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Evaluating Prior Beliefs in a 
Demand System: The Case of Meat 
Demand in Canada 
James A. Chalfant, Richard S. Gray, and Kenneth J. White 

An almost ideal demand system for meats is estimated using Canadian data. A Bayesian 
approach is used to impose inequality restrictions on substitution elasticities, via Monte 
Carlo integration and importance sampling, in order to conform with prior beliefs about 
curvature and monotonicity restrictions and substitution relationships. Results are more 
consistent with the concavity and monotonicity restrictions from demand theory than 
with the added restriction that all meats are substitutes. 

Key words: almost ideal demand system, Bayesian inference, inequality constraints, 
meats demand. 

The widespread use of flexible functional forms 
in demand analysis has given researchers the 
ability to model consumer preferences with no 
restrictions on the nature of substitution or com- 
plementarity relationships between pairs of goods. 
Unfortunately, theoretical restrictions automat- 
ically met by simpler forms need not hold with 
flexible forms, so estimated demand systems 
often conflict with prior beliefs. Symmetry and 
homogeneity restrictions may be violated when 
tested, but they are generally imposed using 
equality restrictions on the parameters of the 
model. 

More difficult are restrictions represented as 
inequality constraints. It is common to observe 
predicted budget shares outside the 0-1 inter-
val, violating monotonicity, or violation of cur- 
vature restrictions, reflected in a matrix of elas- 
ticities of substitution between goods that is not 
negative semidefinite. Thus, the researcher who 
desires to approximate arbitrary preferences often 
ends up with an approximation that suggests that 
they are badly behaved. 
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In this paper we show how to impose the in- 
equality constraints of monotonicity and con-
cavity of the consumer's expenditure function, 
using an almost ideal demand system for per 
capita consumption of meats and fish in Can- 
ada. While one might expect that many of the 
factors affecting U.S. consumption have also 
been present in Canada, relative prices have not 
always been similar. In particular, while beef 
and pork are, to a large extent, freely traded be- 
tween the two countries, live poultry and poul- 
try meat are not. During the early 1970s, Can- 
ada introduced a supply management scheme 
under Article 1 l(c) of GATT. Under this scheme, 
domestic prices have been supported above U.S. 
prices through production quotas for producers 
within Canada and import quotas to restrict trade. 
As a result, some of the relative decline in rel- 
ative poultry prices that has occurred in the United 
States since 1970 was not observed in Canada. 

In addition to the inequality restrictions from 
consumer theory, we suggest a new set of in- 
equality restrictions not generally imposed on a 
demand system, but which have a compelling 
motivation. It seems reasonable to expect that 
no pair of foods that play essentially the same 
role in the diet should be complements. One 
thinks of coffee and cream or beef and gravy, 
but not beef and fish as complementary items. 
Yet, complementarity is common when flexible 
forms are estimated. In many applications, an 
intermediate case between the rigidity of Cobb- 
Douglas or CES preferences and the flexible form 
would be desirable. 

Copyright 199 1 American Agricultural Economics Association 
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While inequality restrictions on the signs of 
elasticities of substitution are suggested by em- 
pirical observation, rather than the underlying 
theory, they seem just as important as compat- 
ibility with theory in judging the degree to which 
an estimated demand system conforms to prior 
beliefs about consumer behavior. For applica- 
tions such as this one, then, the constraint that 
all meats are substitutes can be viewed as an- 
other requirement that any well-behaved de- 
mand system must satisfy. 

We make use of a Bayesian approach based 
on Geweke's (1986, 1988, 1989) work. He shows 
how to make inferences about or impose in- 
equality restrictions in regression models. Chal- 
fant and White used his method to impose cur- 
vature and monotonicity restrictions on the 
translog cost function but did not address re- 
strictions on individual elasticities of substitu- 
tion. 

There are farmliar alternatives to imposing prior 
beliefs with the Bayesian approach. One can al- 
ways search over flexible forms to find one that 
is consistent with the desired restrictions but with 
the obvious consequences for inferences once a 
well-behaved demand system has been obtained 
(Judge and Bock). Alternatively, inequality re- 
strictions can be imposed through constraints on 
a maximum-likelihood estimation procedure. 
Unfortunately, such constraints are difficult to 
interpret statistically (e.g., Gallant and Golub, 
Hazilla and Kopp, Wolak); the usual likelihood 
ratio test does not apply, for instance. Even if 
testing the restrictions is not the goal, imposing 
inequality constraints in this manner is likely to 
yield parameter values that lie on one of the 
constraints. For instance, constraining a demand 
elasticity to be nonpositive may well produce a 
vertical demand curve if the constraint is bind- 
ing. Thus, a constrained maximum-likelihood 
approach is neither intuitively satisfying nor sta- 
tistically attractive. 

The next section discusses the almost ideal 
demand system. The Bayesian approach to in- 
equality restrictions then is described in detail, 
followed by the application to meats demand. 
The data are described and demand system es- 
timates are obtained for curvature and monoton- 
icity restrictions alone and then with the added 
restriction that all meats are substitutes. 

The Almost Ideal Demand System 

Demand theory suggests that the demand for a 
good should be a function of its price, the prices 
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of other goods, and income. In order to estimate 
demand relationships in a system of a reason- 
able size. it is common to invoke weak seDa- 
rability; choices concerning the allocation of ex- 
penditures among a subset of goods consumed 
are assumed to be made independently from the 
prices of goods outside that group. For exam- 
ple, the quantity of beef consumed is likely to 
be a function of the prices of beef, pork, chicken, 
fish, and total expenditure on meat but is not a 
function of the price of bananas. ' 

Whether or not it is appropriate to assume 
separability for a demand system is an 
empirical question. Theory suggests that any 
partial demand system representing the separa- 
ble parts of larger systems should satisfy the 
conditions of symmetry, homogeneity, mono-
tonicity, and concavity. Indeed, one interpre- 
tation of these conditions not holding in an es- 
timated system is that the goods included in the 
demand system do not make up a separable 
group-a relevant price has presumably been 
omitted. Violation of those conditions also may 
indicate the presence of structural change, ag- 
gregation bias, or some other specification er- 
ror. 

Deaton and Muellbauer suggested the almost 
ideal demand system as a particular represen- 
tation of price-independent, generalized loga- 
rithmic (PIGLOG) preferences. Such prefer-
ences are consistent with the aggregation of 
individual preferences. In addition, the func- 
tional form they chose is locally flexible in the 
sense used by Diewert and Barnett-it can at- 
tain arbitrary values for substitution elasticities 
at a given set of prices. 

The equations for budget shares take the fol- 
lowing form: 

M 

where PI is the jth good's price, x denotes total 
expenditure on the M goods, and P is a price 
index. The specification of the underlying ex-
penditure function introduced by Deaton and 
Muellbauer leads to the expression 

M 

' Except, of course, to the extent that the prices of goods outside 
the group under study affect the total group expenditure, perhaps 
in a preliminary stage of allocating expenditures to aggregates such 
as meats, other foods, shelter, etc. 
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but this model, which is nonlinear in the param- 
eters, is usually not estimated (for an exception, 
see Georgantelis, Phillips, and Zhang). More 
common is to follow the advice of Deaton and 
Muellbauer and replace this expression for In P 
with Stone's geometric price index 

M 


In P = CS, log P ,  
k =  1 

giving rise to an approximate almost ideal de- 
mand system that Blanciforti and Green (1983a, 
b) termed the linear approximate model because 
it is linear in parameters. 

For either model, a system of these share 
equations can be estimated to obtain parameter 
estimates, and simple formulas convert the pa- 
rameter estimates to elasticities. The system is 
easily restricted to satisfy symmetry ( Y , ~= 
yj, V i, j )  and homogeneity (Czl  yr1 = 0 V i). 
The adding-up property holds, given these re- 
strictions, provided that CM, a, = 1 and CMl p, 
= 0. Concavity or monotonicity restrictions are 
more difficult because they involve multiple in- 
equality restrictions on the parameters. For con- 
cavity, the matrix of second derivatives of the 
expenditure function, or equivalently, of elas- 
ticities of substitution, must be negative semi- 
definite. For monotonicity, predicted budget 
shares must all be between 0 and 1 to ensure 
that predicted quantities consumed are 
Such restrictions are difficult to impose using 
most econometric packages and even harder to 
interpret statistically. 

As with other flexible functional forms, elas- 
ticities are not constant with respect to prices 
and expenditures. The income elasticity of de- 
mand for good i is 

for either specification of the price index. The 
Marshallian elasticity of demand for good i with 
respect to price j in the nonlinear model is 

where 6 ,  equals 1 when i = j and 0 otherwise. 

Chapter 3 of Varian, or a comparable text, provides further de- 
tails concerning the restrictions from consumer theory. 

Amer. J .  Agr. Econ. 

The implied compensated price elasticity (77;) 
or elasticity of substitution (a;,) can then be ob- 
tained by manipulating the Slutsky equation in 
elasticity form: 

which yields, for the elasticity of substitution, 

The term in square brackets disappears if Stone's 
price index is used, leaving 

Green and Alston noted that the latter formula 
is obtained for the linear-approximate model only 
if the budget shares appearing in Stone's price 
index are treated as exogenous, and they offered 
alternative formulas to accommodate this prob- 
lem. However, the Monte Carlo results in Fos- 
ter, Green, and Alston show that, if the nonlin- 
ear model is viewed as the underlying demand 
system and the linear-approximate model is in- 
deed viewed as an approximation, the simpler 
formula provides a good approximation. This can 
be seen by noting that for homothetic models 
(where each p, = O), the two formulas are iden- 
tical, and for nonhomothetic models, the dis- 
crepancy is likely small. 

A final practical advantage of the simpler for- 
mulas is that they remain consistent with the in- 
come elasticity 77, above, whereas treating the 
budget shares in the price index as endogenous 
means that the model no longer will be char- 
acterized by these income elasticities. Deaton 
and Muellbauer noted that these elasticities were 
an advantage of the almost ideal model. In the 
application below, the simpler formulas are used, 
but the method would also apply with the "true" 
nonlinear model or the Green and Alston for- 
mulas. 

The Bayesian Approach to Testing 
Inequality Restrictions 

An alternative approach to imposing inequality 
restrictions in a demand system is made possible 
using a Bayesian approach. which permits the 
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formal inclusion of such prior information. Often, 
prior information can be imposed by choice of 
functional form. An extreme case is the Cobb- 
Douglas utility function, which would impose 
all of the restrictions from consumer theory plus 
some less desirable ones, such as additivity of 
preferences and that elasticities of substitution 
are each one. The latter restriction might lead 
one to question the stability of a demand sys- 
tem, for instance, if substitution patterns in re- 
sponse to relative price changes were not con- 
sistent with the assumed elasticities. Thus, 
flexible functional forms are a preferred alter- 
native. 

Symmetry and homogeneity restrictions from 
demand theory represent prior information that 
is often imposed on flexible forms through 
equality restrictions on the parameters. Such re- 
strictions reduce the dimensionality of the pa- 
rameter space when demand systems based on 
these forms are estimated; the symmetry and ho- 
mogeneity restrictions, for instance, provide 
considerable gains in degrees of freedom. Prior 
information taking the form of an inequality re- 
striction is less informative than such equality 
restrictions, in the sense that this information 
serves to truncate the parameter space, rather than 
reduce the number of free parameters. For in- 
stance, a particular parameter 0 may be re-
stricted to be positive. Conventional approaches 
to estimation do not permit the formal inclusion 
of such information (e.g., Judge et al.), and most 
econometric packages do not permit such re-
strictions to be imposed. 

The problem of prior beliefs that take the form 
of inequality constraints is easily handled in the 
context of Bayesian inference. The Bayesian ap- 
proach begins with a prior density function, de- 
fined over the vector of parameters, 8, call it 
p(8).3 This prior density summarizes all of the 
information the researcher has about 0 prior to 
estimation. Specifying p(8) permits the formal 
inclusion of information about the parameters. 
For instance, if a particular parameter is con- 
sidered equally likely to be positive or negative, 
a zero median characterizes the marginal prob- 
ability density function used to describe prior 
beliefs about that parameter. If there is no prior 
information about 8, p(8) is simply defined to 
be proportional to a constant over all real num- 
bers, thus making it an improper density and a 

See Zellner (1971) or Judge et al. for much more detailed de- 
scriptions of the properties of the Bayesian approach. An excellent 
introduction to inequality restrictions in the Bayesian framework is 
provided by Griffiths. 
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so-called "diffuse prior. " Alternatively, p(8) 
could be a proper density function that reflects 
various beliefs about 0 in the form of probability 
statements. A very simple case is the prior p.d.f. 
which says that 8 is contained in some region D 
with probability one: 

where cc denotes "is proportional to"; D may be 
an open or closed interval, depending on the ap- 
plication. We consider below how such a prior 
density can be used to represent prior informa- 
tion about the parameters of a demand system. 

Bayes' theorem shows how to combine prior 
and sample information to obtain a posterior 
distribution for the parameters in 8 given a data 
set y: 

f ( 0 1 ~ )  ~ ( 8 )  L(Bly), 

where L(.) is the likelihood function based on 
the observed data. Unlike the sampling-theo- 
retic approach to estimation, the Bayesian ap- 
proach recognizes that posterior beliefs are con- 
ditional on the observed data set rather than 
emphasizing the performance of estimators in 
repeated samples. 

The posterior distribution f ( 0 1 ~ )  summarizes 
all information available about 0, both prior and 
sample information. It can serve as the end re- 
sult of an investigation, or it can be used to cal- 
culate confidence intervals and probabilities re- 
lated to hypotheses about 8 or to obtain a point 
estimate of 8 or some related quantity such as a 
demand elasticity. The optimal point estimate 
for 8 depends on the investigator's objective 
function. Constrained maximum-likelihood es- 
timation, which yields the mode of the posterior 
distribution as a point estimate, corresponds to 
a "zero-one" loss function (e.g., Zellner 1988). 
This is an implausible loss function, in that it 
places the same weight on being wrong for es- 
timates arbitrarily close to the true 0 and for 
choices very far from that value. More reason- 
able loss functions can be imagined, and dif- 
ferent point estimates will result. For instance, 
if the investigator's loss function is quadratic, 
the mean of the posterior distribution for 8 min- 
imizes expected loss (e.g., Judge et d . ) .  All that 
is needed, then, to find Bayesian point estimates 
of the parameters of a demand system is a means 
to describe prior beliefs in the form of inequality 
restrictions using p(0), a way to obtain the pos- 
terior density function, and then a way to find 
its mean. 

Below we illustrate this approach using the 
quadratic loss function. With the inequality re- 
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strictions imposed, it is straightforward to ob- 
tain the mean of the posterior distribution, call 
it 8. This serves as the optimal point estimate 
of the parameters of the demand system. 

Also of interest is some measure of the plau- 
sibility of the restrictions, given the data. Sup- 
pose prior beliefs are completely uninformative; 
that is, all parameter values are considered equally 
likely. In this case, the sample information 
dominates the posterior density function and an 
optimal point estimate is the mean of the (un- 
restricted) posterior distribution. The probabil- 
ity that the restrictions are correct can be cal- 
culated using the unconstrained posterior density. 
This probability is interpreted as the degree of 
belief that the restrictions are true, based on ob- 
served data, found by obtaining the probability 
that 8 lies in 2. 

Both restrictions on the signs of substitution 
elasticities and restrictions on the entire matrix 
of substitution elasticities, to satisfy curvature 
restrictions, can be examined by calculating 
substitution elasticities. To evaluate these in- 
equality restrictions, then, the behavior of elas- 
ticities of substitution must be examined every- 
where in the parameter space where the researcher 
wishes to impose them. Similarly, the mono-
tonicity restriction can be evaluated using pre- 
dicted budget shares. Each set of restrictions is 
then imposed by truncating the parameter space 
so that each restriction holds. To obtain a 
Bayesian point estimate (with a quadratic loss 
function), the researcher must find the mean of 
the truncated posterior distribution for the pa- 
rameter vector. 

While these calculations are in principle 
straightforward, requiring that integrals over the 
posterior density function be evaluated, the an- 
alytic solutions cannot be obtained in practice, 
except for fairly simple models. The dimension 
of the posterior density is likely to be too great, 
even if the density function and the region of 
the parameter space of interest can be described 
easily. Instead, it is necessary to evaluate the 
integrals using Monte Carlo integration. This 
permits estimating the solutions to integrals by 
random sampling.' 

To describe the method, we begin by speci- 
fying a data-generating process. We assume that 
prices and expenditures may be treated as ex- 
ogenous, so that the parameters of the system 

' Kloek and van Dijk, van Dijk and Kloek, and Geweke (1986, 
1988, 1989) provide the foundations for the Monte Carlo integra- 
tion and importance sampling, described below. The application to 
demand systems follows the discussion in Chalfant and White. Gal- 
lant and Monahan; and Barnett, Geweke, and Yue have also fol- 
lowed a Bayesian approach to demand system estimation 
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of M - 1 equations for budget shares could be 
estimated using seemingly unrelated regressions 
(SUR). As is well known, the equation for the 
Mth budget share cannot be included without 
implying a singular contemporaneous covari- 
ance matrix for the error terms in the M share 
equations (Barten), but deleting the Mth share 
and using restrictions on the parameters allows 
the complete set of parameter estimates to be 
obtained. Use of iterated SUR was shown by 
Barten to lead to maximum-likelihood estimates 
that are invariant to the equation chosen for 
deletion. 

We assume that each time period's M - 1 
vector of errors, and therefore the vector of bud- 
get shares, follows the multivariate normal dis- 
tribution. Strictly speaking, one might prefer a 
distribution more compatible with the fact that 
observed shares are bounded by 0 and 1 (e.g., 
Woodland, Rossi), in which case imposing 
monotonicity is not an issue, but we prefer to 
stick with the more widely used distribution to 
illustrate the method. Our approach could easily 
be adjusted for nonnormal errors. 

To illustrate Monte Carlo integration, sup-
pose that 2 ,  the variance-covariance matrix of 
the errors, is known. Suppose also that p(8), the 
prior information about the a,'s, y,,'s, and P,'s, 
indicates that some region D, a proper subset of 
R ~ ,contains the true parameter vector, where J 
denotes the number of free parameters in the 
model and R~ denotes the J-dimensional real 
numbers. Finally, suppose that the investigator 
has a quadratic loss function, and desires a point 
estimate of 8; as noted earlier, the mean of the 
posterior density for 8 minimizes expected loss. 

The steps involved in finding an estimate of 
the mean, 8, are straightforward. With no prior 
information about 8 and a known 2,  the pos- 
terior distribution for 8 estimator would be the 
multivariate normal, centered at 8. with vari- 
ance-covariance matrix ~ ( 8 1 ,  where 8 and V(8) 
are obtained using 2-restricted SUR. Given the 
prior information, the posterior distribution for 
8 then becomes the truncated multivariate nor- 
mal, since 8 is known to lie in D. The task be- 
comes finding the mean of a truncated, J-variate 
normal: 

E(8) = I,.. . . . i,,.. 
e N , [ ~ J8, ~(811de, . . . do,. 

Needless to say, such a calculation is infeasible 
for all but trivial examples. 

Monte Carlo integration is based on the idea 
that an expectation such as the one above can 
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be estimated (arbitrarily accurately, given the Law 
of Large Numbers) using random sampling. One 
way of estimating the mean of a random vari- 
able with p.d.f. f(0) is to generate a large num- 
ber of replications in a random sample from that 
distribution, and calculate 

N 

where N is the number of replications. 8 serves 
as an estimate of E(0), of course. Since N is 
determined by the investigator, E(8) can be es- 
timated with an arbitrarily high degree of ac-
curacy. To apply that approach using the mul- 
tivariate normal would require five steps: 

( a )Estimate the parameters of the share equa- 
tions, obtaining 8 and ~ ( 8 ) .  

(b) Treat these as parameters of the posterior 
distribution for 0 that would be consistent with 
no restrictions on 8's range, the J-variate normal 
density. 

(c) Use ~ , [ 8 ,  v(&] and a random number 
generator to obtain a random sample from this 
multivariate normal. Omit those draws Bi which 
are not contained in D,  leaving a random sample 
of size n from the truncated multivariate nor- 
mal. 

(d) Estimate E(8) using the average of the n 
replications in D: 

n 

(e) A byproduct of the procedure is that 0, = 
n/N estimates the area under the multivariate 
normal density contained in D, i.e., the prob- 
ability that the restrictions hold, given no prior 
information. If either p, or E(8) are estimated 
with less than the desired precision, increase N 
and repeat the process. 

While somewhat computer-intensive, these 
steps are certainly feasible. They can be per- 
formed using the commonly available statistical 
packages for any desired posterior distribution. 
All that is required is a random number gener- 
ator and some simple calculations. 

Importance Sampling for Exact Results 

The procedure outlined above relies on the 
asymptotic properties of the estimation proce- 
dure by making use of a normal approximation, 
since the covariance matrix Z will invariably be 
unknown. While this is comparable to what is 
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done using non-Bayesian approaches, it will not 
yield results consistent with the exact posterior 
density function. Unfortunately, the posterior 
distribution for 8 is no longer of the multivariate 
normal form when the variance matrix Z is un- 
known. Effectively, the procedure outlined aboye 
substituted a conditional distribution f(81y, Z) 
for the marginal distribution f (01 y). 

Such a marginal distribution for 0 can be ob- 
tained from a joint posterior density for 8 and 
the parameters of Z: by integrating over a pos- 
terior density for Z. Following Zellner (197 1, 
p. 242), Judge et al. (p. 478), or Srivastava and 
Giles, with a diffuse prior densit; for both Z 
and 8, the resulting posterior density for 0 is given 
by 

f(0ly) IAI-~'~, 

where T denotes the number of sample obser- 
vations. A typical element a, of the M - 1 by 
M - 1 matrix A is given by 

where e,(@ is the vector of residuals for share 
equation i evaluated using any value of 0 where 
the posterior density is defined. This density 
function corresponds to the posterior density for 
0 with no prior information about likely values. 
Should one wish to impose the restriction that 0 
could take on only values consistent with the 
inequality restrictions, a truncated version of this 
posterior density must be used. In this frame- 
work, imposing the Bayesian restrictions and 
finding a posterior mean 8requires sampling from 
the truncated density fR(81 y), but this is not a 
familiar density, so it is difficult to obtain an 
appropriate random sample. The procedure out- 
lined above, whereby the untruncated density 
f ( 0 1 ~ )could be used, also cannot be applied, for 
the same reason. 

Instead, the steps outlined above must be 
modified, correcting for the fact that the mul- 
tivariate normal is at best only approximately 
the correct posterior density. The technique for 
doing so is called importance sampling (e.g., 
Kloek and van Dijk, van Dijk and Kloek, Ge- 
weke 1986, 1988, 1989). The concept which 
underlies importance sampiing is relatively 
straightforward. Before returning to the problem 
at hand, its use is illustrated with a simple 
example. 

Consider estimating the mean of Z, a beta 
random variable with a = 9 and P = 1 and den- 
sity function f (z). Such a random variable has 

.-I 
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Of course, this is an example where the integral 
could be evaluated and where random draws can 
also be obtained from the correct distribution, 
but suppose that we had available only a uni- 
form random number generator, whose density 
function we denote g(z) .  How might the mean 
of the beta distribution be calculated, using ran- 
dom draws from U ( 0 ,  I)? 

The sample mean of replications drawn from 
the U ( 0 ,  1) will underestimate E ( Z )  because it 
will tend toward one-half. The reason, of course, 
is that values close to zero for Z occur more often 
under U ( 0 ,  1) and most values above one-half 
will occur less often than under the beta distri- 
bution we have chosen. Importance sampling 
corrects for this by adjusting the "importance" 
given to each replication. The appropriate weight 
for each replication zi is the ratio of the proba- 
bility density function of the beta distribution at 
zi, f ( z i ) ,  and the density of the uniform at zi, 
g(z,). In this way, those values drawn which are 
closer to one will receive a large weight while 
those closer to zero will receive a smaller weight. 

To see why this works, note that the expected 
value of Z using the density function given by 
f ( z )  can be found by integrating over g(z)  in-
stead: 

In the first instance, E ( Z )  is taken with respect 
to f ; and in the second, E[Zf ( Z ) / g ( Z ) ]is taken 
with respect to g.  Just as E ( Z )  could be esti- 
mated using a sample mean of replications from 
f ( z ) , then so could it be estimated by drawing 
from g(z)  and calculating 

One surprising aspect of this procedure is that 
any density function can be used as g(z) ,  pro-
vided it is strictly positive over the range of Z 
determined from f (Z). Otherwise, division by 
g(z)  within the integral is not allowed, and the 
implication would be that some values of Z ,  
which do occur when sampling from f  ( z ) ,  would 
never be drawn using g(z). Naturally, if the 
weights applied to each z, are close to one, so 
that f  ( z )  and g(z)  are similar, fewer draws will 
be required to obtain good estimates of the val- 
ues of these integrals (Kloek and van Dijk; van 
Dijk and Kloek; Geweke 1986, 1988, 1989). 

This procedure can be applied for estimating 
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the mean of the exact posterior density for 8. 
The posterior distribution is analogous to the beta 
distribution in the case above, in that it is the 
correct density but difficult to work with. Mean- 
while, the multivariate t will be used as was the 
uniform distribution, to generate replications for 
8. In the case of uninformative priors, draws from 
the multivariate t can be adjusted by the ratio of 
the two density functions to obtain an estimate 
of the probability that the inequality restrictions 
hold. Alternatively, the inequality restrictions 
can be imposed, so that the posterior density is 
truncated or restricted. 

To find the posterior mean, find the solution 
to 

At the same time, to calculate the probability 
that the restrictions hold, find 

where I (0)  = 1 if the restrictions hold and I(8) 
= 0 otherwise. Each of these could be accom- 
plished by sampling from the exact posterior 
density f (81y),  if it were of a known form, and 
the steps outlined earlier could be used. Because 
these integrands are too complicated to permit 
analytic solutions, importance sampling must be 
used. To reiterate, notice that the posterior mean 
can also be found by 

where $ ( 8 / y )  is the truncated multivariate t p.d.f. 
and D is the region of the parameter space con- 
sistent with the concavity and monotonicity re- 
strictions. Again, the density $(81y) must be 
positive over the entire range ( D ) of the poste- 
rior density f  R(8  1 y ) .  

The modified steps now required for the cal- 
culations, taken from Chalfant and White, are 
given below: 

(a)  Estimate the parameters of the demand 
system using iterated seemingly unrelated 
regressions to obtain maximum likelihood esti- 
mates 8 and the estimated covariance matrix V(e ) .  

(b) Calculate a matrix H such that HH' = V(8).  
Draw a random vector of the same length as 0 
from the standard normal distribution 
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where I is the identity matrix of order J. Rep-
lications of 0 that follow a multivariate t-distri- 
bution with A degrees of freedom can be gen- 
erated using the steps in van Dijk and Kloek. 
We obtain 

and its "antithetic replication" 

where v is obtained by taking a vector z of A 
draws from N(0, 1) and calculating 

The inclusion of antithetic replications was sug- 
gested by Geweke (1988) to improve conver- 
gence. 

Using the multivariate t ,  

(c) Check each replication to see if it violates 
concavity, monotonicity, or substitutability. To 
do so, we calculated elasticities of substitution 
using each replication and the means of ob- 
served budget shares for the four meats. Con- 
cavity and substitutability were checked using 
these elasticities. (To check these restrictions for 
all 29 observations would have involved simply 
repeating the same check for each observed share 
vector.) To check monotonicity, we used each 
replication to obtain new predicted shares for all 
twenty-nine data points. 

(d) Estimate the mean of the posterior distri- 
bution using the n draws of OA or OB that satisfy 
the restrictions 

As noted by Chalfant and White, iff  (01 y) and 
g(6Iy) were proper density functions, a denom- 
inator of N would suffice. Otherwise, the de- 
nominator serves as a normalizing constant to 
correct for the fact that we use only the kernels 
of proper densities. 

(e) To estimate the probability that the restric- 
tions hold, use all replications, letting the first 
n be those consistent with the restrictions, and 
calculate 
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(f) Check to see if the number of replications 
-is large enough to arrive at stable estimates of 
0 or J? and of their standard deviations, if de- 
sired. If not, increase N. 

A measure of the numerical accuracy of each 
estimated expectation, analogous to the usual 
standard error of the estimate of a population 
mean, was suggested by Geweke (1989). These 
can be used in step (f). The numerical standard 
error (nse) of the estimate of the mean of the 
posterior is given by 

As also pointed out by Barnett, Geweke, and 
Yue, these measures a& reliable estimates of the 
true nse's if and only if the tails of the distri- 
bution being sampled from are at least as "fat" 
as the tails of the posterior distribution. This 
characteristic of the importance sampling pro- 
cedure is easily checked by plotting the repli- 
cations of each 0, against the ratio fR(O Iy)/gR(0 (Y). 
The weights should approach zero in the tails of 
each posterior distribution. 

he standard deviation of the ~osterior distri-
bution can be estimated by talungthe square root 
of the estimated variance of the posterior dis- 
tribution, obtained by using importance sam-
pling to estimate E[(B, - 3 ~ ~ 1 :  

Application to Aggregate Meat 
Consumption in Canada 

In this section, an almost ideal demand system 
for meat and fish products is estimated using ag- 
gregate Canadian data for the years 1960 to 
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1988.j The data are from Agriculture Canada 
(Robbins) and were also used by Alston and 
Chalfant. The demands for four goods were ex- 
amined-beef, pork, poultry, and fish (hence- 
forth, the meats group). Consumer preferences 
for the meats group were assumed weakly sep- 
arable from all other goods, and the demand 
system was treated as the second-stage alloca- 
tion model, conditional on prices and a prede- 
termined level of expenditure^.^ Using the Ag- 
riculture Canada data on price indices and per 
capita quantities consumed for each meat, along 
with 1981 nominal prices reported in Van 
Kooten, we converted indices into current prices 
and calculated total expenditures on the group. 

One remaining variable was included, a "&endn 
term taking the value 1 in 1975 and increasing 
by 1 in every subsequent period. Alston and 
Chalfant found that, although this data set is 
consistent with the hypothesis of stable prefer- 
ences, the almost ideal demand system cannot 
be fit to these data without some allowance for 
dynamic influences; we chose the trend term as 
being more interpretable, albeit conditional on 
this specification, than an autocorrelation cor-
rection. A trend that began in the middle of the 
sample, 1975, seemed to correspond more to a 
hypothesized structural change or other type of 
model failure than did one beginning in 1960. 

The share equations of the linear approximate 
form, obtained by deflating nominal expendi- 
tures by Stone's geometric price index, were then 
augmented by including this trend coefficient in 
each share equation. Thus the expression for the 
share of the budget allocated to the ith meat is 

A system of three such equations was estimated 
using the nonlinear regression (NL) procedure 
of version 6.1 of SHAZAM (White et al.). The 
fourth equation was deleted because of singu- 
larity of the variance matrix for all four equa- 
tions, and parameters of that equation were ob- 
tained through the homogeneity and symmetry 

Other applications of this system to agricultural data include 
Blanciforti, Green, and King; Chalfant; Hayes. Wahl, and Wil- 
liams; and Moschini and Meilke. Hayes, Wahl, and Williams also 
consider the restriction that all meats are substitutes, in an exam- 
ination of Japanese meats demand. 

Although LaFrance notes that treating expenditures as prede- 
termined is inconsistent with the assumption that quantities are 
measured with errors, this is standard practice. The method we use 
does not depend on this assumption, however, and could accom- 
modate a joint explanation of the first- and second-stage allocation 
dec~sions 
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Table 1. Unconstrained Results, Almost 
Ideal Demand System 

Parameter" Estimate Standard Error 

f f k e t  -0.502 0.157 
Y k e f  k e f  0.091 0.019 
Y beef pork -0.004 0.012 
Y k e f .  pou~tr!  -0.009 0.013 
Ykef  I I , ~  -0.078 
P beef 0.216 0.039 
Tkef -0.0029 0.0007 
wrk 0.732 0.144 

Y pork - pork 0.040 0.0145 
Y pock poultn 0.0162 0.017 
Y p o r k  t i ih -0.052 
P p r k  -0.010 0.037 
Tpori; -0.0020 0.0008 
ff pou~lr!  0.211 0.238 
Y p o u ~ r r )  p o u ~ u ,  0.016 0.037 
? 'pu la>  t t \h -0.023 
P ,.I"! -0.0006 0.063 
T p u ~ m !  0.0032 0.0011 
Y f i i h  I L , ~  0.152 
P n,h 0.116 
7 f i r h  0.0016 

T s t m a t e s  of parameters without standard errors were obtained from 
the equality restrictions for symmetry. homogeneity, and addlng- 
UP. 

restrictions. The adding-up property is pre-
served by letting the sum of the four trend coef- 
ficients equal zero. By iterating over both the 
parameters and the error variance-covariance 
matrix, the estimates obtained are invariant to 
the equation chosen for deletion (Barten). 

Estimates of the parameters are given in table 
1. The trend coefficients do appear to contribute 
significantly to the model, as the likelihood-ra- 
tio test statistic for the restriction that they are 
all zero is 35.19 (as compared with a critical 
value of X' ,,,= os of 11.345). They imply that, 
if the almost ideal model is the correct specifi- 
cation, there has been a negative trend affecting 
beef and pork and a positive one affecting chicken 
and fish.' 

Elasticities of substitution are reported in ta-
ble 2. Compensated price elasticities and ex-
penditure elasticities are reported in table 3, part 
A, while uncompensated Marshallian elastici- 

Because the results from the nonparametric test for stable pref- 
erences were consistent with the existence of a stable demand sys- 
tem, the trends may be picking up misspecification of the almost 
ideal model. One way to decide whether one should instead dis- 
regard those results and conclude that significant trends imply 
structural change rather than misspecification is to analyze the im- 
plied behavior of elasticities in a variety of models. Our analysis 
of just one demand system cannot answer that qucstlon definitively. 
but the procedure followed below provides a means for such an 
analysis to incorporate prior beliefs 
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Table 2. Elasticities of Substitution: Posterior Mean Values 

Concavity and 
Elasticity Unconstrained Concavity Substitutability 

ukbcef beef -1.13 -1.158 -1.207 
[0.003]" [O. 0041 
(0.188) (0.181) 

ukbccf pork 0.953 0.934 
[0.003] 

0.902 
[0.004] 

(0.158) (0.156) 
%er poultry 0.853 0.797 

[O. 0041 
0.735 

[0.006] 
(0.225) (0.221) 

u k e f  fish -0.049 0.072 0.252 
[0.005] [O. 0071 
(0.316) (0.272) 

Upp..i; park -2.384 -2.405 
[0.005] 

-2.471 
[O. 0071 

(0.282) (0.280) 
upark poultry 1.268 1.186 

[0.008] 
1.087 

[0.011] 
(0.406) (0.404) 

u p o r k  flrh 0.013 0.147 
[0.009] 

0.375 
[0.011] 

(0.466) (0.423) 
upopou~try pau~l rv  -3.641 -3.876 

[O. 0201 
-3.627 
[0.023] 

(1.092) (0.994) 
upopoultry fish 0.549 0.965 

[0.019] 
0.95 
[0.020] 

(1.014) (0.835) 
u f i s h  fish -0.458 -1.216 -1.772 

[0.020] [0.019] 
(1.181) (0.795) 

"e numerical standard errors of the estimated posterior means are reported in square brackets, and the corresponding standard deviations 
are in parentheses. 

ties are given in table 4, part A. Recall that the the own-elasticity of substitution for fish is pos- 
latter make use of a constant level of meats ex- itive for the first eleven data points, violating a 
penditure, not total expenditure. These elastic- necessary condition for concavity. For all but 
ities were calculated at the mean budget shares six observations, at least one elasticity of sub- 
observed in the sample and were obtained with- stitution between two goods was negative for 
out the inequality constraints. either beef and fish or beef and pork, sometimes 

The negative own-elasticities of substitution both at once. Finally, monotonicity holds with 
are as one would expect. The mostly positive these estimates at every point in the sample.' 
elasticities of substitution indicate that the meats Using the Bayesian procedure described ear- 
tend to be substitutes for one another at the mid- lier, the probability that the monotonicity, con- 
point of the sample. The unrestricted results that cavity, and substitution restrictions hold for this 
are contrary to prior belief are the negative elas- demand system can be estimated. We followed 
ticity of substitution, indicating complementar- the procedure outlined earlier to obtain a sample 
ity, between fish and beef that is observed at the size of 10,000 replications (5,000 plus the an- 
sample mean shares. Also contrary to expecta- tithetic replications) from the multivariate r-dis- 
tions was the small positive elasticity between tribution with A = 4 degrees of freedom, again 
fish and pork and the fact that this elasticity also 
was often negative when the sub- G  e  r  indication that this model requires trend effects is that 
stitution were evaluated at the individual obser- the results without the trend terms are completely inconsistent with 
vations. the concavity or substitution restrictions. When the model was es- 

~ - - ---
timated with the trend coefficients set equal to zero and the esti- Concavity holds at the mean and for the last mated parameters were used to calculate elasticities, every obser- 

eighteen observations in the sample; however, vation iiolated both restrictions 
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Table 3. Compensated Demand Elasticities 

Price i 

Quantity i Beef Pork Poultry Fish 

Part A. Unconstrained Case 
Beef -0.393 0.234 0.169 -0.010 
Pork 0.331 -0.586 0.252 0.003 
Poultry 0.297 0.312 -0.723 0.114 
Fish -0.017 0.003 0.109 -0.095 
Expend. 

Elasticities 1.614 0.582 0.966 0.499 

Part B. Concavity Imposed 
Beef -0.403 0.230 0.158 0.015 
Pork 0.325 -0.591 0.235 0.031 
Poultry 0.277 0.291 -0.769 0.200 
Fish 0.025 0.036 0.191 -0.253 
Expend. 

Elasticities 1.575 0.537 0.832 0.745 

Part C.  Concavity and Substitutability Imposed 
Beef -0.420 0.222 0.146 0.052 
Pork 0.314 -0.607 0.216 0.078 
Poultry 0.256 0.267 -0.720 0.197 
Fish 0.088 0.092 0.189 -0.368 
Expend. 

Elasticities 1.524 0.462 0.860 0.893 

using SHAZAM. The in-sample results for 8 and 
~ ( 8 )were used to specify the parameters of this 
distribution. Only four degrees of freedom were 
chosen to ensure that sampling would occur from 
a density with relatively "fat" tails, thereby as- 
suring that the entire range of the actual poste- 
rior distribution is covered by the importance 

Table 4. Marshallian Demand Elasticities 

Price i 

Quantity i Beef Pork Poultry Fish 

Part A. Unconstrained Case 
Beef -0.955 -0.163 -0.151 -0.346 
Pork 0.129 -0.729 0.136 -0.118 
Poultry -0.039 0.074 -0.914 -0.087 
Fish -0.191 -0.119 0.010 -0.199 

Part B. Concavity Imposed 
Beef -0.951 -0.158 -0.154 -0.312 
Pork 0.138 -0.723 0.129 -0.081 
Poultry -0.012 0.087 -0.934 0.028 
Fish -0.234 -0.147 0.044 -0.407 

Part C. Concavity and Substitutability Imposed 
Beef -0.950 -0.153 -0.157 -0.264 
Pork 0.153 -0.721 0.124 -0.018 
Poultry -0.044 0.056 -0.891 0.0187 
Fish -0.223 -0.127 0.011 -0.554 

density. Monotonicity was checked by using each 
replication to predict budget shares for all twenty- 
nine observations; every replication was consis- 
tent with positive budget shares for each obser- 
vation, so monotonicity was never violated. 
Concavity was checked for each replication by 
calculating substitution elasticities using the pa- 
rameter values given by each replication and the 
mean observed budget shares. The eigenvalues 
were then calculated for each matrix of elastic- 
ities of substitution. 

Consistency with the concavity restriction (a 
substitution matrix without positive eigenval- 
ues) was found in over half of the replications. 
Had we been sampling from the exact posterior, 
the proportion consistent with concavity would 
have been the estimate of the probability that 
concavity holds, given diffuse priors. As noted 
earlier, however, that probability can be esti- 
mated using importance sampling to correct for 
not sampling from the exact posterior. Calcu- 
lation of the ratio 0, in step (e) of section 4 
yielded a value of 0.57. These results imply that 
the demand system is reasonably well behaved 
by this criterion. Table 5 summarizes all of the 
results in this section for the posterior proba- 
bilities that various restrictions are true. 

Elasticities of substitution calculated using the 
concavity restriction are given in table 2, with 
numerical standard errors and standard devia- 
tions. The point estimates for the elasticities are 
obtained by estimating the means of the poste- 
rior distributions for each elasticity. Those dis- 
tributions were found using the posterior distri- 
butions for the parameters, the mean budget 
shares, and the formulas for elasticities. The own 

Table 5. Posterior Probabilities of Restric- 
tions 

Inequality Concavity and 
Restriction None Concavity Substitutability 

Concavity 0.57 
(n . s . e . )  0.010 
All substitutes 0.16 0.28 
(n . s . e . )  0.003 
Pk,, ,or, > 0 1 1 
ubeefruultn> 0 0.999 1 
ubecffi,h> 0 0.427 0.59 
up,,,,,try > 0 
up,,,,,, > 0 

0.999 
0.507 

1 
0.63 

u h> 0 0.713 0.89 
Tkef < 0 1 1 I 
Tprk < 0 0.993 1 1 
T ~ , , , ? > O  0.983 ,976 0.984 
7fi,h> 0 0.872 1 1 
all 7 0.853 0.974 0.984 



Chalfant, Gray, and White Prior Beliefs in Meat Demand 487 

elasticities of substitution tend to be more neg- 
ative than before (reflecting the concavity re- 
striction), while imposing concavity alone was 
enough to make the average over all replications 
of each partial elasticity of substitution turn out 
to be positive. Expenditure and compensated 
price elasticities calculated using 8 are shown in 
table 3, part B, while table 4, part B contains 
corresponding uncompensated elasticities. 

The system was less consistent with the re- 
striction that all meats are substitutes. Imposing 
concavity and substitutability jointly reduces the 
parameter space D further; the probability that 
the joint restriction holds, given diffuse prior 
beliefs, falls to 0.16. (Alternatively, this can be 
viewed as a conditional probability of substitut- 
ability, given that concavity is imposed, of 0.16/ 
0.57 = 0.28.) This relatively stronger rejection 
of prior beliefs casts some doubt on the esti- 
mated system being a valid representation of 
preferences. Nonetheless, posterior means were 
calculated for the remaining elasticities. These 
numbers are shown in table 2 for the substitu- 
tion elasticities and in part C of tables 3 and 4 
for the price elasticities. For comparison to the 
results in table 1, the constrained parameter es- 
timates are reported in table 6. 

It is important to note that violations of the 
substitution restriction are not due solely to the 
cases of complementarity relationships implied 
by 8-beef and fish or pork and fish. Any elas- 
ticity could be responsible. Unless the posterior 
density for any particular elasticity of substitu- 
tion implies that it is positive with probability 
one, each can be responsible for any particular 
replication violating the constraint. We exam- 
ined the posterior distributions for each elastic- 
ity and found that those two elasticities indeed 
were responsible for the lion's share of rejec- 
tions. We never observed a replication that im- 
plied that beef and pork were complements at 
the mean budget shares, while the estimated 
probabilities that the substitution elasticity was 
positive for the beef-poultry and pork-poultry 
combinations were both greater than 0.99. In 
contrast, the probability that the elasticity of 
substitution was positive for the remaining cases 

ubeef.fish, upor!i. fish, and f fpou, tq  .fish were 0.59, 
0.63, and 0.89, respectively, suggesting that fish 
is most responsible for the violations. 

One can also reexamine the trend results with 
an inequality-constrained model; although the 
trend coefficients do not affect elasticities di- 
rectly, their point estimates are correlated with 
those of the yij parameters and will be affected 
by imposing the inequality restrictions. The 

Table 6. 
cients 

(Ik c f  

Y tefbeef 

Y beef pork 

Y bccf pou1m 

Y beef  fish 

P kf 

' T t e f  

pork 

Y pork pork 

Y p o r k  pouluy 

Ypa fish 

P pork 

'Tpork 

P",, 

Y p o u l m  poulm 

Y p u 1 m  fish 

P P U l m  

'Tpou1m 

a fish 

Y f i s h  fish 

P fish 

T f i r h  

Inequality 

Concavity 

-0.4429 
[0.0043]" 
(0.1766) 
0.0867 
[0.0005] 
(0.0219) 

-0.0056 
[0.0003] 
(0.0134) 

-0.014 
[O.00041 
(0.0152) 

-0.0671 
0.2002 
[0.0011] 
(0.0433) 

-0.0032 
[O .0000] 
(0.0008) 
0.7856 
[O.00441 
(0.1569) 
0.0401 
[O.00041 
(0.0169) 
0.0091 
[O.00061 
(0.0197) 

-0.8348 
-0.1138 
[0.0011] 
(0.0400) 

-0.0022 
[O.OOOO] 
(0.0008) 
0.3344 
[O. 00641 
(0.2432) 
0.0064 
[O. 00091 
(0.0391) 

-0.3385 
-0.0334 
[0.0016] 
(0.0632) 
0.0025 
[O. OOOO] 
(0.0012) 
0.3229 
1.2404 

-0.053 
0.0029 

Constrained Coeffi-

Concavity and 
Substitutability 

-0.3769 
[O.00661 
(0.1689) 
0.0808 
[0.0008] 
(0.0195) 

-0.0084 
[O.00051 
(0.0123) 

-0.0183 
[O.00071 
(0.0153) 

-0.0541 
0.1823 

[0.0016] 
(0.0408) 

-0.0036 
[O.Oooo] 
(0.0007) 
0.8555 
[0.0049] 
(0.1252) 
0.0361 

[0.0007] 
(0.0155) 
0.0042 
[0.0008] 
(0.0184) 

-0.8958 
-0.1322 
[0.0012] 
(0.0312) 

-0.0026 
[O.OOOO] 
(0.0006) 
0.3125 
[0.0099] 
(0.2109) 
0.0162 

[0.0014] 
(0.0324) 

-0.3261 
-0.0279 
[O.00261 
(0.0547) 
0.0025 
[0.0000] 
(0.0010) 
0.2089 
1.276 

-0.0222 
0.0037 

" The numerical standard errors for each element of are 
reported in square brackets, and the corresponding standard 
deviations are in parentheses Parameters without these 
measures were obtained from the equality restrictions, as 
in table 1. 
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negative point estimates for beef and pork that 
were reported in table 1 for the trend effects ob- 
served without the inequality restrictions are less 
than the resulting posterior mean values for those 
two coefficients. The trend coefficients in both 
the beef and pork equations rise in absolute value, 
as does the implied one in the omitted fish equa- 
tion, when concavity and then substitutability 
are imposed. At the same time, the coefficient 
in the poultry equation falls slightly. All of the 
estimated means of the posterior distributions for 
the trend coefficients are more than twice the 
corresponding standard deviations, as shown in 
table 6, although this is barely true for poultry. 
The posterior probability of a negative value in 
the beef and pork equations was 1 ,  which was 
the probability of a positive value in the fish 
equation; only for poultry does the posterior dis- 
tribution have some probability on both sides of 
zero, although that value is small for negative 
values, as the estimated probability of a positive 
value in the poultry equation is over .95. 

A sample size of 10,000was sufficiently large 
to obtain accurate estimates for these expecta- 
tions from the posterior distribution. This is re- 
flected in the small numerical standard error es- 
timates, obtained as described in step (f ). These 
are well within tolerable ranges for applications. 

Summary and Conclusions 

An unfortunate byproduct of the use of demand 
systems that do not restrict substitution elastic- 
ities is that theoretical restrictions such as sym- 
metry or homogeneity are often violated. More 
difficult to cope with are inequality restrictions. 
The familiar problem of curvature or monoto- 
nicity restrictions is the best example, but the 
signs of elasticities of substitution between goods 
are also good examples. In order to determine 
whether an estimated demand system is entirely 
consistent with prior beliefs, it is important to 
be able to impose or make inferences about in- 
equality restrictions. 

We showed that a Bayesian procedure han- 
dled this problem nicely. It produces con-
strained parameter estimates and also an esti- 
mate of the probability that the restrictions are 
true. For the demands for beef, pork, chicken. 
and fish in Canada, some support was found for 
the concavity of the consumer's expenditure 
function underlying an almost ideal demand sys- 
tem (p  = 0.57), while the monotonicity restric- 
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tion is definitely consistent with the model (p  
= 1). On the other hand, the sample information 
is less consistent with prior beliefs about sub- 
stitution relationships; it reveals a low condi- 
tional probability (given concavity) that these four 
goods are all substitutes for each other (p  = .28). 
Finally, whether or not these restrictions are im- 
posed, the almost ideal demand system implies 
a negative trend affecting beef and pork con-
sumption and a positive trend for chicken and 
fish. 

Because the necessary integrals over the exact 
posterior density were quite complicated, Monte 
Carlo integration was used to estimate parame- 
ter values. The p.d.f. of the exact posterior was 
known but not recognizable, which made sam- 
pling from it difficult. This problem was over- 
come by importance sampling. 

These findings concerning Canadian meat de- 
mand are conditional on the observed data and 
on the specification of the almost ideal demand 
system. All such inferences in demand systems 
are also conditional on separability and aggre- 
gation assumptions (Chalfant and Alston); but, 
if these assumptions are valid, the results must 
be interpreted as questioning either the prior be- 
lief that these goods are substitutes or the func- 
tional form for the demand system. If one is sat- 
isfied with the almost ideal model and 
unconcerned about the substitution restriction, 
the reasonably good results for concavity permit 
the use of the constrained elasticity estimates for 
policy analysis. The ability to produce a theo- 
retically consistent set of elasticities is one of 
the main advantages of this procedure. 

On the other hand, one might hesitate to use 
the estimated trends as evidence concerning taste 
changes if the lower probability for the restric- 
tion that all meats are substitutes is a cause for 
alarm. However, the results suggest that the al- 
most ideal model cannot be estimated without 
the trend effects. Further research with other 
functional forms can help to address this ques- 
tion. It will be of interest to see how the prob- 
abilities we report change when another func- 
tional form is tried; Alston and Chalfant and the 
Monte Carlo studies to date certainly offer evi- 
dence that point estimates can change. In that 
light, the procedure and restrictions suggested in 
this study serve not only as a means to interpret 
the data but as a way of evaluating alternative 
functional forms for demand systems. 

[Received January 1989; final revision 
received July 1990.1 
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