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ABSTRACT 


Differentiated products can be described by a vector of objectively measured physical 

characteristics. Consumers and producers are assumed to perceive these products as 

variations of a basic commodity. The vector of physical characteristics is translated into a 

quality index ( a scalar ). I present a method for obtaining closed form solutions to an 

equilibrium model of a market of these products. In this approach, consumer and producer 

choices, as well as the meaning and nature of market equilibrium, are analyzed for a variety 

of economic structures. Moreover, the model specifies how the demand and supply for the 

differentiated product and for the input services, as well as the equilibrium price and wage 

equations, depend on the income distribution, the distribution of consumer characteristics, 

and the distribution of the available technologies. The model is suggestive of empirical work 

to understand the nature of the market for a differentiated product; for' example, the 

market for personal computers, automobiles, rental housing services, stereo equipment. 

soap. 

In principle, the previous theoretical work on hedonic models can estimate the parameters 

of demand functions for product characteristics and the equilibrium price equation, but it 

cannot analyze the effects of non - marginal changes in exogenous parameters. Moreover, 

most of the previous empirical work on hedonic models is unsatisfying because the 

estimation methods do not yield consistent estimators. For the class of economies that 

examine, I derive closed form solutions and the cross - equation restrictions. That enables 

me to identify and get better parameter estimates of models than I would get if I do not 

have a closed - form solution. This framework can also analyze the effects of non ­

marginal changes in exogenous parameters. 

The model assumes that consumers have different utility functions and income. Each 

consumer is characterized by a vector of utility parameters. The vector of the utility 

parameters and the consumer income follow an exogenously given multi - normal 

distribution. The model does not require that this vector of utility parameters and the 

I 
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consumer income are uncorrelated ( an assumption that is needed in other work I. 

The model assumes that competitive firms use different technologies that can be 

described by a vector of technological parameters. This vector of technological parameters 

follows an exogenously given multi - normal distribution with a variance - covariance 

matrix that does not have to be diagonal ( an assumption that is needed in other work ). 

The competitive consumers and producers base their decisions on optimizing behavior and 

the differentiated product price and the hourly wage rate distributions are determined so 

that buyers and sellers of all differentiated products and of all labor services are perfectly 

matched. The price of a differentiated product is a function of the product quality, and the 

hourly wage rate is a function of a skill index of the labor unit. The equilibrium hourly 

wage rate is linear in the labor skill index, and, depending on the assumed economic 

structure, the equilibrium price of the differentiated product is either linear or quadratic in 

the product quality index. 

The model provides demand and supply equations for the differentiated product and the 

labor services, and specifies the complete set of restrictions among the endogenous and 

exogenous parameters of the economy. The model introduces a quality index technology; in 

other respects it has weaker a priori restrictions than have been imposed in past models. 

The results indicate a simultaneous equation estimation of the economic model in which we 

impose the specified cross - equation restrictions. 

The model has the flexibility of being legitimately usable with several types of data, such 

as aggregate data, micro data, data from a specific area ( city or country I, and data from 

several areas ( cities or countries I. Moreover, the model can specify the underlying 

structure of an economy. This is very important since the answer to many interesting 

questions requires structural analysis that cannot be accomodated by previous work in the 

area. Therefore, for many applications the closed - form approach dominates the 

alternative. For example, the computation of the willingnes to pay for a non - marginal 

change in the air quality distribution requires structural analysis; numerous studies have 

computed this willingness to pay in a wrong way, since they ( implicitly or explicitly ) 



4 

assume that the structure of the economy will not change after the non - marginal change 

in the air quality distribution. 

Using census - tract housing data and SAROAD based data on air quality, I apply my 

theory to estimate the structural paramefers of the economy and to test the model. Given 

these estimates, I can compute indirect utility functions and the consumers willingness to 

pay for non - marginal changes in the air quality distribution of a specific city. 
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CHAPTER 1 


OVERVIEW OF THE HEDONIC APPROACH 


1.1. Introduction, and Summary_ 

In recent years, some economists have adopted a new approach to the theory of 

individual choices that helps to explain a number of phenomena that are difficult to 

understand within the confines of the traditional economic theory. This new approach 

argues that the characteristics of commodities provide ( directly or indirectly ) utility to 

individuals and/or services to production processes. Houthakker (1952) pioneered this 

approach to the problem of quality variation, and to the theory of consumer behavior. 

Conventional economic theory treats varieties of a specific commodity as different 

commodities. This implies a myriad of corner solutions. However, the most interesting 

conclusions from the theory hold only for positive quantities. Therefore, the attitude of the 

traditional economic theory amounts to ignoring the problem of quality variations in 

commodities altogether, inasmuch as varieties of a specific commodity are treated as 

different commodities. 

Conventional economic theory has to assume that there is a list of commodities that are 

traded in the market. This list of commodities is given exogenously and the complete 

replacement of a variety of a commodity by another cannot happen. However, such 

replacements occur frequently and fairly. systematically. Houthakker (1952) proposed to 

study this problem by introducing the quality of a commodity as a separate choice variable. 

His formulation takes account of the fact that consumers purchase truly negligible fractions 

of all commodities available to them and does not have to deal with a myriad of corner 

solutions required by conventional theory. 

Becker (1965), Lancaster (1966), and Muth (1966) extended Houthakker's analysis to study 

consumer behavior but they did not work out the properties of market equilibrium. They 

assumed that commodities traded in the market do not possess final consumption attributes, 
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and that consumers are also producers. The consumers use the commodities purchased in 

the market as inputs into a self - production function for ultimate characteristics. Rosen 

(1976) studies both consumer and producer behavior, and the properties of market 

equilibrium. Rosen assumes that consumers are not producers, and that all the commodities 

with their ultimate characteristics are readily available, and traded in the market. 

The extension of the conventional economic theory that I study here assumes that 

commodities are valued for their attributes or characteristics. Hedonic prices are the implicit 

prices of those attributes. They show how particular attributes may be traded for one 

another by making substitutions in consumption and/or production. These prices can be 

computed from information on the physical characteristicS of various commodities, and 

those commodities' market prices. Hedonic prices constitute the only empirical magnitude 

explained by the models discussed so far. With few exceptions, structural analysis of the 

hedonic approach is not available, and complete hedonic equilibrium models have not been 

estimated. The reason is that closed form solutions to hedonic equilibrium models are not 

available for any class of economies that could serve as the foundation for empirical 

applications, a gap I hope to fill, in part here. 

Tinbergen (1959) supplied the earliest contribution to the formulation and solution of 

hedonic equilibrium models. However, the model that he studied had several restrictive 

features; for example, his structure implies that the elasticity of demand with respect to 

income is zero. Epple (1984) generalizes Tinbergen's model to treat a commodity with an 

arbitrary number of attributes, and introduces both endogenous demand and supplly. 

In my work, I assume that commodities can be accurately described by a vector of 

objectively measured physical characteristics. Given a vector of objectively measured 

physical characteristics, a commodity can be assigned a quality index. That is, I make the 

strong assumption that there is a mapping that transforms physical characteristics into a 

scalar quality index. Moreover, I assume that commodities are traded in competitive markets, 

and that the buyers of the commodities care only about the quality index of the commodity 

that they purchase. For example, a consumer cares about the quality index of a tape 
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recorder that he buys. and a producer of a product cares about the quality index of a 

labor unit that he hires. where the quality index in both cases is defined by a quality 

mapping. 

This analysis is designed to take account of the fact that a buyer can be indifferent 

between several varieties of a specific good ( which will be the case if those varieties are 

of the same quality). Unlike all the other studies that I am aware of. the models that 

introduce can analyse competitive markets not only for durable but also for non - durable 

differentiated commodities', I work out the case of exogenous and endogenous supply for 

differentiated commodities. The inputs to the production can be either traded or not traded 

in _the market ( in which second case the inputs are owned by the firms that use them ). If 

the inputs to the production are traded in the market. the short run and the long run 

decision problem of a competitive firm can be analyzed. Each firm is characterized by a 

vector of technological parameters that follows a multi - normal distribution. 

On the other side of the economy. there are consumers. Consumers have utility functions 

that depend on the quantity of· the numeraire good, on leisure. and on the quantity and 

quality of the differentiated good(s) that they consume. Consumers can be of different 

type. Their type is specified by a vector of utility parameters. I assume that the consumer's 

type vector of parameters follows a multi - normal distribution. 

If the consumer uses one unit of the differentiated good. I can work out the case that 

the consumer's income is exogenously given. The consumer's type income vector is 

assumed to follow a multi - normal distribution. An interesting feature of my formulation is 

that the income elasticity does not have to be zero. 

Common characteristics of the class of economies that I study are : 1) cost functions that 

are quadratic on the quality index of the labor inputs, 2) quadratic utility functions with a 

second partial derivative with respect to the numeraire good equal zero, and 3} a quality 

index mapping that is linear in the vector of physical characteristics that describes the 

'Durable commodities 'ast many periods, and consumers use the services of only one of them each period. 
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differentiated commodity. In all cases, this structure implies demand functions for the 

differentiated commodities that are linear in the consumer's type - income vector, and 

supply functions that are linear in the vector of technological parameters that characterizes 

a firm. However, using a variable transformation that is similar to the one that I present in 

the Appendix, Appendix E, I can introduce nonlinearities into the model. 

This formulation assumes that a wide variety of alternative differentiated goods are 

available. The assumption that markets are competitive requires that all the economic agents 

take the prices of all those varieties as given. 

The competitive consumers and producers base their decisions on optimizing behavior, and 

in equilibrium the prices of all varieties are determined so that the buyers and sellers of all 

commodities are perfectly matched. Moreover, in equilibrium, none of the economic agents 

can improve his position, and all of their optimum choices are feasible. The distribution of 

the equilibrium depends on the assumed structure of the economies that I consider, namely 

: 1) the distribution of the consumers taste parameters and income. 2) the distribution of 

the firms technological parameters. 3) the functional form of the utility function, 4) the 

functional form of the cost function, and 5) the functional form of the quality index 

mapping. 

In principle, the previous theoretical work on hedonic models can estimate the parameters 

of demand functions for product characteristics and the equilibrium price equation, but it· 

cannot analyze the effects of non - marginal changes in exogenous parameters. However, 

most of the previous empirical work on hedonic models is unsatisfying because the 

estimation models do not yield consistent estimators; Epple (1987). Bartik ( 1987). and 

Palmquist (1984) are the only exceptions that I am aware of. In my dissertation. I specify a 

class of models that assume a structure that is different than that of the previous work on 

structural hedonic models, namely Epple (1984) and Tinbergen (1959). My structure assumes 

a quality index mapping that is not present in the other work. That quality index mapping 

allows me to work with a more general utility function ( the cross partial derivative of the 

utility function does not have to be zero and the marginal utility with respect to the 
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numeraire good can have an intercept ). Moreover, I do not have to impose restrictions on 


anyone of the exogenously given variance - covariance matrices, I end up with demand 


functions that do not need to have a zero income elasticity. and the equilibrium price 


. equation can have an intercept I can also introduce a variable transformation that can make 


the equilibrium price equation, as well as the demand and supply equations, non - linear. 

For the class of models that I consider, I derive closed form solutions and the cross ­

equation restrictions. That enables me to identify and get better parameter estimates of 
-

models than I would get if I did not have a closed form solution. Given the estimates that I 

obtain for the parameters of the reduced form equations, I can use the theory about the 

structure of the economy to obtain estimates for the structural parameters that I need to 

analyze the effects of non - marginal changes in exogenous parameters. The alternative ( 

non - structural ) approach cannot analyze the effects of non - marginal changes in 

exogenous parameters. Therefore, for the class of economies that I consider, the closed 

form approach dominates the alternative. 

As. I mentioned earlier, the theoretical model assumes that the quality index for a 

differentiated commodity is a scalar. If the quality of a differentiated commodity is a 

vector, analytical solutions could still be obtained using the method that I develope in my 

dissertation. However, such solutions would require that several constraints among the 

exogenously given structural parameters of the model are satisfied. For example, a solution 

would require that the variance - covariance matrices of the multi - normal distributions of 

the consumer's type and of the firm's vector of technological parameters are diagonal 

matrices. That condition is unlikely to be satisfied in many cases of interest Hence. the 

assumption of a single quality index is an important one that is not easily relaxed. 

The thesis is organized as follows. In Chapter 2, I assume that the income distribution is 

exogenously given and I derive closed form solutions to a model of quality variation in 

commodities. The nature of the solution depends on the assumptions made about the supply 

for the differentiated product The supply for the differentiated product can be either 

exogenous or endogenous. In the second case the labor can be either homogeneous or 
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heterogeneous. In Appendix A, I introduce leisure into the model and derive closed form 

solutions to a model of quality variations in commodities under several assumptions about 

the supply for the differentiated product exogenous and endogenous supply, 

homogeneous and heterogeneous labor ). In Appendix 8, I derive closed form solutions to a 

model of quantity2 and quality variations in commodities under several assumptions about 

the supply for the differentiated product exogenous and endogenous supply, 

homogeneous and heterogeneous labor ), and under the assumption that leisure is a choice 

variable for the consumers. In chapter 3, I overview the theoritical model. and in Chapter 4, 

I present applications. 

The applications investigate how far one can go with closed form solutions and how well 

the resulting model fits the data for cases where a more general functional form might be 

preferred but cannot solve the equations. This application shows that it is actually feasible 

not only to estimate a closed - form model but also to test it 

In the next part of chapter 1, I overview the hedonic- approach as a tool for studying 

economic problems. 

1.2. Welfare Economics and The Hedonic Approach. 

The Hedonic Approach assumes that differentiated commodities can be accurately 

described by a vector of characteristics, and that consumers can choose their effective 

consumption of these characteristics through their choice of a differentiated commodity. 

Observed product prices and the specific amounts of characteristics can provide estimates 

for implicit or hedonic prices. This information can be used for deriving the demand 

functions for the characteristics of a differentiated product These demand functions can 

be used to compute the willingness to pay for marginal or non - marginal changes in the 

product characteristics. 

The technique just mentioned has many applications in the area of environmental 

2Unlike the cases studied in chapter 2 and Appendix A, consumers can now choose not only the quality of the differentiated 
product but also the quantity. 
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economics and has been extensively used for estimating the willingness to pay for 

different distributions of local public goods; for example, Harrison and Rubinfeld (1978), 

and Ridker and Henning (1967). Moreover, it is worth mentioning that Tiebout's (1956) 

approach to the local public public goods problem could incorporate the hedonic price 

framework if we assume that consumers are mobile and that they indicate their 

preferences for the local public goods by choosing to live in communities that offer the 

utility maximizing local public goods - taxation package. 

Most of the work that uses this approach is unsatisfying because the estimation methods 

do not yield consistent estimates, Epple (1987); 8artik (1987) and Palmquist (1984) are two 

exceptions. Many of the previous applications estimate hedonic prices using single equation 

estimation techniques ( Witte et al (1979) is an exception l, and none of them makes a 

structural analysis. However, structural analysis is needed to compute the effects of non ­

marginal changes in exogenous parameters. Structural analysis would also specify the 

restrictions among the parameters of demand functions and price equation 

The standard approach is not suitable for structural analysis because it does not provide 

closed - form solutions. The closed - form approach that I present can specify the 

restrictions among the parameters and suggests a joint estimation of the demand function 

and of the price equation in which we impose the specified restrictions among the 

parameters. These restrictions can be tested and could yield more efficient estimates for 

the parameters of interest 

Depending on the structure of the economy, and on the question that we are interested 

in, we do not always need to compute closed form solutions and make a structural 

analysis; even though that could increase the efficiency of our estimates. For example. the 

standard approach can estimate the equilibrium price equation and the parameters of the 

demand functions for product characteristics. However, in many instances estimation of the 

structural parameters of the model is required for answering interesting questions. These 

are cases that computation of the willingness to pay requires knowledge of the indirect 

utility function. For example, this is true for problems that are related to non - marginal 

-
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changes in exogenously given parameters that are common to all consumers. In these cases, 

the closed form approach dominates the alternative. 












































































































































































































































































































































