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Abstract

The structural consumer demand methods used to estimate the parameters of collective household
models are typically either very restrictive and easy to implement or very general and difficult to esti-
mate. In this paper, we provide a middle ground. We adapt the very general framework of Browning,
Chiappori and Lewbel (2007) by adding a simple restriction that recasts the empirical model from a
highly nonlinear demand system with price variation to a slightly nonlinear Engel curve system. Our
restriction has an interpretation in terms of the behaviour of household scale economies and is testable.
Our method identifies the levels of (not just changes in) household resource shares, and a variant of
equivalence scales called indifference scales. We apply our methodology to Canadian expenditure data.
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1 Introduction

Dating back at least to Becker (1965, 1981), ‘collective household’ models are those in which the house-
hold is characterised as a collection of individuals, each of whom has a well defined objective function,
and who interact to generate household level decisions. Here we focus on methods by which household
level consumption data is used to recover information about individual household members. Examples
include Chiappori (1988, 1992), Bourguignon and Chiappori (1994), Browning, Bourguignon, Chiappori,
and Lechene (1994), Browning and Chiappori (1998), Vermeulen (2002), Browning, Chiappori and Lew-
bel (2004), Lise and Seitz (2004), and Cherchye, L., B. De Rock, and F. Vermeulen (2008). These models



are very useful because typical micro-data sources only have information on household level choices,
but the objects of interest are based on the preferences of, and constraints faced by, the individuals who
together make up the household.

Unfortunately, the structural models used to estimate these objects are either extremely restrictive
and easy to estimate, or are very general but difficult to estimate. For example, in Chiappori (1994),
households consume a purely public and purely private good and nothing else, yielding a model where
the response of household member resource shares to changes in variables such as wages can be easily
estimated. In contrast, Browning, Chiappori and Lewbel (2004), hereafter BCL, provide a model in which
households consume a vector of goods ranging from purely private to very shareable, and show how to
recover via demand system estimation both the resource shares and indifference scales (which are a variant
of equivalence scales analogous to cost-of-living indices) for each household member. Unfortunately, this
model is highly nonlinear in prices, expenditures and other characteristics, and is consequently difficult to
estimate, both numerically and in terms of data requirements.

In this paper, we provide a middle ground. Our model is only a little more restrictive than BCL, but
is easy to estimate. Specifically, we propose a version of BCL in which all the objects of interest can be
obtained from estimates of Engel curves that are nearly linear in parameters. Basically, we offer a way to
obtain identification without observing price variation, so that in our model the demand system reduces to
a system of Engel curves. In this model, the nonlinearity is encompassed by a single parameter, and we
can still recover the resource shares and indifference scales.

In the version of the BCL model we consider, the quantity of a household’s demand for any consump-
tion good is based on summing the demands of each household member for that good, and scaling the
result by a Barten (1964) type scale. The Barten scale reflects the degree to which the good is shared
among household members, that is, the degree of publicness or privateness of the good within the house-
hold. Each household member is allocated a resource share, that is, a share of the total resources (total
expenditures) the household has to spend on consumption goods. Each household member determines
their own demand for each consumption good by maximizing their own utility function, subject to a total
budget constraint equal to the member’s resource share of the total household budget, and facing a vector
of Lindahl (1919) type shadow prices for goods. These shadow prices differ from market prices (by the
Barten scales) because of economies of scale to consumption. In particular, shadow prices will be lower
than market prices for goods that are shared or consumed jointly. Given each member’s budget constraint
within the household, BCL use ordinary consumer surplus methods to obtain indifference scales defined
as the fraction of household expenditure that puts an individual living alone on the same indifference curve
that she would attain living in the household. Resource shares and indifference scales are two objects of
interest for each individual in a household, and BCL show that both these objects are identifiable from
data on household budgets and market prices. We extend their results by providing identification without
observing market prices in data without market price variation.

Unlike most empirical models in the collective household literature, BCL identify and estimate the
level of resource shares, not just how those shares vary with so-called distribution factors. They do this by
combining data on people living alone with data on couples. Lise and Seitz (2004) also identify the level of
resource shares (though not indifference scales) by combining singles and couples data. They too require
price data for identification, which they obtain by defining demand systems in terms of just two goods,
consumption and leisure, with wage differences providing the required relative price variation. Another
application of BCL’s model requiring price variation is Cherchye, De Rock, and Vermeulen (2008).

Our model obtains identification without price variation. Specifically, we show that combining BCL’s
general model with Barten (1964) scales for sharing goods and an Independence of Base assumption as in



Blundell, Duncan and Pendakur (1998) yields the simple model
w(x) =h+ anwj (x — lnlj)
J

where w (x) is a household’s vector of Engel curve budget shares given log total expenditures x, h is a
vector of constants, w; (x) is the Engel curve budget shares of household member j, and the parameters
of interest, 7; and /;, are member j’s resource share and indifference scale, respectively. Estimation only
requires parameterizing this model, adding demographic and error terms, and combining data on singles
living alone to estimate w; (x) along with collective household data to estimate w (x).

2 The Model

We begin by summarizing the BCL model of household demand equations. In general, we use lower-case
to denote logged quantities, bold to denote vectors, superscripts to index goods and subscripts to index
people and households. Let j denote individuals j =1, ..., J and let p = [ ph, .., pk ]’ be the K —vector
of logged market-prices. Let x denote logged total expenditure, subscripted for households or individuals.
Let wf. (p, x) denote person j’s budget share demand function for good £, that is, if person j were living

alone he/she would spend the fraction wjf (p, x) of (unlogged) total expenditures e* on the good k, for
k=1,..,K.

Assume that the household has economies of scale to consumption (that is, sharing and jointness or
consumption) of a Barten (1964) type. Specifically, there exists a K vector of constants oo = [a L. ak ]/
called log barten scales, such that the total log quantity of a good k that is consumed by the members of
the household equals the log quantity of the good purchased by the household minus a*. For example,
suppose that a married couple ride together in a car (sharing the consumption of gasoline) half the time
the car is in use. Then the total consumption of gasoline (as measured by summing the private equivalent
consumption of each household member) is 3/2 times the purchased quantity of gasoline. Equivalently, if
there had been no sharing of auto usage, so every member always drove alone, then the household would
have had to purchase 50% more gasoline to have each member travel the same distance as before. In this
example, we would have a* = In (2/3) for k being gasoline. Thus a* can be interpreted as the degree of
"publicness" of good & within the household. A purely private good & would have a¥ = In (1) = 0, while
a good that is shared has a¥ < 0, and the greater is the degree to which it is shared, the larger in magnitude
is ak.

Let w”(p, x, &) denote the budget share for good & of a household which is comprised of individuals
j =1,..., J, and has Barten economies of scale parameters «. If the household has e* dollars to allocate
toward purchasing goods, the household will spend the fraction w*(p, x, &) of e* on the good k, for
k =1, ...., K. Individuals living alone are assumed to have no economies of scale to consumption, and
so have log Barten scale parameters equal to zero. For each good k and person j, let wf. (p, x) denote the
budget share demand function of a household consisting just of person j living alone.

BCL prove that, subject to some technical conditions, if household purchase decisions are assumed to
be Pareto efficient and if goods are shared by household members by the above Barten technology, then the
household having total log expenditures x and facing logged market prices p will have purchased budget
shares for each good £ given by
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wk(p,xa a) = Z ﬂj(an, a)ch (OC + p,x + lnnj(paxa a)) (1)

J
where 7;(p, x, @) is the resource share of person j in the household and > ;1j(p,x,a) = 1. The in-
terpretation of this result is that efficiency is obtained by having each household member act as if they
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maximized their own utility function given a fraction 7 ; of the household’s total expenditures e (which is
why we call 77; a resource share) and facing log shadow prices o + p which reflect the economies of scale
from sharing.

We will consider households comprised of people who are observable both as single individuals and
as members of collective households. This means that for each value of p and x we can observe the
budget shares wﬁ? for people living singly, and the budget shares w* for the household. BCL show that the
remaining parameters of the model, the Barten scales o and the resource shares 7, are identifiable from
this data as long as individual’s demand functions are sufficiently nonlinear. However, identification of
these parameters requires price variation, and realistic models allowing for sufficient price flexibility and
interactions require many parameters, which enter the household demand equations highly nonlinearly.
These features make estimation of this model numerically difficult (e.g., BCL report finding ten different
local minima for their model).

We propose testable restrictions on the preferences of individuals and Barten scales that can be used
to identify resource shares and other parameters of interest without observing or modeling the effects
of price variation, that is, using only Engel curve data. This greatly decreases data, specification, and
computational burdens.

2.1 Indifference Scales

The two features of household demand functions that we are primarily interested in are resource shares
and indifference curves. Most of the papers cited in the introduction consider identification of features of
resource shares, which are often interpreted as measures of bargaining power within the household. Using
data just on multiple person households, Browning and Chiappori (1998) show that resource shares can-
not be nonparametrically identified. However, they also show that the derivatives of resource shares with
respect to observable variables that affect these shares and do not affect individual’s preferences (which
they call "distribution factors") can be identified. BCL show that resource shares can be nonparametri-
cally identified by combining data on multiple person households with data on single individuals living
alone. Another application of this type of identification is Lise and Seitz (2004). These papers that ob-
tain identification of resource shares require modeling and estimating how demand functions depend upon
prices.

The previous section defined resource shares, and here we now define indifference scales. Let V; (p, x)
denote an ordinal indirect utility function describing the preferences of person j. This individual’s demand
functions wf (p, x) for each good k are derived from V;(p, x) using Roy’s identity,

—oInV;(p,x)/op*
olnV;(p,x)/ox

wf(p, x) =

The indirect utility function V;(p, x) implicitly defines person j’s indifference curves over bundles of
goods.

Suppose a household has Barten (1964) scales o and person j in that household has resource share
n;(p,x,a). BCL define an indifference scale /;(p, x, o) as the solution to

Vi(p,In;(p,x,0) +x) = Vj(a +p,Inn;(p,x,a)+x) (2)

As can be seen by this equation, if one took the total expenditures of the household, ¢*, multiplied that
by the indifference scale /; (p, x, ), and gave that amount of income to person j living alone (facing log
market prices p), then person j would be able to buy a bundle of goods that lies on the same indifference
curve (to person j) as the bundle of goods that person j consumes as a member of the household, taking
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into account both his/her resource share 7 (p, x, ), and the household economies of scale that come from
sharing given by the Barton scales a.

Indifference scales differ from ordinary household equivalence scales (see Lewbel 1997 for a survey),
in that equivalence scales attempt to compare the utility of an individual to the utility of a household,
and so suffer from the identification problems associated with interpersonal comparisons of utility. In
contrast, indifference scales compare the same individual in two different settings - living alone facing
market prices, versus living in a household, consuming his/her share of the household’s resources while
facing shadow prices. BCL show that, unlike household equivalence scales, indifference scales can be
identified just from revealed preference data. Their identification of these scales depends upon identifying
features of the household’s and individuals’ demand functions including dependence upon price variation.

2.2 1B Scale Economies

We now define the Independence of Base assumption that we will use to simplify the BCL model. For
each person j, assume there exists a scalar-valued function D;(a, p) such that the indifference curves of
individual ;j and the Barten parameters o satisfy the condition

Vi@ +p,x)=V;(p,x —InDj(a,p)). 3)

Note that equation (3) is a joint restriction on the behavior of the individual and the household, because
it involves the individual’s utility function V; and the household’s scale economy parameters a. The
function D;(a, p) is a measure of the cost savings experienced by person j resulting from the scale
economies of living in the household with others, because it equates utility for that person under market
prices to utility with Barten-scaled market prices. Specifically, D(a, p) is the true cost-of-living index
for person j associated with the change from log market prices p to within-household log shadow-prices
o + p. These scale economies are assumed to be independent of the base expenditure (and hence utility)
level at which they are evaluated. Consequently, we refer to this restriction as imposing independent of
base scale-economies (IBSE), which connects with a usage of that term in the equivalence scale literature.

The restriction above is similar to the independence-of-base (IB) restriction studied by Lewbel (1989),
Blundell and Lewbel (1991), Blackorby and Donaldson (1993), Pendakur (1999) and Blundell, Duncan
and Pendakur (1998). The functional form used by Jorgenson and Slesnick (1987) is an example, which
imposes a restriction on Barten scales like the above. However, whereas this previous literature restricts
how indirect utility responds to changes in demographic characteristics, equation (3) only restricts how
an individual’s indirect utility responds to changes in the price vector p given by the economies of scale
measures o. Thus, as discussed in Blundell and Lewbel (1991), the IB condition in the equivalence scale
literature imposes both a testable restriction on how prices affect indirect utility and an untestable restric-
tion on how demographics affect indirect utility. In contrast, because equation (3) only restricts price
effects (and, e.g., does not entail comparing the utility of two demographically different individuals or
households), it imposes only a testable restriction on how prices affect indirect utility.

Applying Roy’s identity to equation (3) shows that individual j’s budget share functions u)f (0 +p,x)
satisfy

wk (@ +p,x) =df(p,a) + w} (p,x —InD;(p,a)). )

where oD (
df(Pa a) = M ®)

Opk

is the elasticity of D; with respect to the k’th price. Equation (3) is exactly analogous to the shape-
invariance restriction implied by IB equivalence scales (see, e.g., Pendakur 1999). In particular, the



budget-share of person j as a function of log total expenditures x have the same shape when evaluated at
(logged) market prices p or at (logged) shadow-prices a + p. They differ only in that they are translated
over log-expenditure x by In D, (p, &) and over each wf by dj‘? (p, ).

For an example of a general model of individual preferences that satisfies equation (3), consider indi-
viduals having indirect utility functions of the form

F?(p)
Inx —In Fj1 (p)

Vi(p,x) =G ( + Fﬁ(p)) : (6)

where the functions F!, F ]2, and F3, must satisfy homogeneity and other restrictions implied by having
V' be an indirect utility function, and G is any unknown strictly monotonically increasing transformation.
Applying Roy’s identity to equation (6) yields rank three demand systems with budget shares that are
quadratic in log total expenditures. An example of equation (6) is the Quadratic Almost Ideal (QAI)
model of Banks, Blundell, and Lewbel (1997). Assume that the the Barten parameters a and the functions
F Jz and F f’ together satisfy

Fia+p) = F;(p)
Fla+p) = F;(p).

For example, we could have F' Jz (o +p) = ¢/(a + p) for some constant vector ¢ where the vector ¢ and

Barton scales o are such that ¢’a = 0, and similarly for F 3. The Barten scales in Jorgenson, Lau, and
Stoker (1982) and Jorgenson and Slesnick (1987) satisfy this type of linear restriction. One can then
immediately verify in this example that equation (3) holds with D; given by

InDj(a,p) = lnFjl(p) — lnFjl(a +p).

3 Identification

Our goal is to identify resource shares and indifference scales from demand data without price variation.
We now summarize our modeling assumptions.

ASSUMPTION A: Assume the general BCL household model, so equation (1) holds. For each house-
hold member j assume there exists a differentiable in p function D; (p, a), with derivatives denoted by
d j (p, @) in equation (5), such that equation (3) holds. Assume resource shares 7; do not depend on x, and
so are given by 77;(p, ) > 0. By BCL, > n;(p, @) = 1.

In addition to the restrictions already discussed, Assumption A adds the additional restriction that
resource shares do not depend on x. Restricting resource shares in this way imposes constraints on the
household social welfare or bargaining function, but BCL provide general results showing existence of
household models (specifically, of so called Pareto weights) given restrictions on 7 ;. This is a potentially
very strong restriction, but it can be mitigated by including measures of household wealth other than total
expenditures in ;. For example, Browning, Bourguignon, Chiappori, and Lechene (1994) model resource
shares as depending on total household income but not total expenditures. This would be permitted in our
model by including total income among the distribution factors (which we will later define as z;) in the
model. Resource shares are weights on total expenditures for each member, and so must be nonnegative
and sum to one.



A limitation implicit in the BCL model is that an individual’s indifference curves over goods are
assumed to be the same whether living as a single or in a couple. Differences between an individual’s
bundle of consumed goods as a single versus within a household are therefore assumed to be due to
partially joint consumption, resource sharing, and to changes in total resources, but are not attributed
to preference changes. BCL discuss how their model could be extended to handle preference changes
by directly observing some private consumption within the household, or by parameterizing preference
changes, or by allowing parameters like a to include both preference changes and economies of scale to
consumption. In our model, the functional forms we estimate remain valid if preference changes take
the form of either affecting the Barten scales a, or price dependent location shifts in the budget share
functions w*. However, such changes would complicate the interpretation of our estimates, particularly of
indifference scales.

LEMMA 1: Let Assumption A hold. Then indifference scales do not depend on x, and are given by

_ D](paa)

Ii(p, o) = : (7)
’ n; (p,a)
Also household budget share demand functions are given by
ot x,a) = > 1,0, @) [d(p. o) + wf (p.x —In1;(p, @) | ®)
J

PROOF: Equation (7) follows immediately from equations (3) and (2) with 7; independent of x. The
second equation is then obtained by subsituting equation (4) into (1) and applying equation (7).

Given Assumption A, which imposes the BCL collective household model, IB scale economies and
expenditure-independent resource shares, equation (8) shows that household budget share equations are
a simple function of individual budget share equations. The key distinction between this model and the
unrestricted version of BCL is that household budget shares are a function of individual budget shares
evaluated at the market, rather than the shadow, price vector (after translation). In particular, equation (8)
shows that household budget shares are weighted averages of individual budget shares translated both in
budget shares (vertically) and log-expenditure (horizontally). As in the equivalence scale literature (see,
eg, Pendakur 1999), these translations are meaningful model parameters: translations in log-expenditure
are individual indifference scales; translations in budget shares are weighted averages of scale economy
price elasticities.

Now suppose we only observe data in one price regime, p = p,. Both pg and a are vectors of constants,
so we can rewrite equation (8) in Engel curve form as

wk(x):hk—l—anwf(x—ln]j). )
J

for each good k, where w* (x) and wf (x) are respectively the household’s and person j’s engel curves for
good k£ (in the price regime pg for a household with scale economy parameters a),

W =" n;(po, a)dj(po, @) = D n;d} (10)
J J

is a contant, and the resource shares 7; and indifference scales /; are now constants for each household
member j. We also have > ;1; = land n; > 0 for each household member ;.
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We observe the expenditures of households and of individuals on each good £ in this time period (price
regime), so the Engel curve functions w*(x) and w§‘ (x) are identified for each good & and person j. The
question is then whether we can identify the resource shares 7 ; and indifference scales /; from these Engel
curves. Theorem 1 below shows that 77; and /; are nonparametrically identified, as long as some of the
goods have budget shares that are nonlinear and are sufficiently different across individuals. The following
technical assumption formally describes sufficient nonlinearity restrictions.

ASSUMPTION B: Let Q(s) denote the K by J matrix where the element in the £'¢th row and j'th
column is wj? (Ins). Assume that the matrices dQ(s)/ds and 6°Q(s)/ds?, evaluated at s = 0, exist and
have rank J.

Assumption B imposes restrictions on the behavior of Engel curves at the zero expenditure level.
Given the assumed smoothness (differentiability) of Engel curves, this does not formally require observing
budget shares at zero expenditure levels, but rather depends on the limits of Engel curve derivatives in
the neighborhood of zero, i.e., at small expenditure levels. In practice, with actual data it may not be
necessary to consider very low expenditure levels at all. Identification really just requires a certain degree
of nonlinearity, which is most easily described at zero via Assumption B.

THEOREM 1: Let Assumptions A and B hold. Assume Engel curves w*(x) and wf (x) are identified
for j =1, ..., J. Then all the parameters in equation (9) are also identified, that is, 7 ; and /; are identified

for j = 1, ..., J and A is identified for k = 1, ..., K.

PROOF: Note that s is total expenditures, and x = Ins is log total expenditures. Also, by construction,
each /; is strictly positive. Define ok (s) = wk (Ins), a)ljC (S/Ij) = w? (lns —In Ij), vk (s) = 660]]‘. (s)/os

and (’j‘. (s) = 81)’]‘. (s) /6s. By equation (9), o* (s) = h* + Z}Izl nja)/j‘- (s/1;), so

o0 (s) L -np (s 0%0" (s) <L
= —Vvi | = and —— = - —
Os Z Ij v] ]j Os2 Z[}C/ I:

Jj=1 j=1 J

and therefore

ok (s) J N & 0%ak (s) z Mj &
o=> k) and o= Lk
P 2.7 v;(0) a 52 ls=0 jE=1 I;Cj( )

Letting o (s) equal the vector of elements o (s) for k = 1, ..., K, these last two equations in matrix form
are 9 (s) /sls—o = — [0Q(s)/3s ls=o] [m1/11, .-, n,/1s] and &%w (s) /0s%|s=0 =

[02Q(5)/05% ls=0] [11 /1%, ... n;/13] . Since the derivatives of Q(s) in these equations have full column
rank, these equations can be solved for the vectors [, /11, ..., n;/1;] and [, /1%, ..., n;/13], which will
then be expressed entirely in terms of derivatives of the functions w (s) and a)/J‘ (s) evaluated at s = 0,
which are identified. Dividing each element in the first of these vectors by the corresponding element in
the second yields the vector [/, ..., I;], and multiplying each element in this vector by the corresponding
element in [771/11, e nJ/IJ] yields [711, v ;1J]. Finally, given /; and 7, for all household members j,
the constants 4 can be recovered from 4% = w*(x) — Zj n; wf (x —1In Ij).

Theorem 1 essentially says that in a household with J people, the resource shares and indifference
scales are identified if there are J goods having nonlinear Engel curves that differ both across people and
across goods. For example, suppose that each individual ;j has budget share demand functions for good &
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given by a)l]‘ (s) = a’j‘. + sﬁl]‘. + szy’; for some constants a’j‘., IJ‘.,

levels, not in logged). Then 0Q(s)/0s |s—¢ is a matrix of elements ﬁlj‘. and 6°Q(s)/ds? |s—ois a matrix of

and ylj‘. where s is total expenditures (in

elements y ’J‘ , and by Theorem 1 all the parameters of the model are identified if these matrices have full
column rank J, meaning that the vector [ﬁk 5 ees [3"}] for some good £ is not a perfect linear combination of
the corresponding S vectors for the other goods, and similarly for the vectors of y X elements. This example
also illustrates the point that identification need not require observing demands in the neighborhood of
zero, since the coefficients ,B’J‘. and y’j‘. can be obtained just with data far from zero expenditure levels.

Note that Theorem 1 is sufficient but not necessary for identification. One might also obtain identifica-
tion under weaker conditions by the presence of assignable goods (that is, goods that are only consumed
by one household member), or by functional form restrictions.

4 Empirical Implementation

The households we consider are couples, so J = 2. We will index the members of the household by
J = fand j = m (female and male). Since resource shares 7; sum to one we can just define a single
share function n = n, with 1 — 5 = 7,. Adding ¢ error terms, for £ = 1,..., K — 1, the model for
estimation can be written as the 3K — 3 system of equations

wl} = wl} (x)+ 81}
wfn = wfn (x)+ afn
wk = hk—i-nwl}[x—lnlf]—l—(l—n)w,];(x—lnlm)-l-gk

where it should be understood that w? is person j’s actual budget share and w¥ (x) is the Engel curve
function for these shares. Equations for good K are unnecessary, since they follow from budgets shares
summing to one. To exploit data from a survey of many people we must now specify how wﬁ? (x), h*, 1 s
and 7 vary by observable characteristics such as age.

We introduce a vector of demographic characteristics for each individual, z;, and a vector of distri-
bution factors z;,. Distribution factors are defined by Browning and Chiappori (1998) as variables that
affect resource shares 7; but not the demand functions of individual household members. Thus, z; can
enter the budget-share functions of the relevant singles, wi‘. (x,z;) and the scale economies functions and

elasticities of those singles, D; (z j) and d;? (z j). Both z; and the individual characteristics z, and z,,
enter the resource share function 7 ,(zy, Zy, 2y), and, since the indifference scale is equal to the scale
economies divided by the resource share, these arguments also enter the indifference scale, 1;(z 7, z,, Zj).
Letz = (z7, zy, z;,) denote the set of all the demographic characteristics, so the resource share and indif-
ference scale functions are just 7 ,(z) and /;(z). Adding demographic characteristics z to the model gives
us the estimating equations

wl} = wé‘p (x, Zf) + 81} (11)
wk = wk, (v, 2,) + &, (12)
wk =" (@z) + q(z)w(;. [x —Inip@),z/] +[1 — n@]wk, [x — In 1, (2), 2] + &* (13)

where, based on equation (10),

W (z) = n@d; (z7) + [1 = n@)]dy, (zn) (14)



Theorem 1 shows that the parameters of interest, resource shares and indifference scales, are nonpara-
metrically identified from Engel curve data. This means that, by nonparametrically estimating the Engel
curve regression equations (11), (12), and w* = w* (x, z) + &* for each good k, we could nonparametri-
cally recover the functions #(z), /7(z) and 1,,(z), as well as h*(z) for each good k using equations (13)
and (14). However, for empirical tractibility we will flexibly parameterize the model instead of attempting
nonparametric estimation. These parameterizations could be treated as polynomial nonparametric sieve
estimators, though the order of the polynomials we specify is rather low for that intepretation.

Any parametric specification we propose must be consistent with equations (5), (7), (8), and (10), so
the functions /,,(z), 17(z), n(z) and h*(z) must be related in the sense that I7(z) equalsa Dy (z f) function
evaluated at po and a, divided by #(z), and similarly for I, (z), while /¥ (z) equals a weighted average of
the dji(zf) and d,’; (z,,,) functions with weights #(z) and 1 — #(z). For parameterizing, it is convenient to
rewrite equation (13) using (14) as

wh = 9@ |wh [x ~In 1@, 2]+ df (27) ] + (15)
[1 = n(@)] [wh [x — In1,,(2), 2] + d% (zn)] + &*

The functional forms we use for our empirical estimates are as follows. The budget share Engel curve
models for single individuals are given by

2
wl}(x, zy) = a?o + al}/zf + (x — e}-z.f') bl} + (x — e}-z.f') c’} (16)

for women and )
wk (v, zn) = af + allz,, + (x — €, z,,) BE + (x — €),z0)" &, (17)
for men, for each good &k = 1, ..., K. These budget shares are a rank three quadratic in log total expendi-

tures, which many authors have found provide a good fit for Engel curves (see, e.g., Banks, Blundell, and
Lewbel 1997), and are a quadratic in demographic characteristics restricted to satisfy shape invariance,
which is also known to fit well (see, e.g., Blundell, Duncan and Pendakur 1998).

We take z r and z,, to be the female’s and male’s age and highest level of schooling. We also normalise
zy and z,, so that they equals 0 for a reference set of characteristics, which in our example are possessed
by a person aged 40 with High School as their highest level of school.

Substituting equations (16) and (17) into (15) then gives the model for couples of the form

2
P a— n(z) |:a’j,0 + al}’zf + (x —In/z(z) — e}zf) bﬁ + (x —In/ls(z) — e’fo) cl} + dff (Zf)i| (18)
+[1 —5(2)] [a,ﬁo + a],‘n/zm + (x —1Inl,(z) — e;nzm) bfn + (x —1In1,(z) — e;nzm)zc],; + d,]; (Zm)] + .

It remains to parameterize 7(z), D;(z;) and dﬁ? (z;). The indifference scale is given by In/;(z) =
InDj(z;) — In#n;(z). We parameterize the resource share function 7(z) by

n(@) =v'z=ro+ v,z + 1,2y +¥2f (19)

Following Browning and Chiappori (1998), we take the distribution factor z; to be the relative wage of
the husband versus the wife. Unlike many other models like Browning and Chiappori (1998), we do not
require the presence of any distribution factors for identification, but we find this z; to be empirically
significant.
Using the fact that pp and a are invariant in our Engel curves, we parameterize D,,(z,) and D r(z 1)
as
In Dy, (zm) = dom + A, 2y, InDy(zy) =doy + d‘/fzf.
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and the price elasticities of these IB scales are parameterised as
df(2n) = O + Opzm,  di(zp) =06, + 2y (20)
fork =1, ..., K. These then imply the following functional forms for /, and 7,:
Inly(z) =dos +dszy —In(r'z) 1)

In 1,,(z) = dom + d,,z,, — In (1 — r'z) (22)

The model we actually estimate is then obtained by substituting equation (16) into (11) and (17) into
(12) for singles, and substituting equations (19), (20), (21), and (22) into equation (18) for couples. We
then have three equations for each £k = 1,..., K — 1, giving a total system of 3K — 3 equations. The
equation for the K’th good in each household type (m, f, and couple) does not need to be estimated,
because its parameters are completely determined by budget shares summing to one for each household.

By Theorem 1, the above model is identified, as long as the 2 by K matrices consisting of rows

[b’}, bfn} and [c’}, cﬁ] each have rank two and #(z) is not equal to zero or one. However, precision of

estimation is likely to be strengthened by the presence of an assignable good. This improvement is in
the sense of reducing multicollinearity, or, more formally, in improving the conditioning of the covariance
matrix of the estimated parameters, thereby mitigating likely numerical convergence issues and decreasing
standard errors.

We call a good assignable if it is consumed exclusively by only one person in the collective household.
To illustrate, suppose women are the exclusive consumers of women’s clothing. Then, letting k = f

denote the women’s clothing equation, we have u)}{ = u)}{ (x, z f) + s'J]: and u)',}; = 0, that is, the budget

share of women’s clothing in the men’s demand function is zero. Also d,',’; (z,,) = 0, that is, the effect
of women’s clothing prices on men’s scale economies is zero. This then makes the couples equation for
womens clothes simplify from equation (18) with £ = f to just

v/ = 5@ [w/{ [x —In/y(z), zf] +dl (zf)] +¢f
. . . 2 ,
= 17(z) |:a}0 + a}’Zf + (x —1Inls(z) — e’fo) b} + (x —Inly(z) — e/fo) c{f + d./{‘- (Zf)] +ef

An analogous simplification applies to the couple’s share of any good that is only consumed by men.
In our empirical application we consider K = 12 goods, and two of these goods, men’s and women’s
clothing, are assumed to be assignable.

5 Data and Empirical Results

Data from the 1990 and 1992 Canadian Family Expenditure Surveys (Statistics Canada, 1990, 1992) are
used to estimate the Engel curve system for K = 12 commodities: food at home, food out, gasoline,
personal care, toys, recreation services, tobacco, alcohol, men’s clothing, women’s clothing, rent, and
household furnishings and equipment. In these data, expenditures in each category are recalled by respon-
dents over the previous 12 month period. In order to treat men’s and women’s clothing as assignable, we
give a value of zero to men’s clothing expenditures by single women and to women’s clothing by single
men. (Approximately 4% of each group reported nonzero expenditures in these categories.) We deflate
expenditure in 1992 by the 2-year price change, and so treat the pooled data over these two years as facing
the same relative price vector. Actual price changes over 1990-1992 for the commodity groups used in this
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paper were between 4.4% (for food-at-home) and 6.3% (for personal care) with the exception of clothing
(one price index for men’s and women’s clothing rose by 10%).

Our selection criterion for households is as follows. Only rental-tenure households residing in cities
with more than 30,000 people, where all members are full-year members and all members are aged 25-59
are used. We only select households comprised of either single men, single women, or married childless
couples. Our sample consists of 419 single men, 450 single women, and 332 couples that meet these
criteria.

The vectors zy and z,, are each comprised of two demographic variables: age minus 40 and years of
education minus 12. These vectors equal zero for men and women aged 40 with 12 years of education.
We define distribution factors z;, to be the demeaned woman’s share of gross household income (the mean
is 0.40) and an additional dummy for whether the woman’s share of gross household income is less than
0.10. Often age differences and education differences between men and women are taken to be additional
distribution factors, but these are already implicitly included in our model of resource shares, which we
specify as depending on z, and hence on zy and z,, as well as zj,.

Table 1: Descriptive Statistics

Single Men Single Women Married Couples
Budget Shares Mean Std Dev Mean Std Dev Mean Std Dev
Food-in 0.160  0.087 0.164 0.091 0.193 0.083
Food-out 0.103  0.081 0.073  0.062 0.086 0.068
Gasoline 0.044 0.051 0.031 0.037 0.055 0.042
Personal Care 0.024 0.014 0.047 0.027 0.039 0.019
Toys 0.012  0.043 0.007  0.023 0.010 0.025
Recreation 0.070  0.064 0.057 0.054 0.062 0.049
Tobacco 0.047 0.073 0.039  0.065 0.055 0.069
Alcohol 0.056 0.070 0.024 0.034 0.041 0.049
Men’s Clothing 0.060 0.053 0.037 0.027
Women’s Clothing 0.087 0.066 0.054 0.040
Rent 0.389 0.133 0.427 0.131 0.321 0.099
Household Furn/Eq 0.037  0.050 0.044  0.055 0.056 0.056
log-expenditure -0.069 0.455 -0.188 0.416 0.338 0.352
age (less 40) 2.723  9.376 4496 10.121  1.121 10.125
education years (less 12) 0.141 1.368 0.124 1.314 0.198 1.294
woman’s income share (less 0.4) 0.006 0.230
woman’s share < 10% 0.139 0.346

Table 1 summarizes our data. Using assignability of clothing, a rough first estimate of resource shares
can be obtained from the clothing shares in Table 1 as follows. If single men and women had budget shares
independent of prices, expenditure and demographics (that is, Cobb-Douglas utility), then the resource
share of men and women in married couples would just be given by the ratios of budget shares of the
assignable goods for married couples versus singles. This gives crude estimates of men’s resource shares
equal to 0.037/0.060 = 0.62 and women’s resource shares 0.054/0.087 = 0.62. These may be within
twenty percent or so of reasonable values, but they violate the restriction of shares summing to one. We
now consider more realistic estimates.

Table 2 gives estimated parameters and asymptotic standard errors for the collective household para-
meters that enter the D s, D,,, and 5 functions. We ran four models: Model 1 contains all observations and
all demographic variables z; Model 2 drops outliers defined as those single men and women and married
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couples lying in the top or bottom 5% of their respective total expenditure distributions; Model 3 drops
education as a demographic variable; and Model 4 drops age as a demographic variable. Estimates for the
roughly 150 coefficients comprising the singles’ budget share equations for each model are available on
request from the authors. We note that these equation systems are only slightly nonlinear, so that despite
the large number of parameters to estimate, the models required only a few minutes to run, and we found
no evidence of multiple local minima. This contrasts with BCL, who report finding "10 distinct local
minima, each of which required a few days of iteration to converge."

Table 2: Parameter Estimates

Model 1 Model 2 Model 3 Model 4

Est Std Err  Est Std Err Est Std Err Est Std Err
do, 1 -0.351 0.406 -0.619 0.333 -0.233 0.277 -0.334 0.287
do.m -0.245 0.377  -0.159 0.437 -0.301 0.269 -0.223 0.215
7o 0.460 0.078 0361 0.074 0455 0.077 0400 0.076
Finc share 0.074 0.032 0.076 0.030 0.080 0.038 0.138 0.040
Finc_share=0 0.012 0.015 0005 0018 0.022 0.017 0007 0.023
dage, f -0.050 0.024 -0.064 0.017 -0.045 0.016
dage,m -0.014 0.014 0016 0.015 0.010 0.012
Tage, f 0.000 0.001 0.004 0.002 0.003 0.002
Yage,m -0.001 0.001 -0.007 0.002  -0.008 0.002
deduc, f 0.125 0.149  -0.254 0.097
deduc.m -0.210 0.107  -0.070 0.146
Yedue, f 0.026 0.009 0.027 0.096
Peduc,m -0.018 0.013 -0.024 0.012
include outliers? Yes No No No
include education? Yes Yes No No
include age? Yes Yes Yes No
# observations 1201 1082 1082 1082
# coefficients 177 177 131 85
Log-Likehood 22,600.2 20,526.5 20,459.8 20,368.8

One should expect the scale-economy parameters comprising D s and D,, to liec between 1/2 and 1,
corresponding to the extremes of completely sharing consumption of all goods versus no sharing (com-
pletely private consumption). For persons aged 40 with 12 years of education, scale economies for women
and men are given by exp(dy, y) and exp(do, ), respectively. The point estimates from model 1 give scale
economies of 0.70 for women and 0.78 for men of this type in married-couple households. These point es-
timates thus imply that for women aged 40 with 12 years of education, the shadow-prices faced within the
married couple are associated with a cost-of-living index that is 70% of the costs faced by single women
who face market prices. Men face slightly smaller scale economies within the married couple household.
Thus these estimates are near the middle of the expected range between a half and one.

Although reasonable in magnitude, these scale economies are very imprecisely estimated. These scale
economy parameter estimates are not statistically significant, and there is a fair amount of instability
in the parameter estimates across the models. The basic problem is that the scale economy parameters
dp,; shift the married-couple’s Engel curves horizontally in Inx, and are consequently identified only by
the relationship between the quadratic and linear effects in Inx, which are imprecisely estimated due to
multicollinearity. The same problem arises in models that estimate equivalence scales from Engel curves.
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Model 4 provides the most precise scale economy estimates, because it drops outliers and some covariates,
but even this model’s standard errors are uncomfortably large.

Demographics affect the demands of single people, and so should also affect the scale economies
faced by people when they live in married couple households. The estimates suggest that older women
in married couples have larger scale economies (more negative In D) than younger women in married
couples, while for men age has very little effect on scale economies. The education effects are quite
unstable across the specifications and, like the levels of scale economies, are very imprecisely estimated.

The estimates of resource shares 7 are much more precise than those measuring scale economies, and
that they are more stable across specifications. The parameter r gives the resource share 7 of a woman
aged 40 with 12 years of education who earns 40% of the gross income in a married-couple household. The
estimated value of 7o ranges from 0.36 to 0.46, and has a standard error near 0.08. Our use of assignable
goods (men’s and women’s clothing) strengthens the identification of resource shares, and thereby aids the
precision of our estimates of 7 coefficients. This ability to identify and estimate the level of the resource
share, rather than just its response to changes in distribution factors, is a novel feature of BCL and of our
model which is not shared by the earlier literature on collective household model estimation.

We also estimate the effect of demographic variables on the resource share. We find that the difference
in age between the spouses has little effect on resource shares, but the husband’s age may be negatively
related to the wife’s resource share. In Models 2 and 3, the estimated value of 74g¢ s is near -0.008, which
implies that a 45 year old couple has a women’s resource share that is 12 percentage points smaller than a
30 year old couple. For education, the pattern is reversed. The education level of the man does not much
affect the resource shares, but the difference in education level between the man and women is positively
related to the wife’s share. That is, women have larger resource shares in married couples when they have
less education than their husband. If we interpet this as due to a distribution factor, then it is somewhat
puzzling, because one might expect that if women have more human capital, then their ability to extract
within-household resources would be larger. However, as we noted above, one cannot distinguish a pure
education (demographic) effect from a relative education (distribution factor) effect.

The gross income share of women is highly statistically significant as a distribution factor in all models,
but the magnitude of its effect on resource shares is modest. The parameter estimates range from 0.074 to
0.138, which implies that a woman who earns half of household income has a resource share that is 4 to
7 percentage points larger than a women with no personal income. The dummy indicating that a women
has less than 10% of gross household income is insignificant in all 4 specifications.

A big difference between our empirical results and the full demand-system estimates of corresponding
parameters in BCL is that our estimates suggest that women have resource shares less than 1/2. In contrast,
BCL report women’s resource shares in excess of 0.60. However, our results are more in line with Lise
and Seitz (2004) though their estimates are based on just consumption and leisure, and with Cherchye, De
Rock, and Vermeulen (2008), who apply the BCL model to Dutch data and report an average women’s
resouce share of .49.

Indifference scales, which give the scale to household income that puts a single person on the same
indifference curve they would attain in a married couple, are equal to the scale economy measure divided
by the resource share in our model. Thus, given the estimates from Model 1, a woman aged 40 with
12 years of education who earns 40% of gross household income has an estimated indifference scale of
0.70/0.46 = 1.53. This implies that such a women, if she were living alone, would need approximately
two-thirds (1/1.53) of the couple’s income to reach the same indifference curve, and hence the same
standard of living, that she attains as a member of the couple.
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6 Conclusions

Collective household models are those in which the household is characterised as a collection of individ-
uals, each of whom has a well-defined objective function, and who interact to generate household-level
decisions. Typical micro-data sources only have information on household-level choices, but many of the
objects of interest in these models are the preferences of and constraints faced by the individuals who
together make up the household. Existing structural models used to estimate these objects are either easy-
to-estimate and extremely restrictive, or difficult-to-estimate and quite relaxed. In this paper, we provide
a middle ground, where the model is mildly restrictive yet easy to estimate. We propose and estimate a
version of Browning, Chiappori and Lewbel (2004) in which all the objects of interest are estimable via
‘nearly linear’ Engel curve estimation. These objects include the levels of resource shares (which most
collective household models cannot identify) and indifference scales, both of which are quite useful in
a range of policy applications as discussed by Browning, Chiappori and Lewbel. We obtain reasonable
estimates of these objects in an empirical application of our model.
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