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ABSTRACT 
 

This dissertation has two goals.  The first goal is to empirically estimate the response 
the real price of various consumer durable goods to exogenous changes in the nominal 
money supply.  The second is to analytically solve different dynamic equilibrium models 
of consumer durable goods for an approximate solution for the equilibrium real price of 
durables and then to test the predictive power of these models concerning the dynamic 
response of this equilibrium price to exogenous shocks to the nominal money supply.  
The first goal is achieved using a VAR approach that takes advantage of a general set of 
restrictions that is consistent with a wide body of existing literature on VAR 
identification.  The second goal is reached by replacing the equations of the dynamic 
models with linear approximations.  Comparing the estimated price responses obtained 
from the just identified VARs to the theoretical price response to a money supply shock 
predicted by these models performs the aforementioned tests.  This dissertation finds that 
both the real price of consumer durables and the real quantity of consumer durables 
increase in the short run in response to an exogenous shock to the money supply.  Also, 
dynamic equilibrium models of consumer durables do a relatively effective job of 
matching the predictions obtained from the VAR.  These results hold true whether 
aggregate consumer durable goods are analyzed or new automobiles.  
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CHAPTER 1:  INTRODUCTION 

 

Over the last few decades numerous dynamic equilibrium models of the market for 

consumer durables have emerged.  Many of these models were spawned from the 

ongoing debate over the life-cycle/permanent income hypothesis.  However, it is of 

independent interest for economists to have a coherent framework for quantifying the 

effects of economic policy on consumer durables markets because, as noted in Bernanke 

(1984), Mankiw (1985), Alessie, Devereux, and Weber (1997), and Ruiter and Smant 

(1999), although consumer expenditure on durables is small relative to expenditure on 

non-durables and services (roughly one seventh of the size) it is extremely more volatile 

and very pro-cyclical.   

These dynamic models of consumer durables, in which forward-looking households 

maximize consumption subject to intertemporal resource constraints, can be used to 

derive both theoretical and quantitative answers to numerous questions regarding the 

response of the consumer durables market to exogenous shocks (a discussion of many 

applications of these models to answer such questions follows in the literature review).  

However, it should be obvious that for exercises such as these to provide truly fruitful 

insights into the effects of policy on consumer durables markets and consumer welfare, 

the dynamic framework of these models must accurately represent actual economic 

behavior.  In this dissertation, I examine the extent to which these dynamic models fit the 

“facts” of actual economic behavior in the face of exogenous policy shocks, and are 
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therefore useful as policy simulation tools.  The particular fact that I focus on is the 

dynamic response of the relative price of consumer durables to exogenous shocks to the 

nominal supply of money.  I establish this fact independently of the theoretical models 

through the use of just identified vector autoregression (VAR) models.  These models are 

just identified using a restriction that is very plausible, common throughout the literature 

on time series econometrics, and general enough to be consistent with most theoretical 

models of the market for consumer durables.  I then compare the predicted price response 

implied by the theoretical models to the estimated responses obtained from the VARs by 

using the estimated responses of interest rates and inflation to calibrate the simulation. 

Therefore, my attempt is to “test” theoretical models of the market for consumer 

durables along only one line.  I focus on the models’ predictive power in the face of 

nominal money supply shocks.  This method is much more tractable than attempting to 

test the dynamic implications of a fully specified, general equilibrium model of consumer 

durables and the macro economy.  Additionally, it allows one to obtain precise answers 

regarding the ways in which various models work or do not work since the focus of the 

test is only one dimensional.  This approach to “testing” has precedent in the literature 

and these works will be discussed in the following review of the literature. 

The motivation behind focusing on money supply shocks is three fold.  First, 

examining the effect of nominal money supply shocks on the market for consumer 

durables complements the existing literature on how money affects real economic 

activity.  Second, there is a wide body of literature outlining the theoretical and empirical 

effects of money and interest rates on the market for consumer durables. And finally, 

money supply shocks are in many ways easier to identify than other exogenous sources of 
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variation.  For example, the imposition of no more than long-run monetary neutrality can 

be used to identify money supply shocks. 

Why the focus on the dynamic response of the relative price of consumer durables?  

The effect of monetary policy on the price of consumer durables has widely been 

neglected in previous studies of these markets in favor of analyzing the response of 

consumer expenditure on durable goods.  The reason behind this is that so many of these 

models of consumer durable goods were spawned from the debate over the implications 

of the life-cycle/permanent income hypothesis which focuses primarily on how consumer 

expenditure responds to changes in current income.  Also, focusing on the price response 

addresses the extent to which policy induced changes in interest rates are capitalized in 

the price of consumer durables, which may be viewed as one of many assets in a 

consumer’s portfolio. 

In summary, I test the ability of dynamic models of consumer durable goods to 

accurately predict the dynamic response of the relative price of these goods in the face of 

an exogenous shock to the nominal money supply.  I determine the accuracy of the 

models by comparing the predicted theoretical responses to the actual empirical price 

responses obtained from just identified VAR models.  This procedure has precedent in 

the literature but is predominately applied to real business cycle theories.  The work in 

this dissertation is of economic significance because it is important for economists to 

have theoretical models of consumer durables that fairly represent dynamic economic 

behavior for the analysis of policy effects.  Also, the chapters contained in this 

dissertation contribute to the body of research concerning the impact of nominal money 

on the real economy and the transmission of monetary policy to changes in aggregate 



 4 

demand.  Furthermore, this dissertation provides evidence to the extent that policy 

induced changes in interest rates are capitalized in the price of physical consumer assets 

that yield a flow of services over time. 

This dissertation fills a void in the existing literature because the theoretical and 

empirical effects of shocks to the money supply on the market for consumer durables has 

previously only focused on the response of expenditure on these goods.  Also, the 

particular method I undertake in solving the dynamic models and subsequently “testing” 

them has as of yet not been applied to the market for consumer durables.  The proposed 

dissertation therefore is a worthwhile undertaking.  

In the next chapter I present an extensive review of the pertinent literature.  First I 

review the literature regarding the method for solving and testing various dynamic 

optimization models.  Second, I discuss the literature on various dynamic optimizing 

models of consumer durables and their features. Next, I address the literature pertaining 

to the theoretical and empirical impact of money and interest rates on consumer durables.  

And finally I discuss the literature that rationalizes the VAR identification scheme I 

employ.  In chapter three I estimate a number of vector autoregressions identified by 

imposing long-run monetary neutrality.  The goal of this chapter is to analyze to what 

extent nominal money supply shocks affect both the relative price of consumer durable 

goods as well as real expenditure on these goods.  It is found that increases in the supply 

of nominal money cause both the relative price of consumer durables and real 

expenditure on these goods to increase in the short run.  Both aggregate consumer 

durables and new automobiles are examined in this chapter.  In chapter 4, I  solve both a 

simple dynamic optimization model of consumer durables as well as a model 
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incorporating liquidity constraints.  I then compare the ability of these models to 

accurately predict the dynamic response of the real equilibrium price of consumer 

durables to a nominal money supply shock, using the estimated results obtained in 

chapter 3 as a benchmark.  Finally, Chapter 5 gives concluding remarks. 
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CHAPTER 2:  A REVIEW OF THE LITERATURE 
 
 
 
I.   Linear approximations of Euler equations 

In a seminal article, Kydland and Prescott (1982) develop a competitive equilibrium 

model and use it to explain the autocovariances of real output and the covariances of 

cyclical output with aggregate economic time series.  Kydland and Prescott propose 

taking a linear quadratic approximation to the true model around a steady state growth 

path to generate linear equilibrium decision rules.  In equilibrium, the approximate 

economy in their model is a system of stochastic difference equations for which 

covariances are easily determined. 

Kydland and Prescott then test whether the model’s co-movements for the series in 

question are quantitatively consistent with the observed behavior of the corresponding 

series for the U.S. post war economy.  The authors calibrate the model by choosing 

certain relevant benchmark parameter values to achieve this goal.  The result that 

Kydland and Prescott obtain is that their competitive equilibrium model fits the observed 

empirical data very well. 

Later, Christiano (1988) substitutes all of the budget constraints of his dynamic model 

into the objective function and then takes second order Taylor approximations in logs of 

all the variables in order to approximate a solution. Hansen and Singleton (1988) employ 

this method in their article, “Straight Time and Overtime in Equilibrium”.  In this paper, 

Hansen and Singleton formulate an equilibrium model of wages, both overtime and 
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straight time, and extract time series implications for these wages.  They extract these 

implications from a linear quadratic approximation to the model evaluated at particular 

benchmark parameter values. 

In another important contribution to the literature regarding real business cycle 

theories, Campbell (1994) suggests a way of attaining an approximate analytic solution to 

the stochastic growth model.  Campbell proposes replacing the true Euler equations and 

budget constraints of the model with loglinear approximations.  The model then becomes 

a system of loglinear stochastic difference equations that he solves by a method of 

undetermined coefficients.1 Campbell obtains these stochastic difference equations by 

taking first order Taylor series expansions of the logged Euler equations and budget 

constraints. He solves the system analytically in order to make the mechanics of the 

solution more transparent so that he can derive time series implications given plausible 

benchmark parameter values describing the steady state growth path of the economy. 

Finally, Christiano, Eichenbaum, and Evans (1997) present a comparison of the 

ability of two macroeconomic models to account for the facts concerning the response of 

various aggregate variables to a money supply shock.  CEE begin by estimating a VAR to 

obtain impulse response functions of various aggregate variables to a shock in the fed 

funds rate.  CEE then solve the two models for their respective theoretical responses of 

the same variables to a shock in the money supply and they then compare the quantitative 

responses of these models given certain calibrated parameter values to the empirical 

responses obtained from the just identified VAR.        

                                                
1 For a discussion and explanation of the method of undetermined coefficients, see Sargent, Thomas, 1987, 
Macroeconomic Theory, Academic Press, 2nd ed. 
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The articles mentioned above outline the solution and “test” strategy that this 

dissertation utilizes.  The strategy is an attractive one since it facilitates comparison of 

theoretical dynamic responses of economic variables to responses obtained from a VAR.  

This is the case because you are taking linear approximations (in most cases Taylor series 

expansions of logged Euler equations) of equations that are normally not linear (even 

after taking logs).  By doing this, one can obtain approximate analytic solutions that are 

linear functions of variables in logs, the usual format of equations in a VAR. 

II.  Dynamic optimizing models of consumer durable goods 

I will begin by discussing a few works that utilize dynamic optimization models that 

incorporate consumer durables in a relatively frictionless setting.  Perhaps the reasoning 

for the frictionless nature of these models is that they were not motivated by an attempt to 

explain empirical failures of the life-cycle permanent income hypothesis brought forth in 

previous works.  Kau and Keenan (1980) develop a model of liquid consumer durable 

goods (p. 834).  The purpose of this essay is to study the relationship between the real 

interest rate and the housing market.2 The representative consumer chooses an n-vector of 

consumption goods and an n-vector of durable goods to maximize utility subject to an 

intertemporal budget constraint that takes into account that durables may be resold in any 

period in a frictionless market and that this is subsequently a possible source of income 

each period.  The authors note that the only way that interest rates become consequential 

to consumer demand for durables is when a change in the current interest rate affects the 

expected value of future interest rates (p.835).  The authors assume the simplest possible 

case of adaptive expectations where future interest rates are expected to remain at there 

                                                
2 The model is general enough, however, to be applicable to all consumer durables.  The authors use the 
term “consumer durables” in their exposition of the model (see p. 834). 
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current levels.  Kau and Keenan do introduce an additional assumption that the consumer 

goes into debt in early periods with the intention of paying off the debt in later periods.  

The consumer essentially borrows against future income in order to smooth his path of 

lifetime consumption.  The authors present no exact specification of the utility function 

nor do they produce any empirical results.  The effect of interest rates on the immediate 

demand for consumer durables is determined using a standard microeconomic theoretical 

approach incorporating the envelope theorem.  The authors find that increases in interest 

rates depress the immediate demand for a liquid consumer durable.  This paper presents a 

relatively simple, frictionless model that may be used as a starting point in analyzing and 

empirically testing intertemporal optimization models of consumer durables. 

Mankiw (1985) also formulates a frictionless dynamic optimization model 

incorporating both consumer durables and non-durables.  In this article Mankiw also tests 

how responsive expenditure on consumer durables is to changes in the real interest rate.  

Mankiw’s goal is to extend the method used by others of examining the first order 

conditions of a consumer optimization problem rather than estimating reduced-form 

decision rules relating expenditure to income and interest rates.  To achieve this goal, 

Mankiw specifies a model where a representative consumer maximizes the expected 

value of lifetime utility, which is dependent on consumption of the non-durable good and 

the stock of the durable good.  Mankiw also assumes that the consumption of the durable 

good and the stock of the non-durable good are separable in utility3.  Mankiw then 

discusses his simple budget constraint by specifying a nominal after tax interest rate, 

which is equal to the price at which the consumer can trade present for future 

expenditure.  Next, Mankiw examines two first order conditions he derives by simple 



10 

 

perturbation arguments.  The author considers the tradeoff between consuming the non-

durable today and the non-durable tomorrow and then the tradeoff between consuming 

the services of the durable today versus consuming the non-durable tomorrow.4  Mankiw 

then assumes a standard iso-elastic utility function and then restates the first order 

conditions he derived using this exact form along with replacing the expected values of 

the variables with their actual values and additive error terms.  The author then takes the 

natural logarithm of both sides of the equations and from these subsequent equations he 

derives implied theoretical elasticities of the percentage change in consumer durable and 

non-durable goods to changes in income, relative prices, and interest rates.  Mankiw then 

estimates the model using U.S. time series data from 1950 to 1981, finding that the 

empirical elasticities have the same sign as the models implied theoretical elasticities and 

specifically that expenditure on consumer durables is very responsive to changes in the 

real interest rate.  This paper is especially appealing because the author estimates 

equations he derived from the Euler equations from a simple dynamic optimization model 

incorporating consumer durables, which is somewhat in the spirit of this dissertation.  

Also, Mankiw (as well as Kau and Keenan (1980)) finds that interest rates affect the 

market for consumer durable goods which supports this dissertation’s study of the effect 

of monetary policy on the market for consumer durables since there is an immense body 

of literature linking changes in the money supply to changes in interest rates.  

Yet another article that makes use of a simple frictionless dynamic model of 

consumer durables is Wilson (1998).  Wilson’s goal is to determine whether or not 

                                                                                                                                            
3 This is simply stating that the marginal utility of one good does not depend on the other.  
4 Even though utility technically depends on the service flow from a durable good is common throughout 
the literature to assume that the service flow is proportionate to the stock of the durable.  This is why 
Mankiw includes the stock of the durable good directly in the utility function. 
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precautionary motives are significant at the aggregate.  The author develops this test by 

deriving an empirical specification for the relationship between the consumption of both 

durables and non-durables and labor income uncertainty.  He derives this specification 

much in the same manner as Mankiw (1985).  Wilson derives the Euler equations from a 

dynamic optimization model where the representative consumer chooses the stock of the 

durable good and consumption of the non-durable good to maximize a simple 

optimization problem.  Wilson derives the results of his paper by specifying a utility 

function that is separable in durables and the consumption of non-durables.  The purpose 

and results of Wilson’s article are of no direct relation to this dissertation but this article 

is yet another example of the prevalence of such intertemporal optimization models of 

consumer durable goods throughout literature pertaining to a wide variety of studies and 

therefore deserves mention in this review. 

The above-mentioned articles provide examples of simple, frictionless intertemporal 

optimization models that incorporate durables.  Next let us move to a review of the 

literature involving dynamic models of consumer durables that are no longer frictionless.  

The word “frictions” imply that there is some aspect in these models that may inhibit the 

representative consumer from behaving as he would in the simple models of consumer 

choice outlined above.  

Bernanke (1985) aims at testing the implications of the permanent income 

hypothesis5 by presenting a dynamic stochastic model of consumer choice that he derives 

from an intertemporal optimization model that incorporates consumer durable goods and 

non-durable goods.  Bernanke’s approach differs from the aforementioned models in that 

                                                
5 The author tests for excess sensitivity of expenditure on both durables and non-durables to changes in 
income in the short run. 
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he assumes non-separability between consumer durables and non-durables. Bernanke’s 

model also introduces a transaction cost of changing the consumer’s stock of durables 

and makes this cost an argument in the representative consumer’s utility function.  The 

theory behind introducing transactions costs is that owing to the nature of consumer 

durable goods (size, imperfect information about quality, etc.), the consumer must forego 

leisure time when he wishes to adjust his stock of these goods.  Bernanke concludes that 

the presence of transactions costs may affect the time series properties of both 

components of expenditure, perhaps causing excess sensitivity of consumption to income 

in the short run.  Bernanke also finds that the assumption of separability in utility 

between consumer durables and non-durables does not fare badly empirically. 

Startz (1989) incorporates both the concept of costs of adjustment of consumer 

durable stocks and non-separability of consumer durables and non-durables.  Startz also 

is testing the life-cycle permanent income hypotheses and he also derives equations for 

durable purchases from the first order conditions of a representative agent utility 

maximization problem.  Startz concludes, much like Bernanke, that adding adjustment 

costs affects the time series properties of durable goods purchases.6 

Yet another study that incorporates transaction costs and actually performs a test for 

the presence of them is Eberly (1994).  Eberly constructs a continuous time dynamic 

optimization model that incorporates only consumer durables and an optimal (S,s) rule 

that guides the behavior of consumer durable expenditure.  She posits that there are upper 

and lower bounds to the stock of consumer durables and that consumers adjust their 

                                                
6 Startz also concludes that non-separability affects the time series properties of durable purchases.  To be 
exact, he finds that adding either non-separability or adjustment costs to the dynamic optimization model 
suggests that durable purchases follows an ARMAX process, which is in contrast to the theoretical 
predictions of the life-cycle permanent income hypothesis. 
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stocks of durables only when those bounds are reached due to the presence of transaction 

costs.  Eberly introduces transactions costs in a different manner that Bernanke and Startz 

in that she does not enter the costs directly into the utility function, instead she motivates 

a separate constraint incorporating the concept of adjustment costs that the consumer is 

subject to when he optimizes.  Eberly formulates a test for the effectiveness of her model 

in a somewhat similar way that this dissertation does.  Eberly derives an empirical 

distribution of the ratio of wealth to automobile stocks from her representative agent 

model and then compares this theoretical distribution with the actual cross-sectional 

distributions over the years of 1983 and 1986.  Eberly also simulates the response of 

expenditures on automobiles implied by her transactions costs model to actual yearly 

changes in the response of automobile expenditures over a five year period in the 1980s.  

Eberly finds that both the simulated distribution and expenditures match the observed 

data very well, causing her to support the inclusion of transaction costs in dynamic 

models of consumer durable goods. 

Although Eberly (1994) seems to present concrete evidence of the inclusion of 

transaction costs when formulating dynamic optimization models of consumer durable 

goods, Browning (1989) prevents evidence that discount the relevance of such costs.  

Browning does not present a dynamic optimization model of consumer durables so the 

details of his paper will not be addressed in this review but it is still worth mentioning as 

a counterpoint to Eberly’s findings since of the three papers that incorporates transactions 

costs above, only Eberly actually attempts some sort of test for the presence of 

adjustment costs.  There are, however, other frictions that have been incorporated into 
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these dynamic durable goods models that may be more relevant to obtaining a clear 

understanding of aggregate behavior in the market for consumer durables. 

Next we turn our attention to models that incorporate liquidity constraints.  These 

models assert that not all economic agents can smooth consumption over time based on 

their expectations of their permanent income because they are unable to borrow the 

necessary amount to do so.  These models typically impose restrictions on the 

representative consumer’s maximization problem of the type that impose limits on the 

amount the consumer can borrow in any given period.  These restrictions can have 

important implications on the expenditure patterns of the representative consumer, 

especially with regards to consumer durables because these are goods that are often times 

debt financed.  These borrowing restrictions also have implications on the responsiveness 

of the demand for consumer durables (and non-durables) in the face of exogenous shocks 

to the economy because some consumers may not be able to adjust their spending plans 

in the same manner they would if they were not faced with such borrowing constraints.7  

Chah, Ramey and Starr (1995) present a dynamic optimization model of consumer 

durable goods exactly like the models presented in the discussion of the frictionless 

models above except for the addition of the an additional constraint regarding the degree 

to which the representative consumer can finance expenditure of consumer durables.  The 

consumer is constrained to have non-negative net financial assets.  The purpose of this 

article is to develop a theory of optimal consumption behavior in the presence of this 

borrowing constraint and to test this theory using aggregate data to see if consumers 

behave as if they operate in a liquidity constrained framework.  The authors derive an 

                                                
7 “Borrowing Constraints” and “Liquidity Constraints” are often used interchangeably throughout the 
literature.  The basis being that borrowing may depend on the liquidity of the consumer’s portfolio. 
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equation for non-durable consumption expenditure from the Euler equation from their 

intertemporal optimization model.  The results from their study support the hypothesis 

that consumers do indeed behave as it they are liquidity constrained.8 

 In a related article, Alessie, Devereux, and Weber (1997) also test for the presence 

of liquidity constraints.  Their goal is to use pseudo-panel data to test for binding liquidity 

constraints on consumers in England in periods before and after a movement towards 

financial liberalization in 1982.  The authors develop, once again, a model of dynamic 

optimization involving a representative agent choosing durable and non-durable goods in 

the presence of a typical intertemporal budget constraint along with a constraint on 

household borrowing.  The constraint on borrowing is almost identical to the constraint in 

Chah, et al. (1995).  These authors, however, do introduce an additional constraint.  The 

authors impose a non-negativity restriction on the stock of consumer durables (in their 

case, automobiles).  Alessie, et al. also assume non-separability in utility of consumer 

durables and non-durables where Chah, et al. (1995) assume separability.  These authors 

also estimate an Euler equation derived from the dynamic model to achieve their results.  

The authors’ results do indicate that, for young consumers prior to the period of financial 

liberalization (1982) in England, liquidity constraints were indeed binding.  The authors 

also find that it cannot be assumed that utility is non-separable in consumer durables and 

non-durables. 

Furthermore, two of the papers previously discussed give credence to the validity of 

liquidity constraints.  Bernanke (1985) points out in his conclusion (p. 64) that 

                                                
8 The authors are also able to distinguish between liquidity constraints and consumers following a 
Keynesian rule of thumb regarding consumption and current income (see p.284). 
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“…although ‘most’ spending may be done by PIH9 consumers, over the business cycle 

the ‘marginal’ consumer may be liquidity constrained”.  Also, Eberly (1994) notes in her 

conclusion (p. 431) that half of the households in her sample exhibit behavior suggestive 

of liquidity constraints.  The findings in the papers by Chah, et al. (1995), Alessie, et al. 

(1997) and the comments by Bernanke (1985) and Eberly (1994) give a great deal of 

support to the inclusion of liquidity/borrowing constraints in intertemporal optimizing 

models of consumer durable goods. 

There are two other papers that study importance of household liquidity and its effect 

on behavior in the market for automobiles.  Bernanke (1984) uses panel data on income 

and automobile expenditures in the U.S. to test the permanent income hypothesis.  The 

author derives a stock adjustment model for automobiles and finds no evidence to refute 

the permanent income hypothesis, and therefore no evidence supporting liquidity 

constraints.  However, in a later article, Lam (1991) incorporates a threshold adjustment 

process into Bernanke’s (1984) model and basically repeats Bernanke’s (1984) 

experiment using a subset of the same data Bernanke (1984) uses.  Lam (1991) argues 

that his addition of a threshold adjustment process, in which consumers do not 

continually adjust their stock of automobiles, but do so only when the stock reaches an 

upper or lower threshold more closely matches the observed data.  Lam (1991) finds no 

evidence that consumers are in anyway myopic; implying that macro models that 

incorporate rationality of economic agents may be appropriate.  Lam (1991) does find, 

however, that the permanent income hypothesis fails due to the presence of liquidity 

constraints and resale market imperfections in the automobile market.  This finding gives 

                                                
9 PIH – “Permanent Income Hypothesis” 
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rationale to the inclusion of such constraints in dynamic optimization models 

incorporating automobiles and perhaps other consumer durable goods. 

I next give attention to a couple of recent essays regarding intertemporal optimization 

models such as the ones discussed above.  It should be noted that this dissertation 

basically is testing the ability of a model that implies Friedman’s permanent income 

hypothesis to accurately predict dynamic economic behavior.  There have been countless 

works that have tested the implications of the permanent income hypothesis and evidence 

both for and against it have been provided.  In a recent symposium in the Journal of 

Economic Perspectives, Carroll (2001) sheds light on the importance of the degree of 

consumer’s impatience.  It is shown that if uncertainty and a certain level of impatience 

are taken into account, that consumers behave as if they are liquidity constrained.  There 

is virtually no difference between the behavior of liquidity constrained consumers and 

those who are unconstrained but have a precautionary saving motive.  Carroll claims that 

a target level of precautionary wealth exists where there is a balance between a 

consumer’s levels of impatience and prudence.  Carroll explains that tests for liquidity 

constraints should instead be thought of as tests for the average degree of impatience.  In 

the same symposium, Angeletos, et.al (2001) present the hyperbolic consumption model.  

This model takes into account the possibility that a consumer’s preference over the long 

run may not coincide with short run behavior.  The general idea is that people are more 

impatient when they make short-run tradeoffs than when they make long run tradeoffs.  

The authors suggest changing the way economists traditionally have discounted future 

utility flows.  The suggestions made from these two essays are not implemented in this 

dissertation, however they offer new channels for future research.       
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III.  Theoretical and empirical evidence of the impact of money and interest 

rates on consumer durable goods 

Two articles that discussed the effect of interest rates on the market for consumer 

durables were reviewed in section II.B.  These were Kau and Keenan (1980) and Mankiw 

(1985).  These were included in the section above because they also outlined dynamic 

optimization models of consumer durables.  A review of the remaining literature follows. 

In a seminal work Hamburger (1967) examines the effects of monetary variables on 

the demand for consumer durables.  Hamburger takes interest rates to be his measure of 

monetary variables.  The author derives a model to explain the quarterly movements in 

the two major components of consumer durable goods: automobiles and parts and all 

others.  Hamburger then derives a reduced form stock adjustment equation for consumer 

durables that relates the adjustment of consumer’s stocks of durables to income, interest 

rates, and prices.  The author concludes, after empirically estimating the stock adjustment 

equation that automobiles and parts and other consumer durables are sensitive to changes 

in interest rates.  However, these results are only significant when interest rates are 

incorporated into the model with a considerable lag (especially when the interest rate in 

question is the yield on Aaa bonds and commercial paper).  This result may indicate that 

these interest rates serve as a proxy for the rates charged on consumer credit and that 

money has an effect on the demand of consumer durables through its effect on the cost 

and availability of consumer credit.   

In another paper, Mishkin (1976) appeals to the illiquid nature of consumer durables 

to assess the impact of monetary policy on these goods.  Mishkin develops a model that 

determines the effect of the relative illiquid nature of consumer durables on the 
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desirability of this asset.  The author then develops a stock adjustment model which 

incorporates the results of his “liquidity” model and estimates the model using quarterly 

aggregate time series on consumer durable expenditure and its two component parts: 

automobile and parts and non-automobile consumer durable expenditure.  Mishkin 

concludes that debt holdings have a negative effect on consumer durable expenditure 

while the financial asset holdings of consumers have a positive impact.  He also finds that 

an increase in the user cost of durables has a negative effect on consumer durable 

expenditure.  Therefore, Mishkin finds that owing to the illiquid nature of consumer 

durable goods, it is not just total wealth or income that matters but the composition of 

consumers’ portfolios.  Mishkin goes on to explain that monetary policy has a major role 

to play in the demand for consumer durables for a number of reasons.  First, monetary 

policy affects interest rates and therefore the user cost of capital.  Second, monetary 

policy affects asset prices and therefore the household valuation of gross financial asset 

holdings, thereby affecting the demand for consumer durables.  And finally, that 

monetary policy affects the cost and availability of credit.  Therefore easy monetary 

policy in the past would have encouraged the build up of consumer debt holdings and 

therefore their liabilities, depressing the demand for consumer durables in the present. 

In an article published two years later, Mishkin (1978) continued his study on the 

effect of monetary policy on the market for consumer durables.  In this paper, Mishkin 

explores monetary policy transmission mechanisms to aggregate demand (and 

expenditure on consumer durables) using simulation experiments.  In these simulation 

experiments the author uses the results from the stock adjustment model obtained in his 

1976 paper in the AER along with a large-scale macroeconometric model.  In this study, 



20 

 

the author simulates the dynamic response of real GNP and real consumer durable 

expenditure to changes in interest rates, household liabilities, and the value of stock 

market assets.  Mishkin next simulates the response of consumer durable expenditure and 

real GNP to a change in the nominal stock and to an exogenous expenditure change 

(exports).  The author concludes that real consumer durable expenditure declines as 

interest rates and household liabilities rise and increases as the value of stock market 

assets and the nominal money stock rise.  Therefore, monetary policy has a definite 

dynamic effect on the demand for consumer durables. 

It is worth noting one article that presents results contrary to Mishkin’s so called 

“liquidity” hypothesis of consumer durables.  Ruiter and Smant (1999) examine the 

relationship between the household balance sheet and consumer durable expenditure 

using time series data for The Netherlands.  After estimating both a closed form 

consumption function that has been used repeatedly throughout the literature and an Euler 

equation derived from an intertemporal optimization model of consumer durables the 

authors find no evidence that “excessive” household debt ratios can be held responsible 

for slowing down consumer durable expenditure.  They also find only a marginal 

influence of liquidity in the form of financial assets relative to debt on durable 

expenditure.  Ruiter and Smant obtain these results primarily because they take into 

account the net effects of consumers’ asset position on wealth.    

Mankiw (1982) solves an intertemporal optimization model incorporating consumer 

durable goods only for the Euler equation relating the intertemporal tradeoff between 

durables today and durables next period.  The author then derives an equation for the 

expenditure on durable goods and tests the hypothesis that expenditure on durable goods 
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is represented by an ARMA(1,1) process.  Mankiw rejects the null that expenditure on 

durables is ARMA(1,1).   Furthermore, the author, while estimating the equation he 

derived from the Euler equation, finds that lagged interest rates have predictive power for 

the expenditure on consumer durables (while lagged stock prices and lagged income does 

not). 

Adda and Cooper (2000) build on Mankiw (1982) by considering the aggregation of 

the discrete dynamic choices of heterogeneous households.  The authors find that they are 

able to explain Mankiw’s (1982) results by estimating a dynamic discrete choice model 

of car replacement.  This paper is particularly interesting because the authors attempt to 

match their model with a VAR representation of car sales, prices, and income.  However, 

the VAR model presented in this paper is unidentified so the time series results derived 

are suspect at best.    

Furthermore, Kretzmer (1989), puts forth an insightful view on the effect of monetary 

policy on consumer durable goods.  Kretzmer states on page 293: 

  

“A money shock may be regarded by agents as transitory income, having 

only a small impact on wealth.  Then, most of the proceeds will be saved, 

or spent on assets yielding a stream of future benefits.  Durability, as a 

measure of the length of the time period over which a good yields benefits, 

provides an indicator of the degree to which purchases of that good can 

be regarded as savings.  This line of reasoning suggests that a money 

shock will lead to a larger real response the more durable the good in 

question.” 
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Kretzmer’s quote presents even further theoretical credence to the business of studying 

money’s effect on consumer durables. 

In another article outlining the effect of interest rates on the market for consumer 

durables, Wilcox (1990) tests whether nominal, not real interest rates matter in 

determining expenditure on non-durable and/or durable goods.  Wilcox’s motivation lies 

in the recognition that lenders, when choosing whether or not to supply consumer credit 

to potential borrowers, adhere to payment-to-income guidelines and that these guidelines 

rarely change.  Wilcox then argues that since payments are determined by nominal 

interest rates, this must be a channel by which interest rates affect expenditure on 

consumer durables since consumer durables are largely debt financed.  The author goes 

about proving his results by running a simple OLS regression of consumption 

expenditure (on both durables and on non-durables and services) on wealth, income, and 

nominal and real interest rates.  Wilcox concludes from his results that the expected, real, 

after tax interest rate is not what matters to consumption but instead it is the nominal 

interest rate.  The author goes on to show that this holds true even when the expected 

inflation rate is included in the regression10.  This article still supports the fact that money 

affects the market for consumer durables since monetary policy affects nominal interest 

rates.  However, this paper appeals more to a credit supply channel of monetary policy 

due to institutional features in the market for consumer credit than other traditional 

demand side transmissions of monetary policy on the consumer durables market. 

                                                
10 He includes the expected inflation rate to control for the possibility that the nominal interest rate is just 
serving as a proxy for this variable. 
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  Lastrapes and Loo (1998) use a VAR approach to identify the dynamic responses of 

industry level output to money supply shocks.  This article shows (via impulse response 

functions) that the output of durable goods (furniture, electric machinery, non-electric 

machinery, transportation equipment, etc.) responds substantially to increases in the 

nominal money supply.  This article, therefore, presents even more empirical evidence of 

the effect of the nominal money supply on the market for durable goods. 

Finally, Ludvigson (1998) sets out to examine if tight monetary policy leads to a 

decline in the supply of bank loans and if this, in turn, leads to a decline in consumption.  

This article, much like Wilcox (1990) focuses more on the credit channel of monetary 

policy.  Ludvigson estimates a VAR using automobile and other aggregate data as well as 

“credit” data (data on the ratio of bank loans to the sum of commercial credit and bank 

loans) to obtain impulse response functions to answer the first part of his question.  The 

author then estimates reduced form automobile expenditure equations to address the 

second part of his question.  Ludvigson concludes that tight money does indeed lead to a 

decline in the supply of bank loans, which, in turn, does lead to a decline in automobile 

expenditure. 

IV.  VAR identification  

In this sub-section I will give a very brief review of an influential article that outlines 

the VAR identification strategy I use in this dissertation.  A more thorough analytical 

discussion of the details of the identification strategy is presented in subsequent chapters 

of this dissertation.   

In a pioneering article, Blanchard and Quah (1989) outline how a VAR could be 

identified by imposing long-run restrictions on the dynamic responses of variables in the 
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system to exogenous shocks.  As an example of how this strategy can be applied to the 

concept of long-run monetary neutrality, the reader is referred to Lastrapes (1998) in 

which he not only describes how the impulse responses of variables in the system to a 

shock in the nominal money supply can be identified by imposing nothing more than 

long-run monetary neutrality but also describes how the scale of the money supply shock 

implied by long-run monetary policy can be derived. 

The above literature review demonstrates a few main points.  There are a number of 

articles that support the method of solving dynamic optimization models by taking linear 

approximations of the Euler equations to obtain approximate analytic solutions and for 

empirically testing their predictive power for plausible calibrated parameter values.  

Second, there are a large number of intertemporal optimization models of durable goods 

with many different characteristics.  Some are “frictionless” while many others 

incorporate a wide variety of additional constraints on consumer behavior.  According to 

the literature, the most relevant of these additional restrictions may be liquidity 

constraints.  Third, the wide body of empirical and theoretical work on the effect of 

money on consumer durables, and the fact that this literature almost exclusively deals 

with expenditure on consumer durables, supports this dissertation’s focus of the impact of 

monetary policy on the equilibrium price of consumer durables.  And finally, there is 

concrete literature supporting the use of the restriction this dissertation employs to 

identify the VARs presented. 
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CHAPTER 3:  THE DYNAMIC EFFECT OF MONEY SUPPLY SHOCKS 
ON THE MARKET FOR CONSUMER DURABLE GOODS:  

EMPIRICAL RESULTS 
 
 

I. Introduction 

Studying the market for consumer durable goods is essential to gaining a clear 

understanding of macroeconomic fluctuations.  From 1959 to 1999, real personal 

expenditure on durable goods in the United States (billions of 1992 dollars seasonally 

adjusted at annual rates) increased from $97.467 million to $822.7 million.  Furthermore, 

the percentage increase in personal expenditures on durable goods is over 3.5 times the 

increase in non-durable goods over this period.  And although average real personal 

consumption expenditure on durables is only 31.6% the size of average real personal 

consumption expenditure on non-durables, the standard deviation of the percentage 

change in real expenditure on durables is over double that of non-durables.  Research that 

examines the precision of the response of the market for consumer durable goods to 

exogenous shocks can therefore be very fruitful in shedding light on variations in total 

consumption and can help us gain insight into the transmission of policy shocks to 

aggregate demand. 

  This chapter analyzes empirically the impact of nominal money supply shocks on 

the market for consumer durable goods in a time series context, focusing both on the 

relative price of consumer durables and real personal consumption expenditure on 

durables.  Both consumer durables in general and the market for new automobiles are 

analyzed.  The estimated dynamic responses are obtained by estimating a just-identified 
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vector autoregression (VAR).  This VAR is identified by imposing a set of very plausible 

assumptions that is widely used throughout the literature on time-series macroeconomics.   

Why the choice to study the effect of nominal money supply shocks?  First, the nature 

of durable goods implies that the demand for durables is very likely to be sensitive to 

changes in the rate of interest and much research has focused on the effect of money and 

interest rates on the market for these goods.1  Durable goods differ from non-durables in 

that they have a positive depreciation rate (δ ) that is less than one.  Durables offer a flow 

of services over time from which economic agents derive utility.  Therefore, the interest 

rate plays a key role in the demand for durables because these future service flows must 

be discounted to the present when agents are planning their expenditure outlays.  Figure 

3.1 graphs both the real price of consumer durables and the interest rate.  The real price 

of consumer durables is measured by deflating the PPI for consumer durable goods by the 

PPI for all commodities and the interest rate measure is the yield on the 3-month T-bill.  

Just by looking at figure 3.1 one can recognize a general negative correlation between the 

two variables.   

Furthermore, there is a wide body of literature that examines the influence of nominal 

money supply shocks on interest rates and it is generally accepted that positive money 

supply shocks do indeed cause interest rates to decline in the short run (the liquidity 

effect)2.  Therefore, since the nature of durable goods causes their demand to be interest 

sensitive, and since the real interest rate is influenced by nominal money supply shocks in 

the short run, it is interesting to study the impact of nominal money supply shocks on the 

market of consumer durable goods.   

                                                
1 See Hamburger (1967), Mishkin (1976), Mishkin (1978), Kau and Keenan (1980), Mankiw (1982), 
Mankiw (1985), Kretzmer (1989), Wilcox (1990), Lastrapes and Loo (1998), and Ludvigson (1998). 
2 Christiano, Eichenbaum, and Evans (1999) 
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Yet another reason for studying the impact of nominal money supply shocks as 

opposed to other exogenous shocks is that imposing a very limited set of restrictions can 

identify nominal money supply shocks.  In this paper, for example, I rely on long-run 

monetary neutrality, a phenomenon that has almost reached the status of a stylized fact in 

macroeconomics, to identify money supply shocks3.  Identifying VARs using long-run 

monetary neutrality has become common throughout time series economics and of course 

has definite precedent throughout the literature on macroeconomic VAR models.  

It is worth noting that this chapter, as well as the dissertation as a whole, is primarily 

concerned with the dynamic response of the relative price of consumer durables to 

nominal money supply shocks.  I focus on the price of consumer durables because even 

though there have been other works that study the effect of money and/or interest rates on 

the market for consumer durables, these works tend to focus primarily on durable 

expenditure.  This dissertation realizes that a durable good is an asset and studies to what 

degree decreases in the rate of interest brought about by an increase in the nominal 

supply of money are capitalized in the price of this asset.  Many other papers that study 

consumer durables neglect this “asset pricing” issue and simply study to what extent 

expenditure on consumer durables is sensitive to changes in the rate of interest.  Future 

research may focus more on durable expenditure.   

  The following section discusses the empirical model that is employed throughout the 

remainder of this chapter as well as the identifying restrictions.  Section III presents the 

estimated impulse responses from a six variable VAR incorporating aggregate consumer 

durable goods.  Section IV narrows its focus and analyzes the market for new 

                                                
3 See Blanchard and Quah (1989) 
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automobiles.  Section V estimates an eight variable system to check for robustness.  

Finally, Section VI gives concluding remarks.    

 

II. Estimating the Dynamic Responses to Money Supply Shocks 

a. Empirical Model and Identifying Restrictions 

       Let z t  be an n x 1 vector of endogenous random variables at time t.  This vector 

contains variables pertaining to the market for consumer durable goods as well as other 

macroeconomic variables that are included to aid in the identification of nominal money 

supply shocks.  Assume that the following linear, dynamic structural model generates zt: 

  tptptt uzAzAzA +++= −− L110 . (1) 

where ut is an n x 1 vector of shocks that are assumed to be uncorrelated both serially and 

contemporaneously.  Furthermore, these shocks are normalized to have unit variance.  

This model consists of equations that represent optimal decision rules and equilibrium 

conditions and ut is a vector of behavioral exogenous shocks.  The moving average 

representation of the structure is: 

 ( ) tot uLDLDDz L+++= 2
21    

  
          tt uLDz )(=  (2) 

 
The coefficient matrices in D(L) are dynamic multipliers that show the equilibrium 

response of the endogenous variables in zt to impulses in the exogenous shocks, ut where 

1
00

−= AD  and ii AAD 1
0

−= . 

     The goal is to estimate the elements in D(L) that correspond to shocks in the nominal 

stock of money.  To understand how this is done, first analyze the moving average of the 

reduced form of the empirical model: 
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 ( ) tt LCLCIz εL+++= 2
21  

 (3) 
 tt LCz ε)(=   

C(L) shows the dynamic responses to shocks in ε t, where tt uD0=ε , and 1
0

−= DDC ii .   

Of central importance to our identification strategy is the fact that, given our 

normalization of the elements in ut, 

 '' 0DDE ott =Σ=εε . (4)  

The parameters in C(L) and Σ are directly estimable from the vector autoregression 

representation of tz .  The identification problem arises because (4) is not a unique 

mapping from structure to reduced form.  The identification strategy usually employed in 

VAR studies consists of imposing a sufficient number of restrictions on 0D  to identify 

the structural coefficients from C(L)  and Σ .  The strategy I employ is weaker than the 

normal strategy in that the restrictions I impose identify the dynamic multipliers 

associated with money supply shocks only.  The full system in (2) remains 

underidentified, as noted below.  This strategy is nonetheless acceptable in this study 

because I am only interested in the responses of the variables to shocks in the supply of 

nominal money. 4  

The method I use to identify the structural coefficients in D(L) was first pioneered by 

Blanchard and Quah (1989) and Shapiro and Watson (1988).  The method consists of 

imposing restrictions implied by long run monetary neutrality.  Let  

 

='~

tz ( pdt    dt    rt    yt    mt    Mt ) 

                                                
4 See Christiano, Eichenbaum, and Evans (1999) for a discussion of partial identification in VAR models.  
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where pdt is the log of the real price of consumer durables, dt is the log of a flow measure 

of the quantity of consumer durable expenditure, rt is the interest rate on debt securities, 

yt is the log of aggregate output, mt is the log of real money balances, and Mt is the log of 

nominal money balances.  To employ the proposed identification strategy, first assume 

each of the variables in zt contain a single unit root.5  Therefore, in the structural model in 

(2), set tt zz
~

∆= .  This implies that 

 L+++=+

∞→ 21

~

lim DDD
u

z
o

t

kt

k δ
δ

 (5) 

 
( )1D=  

 

is the matrix of infinite horizon multipliers with respect to the levels of the variables in zt.  

Taking into account the specific ordering I have imposed on zt, it is apparent that long run 

monetary neutrality implies that every element in the last column of D(1) is zero except 

for the final row.  I will now show how these restrictions on D(1) are sufficient to identify 

the responses to nominal money supply shocks (the last columns of Di) although the 

entire system remains underidentified. 

First, partition the nn×  long-run multiplier matrix D(1) as: 

 ( ) 







=

2221

12111
DD

DD
D  (6) 

where 11D  has dimensions ( ) ( )11 −×− nn , 21D  is ( )11 −× n , 12D  is ( ) 11 ×−n  and 22D  is a 

scalar.  Given the order of the variables in the VAR, monetary neutrality implies that only 

12D  is equal to zero.  Therefore, since 11D  is not lower triangular, D(1) is block 

recursive, but not lower triangular. 
                                                
5 Tests for the presence of unit roots are presented in section IIIa. 
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The correspondence between the structural model and the reduced form implies that 

the infinite horizon multipliers are related to the covariance matrix obtained from the 

estimated VAR: 

 ( ) ( ) ( ) ( )'11'11 CCDD Σ=  (7) 

Let R  denote the Cholesky factor of the right-hand-side matrix in equation (7): 

 ( ) ( )'11' CCRR Σ=  (8) 

so that R  is lower triangular.  By partitioning R  to conform with ( )1D , and combining 

(7) and (8) and using the restriction that 012 =D , one obtains: 

 







+

=







+ '''

''

'''

''

222221211121

21111111

2221211121

21111111

RRRRRR

RRRR

DDDDD

DDDD
 (9) 

where 11R  is lower triangular.  Note that the values of R  are known values given 

estimation of the VAR. 

The aim is to express 22D  as a function of the partitioned matrices in R .  From (9), 

note that: 

 '' 21112111 RRDD =  (10) 

Therefore, 

 ( ) '
21

1
1111212121 ''' RRRRRR −=  (11) 

   ( ) '''' 2111
1

11
1

1111212121 DDRRDDRR −−=  (12) 

where the second equality uses (10).  But note that equation (9) implies that: 

 '' 11111111 RRDD =  (13) 

Pre-multiply by 1
11

−D , post multiply by ( ) 1
11 ' −D , then invert to obtain: 

 ( ) IDRD =−−
1111

1
11 ''  (14) 
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Then use (13) in (12) to get: 

 '' 21212121 DDRR =  (15) 

Finally, this result and the ( )nn,  

 'RRD

( ) ( )'11 CC Σ , which is estimable from the VAR.  This 

holds true assuming only that 012 =D  (monetary neutrality), not that ( )1D  is lower 

triangular.  Therefore, 22D is identified given only long-run monetary neutrality.  To see 

how the elements in ( )LD  are obtained from knowledge of the elements in ( )1D , recall 

that 1
0

−= DDC ii .  This implies that ( ) ( ) 0DLCLD = , or ( ) ( ) 011 DCD = .  Therefore, since 

( )1C  is obtained from the VAR estimation, and imposing long-run monetary neutrality 

identifies ( )1D , we can identify 0D .  Now, since ( )LC  is directly estimated from the 

VAR, and we now know 0D , we can identify the parameters of ( )LD .  

III:  Estimating a VAR with Aggregate Consumer Durables   

III.a.  Data Description and Characteristics 

In this section I apply the estimation strategy outlined above using long-run monetary 

neutrality to monthly U.S. data ranging from 1959:01 to 2001:03.  I use the following 

macro variables: M1, 3-month Treasury bill rate, industrial production index, and the 

producer price index for all commodities. I deflate the monetary aggregates by the latter 

to construct real variables. I also use the producer price index for consumer durable 

goods and personal consumption expenditure on durables (annual rates in millions of 

dollars).  I also estimate the system using the chain-weighted price index for consumer 
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durables (obtained from personal consumption expenditures) to check for robustness in 

the consumer durable price response since this is what I am most interested in6.  The 

chain-weighted price index is attractive because due to the method used for computing 

the index, the choice of base year does not impact the measured growth rate of the price. 

This is sometimes a problem for fix-weighted indexes in time series analysis.  I deflate 

personal consumption expenditure on durables by the PPI for consumer durables to 

construct a real quantity measure and deflate the two price measures for consumer 

durables by the PPI for all commodities to create relative prices.  When the chain-

weighted price index for consumer durables is used, I deflate personal consumption 

expenditures on durables by this to obtain a real quantity measure.  The data are obtained 

from the Bureau of Labor Statistics (PPI for consumer durables and the PPI for all 

commodities), the Bureau of Economic Analysis (personal consumption expenditure on 

consumer durables and the chain-weighted price index for consumer durables), and the 

Federal Reserve Board (industrial production, M1, and the T-Bill rate).  Each data series 

is seasonally unadjusted except for personal consumption expenditure on durables, and 

all except for the t-bill rate are transformed to natural logs.  Figure 3.2 graphs the PPI for 

consumer durables and real personal consumption expenditure on durables to give the 

reader an overall feel for the data.  Although there is an upward trend in real expenditures 

on consumer durables, the relative price of consumer durable goods exhibits a great deal 

of unpredictability.  Studying how much of this unpredictability is explained by nominal 

money supply shocks seems to be a worthwhile task. 

                                                
6 For details on how Personal Consumption Expenditures and the Chain-Weighted Price Index are 
computed see the Data Appendix as well as Landefeld and Parker (1997) and U.S. Department of 
Commerce (1990). 
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     Table 1 reports the results of unit root tests performed on the data.  Augmented 

Dickey- Fuller tests (using 6 lags) were performed on the data both in levels and in first 

differences.  We cannot reject the null of a unit root for each data series included in the 

model at the 5% significance level.  Furthermore, the null hypothesis of a unit root is 

rejected once the data are first differenced, indicating that each data series contains but a 

single unit root.  This provides a rationalization for first differencing the data, which is a 

necessary step when imposing long-run monetary neutrality7.   

III.b.  Estimating the VAR 

    The VAR includes a constant, seasonal dummy variables and 12 common lags across 

variables and equations8.  The sample range for the VAR estimation is February 1960 to 

March 2001.  There are 495 total observations in the model and 411 degrees of freedom.  

The Ljung-Box Q-Statistics provide evidence that the residuals are not autocorrelated9.  

This tells us that 12 lags are sufficient to whiten the residuals. 

Figure 3.3 reports the estimated dynamic responses of each variable in the system to a 

nominal money supply shock when the price of consumer durables is proxied by using 

the PPI for consumer durables.  One-standard error bands that were computed from 

Monte Carlo simulations with about 1000 replications are included.10  The money supply 

shock leads to a monotonically increasing stock of nominal money that ultimately settles 

                                                
7 I performed cointegration tests on the data for each system I estimate.  I ran a number of tests (two 
variations of the Johannsen test as well as the Engle-Granger test) and found no conclusive evidenve of 
cointegration.  The results were not robust across which test I used.  I therefore assume there is no 
cointegration present. 
8 In also estimated each of the VARs in this chapter with the real price of oil included as a deterministic 
component to take into account the oil price shocks of the early 1970’s.  The results were not changed 
when I included this variable.  
9 The highest estimated value for this Q-statistic is 30.069.  The degrees of freedom used for this chi-square 
test is 43.  This is well below the critical value for rejecting the null hypothesis of no autocorrelation in the 
residuals (5% significance level).    
10 In 13 out of the 1000 replications, the simulated largest root of the VAR exceeded one.  This will cause 
the standard error bands to explode as the forecast horizon increases – so these replications were dropped. 
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at a new steady state that is .8% higher than before the shock.  In the short run, real 

money increases by about the same magnitude as nominal money, indicating stickiness in 

the price level.  However, ultimately the price level rises, causing the long run real money 

response to fall to zero (by construction).  Industrial production responds with a 

considerable lag, which is a common finding.  It does not rise above its initial steady state 

level until seven months after the nominal money shock.  It reaches a peak increase of 

.5% 15 months after the shock and then begins its decline back to its original steady state.   

There is evidence of a liquidity effect in the market for government securities.  On 

impact, the non-annualized yield of the 3-month T-bill decreases by 2.5 basis points and 

two months after the money supply shock the yield is 3.3 basis points lower than before 

the shock.  There is a quick adjustment back to the original steady state for the yield on 

the T-bill.  The yield is back to its original level approximately 15 months after the shock.  

These findings are typical of other studies that analyze the effect of nominal money 

supply shocks. 

     Now focus on the response of the consumer durable variables.  The relative price of 

consumer durables (using the PPI for consumer durables) rises on impact by .18% and 

reaches a peak after 3 months at a .2% higher level than before the shock.  The response 

then begins to fall to zero (again, by construction) and after only 10 months the response 

is no longer significantly different from zero.  Real personal consumption expenditure on 

durables increases on impact by .4%, this response seems large, but it falls within the 

standard error bands.  Real durable expenditure does eventually increase by a significant 

amount and after 10 months is .8% higher than before the money supply shock before 

returning to its original steady state level. 
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Figure 3.4 reports variance decompositions for the 6 variable system using the PPI for 

consumer durables.  The upper-left most graph in figure 3.4 tells us that approximately 

10% of the variance on the real price of consumer durables is due to the variance in the 

nominal money supply.  This percentage declines as the time horizon increases.  Also, 

figure 3.4 shows that after 15 months, roughly 12% of the variance in real personal 

consumption expenditure on consumer durables is due to the variance in the nominal 

money supply.  These results shed more light on the effect changes in the nominal money 

supply has on the market for consumer durables.   

Figure 3.5 reports the estimated responses when the chain-weighted price index is 

used for the price of consumer durables.  The response of the macro variables is roughly 

the same as when the PPI for consumer durables is used as the relevant consumer durable 

price measure.  The relative price of consumer durables in this model increases by .18% 

on impact before reaching a peak increase of just over .2% six months after the shock.  

After 13 months the relative price of consumer durables returns to its original steady state 

level.  Note that the magnitude of the increase in the relative price of consumer durables 

is almost identical regardless of which price measure is used (PPI for consumer durables 

or the chain-weighted price index for consumer durables).  However, there is more 

persistence in the price response when the chain-weighted price index is used instead of 

the PPI for consumer durables.  The price response when the chain-weighted price index 

is used returns to zero 3 months after the price response when the PPI for consumer 

durables is used.  The only other major difference in the two VARs shows up in the 

response of real personal consumption expenditure on consumer durable goods.  In the 

latter model, real personal consumption expenditure responds with a considerable lag.  
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Only after one year is the response significantly different from zero.  The response 

reaches a peak of .04% fourteen months after the shock and six months later returns to 

zero.   

Figure 3.6 reports variance decompositions for this system.  The percentage of 

variance in the real price of consumer durables due to the variance in the nominal money 

supply is roughly the same no matter which consumer durable price measure is used.  

However, the percentage of variance in real expenditure on these goods attributable to the 

variance in the nominal stock of money is smaller when the system is estimated using the 

chain-weighted price index.  

The results of figures 3.3 & 3.5 demonstrate that the estimated increase in the real 

price of consumer durables to a nominal money supply shock is indeed robust.  The 

estimated responses in these figures are evidence that an increase in the nominal stock of 

money reduces interest rates and increases the relative price of consumer durables as well 

as the real quantity of consumer durables purchased and sold, at least gradually.  Even 

though the initial expenditure response is not very robust, these results seem to tell a story 

of an increase in the demand for consumer durables brought about by an increase in the 

supply of nominal money. 

IV:  A VAR Focusing on the Market for New Automobiles 

IV.a.  Data Description and Characteristics 

In this section I employ the same identification strategy as in the previous section to 

identify responses to a nominal money supply shock.  This section focuses only on new 

automobiles rather than all consumer durable goods.  This is done to see what happens 

when a specific type of consumer durable is analyzed rather than all consumer durable 
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goods.  New automobiles represent the largest portion of consumer durable goods and 

this market has been researched extensively in the past.  It will be interesting to see if the 

results presented in the previous section hold true when this disaggregated measure of 

consumer durables is analyzed.  I use the same macro variables as in section III but in this 

model I include the relative price of new automobiles as well as real personal 

consumption expenditure on new autos rather than for all consumer durables. 

  I use monthly personal consumption expenditures in chained dollars for new autos 

(billions of dollars, seasonally adjusted at annual rates) as my real quantity measure.  To 

flush out the price of new autos I take the ratio of monthly personal consumption 

expenditures in current dollars to monthly personal consumption expenditure in chained 

dollars11.  I deflate this implicit price measure by the PPI for all commodities to obtain 

the relative price of new autos.  My motivation for computing the price of new autos in 

this fashion is that the earliest available date I found for the CPI of new autos was 1971:6.  

By computing the price of new autos by taking the ratio of nominal to real expenditures 

on new autos I obtain over 12 more years of monthly observations.  The data are obtained 

from DRI/Citibase and the data range from 1959:1 to 1999:9.  Once again, each data 

series is transformed to natural logs except the T-bill yield. 

Figure 3.7 plots the real price of new cars and the nominal interest rate.  Notice the 

general negative correlation between the two series.  This is similar to figure 3.1, which 

focuses on all consumer durables.  Figure 3.8 reports the real price of new autos and real 

personal consumption expenditure on new autos.  Notice the volatility present in this 

                                                
11 For an explanation of how personal consumption expenditure is measured by the BEA see U.S. 
Department of Commerce (1990) 
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market.  This provides support for studying what effect changes in the nominal money 

supply, possibly induced by economic policy, has on this market. 

Table 2 reports the results of unit root tests.  As in the previous section, augmented 

Dickey- Fuller tests incorporating 6 lags were performed on the data both in levels and in 

first differences.  Once again, we cannot reject at reasonable levels the null of a unit root 

for each data series included in the model.  No data series present in this model is 

stationary.  Furthermore, the null hypothesis of a unit root is rejected for the first 

differenced data (at the 5% significance level), indicating the presence of just a single 

unit root in each series. 

IV.b.  Estimating the VAR 

Just as before, the estimated VAR includes 12 lags across equations, a constant, and 

seasonal dummy variables.  There are 476 total observations and 392 degrees of freedom 

and Q-Statistic diagnostics demonstrate that there is no autocorrelation present in the 

residuals of the VAR.12  Figure 3.9 reports the estimated responses of each variable in the 

VAR to a nominal money supply shock.  Once again, standard error bands were created 

using Monte-Carlo simulations using roughly 1000 replications.13  The responses 

reported in figure 7 for the macro variables are very similar to those reported in figures 3 

and 4, showing considerable robustness in the estimated responses of the macro variables 

to a nominal money supply shock.  The relative price of new automobiles increases on 

impact by just over on quarter of one percent.  The price response reaches a peak increase 

of roughly .36% six months after the nominal money supply shock and then begins a 

                                                
12 The highest Ljung-Box Q-Statistic is 32.63 (43 degrees of freedom), indicating that 12 lags are once 
again sufficient to whiten the residuals (95% significance level). 
13 In 11 of the replications, the largest simulated root of the VAR exceeded 1.  Once again, these 
replications were simply dropped. 
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monotonic decline to zero.  There is considerable persistence in the response of the 

relative price of new autos.  The price response does not reach zero until about a year and 

a half after the nominal money supply increase.   

Upon impact, real expenditure on new automobiles actually declines by over 1%, but 

this negative response is short lived (it is negative for only one month).  This is a 

puzzling response and it may be indicative of misidentification.  Eventually, real 

expenditure on new autos increases and 13 months after the nominal money supply shock 

is a full percentage point higher than before the shock.  There is a great deal of 

persistence in this expenditure response, as it stays significantly different from zero for 

roughly 32 months.  Figure 3.9 shows that increases in the nominal money supply cause 

both the relative price of new automobiles as well as real expenditure on new autos to 

increase.  Furthermore, a comparison of figure 3.9 to figures 3.3 and 3.5 show that 

increases in the nominal money supply tend to have a greater effect on new automobiles 

than all consumer durable goods combined.  Both the response of the relative price of 

new autos and real expenditure on new autos is higher than the corresponding responses 

for all consumer durables and these responses are positive for considerably longer time 

horizons.  This tells us that increases in the nominal money supply tend to increase the 

demand for new autos, and this demand increase is greater and more persistent than the 

same demand increase for aggregate consumer durable goods. 

Figure 3.10 reports variance decompositions for the new auto system.  Note that of 

25% of the variance in the relative price of new autos is due to the variance in the 

nominal money supply.  This is a greater percentage than was found for the real price of 

aggregate consumer durables.  This also tells us that shocks to the nominal money supply 
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have a greater impact on this more narrow market than for all consumer durables 

combined. 

V:  An Eight Variable VAR with Aggregate Consumer Durables and New Autos 

V.a.  Motivation and Estimation 

The previous two sections presented evidence that nominal money supply shocks 

have real effects on the market for both aggregate consumer durable goods and new 

automobiles.  This evidence was obtained by estimating two separate just identified 

vector autoregressions.  This section is motivated by a test for robustness of these 

estimated results.  In this section, an eight variable VAR is estimated incorporating prices 

and quantities of both aggregate consumer durables and new automobiles.  The reason 

behind estimating this larger VAR is that there may be some interaction between the two 

markets and this needs to be taken into effect when attempting to isolate how shocks to 

the nominal money supply affect each market independently.  The eight variable VAR is 

estimated with all of the same data series that were included in the previous two sections.  

Since in section III, two different price measures for consumer durables were used, the 

eight variable system is estimated twice, once with the PPI for consumer durables and 

once with the chain-weighted price index for consumer durables.  There are 476 total 

observations and 368 degrees of freedom present in the VAR and Ljung-Box Q-Statistics 

show no signs of autocorrelation in the residuals of the VAR.  Just as in the previous 

estimated systems, each variable is transformed to logs except for the yield on the 3-

month T-Bill and each series is first differenced.14 

                                                
14 Unit root tests are not reported in this section because each data series has been tested for non-stationarity 
in previous sections. 
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This larger VAR also includes 12 lags across equations, a constant, and seasonal 

dummy variables.  The identification strategy is the same as before.  Figure 3.11 reports 

the estimated responses of each variable in the system to a nominal money supply shock 

when the PPI for consumer durables is used to construct the relative price of aggregate 

consumer durables.  Figure 3.12 shows variance decompositions.  Inspecting the four 

right-hand-side graphs of figure 3.11 reveals the consistency of the estimated responses 

of the macroeconomic variables to a nominal money supply shock.  These results are 

almost identical to those reported in sections III and IV.  Increases to the nominal money 

supply raise industrial production, cause a decline in the non-annualize yield on 

government securities, and temporarily increases real money balances.   

Now compare the estimated responses of the relative price of aggregate consumer 

durable goods when the PPI for consumer durables is employed to compute the relative 

price of these goods.  The estimated response of this price in figure 3.11 is almost 

identical to the estimated price response reported in figure 3.3.  In figure 3.11, the relative 

price of consumer durable goods increases on impact by just less than .2% and roughly 

11 months after the nominal money shock the response is no longer statistically 

significant from zero.  Recall that this is almost exactly the response reported in section 

III.b.   

Next, focus on the response of the real price of new automobiles.  Figure 3.11 reports 

that the real price of new autos increases on impact by about .2% and six months after the 

shock is just over .3% higher than before the nominal money supply increase.  This is 

very similar to the response of the real price of new autos to a nominal money supply 

shock reported in figure 3.9 (the six variable system incorporating new autos).  However, 
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the response of the real price of new autos as reported in figure 3.11 returns to zero 

within 12 months of the nominal money supply shock.  This return occurs approximately 

six months sooner than in the six variable case.   

The response of real personal consumption expenditure on consumer durable goods 

reported in figure 3.11 is also similar (although not identical) to that reported in figure 

3.3.  This estimated response in the eight variable system is not significantly different 

from zero until 5 months after the nominal money supply shock and reaches a peak of 

roughly .7% seventeen months after impact.  There is also a great deal of persistence, as 

the response does not return to zero until 38 months after the nominal money increase. 

The estimated response of real expenditure on new autos presented in figure 3.11 is 

negative on impact, just as in figure 3.9.  This negative response in slightly larger in the 

eight variable system than in the corresponding six variable system but is still relatively 

short lived (roughly 2 months).  This estimated response in the larger VAR reaches a 

peak of roughly 1% one year after impact but this response is no longer significant from 

zero just nineteen months after the increase in nominal money.  So although the 

magnitude of the response of real expenditure on new autos as reported in figure 3.11 

closely matches that of the response in the six variable system, the persistence of the 

response in the smaller VAR is not evident. 

Figure 3.13 reports the estimated responses of each of the variables in the eight 

variable system to a nominal money supply shock when the chain-weighted price index is 

used to compute the real price of consumer durables.  Figure 3.14 reports variance 

decompositions.  It is easily seen that the estimated responses of industrial production, 

the yield on the 3-month T-Bill, real expenditure on new autos and real expenditure on 
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consumer durables do not match those for the six variable systems reported in figures 3.5 

and 3.9.  In figure 3.13, the response of industrial production to a nominal money supply 

shock is never statistically greater than zero.  Also, the 3-month T-Bill yield does decline, 

but not by as great a magnitude as reported in the previous estimations.  Furthermore, 

both real expenditures on aggregate consumer durables and on new autos are significantly 

negative on impact, and neither is ever statistically greater than zero.  These results are 

somewhat disheartening. However, simple inspection shows the estimated responses of 

the real price of consumer durables and the real price of new automobiles reported in 

figure 3.13 do match those reported in figures 3.5 and 3.9 respectively.  This match is 

present both in magnitude and in persistence.   

The results of figures 3.3, 3.5, 3.9, 3.11 and 3.13 demonstrate a definite robustness in 

the estimated response of the real price of both aggregate consumer durables and new 

automobiles to a nominal money supply shock.  The response of real expenditure on 

consumer durables and new autos is not found to be very robust.  This is somewhat 

puzzling and may suggest a problem with identification.  The relative price response, 

however, is what this chapter, and dissertation, is particularly interested in.  These results 

imply that it can be said with a great deal of confidence that decreases in interest rates 

brought about by an increase in the nominal supply of money are indeed capitalized in 

the real price of consumer durable goods.  This result holds true whether one focuses on 

an aggregate measure of consumer durable goods, or a disaggregated measure (new 

automobiles).  
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VI: Conclusion 

This chapter presents empirical evidence of the real dynamic effects of nominal 

money supply shocks on the market for consumer durable goods.  Evidence of these 

effects is presented in both the market for aggregate consumer durables as well as the 

market for new automobiles.  It is shown that nominal money supply shocks cause short 

run increases in both the relative price and real expenditure of consumer durables.  These 

results are found to hold when both the market for aggregate consumer durable goods is 

examined as well as the market for new automobiles.  Furthermore, the increase in the 

relative price of consumer durables resulting from a shock to the nominal money supply 

is found to be robust across different measures of the real price of consumer durables as 

well as across different estimated models.   

This chapter estimates a number of vector autoregressions to check for robustness in 

the response of the real price of consumer durables.  Imposing nothing more than long-

run monetary neutrality identifies these vector autoregressions.  Long-run monetary 

neutrality has almost reached the status of a stylized fact in macroeconomics and the 

identification scheme employed based on this assumption has wide precedent throughout 

the literature in macroeconomic time series analysis. 

The results of this chapter add to the already wide body of evidence of the short-run 

real effects of changes in the nominal supply of money and are of independent interest.  

However, this chapter makes no attempt to uncover the economic forces underlying these 

real effects on the market for consumer durables.  It is important for economists to 

attempt to illuminate these economic forces if this volatile market is to ever be fully 

understood.  In the next chapter, an attempt is made to reconcile economic theory to the 
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estimated results presented above.  In particular, the next chapter studies to what extent 

the estimated increase in the real price of consumer durable goods can be explained by 

dynamic optimizing behavior.     

 

 

                

             

          

 

 



 

Figure 3.1: The Real Price of Consumer Durables and the Interest Rate

59 63 67 71 75 79 83 87 91 95 99
0.72

0.80

0.88

0.96

1.04

1.12

1.20

1.28

1.36

2

4

6

8

10

12

14

16

18
Real Price of Consumer Durables

3 Month T-Bill Yield



 

Figure 3.2: Real Price of Consumer Durables and Real Expenditure on Durables
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TABLE 1
Unit Root Tests (t-statistics) ADF Tests (6-lags)

Variable (in logs except for T-Bill) In Levels First Differences

PPI for Consumer Durables -1.697 -8.735
Chain Weighted Price Index -0.507 -6.254
Expenditure on Consumer Durables -1.058 -8.644
Yield on 3 month T-Bill -2.007 -10.33
Industrial Production Index -1.176 -8.396
Real Money -0.692 -7.539
M1 -0.507 -8.922

ADF Tests (6-lags and time trend)
In Levels First Differences

PPI for Consumer Durables -1.105 -8.844
Chain Weighted Price Index -1.737 -6.247
Expenditure on Consumer Durables -2.344 -8.652
Yield on 3 month T-Bill -1.878 -10.357
Industrial Production Index -2.56 -8.413
Real Money -1.366 -7.533
M1 -1.051 -8.922



 

Figure 3.3: Responses to Money Supply Shocks (PPI) - LR Restrictions
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Figure 3.4: Contribution of Money Supply Shocks to Variance
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Figure 3.5: Responses to Money Supply Shocks (CWPI) - LR Restrictions
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Figure 3.6: Contribution of Money Supply Shocks to Variance - CWPI
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Figure 3.7: The Real Price of New Autos and the Interest Rate
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Figure 3.8: Real Price of New Autos and Real Expenditure on New Autos
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TABLE 2
Unit Root Tests (t-statistics) Augmented Dickey Fuller Tests (6-lags)

Variable (in logs except for T-Bill) In Levels First Differences

Relative Price of New Autos -1.733 -6.651
Real Expenditure on New Autos -2.101 -10.532
Yield on 3 month T-Bill -1.977 -10.311
Industrial Production Index -1.124 -8.332
Real Money -0.697 -7.54
M1 -0.709 -8.746

ADF Tests (6-lags and time trend)
In Levels First Differences

Relative Price of New Autos -1.111 -6.796
Real Expenditure on New Autos -2.339 -10.563
Yield on 3 month T-Bill -1.824 -10.347
Industrial Production Index -2.54 -8.344
Real Money -1.368 -7.533
M1 -0.678 -8.759



 

Figure 3.9: Responses to Money Supply Shocks - LR Restrictions
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Figure 3.10: Contribution of Money Supply Shocks to Variance
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Figure 3.11: Responses to Money Supply Shocks (PPI-CD) - LR Restrictions
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Figure 3.12: Contribution of Money Supply Shocks to Variance
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Figure 3.13: Responses to Money Supply Shocks (CWPI) - LR Restrictions
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Figure 3.14: Contribution of Money Supply Shocks to Variance - CWPI
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CHAPTER 4:  DYNAMIC OPTIMIZATION AND SIMULATIONS 

 
 
I:  Introduction 
 
The previous chapter presented empirical evidence regarding the dynamic response of 

relative prices and real expenditure in the market for consumer durable goods to a 

nominal money supply shock.  These responses were obtained by estimating just 

identified vector autoregressions incorporating the assumption that nominal money is 

neutral over infinite time horizons.  Although the results presented in the previous chapter 

are interesting in their own right, in this chapter we examine the economic forces at work 

behind these estimated empirical responses. 

The purpose of this chapter is to reconcile economic theory to actual estimated 

dynamic responses.  In particular, this chapter attempts to find out if the estimated 

dynamic equilibrium price response presented in chapter 3 can be explained by dynamic 

optimizing behavior.  This chapter studies the extent to which representative agent, 

dynamic equilibrium models can accurately predict the response of the equilibrium price 

of consumer durable goods to a shock in the nominal money supply. 

In this chapter I specify a basic dynamic optimization model incorporating consumer 

durables and solve for the first order conditions.  I then follow Campbell (1994) and 

linearly approximate an Euler equation implied by the models first order conditions as 

well as a simple supply schedule to obtain an approximate equilibrium price equation.  I 

then simulate how this equilibrium price responds to a nominal money supply shock.  



     48 
  

This method has previously been reserved for studying real business cycle theories and 

has yet to be applied to consumer durable goods.  Solving these intertemporal models in 

this manner allows me to examine the channels through which exogenous shocks affect 

the real price of consumer durables.  It is found in this chapter that a nominal supply 

shock affects the demand for consumer durables through its influence on the user cost of 

consumer durables, which is dependent upon the expected time path of nominal interest 

rates and inflation. 

Much research has been devoted to developing dynamic optimization models of 

consumer durables.  Obsteld and Rogoff (1996), Kau and Keenan (1980), and Mankiw 

(1985) present frictionless representative agent models.  Chah, Ramey, and Starr (1995) 

and Alessie, Devereux, and Weber (1997) consider liquidity constraints.  Furthermore, 

Bernanke (1985), Eberly (1994), and Startz (1989) introduce transactions costs.  These 

studies, among others, utilize models of consumer durable goods to analyze a variety of 

economic questions.  However, there has been no attempt as of yet to empirically test the 

dynamic implications of models such as these in the manner in which this essay does. 

This chapter compares the predictive power of a simple frictionless model to one 

incorporating liquidity/borrowing constraints.  Both aggregate consumer durables are 

considered as well as new automobiles.  As discussed in the literature review in chapter 

2, liquidity constraints may be the most relevant of all frictions that may be added to 

intertemporal optimization models incorporating consumer durables.  It is shown that 

although the frictionless model does a relatively effective job of accurately depicting 

dynamic behavior, the liquidity constraint model can improve upon the simple model for 

certain measures of consumer durable goods. 
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The next section presents a frictionless dynamic model of consumer durable goods.  

This model is formulated and solved for the approximate equilibrium price response to a 

nominal money supply shock.  Simulation results are presented for certain calibrated 

parameter values.  Section III performs the steps for a dynamic model incorporating a 

liquidity/borrowing constraint.  The predictive power of this model is compared to that of 

the frictionless model.  Finally, section IV gives concluding remarks.  

    

II:  A Frictionless Dynamic Model of Consumer Durables 

II.a.  Theoretical Model 
 

      In this section I consider a simple representative agent, dynamic equilibrium model 

that incorporates consumer durables.  The model has the representative agent considering 

the intertemporal tradeoff between consumption goods and durable goods in order to 

maximize expected lifetime utility.  This model is very similar to many other durable 

goods models found in the literature (Chah, Ramey and Star (1995), Wilson (1998), Kau 

and Keenan (1980), and Obstfeld and Rogoff (1996), pp. 96-98).  The model is one of 

perfect foresight, which ignores risk. 

     The model is set up as follows.  Let the representative agent maximize the 

intertemporal objective function: 

 ( ) ( )∑
∞

=

+=
0

0 ,1/1
t

tt
t CDUV ρ  (1) 

where Ct is the quantity of nondurable consumption, Dt is the stock of consumer durables 

and ρ  is the pure rate of time preference.1  Also, although agents derive utility from the 

                                                
1 The discount function associated with this objective function ignores the possibility pointed out by 
Angeletos, et. al (2001) that often times consumers are more impatient when they face short-run tradeoffs 
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flow of services that durable goods offer over time, I follow convention and assume that 

this flow is proportional to the stock of durables.  I also assume that the decision 

frequency is the same as the data frequency. 

  The consumer is faced with an intertemporal budget constraint: 

 ( ) ( ) ( )1111

11
1 −−++ +−+++=





Π+
−+

− tttdttdtttt
t

t
t DDDPDPCAA

R
Y δµ

τ
τ  (2) 

This budget constraint is in real terms with nondurables as the numeraire.  The left hand 

side of the budget constraint represents sources of funds.  The first term is real after tax 

income (τ  is the income tax rate), followed by the stock of financial assets ( )tA  plus 

interest earnings.  The right hand side defines the uses of funds:  financial assets carried 

over into next period ( )1+tA , current consumption ( )tC , expenses incurred through 

maintenance, repairs, and insurance of ownership of durable goods µ  (assumed to be 

proportional to the current stock) and finally, gross expenditure on consumer durables, 

where δ  is the rate of depreciation.2     

   The representative consumer solves the model by choosing Ct, Dt, and At+1 to 

maximize (1) subject to (2).  The Euler equations implied by the model are: 

 ( ) tttc
t CDU λρ =+ ),(1/1  (3) 

 ( ) 1
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1

+
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−+
Π+

=
t

t

t

t

Rτλ
λ

 (4) 

 ( ) ( ) ( )δλµλρ −−+=+ ++ 11),(1/1 11 dttdttttD
t PPCDU  (5) 

                                                                                                                                            
rather than long-run tradeoffs.  The authors suggest a hyperbolic discount function rather than the standard 
geometric function utilized here. 
2 Carroll (2001) asserts that intertemporal utility maximization models should incorporate uncertainty and a 
certain level of consumer impatience.  Without these aspects one my draw false implications from 
intertemporal models such as this one. 



     51 
  

where tλ is the multiplier associated with the budget constraint at time t.  By substituting 

(3) and (4) into (5) to eliminate the multipliers we achieve the tangency condition that 

explains the optimal intratemporal tradeoff between consumption goods and durable 

goods: 

 ( ) ( )δ
τ

µ −







−+
Π+

−+=
+

+
+ 1

11

1
)1(

),(

),(

1

1
1

t

t
dtdt

ttc

ttD

R
PP

CDU

CDU
 (6) 

Equation (6) tells us that along the optimal path, the marginal rate of substitution between 

durables and nondurables equals the user cost of durables.  The user costs of durables is 

the amount of nondurable consumption foregone by purchasing one unit of a durable 

good, using it, and then selling it at the end of the period.  The first term on the right hand 

side of (6) represents the cost of purchasing a durable good in period t.  The second term 

on the right hand side is the discounted resale value of the undepreciated durable good in 

period t+1.  It will be shown that shocks to the nominal money supply alter the user cost, 

thereby causing the demand for consumer durables to react.  This condition, combined 

with the intertemporal resource constraint, determines the optimal paths of consumption 

on durables and nondurables. 

     To complete the market for consumer durables, we must include supply behavior.  I 

therefore assume the following simple relationship: 

 tdttt DPDD δα −=−+ 1  (7) 

 where: 

 
0>α

 

This simply states that the quantity supplied of consumer durables is positively related to 

the price of consumer durables.  Equation (7) describes the evolution of the stock of 
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consumer durables.  The first term on the right-hand side of (7) represents the flow 

supply of new durables.  This supply equation is obviously extremely simple and ignores 

many potentially important channels, such as interest rate effects on the supply of 

consumer durables.   

 

II.b. Log-Linearization and Implied Responses 

      This section attempts to answer the question of whether or not this basic dynamic 

equilibrium model predicts an equilibrium price response of consumer durables that is 

consistent with the estimated response functions reported in the previous chapter.  To 

answer this question I solve the model for the approximate equilibrium price response 

and simulate how this theoretical equilibrium price responds to nominal money supply 

shocks.  I assume that the rate of interest and inflation are exogenous to the market for 

consumer durables.  This  assumption rules out feedback effects from the market for 

consumer durables to financial markets but it makes the solution tractable and it has 

precedent in the literature3.  I also assume that shocks to the nominal money supply do 

not indirectly affect consumer durable expenditure through its effect on nondurable 

consumption.  This assumption implies that the only channel through which money 

supply shocks affect equilibrium in the market for consumer durables is through their 

effect on the rate of interest and inflation.  I can therefore, given certain calibrated 

parameter values, simulate the theoretical response of the price of consumer durables to 

the estimated dynamic responses of inflation and the interest rate to nominal money 

supply shocks.    

                                                
3 See, for example,Wilcox (1990) and Mankiw (1985) 
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     To implement this solution strategy I follow Campbell (1994).  The strategy involves 

log-linearly approximating the Euler equations and the supply equation, and then solving 

the log-linear system for the equilibrium price.  This allows the theoretical equilibrium 

real price of consumer durables to be a log-linear function of exogenous shocks, as in the 

VAR.  Taking on this approach involves specifying a specific form for the point-in-time 

utility function.  For simplicity, I assume the Cobb-Douglas form: 

 

 ( ) ( ) ( ) ( ).log1log, tttt DCCDU γγ −+=  (8) 

 

Substitute this form of the utility function into (6), the intratemporal trade-off, and make 

approximations for the ratios of gross interest rates to obtain: 

 ( ) ( )( )δτµ
γ

γ
−−−Π+−+=







 −
+++ 111 111

1
ttdtdt
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t
Rpp

D

C
 (9) 

Solving for dtp  and taking logs yields: 

 log(pdt) = log{
Dt

Ct







 −
γ

γ1
+pdt+1[1-δ -(1-τ )Rt+1+Π t+1]} – log(1+ µ ) (10) 

In general, note that the first order Taylor Series approximation of f(y,x) = log(ay+bx) 

around (y0,x0) is: 

 ≈),( xyf log(aYo+bXo)+ 







+ bXoaYo

aYo
[log(Y)-log(Yo)]+ 








+ bXoaYo

bXo
[log(X)-log(Xo)]  

When this approximation is applied to (10), and the constant terms are collected in 1K  

(recall that ( )tClog  is constant by assumption) one gets:  

 tdttdt xpDKp ++−= + )log()log()log( 1211 ωω  (11) 
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for: 
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 ( )12 1 ωω −=  (13) 

Where 





 Π−−= ++ 112

~
ttt Rx ω .  Variables in the form of 0X  are to be evaluated at steady-

state values.  Furthermore, taking logs of (7) yields: 

 

 ])1log[()log( 1 dttt PDD αδ +−=+  (14) 

Applying the Taylor Series approximation to this equation gives us: 

 )log()log()log( 2121 dttt pDKD ϕϕ ++=+  (15) 

for: 
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 ( )12 1 ϕϕ −=  (17) 

It is straightforward to show that the parameters defined above all lie between zero 

and one.  Solving (15) for log (Dt) and substituting into (11) produces the following 

second order difference equation in price: 

 ( )11
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1110 1

1
)log()log()log( −−+ −
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where   





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α .  This is a stock equilibrium condition:  the 

current stock equals the demand to hold the stock.  The stable saddlepath solution of this 

second order difference equation is  

 ( ) ∑
∞
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−−−=
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11)log(
i

it
i

dt vLp λψλ  (19) 

where ( ) ( ) 1
12

1
10 11 −− +−= ϕωλαψ  > 0,  11 −+ −= ttit xxv ϕ  and λ 1 and λ 2 are the roots of 

the appropriate characteristic equation, 010
2 =+− aa λλ .  These roots depend only on 1ω  

and 1ϕ .  Under the conditions of the log-linearization, λ 1 is less than one in absolute 

value and λ 2 is greater than one.  The solution in (19) is written by solving this unstable 

root forward to impose stability.4  One can expand itv +  to see more of the intuition behind 

how shocks to the nominal money supply could affect the demand for consumer durables 

and therefore the equilibrium price: 

 
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or, conversely: 
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This shows that the equilibrium real price of consumer durables depends on the 

difference between the real interest rate in the current period and the real interest rate in 

the next period.  This is the portion of the user cost that is working to change the demand 

for consumer durables when there is a shock to the nominal supply of money.  If the real 

                                                
4 See Sargent (1987). 
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interest rate is declining due to the influence of a nominal money supply increase, then 

itv +  is positive and the real equilibrium price of consumer durables will increase.5  

     Next, analyze the theoretical model’s predicted equilibrium price response to a serially 

uncorrelated shock, ut : 

 ∑
∞

=

++−+ =
0

21

)log(

i t

kitik

t

kdt

u

v

u

p

δ
δ

λψλ
δ

δ
. (22) 

If ut is thought of as a shock to the nominal money supply, then (22) shows the 

theoretical impulse response of the price of consumer durables that is analogous to the 

estimated impulse response function reported in the previous section.  Since the only 

channels through which shocks to the money supply affect the market for consumer 

durables in this model is through the interest rate and inflation, this theoretical price 

response can be simulated by filtering the responses of the interest rate and inflation 

obtained from the VARs in chapter 3 through the right hand side of (22).  In effect, the 

simulation allows us to formally evaluate the model’s prediction regarding the 

relationships among the responses of the price, interest rates, and inflation. 

 

II.c. Simulation Results 

     Figure 1 reports the simulated responses of the theoretical consumer durable price to 

shocks in the nominal money supply for various calibrated parameter values and 

compares them to the estimated consumer durable price response as reported in figure 3 

of chapter 3 (the PPI for durables is used to compute the relative price).  Figure 2 reports 

the simulations for the case where the chain-weighted price index is used for the price of 

                                                
5 The decline in the interest rate must be great enough to offset the fact that the previous period’s interest 

rate is assigned a weight of 21ωϕ  rather than just 2ω , where 1ϕ  is positive and lies between zero and 
one.  
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consumer durables and provides comparison to the estimated price response in figure 4 of 

chapter 3 .  The simulated responses are presented for various values of ω 1 and ϕ 1.  The 

parameter ω 1 varies between .01 and .2 and ϕ 1 takes on values of  .5, .6, .7, .8, and .9.  

Each graph corresponds to different values of ω 1 while plots of the simulation within 

each graph correspond to different values of ϕ 1.  Smaller values of 1ϕ  are associated 

with the higher dotted lines. 

In each graph in figures 4.1 and 4.2, the shaded response is the response of the price 

of consumer durables estimated from the VAR and is the same graph reported in the 

upper left-most panel of figure 3.3 and 3.5 respectively.  For each possible set of 

parameter values, the simulated price response is positive but temporary.  A positive 

shock to the nominal supply of money leads to a decrease in the yield on financial assets 

and an increase in inflation that, according to the theory, will lead to a decrease in the 

user cost of consumer durables thereby increasing the demand for them.  Since the 

elasticity of supply of consumer durables is not infinite, this increase in demand will lead 

to an increase in the equilibrium price.  However, given that the effect of money supply 

shocks on inflation and the interest rate is only temporary, as time passes the user cost 

returns to its original pre-shock level and the demand for consumer durables returns to its 

original state causing the long run price response to be zero.  This “story” of the impact 

of money on the market for consumer durables is reflected both in the empirical 

responses reported in chapter 3 as well as the simulated responses reported here. 

The results shown in figure 4.1 provide informal support for the predictive power of 

the simple frictionless consumer durables model concerning the dynamic price response 

in the face of nominal money shocks for short time horizons for some parameter values. 
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In particular, when ω 1 is equal to .05 and .07 and when ϕ 1 is equal to .5 or .6 the theory 

does a reasonable job of quantitatively matching the estimated price response obtained 

from the VAR, at least over the first 10 months.  For smaller values of 1ω , the predicted 

responses tend to exceed the actual response at almost all horizons.  For larger values, the 

theory under-predicts at short horizons.  The simulated responses, for high values of 1ϕ , 

tend to lie below the estimated responses.  

Figure 4.2 also provides support for the frictionless optimization model.  Notice that 

when 1ω  is .05 the simulated responses closely match the estimated responses, 

particularly when 1ϕ  takes on values of .5, .6, and .7.  As in figure 4.1, when 1ω  takes on 

values of .15 and .2 the simulated responses fall considerably below the estimated 

responses and 1ω  is equal to .01 and .03 the simulated responses overshoot the estimated 

responses.  Also, when the chain-weighted price index is used as the relevant consumer 

durable price the simulated responses stay closer to the estimated responses over longer 

time horizons than when the PPI for consumer durables is used.   

Figure 4.3 reports the simulation results for the relative price of new autos.  The 

shaded area in each graph in figure 4.3 is the estimated impulse response function in the 

upper left-most graph in figure 4.7 in chapter 3.  Once again 1ω  ranges from .01 to .2 and 

1ϕ  takes on values of .5, .6, .7, .8, and .9.  The results presented in figure 4.3 are also 

supportive of the simple optimization model.  Notice that when 1ω  is equal to .03, the 

simulated price response closely matches the estimated price response of new autos.  As 

in the case of all consumer durables, when 1ω  is relatively large (.15 and .2) the model 

under-predicts the estimated price response and when 1ω  is equal to .01, the simulations 
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lie above the estimated response for most time horizons.  It is interesting to note that 

when the price of new autos is analyzed rather than the price of aggregate consumer 

durable goods, the simulated price responses closely match the estimated price responses 

over longer time horizons. 

     Logically, the next issue to address is the feasibility of the parameter values that yield 

a close match between the simulated and estimated responses of the price of consumer 

durables and new autos to money shocks.  The easiest parameter to analyze is ϕ 1.  As 

seen in (15), 1ϕ measures the persistence in the stock of durables due to depreciation rates 

and construction activity.  Monthly depreciation rates for consumer durables and 

automobiles have been estimated to be anywhere from .03% to 2.1%6 and we can expect 

the flow supply of durables to be small relative to the outstanding stock of durables.  

Therefore, values for ϕ 1 in the range of  .7 would seem to be feasible, however, .8 or .9 

may be more accurate. 

     To estimate the plausible magnitude of 1ω , first recall the exact functional form of this 

parameter: 
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Use the intratemporal euler equation (11) along with the Cobb-Douglas utility function to 

note that the left hand side of (11) is equal to 
D

C







 −
γ

γ1
, which shows up in 1ω .  The 

right hand side of (11) consists of observable variables.  Therefore, 1ω  is now solely a 

                                                
6 See Chah, Ramey, and Starr (1995), and Baxter (1996) 
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function of observable variables.  Plugging in steady state values for variables that appear 

on the right hand side of (11) leads to a value of this portion of 1ω  of .0377.  Plugging in 

corresponding steady state values yields a value for 0

~

01 pr 





 −−δ  of .979.  These two 

parameter values lead to a value of ω 1 of approximately .036.  So parameter values for 

ω 1 that give a reasonable fit for the simulation are plausible. 

      

III:  A Dynamic Model of Consumer Durables with Liquidity Constraints 

III.a.  Theoretical Model and Log-Linearization 

The previous section shows that a simple, frictionless dynamic optimization model 

incorporating consumer durable goods does a reasonably good job of predicting the 

dynamic response of the real equilibrium price of consumer durable goods to a nominal 

money supply shock.  Although, this model performs somewhat well in this direction, it 

definitely is not perfect.  In particular, when the price of aggregate consumer durable 

goods is analyzed, the model predicts more persistence in the price response than is 

shown in the estimated responses obtained from the VARs in chapter 3.  Perhaps a more 

complex model would do an even better job of simulating the dynamic price response of 

consumer durables to a nominal money supply shock.   

If consumers are in some way unable to fully finance their desired purchases of 

consumer durables, then the increase in effective demand for these goods brought about 

by an increase in the nominal supply of money may not be as great or as long lived than 

                                                
7 The monthly depreciation rate is set equal to .016, the marginal income tax rate is set equal to .30, and the 
monthly percentage of consumer durable price used on maintenance, repairs, and insurance is set to .015. A 
value of .036 is reached when the means (1959 to 2001) of inflation, interest rates, and prices are used.  
Means are used because the Taylor series approximation is performed around the steady state values of the 
variables. 
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if consumers are free to borrow as they please.  There have been many works that discuss 

liquidity constraints in dynamic optimization models and perform tests for their 

presence.8  As stated in the literature review in chapter 2, liquidity constraints may be the 

most relevant of all additional constraints added to simple frictionless dynamic 

optimization models such as the one presented in the previous section.  

This section extends upon the work in the previous section by applying the solution 

strategy employed above to an intertemporal optimization model of consumer durables 

that incorporates liquidity constraints9.  Begin by assuming that the representative 

consumer maximizes the following intertemporal optimization problem: 

 ( ) ( )∑
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tt
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Note that this is of the same form as above.  The consumer is faced with the following 

constraints: 
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 0≥+ tdtt DPA β  (25) 

The first constraint is the same intertemporal budget constraint used above and all the 

variables are as defined above.  Equation (25) is the liquidity/borrowing constraint.  This 

is what separates this model from the frictionless model.  β  is the portion of durable 

expenditure that is allowed to be financed and is therefore restricted to lie between zero 

and one.  Equation (25) states that the consumer is constrained to have non-negative total 

assets at all time periods.  The consumer is always constrained to have a “liquid” 

                                                
8 See Chah, Ramey and Starr (1995), Alesie, Devereux, and Weber (1997), Lam (1991), Eberly (2000),  
and Carroll (2001). 
9 The following model is almost identical to the model presented in Chah, Ramey, and Starr (1995). 
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portfolio.  Note that if β is allowed to be equal to 1, then purchases of consumer durable 

goods are fully financeble and the constraint is relaxed.  

To solve the model, first substitute the traditional budget equation into the objective 

function.  The conditions for maximization are: 
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 0≥tµ  (28) 

 ( ) 0=+ ttdtt KpA µβ  (29) 

Where 
~

tr  is the after tax real interest rate.  Following convention ( )1+tU c  represents the 

derivative of the utility function with respect to C evaluated at time t+1.  tµ  is the 

shadow price of date t of the nonnegativity constraint controlling the household’s assets. 

Combining (26) and (27) yields the following Euler equation: 
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Notice that (30) is identical to (11) (the Euler equation in the frictionless model) if the 

liquidity constraint is not binding (i.e., if tµ =0).  I will solve this model by imposing a 

positive value for tµ .  I am interested in testing how accurately a liquidity constraint 

model predicts a response of the real price of new autos to a nominal money supply shock 
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compared to a simple frictionless model.  Therefore I assume that the liquidity constraint 

is binding in this model. 

To solve the model, substitute for tµ  from (26).  After working through the algebra, the 

resulting intratemporal Euler equation is: 

 
( )
( ) ( ) ( )

( )
( )

( ) 1

~

1

1

11

1

11
1 +

+








+
−+

−




























+
++

+−= dt
c

ct

c

c
dt

c

D P
tU

tUr

tU

tU
P

tU

tU

ρ
δ

β
ρ

β  (31) 

Let us now analyze this Euler equation in detail.  The left hand side of (31) is the 

marginal rate of substitution between durables and non-durables. The first term in the 

brackets on the right-hand side of (31) is the direct cost of purchasing one unit of a 

durable.  The second term is the discounted opportunity cost of the amount of non-

durable consumption that is lost next period due to the consumer’s repayment of principle 

and interest on the portion of the durable that was financed.  The last term in equation 

(31) is the discounted benefit the consumer derives next period from the resale of the 

non-depreciated durable.  The right hand side of (31) is still to be thought of as the user 

cost of a durable good, but it differs from the expression of the user cost derived from the 

frictionless model due to the presence of the liquidity constraint. 

I formulate the same supply equation as before: 

 tdttt DPDD δα −=−+ 1  (32) 

 
0>α

  

It should be noted once again that this supply equation leaves out possible interesting 

channels, such as interest rates having an effect on the supply of consumer durables.  I 

will also remind the reader that interest rates and inflation are assumed to be exogenous 
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to the market for durables.  Furthermore, I assume that shocks to the money supply do not 

indirectly affect the market for durables through its effect on non-durable consumption.   

I again utilize the Cobb-Douglas utility function to solve the model.  After substituting 

the functional form of the utility function into (31), solving for the price of consumer 

durables, and taking logs, a first order Taylor series approximation yields the following 

price equation: 

 tdttdt xpDKp +Θ+Θ−= + )log()log()log( 1211  (33) 

where: 
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Once again, 0X  is X evaluated at its long run steady state.  0

1−•

C  is the inverse of the 

steady state growth path of non-durable consumption.  The presence of 3Θ  is what 

separates the solution of the liquidity constraint model with that of the frictionless model.  
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Note that if nondurable consumption is assumed to be constant then 0

1−•

C  is equal to one.  

Furthermore, if the long run steady state value of the real after tax interest rate is assumed 

to be the pure rate of time preference then 





 −

~

0 ρr  is equal to zero.  These assumptions 

cause 3Θ  to collapse to β .  This is appealing because it allows for easier calibration of 

the model since β  is simply the percentage of durable purchases that are allowed to be 

debt financed.  These same assumptions cause 1Θ  to be identical to 1ω  in the frictionless 

model.  The only difference between the linearized demand equation in this liquidity 

constraint model (33) and that of the simple, frictionless model (11) appears in tx .  In the 

frictionless model, the coefficient on the real interest rate in tx  is restricted to be 2ω , 

which is ( )11 ω− .  In the liquidity constraint model, the coefficient on the real interest rate 

in tx  is β .  The two models differ to the extent that 2ω  differs from β .  Therefore, the 

models predictions will diverge depending on the calibration of 1ω  as well as the 

percentage of a durable purchase that can be financed.  If in the frictionless model 1ω  is 

set equal to ( )β−1  the frictionless model will predict the same dynamic price response as 

the liquidity constraint model.      

The linear approximation of the supply equation is the same as before: 

 )log()log()log( 2121 dttt pDKD ϕϕ ++=+  (36) 

After solving (36) for log ( )tD  and substituting into (33) one obtains the following second 

order difference equation in price: 
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where 
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α .  The stable saddlepath solution of this 

difference equation is: 
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 and, once again: 

 11 −+ −= ttit xxv ϕ  (40) 

 

Where 1λ and 2λ are the characteristic roots of the same characteristic equation as before 

and 1λ is less than one in absolute value while 2λ  is greater than one.  The unstable root 

is solved “forward” to impose stability.  The theoretical model’s predicted equilibrium 

price response to a serially uncorrelated shock is in the exact same form as above: 
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 I next calibrate the parameters of both the frictionless model and the liquidity 

constraint model to plausible values consistent with long run steady state values of the 

variables of which they are functions. I then filter the responses of interest rates and 

inflation to an exogenous shock to the money supply obtained from the VAR outlined in 

the first section of this chapter into the right side of the steady state equilibrium price 
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response derived from the two models. This allows me to compare how accurately the 

models predict the dynamic response of the real price of consumer durables to an 

exogenous money shock.  The predictive power of the liquidity constraint model is then 

compared to the predictive power of the frictionless model to see which model would 

better serve to analyze policy effects on the market for consumer durables. 

 III.b. Simulation Results 

Figure 4.4 reports the simulation results for the liquidity constraint model for the 

price of aggregate consumer durable goods when the producer price index is used to 

construct the relative price of consumer durable goods and when β = .9.  Figure 4.5 

reports the same results when the chain-weighted price index is used to compute the real 

price of consumer durables.  1Θ  is allowed to vary from .01 to .2 as it is the same 

parameter as 1ω  in the frictionless model.  Also, as before, 1ϕ  takes on values of .5, .6, 

.7, .8, and .9.  Once again, lower values of 1ϕ  correspond to the higher dashed lines in 

each graph.  As before, the shaded area represents the corresponding estimated responses 

obtained from the VAR estimations presented in chapter 3.   Notice that when purchases 

of consumer durables are allowed to be 90% debt financed the simulations present for the 

liquidity constraint model closely match those for the frictionless model.  This is to be 

expected since as β  approaches one the liquidity constraint is relaxed. 

Figures 4.6 and 4.7 report the simulation results for the relative price of aggregate 

consumer durables using the PPI for durables and the chain-weighted price index for 

durables, respectively, when β =.6.  These simulations are therefore constructed when 

consumers are faced with a considerably “tighter” borrowing constraint than when β  is 

equal to .9.  When aggregate consumer durable purchases are only 60% financeable, the 
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simulated responses more closely match the estimated responses for smaller values of 1Θ  

than when consumer durable purchases are 90% financeable.  The values of 1Θ  that yield 

the closest match between the simulated responses and the estimated responses are .07 

and .05 when the constraint is only loosely binding ( β =.9).  Conversely, the values of 

1Θ  that produce the tightest fit are .05 and .03 when consumers can only finance 60% of 

their purchases of durable goods.  Recall in the previous section that 1ω  was found to be 

approximately equal to .036 when an attempt was made to arrive at an exact value for this 

parameter.  Since 1Θ  in the liquidity constraint model is identical to 1ω  in the frictionless 

model, the results of the simulations in figures 4.4 through 4.7 may indicate that the 

market for aggregate consumer durables may be one in which liquidity/borrowing 

constraints are indeed binding. 

Now let us analyze figures 4.8 and 4.9.  These figures present the simulation results 

for the response of the relative price of new automobiles to a nominal money supply 

shock.  Figure 4.8 reports the simulations when purchases of new automobiles are 

allowed to be 90% debt financed.  As in the frictionless simulations, values of .03 and .05 

for 1Θ  give the tightest fit of the simulated responses to the estimated responses when 

β =.9, with .03 yielding the closer fit.  Figure 4.9 shows that the simulated responses lie 

closest to the estimated responses when 1Θ  is equal to .01 and .03 when new automobile 

purchases can only be 60% financed, with .01 providing the closer fit if the two.  The 

results of figures 4.8 and 4.9 tell us that, if .036 is to be taken seriously as our actual 

estimated value for 1Θ , it seems to be the case that the market for new automobiles is 

best characterized as one where consumers are not faced with tight borrowing constraints. 
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IV:  Conclusion 

This chapter attempts to explain if the empirical dynamic price responses obtained in 

chapter 3 can be explained by dynamic optimizing behavior.  This is done by simulating 

the dynamic response of the approximate equilibrium real price of consumer durables 

implied by both a frictionless dynamic optimization model and one that incorporates 

liquidity constraints.  These implied responses are then compared to the estimated 

empirical responses obtained from the VARs in chapter 3 to test and compare the 

predictive power of the two dynamic models presented.  The models are solved by a 

method suggested by Campbell (1994), which consists of log-linearizing the equations of 

the model to obtain approximate analytic solutions.  This method has previously not been 

applied to the market for consumer durable goods.   

The results indicate that the frictionless optimization model does a reasonable job of 

accurately predicting the dynamic response of the relative price of aggregate consumer 

durables and new automobiles for plausible calibrated parameter values.  However, the 

match between the simulated responses and the estimated responses is hardly perfect.  In 

particular, the frictionless model seems to predict too much persistence in the price 

response, especially when the market for aggregate consumer durables is analyzed. 

The dynamic optimization model incorporating liquidity constraints is introduced in 

an attempt to improve upon the results of the frictionless model.  It is shown that this 

model presents the closest fit for calibrated values of the parameters in the model that 

may be more realistic than the calibrated parameter values that provide the closest fit for 

the frictionless model.  This is especially true for the relative price response of aggregate 

consumer durable goods.  The results indicate that the market for aggregate consumer 
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durables may be best described as one in which consumers are faced with binding 

borrowing constraints, while the market for new automobiles is relatively void of binding 

constraints in the credit market.     

 

             



 

Figure 4.1: Simulation for Price of Consumer Durables (PPI)
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Figure 4.2: Simulation for Price of Consumer Durables (CWPI)
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Figure 4.3: Simulation for Price of New Cars
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Figure 4.4: Simulation for Price of Consumer Durables (PPI)-L.C. Model-B=.9
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Figure 4.5: Simulation for Price of Consumer Durables (CWPI)-L.C. Model-B=.9

theta1=       0.01000

5 10 15 20 25 30 35 40 45 50 55 60 65 70

0.000

0.001

0.002

0.003

0.004

0.005

0.006

0.007

theta1=       0.03000

5 10 15 20 25 30 35 40 45 50 55 60 65 70

0.000

0.001

0.002

0.003

0.004

0.005

0.006

0.007

theta1=       0.05000

5 10 15 20 25 30 35 40 45 50 55 60 65 70
0.000

0.001

0.002

0.003

0.004

0.005

0.006

0.007

theta1=       0.07000

5 10 15 20 25 30 35 40 45 50 55 60 65 70
0.000

0.001

0.002

0.003

0.004

0.005

0.006

0.007

theta1=       0.09000

5 10 15 20 25 30 35 40 45 50 55 60 65 70

0.000

0.001

0.002

0.003

0.004

0.005

0.006

0.007

theta1=       0.10000

5 10 15 20 25 30 35 40 45 50 55 60 65 70

0.000

0.001

0.002

0.003

0.004

0.005

0.006

0.007

theta1=       0.15000

5 10 15 20 25 30 35 40 45 50 55 60 65 70
-0.001

0.000

0.001

0.002

0.003

0.004

0.005

0.006

0.007

theta1=       0.20000

5 10 15 20 25 30 35 40 45 50 55 60 65 70
-0.001

0.000

0.001

0.002

0.003

0.004

0.005

0.006

0.007



 

Figure 4.6: Simulation for Price of Consumer Durables (PPI)-L.C. Model-B=.6
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Figure 4.7: Simulation for Price of Consumer Durables (CWPI)-L.C. Model-B=.6

theta1=       0.01000

5 10 15 20 25 30 35 40 45 50 55 60 65 70

0.000

0.001

0.002

0.003

0.004

0.005

theta1=       0.03000

5 10 15 20 25 30 35 40 45 50 55 60 65 70

0.000

0.001

0.002

0.003

0.004

0.005

theta1=       0.05000

5 10 15 20 25 30 35 40 45 50 55 60 65 70

0.000

0.001

0.002

0.003

0.004

0.005

theta1=       0.07000

5 10 15 20 25 30 35 40 45 50 55 60 65 70

0.000

0.001

0.002

0.003

0.004

0.005

theta1=       0.09000

5 10 15 20 25 30 35 40 45 50 55 60 65 70

0.000

0.001

0.002

0.003

0.004

0.005

theta1=       0.10000

5 10 15 20 25 30 35 40 45 50 55 60 65 70

0.000

0.001

0.002

0.003

0.004

0.005

theta1=       0.15000

5 10 15 20 25 30 35 40 45 50 55 60 65 70

-0.001

0.000

0.001

0.002

0.003

0.004

0.005

theta1=       0.20000

5 10 15 20 25 30 35 40 45 50 55 60 65 70

-0.001

0.000

0.001

0.002

0.003

0.004

0.005



 

Figure 4.8: Simulation for Price of New Cars-L.C. Model-B=.9
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Figure 4.9: Simulation for Price of New Cars-L.C. Model-B=.6
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Chapter 5:  Conclusion 
 

 

This dissertation presents two main findings.  First empirical results are presented that 

show real dynamic effects of nominal money supply shocks on the market for consumer 

durable goods.  Second, it is shown that dynamic optimizing representative agent models 

incorporating consumer durables do a nice job of simulating the dynamic response of the 

real equilibrium price of consumer durables to a nominal money supply shock.  The first 

finding is important because it adds to the body of evidence pertaining to the short run 

real effects of changes in the nominal supply of money.  The second finding is important 

because it provides support for the use of dynamic, rational expectation, optimization 

models of consumer durable goods for policy analysis. 

Chapter 3 presents the empirical evidence of the real dynamic effects of nominal 

money supply shocks on the market for consumer durable goods.  Results are presented 

for both the aggregate consumer durable goods market as well as the market for new 

automobiles.  It is shown that nominal money supply shocks cause short run increases in 

both the relative price and real expenditure of aggregate consumer durables and new 

autos.  Furthermore, this estimated increase in the relative price of consumer durables 

resulting from a shock to the nominal money supply is found to be robust across different 

measures of the real price of consumer durables as well as across different estimated 

models.   
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Chapter 3 employs a variety of vector autoregressions to estimate the response of the 

market for consumer durable goods to nominal money supply shocks.  Imposing nothing 

more than long-run monetary neutrality identifies these vector autoregressions.  Long-run 

monetary neutrality has almost reached the status of a stylized fact in macroeconomics 

and the identification scheme employed based on this assumption has wide precedent 

throughout the literature in macroeconomic time series analysis. 

Chapter 4 asks if the empirical dynamic price responses obtained in chapter 3 can be 

explained by dynamic optimizing behavior.  This question is answered by simulating the 

dynamic response of the approximate equilibrium real price of consumer durables 

implied by both a frictionless dynamic optimization model and one that incorporates 

liquidity constraints.  These implied theoretical responses are then compared to the actual 

estimated empirical responses obtained from the various empirical models presented in 

chapter 3.  The purpose is to measure and compare the predictive power of a frictionless 

dynamic optimization model and one that incorporates liquidity/borrowing constraints.  

The models are solved by Campbell’s (1994) method.  Campbell (1994) suggests log-

linearizing the equations of the models to obtain approximate analytic solutions.  This 

method has previously only been applied to real business cycle theories and has yet to be 

applied to models of consumer durable goods.   

The results of chapter 4 indicate that the frictionless optimization model does a 

reasonable job of accurately predicting the dynamic response of the relative price of 

aggregate consumer durables and new automobiles.  However, the simulations do not 

perfectly match the estimated impulse response functions obtained in chapter 3.  In 
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particular, the frictionless model predicts excessive persistence in this price response, 

especially in the market for aggregate consumer durable goods. 

The dynamic optimization model incorporating liquidity constraints presents the 

closest fit between the simulated dynamic relative price response of consumer durables to 

a nominal money supply shock and the actual estimated response for calibrated parameter 

values that may be more realistic than the calibrated parameter values that provide the 

closest fit for the frictionless model.  This is especially true for the equilibrium price 

response of aggregate consumer durables.  The results of chapter 4 indicate that the 

market for aggregate consumer durables may be best described as one in which 

consumers are faced with binding borrowing constraints, while the market for new 

automobiles is relatively void of binding constraints in the credit market.     

It is important to note that this dissertation incorporates a number of assumptions that 

may be relaxed for future research.  The supply schedule for consumer durables presented 

in this dissertation is a very simple one that ignores many possibly interesting channels 

(such as interest rate effects on the supply of consumer durables).  Also, interest rates and 

inflation are assumed to be exogenous to the market for consumer durable goods.  This 

assumption ignores possible feedback effects from the market for consumer durable 

goods to stabilization policy.  Furthermore, a more complex utility function could be 

utilized.  Also, the assumption that money supply shocks do not indirectly affect the 

market for consumer durables through their effect on non-durables could also be relaxed.   

The door is definitely open for additional work following in the footsteps of this 

dissertation.  Future research along the line of this dissertation could incorporate various 

additional features of the market for consumer durables such as transactions costs and 



 74

upper and lower bounds governing stock adjustment.  Also, the recent work regarding the 

introduction of hyperbolic discount functions into dynamic optimization models may 

provide fruitful extensions.  
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DATA APPENDIX 
 
 

In this appendix I will explain how the BEA computes its chain weighted price 

indices as well as give some additional detail regarding other data series I employ in this 

dissertation.  First of all, the BEA defines a durable good as a tangible good that can be 

stored or inventoried and has an average life of at least three years.  Personal 

consumption expenditure on these goods is purchases by U.S. residents and consists 

mainly of purchases of new goods by individuals from private business.  In addition, 

personal consumption expenditure includes purchases by non-profit organizations, net 

purchases of used goods by individuals and non-profit organizations, and purchases 

abroad by U.S. residents. 

To compute the chain weighted price index, the BEA uses the following formula: 
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Where tp  is the price of the good in question in year t.  The BEA uses this method 

because in many cases where a fixed-weight index is used, the measured growth rate in a 

variable can depend on which base year is used.  This method corrects for this potential 

shortfall by not using a fixed base period to compute the price index. 

Finally, I use personal consumption on new autos in chained 1992 dollars.  The BEA 

computes this series by multiplying the 1992 current dollar value by a corresponding 

quantity index number divided by 100.  For example, if personal consumption 

expenditure on durable goods is equal to $100 in 1992, and if in 1993 real expenditure on 
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these goods increased by 10%, then the chained (1992) dollar value of this variable 

would be ( )10.1100$110$ ×  in 1993.     



 77

References: 
 
 

Adda, Jerome, and Cooper, Russell. “The Dynamics of Car Sales:  A Discrete Choice 
Approach”.  NBER Working Paper Series, July 2000, working paper # 7785. 

 
Alessie, Rob; Michael P. Devereux; and Guglielmo Weber. “Intertemporal Consumption, 

Durables and Liquidity Constraints: A Cohort Analysis”. European Economic 
Review. 41 (1997), 37-59. 

 
Angelots, George-Marios, et. al. “The Hyperbolic Consumption Model:  Calibration, 

Simulation, and Empirical Evaluation”.  Journal of Economic Perspectives, 15, no. 3 
(Summer 2001) 47-68. 

 
Baxter, Marianne. “Are Durables Important for Business Cycles?” The Review of                                                           
      Economics and Statistics, v78, n1 (February 1996): 147-55. 

 
Bernanke, Ben S. “Permanent Icome, Liquidity, and Expenditure on Automobiles: 

Evidence from Panel Data”. The Quartetly Journal of Economics,  99, 587-614. 
 
Bernanke, Ben S. “Adjustment Costs, Durables, and Aggregate Consumption”. Journal 

of  Monetary Economics, 15 (1985) 41-68. 
 
Blanchard, Oliver J., and Danny Quah. “The Dynamic Effects of Aggregate Demand and 
      Supply Disturbances.” American Economic Review, 79 (September 1989), 655-73. 
 
Browning, Martin. “The Intertemporal Allocation of Expenditures on Non-durables and   
      Durables.” Canadian Journal of Economics, 82, 22-36. 
 
Carroll, Christopher D. “A Theory of the Consumption Function, With and Without 

Liquidity Constraints”. Journal of Economic Perspectives, 15, no.3 (Summer 2001) 
23-45. 

 
Campbell, John Y. “Inspecting the Mechanism” Journal of Monetary Economics, 1994, 
     463-506. 
 
Chah, Eun Young, Ramey, Valerie A., and Ross M. Starr. “Liquidity Constraints and 
     Intertemporal Consumer Optimization: Theory and Evidence from Durable Goods” 
     Journal of Money Credit and Banking, 27 (February 1995) 272-287. 
 
Christiano, Lawrence J., “Why Does Inventory Investment Fluctuate So Much?” Journal 
 Of Monetary Economics, 21, 247-280 



 78

Christiano, Lawrence J.; Martin Eichenbaum and Charles L. Evans. “The Effects of   
Monetary Policy Shocks: Evidence from the Flow of Funds”. The Review of 
Economics and Statistics, February 1996, 16-34. 

 
Christiano, Lawrence J., Martin Eichenbaum and Charles L. Evans. “Sticky Price and 
     Limited Participation Models: A Comparison,” European Economic Review, 1997, 
     1201-49. 
 
Cooley, Thomas F. and Mark Dwyer. “Business Cycle Analysis without much Theory: A 
     Look at Structural VARs” Journal of Econometrics, 83, 1998, 57-88. 
 
Eberly, Janice C. “Adjustment of Consumers’ Durables Stocks:  Evidence from 

Automobile Purchases”. Journal of Political Economy, 102 (1994), 403-436 
 
Enders, Walter (1995).  Applied Economic Time Series, John Wiley and Sons, Inc. 
 
Faust, Jon and Eric M. Leeper. “When do Long-Run Identifying Restrictions Give 
     Reliable Results?” Journal of Business and Economic Statistics, July 1997. 
 
Fleissig, Adrian R. “The Consumer Consumption Conundrum: An Explanation,” Journal 
     of Money Credit and Banking, 29 (May 1997), 177-191. 
 
Greene, William H. (1997). Econometric Analysis, New York University, Prentice-Hall. 
 
Hamburger, Michael. “Interest Rates and the Demand for Consumer Durable Goods”. 
 American Economic Review, LV11 (Dec. 1967), 1131-1153. 
 
Hamilton, J. (1994). Time Series Analysis, Princeton: Princeton University Press. 
 
Hansen, Lars, and Sargent, Thomas. “Straight Time and Overtime in Equilibrium”.  
     Journal of Monetary Economics, 21, (1988), 281-308. 
 
Kau, James B. and Donald Keenan. “The Theory of Housing and Interest Rates” Journal 
     of Financial and Quantitative Analysis, XV(4), November 1980, 833-47. 
 
Kretzmer, Peter E. “The Cross Industry Effects of Unanticipated Money in an 

Equilibrium Business Cycle Model”. Journal of Monetary Economics, 23 (1989) 275-
296.  

 
Kydland, Finn E., and Edward Prescott. “Time to Build and Aggregate Fluctuations”. 
 Econometrica, 50, 1345-1370. 
 
Lam, Pok-Sang. “Permanent Income, Liquidity, and Adjustments of Automobile Stocks:  

Evidence from Panel Data”. Quarterly Journal of Economics, February 1991, 203-
230. 

 



 79

Landefeld, Steven J., and Parker, Robert P. “BEA’s Chain Indexes, Time Series, and 
Measures of Long-Term Economic Growth”. Survey Of Current Business, May 1997, 
58-68.  

 
Lastrapes, William D. “International Evidence on Equity Prices, Interest Rates and 
     Money,” Journal of International Money and Finance, 1998, 377-406. 
 
Lastrapes, William D. “The Real Price of Housing and Money Supply Shocks: Time 
     Series Evidence and Theoretical Simulations,” Journal of Housing Economics, 11 

(2002) 40-74. 
 
Lastrapes, William D., and Selgin, G., 1995. “The Liquidity Effect: Identifying Short-

Run Interest Rate Dynamics Using Long-Run Restrictions”. Journal of 
Macroeconomics, 17, 387-404. 

 
Loo, Clifton Mark and William D. Lastrapes. “Identifying the Effects of Money Supply 

Shocks on Industry-Level Output”. Journal of Macroeconomics, 20 (1998), 431-449.  
 
Ludvigson, Sydney. “The Channel of Monetary Transmission to Demand:  Evidence 

from the Market for Automobile Credit”. Journal of Money, Credit, and Banking, 30 
(1998), 365-383. 

 
Mankiw, N. Gregory. “Hall’s Consumption Hypothesis and Durable Goods”. Journal of 

Monetary Economics, 10 (1982), 417-425. 
 
Mankiw, N. Gregory. “Consumer Durables and the Real Interest Rate,” The Review of 
     Economics and Statistics, LXVII (August 1985),353-362. 
 
Mishkin, Frederick S. “Illiquidity, Consumer Durable Expenditure, and Monetary 
     Policy,” The American Economic Review, Vol. 66, no.4, 642 – 653. 
 
Mishkin, Frederic S. “Monetary Policy and Liquidity: Simulation and Results”. 

Economic Inquiry, XVI (1978), 16-36.  
 
Obstfeld, Maurice and Kenneth Rogoff, Foundations of International Macroeconomics, 
     MIT Press, 1996. 
 
Ruiter, Marcel de and David Smant. “The Household Balance Sheet and Durable 

Consumer Expenditures: An Empirical Investigation for The Netherlands, 1972-
1993”. Journal of Policy Modeling, 21(2), 243-274. 

 
Sargent, Thomas, 1987, Macroeconomic Theory, Academic Press, 2nd. Edition. 
 
Startz, Richard. “The Stochastic Behavior of Durable and Nondurable Consumption”. 

Review of Economics and Statistics, 1989, 356-363. 
 



 80

U.S. Department of Commerce. BEA. Personal Consumption Expenditure Methodology       
Paper Series. Mp-6. Washington, D.C.: U.S. Government Printing Office. June 1990. 

 
Wilcox, James A. “Nominal Interest Rate Effects on Real Consumer Expenditure,” 
     Business Economics, October 1990, 31-37. 
 
Wilson, Bradley K. “The Aggregate Existence of Precautionary Saving: Time Series  
    Evidence from Expenditures on Nondurable and Durable Goods,” Journal of 
     Macroeconomics, 20 (Spring 1998), no.2, 309-323.  
 
 

 
 

 


