights to

marginal consumers).
The empirical object of interest is the average of the ratios ( βik

βip
) rather than the ratio of the av-

erage. Result 3 clarifies when the two will diverge. This will depend on (i) the covariance between
the distribution for βik and the distribution for βip and (ii) the choice weights and how different
are the average versus the marginal individual. There is no wedge if the marginal consumer is the
same as the average consumer. Otherwise, the wedge will be greater if the inframarginal individual
is different from the marginal individual. For example, when a characteristic is in limited supply,
the marginal individual will have a higher MWTP than the average individual (Bayer et al., 2007).

4 Discussion

So far, the results above have been derived from the discrete choice model specified in Section 2.1.
This section discusses some additional caveats and possible extensions of the framework above.

Functional Forms: There are several functional form assumptions to highlight. First, besides
the Logit model and the Type I extreme value distribution for the idiosyntractic taste shock, the
intuition above should carry through for other distributions as well, as long as the share functions
in the discrete choice model will be continuous. In principle, the exercise above can be applied to
a Probit model but the gradients and partial derivatives will be more complicated. Second, I have
focused on the average MWTP, following the empirical literature, but the findings above can be
generalized to other moments of the MWTP distribution as well.7

Third, the quasi-linear utility assumption is important so that there are no income effects and
compensated and uncompensated demand will be the same. However, the intuition that the price
gradient approach will generally underweight inframarginal individuals should still hold with in-
come effects. For example, if a characteristic is normal in that demand for it increases with in-
come, then, all else equal, MWTP based on uncompensated demand would generally be stronger
than MWTP based on compensated demands due to the income effect. From an applied perspec-
tive, the choice of compensated versus uncompensated demand will depend on the setting. Public
finance applications that estimate the deadweight loss of taxation tend to focus on compensated
demand (Hausman, 1981). Research on consumption inequality would rely on uncompensated de-

7See Chay and Greenstone (2004) for more discussion on the importance of the average MWTP and how to generalize
beyond the average MWTP.
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mand functions to model the implications of income effects (see, for example, Handbury (2013)
and Diamond (2016)).

Non-marginal changes: Since the Implicit Function Theorem only applies locally around the
equilibrium points, the revealed preference arguments above center around a given equilibrium,
and use the equilibrium objects associated with that equilibrium (share functions and price func-
tions) to infer preferences. This method cannot be readily extended to analyses with non-marginal
changes (that might cause the equilibrium to change) or general equilibrium analyses with endoge-
nous supply responses as well. The distinction between welfare analyses for marginal and non-
marginal changes in product characteristics has been highlighted in the literature (see Chay and
Greenstone (2004) and Bartik (1988) on similar limitations arising from Rosen’s hedonic frame-
work).

Identification: This paper assumes no unobserved product quality and that all product character-
istics are exogenous. The goal of this exercise is to abstract away from omitted variable bias due
to unobserved product quality (which has been studied extensively in the literature), to highlight
selection concerns that will arise in a context with unobserved heterogeneity in individuals. Here,
the issue is that the empiricist cannot determine which individuals are marginal and which individ-
uals are not, without observing their preferences. The results above show how to use choice data
to determine which individuals are more likely to be marginal. Instead of relying on functional
forms, if there was repeated choice data, it may also be possible to use this data to estimate the
variance of choices.

5 Conclusion

Marginal willingness-to-pay (MWTP) is important for welfare analysis. The two primary ap-
proaches to estimate MWTP are hedonic (Rosen, 1974) and discrete choice (McFadden, 1974).
The innovation in this paper is to provide a tractable framework that delivers a novel analytical
mapping between MWTP in the discrete choice model and MWTP inferred from the price gradi-
ent. The first result shows how to use the share function in the discrete choice model to define the
gradient of the equilibrium price function implicitly. Second, if we further assume that the equi-
librium price function is only a function of own-product characteristics (a common assumption in
the empirical literature), then, the gradient of the price function depends on a ratio of weighted
averages of marginal utilities with higher weights for individuals with more uncertainty in choices
(marginal individuals). Third, the average MWTP’s will only be identical if MWTP is constant
across individuals. The traditional Logit model without random coefficients satisfies this condi-
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tion. My analysis relies on distributional and functional form assumptions commonly used in the
empirical literature and holds these assumptions fixed throughout the paper. However, the main
insights can be readily generalized to other settings.

The framework presented here resonates with previous work that have alluded to the duality
between both the hedonic and discrete choice approaches. To my knowledge, this paper provides
the first tractable framework that directly compares both approaches and establishes the (strong)
assumptions required. Moreover, the framework illustrates why MWTP can differ and how one
can use choice data to examine which types of individuals are more likely to be marginal, thereby
complementing the hedonic approach that typically uses price data only. Empiricists have tradi-
tionally chosen one approach over another based on the availability of data, computational costs,
and rules-of-thumb, such as the number of products in the market. The exercise in this paper
highlights other differences between the two approaches to be considered. Important directions
for future work include analyses using other functional forms, incorporating supply adjustments,
welfare analyses with non-marginal changes in product attributes, and incorporating unobserved
product quality.
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