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A DYNAMIC, GLOBALLY FLEXIBLE MODEL 

OF U.S. MEAT DEMAND 

Abstract 

A dynamic Almost Ideal Demand System is combined with the Fourier Expenditure System. 

The models are compared by using likelihood ratio tests. Elasticities for the U.S. meat system 

are presented for eac.h model. 
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A DYNAMIC, GLOBALLY FLEXIBLE MODEL 

OF U.S. MEAT DEMAND 

In this paper, a demand system is developed that combines aspects of three existing 

models: the Almost Ideal Demand System (AIDS) of Deaton and Muellbauer, the Fourier 

Expenditure System (FES) of Gallant (1982), and the Dynamic Demand System (DDS) of 

Anderson and Blundell (1983). This composite model retains inany positive attributes of the 

three-component systems while eliminating some of their known disadvantages. First, two 

known disadvantages of the AIDS are discussed. These are the implicit assumptions (I) that a 

second-order Taylor series expansion of the cost function provides a realistic approximation of 

a consumer's demand function and (2) that consumers adjust to changes in economic conditions 

instantaneously. The second section shows how the first problem--local flexibility--can be 

resolved by use of the Fourier flexible form. The third section shows how problems arising 

from the static specification are resolved by the DDS. In the fourth section, a new demand 

model is presented that combines the dynamic AIDS and the FES. Finally, preliminary estimates 

of all four models and a discussion of their statistical properties are presented. 

The Almost Ideal Demand System 

Deaton and Muellbauer first introduced the AIDS in 1980. They argued that the system 

combines the best features of the trans log and Rotterdam models in that it satisfies the axioms 

of choice exactly, aggregates perfectly over consumers, and can be used to test the restrictions 
. ',• 

of homogeneity and Slutsky symmetry. They also argued that the AIDS provides an arbitrary 

first-order approximation to any demand system. This last claim is based on the Taylor series 

approximation interpretation for ordinary least squares. 

The AIDS is derived by specifying an expenditure function representing the PIGLOG class 

of preferences, which Muellbauer (1975, 1976) has shown to permit perfect aggregation over 

consumers. This PIG LOG class of preferences leads to the cost function 

log c(u,P) = (I - u} log {a{P)} + u log {b(P)}, (I) 

where the positive, linearly homogeneous functions a(P) and b(P) may be regarded as the costs 

of subsistence and bliss, respectively. The functional. forms for a(P) and b(P) are chosen so 

that the first and second derivatives of the cost function can be set equal to those of an 

arbitrary cost function, thus satisfying the necessary condition for flexibility of functional 

form. These forms may be written as 

log a(p) == a0 + E cxk log Pk + 1/2 E E1kj log Pk log Pj 
k k' J . 

(2) 



and 
/3k 

log b(p) ,.. log a(p) + /30 TI Pk . 
k 

2 

Shepherd's lemma is used to derive an expression relating budget shares to prices and utility 

(u). They then solve the cost function for u and substitute the resulting term for u in the 

expenditure share equation. This substitution results in an expression relating budget shares 

(w) to prices (p), 

Wi == Oi + ~'Yij log Pj + /3i log (X/£), 
J 

where f is a price index defined by 

log f == a0 + llik log Pk+ 1/2 EDykj log Pk log Pj· 
k j k 

Equation (5) is normally replaced with Stone's Price Index 

log f == Ewk log Pk 
k 

to allow for linear estimation. 

(3) 

(4) 

(5) 

(6) 

The specifications for a(P) and b(P) are the basis of the AIDS system; nevertheless, the 

study contains little discussion on how they were selected. The second term in (3) presumably 

was chosen so that the model would lead to the Engel curves developed by Working and Leser. 

The a{P) term is a second-order Taylor series approximation to the true function that was · 

chosen to provide enough parameters so that, at any point, the derivatives of the cost function 

can be set equal to those of an arbitrary cost function. The use of Taylor series 

approximations in demand analysis has been criticized by both White (1980) and Gallant (1981), 

so it is important to summarize their criticisms here. 

Approximating Unknown Functions 

An issue that constantly arises in demand estimation is the use of information derived 

from the microeconomic analyses of rational, utility-maximizing individuals in models based on 

aggregate time-series data. In microeconomic analysis, the functional form of the direct or 

indirect utility, or the cost function, is specified or assumed known. One then shows that 

well-behaved demand functions should be homogeneous of degree zero in prices and income, 

satisfy Slutsky symmetry, and have negative Hicksian own-price elasticities. Unfortunately, 

I, 
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theory does not provide much information about the true functional form of these equations. 

Consequently, econometricians must arbitrarily specify the functional forms. 

The next step is both confusing and controversial. Some authors, such as Louis Phlips, 

argue that the theoretical restrictions must always be imposed on demand equations regardless 

of whether these restrictions are accepted by the data; otherwise, the resulting equations 

should not even be described as demand functions (Phlips, p. 55). Others, most notably those 

authors involved in specifying flexible functional forms, have argued that tests of these 

restrictions on actual data lead to a rejection of consumer theory. For example, Christensen, 

Jorgenson, and Lau present results that "make possible an unambiguous rejection of the theory 

of demand." This rather strong conclusion is based on the belief that the true functional form 

has been accurately approximated. Others such as Chalfant argue that the acceptance of 

theoretical restrictions has become a test of the suitability of the specified functional form. 

Gallant (1981, 1984) has argued that consumer demand theory has yet to be proved or 

disproved. He motivates his rejection of previous work with what he calls the augmenting 

hypothesis induced by model specification. Gallant argues that, under ideal conditions, the 

actual rejection probability of a test will equal that of the test under the true state of nature. 

Tests of the flexible functional forms discussed earlier are biased in the sense that they are 

joint tests of the consumer demand theory and of the hypothesis that all possible consumer 

demand systems belong to the family represented by the flexible functional form that is 

specified. Before Gallant's work, all these flexible forms were based on a Taylor series 

approximation. This approach can be seriously biased in favor of rejection (Gallant 1981; White 

1980). Surprisingly, it is possible to eliminate this model augmenting hypothesis. The 

methodology used is the seminonparametric (El Badawi, Gallant, and Souza), which is the basis 

for the Fourier flexible functional form. The properties of this functional form are such that, 

asymptotically, the specification bias noted by Gallant and White becomes negligible. This 

property relies on the ability of the Fourier series to provide a global, rather than a local, 

·• approximation to an unknown functional form. 

Flexible Functional Forms 

Most flexible functional forms are the leading terms in a Taylor series expansion. That 

is, for any unknown function g(X), one can find a close approximation gk(X/8) where 0 is the 

parameter vector (Gallant 1984). To measure the approximation error (g(X) - gk(X/8)), one 

must define a norm II e jj. In consumer demand, it is not sufficient that this norm weight be 

only different between the true function g(X) and the approximation gk(X/8). For example, in 

the Almost Ideal Demand System, the generality of the share equations depends on the close 

approximation of the first and second derivatives of the cost function to those of the true cost 
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function. Taylor series expansion will minimize g(X) - Sk(X/0) without weighting the 

differences between the derivatives of the true functional form and its approximation. 

Intuitively, it is clear that the measure of the approximation error should take into account the 

need to approximate derivatives. 

El Badawi, Gallant, and Souza have shown that the use of the Sobolev norm will rectify 

this problem. Let e(x) = g(x) - Sk(X/0) be the error in approximating g by 8K· For 

1 ~ p < oo, the Sobolev norm assigns this error of approximation the value 

(7) 

where O < a < b < 2,r and f(x) is the probability density function (Gallant 1984). A form that 

is Sobolev-flexible can estimate elasticities consistently, will not reject spuriously, and will 

have negligible prediction bias (El Badawi, Gallant, and Souza; Gallant 1981, 1982). The Fourier 

flexible form is the only form that is Sobolev-flexible (Gallant 1984). 

Because of these results, we can treat the Fourier series asymptotically as if it were the 

correct model. The property of the Fourier form to make consistent estimation of elasticities 

throughout the region over which the function is observed motivates the term "globally 

flexible" (Chalfant). The intuition behind the use of this term is that any two functions with 

the same set of derivatives that meet at any one point will be similar throughout the data 

range. This is not true for a first-order Taylor series approximation of the demand curves, 

where only the first derivatives will be similar at a point not necessarily in the data range. 

This point is made graphically in White (1980). 

Fourier Expenditure System 

The Fourier cost function may be represented by: 

A J 
log akt(P) = uO + b'x + l/2x'C + E {u + 2 E [u. cos(j).k' x) 

X 1 OQ • 1 JQ Q 
Cl= J= 

+ V. sin(j..\k' x)J). 
JQ Q 

(8) 

This notation follows Chalfant, where k0 denotes a multi-index for a(P), >. is a scaling factor, 

and x is a vector of transformed prices. For a complete description of this form, see Gallant 

(1982). The rules'for choosing). are discussed in Chalfant and Gallant (1981, 1984). 

Essentially, one must ensure that the data lie in the (O,2,r) interval because the Fourier 

approximation can oscillate widely near points of discontinuity. This scaling factor ensures that 

the transformed price vector does not contain zero, which is a point of discontinuity when 

I, 
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nonperiodic functions are approximated. The choices of j and k are data dependent and are 

similar to the choice of the moving-average or autoregressive terms in ARIMA modeling. The 

seminonparametric methodology requires a rule for increasing the number of parameters as the 

sample size increases. In the Fourier series approximation, this is achieved by increasing k as 

the data size increases. In the empirical implementation of the model, simple first differences 

of the prices were chosen as the specification for k.1 

Chalfant has shown how the static AIDS may be combined with the Fourier expenditure 

system to obtain a Static Globally Flexible AIDS (SGF AIDS) by simply replacing the Taylor 

series approximation a(P) in the cost function with the Fourier cost function and then 

proceeding as in Deaton and Muellbauer by making the same substitution for u. The SGF AIDS 

estimating equation may be written as : 

A J 
S = b - >. E {u ).k' x + 2 E j[u. sin(j>.k' x) 

1 00: 0: • 1 JO: 0: o:= J• 

· + v. cos(j>.k' x)]} k + ln(x/P),8. 
JO: 0: 0: 

(9) 

This specification reduces to the linear approximate AIDS if the coefficients of the sine 

and cosine terms are set to zero (Chalfant). The A.IDS model is therefore nested within the 

SGF AIDS. Chalfant estimated both models and found that the locally flexible version is 

decisively rejected. 

Dynamic Properties of Demand Models 

A second problem with the AIDS model is that consumers are assumed to fully adjust to 

price and income changes instantaneously. The validity of this assumption becomes more of a 

concern when monthly data are used. Anderson and Blundell (1983) discuss this problem and 

list habit persistence, adjustment costs, incorrect expectations, and misinterpreted real price 

changes as possible reasons for which consumer behavior might violate this restriction. 

Wohlgenant and Hahn provide additional evidence for refuting this assumption by demonstrating 

that for meats, inventory adjustment can be of critical importance, especially in monthly 

models. 

Most previous studies of the U.S. meat system have utilized annual data (e.g., Chalfant; 

Pope, Green, and Eales). Although this may alleviate somewhat the problem of misspecification 

regarding adjustment that has already been discussed, it· leads to an additional problem. To 

obtain sufficient observations for estimating an annual, flexible functional form system for 

meat, data from the late 1940s and early 1950s must be used. It is likely that the structure of 

the U.S. meat demand system has changed since then. Hence, parameter estimates will be 
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biased to the extent that they contain estimates of parameters that are no longer valid. 

However, Anderson and Blundell (1982) have developed an ad hoc method for estimating 

dynamic demand systems to estimate both the short- and long-run parameters. 

Dynamic Demand Systems 

Anderson and Blundell (1982, 1983) develop and demonstrate a general method for finding 

the short- and long-run parameters of an arbitrary demand system. With their notation, let W 

and Z represent an nxl vector for budget shares and a kxl vector of income and price 

variables, respectively. The long-run structure may then be written 

W == f(Z,~). (IO) 

where ~ are the underlying preference parameters. For the AIDS model, this may be rewritten 

as 

W = ~~)X, (11) 

where X is an nxl vector of transformed income and price variables, and ,r is some constant 

matrix function of~. A general first-order dynamic model may be written as 

where A represents the first-difference operator, 

A is the short-run coefficient matrix, 

(12) 

B is also a short-run coefficient matrix that serves a function somewhat similar to a 

partial adjustment coefficient, 

n is an operator that deletes the nth row of any vector or matrix, and 

~ is the price and income vector with the c~nstant term excluded. 

These last two adjustments are required because of the singular nature of the system. 

The intuition behind (12) is that shares will adjust in response to short-term changes 

(AXt) and to the dista!}ce of the share from its optimal level in the previous period. In the 

long run, AW t and AXt will go to zero. The optimal share level in the long run is then 

given by w:_ 1 = ,rn(~)Xt-l' The parameter vector ,r then represents the long-run parameters. 

The coefficient matrix B provides the percentage of the desired adjustment that can be made 

within a given period. For a monthly model, a 12-month adjustment period (lag) seems 

appropriate. The particular matrix function ,r and the price and expenditure transformation for 
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X will depend on the demand system chosen. Anderson and Blundell (1982, 1983) chose the 

Almost Ideal Demand System for their demonstration. This version of their model may be 

termed the Dynamic Locally Flexible AIDS (DLFAIDS). 

Anderson and Blundell (1983) have shown that the static AIDS is nested within the 

DLF AIDS. The necessary restrictions are that 

a .. = E b.k ,rk. 1(iR) · i = 1, ... , n-1 j = 1, ... , k-1, 
IJ k 1 J+ 

where a .. and ,rk. 1(iR) are, respectively, the ij elements of A and ,rn(~) and where 
IJ J+ 

b .. = 1 when i • j, i • 1, ... , n-1 
IJ 

b.. 0 h . .L • • 1 1 IJ = w en 1 r J, J • , ••• , n-

b . == 1 
DJ 

j = 1, ... , n-1 

where b .. is the ijth element of B. 
IJ 

Anderson and Blundell (1982, 1983) compare the static and dynamic versions of the locally 

flexible AIDS. They find that the static model is decisively rejected by the data. 

Combining Existing Models 

The AIDS model, as proposed by Deaton and Muellbauer, is both locally flexible and static. 

Chalfant has shown that the locally flexible specification can be rejected in favor of the 

globally flexible version of the AIDS. Anderson and Blundell (1982) have shown that the static 

specification can be rejected by the dynamic version of the AIDS. Chalfant's model is static, 

whereas the Anderson and Blundell model is locally flexible. The obvious next step is to 

combine the SGF AIDS of Chalfant with the DLF AIDS of Anderson and Blundell. The estimating 

equation for the resulting system may be expressed as 

- A J 
ll.Wt = All.X - B(Wnt 1- b - ). E {u >.k' x + 2 E j[u. sin(j>.k' x) 

- 1: ~ - I oc:x ex • I Jex ex 
. Cl= J= 

+ v. cos(j>.k' x)]} k + ln(x/P)P), 
JQ Cl Cl 

(13) 

where the variables and parameters are as defined-in (4), (9), and (12). This model is derived 

by using Chalfant's static globally flexible model in place of the static locally flexible AIDS 

model in the long-run portion of the Dynamic Demand System. 

This new model is called the Dynamic Globally Flexible AIDS (DGF AIDS). Note that 

Chalfant's SGF AIDS may be obtained by imposing the restrictions developed by Anderson and 
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Blundell, whereas the DLF AIDS of Anderson and Blundell may be obtained by imposing the 

restrictions developed by Chalfant. The SLF AIDS of Deaton and Muellbauer is obtained when 

both sets of restrictions are imposed. 

Application to U.S. Meat Demand 
Preliminary results of the application of all four models to U.S. meat consumption are 

presented in this section. The three categories of meat analyzed are beef, pork, and chicken.2 

The meats group is assumed to be weakly separable from other food groups for this application. 

All four models take the form 

Wt= 1r(~)Xt, t = 1, 2, ... , T, (14) 

where Xt contains the transformed prices of and expenditures on meats. The nth equation is 

deleted due to the singular nature of the system. The remaining n-1 equations were estimated 

by using the nonlinear regression procedure of SHAZAM version 6.0 (White 1978). 

The DLF AIDS was estimated by setting the coefficients of the sine and cosine terms to 

zero, as suggested by Chalfant. The SGF AIDS was estimated by imposing the restrictions 

developed by Anderson and Blundell on the A and B matrices. The SLF AIDS was estimated by 

imposing Chalfant's restrictions on Anderson and Blundell's model. Applying Anderson and 

Blundell's restrictions to Chalfant's model results in the same model. The equations for 

estimating the elasticities for the SLF AIDS and the DLF AIDS are available in Wahl, Hayes, and 

Williams. The price elasticities for the DGF AIDS and the SGF AIDS are estimated by using the 

formulas in Gallant (1982).3 Income elasticities for the all of the specifications were obtained 

by using the formulas of Deaton and Muellbauer. 

The results of the likelihood ratio tests used to determine the appropriate specification 

for the model are presented in Figure I. The critical values (CV) and Chi-squared values refer 

to the asymptotic likelihood criteria. All tests were conducted at the l % level. The SLF AIDS is 

rejected in favor of both the SGF AIDS and the DLF AIDS. The SGF AIDS can be rejected in 

favor of the DGF AIDS. The DLF AIDS cannot be rejected as the true representation of the 

data. It is somewhat surprising that local flexibility is rejected when the SLF AIDS is compared 

with the SGF AIDS, but not when the DGF AIDS is compared with the DLF AIDS. 

As mentioned earlier, the smallest set of multi-indexes possible was used because of 

limited computer resources. The model requires more than 1 hour of cpu time on a VAX 

computer or 48 hours on an IBM AT. With 213 observations, this set of multi-indexes is 

obviously too small. The focus of this study, however, is on demonstrating that the model is 

,- , I 
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STATIC LOCALLY FLEXIBLE 
lnL • 1027 .5 1-----, 

DYNAMIC LOCALLY FLEXIBLE 
lnL • 1135.9 

DYNAMIC GLOBALLY FLEXIBLE 
lnL • 1138,l 1----

Figure 1. Texts of Alternative Specification of the AIDS Model 

feasible and that it gives useful results. Therefore, no extensive search for the correct set of 

multi-indexes was performed. This research is currently under way. It seems inevitable that 

the correct set of multi-indexes will greatly enlarge the parameter set of the DGFAIDS. If 

this is the case and if these additional parameters increase the likelihood function for the 

DGF AIDS by a relatively small amount, the DLF AIDS will also be rejected. 
~ 

The elasticities from all four models are presented in Table 1. A comparison of the 

elasticities from the SLF AIDS and the DLF AIDS indicates that the static specification biases 

the income elasticities towards unity. This was noticed and discussed by Anderson and Blundell 

(1983). 

Overall, the results are somewhat disappointing inasmuch as the calculated elasticities are 

not robust with respect to model specification. A cursory examination of the elasticities of 

Chalfant, Wohlgenant and Hahn and of Pope, Green, and Eales indicates that this is a common 

phenomenon in this type of modeling. 
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Table 1. Estimated elasticities for alternative specifications of the AIDS model 

Model 
SLFAIDS DLFAIDS SGFAIDS DGFAIDS 

Beef 

Beef -0.91 0.08 -0.86 -1.01 

Pork 0.02 0.20 0.06 0.12 

Poultry 0.1S 0.10 0.03 0.23 

Meat Expenditures 0.74 -0.31 0.77 1.20 

Pork 

Beef 0.17 0.21 0.24 0.07 

Pork -0.84 -0.81 -0.90 -0.90 

Poultry 0.17 0.34 0.0S 0.12 

Meat Expenditures 0.50 0.26 0.62 0.80 

Poultry 

Beef -0.30 -2.06 -1.22 -0.10 

Pork -0.1S -0.52 -0.49 0.39 

Poultry -1.41 -1.45 -1.24 -0.04 

Meat Expenditures 1.87 4.03 2.95 0.39 

One aspect of the results that deserves attention is the behavior of the meat expenditure 

elasticities across meats and models. This figure measures the percentage increase in 

expenditures for each meat from a 1 % increase in total meat expenditures. Over the data 

period, the share of poultry meat expenditures almost doubled. It is perhaps unsurprising, 

therefore, that the poultry expenditure elasticity is high for the first three models. 

One possible explanation for the increase in poultry expenditure share is that, as poultry 

prices fall in relative terms, consumers respond by increasing the poultry share. (This 

implicitly assumes an own-price elasticity of demand for poultry of greater than 1.) This 

explanation, if true, is different fr.om the normal interpretation of the behavior of poultry 

expenditures when consumers spend more on meats, with all else held constant. With this 

traditional interpretation, the beef expenditure elasticity is expected to be greater than that 

for poultry, reflecting the common perception that beef is a luxury relative to pork or poultry. 

The DGF AIDS has meat expenditure elasticities that conform to this view and would therefore 

seem to have separated out the effect of the poultry price decrease from the expenditure 

: 
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elasticity. The possibility that this result is due to some aberration in the data or modeling 

procedure must await further study. 

One additional point worth noting is that the results of both static models are remarkably 

similar and that the results of the two dynamic models seem more variable. This phenomenon 

was first noted by Anderson and Blundell, who argued that consumer response to changes in 

economic variables is underestimated in static models and that the dynamic model, which 

measures how consumers respond in the long run, is justifiably of greater magnitude. 

Finally, before any conclusion can be drawn regarding the relative performance of each 

model, it will be necessary to repeat the comparison on several other data sets and 

commodities. 

Summary and Conclusions 

This study presents one more iteration in the never-ending search for an ideal demand 

system. The methodology used is to combine two separate, recently published improvements to 

the Almost Ideal Demand System. The first, and perhaps most important, of these is to 

demonstrate how underlying consumer preferences can be approximated in a way that is 

asymptotically unbiased. The traditional Taylor series approximation is flawed because a 

second-order approximation to the underlying preferences provides only a first-order 

approximation to the consumer's demand function. This point of tangency may be outside the 

data range and, in addition, is likely to be asymptotically biased. The second improvement is 

to make the AIDS dynamic. This allows us to measure the long-run, unconstrained preference 

parameters of consumers and allows the use of monthly data. One disadvantage with this new 

system is that it is computationally difficult and data-intensive. 
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Endnotes 

1For three goods, this is k1 = 0, 1, -1; k2 = 1, 0, -1; and k3 • 1, 0, 0. 

2The data used in this application are monthly figures for per capita nonmilitary 

consumption and prices of beef, pork, and poultry in the United States from January 1969 to 

September 1986. Eleven monthly intercept dummy variables were included in each regression to 

account for seasonal shifts in demand. The poultry data are from the monthly USDA Poultry 

and Egg Situation. The poultry consumption figures are derived by dividing total slaughter 

weight by the population. The quantities and retail prices of beef and pork come from the 

USDA Livestock and Meat Situation. The per capita slaughter values are based on carcass 

weights. The constant proportionality factors are used to convert carcass weights to retail 

weights and are from Conversion Factors and Weights and Measures (USDA 1979). 

3we are grateful to both Jim Chalfant and Ron Gallant for providing us with their Fortran 

'. 'subrouttnes and technical expertise. 
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