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AN ALMOST IDEAL DEMAND SYSTEM INCORPORATING HABITS: 

AN ANALYSIS O F  EXPENDITURES ON FOOD AND 


AGGREGATE COMMODITY GROUPS 


Laura Blanciforti and Richard Green* 


I. Introduction 

Recently Deaton and Muellbauer (1980a) have devel- 
oped and estimated a demand system which they refer 
to as almost ideal (AIDS).' When their demand system 
was applied to annual British data from 1954 to 1974, 
Deaton and Muellbauer (1980a) found plausible struc- 
tural parameter estimates and reasonable price and in- 
come elasticity estimates; however, homogeneity and 
symmetry restrictions were rejected. Based on these and 
other results they concluded that influences other than 
current prices and current total expenditure must be 
explicitly incorporated into the model to explain con- 
sumer behavior in a theoretically coherent and empiri- 
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' The immodest title stems from the properties associated 
with their syatem. Deaton and Muellbauer (1980a, p. 312) list 
the following advantages of their system: ( I )  it gives an arbi- 
trary first-order approximation to any demand system; (2) it 
satisfies the axioms of choice exactly; (3) it aggregates perfectly 
over consumers; (4) it has a functional form which is consistent 
with previous household-budget data; (5) it is simple to esti- 
mate (in the linear approximate form); and (6) it can be used to 
test for hornogencity and symmetry 

cally robust way. They suggest generalizing their static 
model by adding dynamic elements and including other 
factors to improve their original framework. Ray (1980), 
in this Review, extended the AIDS by including family 
size and applying it to Indian budget data. 

The purpose of this paper is to make the AIDS 
dynamic by incorporating habit effects after the manner 
of Pollak and Wales (1969). By explicitly including t h s  
dynamic structure into the AIDS, the temporal relation- 
ships between price and income elasticity estimates can 
be examined. The homogeneity and symmetry restric- 
tions which were rejected by Deaton and Muellbauer 
(1980a) are tested with the more dynamic generaked 
AIDS to determine if the exclusion of dynamic elements 
may have accounted for their result. The results indicate 
that habit formation is the reason for the autocorrela- 
tion found in the residuals of the demand equations. 

The outline of the paper is as follows. In section 11, 
the almost ideal demand system is extended by ex-
plicitly including habit effects. The stochastic specifi- 
cations together with the estimation procedures are then 
discussed. In section 111, the static and dynamic models 
are estimated for I I aggregate commodity and 4 food 
commodity classifications using annual United States 
data for years 1948 to 1978. The structural parameter 
estimates, price and income elasticity estimates, habit 
effects and the results from testing various restrictions 
by the likelihood ratio method are reported in this 
section. The results are compared with those obtained 
by others for similar commodity classifications. Conclu- 
sions following from the results of the application are 
given in the final section. 
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11. Model and Estimation Methods2 

The AIDS, in budget share form, is given by 

where P is a price index defined by 

In P = a,, + Zhak ln  p, + 1/2Z,Zkyh,ln p,ln p, 

and p, is the price of the j th  commodity and x is income 
(Deaton and Muellbauer (l980a)). 

To reflect persistences in consumption patterns the 
static AIDS was extended by specifying the a ,  to be 
linear functions of previous consumption levels. That is, 

This linear "habit" scheme follows the approach of 
Pollak and Wales (1969) and Manser (1976). While this 
is admittedly ad hoc, it has frequently been used in 
empirical demand analyses. By substituting expression 
(2) into (I) we obtained what we refer to as the dynamic 
or "habit" version of the AIDS. 

To estimate the dynamic AIDS an error term, c,,, is 
added to each equation. The stochastic assumptions' are 
that E(c,,) = 0 and E(c,c,,) = 6,,,0 where c ,  is an 
n x 1 vector and 6,,, the Kronecker product. That is, the 
error term is assumed to have expectation zero, to be 
temporally uncorrelated and have a contemporaneous 
variance-covariance matrix D 

Since the sum of the budget shares equals one, it 
follows that the contemporaneous covariance matrix is 
singular. If autocorrelation in the disturbances does not 
exist, Barten (1969) has shown that full information 
maximum likelihood estimates of the parameters can be 
obtained by arbitrarily deleting an equation. The re- 
sultant estimates are invariant with respect to the equa- 
tion deleted. If, however, autocorrelation is present, i.e., 

for r = 2,. . . , T and where o 2 , . . , u, are indepen-
dently, identically distributed normal random vectors 
with mean zero and contemporaneous covariance ma- 
trix 2 ,  then a result developed by Berndt and Savin 
(1975) can be used. The variables in the system can be 
replaced by their first-order transforms, i.e., if Y, is the 
orignal variable, then replace it by Y, - p Y ,  , where p 
is the autocorrelation parameter. Assuming no autocor- 

'Although Deaton and Muellbauer d o  not explicitly mention 
it, the AIDS is indirectly nonadditive unlike, for example, the 
linear expenditure system. Thus, the AIDS in addition to the 
listed desirable properties does not impose the severe substitu- 
tion limitations implied by additive demand models. However, 
the almost ideal demand system does imply a money flexibility 
parameter of minus one. (See Blanciforti (1982) for a proof of 
this proposition.) This limits the applicability of parameters 
from the system for use in policy analysis when the money 
flexibility is not one, e.g., across different countries and income 
groups. 

relation across equations, i.e., R is diagonal, Berndt and 
Savin (1975) have shown that the autocorrelation coeffi- 
cients for the equations must be identical. This condi- 
tion holds any time the sum of the regressand across 
commodities equals the value of one of the regressors 
(in our case, Zw, = 1). 

Given these stochastic assumptions, a program devel- 
oped by Hall and Hall (1978) and discussed in Berndt 
et al. (1974) was used to obtain full information maxi- 
mum likelihood estimators of the parameters of the 
system. For the I I-commodity case a simplification 
discussed by Deaton and Muellbauer (1980a) was made 
to obtain the parameter estimates. In equation (1) P was 
replaced by an index developed by Stone (1953). The 
index is In P* = Zw,ln p,. If this is an adequate ap- 
proximation to In P,then the AIDS can be estimated by 
ordinary least squares. This version, termed the linear 
approximate almost ideal demand system, was used for 
the I 1-commodity case. However, the full information 
maximum likelihood procedure was employed for the 
four-food commodity groups. 

111. Empirical Results 

Annual United States time series data for the years 
1948 to 1978 were used to estimate the demand systems. 
For the 1 1-aggregate commodity classification, the com- 
modities are food, alcohol and tobacco, clothing, hous- 
ing, utilities, transportation, medical care, durable goods, 
other nondurable goods, other services and other miscel- 
laneous goods. For a more complete description of the 
data, see Blanciforti (1982). For the food subsystem the 
commodities are meats, fruits and vegetables, cereal and 
bakery products, and miscellaneous foods. A similar 
classification was used by Manser (1976) for a translog 
demand system. 

I I -Commod~t.v Group Results 

First, consider the empirical results for the I l-com-
modity grouping. The static model results will be sum- 
marized briefly while the dynamic model results are 
represented in table 1. For the static model, 9 of the 1 1  
commodities are classified as necessities while 2, dura- 
b l e ~and other nondurables, are classified as luxuries. In 
the AIDS negative P,'s imply necessities while positive 
P,'s indicate luxuries since it can be shown by differenti- 
ating (1) that the income (total expenditure) elasticity 
for the AIDS is q ,  = 1 + P,/w,. Thus, since w, is posi- 
tive a negative 8,implies that q, < 1 while a positive P, 
implies that q, > 1. 

These results provide an interesting contrast with 
Deaton and Muellbauer's (1980a. p. 320) results for 
similar groups of commodities in Britain. In their study, 
six of eight commodities were classified as luxuries. Ten 
of eleven own-price elasticities are negative, while all 
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TABLE1.-ESTIMATES LINEAR IDEALDEMANDSYSTEM:OF THE DYNAMIC PROXIMATE ALMOST 
ELEVEN COMMODITYAGGREGATE GROUPS 


Estimated Coefficientsa Summary Statistics ~las t ic i t ies~ 


Y!! 

a:*(lo-') /3, (own-price) R~ D W Expenditure Own-PnceCommodity Group 1 a: 

Food 

Alcohol plus Tobacco 

Clothng 

Housing 

U tilities 

Transportation 

Medical Care 

Durable Good\ 

Other Nondurable 
Goods 

Other Services 

Other Mscellaneous 
Goods 

'The cstlrnatc arc ohtamed ~ l t hthe homogcnelty cond~tlon lmpoed  
h E l a t l c ~ t )fo rmula  can be found In Ray (1980) They are calculated at mean (1948-1978) values 
'Value, In pa r cn th r e ,  are I-btatlstlcs 

but other nondurables are less than one in absolute 
value indicating price inelastic demands. Seven of the 
eleven income elasticities are greater in absolute value 
than their corresponding own-price elasticities. In Dea- 
ton and Muellbauer's (1980a) study all of the income 
elasticities were greater in absolute value than their 
corresponding own-price elasticities. Unlike with the 
additive linear expenditure system (LES) there does not 
appear to be an approximate proportional relationship 
between the own-price and income elasticities (see, e.g., 
Deaton (1975) for a more detailed discussion of this 
point). 

The homogeneity condition was rejected for five of 
the commodities. An F-test was used to perform these 
tests, but an equivalent t-test could have been used to 
test Z,y,, = 0. Like Deaton and Muellbauer's (1980a) 
results, the Durbin-Watson values decreased in all the 
cases in which homogeneity was rejected. With respect 
to structural parameter and elasticity estimates, with 
and without the homogeneity condition imposed, the 
estimates are very similar. This is not surprising, since 
the homogeneity condition only imposes one additional 
restriction. 

In table 1, results are reported for the dynamic or 
habit version of the linear approximate AIDS. The 
results should be interpreted with caution since lagged 
dependent variables are present as explanatory variables 
and it is well known that ordinary least squares esti- 
mates are biased and inconsistent under these condi- 
tions if autocorrelation is present. The Durbin-Watson 
values are generally higher than their associated coun- 
terparts in the static model; however, technically speak- 
ing the Durbin h-values are more meaningful in these 
situations. Although not reported here, the Durbin h-
values only indicate rejection of the assumption of zero 
correlation for one commodity group, utilities. Thus, 
these results are encouraging with respect to the 
confidence one can place in the estimates obtained from 
the dynamic model. 

In general, the income and own-price elasticity esti- 
mates in the static and dynamic models are similar, but 
the estimated income elasticities are higher in 8 of 1 1  
cases for the static model relative to the dynamic model 
when homogeneity is imposed. Likewise 8 of 11 own- 
price elasticities are greater than or equal in absolute 
value in the static model compared to the dynamic 
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model. One might be tempted to erroneously explain 
these empirical findings by concluding that when con- 
sumers develop a habit for a commodity that one would 
expect the consumer to be less responsive to changes in 
prices and income. However, in the above analysis, we 
are talking about the same time period with the elastici- 
ties computed at the same mean values. 

Ten of the habit coefficients, a:*, are positive (table 
I), the only exception being for the commodity group, 
durable goods. Six of the estimated habit coefficients are 
statistically significant at the 5% level. Thus, there ap- 
pears to be strong persistences in consumption patterns. 
Using a similar classification of commodities, Phlips 
(1972) estimated a dynamic linear expenditure model 
incorporating the Houthakker and Taylor (1970) state 
variable concept for habits. He found that 10 of 11  
goods were habit forming. The only exception was for 
automobiles and parts. He also inferred (1972, p. 454) 
that this illustrated the pervasiveness of habit forma- 
tion. 

The homogeneity restriction, conditional upon con-
sumption levels in the previous time period, was re-
jected in 5 of the 11 cases. This number is the same as 
that in the static model with a slight difference in the 
commodities for which homogeneity was rejected. The 
Durbin-Watson values were almost always higher in 
the dynamic model, indicating that the habit coefficients 
may be picking up the serial correlation effects. But the 
introduction of a dynamic habit term does not appear 
to reverse the number of cases in which homogeneity is 
rejected. 

Food Commodity Results 

The conclusions drawn from the four food commod- 
ity classifications are more interesting from an econ-
ometric viewpoint since full information maximum 
likelihood estimates of the parameters of the systems 
are obtained. From an economic viewpoint the food 
demand system can be thought of as the second stage in 
a two-stage budgeting process. A necessary and sufficient 
condition for the second stage of a two-stage budgeting 
procedure is that of weak separability (see, e.g., Deaton 
and Muellbauer (1980b, pp. 123-124)). Thus, for exam- 
ple, if the linear expenditure system were used in the 
first stage for broad groups of commodities like food, 
clothing, etc., then in the second stage one could con- 
centrate on commodities within, say, the food group. 
The quantities purchased can be expressed as a function 
of total expenditures on food and prices within the food 
group. 

The elasticities estimated for the dynamic almost 
ideal demand system for the food groups are reported in 
table 2. All of the income elasticities are positive and all 
of the own-price elasticities are negative as expected. 

Meats, fruits and vegetables, and cereal and bakery 
products are relative necessities for the dynamic model 
with the autocorrelation parameter unconstrained. The 
estimates are comparable to those obtained by Manser 
(1976) for four food groups with the indirect translog 
system with habits. For example, her estimated income 
elasticities are as follows: meats (1.11 vs. our 1.15); 
produce (0.29 vs. our 0.61); cereals (0.18 vs. our 0.32); 
and miscellaneous (1.65 vs. our 1.35). Note that these 
elasticities are with respect to total food expenditures 
and not total expenditures. Rough estimates of the 
latter can be obtained from the formula q i r  = q,yF . q F y  
where q ,y  denotes total income elasticity for the iLhfood 
type, q,yF represents the elasticity of the i th  food item 
with respect to total food expenditures and q F r  denotes 
the income elasticity of food with respect to total ex- 
penditures or income (see, e.g., Manser (1976, p. 887)). 
For meats, for example, the dynamic linear expenditure 
system in budget share form was estimated in stage one 
and q F V= 0.59. Thus, the total expenditures elasticity 
for meats is roughly estimated to be (0.59)(1.15) = 0.68 
taking the value 1.15 from the dynamic model with 
p f 0. 

Although not reported here, the estimated structural 
parameters and elasticities differ greatly between the 
dynamic and static models for the food groups. 
Differences in the estimates for the static model with the 
autocorrelation parameter constrained to zero from the 
estimates of the dynamic model with the autocorrelation 
parameter constrained to zero are large. Differences in 
the estimates for the static model with the autocorrela- 
tion parameter unconstrained from the dynamic model 
with the autocorrelation parameter constrained to zero 
are relatively small. Likewise, the differences in the 
estimates for the dynamic model with p set equal to zero 
from the dynamic model with p * 0 are small. It ap- 
pears that if autocorrelation reflects a misspecification 
of the model, then the inclusion of habit effects corrects 
for most of this error. 

With respect to testing for restrictions in the models, 
the likelihood ratio test procedure was used. Minus two 
times the ratio of the log likelihood functions, i.e., 
-2 1n A ,  can be shown to be asymptotically distributed 
as a chi-squared variable with degrees of freedom equal 
to the number of restrictions (see, e.g., Theil (1971)). If 
the dynamic AIDS with autocorrelation is taken as the 
maintained hypothesis, then the first test is 

H,: ~ 1 1a:* = 0 &d = 0, 

VS. 

H, : Not H,] 

i.e., there are no habit effects and no autocorrelation. 
For the food commodity, the computed value of -2 In A 
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NOTES 

ESTIMATES AIDS: FOURTABLE2. -ELASTICITY OF THE DYNAMIC FOODGROUPS 

Food Expenditure Uncompensated Own-Price 

Food Group No ~utocorrelation~ Autocorrelation" No Autocorrelation Autocorrelation 

Meats 1.15 
Fruits and Vegetables 0.6 1 
Cereal and Bakery Products 0.32 
Miscellaneous Foods 1.35 

E I a * l ~ ~ i t ~ e \were ~ai iuldled at mean ( 1948- 1978) \slues 

Thc a u t ~ o r r ~ l a t i o n 
parameter mas con%traned to be zero 

0.78 	 0.62 0.57 
0.67 -0.27 	 0.60-

0.36 -0.60 	 0.55-

1.62 -0.90 	 1.01-

'The autocorrelation parameter \\.as uncon5traned It ma\  e\tlmated lo he 0 98 with a r-value of 40 6 

was 64.46 which is much greater than the critical value 
X$5,4 = 9.49. Recall that there are four restrictions, 
three for the habit variables (one equation was deleted) 
and one for the autocorrelation coefficient. Thus. either 
habits or autocorrelation or both are present in the 
AIDS. Next the hypothesis 

VS. 


H , :  p * 0 


was tested. By observing the asymptotic t-values of 10.8 
and 40.6, respectively, in the static and dynamic models 
it can be concluded that autocorrelation is present. The 
test for habits could have been run next after the initial 
hypothesis was rejected instead of the test for autocorre-
lation. The order is arbitrary. 

The test for habits, 

VS. 

H ,  : Not H ,  

was run and a value of 37.5 was obtained for -2 In A.  
This value is much greater than xi, , ,  = 7.81. Thus, 
persistences in consumption patterns for food items are 
strongly present in the AIDS. 

IV. Conclusions 

The empirical results indicate the presence of habits 
or persistences in consumption behavior patterns of 
consumers when the AIDS is used as the maintained 
hypothesis. Autocorrelation was also found to have a 
large impact on elasticity estimates in the AIDS. The 
approximate proportionality relationship that exists for 
the additive LES was not found to exist for the more 
flexible AIDS. Thus, the almost ideal demand system 
incorporating habits and allowing for autocorrelation 

appears to be a more viable demand system to use in 
modeling consumer behavior. 

REFERENCES 

Barten, Anton P., "Maximum Likelihood Estimation of a 
Complete System of Demand Equations," European 
Econontrc Review 1 (Fall 1969), 7-73. 

Berndt. Ernst R., Bronwyn H. Hall, Robert E. Hall, and Jerry 
A. Hausman, "Estimation and Inference in Nonlinear 
Structural Models," Annals of Economic and Socral Mea- 
surement 3 (1 974). 653-665. 

Berndt, Ernst R., and N. Eugene Savin, "Estimation and 
Hypothesis Testing in Singular Equation Systems with 
Autoregressive Disturbances," Econometrica 43 (Sept.- 
Nov. 1975), 937-957. 

Blanciforti. Laura, "The Almost Ideal Demand Systern Incor- 
porating Habits: An Analysis of Expenditures on Food 
and Aggregate Commodity Groups," Ph.D. dissertation, 
University of California, Davis, 1982. 

Deaton, Angus, Models and Projection of Denland rn Post- War 
Britain (London: Chapman and Hall, 1975). 

Deaton, Angus, and John Muellbauer, "An Almost Ideal De- 
mand System," American Economrc Review 70 (1980a). 
312-326. 
, Economics and Consumer Behavior (Cambridge: Cam- 
bridge University Press, 1980b). 

Hall, Bronwyn, and Robert Hall, "Time Series Processor. 
Version 3.3 for the Burroughs 6700/7700: User Man- 
ual," Mar. 1978. 

Houthakker, Hendrik S., and Lester D. Taylor, Consumer De- 
mand rn the United States 1929-70, Analysis and Projec- 
tions, 2nd ed. (Cambridge: Harvard University Press, 
1970). 

Manser. Marilyn, "Elasticities of Demand for Food: An Anal- 
ysis Using Non-additive Utility Functions Allowing for 
Habit Formation," Southern Econom~c Journal 43 (July 
1976), 879-891. 

Phlips, Louis, "A Dynamic Version of the Linear Expenditure 
System," t h s  REVIEW 54 (Nov. 1972), 450-458. 

Pollak, Robert A,, and Terence J. Wales, "Estimation of the 
Linear Expenditure System," Econometrica 37 (Oct. 
1969), 629-750. 

Ray, Rawan, "Analysis of a Time Series of Household Ex- 
penditure Surveys for India," thls REVIEW 62 (Nov. 
1980), 595-602. 

Stone, J. %chard N., The Measurement of Consumers' Expendi- 
ture and Behavior rn the United Kingdom, 1920-1938, 
Vol. 1 (Cambridge: Cambridge University Press, 1953). 

Theil, Henri, 	Principles of Econometrics (New York: Wiley, 
1971). 



You have printed the following article:

An Almost Ideal Demand System Incorporating Habits: An Analysis of Expenditures on
Food and Aggregate Commodity Groups
Laura Blanciforti; Richard Green
The Review of Economics and Statistics, Vol. 65, No. 3. (Aug., 1983), pp. 511-515.
Stable URL:

http://links.jstor.org/sici?sici=0034-6535%28198308%2965%3A3%3C511%3AAAIDSI%3E2.0.CO%3B2-R

This article references the following linked citations. If you are trying to access articles from an
off-campus location, you may be required to first logon via your library web site to access JSTOR. Please
visit your library's website or contact a librarian to learn about options for remote access to JSTOR.

[Footnotes]

1 An Almost Ideal Demand System
Angus Deaton; John Muellbauer
The American Economic Review, Vol. 70, No. 3. (Jun., 1980), pp. 312-326.
Stable URL:

http://links.jstor.org/sici?sici=0002-8282%28198006%2970%3A3%3C312%3AAAIDS%3E2.0.CO%3B2-Q

References

Estimation and Hypothesis Testing in Singular Equation Systems with Autoregressive
Disturbances
Ernst R. Berndt; N. Eugene Savin
Econometrica, Vol. 43, No. 5/6. (Sep. - Nov., 1975), pp. 937-958.
Stable URL:

http://links.jstor.org/sici?sici=0012-9682%28197509%2F11%2943%3A5%2F6%3C937%3AEAHTIS%3E2.0.CO%3B2-7

An Almost Ideal Demand System
Angus Deaton; John Muellbauer
The American Economic Review, Vol. 70, No. 3. (Jun., 1980), pp. 312-326.
Stable URL:

http://links.jstor.org/sici?sici=0002-8282%28198006%2970%3A3%3C312%3AAAIDS%3E2.0.CO%3B2-Q

http://www.jstor.org

LINKED CITATIONS
- Page 1 of 2 -

NOTE: The reference numbering from the original has been maintained in this citation list.

http://links.jstor.org/sici?sici=0034-6535%28198308%2965%3A3%3C511%3AAAIDSI%3E2.0.CO%3B2-R&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0002-8282%28198006%2970%3A3%3C312%3AAAIDS%3E2.0.CO%3B2-Q&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0012-9682%28197509%2F11%2943%3A5%2F6%3C937%3AEAHTIS%3E2.0.CO%3B2-7&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0002-8282%28198006%2970%3A3%3C312%3AAAIDS%3E2.0.CO%3B2-Q&origin=JSTOR-pdf


Elasticities of Demand for Food: An Analysis Using Non-Additive Utility Functions Allowing
for Habit Formation
Marilyn E. Manser
Southern Economic Journal, Vol. 43, No. 1. (Jul., 1976), pp. 879-891.
Stable URL:

http://links.jstor.org/sici?sici=0038-4038%28197607%2943%3A1%3C879%3AEODFFA%3E2.0.CO%3B2-Q

Estimation of the Linear Expenditure System
Robert A. Pollak; Terence J. Wales
Econometrica, Vol. 37, No. 4. (Oct., 1969), pp. 611-628.
Stable URL:

http://links.jstor.org/sici?sici=0012-9682%28196910%2937%3A4%3C611%3AEOTLES%3E2.0.CO%3B2-2

http://www.jstor.org

LINKED CITATIONS
- Page 2 of 2 -

NOTE: The reference numbering from the original has been maintained in this citation list.

http://links.jstor.org/sici?sici=0038-4038%28197607%2943%3A1%3C879%3AEODFFA%3E2.0.CO%3B2-Q&origin=JSTOR-pdf
http://links.jstor.org/sici?sici=0012-9682%28196910%2937%3A4%3C611%3AEOTLES%3E2.0.CO%3B2-2&origin=JSTOR-pdf

