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I - Introduction: 

A Nonparametric Analysis of the Structure 

and Stability of Preferences : 

U.S. Food Consumption 1964-83 

Over the last few decades, a considerable amount of economic 

research has focused on the analysis of consumer demand. In the typical 

approach to demand system modelling with time-series data, demands a r e 

parametrized as functions of prices and income and then estimated using 

observable data. However, this well defined procedure suffers from the 

defect that one is always facing a joint hypothesis: the implications 

of consumer theory plus the maintained hypotheses concerning the 

specification of consumer preferences, without being able to 

differentiate between the two. This can make the investigation of the 

structure and stability of consumer preferences rather difficult. 

The typical parametric approach to the stability problem is to 

specify demand functions in some form, estimate them and interpret any 

significant shift in the parameters as evidence of structural change 

(Braschler; Chavas; Dahlgran; Eales and Unnevehr; Moschini and Miller ; 

Nyankori and Miller; Thurman; Wohlgenant) . Although this approach to 

structural change can be easily implemented empirically, it may not be 

very useful. First, the structural change results may differ depending 

on the parametric specification used. For example, in the investigation 

of meat demand, different model specifications have led to different 

conclusions: Chavas , Dahlgran , Eales and Unnevehr, Nyankori and Miller, 

and Thurman found evidence of parameter shifts, while Moschini and 

Meilke and Wohlgenant argued that meat demand can be explained in terms 
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of prices and income effects alone. Second, maintained hypotheses 

concerning the separability structure imposed by the parametric 

specification can cloud the stability of preferences issue. For 

example, Eales and Unnevehr found that the implicit separability 

structure imposed by commonly analyzed meat aggregates (e . g . , beef and 

veal, pork and poultry) is often inappropriate and can distor t 

parametric measurements of structural changes in preferences. Last, 

changing demand parameters may reflect a deterioration of the local 

approximation of consumer preferences as consumption deviates from the 

expansion point of a flexible functional form. Given these parametric 

difficulties, it is desirable to consider alternative methods for t he 

structure and stability analyses that do not depend on the 

parametrization of the demand or underlying preference functions . 

Nonparametric methods have been proposed for the analysis of 

consumer behavior (see Afriat; Diewert, 1973; Diewert and Parkan; 

Varian, 1982 , 1983, 1985; Chiappari and Rochet; Bronars). These 

nonparametric methods do not require ad hoc specification o f a 

functional form for demand equations, while still allowing t ests of data 

for consistency with consumer theory. These methods can complement t he 

more traditional parametric approach to demand analysis ( Barnhart and 

Whitney ; Chalfant and Alston; Chiappari and Rochet; McMi llan and Amoako -

Tuffour; Swofford and Whitney) . 

The objective of this paper is to propos e a nonparametric approach 

to the structure and stability of cons umer pre ferenc es and to 

investigate its usefulness. This approach, pr e sented in section II , 

extends the work of Afriat , Diewert and Varian by exploi t ing the 
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existence of duality relationships in consumer theory . In this context, 

a nonparametric revealed preference test is derived under differ­

entiability assumptions typically made in parametric demand analysis. 

Assuming that consumers optimize over preferences subject to a budget 

constraint, we show how a finite number of consumption observations 

(involving prices, quantities consumed and total expenditures) can be 

used to test the consistency of the data with a dual formulation of 

consumer theory under differentiability . Our proposed test has the 

advantage of increasing the power of previous nonparametric tests in 

demand analysis (Bronars) . Although these tests are not statistical 

tests with associated probability statements (Varian, 1985 ; Bronars), 

they do provide evidence whether or not a set of consumption data is 

consistent with some stable and separable representation of consumer 

preferences. The empirical implementation of tnese tests is discussed 

in section III . Their interpretation in terms of testing for weak 

separability and the stability of preferences is presented in section 

IV. A number of results obtained from a nonparametric analysis of U. S. 

food consumption from 1964 to 1983 illustrate the usefulness of the 

proposed procedures (sections V and VI). 

II - Nonparametric Demand Analysis: 

The nonparametric approach to demand analysis cons ists in analyzing 

a finite body of consumption data with no ad hoc specification of the 

functional forms for utility or demand functions (see Afriat; Diewert, 

1973; Varian, 1982, 1983; Diewert and Parkan). Consider a set of T 

observations on n-dimensional consumption vectors Xt - (xtl' ... ,xtn)' ~ 
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0, corresponding price vectors Pt (pt1 , ... ,ptn)' ~ 0 and consumer 

expenditures It> 0, t - 1, ... ,T. The nonparametric method presents a 

series of tests that these data must satisfy if they are to be 

consistent with consumer theory (i . e. with the optimization of an 

objective function subject to constraints). Throughout this paper, we 

take the optimization hypothesis as maintained, i.e. we ass ume t hat the 

consumer makes consumption choices in an optimizing way. As such , t he 

nonparametric tests consist in checking the existence of a utility 

function (representing consumer preferences) that is consistent wi t h 

observed consumption behavior . Our discussion will be limited to t he 

case where the price vectors (Pt) and the quantity vectors (xe ) are 

positive and finite for all t-1, ... ,T. Also, we will make use of 

normalizad prices defined as Vt - Pt/It, implying that the budget 
, 

constraint takes the form VtXt ~ 1. 

One of the main results of nonparametric demand analysis is 

presented next (Afriat; Diewert, 1973; Varian, 1982, 1983 ; Diewe r t and 

Parkan). 

Lemma 1: The following statements are equivalent: 

~ .there exists a utility function u (x) such that 

Xt solv es max {u(x): vt'X ~ 1) , t - 1 , ... ,T, 

where u(x) is a continuous and strictly inc reasing direct 

utility function . 

QI there exist Vt, At , s uch tha t 

(la) 

(lb) 
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£/ there exists a concave and strictly increasing direct utility 

function f (x) that rationalizes the data in the sense that 

Xt solves max {f(x): Vt'x ~ 1), t-1, ... ,T. 

These inequalities (la,lb), first proposed by Afriat , provide directly 

testable conditions that the data must satisfy in order to be consistent 

with utility maximization . Implementation of this test consists in 

checking whether there exists a solution to the linear inequalities (1), 

where the Vt's can be interpreted as utility levels and the At' as 

marginal utilities of (normalized) income. Alternative ways of 

investigating the empirical existence of a solution to (la,lb) have been 

proposed in the literature (see Diewert, 1973; Varian, 1982 , 1983). 

Note that Lemma 1 is concerned with the maximization of a direct 

utility funct:ion u(x). This maximization can be used to define the 

indirect utility function, as stated in the following primal problem: 

g(v) - Max {u(x): v'x S 1) 
x 

where g(v) - u(x*(v)) , x*(v) being the quantity dependent Marshallian 

demand correspondence. 

It can be shown that, if u(x) is a continuous and strictly 

(2) 

increasing function, then g(v) is a continuous, strictly decreasing and 

quasi-convex function for v > 0 (see Diewert, 1974, 1982 ). Using g(v) 

in (2), consider the dual problem 

u(x) - Min {g(v) : v'x s 1). 
v 

where u(x) - g (v*(x)), v*(x) being the price dependent or inverse 

(3) 

Marshallian demand correspondence. The conditions under which u(x) in 
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(3) is equal to u(x) establish the existence of duality between the 

direct utility function u(x) and the indirect utility function g(v). 

For positive prices and quantities, Di~wert (1974, 1982 ) has shown that 

u(x) - u(x) if the direct utility function is continuous, increasing and 

quasi-concave . In such a case , the indirect utility function completely 

characterizes the direct utility function (and v~ce versa) , thus 

providing an alternative but equivalent representation of consumer 

preferences . Such duality relationships have been investigated in 

detail in the literature (e.g . Lau; Samuelson ; Diewert, 1974, 1982; 

Blackorby et al . ). By suggesting alternative formulations of consumer 

theory, duality relationships have stimulated much research on the 

characterization of consumer behavior (e.g. Anderson; Weymark; 

Christensen et al . ). 

What are the nonpdrametric implications of the dual problem (3)? 

Noting that Min {g(v): v'x s l} - -Max {-g(v) : v'x ~ l}, the following 
v v 

result is obtained from lemma 1. 

Lemma 2: The following statements are equivalent : 

~/ there exists an indirect utility f unction g(v) such that 

Vt solves min (g(v) : v'xt s 1), t-1, ... ,T, 

where g(v) is a cont inuous and strictly decreasing indirect 

utility function. 
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there exist Vt, A, such that 

At > 0 (4a) 

Vt s Vs + At [vs'Xt-ll' s,t-1, ... ,T. (4b) 

there exists a convex and strictly decreasing indirect utility 

function h(v) that rationalizes the data in the sense that 

Vt solves min (h(v): v'xt ~ l}, t-1, ... ,T. 

Equations (4) present necessary and sufficient conditions for the data 

(vt,Xt)• t-1, .. . ,T, to be consistent with the dual (indirect) utility 

minimization problem (3), where the Vt's can be interpreted as utility 

levels and the At's as marginal utilities of (normalized) income . Again 

a consistency test would involve checking whether there exists a 

solution to the linear inequalities (4). 

Note that the ineG~alities (1) of the primal problem (2) differ 

from the inequalities (4) of the dual problem (3). This reflects 

differences in the domain of definition of the variables. Lemma 1 

involves any quantities x ~ 0 but only a finite number of prices. In 

contrast, lemma 2 involves any prices v ~ 0 but only a finite number of 

quantities. 

If the direct utility function u(x) is not strictly quasi-concave 

(as assumed in lemma 1), it is well known that existence of demand 

functions is not guaranteed. For example, the maximization of a quasi ­

concave direct utility function generates only a demand correspondence 

(Chiappari and Rochet). Since parametric demand analysis typically 

assumes the existence of differentiable demand functions, it is of 

interest to examine stronger conditions for t he representation of 
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consumer preferences.11 In particular , we consider the case where u (x) 

is differentiable, strictly increasing and strictly quasi-concave.11 

This guarantees the existence of demand functions typically used in 

parametric demand analysis . This also implies the existence of duality 

relationships between the primal problem (2) and the dual problem (3): 

that is, the two problems provide equivalent representations of consumer 

preferences where Vt - Vt (see Diewert, 1974, 1982; Weymar k) . Mo r eover, 

u(x) and g(v) are connected by Legendre transformation where, at 

equilibrium, At - At - aU(xt) . Xt - - ag(vt) .Vt (see Lau; Samuelson). 
axt avt 

Under such conditions , the optimal solutions to problems ( 2 ) and ( 3 ) a r e 

unique and the following result is obtained from lemma 1 and lemma 2 : 

'r0~njit ion ~: Conside a differ~ntiable, strictly increasing and 

strictly quasi-concave direct utili ty function u (x ) such that 
, 

Xt solves max (u(x): VtX ~ l}, t-1, ... ,T . 

Also, consider the dual differentiable , strictly decreasing 

and strictly quasi-convex indirect utility funcci on g(v) - Max 

(u(x) : v'x ~ l} such that 

Vt solves min (g (v ) : v'xt 5 l}, t-1, ... ,T. 

Then, there exists Vt, At such that 

(Sa) 

I I 

Vt 5 Vs+ min(As(vsXt-1 ) , At(vsxt -1)}, 

s, t-1 , . .. , T ( Sb ) 

Proof: Equations (S) are obtained from (1) and (4), given the duality 

relationships Vt - Vt and At - At· Q.E .D. 
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In contrast to pr.evious nonparametric demand analysis (based on the 

primal problem (2) and equations (1), as in Varian), equations (5) 

reflect the empirical implications of both the primal problem (2) and 

the dual problem ( 3 ) given a finite number of data points . As we will 

see below, equations (5) are more restrictive than equations (1) i n the 

primal problem or equations (4) in the dual problem. Thus, using (5 ) 

(instead of (1) or (4)) should provide more precise results for the 

nonparametric analysis of consumer behavior . This nonparametric primal­

dual representation of consumer theory under differentiability 

assumptions typically made in parametric analysis will be called the 

"differentiable duality" formulation in the rest of the paper. 

Empirical applications to demand analys is are discussed next. 

III - Emp irical Implementation: 

Equations (1), (4) , and ( 5) all consist in a set of linear 

inequality restrictions . Finding a solution to these inequality 

restrictions is equivalent to t esting the consistency of consumption 

da ta with a corresponding formulation of consumer theory. Although 

these tests are no t statistical t ests (i.e . tests attaching a 

probability to rejection of a null hypothesis), they can provide useful 

insights in the analysis of consumer behavior without requiring an ad 

hoc specification of functi onal form for demand or underly ing preference 

functions. In t his section, we discuss briefly t he empirical 

implementation of these nonparametric tests . 

First, note that equations ( lb ) , (4b ) or (Sb ) can be wri t t e n as A' y 

~ c, where y is a vector of the V' s and A's, while A and care an 

_j 



10 

appropriately defined matrix and vector . The existence of a solution to 

(1), (4) or (5) can then be checked by solving the following linear 

programming problem (see Diewert, 1983): 

Min (b'y: A'y ~ c, y c C) 
y 

(6 ) 

where the cone domain C - (yl(Al· ··· ,AT)~ a > O; (V1 •.. . ,VT)~ 0) and 

the vector b is arbitrarily defined such that problem ( 6 ) is bounded . 

Checking equations (1), (4) or (5) is therefore equivalent to finding 

whether or not the linear programming (6) has a feasible solution . It 

has a feasible solution if and only if the data (v t, xt ; t-1 , . . . ,T) ar e 

consistent with the corresponding formulation of consumer theory. 

Although the linear programming problem (6) can be solved by 

standa r d computer alb . : ithms, note that for T > l the numbe r of 

constraints in (6) will exceed the number of activities . In t h is case, 

it will be computationally convenient to consider the linear progr amming 

problem dual to (6) : 

Max (c'z : b-Az cc* ; z ~ 0). 
z 

where c* is the polar cone of c . 

(7 ) 

It is well known t hat ( 7) has an optimal solution if a nd only if 

(6) ha s an optimal solution (e .g. Luenberger ; Spos ito ) . Alternative l y, 

i f (6) is infeasible , then (7) is e i t he r unbounded or inf easible 

(Spos i to, p . 95). The numbe r of constraints i n the dual problem being 

only equal to 2T, it will be easier t o solve ( 7) (instead of (6 )) by the 

simplex method . In this context, the existence of an optimal solution 
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to (7) would be interpreted as the consistency of the consumption data 

(vt, xt; t-1 , ... ,T) with the corresponding formulation of utility 

theory . 

It should also be noted that the dimension of the linear 

programming problem (i.e . , number of activities and constraints) is 

determined by the number of observations, not t he numb er of commod ities . 

Thus, in contrast to the parametric approach, nonparametric analysis is 

not constrained by the number of commodities. This lack o f a 

"dimensionality curse" facilitates nonparametric analysis of very 

disaggregate commodity specifications . 

IV - Interpretation of the Nonparametric Test : 

The nonparametric tests presented above consist in checking the 

existence of a solution tc a set of linear inequalit i e s ( i . e. ( 1 ), (4), 

or (5)). If a set of consumption data {Xt,vt;t-1, .. . ,T } passes the 

test, it implies the existence of a preference func t ion tha t 

rationalizes the data in the sense discussed in sec t i on II . 

Alternatively , if a data set does not pass the test, it imp lie s t hat the 

data are not consistent with the corresponding f ormula tion o f con s umer 

theory (Lands burg). What can we expect to l earn f o r t h ese nonparametric 

tests? 

First, equations (1), ( 4 ) and (5) reflect a l ternative implicat i ons 

of consumer theory under alternative as s umptions ab out the na tur e of the 

objective function o f the consumer . Hence, e mpi r ical test ing of these 

implicatio ns can provide evidence on t he a p p r op r iatenes s of alternative 

formulations of consumer theory for the analy s i s o f par t i cul a r 
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consumption data. Previous nonparametric analysis has been limited to 

the primal implications of equations (1) (see Afriat; Diewert, 1973; 

Varian, 1982, 1983 ; Diewert and Parkan) . If we are willing t o take the 

existence of duality relationships under diffe rentiability as a 

maintained hypothesis, then the empirical testing of (5) may reveal some 

information on consumer behavior not provided by (1 ) or (4). 

Second , how can we interpret the r esults of the nonparametric 

tests? Useful insights on the structure of consumer preferences (as 

reflected by various weak separability hypotheses)ll as well as the 

stability of preferences can be obtained by considering tests associated 

with different consumption bundles (Varian, 1983; Diewert and Parkan; 

Swofford and Whitney). To see this , consider a household choosing the 

consumption vector x - (x1 1 x2) given prices p - (p1 , P2 ) and the direct 

utili::y function u2(x1,x2 1 .8) where ,8 denotes othe..- variables (bes ide :<1 

and x2) that affect household preferences . It is well-known that, under 

stable preferences, weak separability of u(x) in N1 implies the 

existence of a sub-util i ty function u1(x1 ) satis f y ing u(x) -

u2(u1(x1) 1 x2) 1 which is equivalent to the second stage allocation f or x1 

in a two -stage budgeting process (Deaton and Muellbauer; Blackorby et 

al. ) . Consider that two nonparametric tests a re performed: test "a" 

using the consumption vector x1 with corresponding normalized prices v1 

- P1/(pix1) 1 Pl be ing t he price vector for x1; and test "b" using the 

consumption vector x - (x1,x2) with corresponding normalized prices v -

p/(p'x ) . A given consumption data can either pass or fail each test. 

The results can be interpreted in the light of the results discussed in 

section II. It will be convenient to limit our discussion here to the 
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implications of the analysis for the direct utility function .~ Four 

cases are possible . 

Case 1: The data pass both tests "a" and "b" . In the context of the 

primal problem (2), this implies that existence of a direct utility 

function u2(u1(x1) ,x2) that rationalizes the data . This utili ty 

function is characterized by the separability of x1 from (x2 1 P) where 

the existence of the sub-utility function u1 (x1) follows from the result 

of test "a", and the result from test "b" implies the separability of x 

- (x1,x2) from p. Equivalently, this case can be interpreted as 

evidence of preference stability with respect to x1 as well as x2 across 

data points . 

Case 2: The data fail test "a" but pass test "b". In the contex~ of 

the primal problem (2), this implies the existence of a direct utility 

function of the form u2(u1(x1,x2),x2) where x1 is separable fr om P but 

not separable from x2. In addition, x2 is separable from p. This can 

be interpreted as a situation where preferences are stable with respect 

to x - (x1,x2), but where x2 influences the preferences for x1. 

Case 3: The data pass test "a" but fail test "b" . In the context of 

the primal problem (2), this shows the existence of a 'direct utility 

function u2(u1(x1) 1 x2 1 P) that rationalizes the data. This utility 

function implies the separability of x1 from (x2,ft), while x2 is not 

separable from p. Equivalently, this case can also be interpreted as 
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evidence of preference stability with respect to x1 , but not wi t h 

respect to x2. 

Case 4 : The data fail both tests "a" and "b". In the context of t he 

primal problem (2), this implies the existence of a direct utility 

function of the general form u 2(x1 ,x2.P) where x1 is no t separ able from 

(x2.P) and x - (x1,x2) is not separable from p. Equiv a lently, this case 

can also be interpreted as evidence that preferences f or x1 as wel l as 

x2 are changing across data points . 

Thus cases 1 and 2 imply the existence of a stable ut i lity function 

that can rationalize the data in terms of price and income e f f ects 

alone . In contrast, cases 3 and 4 provide evidence that pre f er ences are 

changing , i.e. that there exist shifters of the u t ility functi on not 

accounted for in the analysis. For cross-section data, this wou l d mean 

t hat preferences vary from one household t o another. For time series 

data , this would mean structura l change in the s ense that p r efer ences 

are changing over time . In this context , find i ng data i nconsistency 

with consumer theory would be interpreted a s ev i de nce o f t he existence 

of other factors (i.e., other t han the pric es and tota l expendi tures 

accounted for in the analysis) inf luencing consume r behavi or . In other 

words, the r esults o f the nonparame t r i c tests can pr ovi de indirect 

evidenc e on the effect o f these othe r factor s as they contribute to 

s h ifts i n consumption pa t terns . Nonpar ame tr ic demand analysis can 

t herefor e provide heuris tic i nsights on the s t ructure and stability of 



15 

consumer preferences. This is further illustrated in the following 

sections with an application to U. S . food demand . 

V - Data: 

The above nonparametric methods are used to analyse the stability 

and structure of U.S. food consumption. Given the considerable 

parametric based research concerning struc·tural change in U.S. meat 

demand (e.g. , Braschler ; Chalfant and Alston; Chavas; Dahlgran; Eales 

and Unnevehr; Nyankori and Miller; Moschini and Meilke; Thurman; 

Wohlgenant), we focus our nonparametric structure and stability analysis 

around the meat group. To establish comparability with the recent 

primal nonparametric work of Chalfant and Alston, we analyse the same 

1947-83 time series on beef, pork, poultry and fish from Wohlgenant 

(1985) . .2.I' 

Since much parametric research on U.S. food demand (e.g. George and 

King; Eastwood and Craven; Huang and Haidacher) has maintained various 

weak (or strong) separability hypotheses without much scrutiny, we also 

include several non-meat food commodities and a non-food aggregate to 

nonparametrically evaluate alternative "complete" demand specifications. 

These alternatives are summarized in Table 1 . PROTEINS adds eggs and 

dairy products (including butter) to the MEATS group: it consists of 

the commodities that are expected to constitute a major s hare of the 

protein intake of consumers. The remaining non-protein food commodities 

are comprised of fruits and vegetables (including potatoes and excluding 

melons), cereals and bake ry products, sugars and sweetners, fats and 

oils (excluding butter ), and non- alcohol ic beverages. Last, we add a 
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non-food implicit quantity aggregate defined as personal consumption 

expenditures (PCE) on all items less food deflated by the associated BLS 

price index for all items less food. 

Price and quantity data for the non-meat food items are from 

U. S . D. A. 's Food Consumption. Prices. and Expenditures: 1964-1984. All 

quantities are measured in (retail weight equivalent) pounds per capita 

with the exception of non-alcoholic beverages (gallons per capita) and 

non-food (implicit quantity index). Corresponding commodity prices are 

derived using the at-home consumer price indexes for the ab ove food 

groups.QI Hence, in the absence of quantity and price information which 

distinguishes at-home and away-from-home consumption for each food 

commodity, we assume that the appropriate prices for the corresponding 

aggregate disappearance data follow at-home retail price movements . 

VI - Results : 

The proposed nonparametric procedures allow considerab le 

flexibility in evaluating data consistency with the various demand 

theory formulations (i.e . , equations 1, 4, or 5) and the structure and 

stability of consumer preferences over time or across alternative 

commodity group ings (see section IV). We proceed to evaluate data 

consistency of a particular commodity grouping with equations 1 , 4, and 

5 over t he 1964-83 time period. Note that data consistency over a time 

series implies data consistency over it's component time periods . If 

the nonparametric test of data consistency fail s ( i .e., if corresponding 

dual LP formulat i on is unbounded or infeasible (see section III )) , then 

we sequentially test component time periods for data consistency . In 
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particular, if data consistency is not found, then we sequentially 

evaluate the 1964-79 and 1972-83, and then the 1964-71, 1972-79, and 

1980-83 periods. One motivation for the choice of these sub-periods is 

to isolate the 1972-79 period of relatively high inflation from the more 

stable earlier period and the early 1980's economic context. This 

sequential testing procedure can also be viewed as a nonparametric 

heuristic tool to identify data consistent time periods for parametric 

estimation. 

Table 2 summarizes the nonparametric test results for the time 

periods and commodity groupings analysed. Given that the direct 

(equations 1) and indirect (equations 4) utility f ormulations are the 

least restrictive, they are evaluated first . Next, the differentiable 

duality formulations ( from equations 5) are evaluated. Recall that 

lemma 1 (equations 1 ) concerns data consistency w~th the existence of a 

continuous, strictly increasing direct utility function and the 

associated quantity dependent Marshallian demand correspondences as 

solutions to the primal problem (equation 2). Similarly, lemma 2 

(equations 4) concerns data consistency with the existence of a 

continuous, strictly decreasing indirect utility function and the 

associated price dependent Marshallian demand correspondences as 

solutions to the dual problem (equation 3). Neither of these conditions 

guarantees the existence of differentiable demand functions usually 

encountered i n parameteric demand analysis (i.e., they are necessary but 

not sufficient conditions ). Assuming differentiable, strictly 

increasing (decreasing), and strictly quasi-concave direct (quasi -convex 

indirect) utility functions, Proposition 1 (equations 5) concerns data 
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consistency with the existence of duality based, differentiable demand 

functions . Again, data consistency with both the direct and indirect 

utility formulations are necessary but not sufficient for dat a 

consistency with the nonparametric differentiable duality formula tion. 

We begin our discussion of Table 2 with the AfriatfVari an direc t 

utility (equations 1) and the dual indirect utility (equa t i ons 4) 

formulations. The nonparametric results from equations ( 1 ) or (4 ) a r e 

identical for all commodities and time periods analysed . Th ese resul ts 

indicate that the data are consistent with either hypotheses for all 

commodity groups and time periods analyzed except PROTEINS over the 

1964-83 and 1964-79 period . Thus, these results provide nonpar ametric 

evidence of the existence of separable and stable preferences and t he 

associated second stage demand correspondence for MEATS over t he 1964 - 83 

period analysed.l/ The PROTEIN anc ALL FOOD results , however , provide 

nonparametric evidence that a stable preference function for PROTEINS 

existed but was not separable from all o ther foods over the 1964 - 79 

period (see Case 2, section IV). Since the PROTEINS results fo r e ach 

sub-period ( i.e . , 1964-71 and 1972-79) i ndicate a stable and separ ab le 

demand relationship, we infer that the separability str ucture of t he 

PROTEINS demand correspondence was different in these two periods . In 

contrast , the ALL FOOD r esults provide nonpa r ametric evidence of stable 

and separable preferenc es (e. g. , from non- foo ds a nd preference sh ifters ) 

for the ALL FOOD commodities over the 19 64 -83 pe riod. 

Thus, the nonparametric results from equat i ons ( 1 ) and (4) i mply 

that these data are consisten t wi t h t he ex i stence of a sta ble second 

stage demand correspondence for MEATS, ALL FOODS, and FOODS & NONFOOD 
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over the 1964-83 period . The second stage demand correspondence for 

PROTEINS, while stable, did not exhibit separability from the non­

protein foods during the 1964-79 period . Although these results provide 

nonparametric evidence that much of the U.S. food consumption behavior 

analysed follows the theory, they do not give much insight on how to 

proceed in empirical demand analysis. Tl:lis in part reflects the low 

power of the Afriat-Varian nonparametric test of consumer behavior 

(Bronars ; Thurman) . Stronger restrictions are required to generate 

demand functions as opposed to the demand correspondences implied by the 

direct or indirect utility formulations (see lemma 1 and lemma 2). 

The differentiable duality results for the years 1964 -8 3 or 1964 -

79 in table 2 can be interpreted as nonparametric evidence that 

empirical demand analysis based on a stable, differentiable, strictly 

increasing (decreasing), and strictly quasi-co~cave direct (quasf-convex 

indirect) utility specification would not be consis t ent with these data 

for all commodity groupings evaluated . This indicates that the 

nonparametric test proposed in proposition 1 has higher power compared 

to the Afriat-Varian nonparametric test . Further analysis of the 1964-

83 sub-periods reveals that the lack of data consistency in the 1964- 71 

PROTEINS , ALL FOODS, and FOOD & NONFOOD specifications are partly 

responsible for these findings. These rejections of data consistency 

imply that preferences were not stable and/or were not separable in the 

manner specified.11/ In contrast, the nonparameteric differentiable 

duality results for 1972-83 indicate that these data are consistent with 

the existence of second stage demand functions for PROTEINS and FOODS & 

NONFOOD over this period. 
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The MEATS differentiable duality results indicate a l ack of data 

consistency with the existence of second stage demand f unc tions over t he 

1972-83 period .21 Comparison of the MEATS and PROTEINS r esults fo r 

1972-83 reflects our Case 2 ( Section IV) discuss ion . That is , s i nce the 

PROTEINS data are found to be separable from non-pro t e in commodities and 

to be c ons i s tent with the ex i stence of sec ond - s tage demand functi ons 

over the 1972 -83 period , we infer tha t t he associated pr eference 

function for MEATS was stable but not separab le f r om non- meat proteins 

( i . e., eggs and dairy products ) during this period. Given the MEATS 

data consistency over the 1964-71, 1972-79 and 1980-83 periods ( implying 

the existence of stable and separable (fr om non-meat s ) preferences over 

these separate sub-periods ), we find non -parametric ev i dence that the 

separability structure of MEATS demand was differen t i n each of these 

periods . Indeed, if this separability s t ruc tur e was the same 

(particularly for 1972-79 anq 1980-83, given the 1972 -83 MEATS and 

PROTEINS results ), then we would not expec t to find the lack of MEATS 

data cons i stency in 1972 - 83 or 1964 -79. Hence, these resul t s suggest 

that the relative pric e and i ncome eff ects charac t e rizing 1964 - 71, 1972 -

79 and 1980 -83 MEATS demand r e flect distinct sepa rabil ity structures on 

preferences. Given t he economi c adj us tme nts of t he highly inflationary 

1972 - 79 period , these results are not unreasonable . 

From t hes e MEATS and PROTEINS nonparametric test~ of differentiable 

duality, we i nfer that previous evidence of structur al change i n meat 

demand during the 1970's ( e . g. Nyankori and Miller; Chavas) is likely 

due to model mi sspecification . While this could reflect an 

inappropria te pa rametrization of t he demand functional f o r ms, our 
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nonparametric results suggest that additional attention to the commonly 

maintained hypothesis of MEATS demand separability is warranted. Our 

nonparametric differentiable duality results suggest that the 1972 -83 

data do support parametric estimation of MEATS demand i n the context of 

a second stage PROTEINS demand system . 

The 1972 -83 diffe rentiable duality results for PROTEINS, ALL FOODS, 

and FOODS & NONFOOD reflect our Section IV discussion of Case 3 

( PROTEINS and ALL FOODS) and Case 2 (ALL FOODS and FOODS & NONFOOD). 

That is , all three commodity specifications are found to be consistent 

with separability and the existence of a stable, differentiable utility 

function over the 1972-83 period with the exception that ALL FOODS are 

found to be stable but not separable with respect to the non- food 

aggregate. Thus, our results suggest that paramP.tric estimation of 

PROTEINS or FOODS & NONFOOD demand systems using the 1972-83 period are 

supported by these data . 

We also analysed a specification with two commodit i es: aggregate 

food and aggregate non-food. This specification is motivated by other 

nonparametric work concerning the data consistency and separability of 

fairly aggregated commodities (e .g. , Swofford and Whitney ; Barnhart and 

Whitney).l.Q/ Our nonparametric tests indicate that these aggregate data 

are consistent with equations (1), (4) and (5) hence, with the existence 

of differentiable and stable, dual preferences over the 1964 -83 period. 

Given our more negative results concerning "disaggregate" FOODS & 

NONFOOD (see table 2), this finding raises questions about aggregate 

demand analysis. Although separability assumptions are often considered 

"less offensive" when applied to broad aggregates (Deaton and 
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Muellbauer) , our results suggest that working with broad aggr egates may 

induce significant aggregation e rrors . This would b e consistent with 

Eales and Unnevehr's f i ndings tha t inappropriat e ma intained s eparabili ty 

hypotheses can distort parametric measures of structural ch ange. Our 

results illustrate that nonparametric procedures can provide heuristic 

insight for the analys is of t hese i ssues. 

VII - Concluding Remarks : 

This paper illus t rates t he usefulness of a nonparame tric app r oach 

to demand analysis based on a finite number of consumption data po i nts. 

Thi s approach allows an evaluat i on of consumer theory and i t s dual 

formulation by generating empirical tests that do no t depend on t he 

cho ice of a functional form f or ut i l i t y or demand f uncti ons . The 

duality fo rmula tion propos~d he r e i s of i nteres t since it r eli es on 

differentiab i l i t y ass umptions typ i cally made in par ametric demand 

analysis (Chi appori and Roche t ) . 

The r esul ts indica te that th i s extension o f nonparametric demand 

analysis i s c l early more restric tive than t he d irect (or indirect) 

u ti l ity f o rmul ation , as expected. By i nc r eas ing t he power of 

nonpa rametric me t hods , t he proposed duality approach can provide more 

preci se r esults and is more likely t o find evidence aga i nst the standard 

theory. Given the l ow power of pr evi ous nonpar ametric tests, this 

appears to be a desirable charac teris t i c ( Brona r s). If one is 

interes ted in the investigation of t he stab ility and structure of 

preferences under r estrictions commonly i mposed in applied, parameteric 
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demand analysis, then the proposed nonparametric, differentiable duality 

approach may prove very useful. 

The approach is easy to implement empirically using a standard 

linear programming algorithm. The size of the resultant LP problem 

depends on the number of observations, not on the number of conunodities 

analyzed. Thus, in contrast to the parametric approach, the 

investigation of a large number of very disaggregate conunoditi~s is 

quite feasible in nonparametric demand analysis. 

Our analysis suggests that the proposed nonparametric approach can 

be a powerful heuristic tool when used prior to the parametric 

specification and estimation of demand functions. For example, by 

providing evidence on the validity of various weak separability 

hypotheses, the methodology can help choose the appropriate conunodity 

aggregates and/or periods for p~rametric demand analysis. The 

methodology can also provide useful information in the analysis of 

structural change in consumer preferences as demonstrated in the 

application to U.S. meats demand. 

At this stage of its development, however, nonparametric analysis 

does not allow estimation of price nor income e lasticities of demand. 

Neither does it provide much insight on how factors other than prices 

and income influence consumption behavior . Hence, the nonparametric 

approach is clearly not a substitute for the parametric approach. 

Rather, when appropriately used, the two approaches should prove 

complementary. We hope that the nonparametric duality framework and the 

empirical application presented in this paper will stimulate further use 

of this potentially powerful heuristic tool in applied demand analysis. 

·I 
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Table 1 : Composition of Commodity Groups Analyzed . 

MEATS: Wohlgenant (1985) Meat Data 
- Beef&Veal Pork Poultry Fish 

PROTEINS: Proteins (with Wohlgenant's Meat Data) 
- Beef&Veal Pork Poultry Fish 
- Eggs Dairy (including butter) 

ALL FOODS : All Foods (Disaggregated) 
- Beef&Veal Pork Poultry Fish Eggs Dairy 
- Fruit&Vegetables Cereals&Bakery Sugar&Sweets 

Fats&Oil Non-AlcoholicBeverages 

FOOD/NON-FOOD : ALL Foods (Disaggregated) and Non-Food (Aggregated) 
- Beef&Veal Pork Poultry Fish Eggs Dairy 
- Fruit&Vegetables Cereals&Bakery Sugar&Sweets 

Fats&Oil Non-AlcoholicBeverages 
- Aggregate Non-Food 
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Table 2: Nonparametric Test Results: U.S. Food Consumption Per Capita, 
1964-83.l 

Direct Utility or Indirect Utility: 2 

ALL FOODS & 
YEARS MEATS PROTEINS FOODS NONFOOD 

1964-83 OK Unbd OK OK 

1964-79 *OK Unbd *OK *OK 
1972-83 *OK OK *OK *OK 

1964-71 *OK OK *OK *OK 
1972-79 *OK *OK *OK *OK 
1980-83 *OK *OK *OK *OK 

Differentiable Duality: 

ALL FOODS & 
YEARS MEATS PROTEINS FOODS NONFOOD 

1964-83 Unbd Unbd Unbd Unbd 

·_-;;:Jt·-7 9 :Ji ~ . d 1Jnbd Unbd Unbd 
1972-83 Unbd OK Unbd OK 

1964-71 OK Unbd Unbd Unbd 
1972-79 OK *OK Unbd *OK 
1980-83 OK *OK OK *OK 

l "Unbd" indicates that the dual LP was unbounded , nonpa rametric evidence 
that the data are not consistent with the hypo t heses being t ested over 
the period. Conversely, "OK" indicates that the dual LP conve rged , thus 
providing nonparametric evidence that the data over this pe riod are 
consistent with the hypotheses being t ested. "*OK" i ndica tes that data 
consistency is implied by a prior result. 

2 The nonparametric results for the direct (equat i ons 1 ) and i ndi r ect 
(equations 4) utility formulations are identical f or these data over 
the commodities and periods analysed . 
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Footnotes 

See Chiappori and Rochet for similar arguments concerning the primal 
non-parametric tests . 

Then the indirect utility function g(v) is differentiable , s t rictl y 
decreasing and strictly quasi-convex. 

A direct utility function is weakly separable if the margina l r ate of 
substitution between any two commodities within a group is independen t 
of the commodities outside that group. Equivalently, the utility 
function u(x1 1 x2) is weakly separable in x1 if it can be written as 
u2(u1(x1) 1 x2) where u1(x1) is a sub-utility function for the group x1 
(e.g . see Deaton and Muellbauer; Blackorby et al.). 

By duality, the existence of a direct utility function u ( x ) (or u1 (x1)) 
implies the existence of an indirect utility function g (v/ v'x) (or 

I 

g1(v1/v x1)). As a result, the discussion below could be presented 
alternaeively in terms of indirect utility functions . Al so , i t should 
be noted that our analysis does not impose homothetic · r homothetical l y 
separable preferences as discusse4 in Varia~ ( 1983 ). 

Since we analyse time-series data, we assume that a ggr egate consumption 
decisions are made by an optimizing representative consume r i n a way 
consistent with his/her preferences. The influence of populat i on size 
is taken into consideration by defining quanti t ies and i ncome on a per 
capita basis. The associated implici t price s a r e derived as t he ra tio 
of pe r capita expenditures to per capita quan t ity dis appearanc e . 

All price indexes are first adjusted to 1964 - 100 . Commodity 
expenditure proportions for 1964 are derived from Geor ge and Ki ng ( p . 
36) as the average of December 1963 and December 1965. These 
expenditure proportions are then used to allocate 1964 PCE per capi ta 
across foods . Expenditures per capita for 1964 are then divided by t he 
corres ponding 1964 quan t ities' per capita to yield i mp l i c it pr i c e s which 
satisfy Fisher's weak factor reversal test f or 1964. These prices are 
then proj ected forward through 1983 using the corresponding at -home 
consumer pric e indexes with base 196L~ - 100. 

We also nonparametrically analyse the Wohlgenant (1985) meat da t a ove r 
the 1947 -83 period. We find da ta c ons istency wi t h t he indi rect app r oa ch 
to the demand correspondence as well as with t he Afriat/Varian direct 
utility formulation r eported in Chalfant and Alston using t he same data . 

. . 
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We do not report these 1947-83 and 1947-63 MEATS results in table 2 to 
avoid clutter . 

.§./ This separability inference could reflect various maintained hypotheses 
in the current specifications. One possibility is the lack of a 
labor/leisure/ consumption commodity specification (i.e . , the implied 
separability of consumption from labor/leisure decisions). Another 
possibility is that the non-food aggregate may be inappropriate (e.g., 
further disaggregation may be needed following Barnhart and Whitney, or 
Swofford and Whitney). 

~ As noted above, we also evaluated MEATS over the 1947-83 and 1947-63 
periods , as did Chalfant and Alston. While the MEATS data were found to 
be consistent with the existence of a direct or indirect utility 
function and the associated second stage demand correspondence over the 
1947-83 period (as found by Chalfont and Alston), our differentiable 
duality results (not reported in Table 2) indicate a lack of data 
consistency with the existence of second stage MEATS demand functions 
for this period. This implies that parametric demand analysis using 
stable second stage demand functions is not supported by the data. 
However, our nonparametric procedures do indicate that the MEATS data 
are consistent with a stable duality specification over the 1947-63 
period. Given these results, Table 2 and the ensuing discussion focuses 
on -~e stability anJ ~truc~uce of MEATS demand over the 1964 J3 period 
and sub-periods . 

1Q/ Aggregate food per capita is measured as an implicit quantity index 
whe re per capita PCE on food is deflated by the BLS price index for all 
food. 


