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ABSTRACT

Children, prime-aged adults, and the elderly vary in their consumption patterns,
based on shifts in their needs, preferences and resources. As the composition of the
United States population is changing, an understanding of the factors which influence
consumption is important in determining what this means for consumer demand. The
first chapter makes use the Consumer Expenditure Survey (CEX) extracts of Harris
and Sabelhaus (2000) and Consumer Price Index (CPI) data, to investigate these
consumption shifts which occur throughout an individual’s lifetime. The Almost Ideal
Demand (AID) system of Deaton and Muellbauer (1980a) provides the basic empirical
specification from which this analysis proceeds. We find significant influences of
demographic variables on consumption, and in particular that household demand for
a particular commodity group is significantly influenced by the age composition of its
members. The analysis contributes to existing literature through the use of multiple
years of household level data and a theoretically plausible demand system for the
case of the United States. The analysis is further expanded to illustrate the effects of
households with non-purchasing behavior. A methodology proposed by Tauchmann
(2005) is applied to correct for household selection into zero expenditures. Selection
correction terms for all equations are highly significant, with estimates for commodity
groups displaying large proportions of zero expenditures demonstrating the largest
changes. These results indicate the importance of correcting for the selection process
in demand analyses.

Individuals pursuing higher education are faced with many decisions. In Chapter
2, the returns to college attendance are examined, with focus on the influence of
location. The decision of whether to pursue a post-secondary education is a complex
process with many components. Students must decide between competing colleges,

weighing and comparing their different attributes. One characteristic which is

vi



factored into this decision is the geographic location of the institution. By using a
merged data set from the Integrated Postsecondary Education Data System
(IPEDS) and National Longitudinal Survey of Youth, 1979 Geocode (NLSY79
Geocode), the study investigate the returns to crossing state boundaries for college
attendance. Results suggests there is a higher return to post-secondary education
received out-of-state (OOS) for both males and females as compared with returns to
attending an in-state institution under a Random Effects model. This suggests
students may reap rewards from migration for the purpose of education. The
estimates from a Fixed Effects model are similar.

Finally, we explore specific consumption behavior in the case of alcohol. This
commodity is chosen due to its unique considerations, as consumption of alcohol is
strongly correlated with household and individual characteristics and potentially
imposes societal burdens exceeding consumption. In particular, we examine the
influence an individual’s occupation has on the probability of alcoholism. Selected
data from the National Longitudinal Survey of Youth, 1979 Cohort (NLSY79) is
used, as it provides specific information regarding these behaviors. Results indicate
there is no substantially meaningful relationship between occupation and the
probability of alcoholism, although blue-collar workers tend to drink in higher
quantities.

Individual consumption behavior has multiple sources of influence, and can be
modeled as a series of choices, from the decision of whether to consume, to where to
consume, and levels of consumption. The purchasing and expenditure decisions for
each commodity or bundle of goods are motivated by a variety of factors. Results of
the analyses presented herein indicate a need for further research and emphasize the

importance of demographics in investigating household decision-making behavior.
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CHAPTER 1
CONSUMPTION COMPOSITION OVER THE
LIFE-CYCLE

1.1 Introduction

Children, adults, and the elderly do not consume the same goods in identical
proportions; the composition of consumption varies throughout an individual’s
lifetime. For example, education-related consumption is primarily undertaken in
younger years, while health care expenditures are concentrated during years later in
life. Consumption of food varies, as the nutritional requirements of children and the
elderly are significantly lesser than those for prime aged adults. Thus, the relative
magnitude of the components of aggregate demand in a nation will be affected by
the age composition of its population. To understand these effects, we must look at
expenditures at their natural level of occurrence, by individuals and households.

In the United States, aging is an issue of present concern, as a large proportion
of the population is making the transition to retirement. The eldest of the Baby
Boomers, those born during the post-World War II fertility boost, are reaching
retirement age. with the first “boomers” turning 60 in 2006. It is projected the
population over 65 will more than double in number by the year 2030 to 71.5
million, to represent more than 20 percent of the United States’ population
(Administration on Aging and Resources 2005). Figures 1.1 and 1.2 illustrate these
changes in the composition of the population. Given the extent of this shift in the
nation’s age distribution, it is anticipated there will be significant changes in the
composition of aggregate demand.

The present study considers the effects of member age composition on the

expenditure shares of a household. For this purpose, the Almost Ideal Demand



(AID) system of Deaton and Muellbauer (1980a) is applied to household level data
from the United States Consumer Expenditure Survey (CEX), spanning the period
1981-2003. This approach allows us to uncover the effects of a household member,
and permits investigations into shifts in household consumption, as individuals
within the household age.

This analysis will extend previous empirical studies of demand systems by
accounting for the effects of different age groups within a household, rather than
considering the household or population as a whole. Comparison of results across
age groups will provide insight into the changes in demand for varying types of
consumption goods over the life-cycle, and allow a better understanding of the
implications of aging for the composition, rather than the overall levels, of aggregate
demand.

Previous studies which estimate theoretically plausible demand systems are
lacking in several respects. Early studies were innovative; introducing models of
demand which account for the inter-relationships between expenditures on different
goods and services available to consumers, while satisfying the constraints of
Neoclassical demand theory (Stone 1954; Theil 1965; Barten 1969; Deaton and
Muellbauer 1980a; Banks et al. 1997). However, these models are incomplete, as
they ignore the effects of demographic variables, such as age. Such extensions were
left to future studies.

Studies which incorporate demographic influences and use theoretically plausible
demand systems have been conducted for countries other than the United States:
Lithrmann (2004) investigates the implications of aging on demand for Germany;
Wakabayashi and Hewings (2002) considers the case of Japan; Denton et al. (2006,
1999) investigates the influences of changes in the age distribution on demand for
Canada; and Kalwij et al. (1998) uses Dutch data to investigate the effects of
household characteristics on expenditure shares.

A limited number of studies use United States data and theoretically plausible
systems, but differ from the current analysis in their use of macroeconomic data or
averages, rather than data at the household level (Pollak and Wales 1969; Uri and
Hamidian-Rad 1984; Fisher et al. 2001). The use of aggregate data at the national
level is also common in demand system studies for other countries (Stone 1954;
Parks 1969; Parks and Barten 1973; Deaton and Muellbauer 1980a), although



several researchers have concluded the importance of using data at their most
disaggregated levels (Denton et al. 1999; Wakabayashi and Hewings 2002).

The literature on demand systems includes studies which make use of models
which have not been derived from theoretically sound foundations. Rather, these
models are empirically designed; using arbitrary, but educated, rationale in
assigning variables (Denton and Spencer 1976; Fair and Dominguez 1991; Lyssiotou
et al. 2002; Eguia and Echevarria 2004; Lee and Huh 2004). The present study
contributes to this body of literature through the use of United States data over an
extended period (1981-2003), at the household level. Furthermore, the underlying
model is the theoretically plausible AID model of Deaton and Muellbauer (1980a);
which has been modified to incorporate demographic effects, particularly household
age composition.

An econometric consideration in estimating demand systems with household data
is the problem of non-random selection into zero expenditures. The analysis further
extends existing research through the implementation of methods by Heckman (1979)
and Tauchmann (2005) to correct for this source of bias. Although previous studies
exist which have considered this problem (Heien and Wessells 1990; Raper et al. 2002;
Yen et al. 2002), they differ in the correction methods used and a lack of methodology
by which to adjust corresponding marginal effects (Saha et al. 1997). This problem—
which arises when using household level expenditure data—although recognized, is
often overlooked.

Results indicate households with members over the age of 60 differ in the
composition of their expenditures. Members over 60 significantly increase the
proportion of household expenditure on shelter, utilities, and medical care; and
decrease budget shares of alcohol and education. Selection is found to be significant,
though overall results are robust to such corrections.

The remainder of the analysis will proceed as follows: Section 1.2 provides a
basic background on the theoretical underpinnings of demand analysis; Section 1.3
reviews existing literature on aggregate demand systems; a discussion of the planned
methodology forms the content of Section 1.4; Section 1.5 presents and discusses

results of the empirical analysis; while Section 1.6 concludes.



1.2 Theoretical Considerations

1.2.1 Theory of Consumer Choice

The theory of consumer choice is well-developed and has been articulated
thoroughly and elegantly in countless publications. However, a brief overview of the
basic theoretical framework provides a beneficial start to the present analysis. For a
more in-depth discussion of the theoretical underpinnings of consumer demand, the
reader is referred to any advanced microeconomics textbook.

At the heart of consumer demand analysis lies the utility function, the
mathematical formalization of an individual’s preferences. An individual consumer
is assumed to maximize utility function through the allocation of income, p, over
the n goods and services, x;, available in the market at prices p;. The consumer’s
decision can be more formally expressed as the solution to a constrained
maximization problem:

The consumer selects a vector of commodities, x = (x1, 2, ...,2,) to maximize

the function:

U(x) = u(zy, x2, ..., Tp) (1.2.1)

Under the constraint of total expenditures equalling to income:

Zpixi = (1.2.2)

The aforementioned constrained maximization problem can be solved using the

Lagrangian multiplier method. We formulate the expression:

((x,A) = U(x) = A _ piwi — 1) (1.2.3)

where A is the Lagrangian multiplier representing the marginal utility of income.
The first order conditions are then derived through differentiation of 1.2.3 with respect

to each of the x; and \'.

! This assumes the utility functions are continuous and differentiable, with first and second partial
derivatives that are positive and negative respectively.



ol ou
= —Ap;=0,2=1,2,... 1.2.4
axz ax )\pl 07 [ ) ) 7n ( )

o
oy = = piitp=0 (1.2.5)

Solving the first order conditions for x; yields Marshallian demand expressions,

which are a function of the n prices and income, p?:

The precise form of demand functions which make up the system depends upon
the assumptions made on preferences. Different forms of utility functions result in
significant contrasts between the resulting demand functions and associated
empirical considerations. These differences and considerations for four demand
systems commonly used in empirical studies, are reviewed in Section 1.2.2.

Theoretically plausible demand functions, those obtained through the above
processes of utility maximization or the dual problem of cost minimization, are

subject to four restrictions:

Adding Up. The adding-up restriction requires the total value of individual
commodity demands (Hicksian, h;, or Marshallian, z;) sum to total

expenditure, g

When considering the demand system in share form, the sum of the shares must
equal to one. This follows from the assumption of rationality, since a rational

consumer is assumed to spend her entire income.

Homogeneity. Hicksian demands are homogeneous of degree zero in prices; while
Marshallian demands are homogeneous of degree zero in total expenditure and

prices:

2The dual problem of cost minimization minimizes expenditure Y p;x; = u subject to meeting
a minimum level of utility U(x) = u(z1, %2, ..., ). Solving the first order conditions from this dual
problem yields Hicksian demands of the form h; = h;(p1,p2, ..., Pn; u).



hi(u,0p) = hi(u,p) = z:(0p, Op) = z:(p, p) for 6 >0 (1.2.8)

This restriction translates into individuals purchasing the same amount of all
goods, when their income and prices change by the same proportion. It is also

referred to as the “absence of money illusion”.

Symmetry. Symmetry requires the matrix of cross-price derivatives of Hicksian

demands to be symmetric:

Ohi(u,p) _ Oh;(u,p)
Ip; opi

(1.2.9)

This follows from the assumptions of differentiability and continuity of the

utility function, and Young’s theorem.

Negativity. By Shephard’s lemma, the matrix of second derivatives of the
expenditure function should be negative semi-definite. A necessary condition

is the diagonal elements of the matrix be nonpositive:

<0, Vs 1.2.10

This restriction requires Hicksian demand functions to be downward sloping.

These theoretical restrictions play an important role in demand system
estimation. =~ Where they are directly imposed, these restrictions reduce the
parameters to be estimated. Furthermore, in cases where the restrictions are not
satisfied, the obtained estimates may not be consistent with theory. They also serve

as a basis for evaluation of empirical estimates.

1.2.2  Theoretically Plausible Demand Systems

Theoretically plausible demand systems are those which are derived from utility
maximization and therefore satisfy the aforementioned demand requirements. These
systems differ primarily in their assumptions on preference structures. An overview

of four commonly utilized specifications follows.



Linear Expenditure System

The Linear Expenditure System (LES) is considered to be the first demand system
fully developed based on standard Neoclassical demand theory. The system allowed
demand for a commodity to be influenced by the prices of all goods in the system,;
and for estimation of commodity demands as an interrelated system, rather than
considering demand for each commodity independently. The system is derived from

maximization of the Stone-Geary utility function (Pollak and Wales 1992):

U(z) = Z arlog(xy — by)

where a; > 0, z; — b; > 0, and Y_,_, ax = 1; subject to the budget constraint
> prxx = p, where the p;s refer to price and p denotes total expenditure. Constrained

maximization yields Marshallian demands of the form:

a; a;
z; = hi(p, 1) = b; — ;Zpka;u (1.2.11)

The expenditure form of the demand function for good 7 is obtained by multiplying

through by p;:

pizi = pibi + a; (u - Zpkbk) (1.2.12)

This specification, introduced in Stone (1954) is known as the Linear Expenditure
System (LES) due to the fact that expenditure on each good is a linear function of
income and prices. Dividing through by p gives the specification of the LES in budget
share form.

An advantage of the LES is the ease in which its parameters are interpreted.
Demands in LES form are comprised of two components—quantities of goods which
are necessary and independent of income, (by, by, ..., b,), and “supernumerary” goods
which are purchased with discretionary income, in fixed shares (aq,as,...,a,).
Furthermore, Stone (1954) demonstrates the LES satisfies properties of adding up,
homogeneity, negativity, and symmetry described previously.

Empirically, the LES is restrictive. Although its 2n — 1 parameters are easy to
interpret, they are difficult to estimate. Furthermore, the structure of the LES



implies marginal budget shares for good i, (i.e. the amount of an additional dollar
spent on good i), are constant at a;, regardless of the level of income, severely
limiting substitutability between goods. This suggests that necessary and luxury
goods remain so throughout the entire spectrum of income. Complementary goods
are also unaccounted for within this system (Brown and Deaton 1972).

As income increases without bound, income elasticities from the LES approach
unity (Theil 1983; Yu et al. 2003). This contradicts Engel’s Law, which observes that
as income increases, the proportion of expenditure on food decreases. The LES implies
the opposite, that the proportion of expenditure on food will increase, assuming food
is initially a necessity (Yu et al. 2003). Thus previous studies have often found in
favor of the use of alternative demand systems over the LES (Pollak and Wales 1969;
Deaton 1974; Buse 1994).

Rotterdam Demand Model

The Rotterdam Demand Model (RDM) developed by Theil (1965) and Barten
(1969) has also been commonly used in testing demand theory (Deaton and
Muellbauer 1980b). The RDM differs from other models presented in this section,
as it is based on differentials rather than utility maximization, and derived through

total differentiation of a logarithmic demand function:

logx; = a; + e;log pu + Z eir log pp (1.2.13)
k=1

where e; is the total expenditure elasticity, and e;; is the cross price elasticity of

the k" good with respect to the price of the i*". Total differentiation yields:

dlog x; = e;dlog i + Zeikdlogpk (1.2.14)
k=1

Slutsky decomposition yields e;; = €j; — e;w; where ej; is the compensated cross-

price elasticity and w; is the budget share of good j. Substitution then results in:

dlog x; = e; (dlog,u — Z wkdlogpk> + Z e;;dlog p; (1.2.15)
J

To impose symmetry, the equation is multiplied by the budget share w;:



widlog z; = bdlog ji+ Y _ cydlogp; (1.2.16)

J

where

dlogp = Zwkdlogxk
bi = w;e€;

*

Cij = wieij

Adding up requires that > .b; = 1 and ), ¢; = 0, which is automatically
satisfied when ordinary least squares (OLS) estimation is used (Deaton and
Muellbauer 1980b). Homogeneity requires > ;¢ij = 0, and symmetry is satisfied by
¢ij = ¢ji. Advantages to the RDM include the ease in which such restrictions can be
implemented in estimation, and the ability to model the entire substitution matrix
(Johnson et al. 1984; Deaton and Muellbauer 1980b).

Early critics of the system point out that the RDM is not integrable, and does
not meet regularity conditions, unless Cobb-Douglas type demand functions are
used (McFadden 1963). In this case, all income elasticities are equal to unity, own
price elasticities are negative one, and cross elasticities are zero (Philps 1974).
These criticisms are refuted through the argument that they apply only in the case
of individual consumers and households, whereas the model is estimated primarily
using aggregated data (Deaton and Muellbauer 1980b). Thus, the RDM model
applies in situations where we are aggregating across consumers.

Further limitations of the RDM include the model’s implication of constant
marginal budget shares, such as with the LES (Yu et al. 2003). Deaton and
Muellbauer (1980b) suggests that in the case of aggregate demand functions the
RDM is, at best, an approximation due to its limitations in satisfying the condition

of homogeneity.

Indirect Translog Demand System

The indirect translog demand system of Christensen et al. (1975) is derived from the

indirect utility function of the form:



nV (2@...&) (1.2.17)
popl
is a second order approximation, derived through the application of a second order

Taylor expansion.

fu pnoop

The system of demand equations, in share form, is obtained through the

application of Roy’s Identity:

a; + > Bijlog %
Zj a; + Zj >_i Bijlog %
Homogeneity is implicit by the use of normalized prices, and symmetry requires
Bij = Bji-

Although favored for its generality, the indirect translog is nonlinear in its

w; =

(1.2.19)

parameters and difficult to estimate. Furthermore, as with the LES, it is possible
results indicate negative budget shares; and it may classify goods as complements,
when they are known substitutes (Fisher et al. 2001). Another drawback to using
the indirect translog is the number of parameters to be estimated, a total of
(n—1)(2n + 1). Thus, the indirect translog is often passed over in favor of alternate

systems which are less demanding to interpret and easier to estimate, such as the
Almost Ideal Demand (AID) system.

Almost Ideal Demand System

The final demand system outlined in this section is the Almost Ideal Demand (AID)
system of Deaton and Muellbauer (1980a). The AID system was proposed as an
alternative to the aforementioned models due to its simplicity in estimation, and
ability to test homogeneity and symmetry restrictions using linear restrictions on
parameters.

The starting point of derivation is the PIGLOG class of preferences, the

logarithmic subclass of the PIGL (“price independent generalized linearly”) class.
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The preference class can be represented by an expenditure function of the following

form:

log c(u,p) = (1 —u)loga(p) + ulogb(p) (1.2.20)

where loga(p) and log b(p) are defined as:

1
loga(p) = Oéo+ZC(klngk+ 5;;%] In p; In p;

logb(p) = Ina(p)+ 6, ][ i
k

Homogeneity of c(u,p) requires > o =1, 3y = D _p Wi = 2.5 = 0. At the
solution, this is equivalent to the dual problem of utility maximization and

Marshallian demand functions can be derived.  Applying Shephard’s lemma

8811;1; = w; yields the AID system in budget form:
w; = oy + Z%j log p; + f; log% (1.2.21)
J
where P is the translog price index:
1
log P = 040—1-;0% log pi. + 52;%]- log p; log py. (1.2.22)
J

For the demand system to meet the adding up requirement, » «; = 1 and

Y% = > Bi = 0. Construction of the model automatically imposes adding up,
which is not easily testable. Homogeneity implies ) ., = 0, and v;; = ~;; by
symmetry. Homogeneity and symmetry are easily tested or imposed with linear
restrictions on parameters. With exogenous prices and expenditure, the above is a
seemingly unrelated regressions model, and is consistent and asymptotically efficient
when estimated using maximum likelihood. Parameter restrictions can be either
directly imposed during estimation or tested thereafter.

Deaton and Muellbauer (1980a) suggest using Stone’s price index to approximate

P:
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log P* = Zwi log p; (1.2.23)

when this formulation is used, the system is referred to as the linear approximate
Almost Ideal Demand (LA-AID) model. Restrictions similar to those imposed on
the traditional AID are required to meet the conditions for a theoretically plausible
demand system, with the exception of symmetry, which is not always satisfied with
the traditional restrictions (Chen 1998).

Chen (1998) demonstrates restrictions necessary to ensure symmetry converts
the LA-AID into a nonlinear form, which he concludes defeats the purpose of using
the linear approximation. However, the symmetric version he develops is shown to
have an insignificant effect on estimated elasticities, and does not provide a better
approximation to the AID system than the traditional LA-AID formulation. Thus,
use of the traditional linear form proposed in Deaton and Muellbauer (1980a) is
preferred in many empirical applications. Asche and Wessells (1997) show that if
system prices are normalized to one, then the AID and LA-AID systems are
identical at the point of normalization. The LA-AID model retains many of the
benefits of the standard AID model—ease of estimation, testability of restrictions,
and generality—without the difficulties of nonlinear approximation.

Buse (1994) demonstrates SUR estimation of the LA-AID system is not consistent
and asymptotically efficient as commonly believed; while results of Pashardes (1993)
suggests that the approximation leads to biased estimates. Though not lacking in
shortcomings, the LA-AID specification is favored in empirical studies using the AID
system (Buse 1994). Furthermore, a linear model allows us to utilize statistical tests
and corrections for econometric problems for which solutions may not have been
thoroughly developed in the case of nonlinear specifications.

As with the LES and indirect translog, the theoretical restriction of negativity
is not satisfied with the traditional AID system formulation, and cannot be easily
implemented. Thus, it is possible for estimated shares to be negative or to exceed
one. Furthermore, oy poses problems in estimation, and is often defined a priori,
introducing inconsistency to the extent in which it varies from the actual value (Buse
1994). Collinearity in prices may also pose a problem in estimation, and supports

use of the LA-AID model as an approximation; as Deaton and Muellbauer (1980a)
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show that in situations where prices are highly collinear, the Stone index provides an
adequate approximation to P. Finally, the number of parameters to be estimated,
2(n—1)(n+4), is demanding.

The AID model, because of its simplicity, flexibility, and conformity to demand
theory, has been frequently used in empirical studies of demand systems. It gives an
arbitrary first-order approximation to any demand system, aggregates over consumers
without producing parallel linear Engel curves, and parameter restrictions can be
easily implemented in estimation or tested. Demographic effects, which are of interest
in this analysis, can also be easily introduced. For these reasons, this model serves as

the starting point for this empirical analysis.

1.2.3 Introducing Demographic Effects

The effects of changes in demographic variables, in particular the composition of
member ages, are the focus of this analysis. Several methods by which demographic
influences are introduced have been proposed. This section provides a brief overview
of five commonly used procedures—unpooled estimation, demographic translating,
demographic scaling, the Gorman procedure, and the modified Prais-Houthakker
(Pollak and Wales 1992). These methodologies make no assumption on the original
demand system, other than that it is complete and theoretically plausible. Thus,

each may be used with the demand systems discussed in the previous section.

Unpooled Estimation

Unpooled estimation requires grouping of data by demographic characteristics of
interest, and undertaking estimation of the system for each subgroup independently.
Analysis is then conducted on each data subset independently. Results are
compared by subgroup and implications of varying demographic parameters are
defined. This method assumes demographic variables affect the system in its

entirety.
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Demographic Scaling

Demographic scaling introduces demographic characteristics through the use of
scaling parameters, m;s. These scaling parameters are functions of the demographic
variables, i.e. m; = M*(n). The demand system becomes (Pollak and Wales 1992):

hi(p, ) = mihi(prma, ..., pama; p) (1.2.24)

Assuming the original demand system is theoretically plausible, then the modified
system is also theoretically plausible. The system satisfies the first order condition

corresponding to the utility function (Pollak and Wales 1992):

my mp

~ [z T
Ux) =0T (—1, —) (1.2.25)
The m; in scaling functions can be interpreted as the number of equivalent adults
in terms of good 7. Thus, household preferences are defined in terms of commodities
per equivalent adult.

Demographic Translating

Demographic translating introduces demographic characteristics into the demand

system by replacing it with:

where demographic variables,  are introduced through d; = Di(n). Translating
allows the subsistence parameters of a demand system to depend on demographics.
Pollak and Wales (1992) prove that a theoretically plausible original demand system

implies the modified system is theoretically plausible.

Gorman Procedure

The Gorman specification replaces the original demand system with (Pollak and Wales
1981):

hi(p, ) = d; + m;h' (plml, ooy P 1 — Zm%) (1.2.27)
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where d; and m; are functions of demographic characteristics. The specification
corresponds to the utility function (Pollak and Wales 1992):

Uz) =T (‘7"1 —h Iz d”) (1.2.28)
my my

The Gorman form is a general form, for which demographic scaling and translating
are special cases. If m; = 1Vi, the Gorman specification is identical to translating; if
d; = 0, the form is identical to scaling.

The reverse Gorman specification is also related to translating and scaling. It is

obtained by translating, then scaling, and yields:

hi(p, ) = m; [di + Al (plml, e P M L — Zpkmkdk)] (1.2.29)

The corresponding utility function is:

U(zx) =0 (ﬂ —di, .., % - dn) (1.2.30)

Modified Prais-Houthakker

Finally, the modified Prais-Houthakker procedure replaces the original demand
system with (Pollak and Wales 1981):

hi(p, 1) = sih’ <p, ﬂ) (1.2.31)
where s; is a specific scale for commodity ¢ and depends on demographic variables
s; = S%(n); and s, is an income scale which is a function of prices, expenditure and

demographic variables. S, is derived from the budget constraint:

p=> prsph* <p, 3ﬁ> (1.2.32)

Unlike aforementioned methods, use of the modified Prais-Houthakker does not
necessarily result in a theoretically plausible system (Pollak and Wales 1981).

The appropriate procedure for introducing demographic effects varies by analysis,
and selection of methodology is subjective. Demographic specifications determine

the assumed relationship between demographic variables and demand. Assuming
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a specific form of demographic effect may significantly affect results. Selection of
an inappropriate form by which to model such effects thus may lead to inaccurate
conclusions regarding its influences. When estimating a demand system encompassing
broad aggregations of goods, as is the focus of this analysis, it is plausible to assume
that demographic variables affect all demand components, rather than assigning a
specific relationship between demographics and demand. Demographics may be more
generally introduced through the introduction of demographic variables; unpooled
specification is also used.

The following section provides a background of the existing literature on
theoretically plausible demand systems. Because of the vast literature, focus is on
systems of equations, which model demand for a multitude of commodities
simultaneously and thus account for cross-effects. Specific attention is paid to those

studies which investigate demographic effects, particularly aging.

1.3 Literature Review

1.3.1 Empirical Analyses Based on Theoretically Plausible Demand Systems

There exists a vast literature on demand systems, primarily empirical in nature.?

Theoretically plausible systems, those derived from Neoclassical demand theory and
satisfying the aforementioned requirements of a demand system, are the most
established and frequently used in empirical analysis. This section explores previous
empirical studies on demand systems, paying particular attention to those which
incorporate demographic effects into the analysis. A thorough overview of demand
modeling, including an examination of estimation issues, can be found in Barnett
and Serletis (2008).

Stone (1954) provides an initial foray into the estimation of demand systems based
on conventional consumer theory. In Stone’s analysis, a demand system is derived
through maximization of the Stone-Geary utility function. The Linear Expenditure
System (LES), as it became known, was attractive as it satisfied the conditions of

adding up, homogeneity, negativity, and symmetry.

3For a brief summary of demand studies in this section, primarily those using theoretically
plausible systems and/or demographic variables, refer to Table 1.1.
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As an empirical test of the LES’s performance, Stone (1954) estimated a six-
equation system? using consumption data for the United Kingdom during 1920-38.
The estimates were then used to backcast consumer expenditure in 1900 and project
expenditure in 1952. Results were then compared with actual expenditure data,
assuming consumer behavior remained unchanged during the period. Estimation
is undertaken by iterating on a; in (1.2.12). Stone declares results of the system
encouraging. Major differences between estimated and actual figures existed in drink
and tobacco for 1900 and 1952, and durable goods and transport services expenditures
for 1900. These were attributed to social history and developing technology.

The analysis made use of national level aggregate data, assuming homogeneity
and identical consumption behavior between households, and did not consider effects
of variables other than prices and income. Estimation complexity was constrained by
technology, and assumed unchanging behavior by consumers for over half a century,
during which the nation underwent drastic changes. Though limited, the analysis
provided a solid foundation for future studies and introduced a more theoretically
based approach to demand analysis.

The LES serves as the theoretical basis of Parks and Barten (1973), an
investigation of the effects of varying age compositions across countries on aggregate
demand. It differs from previous studies in its use of the LES in investigating the
effect of changes in demographic variables; and the two-step methodology in which
the standard LES is first estimated in share form for each country to eliminate
problems with different currency denominations. Estimates of threshold expenditure
levels, b; in (1.2.12), are then regressed on the proportion of the population in each
age group.

Annual O.E.C.D. data on consumption, prices, and total expenditures; and
United Nations Statistical Office data on age distribution for the time period

1950-70 are used. Fourteen countries,’

and five expenditure categories—food,
clothing, rent, durables, and other—are included in the analysis. Results indicate

age composition has significant influence on parameters of the demand model, once

4Six expenditure categories used in Stone’s analysis are meat, fish, dairy products and fats; fruit
and vegetables; drink and tobacco; household running expenses; durable goods and vehicles; and
other goods and services.

5Countries include Austria, Belgium, Canada, Denmark, Finland, France, Greece, Italy,
Netherlands, Norway, Spain, Sweden, United Kingdom, and United States.
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income is controlled for. The influence of population is strongest for food, clothing
and housing, with lesser effects on durables and services.

Though the analysis was unable to sufficiently explain significant amounts of
variation in aggregate demand between countries, and does not account for within
country variation, it is an early attempt to explore the effects of variations in age
composition. It is also limited in its use of methodology, which assumes that
changes in population composition affect threshold levels of expenditure, but have
no effect on the distribution of supernumerary goods.

Although Stone’s formulation provides a basic foundation for the development of
theoretically plausible demand systems, studies have found it lacking in explanatory
strength.  One example is the analysis of Pollak and Wales (1969), which
investigates empirical methods by which to estimate the LES. It pays particular
attention to the relative performance of four dynamic specifications using least
squares and maximum likelihood estimation techniques. The systems are estimated
using per capita consumption of four broad categories of goods—food, clothing,
shelter, and miscellaneous—in the United States, over the period 1948-65. Data
used were annual observations on prices and per capita consumption, rather than
household level expenditure.

In general, all four dynamic specifications tested did not yield plausible
estimates, with significant differences between estimation techniques and
specifications. The analysis’ concludes that problems may reflect mis-specification of
the functional form of the linear expenditure demand system, and that further
examination of more general empirical specifications should be completed. The
analysis by Pollak and Wales (1969) illustrates why more recent research overlooks
the LES in favor or more flexible forms, such as the Almost Ideal Demand (AID)
system.

Deaton and Muellbauer (1980a) develops the AID system through maximization
of a member of the PIGLOG class of preferences. The resulting system is found to
satisfy the necessary properties of homogeneity, symmetry, additivity, and negativity
under simple restrictions. The model improves upon the LES with more flexibility
and ease of estimation. Furthermore, it aggregates exactly over consumers and is
consistent with household budget data. The model is often estimated in share form,

in which budget shares of commodities are expressed as “linearly related to the log of
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real total expenditure and the logarithms of relative prices.” In general, the system

can be empirically estimated as (Pollak and Wales 1992):

wilp, ) = a;+ Z Brilog pr + i (log pu — log g)

1
where logg(p) = ao+ Z ay log py, + 3 Z Z B log pi log p;.

As an empirical test of the AID model, Deaton and Muellbauer apply the system to
national level personal expenditure data, taken annually for the United Kingdom from
1954-74. Estimates of expenditure shares on food, clothing, housing, fuel, drink and
tobacco, transport and communication, other goods, and other services are obtained.
The AID model is found to explain a large proportion of the variation in budget
shares. The analysis is limited by the exclusion of other variables known to influence
demand; influences are limited to those of prices and total expenditures. Although the
authors acknowledge an advantage of the AID model is its applicability to household
level data, the empirical analysis is limited to annual nationally aggregated data.
Despite the shortcomings of their empirical analysis, Deaton and Muellbauer (1980a)
introduces a model which is attractive in its flexibility and ease of estimation, and is
still frequently used in current empirical investigations. The analysis to be presented
here expands on Deaton and Muellbauer (1980a) with the introduction of influences
of demographic factors, and the use of household level data.

Several subsequent studies expand on the basic AID model with the introduction
of demographic variables. One such investigation, is that of Lithrmann (2004).
Lithrmann (2004) uses five waves (1978, 1983, 1988, 1993, and 1998) of the German
Einkommens-und Verbrauchsstichprobe (EVS) to investigate the effects of changes
in household characteristics, including age of the household head, on the allocation
of household expenditures. The EVS is a budget survey for German households,
which is encompasses a cross-sectional sample of nearly 70,000 households and is
undertaken every five years.

The empirical analysis utilizes a quadratic extension of the Almost Ideal
Demand (QUAID) system by Banks et al. (1997) as its theoretical basis, with
estimation undertaken using an instrumental variables approach with income as an

instrument for total expenditure. The system contains seven expenditure
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categories—energy, furniture, transportation, health, food, clothing, and leisure.
Substantial age effects are found, indicating that the composition of household
demand changes significantly with household age, measured by the age of the
household head. In particular, health, education, and leisure goods become more
important, with food and clothing decreasing, as components of the household’s
total consumption budget over the life cycle of the head. The analysis does not
account for ages of other members of the household, though changes in demand are
further affected by the relative decrease in dependent members of the household. A
major limitation of the study is the assumption of no price effects, due to the
limited number of years available and the high degree of correlation between
commodity prices. One of the advantages of using a demand system approach is to
investigate cross-product price effects. Luhrmann’s analysis ignores these, and
assumes prices have no effect on individual demand decisions. This is a strong
assumption, particularly as the investigation encompasses a twenty-year period.

A similar study investigating the changes in consumption behavior by age of the
household head, was undertaken for the case of Japan by Wakabayashi and Hewings
(2002). The analysis makes use of the Linear Approximation to the AID model
(LA-AID), and 1984-99 data from the National Survey of Family Income and
Expenditure (NSFIE). The survey is conducted every five years on a cross-section of
around 60, 000 households in Japan. Consumption goods were aggregated to obtain
household expenditures on eleven categories—food, clothing, housing, energy,
furniture, medical care, transportation, communication, leisure, education, and
miscellaneous. Price indices were calculated by region and expenditure category, as
data on actual prices were not available.

Empirical analysis is conducted for the pooled sample and by age groups, at the
regional level. Estimation was done using seemingly unrelated regressions (SUR),
and introduces fixed age effects. It is concluded that age effects are substantial, and
subsequent analyses should consider such influences rather than considering all
households in aggregate. Housing, medical care, transportation, and education
expenditures are found to change significantly over the life-cycle. Unlike Lithrmann
(2004), price effects are accounted for, and age is introduced as proportions of

household heads in each age group within a region. The analysis is also limited as it
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uses expenditures aggregated at the regional level to derive household level
implications.

Denton et al. (2006) investigates changes in expenditure patterns for Canadian
households between pre-retirement and retirement periods. The data used is
aggregated by region and age, and is from the Statistics Canada Family
Expenditure Surveys for six years (1969, 1978, 1982, 1986, 1992, and 1996). The
analysis was restricted to husband-wife households in urban areas, with husbands of
minimum age 50. Unlike the Lithrmann (2004) analysis, price indices were included
at the provincial level, the system consisted of demands for ten expenditure
categories (food at home, food from restaurants, shelter, household furnishings and
operation, clothing, transportation, health and personal care, recreation, tobacco,
and alcohol), and observations were aggregated at the regional level. A version of
the AID system was adapted, with region and age effects incorporated through the
use of dummy variables.

It is found that group expenditure shares and elasticities change significantly
between pre-retirement and retirement periods. In particular, there is an increase in
the shares of food-at-home and housing. A simulation analysis using median income
and a 100 percent replacement rate, indicate such effects were primarily due to
changes in income, and those due to variation in tastes due to aging were minor in
comparison. No implications for population aging were investigated; and analysis
was once again undertaken at an aggregated level.

Many of the aforementioned empirical studies using theoretically plausible
demand systems as their basis utilize aggregated expenditure data. This assumes
individuals within the aggregation are identical, and behave alike. The use of
aggregate data in estimating demographic effects on expenditure patterns is
explored in Denton et al. (1999). A version of the Quadratic Almost Ideal Demand
(QUAID) system was applied to cross-sectional Canadian expenditure data for the
years 1961-92, pooled at the provincial level to determine whether the effects of
demographic variables, including changes in the age distribution, were derivable.
Maximum likelihood estimation is used, and changes in the age distribution are
found to be significant. Such effects were determined to be difficult to establish at

the aggregate level due to the limited availability of time series data and correlation
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between trend effects and changes in demographic influences. Results indicate that
investigations of demographic effects are best conducted using disaggregated data.

Kalwij et al. (1998) make use of the AID model in an investigation of the effects
of demographics and spousal employment on household commodity demand.
Household data from the 1980-91 wave of the Dutch budget survey by Statistics
Netherlands is used with the two-step estimation procedure of Banks et al. (1997).
Household expenditures are disaggregated into six categories—food; housing;
personal care; education, recreation and transportation; and other consumption.
Spousal employment status and the number of children are introduced as additional
explanatory variables.

The analysis concludes changes in household characteristics—demographics,
female employment and total household expenditure—have significant effects on
expenditure shares. Most notably, changes may results in consumer goods making a
transition from luxuries to necessities. The common practice of setting ay to equal
the minimum expenditure level, is deemed unnecessary and undesirable. It is
concluded the coefficient can be precisely estimated in practice.

Previous examinations have often made no mention of their treatment of ay.
Kalwij et al. (1998) contributes to the literature with the proper treatment of «p,
and its investigation of the effects of household characteristics, particularly spousal
employment, on commodity demands.

Analyses based on theoretically plausible demand systems for the United States
are limited. Existing studies focus primarily on a specific category of expenditure,
rather than consumer expenditure as a whole. This may be in part due to the lack of
detailed average price data. Thus, such analyses make use of price indices, such as the
Consumer Price Index (CPI) and cost-of-living indices. Taylor and Houthakker (2010)
is an example of a recent investigation into the estimation of theoretically plausible
demand systems using United States data. The analysis makes use of household level
data for 1996 from the Consumer Expenditure Survey, and cost-of-living index data.
Estimation of four systems was undertaken—the AID, LES, and the indirect and
direct addilog models.

Substantial differences in magnitude of estimated elasticities are found with the
different models, though overall there is consistency in rank-ordering of elasticities,

with the largest elasticities found for transportation, shelter, and miscellaneous
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expenditures, and the smallest elasticities for food and utility. Of the models
investigated, the AID model is favored in ease of estimation. Although household
size, age, and education are included in estimation, the focus of Taylor’s analysis is
to uncover inconsistencies between estimates of the various theoretically plausible
systems. Demographic effects are not investigated, and results were not reported.
The analysis is one of a limited number estimating theoretically plausible demand
systems for aggregate consumer expenditure in the United States. However, it is
limited in its treatment of demographics, and does not provide much consideration
to such effects. The analysis undertaken here seeks to add to this literature and
expand upon its treatment of demographics.

Uri and Hamidian-Rad (1984) investigates demand in the United States and the
performance of the AID model. Annual aggregate data from the Bureau of
Economic Analysis (BEA) and price data from the CPI for years 1960-80 is used to
estimate the AID system in share form. The AID model is found to fit the data
well, when estimating a system of eight expenditure categories—food, clothing,
housing, household operations, medical care, transportation, recreation, and other
goods and services. The analysis is limited in that it does not account for
demographic variables in any form, and uses annual data at the national level. The
present analysis seeks to expand upon this and other existing studies on demand in
the United States using the AID model as its basis.

There exists several theoretically plausible demand systems which frequently
serve as the basis for empirical investigations. Studies have investigated the relative
effectiveness of differing model specifications, with the consensus that the
appropriate specification is data specific.

The proper model by which to specify a demand system depends upon the data
set under consideration. To this end, researchers have investigated the
appropriateness of specific demand systems through comparison of their empirical
performances. Katchova and Chern (2004) compared the performance of the
Quadratic Expenditure System and Almost Ideal Demand (AID) system for the
case of food demand in China. Data for 584 Chinese Rural households in Jiangsu
Province in 1994 was used, and included information on average prices and
quantities of food consumed. Using SUR estimation, the AID model was found

more suitable based on R? and root mean-squared values. Kakhki et al. (2010)
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compares four demand system models—AID, Rotterdam, and models proposed by
the National Bureau of Research and Central Bureau of Statistics—to find the best
fit for major food group demand in Iran. In an eleven-equation model of food
demand, the AID model is found to best fit the data.

Pollak and Wales (1978) test the appropriateness of two related expenditure
systems—the Linear Expenditure System (LES) and the Quadratic Expenditure
System (QES) using cross-sectional household budget data for the United Kingdom
during 1966 and 1972. The analysis controls for the number of children, using
translating, and does not account for any other sources of variation within
demographic variables. The QES is found more appropriately suited to the data
based on plausibility of changes in average budget shares. Empirical analysis
concludes that increases in family size raises the average budget share of food and
decreases the share of miscellaneous expenditures, implying a reallocation from
miscellaneous to food. The analysis provides an empirical illustration of limitations
of the LES, and an example of the use of translating to introduce demographic
effects.

Pollak and Wales (1980) carry out an analysis incorporating three theoretically
plausible complete demand systems—the Quadratic Expenditure System (QES) and
two versions of the translog—and two methodologies by which to introduce
demographic variables. Demographic variables are introduced to the model using
translating and scaling. Effectiveness of the models and methods is tested with an
empirical analysis using cross-sectional household budget data from the Family
Expenditure Survey of the United Kingdom for the time period of 1968 through
1972. Systems of three expenditure categories—food, clothing, and
miscellaneous—were estimated. The number and age of children are found to
significantly influence consumption patterns within a household, regardless of the
underlying demand model and demographic processes. Overall, the QES was found
to be superior to translog specifications by comparison of likelihood values. The
analysis was limited in its use of three broad expenditure categories, but provided a
basic comparison of results of three popular demand system models with the
introduction of demographic effects.

In the case of aggregate consumption for Sweden over the period 1861 to 1955,

Parks (1969) applied three demand system models to determine which is most
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appropriate. The three models compared are the indirect addilog, LES, and
Rotterdam differential demand models, using time series data on prices, quantities,
and total consumption in Sweden. It is concluded the Rotterdam Differential
Demand model is most appropriate for the data set under consideration, as
indicated by a better fit to the sample data, measured by the “proportion of total
variation in the expenditure of each good about its mean that is not explained by
the model.” The conclusions drawn are based on a rough measure, and may not be
completely reliable. Furthermore, over time, there have been a multitude of new
models that have been introduced; and which, in all probability outperform the
models considered in this analysis. However, the numerous comparative studies
completed serve a purpose: to illustrate the uniqueness of each data set, and its
underlying properties. As with these other comparative analyses, it is emphasized
that the proper specification is specific to each data set, so conclusions drawn may
not reflect what is generally appropriate.

Basic models of demand, such as the LES, impose strong and unjustifiable
restrictions on price elasticities (Deaton 1974). Realization of this constraint
prompted a large literature on flexible demand systems and semiparametric and
nonparametric demand specifications (Banks et al. 1997). A study by Banks et al.
(1997) investigates the implications of nonlinear Engel curves, which imply that
some share equations require higher terms in income. Clothing, alcohol, and other
goods were found to require quadratic terms, while linearity is found to be sufficient
to explain shares of food and fuel.

The analysis expands on the Almost Ideal Demand (AID) system of Deaton and
Muellbauer (1980a) and introduces higher order income terms, which allow for more
general shapes in Engel curves. The introduction of these terms also permits goods
to be luxuries at some income levels, and necessities at others. This modified AID
model of Banks et al. (1997) is termed the Quadratic AID (QUAID) model. Feasible
estimates were obtained with the QUAID model when applied to cross-sectional
household data from the United Kingdom Family Expenditure Survey, for 1970
through 1986; and indicate that omitting higher orders of income significantly
understates welfare losses for the majority and overstates those for those at the ends
of the income spectrum in an analysis of indirect tax reform. This suggests that it is

necessary to introduce higher order income terms to properly capture income effects
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on budget shares; a result that is consistent with those of Fisher et al. (2001).
Fisher et al. (2001) finds the QUAID model a better fit to United States aggregate
consumption data over the period 1960:1 to 1991:4 over five other flexible demand
system functional forms, in part due to its ability to measure income responses. The
QUAID expands the regularity region relative to the standard AID model, though
introducing greater complexities into estimation. Thus, the AID model retains
attractiveness when considering ease of estimation and parametric parsimony.

One of the most recently introduced models is the Exact Affine Stone Index (EASI)
implicit Marshallian demand system of (Lewbel and Pendakur 2009) and Pendakur
(2009). Implicit Marshallian demands are Hicksian demands using an implicit utility
measure. This system has budget shares which are linear in parameters as with the
AID system. It contributes to the existing literature with demands of any rank and
Engel curves of any shape. As the EASI has not been used in practice, it is overlooked
in favor of more proven methods, such as the AID model, to allow better comparison

across results.

1.3.2  Other Approaches to Investigating Demographic Effects

Many previous studies have examined the effects of changing demographics on
aggregate consumption and other macroeconomic relationships, without specifically
investigating the extent or impacts of changes in their composition. These studies
focus on the magnitude of changes in consumption over the life-cycle, primarily
whether the data follow the textbook life-cycle model which predicts constant
consumption over an individual’s lifetime. The present analysis intends to expand
on these studies by investigating the effects on individual components of demand,
rather than demand in aggregate.

One early study into the effects of demographic influences on aggregate
consumption is that of Denton and Spencer (1976). The analysis develops a
household consumption function which incorporates demographic influences, with
the purpose of using it to test household and population effects.  Current
consumption is expressed as a function of lagged consumption, and current and
lagged income. The study finds that aggregate consumption is not directly affected

by the age distribution of the population. This conclusion is reached when using
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annual Canadian national data for the period 1928-71 or cross-sectional
international data for 21 O.E.C.D. countries in 1970-71. Results imply that, in the
aggregate, consumption is not directly prone to age effects. However, no
implications can be drawn regarding changes in consumption of different categories
of goods, which is the focus of the present analysis.

Fair and Dominguez (1991) is a seminal work investigating the effects of age
structure on economic variables. They further investigate the implications of
changes in the population age structure for the United States over the period
1954-87. The analysis encompasses four macroeconomic equations of the Fair
(1984) model—consumption, housing investment, money-demand, and labor-force
participation. Estimation is undertaken using two-stage least squares (2SLS). Age is
introduced to the standard macroeconomic equations in the form of variables
counting the number of individuals in each age group, which are estimated using
quarterly data at the national level for the post-World War II era. It is concluded
that age variables hold significant explanatory power in each of the four equations,
with results consistent with the life-cycle hypothesis. The implications of changes in
the population age structure for aggregate private consumption expenditure in
Spain are the focus of Eguia and Echevarria (2004). Age distribution is introduced
into the consumption equation, and is assumed to have linear-quadratic form. Per
capita Spanish data at the national level for the years 1964-97 and ordinary least
squares estimation are used. It is found that changes in the age structure have
significant effects on the behavior of private consumption in Spain, not consistent
with the life-cycle model and results of Fair and Dominguez (1991) for the United
States. Younger and older individuals are found to consume the least, with prime
age individuals consuming the most.

Looking solely at the levels of aggregate consumption may provide misleading
information for some commodities. The analysis to be presented here seeks to
investigate the changes in the composition of aggregate demand. Such changes hold
conflicting implications for specific production sectors of the economy, as changes in
demand are not consistent over different categories of goods.

Research conducted by Boéersch-Supan (2004) investigates implications of
population aging in Germany for employment, through changes in the composition

of aggregate demand. Using household level data from the 1993 Income and
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Consumption Survey, and assuming a constant age-specific spending pattern, he
finds that absolute changes in employment in all sectors® totals 18 percent,
suggesting more than a sixth of workers would shift between sector labor markets.
Of this total change, employment in the health sector would increase by 7 percent,
with transportation sector employment decreasing by around 5 percent.
Calculations are not precise, and the assumption of a constant age-specific spending
pattern is unrealistic. The rough calculations imply significant effects of population
aging resulting from changes in demand composition, and the need for further, more
thorough, research on this topic.

Lyssiotou et al. (2002) utilize a partially linear regression model in estimating
the effect of age on consumer behavior. Nonparametric estimation was applied to
cross-sectional household data from the 1980 wave of the United Kingdom Family
Expenditure Survey, with the age of the household head as the basis of the
demographic analysis. It is concluded that age significantly affects consumer
behavior, and that households under the age of 30 significantly differ in their
demand patterns from those over the age of 30. Older households devote a greater
budget share to food expenditures, while younger households spend proportionally
more on clothing, fuel and alcohol. The analysis was restricted to those below the
retirement age and couples, restricting application of the results to population
aging. However, it provides another indication of changes in aggregate demand
expected in light of demographic changes.

Changes in the composition of aggregate consumption over the life-cycle are
evident even within the baby boom generation. Lee and Huh (2004) investigate the
differences in consumption and saving behaviors of younger baby boomers (those
born between 1961 and 1968) and older ones (those born between 1953 and 1960) in
Korea. Data for the analysis was obtained from the 1998 Family Income and
Expenditures Survey, which contained data for 2,282 baby boomer households.
With neoclassical demand theory as a foundation, ordinary least squares (OLS)
regression and t-tests were used to identify differences in expenditures and budget
shares between the two groups of baby boomers, over eleven categories of

expenditures. When controlling for income, education, gender, occupation, region,

6All sectors include personal goods, education and entertainment, transportation and
communication, health and personal hygiene, utilities, shelter, clothing, food, and other household.
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and life-cycle stage, it is found that older boomer households spend significantly
more on consumption, and save significantly less. In particular, older households
spent more on education, while younger boomers had higher expenditure on leisure
and technology-related products. The analysis was conducted at the level of the
household, using the age of the household head as basis for placement in either of
the boomer categories. The basis of the model introduced in Lee and Huh (2004) is
not as theoretically sound as the theoretically plausible demand systems previously
presented. It contributes to the existing literature by examining differences in
preferences within the baby boom generation, indicating results of analyses into the
effects of population aging may depend upon the level of disaggregation used in
defining age groups.

Bittencourt et al. (2007) examine the determinants of food consumption over the
life-cycle, using 1997 Japanese data for a random sample of 1,281 households. A six-
equation AID model is estimated for selected food commodities (fish, meat, eggs, milk,
vegetables, and fruits). To examine the changes as the household ages, estimation
was done separately based on the age of the primary householder (under 41, between
41 and 60, and over 60 years of age). It is found that older households consumer more
fish, fruits and vegetables. Households decrease their consumption of meats and eggs
as they age. This may reflect a change in attitudes toward health concerns, and has
implications for aggregate consumer demand in an ageing Japanese economy. These
results highlight the idea that consumption changes with age, and the importance of

understanding these changes when faced with an aging population.

1.3.8  Introducing Demographic Variables

Introduction of demographic variables requires specification of the relationship
between such variables and consumption. Methods by which the relationship is
defined were previously explained in brief. As with studies comparing different
specifications of demand systems, there exist numerous studies investigating the
appropriate method by which to introduce demographics.

In a comparison of different methods by which to introduce demographic effects
into the Quadratic Expenditure System (QES), Barnes and Gillingham (1984) find

in favor of using an unpooled specification over demographic translation, scaling,
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and the reverse Gorman procedure. Household level cross-sectional data from the
1972-73 Consumer Expenditure Survey for the United States is utilized to estimate
a Quadratic Expenditure System (QES) for four goods categories—food at home,
food away from home, shelter, and clothing—introducing demographic effects using
the above mentioned methods. Demographic variables introduced include housing
tenure, household type (owned or rented), and number of children. All demographic
variables tested had significant impacts on demand behavior based on log-likelihood
values, and unpooled estimation was determined to hold the greatest explanatory
powers when evaluating the influence of demographics.

Another such study was undertaken by Pollak and Wales (1981), which
investigated the relative quality of five general procedures for incorporating
demographic variables into demand analysis. This is accomplished through the use
of a generalized consumer expenditure system, and cross-sectional United Kingdom
household data for the years 1966-72. A single demographic variable—the number
of children in the household—is utilized. The five methodologies tested include
demographic translating, scaling, the Gorman procedure, the modified
Prais-Houthakker procedure, and a combination of translating and scaling. Results
are compared against pooled data, which assumes that demographic variables do
not affect household consumption, and unpooled data, operating under the
assumption that demographic variables affect all demand system parameters. The
pooled specification is rejected in all circumstances, indicating the significance of
the demographic variable in household consumption patterns. The
Prais-Houthakker procedure is deemed the “best” based on a comparison of
likelihood values; though all procedures, with the exception of demographic
translating, performed well, and similarly. Results indicate that the procedures do
not differ much in their resulting estimates, and that selection of the appropriate
methodology may be somewhat subjective.

Results of studies on the introduction of demographic variables are similar to those
on demand system model selection. It is found that such choices are based upon
individual data or researcher preference, and there does not exist one specification
which is “better”.

The analysis to be conducted contributes to existing literature on demand systems,

utilizing established empirical specifications to estimate a demand system for the
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United States. Household level data, rather than national level aggregated data will
be used. The effects of changing age distributions will be incorporated, as previous

literature often fails to account for this dimension of effects.

1.4 Methodology

The present analysis seeks to investigate the changes that occur in consumption as
individuals age. Using a demand system specification, rather than sector by sector
analyses, allows us to account for cross-product, cross-price, and demographic
relationships. Theoretically plausible systems have the advantage of being testable
for conformity with economic demand theory. Within the group of theoretically
plausible systems, the linear approximation to the AID model was selected based
upon its proven empirical performance, and attractive estimation properties as

previously noted.

1.4.1  Empirical Specification

The Almost Ideal Demand (AID) system of Deaton and Muellbauer (1980a) provides
the basis for the empirical specification to be used in this analysis, as it has been
of the most prevalent in empirical demand system literature and is consistent with
neoclassical demand theory. Age effects will be introduced, first using demographic
translating, as recommended by Pollak and Wales (1981) and outlined in Section

1.2.3. The traditional nonlinear AID model with adjustments for time is given as:

w;(p, p) = o + Z Brilog pr + vi(log p — log g) + Z Vitle + €
t

where log g(p) = a0 + Y oy log pr, + 3 > > Brjlog pi log p;. Furthermore, adding
up requires that » a; =1, > 7 = 0, > B = 0Vi and ) vy = 0. Homogeneity
requires that > By, = 0Vk. Finally, symmetry requires 3;; = ;. The property of
adding-up is automatically satisfied, while homogeneity and symmetry will be directly
imposed.

Nonlinearities in the translog price index (Equation 1.2.22) increases difficulty in

estimation. As an alternative, Deaton and Muellbauer (1980a) recommends use of
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the Stone price index, which is linear in its parameters, in a Linear Approximate

(LA-AID) model. The empirical specification becomes:

wip, i) = @i + Y Brilog pr + vilog pt —log P*) + > v + € (1.4.1)
t

where log P* = > . w;logp;. The LA-AID model is frequently used in practice,
with mixed results (Buse 1994). It has been shown to be effective in situations where
collinearity amongst prices is high (Deaton and Muellbauer 1980b), and is used in

the analysis to follow.

Demographic Variables

Demographic effects are introduced using the aforementioned technique of
demographic translating. There is no “correct” method by which to incorporate
demographic variables, the choice of specification is subjective Pollak and Wales
(1978, 1980, 1981); however, demographic translating preserves linearity and is a
general procedure for introducing demographic variables to a demand system Pollak
and Wales (1978, 1980, 1981), and thus was selected for use in the present analysis.
Demographic translating assumes demographic effects are incorporated into the

constant terms, «;. Thus, demographic variables and time, d;, are modeled as:

Q; = Oé;( + Z 5ijdij + Z VitYy (142)
J t

Demographic translating assumes the 0;; parameters are the only parameters
which depend on the demographic variables, and can be interpreted as allowing the
“subsistence” parameters to depend on demographics Pollak and Wales (1980). The
demographic variables of interest are a series of age dummies, for five-year age
groups from age 20 through 70 and over. Other demographic variables include
household size, number of children, and dummy variables for nonwhite household
heads, male household heads, urban households, and households who rent their

home. Time effects are included through the introduction of year dummies, ;.
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With the introduction of demographic and time effects, the demand system

specification becomes:

wilp,p) = 0] + Y Siidi; + > vy + Y Brilogp + vilog it —log P*) + ¢ (1.4.3)
J ¢

To maintain adding-up with this modification, two additional conditions are now
required, > ,af =1l and ) . 6;; + >, v = 0.

The system in Equation 1.4.3 is most commonly estimated using either
Seemingly Unrelated Regressions (SUR) or Full-Information Maximum Likelihood
(FIML) techniques. The present analysis will make use of the iterated SUR
methodology, as it allows cross-equation error terms to have nonzero covariance, but
does not require the stringent assumption of normality. Error terms are assumed to
be independent of prices, total expenditure, and demographic variables. SUR
estimation also assumes disturbance terms of each equation are independently and
identically distributed, with an expected value of zero and common variance.
Theory assumes that total expenditure and prices are exogenous, and that all goods
are purchased by the majority of households. In addition, the specification in
Equation (1.4.3) assumes that household differences in preferences can be accounted

for by variations in d;.

Problem of Zero Expenditures

Another problem that arises in demand system estimation is one of zero
expenditures. When using micro data, complications may occur with households
who infrequently purchase, or never purchase, products in certain commodity
categories. Zero expenditures may arise due to sample selection or because a
household genuinely does not purchase a good. If this non-purchasing behavior is
random, it does not pose a problem, as a random sample of positive purchasers is
observed. However, when selection into positive purchases is non-random, the
corner solution is implicitly assumed when utilizing these households in parameter
estimation, and resulting parameter estimates are biased. Selectivity bias is

introduced when limiting the sample to households with positive expenditures.
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A traditional method by which to account for censored dependent variables, such
as expenditure shares, is the Tobit model. Use of the Tobit model assumes the
corner solution for all households with zero expenditures. It combines two steps of
the consumption process, the purchase and expenditure-level decisions, into one; and
assumes the effects of both move in the same direction. It is easy to imagine a situation
where this fails to hold. Thus, the Tobit model is bypassed in this analysis in favor
of methods that explicitly model the participation and expenditure-level decisions as
two distinct steps.

There are several two-step methods available which have previously been used to
model this decision-making process. The familiar Heckman (1979) procedure forms
the basis for most two-step models of sample selection. One of these, is the double-
hurdle model, an extension of the Heckman model. It assumes the participation
decision is independent of the decision of how much to consume; and that households
first decide whether to purchase a good, a decision which is represented by a binomial
probability model. For households who decide upon positive purchases, once this first
hurdle is crossed, the decision of expenditure level follows a log-normal distribution.

The double-hurdle model has been frequently used in previous demand analyses
(Mullahy 1986; Byrne et al. 1996; Su and Yen 1996; Newman et al. 2003; Yen 2005).
The double-hurdle in its standard specification assumes the two steps of the decision-
making process are independent. Thus, the decisions on whether to spend and how
much to spend on a specific commodity group are assumed to be governed by different
factors. This assumption may not hold when considering broader commodity groups.
Furthermore, the second step only makes use of a sub-sample of observations—those
for which positive purchases are made. The Tobit model is nested in the double-hurdle
specification.

Methodologies which utilize entire samples are appealing in multi-equation
estimation, as they preserve equality in sample size across equations. Although used
in many studies (Heien and Wessells 1990; Park et al. 1996; Nayga 1998; Raper
et al. 2002), the methodology of Heien and Wessells (1990) has often been
questioned. Shonkwiler and Yen (1999) and Vermeulen (2001) show the model
estimates to be inconsistent; and a Monte Carlo study indicates poor performance,
with few of the 95% confidence intervals containing the true parameters (Shonkwiler

and Yen 1999). Vermeulen (2001) further argue the method produces estimates

34



which mirror the inconsistent estimates from OLS or SUR estimation, and thus does
not correct for sample selection bias.

A modified specification was proposed in Shonkwiler and Yen (1999), and used
in several subsequent demand analyses (Su and Yen 2000; Yen et al. 2002). It has
been shown to be consistent, though inefficient, but performs poorly in Monte Carlo
simulations. The estimator of Heckman (1979) is also consistent and inefficient, but
it outperforms the Shonkwiler and Yen (1999) model in simulations and is more
established in empirical analyses. Thus, the present study makes use of the method
proposed by Heckman, with a minor modification, as proposed by Tauchmann
(2005).  Simple Heckman estimators have been shown to outperform more
complicated methods, such as those proposed by Shonkwiler and Yen (1999) and
Heien and Wessells (1990) in Monte Carlo simulations (Tauchmann 2005). Despite
common practice, Tauchmann (2005) demonstrates conditional use of all
observations is equivalent to the classical Heckman estimator.

Use of the Heckman method assumes zero expenditures are a result of sample
selection or omitted variables, and corrects for such a bias through estimation of the
omitted variable and including it as a regressor in the second-stage. The first step
involves estimation of a probit model for each commodity category, to determine the
probability of participation or consumption by households:

ZF = h(z,a) + u; (1.4.4)

)

The theoretical basis for an empirical specification of the bivariate participation
decision has not been thoroughly developed (Heien and Wessells 1990). Thus, we rely
on traditional demand analysis for general guidance, and several specifications are
tested. The specific form of h(z;, a) to be utilized includes all exogenous variables in
the system, to avoid unnecessary complexities (Wooldridge 2002, 2003). To identify
the selection equation, we include several exogenous variables which are not part
of the system—dummies for the region of residence, government employment, self-
employment, married and levels of education for the head of household. This first
stage is identical for the majority of two-step processes. The models differ in their

second stage methodologies and samples employed.
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From the first-stage estimates, values of the inverse Mills ratio (IMR) are
calculated. The second step of estimation using the Tauchmann (2005) method,

includes the selection term 5\1-]-, and is conditional on Z;:

wi(p, p) = Z;i [04: + Z 03jcli; + Z viry + P
j t

(1.4.5)
+ ) Brilog pi + vi(log i1 — log P*)] +Z;€i5
k
where
1 ifZr >0
Z; = (1.4.6)
0 ifZF<0

and Z refers to the selection probit specified in (1.4.4). The error terms of
Equations (1.4.4) and (1.4.5) are assumed normal. In contrast with the arguments
in Shonkwiler and Yen (1999), the specification in (1.4.5) allows estimation with the
entire sample, and thus permits use of a two-stage model as proposed by Heckman
(1979).

The censored units are included in estimation, but are conditional on D;t and
result in a zero being regressed on a vector of zeros. Censored units effectively carry
zero weight, and may be included or excluded from a regression without effects on
the estimated coefficients (Tauchmann 2005).

With these adjustments to the empirical specification, an additional constraint is

required to preserve adding-up:

Z@zzi =0 (1.4.7)

The system given by (1.4.5), subject to the aforementioned constraints, form the
basis of the empirical analysis to follow. The first stage of estimation is a probit
model of the participation decision. The second stage is undertaken using SUR,
with results from the first stage incorporated to correct for sample selection bias.

Demographic variables are introduced using the method of demographic translating,
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and it is anticipated that significant changes in the composition of demand are

inevitable with household level shifts in member age composition.

1.4.2 Data
Consumer Expenditure Survey

Household expenditure survey data for United States consumers are available
through the Consumer Expenditure Survey (CEX) of the Bureau of Labor Statistics
(BLS). The CEX collects detailed information on expenditures for a consumer
unit—generally, those individuals who reside together, pool their income, and share
expenditures—and related data. The ultimate purpose of the CEX is as a basis for
the revision of weights and pricing samples used in calculation of the Consumer
Price Index (CPI). Since 1888, there have been numerous surveys collecting data on
consumer expenditure in the nation. The current CEX has been conducted, and
data released, annually since 1979.

The CEX consists of a national probability sample of households, representing the
total United States civilian noninstitutional population. Not included in the sample
are military personnel living on base, and those individuals residing in nursing homes,
incarcerated in prisons or other institutions.

The CEX relies on two independent surveys—a Diary Survey and a panel
Interview Survey—in data collection. A consumer unit is interviewed quarterly for
five consecutive quarters when participating in the Interview Survey. Those who are
selected to participate in the diary portion are asked to complete a diary of
expenditures for two one-week periods.

Interview surveys collect data on approximately 60 to 70 percent of total family
expenditures (BLS 1997), with global estimates—estimated average expenditures over
a quarter—accounting for an additional 20 to 25 percent. At the end of each of
five consecutive quarters, a family is interviewed regarding expenditures during the
preceding quarter. Each interview’s data is taken independently, thus data for a
family is not dependent upon participation in all five quarters. In each quarter,
about 20 percent of the sample completes their rotation and is replaced with new

households. Approximately 7,600 usable interviews are obtained each quarter.
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Families participating in the diary survey are independent of those participating in
the interview portion. A diary survey is more accurate in collecting data on everyday
items which are difficult to accurately recall in quarterly interview surveys. It is
self-reported, and gathers information on all expenditures during the family’s data
collection period. In a typical year, usable diaries are obtained from approximately
7,700 households.

CEX data used in this analysis consists of family level extracts produced by Ed
Harris and John Sabelhaus of the Congressional Budget Office (CBO) (Harris and
Sabelhaus 2000), available online through the National Bureau of Economic
Research (NBER). The extracts make use of household and individual member data
from the interview survey, and aggregates data on income and consumption
expenditures from over 600 product categories in the raw data to 109 product
categories. Data is further compressed such that each household’s information is
contained in one annual observation, rather than five quarterly ones. Use of the
CBO extracts means sacrifice of detailed information on expenditures and household
demographics. However, the analysis aggregates expenditures to broad expenditure
categories, thus allowing use of the extracts without loss of necessary information.

Household expenditures are aggregated to eleven categories, briefly explained in
Table 1.2. Aggregation assumes goods within a category are homogenous in the eyes
of the consumer, and expenditure categories are weakly separable. Further, it assumes
that all households purchase from each expenditure category. This assumption will
be relaxed at a later point of this analysis. Construction of associated price indices

for each category is outlined in the next section.

Construction of Price Index Series

A data requirement for demand system estimation is information on prices. Although
average price data is not available for the United States, comprehensive price index
data for urban consumers has been published by the Bureau of Labor Statistics (BLS)
since 1921. The Consumer Price Index for all Urban Consumers (CPI-U) represents
the purchasing behavior of residents in the nation’s urban or metropolitan areas. The

CPI-U has been published since 1978 and measures the average change in prices paid
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by urban consumers for fixed baskets of goods. It is available for multiple area and
product combination at various levels of aggregation.

The CPI-U series to be used here are annual price indexes classified by census
region—Northeast, Midwest, South, and West—with item structure selected to best
match descriptions of aggregated expenditure categories created from the CEX
extracts and described in the previous section.

Weights used in CPI-U calculations are obtained from the CEX, and therefore
consistent with CEX data. Price index calculations are completed in a two-step
process. The first stage consists of calculation of basic indexes, which represent
the average price change of items within each of the CPI area-item combinations.
Aggregate indexes are created by averaging across subsets of basic indexes. Annual
indices are then the moving average of twelve successive months of CPI values, such
that a CPI for each commodity is available monthly and assigned based on interview
coverage. Current indices have a base year of 1982-84. Further information on CPI
calculations is available in BLS (1997).

Regional CPIs for nine corresponding expenditure categories are available: (1)
Food, (2) Alcohol, (3) Housing, (4) Apparel, (5) Transportation, (6) Medical Care,
(7) Recreation,” (8) Education and Communication® and (9) Other Goods and
Services. The remaining two categories—utilities and durable goods—are calculated
by aggregating selected detailed regional CPI-U series. A total of 36 CPI-U
region-item series are used. These are matched to similar categorizations of
expenditures using CEX data after careful consideration and examination.

Ideally, actual price data is used in demand system estimation. This often consists
of a time series of the average price of a representative basket of goods in each product
category. However, few countries provide such data in the detail necessary. An
alternative is to use a series of price indices to represent changes in product prices.
Use of a price series is imperfect, as it does not allow relative comparison of prices

across goods or regions.

"Recreation was introduced as a CPI-U category with the 1998 Revision. For years prior to 1998,
the CPI-U series for Entertainment is used.

8A regional CPI series for Education was not introduced until 1998. Prior years were estimated
using CPI series from the Interuniversity Consortium for Political and Social Research (ICPSR) for
tuition and other fees, college tuition, and elementary and high school tuition; along with weights
from the CEX.
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Use of price index series from the CPI has several shortcomings. First, use of a
price index does not allow relative comparison of price differences between regions and
over time. Furthermore, indices obscures differentials in prices between products. It
does not accurately represent the relative burdens of products on household budgets.
CPI-U series are limited in that prices across all regions are equal to 100 during the
base year, and prices across regions are not comparable.

In an attempt to improve upon the CPI-U series, a simple methodology established
by Fan (1996) is applied to introduce regional variations to the price series. Fan
(1996) makes use of data from the American Chamber of Commerce Researchers
Organization (ACCRA) Cost of Living Index (COLI) to introduce regional variation.
The ACCRA publish data on price variations across regions within the United States
for a given year. These series have been used in previous studies in lieu of or as
complements to actual price series (Fan 1996; Taylor and Houthakker 2010). ACCRA
data for this study are from the second quarter of 2003.

ACCRA index data is provided for six categories of expenditure for Metropolitan
Statistical Areas (MSAs) and Primary Metropolitan Statistical Areas (PM-SAs),’
while data on average prices is available for a number of products. The six index
series are then matched with six CPI-U item categories, and cross-region indices for
the remaining three categories of expenditure are created using the provided average
price data.

Regional price index series are calculated for 1980-2003 by compiling CPI-U and
ACCRA data through use of the following formula from (Fan 1996):

CPI,,

trk = C«TMACCRA%O&T,k (1.4.8)

where ¢ represents year, r the region, and £ the expenditure category. Price indexes
as calculated are then merged with CEX data to create a master data set to be used
for estimation. The price data set as created provides an additional dimension to the
available CPI data series.

Following the recommendations by Fan (1996) for the reference period and area,

which is the national average of the second quarter of 2003.

9Nonmetropolitan areas are omitted from calculations, as they are not included in CPI-U
calculations.
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1.5 Results

1.5.1 Descriptive Statistics

The sample under consideration covers United States households from 1980 through
2003, all years for which the NBER CEX extracts are available, and consists of
167,523 observations at the household level. We omit households with missing or
who report negative expenditures for any category. Descriptive statistics for the
entire sample are provided in Table 1.3.

On average, households heads are around age 45 and households consist of 2.5
members. The majority of the sample households reside in urban areas, with most
heads identifying themselves racially as white.  Approximately 40 percent of
households rent, rather than own, their residence. Although the majority of
households report having a male head; a large proportion of household heads are
female, with the proportion of female heads increasing over time.°

Not surprisingly, the largest expenditure for households is shelter, which
accounts for about 28 percent of total household expenditures. Food is the next
largest proportion of household expenditure, at around 19 percent. Thus, on
average, nearly half of household total expenditure is used towards food and shelter.
Utilities, transportation, and durables each comprise approximately 10 percent of
total expenditure. Recreation, medical, education, alcohol and apparel account at
most for 5 percent of expenditures each.

A concern of the present analysis is the effect of changes in age structure,
particularly of members entering retirement ages, on the demand for different
commodities. Following previous analyses, we consider differences between
household expenditures based on the age of the head (Banks et al. 1997;
Wakabayashi and Hewings 2002; Lithrmann 2004). We thus segregate our sample
into two subgroups—those with heads younger than 60 and those with heads 60 and
over. Households with older heads are smaller and less likely to have child members,
and the proportion who own their home is nearly twice that of the younger sample.

The average household investment in stocks and bonds is over two times greater in

10Tn 1980, approximately 30 percent of households had a female head. By 2003, this proportion
had increased to around 50 percent.
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households with heads aged 60 and over. These statistics are not surprising, as
these individuals have most likely worked and saved throughout their lifetimes, and
are now reaching retirement age.

When considering differences in expenditure shares, we find that the elderly
sample appears to spend a greater proportion of their total expenditures on shelter,
utilities, transportation, recreation, medical, and other commodities. They spend a
lesser proportion on food, alcohol, apparel, education, and durables. T-tests

1'in expenditures between

comparing sample means indicate a significant difference’
those households with member(s) aged 60 and above, and those without, for all
categories of expenditure. This is as expected, as individual preferences and needs
change over the life-cycle.

For example, those over the age of 60 are most likely through with the child-
rearing phase of their lives, and no longer have large expenditures for education.
Elderly nutrient requirements are likely to be lesser, and they may no longer find
it necessary to make frequent purchases of apparel for fashion or career purposes.
Children eat less, as they are smaller in size, and although they require frequent
apparel purchases, children’s clothing is relatively less expensive.

However, the elderly often are retired or reaching retirement age. Their sources
of finance are more limited (Vierk and Hodges 2005), and their total expenditures
are lesser. Many of these individuals no longer work, and no longer receive labor
income (Vierk and Hodges 2005). Thus, required expenditures—such as those for
shelter, utilities, and medical care—increase in their budget proportions. Shares of
non-necessary goods, such as alcohol and apparel, decrease.

Changes in average expenditure shares over the life-cycle of households are
considered in Figure 1.6. Household age is defined as the age of the reported
household head, and age is reported in five-year groups. Household expenditures on
food, alcohol, apparel, recreation, transportation, and education decrease as the
household ages; while shares of shelter, utilities and medical commodities increase.
Older households are smaller, as children are grown and have left to create
households of their own. Thus, they are expected to have lesser proportions of
expenditures spent on items associated primarily with children, such as education.

It is reasonable to expect prime-aged adults to consume more food and alcohol than

1At a 1 percent level of significance.
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children and elderly. As they are still in their productive stages, they also consume
more apparel and transportation, as jobs require maintenance of an appropriate
appearance and are rarely situated at home.

An econometric concern of interest to the present analysis is the problem of zero
expenditures. Table 1.4 presents descriptive information on the proportion of
households with zero expenditures in the sample under consideration. In the case of
education, over two-thirds of the sample report zero expenditures; over a third of
households report zero expenditure on alcohol. Eliminating households with zero
expenditures would result in estimates biased away from zero, particularly for those
goods with a high proportion of zero observations.

In the context of the present analysis’ focus, the proportion of households which
report zero expenditures differs significantly between those households with and
without members over age 60.12 Thus, not properly accounting for zero expenditures
would result in misleading estimates of the effects of household age composition on
expenditures. This consideration will be further addressed later in the analysis.

Although descriptive analysis provides a general starting point, further and more
detailed investigation is required to extract the effects that are attributed to age.
Classifying households solely by the age of their head provides an incomplete
picture, as it does not adequately address differences in household characteristics. A
household with a head of age x may consist of infinite combinations of children,
elderly parents, and other members. Each member in addition to the head of
household would affect household expenditure, but these effects differ based on the
individual’s characteristics. =~ We thus make use of the aforementioned linear
approximate AID system of Deaton and Muellbauer (1980a) to incorporate
additional dimensions of variation and to account for economic and demographic

influences.

1.5.2 Traditional Model

We first estimate the traditional AID model, as first developed in Deaton and
Muellbauer (1980a), making use of the proposed linear approximation (LA-AID),

12 As indicated by t-tests, with a significance level of 1 percent. Proportions of households with
zero expenditures significantly differ between both age groups for all expenditure categories, with
the exception of food.
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exploiting the Stone price index in (1.2.23). The model assumes expenditure shares
are affected by prices and income (total expenditure) alone, and does not account
for other influences. We also introduce dummy variables representing the year of
initial interview to account for time effects, as we are utilizing 23 years of annual
cross-sectional data. Estimates presented in Tables 1.5 and 1.6 are obtained
imposing constraints for symmetry and homogeneity; adding up is automatically
satisfied. Coefficients for the omitted share equation, other commodities, can be
recovered through these constraints.

All total expenditure coefficients are highly significant in the standard LA-AID
estimation. Own price coefficients for seven of the ten commodity groups are
significant. Given that we are dealing with broad categories of commodities, we
anticipate own price effects to be negative, for commodity groups to be ordinary
goods. That is, we expect the budget share of a composite good to decrease with
increases in its own price, ceteris paribus. Estimates suggest expenditure shares of
alcohol, shelter, utilities, transportation, and recreation increase with their prices.
In the case of shelter and utilities, this may reflect the necessary nature of such
goods. With increases in prices, households continue to consume these goods in a
minimum of subsistence quantities, increasing their relative share in the household’s
overall budget. The own price coefficient of alcohol and recreation are insignificant
and small in magnitude.

Income and price elasticities are calculated following the methodology of Buse
(1994) and presented in Tables 1.7 to 1.9.1* We find all good categories are normal
goods; expenditure on each good category increases with income. Furthermore,

shelter, transportation, medical care, durable goods, and other commodities are

13Buse (1994) considers several alternate specifications for calculating price and total expenditure
elasticities for the LA-AID model. The empirical investigation concludes the approximate price and
total expenditure elasticity formulas to be, respectively:

Bij wj
Ny = —0i+ (J) — % (J)
w;

where §;; is the Kronecker delta, which equals one if i = j and zero otherwise. Calculations are
done using the mean values of variables.

nim
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considered to be luxury goods, with income elasticities exceeding one. This is
consistent with individuals purchasing larger homes and fancier vehicles as their
incomes increase. They may also seek medical care more often; or invest in costly,
though unnecessary, medical procedures as their incomes rise. Improvements and
innovations in technology may also have increased the use of medical care by those
individuals who are able to afford it.

Uncompensated own price elasticities are negative as predicted by theory, with
the exception of alcohol. The model suggests alcohol is a Giffen good, and predicts
a one percent increase in the price of alcohol will lead to a 0.44 percent increase
in demand. Since we are considering such broad product categories, this result is
counterintuitive. However, these results may reflect model mis-specification, which
is addressed further in the next subsection. Furthermore, own price elasticities of
food, education, medical, and durable goods exceed one. This is inconsistent with
previous studies which commonly find the own price elasticity of food to be negative,
but significantly less than one; education, medical, and durable goods have also been
found to have negative own price elasticities (Deaton and Muellbauer 1980a; Blundell
et al. 1993; Pashardes 1993; Taylor and Houthakker 2010).

The exclusion of demographic effects in estimation potentially leads to an omitted
variable bias. Thus, we expand and modify the LA-AID specification by incorporating
demographic variables, using the method of demographic translating as described
previously. This will also allow us to better investigate implications of changes in age

composition on demand.

1.5.8  Introducing Demographic Effects

The importance of accounting for demographic variables has been proven in previous
studies of demand analysis (Pollak and Wales 1981; Heien and Wessells 1990; Fan
and Zuiker 1998; Lithrmann 2004). The focus of the present analysis is the effect
of household age composition on the division of expenditures between commodity
categories. Thus, the demographic variables introduced include: number of household
members in each of twelve age groups (under age 20, aged 20 through 69 in five-year

age groups, and over age 70); whether the reported race of the household head is
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nonwhite; dummy variables indicating a male head, urban residence, and whether
the household rents or owns their home.

Relative demands for each composite good is anticipated to vary with member
ages, thus variables indicating the number of household members by age are
included. These age effects will vary by commodity. Ethnicity may indicate cultural
preferences, as some cultural backgrounds may place greater emphasis on acquiring
or not acquiring certain types of goods. Urban residence may affect the ability of
households to easily access certain commodities. Finally, those who rent, rather
than own, their residence are less likely to undertake investments in home related
durables; home ownership may also be an indicator of socioeconomic status.

Nearly every demographic variable is significant in each equation of the system,
indicating the importance of accounting for demographic effects. An additional adult
in the household raises the share of food in total expenditure. This effect increases
with age until 60, and decreases thereafter. This is consistent with children and elderly
being relatively lesser consumers of food, and with additional children associated with
increases in other forms of expenditure.

Figures 1.4, 1.5, and 1.6 present member age coefficients for estimates by inclusion
of a selection correction term.'* The present discussion focuses on results without
such correction; results with correction for sample selection bias will be discussed in
a later section. Several patterns are noted. As household members reach the legal
age of alcohol consumption, 21 in the United States, the share of alcohol in household
expenditure increases. The maximum effect is seen with the addition of members aged
20 through 24, which is consistent with the legal drinking age and high consumption
by individuals of college age. Additional members over the age of 24, and below the
age of 20, decrease the share of alcohol in household expenditure, and this negative
effect increases in magnitude the older the additional household member.

Apparel shares increase with additional household members in the productive
ages. A small coefficient on children in the apparel equation may reflect economies
of scale in child-rearing; as households with multiple children may “hand down”
apparel from older children to younger ones. Also, children’s clothing is relatively

less expensive. Individuals in their twenties are entering the labor force, which may

HSelected coefficients presented for clarity. Complete regression results for the system are available
upon request from the author.
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require substantial additions to their wardrobe; they are also more fashion conscious
and may purchase relatively larger quantities or more expensive apparel for social
reasons.

As anticipated, household expenditure shares of education increase with the
number of members below the age of 20. An increase in members above age 20
correspond to a share decrease. This is as expected, as compulsory education
policies exist in all states. Furthermore, the proportion who seek post-secondary
education has increased during recent decades. Thus, additional children in a
household would most likely raise the household’s absolute level of educational
expenditures, holding all else constant.

The coefficients of shelter and utilities follow similar patterns, and are at their
highest for the elderly. A peak in both profiles is evident at ages 30 to 34, possibly
reflecting significant increases in home ownership rates for this age group (USC
2006). The effects on transportation shares decreases from age 45, and may reflect
the decisions of older individuals to take advantage of relatively cheaper public or
shared transportation, and the higher costs of driving experienced by the elderly
(i.e. higher vehicle insurance rates, etc.). This may also reflect increased use of
private transportation by younger individuals who are moving out and starting their
own households, and those members of productive ages who require transportation
for employment.

The effect of an additional household member on the share of recreation in total
expenditure decreases with age. Possibly reflecting a shift of resources to other, more
necessary, commodities as family size increases. Additional members below the age of
25 have positive effects on the share of education. This reflects the years of mandatory
and undergraduate education, and is consistent with expectations.

The effect of an additional household member on medical expenditure increases
significantly with age. The addition of a household member over age 70, is predicted
to result in an increase in the share of medical expenditure by over 3 percent. By
comparison, additional household members between the ages of 20 and 39 have a
negative effect on the predicted share of medical expenditures as they are relatively
healthier and requires less medical attention. Young children are also associated with

higher proportions of medical expenditures in the household budget, as parents are
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more likely to seek medical care for their children than themselves or other adults in
the household.

Relative consumption of durable goods decreases with age, and may reflect
decreases in expected returns from such goods as individuals age. Older individuals
have a shorter period during which to benefit from durable goods purchases, and
this may reflect such costs. In addition, durable expenditures, such as household
appliances, are often associated with events occurring during younger ages. For
example, new jobs, moving out of a childhood home, marriage, or home ownership
are associated with purchases of vehicles, appliances, etc.

The marginal effect of an additional household member on the demand for each
composite commodity significantly varies with his or her age. Thus, it is important
to account for this dimension in analyses of demand. Elderly individuals spend
relatively greater proportions of their incomes on shelter, utilities, and medical
expenditures, encouraging concern over the effects of the rising cost of health care
on elderly individuals. The elderly are also more susceptible to rising prices in
housing and utility markets, as these comprise a relatively larger proportion of their
expenditures. These basic results are consistent with expectations.

Coefficients of other demographic variables are also highly significant in all
equations, as seen in Tables 1.10 and 1.11. Nonwhites are more likely to spend a
higher proportion of their budget on food, apparel, shelter, utilities and education.
Those living in urban areas are more likely to spend a higher proportion of their
budget on shelter, perhaps reflecting the relatively higher cost of housing in cities.
Renters spend a higher proportion of their budget on shelter and utilities. A
positive and significant coefficient on male head and a negative coefficient on
nonwhite in the alcohol equation support the findings of Grant et al. (2006), which
concludes males and whites are significantly more likely to use and abuse alcohol.

Income elasticities are relatively unchanged from the basic specification, and are
presented in Tables 1.12 through 1.14. The income elasticity of food is positive,
and less than one; compatible with Engel’s Law. Own price elasticities are now all
negative, in accord with demand theory. Own price elasticities of apparel, shelter,
utilities, and transportation are relatively consistent with previous studies of demand
(Pashardes 1993; Taylor and Houthakker 2010), though direct comparison is not

reliable due to differences in composite commodities. Although the price elasticity
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of food decreased with the addition of demographic variables, it is still quite high at
—1.097. However, in general, we see an improvement in the results, suggesting the

necessity of accounting for demographic effects in demand analyses.

Unpooled Estimation

As a further study into the differences in consumption patterns between the elderly
and the remainder of the population, unpooled estimation was undertaken. The
sample was segregated into two, based on whether the household contained at least
one member aged 60 or older. This criterion was used, rather than household head
age, as it is assumed a household’s expenditure pattern is significantly affected by
individual member characteristics. Although a head may hold decision-making power,
these decisions are affected by the relative composition of a household’s members.
The LA-AID specification with demographic effects was utilized, with one exception.
Member age variables were replaced with a single variable indicating family size. This
change was undertaken to avoid collinearity between the member age variables.

Table 1.15 presents estimated own price and total expenditure elasticities for the
sub-samples. Own price elasticities of food for both sub-samples are negative with
magnitudes exceeding one, though households with at least one member over 60 are
more price elastic. Those households with all members under 60 have price elasticities
of alcohol and utilities which are positive, they are negative for the sample over
60. The coefficient of alcohol is insignificant for both sub-samples, and a positive
coefficient on utilities may reflect the necessary nature of such goods. As the elderly
are more prone to negative reactions to extreme temperatures, their responsiveness
to price changes in utilities may be lesser than that of younger households. Demand
in households with a member over 60 are elastic with regards to transportation, as
the elderly drive less frequently and are less likely to own a vehicle (Vierk and Hodges
2005).

As expected, households with no elderly individuals are price inelastic in regards
to education, as education is mandatory for children under the age of 16 in most states
and a significant proportion of the population obtains post-secondary education (i.e.
over 10 percent of the population over 25 had received at least a Bachelor’s degree
at the start of the sample in 1980, while in 2002 this figure stood at over 28 percent)
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(Stoops 2004). Households with elderly members are also less responsive to changes
in the price of medical care. A one percent increase in the price of medical care results
in a decrease in the medical expenditure budget share by 1.40, while those with no
elderly members decrease their budget share by over 4.05 percent. This is possibly
because medical procedures undertaken by the elderly are more critical, and thus are

less avoidable.

1.5.4 Addressing Zero Ezpenditures

When dealing with micro level expenditure data in demand analyses, problems arise
when there exist a significant number of households who do not make purchases within
the given commodity groups. As previously mentioned, these non-purchasers are not
of statistical concern when they occur in small numbers or when non-purchasing
occurs randomly.

However, households select into non-purchasing, and this behavior is influenced
by many factors. The location of a household may influence their purchasing
behavior, due to local regulations, product availability or cultural concerns. Types
of employment, such as government or self-employment, may affect purchasing as
households with heads in these fields may vary systematically in terms of their
available insurance coverage, assistance programs, and beliefs. Other exclusion
restrictions include a dummy for marriage and dummies for high school and college
education in the selection equations. As a large proportion of the sample under
consideration reports zero expenditures for several commodity categories, and
selection into this group is non-random, biased coefficients may result.

This problem is usually accounted for in demand system analyses, as common
methods make use of only households who report positive expenditures, or include
all households in the sample. Both methods lead to biased coefficients, in opposing
directions. As SUR techniques are most frequently used in estimating demand
systems, problems arise with unequal samples across equations when only positive
purchase households are used for each commodity. Thus complicating the use of the
traditional methodologies to correct for sample selection bias, such as those posed
by Heckman (1979). Alternative solutions previously posed have been shown to be
inconsistent (Shonkwiler and Yen 1999) and inefficient (Tauchmann 2005). Thus,

20



the methodology of Tauchmann (2005) is used, as it exploits the entire sample and
is based on the established estimator of Heckman (1979). This methodology,
previously detailed in Section 1.4.1, requires introduction of a selection term, the
inverse Mills ratio (IMR). The specific form of the selection equation used (1.4.4) is
specified by:

]’LZ’(ZEZ‘, CL) =q,; + Z ﬁijxij + 0,1NEZ + HZQMWZ + ngSOUTHz
J

+ 0;4GOV, + 0;sMARRIED,; + 0;sSELF; + 0;,GOV;

(1.5.1)

and the IMR is calculated following Wooldridge (2003).

Coefficient estimates, when correcting for selection bias, are presented in Tables
1.16 and 1.17. When introducing selection corrections into the AID system, we find
the IMR is significant in all equations of the system, with the exception of
education. Adjusted R-squared values increase for every equation except durables,
with the largest increases education and alcohol. This is as expected, as education
and alcohol have much larger proportions of zero expenditures, 69.7% and 36.9%
respectively.

Changes in regressors which are included in both stages of the estimation process
now have two effects: they affect the likelihood of whether a commodity will be
purchased; and if the commodity is consumed, they affect the level of expenditure
(Saha et al. 1997). Previous research is lacking in treatments of both effects; the
majority which consider non-random selection do not account for selection in marginal
effect and elasticity calculations. Elasticities and marginal effects are thus calculated
following the research by Byrne et al. (1996) and Saha et al. (1997), which incorporates
both sources of selection into marginal effects calculations, and are presented in Tables

1.18 to 1.20.® The reader is once again referred to Figures 1.4, 1.5, and 1.6 for a

15 Assume the two stages of the estimation process can be expressed in the following manner:

hi = mai+oisi+ v = BiSi + v
wi = B+ @ikt
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graphical comparison of marginal effects when a correction is implemented for sample
selection bias and those obtained from previous estimates.

Of greatest interest to the analysis are the effects on the marginal effects of
members by age. Little change is seen in the age effects for most equations of the
system, compared with the specification used in Section 1.5.3. In the case of
education, the effect of additional members below the age of 25 increases when we
account for selection effects, while the opposite is seen for increases in the number of
older members in the household. Households with younger members are more likely
to have positive educational expenditures, possibly due to compulsory education
policies in the United States. Furthermore, not separately accounting for selection
into positive expenditures, biases age coefficients in the education share equation
towards zero, as predicted.

Nearly 37 percent of the sample households do not report expenditures on
alcohol; alcohol coefficients when selection is corrected for increase in magnitude for
all age groups. Adjusting for selection into positive alcohol expenditures increases
the negative effects of additional members for all age groups, once again suggesting
estimates which ignore selection results in coefficients biased towards zero.

Results are robust to the inclusion of selection terms, the remaining equations of
the system appear relatively unaffected by the introduction of the IMR.!® This is as

anticipated, as the remaining composite goods have a large proportion of households

where z; is a vector of regressors, including prices, demographic variables, and total expenditure,
and A; is the inverse Mills ratio, which is commodity specific. Estimates following Tauchmann (2005)
are obtained conditionally on positive expenditure by households. The conditional expectation is:

E(wi|lw; > 0) =28 + %‘S\i.
Taking the partial derivative with respect to z;:

8E(wi\wi > 0) . o\
8.1‘1' _B’L—’_@Zaxi‘

Following Saha et al. (1997), this can be simplified into:

oF ((JJZ' |wi > 0)
8$i

Since the estimated marginal effects vary by observation, Saha et al. (1997) proposes evaluation
at regressor sample means. This adjusted marginal effect then replaces the estimated coefficients in
calculation of elasticities following Buse (1994).

16Other combinations of selection instruments were tested, with similar results.

=B+ pini {BZ—SAJ- + Aﬂ .
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reporting positive expenditures, thus few households select into zero expenditures for
these categories. The calculated coefficient of other expenditures absorbs changes in
the estimated coefficients of the remaining ten share equations, to maintain adding-
up.

All goods are normal, based on calculated total expenditure elasticities.
Transportation is no longer a Giffen good, though recreation and education now
display elasticities exceeding one. The own price elasticity of food decreases in
magnitude and is at —0.78, which is more consistent with previous studies by
Blundell et al. (1993), Pashardes (1993), and Taylor and Houthakker (2010). Own
price elasticities of alcohol and durables are now positive, contrary to expectations;
the own price coefficient on alcohol is insignificant, and the elasticity of durables for
both specifications is relatively close to zero. Thus, these results do not necessarily

suggest these are Giffen goods.

1.5.5 Discussion and Summary of Findings

Results of the preceding analysis support the importance of accounting for
demographic variables in demand analyses. Of particular interest are results
concerning age effects. We find age effects, as represented by the age composition of
household members, are highly significant in each equation of the system, and
systematic and robust patterns are evident.

Whereas previous studies are concerned with the age of the household head, and
use household head as an indicator of demand, we consider the ages of individual
household members. Aging occurs at the level of the individual, and the effects of an
additional non-head member will differ based on his or her age. For example, consider
a two-person household, consisting of a couple. A child born to this couple will have
a different effect on the composition of household demand than if one of the couple’s
parents moves in with them. If the male spouse of the original two-member household
retains the title of household head, household age remains constant. However, the
household’s demand composition shifts, depending on the characteristics of the new
member.

Elderly individuals, those over the age of 60, differ from younger members in their

consumption patterns. Additional adult household members increase the share of
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food in the budget, although this increase occurs at a diminishing rate. However, an
additional child decreases the budget share of food. This is consistent with elderly
members being lesser consumers of food than prime-aged individuals, while children
consume very little in comparison to either adult group.

The elderly also consume less alcohol, and the presence of an additional elderly
household member decreases the budget share of alcohol by more than an additional
child. Reductions in the share of alcohol also reflects the variable’s definition. Since
alcohol includes what is consumed away from home, it is possible this result reflects
the decision by individuals to decrease drinks away from home with the presence of
a child and the relatively lesser tendency of elderly to drink away from home. Since
drinks away from home are more costly, per unit, this result may reflect a shift towards
less drinking outside the home. The same effect is seen for apparel, where the elderly
do not purchase much clothing and children require clothing which is relatively less
expensive than that for adults.

Housing and utilities display similar age effects. Each additional member over 70
has a greater positive effect on the budget shares of shelter and utilities than an
additional member of any other age group. This is possibly due to the relatively
lower level of expenditures by households with at least one member over 60. These
households also have a larger number of adults, possibly requiring larger
accommodations. As the elderly spend less overall than younger individuals,
housing is a higher proportion of their budget, although their level of housing
expenditures may be comparable (Vierk and Hodges 2005).

The elderly are less likely to drive or own a vehicle, thus households with elderly
members do not own as many vehicles and use them less often. The elderly also are
more likely to take advantage of public transportation services, which are relatively
less expensive. Although transportation includes travel, younger individuals take
less extensive trips, less often. Elderly members also spend less of their budget on
recreation. This may reflect the fact that elderly members participate in less expensive
social events, and spend the least on entertainment (Vierk and Hodges 2005).

As anticipated, the elderly spend a lesser proportion on education-related
expenditures. They are past their child-rearing and working ages, and their own
opportunity costs of continuing education are much lower. Thus, it is not expected

for older members to incur much by way of educational expenditures. Medical
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expenditures are a much larger proportion of the household budget for elderly
households. The budget share of expenditure amongst additional adult members
appears to increase exponentially with age. This result is invariant to use of a
selection correction.

Durable goods expenditures have much lower lifetime returns for the elderly, as
they may not be able to extract the maximum returns over the product’s life-cycle.
Also, the elderly have most likely undertaken significant amounts of durable goods
purchases earlier in their lifetime, and may no longer require new purchases of durable
products.

As we have seen, the composition of consumption varies with age, and with the
age composition of the household. An additional member over 60 significantly
increases the budget proportions of food, shelter, utilities and medical care; and
decreases proportions of alcohol, apparel, transportation, recreation, education and
durables. However, in relation to prime-aged adults, additional elderly spend a
lesser proportion on food, thus suggesting a decrease in household budget shares of
food as individuals make the transition from prime-aged to elderly. Furthermore, as
these individuals age, budget shares of medical care increase rapidly, suggesting an
increase in the level of expenditure on medical care. Results indicate the elderly
spend a significant proportion of their income on shelter, utilities and medical care;
perhaps at the expense of other commodities, such as food.

In 2003, the proportion of the population over 65 exceeded twelve percent. With
the youngest of the baby boomers turning 60 this year, this proportion is expected
to increase significantly. If we assume individual behavior is adequately represented
by the preceding model, and households differ only by these factors, we can draw
conclusions regarding aggregate level effects using our preceding results. With a larger
proportion of the population reaching retirement age, we can anticipate increases in
aggregated medical expenditures; aggregate education expenditures may decrease. As
the elderly are less responsive to changes in the price of medical care, housing and
utilities, legislation assisting households with medical expenditures and housing costs
will greatly benefit the elderly segment of the population. Furthermore, the rising
housing and medical costs in the present market is likely having a greater detrimental

effect on the elderly.
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1.6 Conclusion

The preceding analysis investigates the effects of age on the composition of household
expenditure shares, using household member age composition as an indicator. A
system of expenditure shares for eleven composite goods was developed, using the AID
system of Deaton and Muellbauer (1980a) and introducing demographic influences
by way of translating. The AID system of Deaton and Muellbauer (1980a) allowed
estimation of age effects by commodity group, while accounting for cross-equation
interactions. In general, household demand shares are found to vary significantly
with changes in the age composition of its members. These suggest changes in the
composition of a nation’s population, such as those which occur with aging, would
lead to significant shifts in the composition of aggregate demand.

As the youngest of the Baby Boomers reach the age of 60 in 2006, the analysis
considers the effects of changes in the number of household members aged 60 and
older. Increases in the number of household members over the age of 60 are found to
lead to rises in the expenditure shares for shelter, utilities, and medical care; relative
to increases in younger members. This suggests as individuals age, their consumption
patterns change and move towards increased expenditure shares dedicated to these
commodities.

Significant changes in consumption are found to occur primarily during two
stages of the life-cycle.  Specifically, shifts occur during the transition from
childhood to productive adult, and again during the transition to retiree. Boomers
in the United States are approaching this second turning point in their life-cycle,
suggesting significant changes in aggregate demand are imminent.

Results imply significant changes in aggregate demand with population aging,
but it is important to consider the nature of these changes in when designing
corresponding policies. Although the Baby Boomers represent a large proportion of
the population, the phenomena which led to such a bulge has not been repeated
since. Thus, following generations are not able to “fill” the vacancies left when this
segment of the population moves on to the next phase of their lives. Increases in
demand for particular goods may cause shifts in the labor force, but such changes
may be temporary. Shifts in a contrary direction may result when boomers are

gone, making some investments obsolete.
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However, conclusions of the preceding analysis should be considered with care.
As broad composite goods were utilized, it is entirely possible the “baskets” of goods
which these represent are not homogeneous across regions, or even within a region.
Quality differences exist, and household valuation of such commodities may vary
significantly. Furthermore, the use of composite commodities increases the difficulty
of pricing. The study makes use of CPI-U and COLI series by region, however,
these series may not adequately represent the actual prices faced by a household. A
better measure would be survey data which records actual prices paid for a product
at the time of purchase, as well as product quantities. This would allow a better
representation of demand, and a more precise measure of cost. Unfortunately, such
data is not readily available in the case of the United States.

The use of a regional price index assumes constant average prices within a region.
It also assumes the basket of goods is homogeneous across regions and throughout
time, and that the index is measured using the same basket as is used to calculate
expenditures. This is unlikely within the confines of the present analysis.

Future research should incorporate more precise measures of price, and perhaps
consider commodities at a more disaggregated level. The nonlinear AID model of
Deaton and Muellbauer (1980a) or the expanded quadratic AID system of Blundell
et al. (1993) provides added flexibility, through increased complexity, with the
theoretical benefits of the LA-AID system used here.

As previously mentioned, the econometric issue of endogeneity is also of concern
in studies of demand systems. As total expenditure is defined as the sum of the
values of all expenditure categories, it is likely to be endogenous. However,
constraints on the present analysis did not permit the pursuit of corresponding
corrective measures. Correcting for endogeneity in total expenditure is a worthy
advancement on the present analysis.!”

Use of the methods of Heckman (1979) and Tauchmann (2005) proved insightful,
as significant sample selection bias was evident in several commodity categories (e.g.

education and alcohol). Households select into positive purchases in a non-random

1"Endogeneity correction was attempted using income, household stocks and bonds, and lump
sum transfers as instrumental variables (IVs) and estimation via three stage least squares (3SLS).
However, results obtained using this specification did not appear reasonable, possibly due to
poor selection of instruments, and are not reported or pursued. Further investigation within the
constraints of this analysis was not feasible.
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manner. Thus, correction for such bias is also necessary to accurately represent the
purchasing behavior of households. Tauchmann’s method allowed use of a version of
the established Heckman procedure on a system of equations, without the
complications which arise when samples are unequal across equations.

This, and previous analyses (Parks and Barten 1973; Denton et al. 1999, 2006;
Wakabayashi and Hewings 2002; Lithrmann 2004), have shown the importance of
accounting for age in empirical models of demand. The present analysis extends
on existing literature with the use of a theoretically plausible demand system and
multiple years of cross-sectional household level data for the United States. However,
further research is necessary, as a greater understanding of consumer behavior over
the life-cycle is crucial, so we may efficiently and effectively anticipate the effects of

changes in age distribution and prepare accordingly.
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Figure 1.1: United States Population Pyramids 2000-2010
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Table 1.2: Expenditure Category Descriptions

Expenditure Category

Description

Food

Alcohol

Apparel

Shelter

Utilities

Transportation

Recreation

Food and non-alcoholic beverages purchased
and prepared by the household from grocery,
convenience and specialty stores. Includes
food purchased on trips, for board at schools
and rooming or boarding houses, catered
affairs, at restaurants, cafes, and fast food
places. Also school lunches and meals
received as pay.

Alcoholic beverages purchased for home use,
including beer and wine. Includes alcoholic
beverages purchased at restaurants, cafes,
bars, cafeterias, on trips, etc.

Clothing and shoes for household members.
Includes payments made for clothing services
such as shoe repairs, apparel cleaning and
rental, clothing storage, etc.

Rent of dwelling, including parking fees and
payments for upkeep and landscaping of
residence. Lodging for trips and school
housing expenditures. Rent received as pay
and rental equivalence of owned home.

Payments for electricity, gas, water and other
sanitary services, fuel oil and coal, telephone,
and domestic services.

Payments for vehicle servicing, repair, and
upkeep. Expenditures on gasoline and oil,
tolls, automobile insurance, mass transit;
taxicab, railway, bus, and other travel
expenses; and airline fares.

Purchases of books and maps, magazines,
newspapers, and other nondurable toys; and
other recreation services. Includes admission
fees, and pet related expenses.

continued on next page
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Expenditure Category

Description

Education

Medical

Durables

Other

Tuition payments for college, elementary and
high school. Expenditures on private school
buses and rental of educational equipment.
Includes other educational expenditures and
contributions to educational organizations.

Net outlay on prescription drugs and
medicines; payments for care by physicians,
dentists, and other medical professionals;
hospital services, room and board;
expenditure on nursing homes, and health
insurance.

Expenditure on jewelry and watches,
household furnishings, automobiles and
associated parts, recreation and sports
equipment, and opthalmic and orthopedic
appliances.

Primarily purchases of toilet articles and
preparations, expenditures on services at
barbershops, beauty parlors, health clubs,
etc. Includes payments for business services,
including union dues, membership fees for
credit cards, legal and real estate transaction
fees, funeral expenses, financial services, etc.

Total Expenditure

Sum of expenditures on above categories by
household.

continued from previous page

68



Table 1.3: Summary Statistics by Age of Head

Variable Entire Sample Ove?gg of ngae;iow 60
Ezpenditure Shares
Food 0.190 0.176 0.195
(0.099) (0.087) (0.101)
Alcohol 0.014 0.007 0.016
(0.029) (0.017) (0.032)
Apparel 0.045 0.028 0.050
(0.046) (0.030) (0.048)
Shelter 0.278 0.320 0.264
(0.146) (0.157) (0.140)
Utilities 0.101 0.120 0.095
(0.063) (0.068) (0.060)
Transportation 0.100 0.081 0.106
(0.070) (0.064) (0.071)
Recreation 0.044 0.033 0.048
(0.043) (0.030) (0.045)
Education 0.018 0.003 0.022
(0.060) (0.021) (0.067)
Medical 0.052 0.099 0.037
(0.066) (0.087) (0.049)
Other 0.046 0.056 0.042
(0.058) (0.069) (0.054)
Durables 0.113 0.077 0.124
(0.149) (0.124) (0.155)
Total Expenditure
Total Expenditure 21,353.008 20,857.010 21,507.820

Members aged 20-24
Members aged 25-29
Members aged 30-34

Members aged 35-39

(19,910.046)

0.338
(0.649)
0.320
(0.627)
0.298
(0.601)
0.270
(0.568)

(18,853.780)

Demographic Variables

0.152
(0.446)
0.148
(0.432)
0.129
(0.401)
0.114
(0.376)

(20,226.020)

0.397
(0.690)
0.374
(0.668)
0.351
(0.642)
0.318
(0.607)

continued on next page
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Age of Head

Variable Entire Sample Over 60 Bolow 60
Members aged 40-44 0.235 0.094 0.279
(0.530) (0.340) (0.570)

Members aged 45-49 0.195 0.077 0.232
(0.484) (0.305) (0.522)

Members aged 50-54 0.169 0.080 0.197
(0.452) (0.304) (0.486)

Members aged 55-59 0.149 0.118 0.159
(0.427) (0.355) (0.446)

Members aged 60-64 0.135 0.399 0.053
(0.410) (0.639) (0.254)

Members aged 65—69 0.122 0.372 0.044
(0.386) (0.610) (0.231)

Members over 70 0.264 0.818 0.091
(0.578) (0.787) (0.345)

Household Size 2.512 1.849 2.719
(1.510) (1.021) (1.576)

Age of Head 45.332 71.562 37.145
(18.064) (8.003) (11.243)

Children (Under 20) 1.298 0.522 1.541
(1.603) (1.115) (1.654)

Elderly (Over 60) 0.492 1.507 0.176
(0.797) (0.733) 0.495

Male Head 0.603 0.542 0.622
(0.489) (0.498) (0.495)

Nonwhite 0.158 0.125 0.169
(0.365) (0.331) (0.374)

Socioeconomic Variables

Urban 0.908 0.883 0.916
(0.289) (0.322) (0.278)
Renter 0.400 0.231 0.452
(0.490) (0.421) (0.498)
Securities 8,035.198 15,249.190 5,783.529
(82,641.410) (122,177.300) (65,428.530)
Lump Sum Transfers 272.305 306.186 261.730
(4,458.716) (5,038.388)  (4,261.637)

N 167,523 39,850 127,673

continued from previous page
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Table 1.4: Households Reporting Zero Expenditures

Variable Mean sd
Food 0.002  0.039
Alcohol 0.369  0.482
Apparel 0.052  0.222
Shelter 0.038 0.191
Utilities 0.017  0.128
Transportation 0.04 0.196
Recreation 0.045 0.208
Education 0.697 0.459
Medical 0.162  0.368
Other 0.064  0.245
Durables 0.113 0.316
N 167,523
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Table 1.5:

Alcohol, Apparel, Shelter, Utilities)

Results of Basic LA-AID Estimation (Food,

Variable Food Alcohol Apparel Shelter Utilities
Food -0.04409***  -0.00846 -0.02188***  0.03051*** -0.01616%**
(0.01330) (0.00580) (0.00429) (0.00536) (0.00380)
Alcohol -0.00846 0.00602 0.01309***  0.00133 0.00049
(0.00580) (0.00522) (0.00241) (0.00242) (0.00148)
Apparel -0.02188***  0.01309***  -0.00349 -0.00917*%*  0.00068
(0.00429) (0.00241) (0.00280) (0.00272) (0.00170)
Shelter 0.03051*%**  0.00133 -0.00917%%%  0.05907***  -0.04117***
(0.00536) (0.00242) (0.00272) (0.00444) (0.00229)
Utilities -0.01616***  0.00049 0.00068 -0.04117%%%  0.08567***
(0.00380) (0.00148) (0.00170) (0.00229) (0.00249)
Transport  0.01844** 0.00311 -0.00567* -0.01421%*%%  _0.01805***
(0.00719) (0.00345) (0.00322) (0.00395) (0.00278)
Recreation -0.00877 -0.00713** 0.02485***  -0.00540* 0.01043%**
(0.00564) (0.00301) (0.00253) (0.00303) (0.00207)
Education ~ 0.04328*** -0.01003*** -0.00617*** -0.03418***  (.01532***
(0.00537) (0.00362) (0.00209) (0.00241) (0.00190)
Medical -0.04469***  -0.00523 0.00558 0.01661***  -0.00128
(0.00832) (0.00433) (0.00400) (0.00529) (0.00296)
Other -0.03183***  0.00264 -0.00647* -0.02223***  -0.00552*
(0.01043) (0.00486) (0.00380) (0.00441) (0.00289)
Durables 0.08366***  0.00417 0.00866* 0.01886***  -0.03039***
(0.01166) (0.00449) (0.00504) (0.00626) (0.00507)
Total Exp  -0.02341**%  -0.00023*** -0.00529***  0.00588*** -0.00276***
(0.00013) (0.00004) (0.00006) (0.00021) (0.00010)
Constant 0.43682*%**  0.01016***  0.09452***  (0.02263***  (.15039%***
(0.00537) (0.00258) (0.00280) (0.00396) (0.00245)
R-squared ~ 0.19890 0.02086 0.07347 0.16058 0.05217

* Indicates significance at 10 percent
** Indicates significance at 5 percent
*** Indicates significance at 1 percent

Standard errors presented in parentheses.

Dummies for years 1981-2003 included in estimation; results omitted for brevity.
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Table

1.6:

Results

of Basic

LA-AID Estimation
(Transportation, Recreation, Education, Medical, Durables)

Variable Transport Recreation Education Medical Durables
Food 0.01844**  -0.00877 0.04328***  _0.04469***  0.08366%**
(0.00719) (0.00564) (0.00537) (0.00832) (0.01166)
Alcohol 0.00311 -0.00713** -0.01003***  -0.00523 0.00417
(0.00345) (0.00301) (0.00362) (0.00433) (0.00449)
Apparel -0.00567* 0.02485***  -0.00617***  0.00558 0.00866*
(0.00322) (0.00253) (0.00209) (0.00400) (0.00504)
Shelter -0.01421°%%*  -0.00540* -0.03418%**  0.01661***  0.01886***
(0.00395) (0.00303) (0.00241) (0.00529) (0.00626)
Utilities -0.01805%**  (0.01043***  0.01532*** -0.00128 -0.03039°%**
(0.00278) (0.00207) (0.00190) (0.00296) (0.00507)
Transport 0.01928***  -0.00942** -0.00095 0.01977***  -0.00557
(0.00731) (0.00413) (0.00328) (0.00742) (0.00754)
Recreation -0.00942** 0.00704 -0.02295***  0.00548 -0.01815%**
(0.00413) (0.00489) (0.00269) (0.00495) (0.00628)
Education  -0.00095 -0.02295%F*  -0.01609***  0.04091*** -0.00908*
(0.00328) (0.00269) (0.00327) (0.00384) (0.00480)
Medical 0.01977***  0.00548 0.04091***  -0.06372***  0.02677***
(0.00742) (0.00495) (0.00384) (0.00998) (0.00853)
Other -0.00673 0.02403***  -0.00007 -0.00020 0.00415
(0.00657) (0.00518) (0.00453) (0.00794) (0.00885)
Durables -0.00557 -0.01815%**  -0.00908* 0.02677***  -0.08308***
(0.00754) (0.00628) (0.00480) (0.00853) (0.01603)
Total Exp  0.00135%%% -0.00093***  -0.00253***  0.00864***  (0.01325***
(0.00011) (0.00006) (0.00008) (0.00011) (0.00024)
Constant 0.14526***  0.04693***  0.04975%** -0.03988***  0.05266***
(0.00413) (0.00305) (0.00253) (0.00486) (0.00653)
R-squared  0.03622 0.01130 0.00650 0.05348 0.02272

* Indicates significance at 10 percent
** Indicates significance at 5 percent
*** Indicates significance at 1 percent
Standard errors presented in parentheses.
Dummies for years 1981-2003 included in estimation; results omitted for brevity.
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Table 1.7: Elasticities from Basic Estimation (Food, Alcohol,

Apparel, Shelter)

Variable

Food Alcohol Apparel Shelter

Food
Alcohol
Apparel
Shelter
Utilities
Transportation
Recreation
Education
Medical
Durables
Other

Total Expenditure Elasticities
0.87696  0.98332  0.88178 1.02117
Price FElasticities
-1.20832 -0.61037 -0.46648 0.10583
-0.04277  0.43682  0.29417 0.00450
-0.10949  0.95007 -1.07270  -0.03396
0.19453 0.10109 -0.17210 -0.79319
-0.07250  0.03722  0.02715 -0.15038
0.10928 0.22722 -0.11483  -0.05329
-0.04068 -0.51636  0.56056  -0.02038
0.22966 -0.72711 -0.13579  -0.12344
-0.22854 -0.37844  0.13080 0.05871
0.45361 0.30431  0.20689 0.06552
-0.16169  0.19222 -0.13921  -0.08101
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Table 1.8:

Elasticities from Basic Estimation (Utilities,
Transportation, Recreation, Education)

Variable Utilities Transport Recreation Education
Total Expenditure Elasticities
0.97270 1.01343 0.97888 0.85746
Price FElasticities
Food -0.15468 0.18094 -0.19517 2.46555
Alcohol 0.00522 0.03076 -0.16165 -0.56313
Apparel 0.00795  -0.05702 0.56535 -0.34124
Shelter -0.39971  -0.14513 -0.11678 -1.88614
Utilities -0.14971  -0.18097 0.23903 0.87755
Transportation -0.17582  -0.80950 -0.21183 -0.03920
Recreation 0.10439  -0.09433 -0.83917 -1.28675
Education 0.15204  -0.00969 -0.52087 -1.90399
Medical -0.01125 0.19604 0.12555 2.31226
Durables -0.29756  -0.05694 -0.40984 -0.49547
Other -0.05337  -0.06758 0.54674 0.00255
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Table 1.9: Elasticities from Basic Estimation (Medical,
Durables, Other Commodities)

Variable Medical Durables Other
Total Expenditure Elasticities
1.16750 1.11726 1.13243

Price Elasticities
-0.89824 0.71803 -0.72446

Alcohol -0.10370  0.03529 0.05615
Apparel 0.10068  0.07139 -0.14824
Shelter 0.27549  0.13434 -0.52543
Utilities -0.04175  -0.28079 -0.13505
Transportation  0.36643  -0.06107 -0.16111
Recreation 0.09886  -0.16578 0.52169
Education 0.79012  -0.08243 -0.00367
Medical -2.24393  0.23085 -0.01122
Durables 0.50004  -1.74846 0.07618
Other -0.01150  0.03139 -0.07859
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Table 1.10: Results of LA-AID with Demographic Variables

(Food, Alcohol, Apparel, Shelter, Utilities)

Variable Food Alcohol Apparel Shelter Utilities
Food -0.02437* -0.00347 -0.01760*%**  0.01050**  -0.00370
(0.01303) (0.00574) (0.00419) (0.00519) (0.00369)
Alcohol -0.00347 -0.00347 0.00564**  -0.00158 0.00134
(0.00574) (0.00517) (0.00238) (0.00238) (0.00146)
Apparel -0.01760***  0.00564** 0.00584** 0.00107 0.00320*
(0.00419) (0.00238) (0.00272) (0.00261) (0.00166)
Shelter 0.01050**  -0.00158 0.00107 0.08209***  -0.03321***
(0.00519) (0.00238) (0.00261) (0.00429) (0.00221)
Utilities -0.00370 0.00134 0.00320* -0.03321°%**  (.07352%***
(0.00369) (0.00146) (0.00166) (0.00221) (0.00243)
Transport 0.01507** 0.00305 -0.00077 -0.00391 -0.01752%**
(0.00700) (0.00339) (0.00313) (0.00381) (0.00272)
Recreation  -0.00938* -0.00793*%F*  0.01864***  -0.00794***  (0.00822***
(0.00554) (0.00297) (0.00248) (0.00294) (0.00204)
Education 0.02993***  -0.00325 -0.00408**  -0.02769***  0.01299***
(0.00532) (0.00359) (0.00207) (0.00237) (0.00189)
Medical -0.02798***  -0.00074 -0.00395 0.02057***  -0.01170***
(0.00806) (0.00426) (0.00382) (0.00501) (0.00282)
Other -0.02803***  (0.00216 -0.00582 -0.01792%**  -0.00875***
(0.01026) (0.00479) (0.00372) (0.00430) (0.00284)
Durables 0.05902*%**  0.00825* -0.00217 -0.02198%**  -0.02438***
(0.01133) (0.00442) (0.00491) (0.00609) (0.00499)
Total Exp  -0.03068***  -0.00076*** -0.00340*** -0.00115*** -0.00665%**
(0.00020) (0.00006) (0.00009) (0.00031) (0.00014)
Children -0.01167*%%*  -0.00189***  0.00030*** -0.01034***  -0.00299***
(0.00020) (0.00006) (0.00009) (0.00031) (0.00014)
Nonwhite 0.00780***  -0.00418***  0.00527***  (0.01038***  0.01896%**
(0.00056) (0.00017) (0.00026) (0.00088) (0.00040)
Mem 20-24  0.00320*%**  0.00057***  0.00162*** -0.01610*** -0.00184***
(0.00033) (0.00010) (0.00016) (0.00052) (0.00024)
Mem 25-29  0.00465***  -0.00084***  0.00052*** -0.01076***  0.00268***
(0.00035) (0.00011) (0.00017) (0.00055) (0.00025)
Mem 30-34  0.00734*** -0.00132*** -0.00019 -0.00721%%*  (0.00344***
(0.00037) (0.00011) (0.00018) (0.00059) (0.00027)
Mem 35-39  0.01002***  -0.00157*** -0.00000 -0.00723***  (.00237***
(0.00040) (0.00012) (0.00019) (0.00062) (0.00028)
Mem 40-44  0.01135%**  -0.00200***  0.00016 -0.00952*%**  0.00137***
(0.00041) (0.00012) (0.00019) (0.00064) (0.00029)

continued on next page
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Variable Food Alcohol Apparel Shelter Utilities
Mem 45-49  0.01341*%**  -0.00242***  -0.00022 -0.01194%*%*  0.00253***
(0.00042) (0.00013) (0.00020) (0.00067) (0.00030)
Mem 50-54  0.01409***  -0.00284***  -0.00073*** -0.01013***  0.00380***
(0.00044) (0.00013) (0.00021) (0.00070) (0.00032)
Mem 55-59  0.01461*%**  -0.00294*** -0.00181*** -0.00775***  0.00576***
(0.00046) (0.00014) (0.00022) (0.00073) (0.00033)
Mem 60-64  0.01403***  -0.00335*** -0.00328*** -0.00721***  0.00596***
(0.00048) (0.00014) (0.00023) (0.00076) (0.00034)
Mem 65-69  0.01395%**  -0.00394*** -0.00472*** -0.00513***  0.00697***
(0.00051) (0.00015) (0.00024) (0.00080) (0.00037)
Mem 70+ 0.00820***  -0.00564***  -0.00944***  0.01046***  0.01211%**
(0.00038) (0.00011) (0.00018) (0.00059) (0.00027)
M Head 0.00644***  0.00672***  -0.00489***  -0.02714***  -0.01813***
(0.00041) (0.00012) (0.00019) (0.00065) (0.00029)
Urban -0.00951%%*  0.00122***  0.00462***  0.05988***  -0.01346%**
(0.00094) (0.00028) (0.00044) (0.00130) (0.00067)
Renter 0.02972***  0.00521***  0.00191*%**  -0.00206***  -0.02026***
(0.00045) (0.00014) (0.00021) (0.00071) (0.00032)
Constant 0.49223***  (0.02454***  0.07732*%**  0.11360***  (0.19681***
(0.00547) (0.00259) (0.00282) (0.00459) (0.00263)
R-squared 0.25117 0.08075 0.10756 0.20907 0.12828

* Indicates significance at 10 percent
** Indicates significance at 5 percent
*** Indicates significance at 1 percent
Standard errors presented in parentheses.
Dummies for years 1981-2003 included in estimation; results omitted for brevity.
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Table 1.11: Results of LA-AID with Demographic Variables
(Transportation, Recreation, Education, Medical, Durables)

Variable Transport Recreation Education Medical Durables
Food 0.01507**  -0.00938* 0.02993***  -0.02798***  (0.05902***
(0.00700) (0.00554) (0.00532) (0.00806) (0.01133)
Alcohol 0.00305 -0.00793***  -0.00325 -0.00074 0.00825*
(0.00339) (0.00297) (0.00359) (0.00426) (0.00442)
Apparel -0.00077 0.01864***  -0.00408**  -0.00395 -0.00217
(0.00313) (0.00248) (0.00207) (0.00382) (0.00491)
Shelter -0.00391 -0.00794%F%  -0.02769***  0.02057***  -0.02198%**
(0.00381) (0.00294) (0.00237) (0.00501) (0.00609)
Utilities -0.01752%%  (0.00822***  0.01299***  -0.01170*** -0.02438***
(0.00272) (0.00204) (0.00189) (0.00282) (0.00499)
Transport 0.01409**  -0.00541 -0.00124 0.00345 -0.00467
(0.00707) (0.00403) (0.00324) (0.00711) (0.00734)
Recreation  -0.00541 0.00605 -0.01753***  0.01032**  -0.01281**
(0.00403) (0.00481) (0.00266) (0.00480) (0.00617)
Education  -0.00124 -0.01753%FF  _0.01770***  0.04192***  -0.01271%**
(0.00324) (0.00266) (0.00325) (0.00375) (0.00476)
Medical 0.00345 0.01032** 0.04192***  -0.06112***  (0.03207***
(0.00711) (0.00480) (0.00375) (0.00953) (0.00817)
Other -0.00214 0.01776***  -0.00065 -0.00284 0.00768
(0.00641) (0.00509) (0.00449) (0.00771) (0.00868)
Durables -0.00467 -0.01281** -0.01271%%%  0.03207***  -0.02830*
(0.00734) (0.00617) (0.00476) (0.00817) (0.01572)
Total Exp 0.00052*%**  -0.00140***  -0.00036***  0.00661***  0.02941***
(0.00016) (0.00009) (0.00012) (0.00015) (0.00035)
Children -0.00243*%**  -0.00099***  0.00193***  0.00375***  0.01919***
(0.00016) (0.00009) (0.00012) (0.00015) (0.00035)
Nonwhite -0.00430%**  -0.01164***  0.00067* -0.01288***  _0.01677***
(0.00044) (0.00025) (0.00035) (0.00043) (0.00098)
Mem 20-24  0.00722***  -0.00056™**  0.00447*** -0.00595***  0.01113%**
(0.00026) (0.00015) (0.00021) (0.00026) (0.00058)
Mem 25-29  0.00671***  -0.00262***  -0.00176*** -0.00463***  0.00879***
(0.00028) (0.00016) (0.00022) (0.00027) (0.00062)
Mem 30-34  0.00537***  -0.00224***  -0.00273*** -0.00401***  0.00336***
(0.00029) (0.00017) (0.00023) (0.00029) (0.00066)
Mem 35-39  0.00508***  -0.00195***  -0.00342*** -0.00451***  0.00255%**
(0.00031) (0.00018) (0.00025) (0.00031) (0.00070)
Mem 40-44  0.00598***  -0.00220***  -0.00326*** -0.00340***  0.00145**
(0.00032) (0.00018) (0.00025) (0.00032) (0.00072)

continued on next page
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Variable Transport Recreation Education Medical Durables
Mem 45-49  0.00617***  -0.00307***  -0.00165*** -0.00289*** -0.00136*
(0.00033) (0.00019) (0.00026) (0.00033) (0.00075)
Mem 50-54  0.00569***  -0.00365***  -0.00256***  -0.00066* -0.00530%**
(0.00035) (0.00020) (0.00028) (0.00034) (0.00078)
Mem 55-59  0.00378***  -0.00456***  -0.00498***  (0.00224***  -0.00804***
(0.00037) (0.00021) (0.00029) (0.00036) (0.00082)
Mem 60-64  0.00182***  -0.00520***  -0.00623***  0.00781*** -0.00842***
(0.00038) (0.00022) (0.00030) (0.00037) (0.00085)
Mem 65-69 -0.00157***  -0.00588***  -0.00682***  (0.01671*** -0.01307***
(0.00040) (0.00023) (0.00032) (0.00039) (0.00090)
Mem 70+ -0.01054%%*  -0.01048***  -0.00775%**  0.03394***  -0.02662***
(0.00030) (0.00017) (0.00024) (0.00029) (0.00067)
M Head 0.01435%*%*  0.00269*** 0.00246***  -0.00604™**  0.02163***
(0.00032) (0.00019) (0.00026) (0.00032) (0.00073)
Urban -0.01005%**  0.00585*** 0.00570***  -0.01507***  -0.02928***
(0.00074) (0.00042) (0.00057) (0.00073) (0.00166)
Renter 0.00271***  -0.00530***  -0.00266*** -0.00198***  0.00112
(0.00036) (0.00020) (0.00028) (0.00035) (0.00080)
Constant 0.13575***  0.06331*** 0.03047***  -0.01390***  -0.12163***
(0.00418) (0.00308) (0.00270) (0.00477) (0.00695)
R-squared 0.08315 0.05390 0.02740 0.18407 0.08735

* Indicates significance at 10 percent
** Indicates significance at 5 percent
*** Indicates significance at 1 percent

Standard errors presented in parentheses.

Dummies for years 1981-2003 included in estimation; results omitted for brevity.

84



Table 1.12: Elasticities of LA-AID with Demographic
Variables (Food, Alcohol, Apparel, Shelter)

Variable Food Alcohol Apparel Shelter
Total Expenditure Elasticities
0.83875  0.94488  0.92402 0.99586
Price FElasticities

Food -1.09741 -0.24117 -0.37887 0.03859
Alcohol -0.01601 -0.25090  0.12709  -0.00563
Apparel -0.08529  0.41150 -0.86609 0.00404
Shelter 0.09997 -0.09928  0.04502 -0.70328
Utilities -0.00315  0.10275  0.07919 -0.11916
Transportation  0.09543  0.22673 -0.00957 -0.01366
Recreation -0.04220 -0.57268  0.41991  -0.02841
Education 0.16017 -0.23472 -0.08983  -0.09963
Medical -0.13874 -0.05082 -0.08436 0.07428
Durables -0.12910  0.16288 -0.12148  -0.06406
Other 0.31754  0.60083 -0.04504 -0.07895
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Table 1.13: Elasticities of LA-AID with Demographic
Variables (Utilities, Transportation, Recreation, Education)

Variable Utilities Transport Recreation Education
Total Expenditure Elasticities
0.93421 1.00517 0.96820 0.97972
Price FElasticities
Food -0.02409 0.14898 -0.20699 1.69014
Alcohol 0.01416 0.03028 -0.17967 -0.18283
Apparel 0.03460  -0.00789 0.42478 -0.22896
Shelter -0.31027  -0.04035 -0.17151 -1.55445
Utilities -0.26602  -0.17486 0.18991 0.73392
Transportation -0.16671  -0.86031 -0.11968 -0.06782
Recreation 0.08422  -0.05406 -0.86119 -0.98676
Education 0.12968  -0.01243 -0.39758 -1.99687
Medical -0.11235 0.03406 0.23603 2.36286
Durables -0.07913  -0.02188 0.40697 -0.03433
Other -0.23819  -0.04671 -0.28950 -0.71517
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Table 1.14: Elasticities of LA-AID with Demographic
Variables (Medical, Durables, Other Commodities)

Variable Medical Durables Other
Total Expenditure Elasticities
1.12814 1.26026 1.17262

Price Elasticities

Food -0.56681 0.47278 -0.64821
Alcohol -0.01611 0.06942 0.04506
Apparel -0.08231  -0.03085 -0.13554
Shelter 0.36319  -0.26679 -0.44150
Utilities -0.23977  -0.24206 -0.20983
Transportation  0.05401  -0.06748 -0.06441
Recreation 0.19442  -0.12482 0.38266
Education 0.81040 -0.11710 -0.01712
Medical -2.19150 0.27038 -0.07128
Durables -0.06954  -0.96145 0.82712
Other 0.61588  -0.26229 -0.83919
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Table 1.15: Price and Total Expenditure Elasticities by Age Group

Own Price Total Expenditure

Under 60 Over 60 Under 60 Over 60
Food -1.00104 -1.14385  0.87359 0.84300
Alcohol 0.54349 -0.51331  0.90881 0.81580
Apparel -1.05355 -0.66863  1.00483 0.87165
Shelter -0.63317 -0.71777  0.92134 0.99440
Utilities 0.01821 -0.46038  0.87058 0.96932
Transportation -0.77015 -1.15875  1.04924 1.01735
Recreation -0.79142 -0.90399  1.02346 0.89663
Education -0.82535 -3.73057  0.96610 0.89757
Medical -4.05788 -1.39979  1.17935 1.05832
Durables -0.99598 -1.02521  1.26948 1.35351
Other -0.90198 -0.99322  1.32609 1.11332
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Table 1.16: Results of LA-AID with Selection Correction
(Food, Alcohol, Apparel, Shelter, Utilities)

Variable Food Alcohol Apparel Shelter Utilities
A 0.54752*%%*  (0.01526***  0.04351*%**  -0.04420***  -0.01959***
(0.01748) (0.00059) (0.00169) (0.00191) (0.00295)
Food 0.03609** 0.05321%**  0.07800***  0.07501*** -0.03998***
(0.01422) (0.00628) (0.00382) (0.00513) (0.00344)
Alcohol 0.05321*%**  0.00192 0.02263***  0.01709***  (0.01334%**
(0.00628) (0.00509) (0.00185) (0.00250) (0.00157)
Apparel 0.07800***  (0.02263***  0.03021***  (0.02590***  0.03412%**
(0.00382) (0.00185) (0.00204) (0.00210) (0.00148)
Shelter 0.07501%**  0.01709***  0.02590***  0.09664***  -0.00963***
(0.00513) (0.00250) (0.00210) (0.00392) (0.00209)
Utilities -0.03998***  (0.01334***  0.03412*** -0.00963***  0.02742%**
(0.00344) (0.00157) (0.00148) (0.00209) (0.00227)
Transport 0.06096***  0.01880***  0.03234***  0.02739***  -0.01694***
(0.00739) (0.00360) (0.00262) (0.00351) (0.00259)
Recreation  -0.04419***  0.00379 0.03884***  (0.00832***  -0.01064***
(0.00581) (0.00308) (0.00203) (0.00266) (0.00194)
Education 0.05529***  0.0029 -0.00882*%*F*  -0.03017***  0.05290%**
(0.00600) (0.00385) (0.00195) (0.00259) (0.00202)
Medical -0.09977*%%*  -0.01183***  -0.01971***  0.00155 -0.04431°#%*
(0.00851) (0.00448) (0.00297) (0.00438) (0.00267)
Other -0.22813%F%  _0.07205***  -0.11774*%*  -0.10377***  -0.07057***
(0.01166) (0.00521) (0.00349) (0.00440) (0.00310)
Durables 0.05352%*%*  _0.04979***  -0.11576*** -0.10833***  0.06429***
(0.01078) (0.00469) (0.00430) (0.00553) (0.00437)
Total Exp  -0.02708***  -0.00134*** -0.00237*** -0.00098%** -0.00429***
(0.00019) (0.00010) (0.00011) (0.00021) (0.00014)
Children -0.00915%%*  -0.00275***  0.00124*** -0.01018***  -0.00085%**
(0.00019) (0.00007) (0.00010) (0.00025) (0.00013)
Nonwhite 0.00605%**  -0.00665***  0.00522***  (0.00628***  0.01840***
(0.00053) (0.00024) (0.00026) (0.00078) (0.00038)
Mem 20-24  0.00370***  0.00054***  0.00198*** -0.01552*** -0.00120***
(0.00032) (0.00011) (0.00015) (0.00048) (0.00023)
Mem 25-29  0.00458***  -0.00159***  0.00058***  -0.00952***  (.00232***
(0.00034) (0.00012) (0.00016) (0.00051) (0.00025)
Mem 30-34  0.00693***  -0.00217*** -0.00024 -0.00647*%**  (0.00268***
(0.00036) (0.00012) (0.00017) (0.00054) (0.00026)
Mem 35-39  0.00963***  -0.00238*** -0.00008 -0.00689***  0.00150***
(0.00039) (0.00013) (0.00018) (0.00057) (0.00028)

continued on next page
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Variable Food Alcohol Apparel Shelter Utilities
Mem 40-44  0.01078***  -0.00275***  0.00003 -0.00865***  0.00046
(0.00040) (0.00013) (0.00019) (0.00059) (0.00029)
Mem 45-49  0.01255***  -0.00326*** -0.00042**  -0.01077***  0.00160***
(0.00041) (0.00014) (0.00020) (0.00062) (0.00030)
Mem 50-54  0.01320***  -0.00386*** -0.00107***  -0.00940***  0.00297***
(0.00043) (0.00015) (0.00021) (0.00064) (0.00031)
Mem 55-59  0.01367***  -0.00407*** -0.00220*** -0.00792***  (0.00511***
(0.00045) (0.00016) (0.00022) (0.00067) (0.00032)
Mem 60-64  0.01279***  -0.00457*** -0.00383*** -0.00690***  0.00520***
(0.00047) (0.00017) (0.00022) (0.00069) (0.00034)
Mem 65-69  0.01238***  -0.00551***  -0.00545***  -0.00661***  0.00597***
(0.00049) (0.00019) (0.00024) (0.00073) (0.00035)
Mem 70+ 0.00508***  -0.00853***  -0.01153***  (0.00524***  0.01037***
(0.00036) (0.00017) (0.00020) (0.00054) (0.00026)
M Head 0.00776***  0.00943***  -0.00514*** -0.02283***  -0.01632%**
(0.00040) (0.00016) (0.00019) (0.00059) (0.00029)
Urban -0.01076***  0.00360***  0.00727***  0.05429*** -0.01030***
(0.00090) (0.00036) (0.00044) (0.00122) (0.00065)
Renter 0.02933***  0.00799***  0.00202***  -0.00881*** -0.01841***
(0.00043) (0.00015) (0.00021) (0.00065) (0.00031)
Constant 0.28181*F**  0.00124***  0.02034***  (0.15842***  0.08568***
(0.00321) (0.00009) (0.00038) (0.00112) (0.00103)
R-squared 0.24835 0.22861 0.13896 0.23101 0.13581

* Indicates significance at 10 percent
** Indicates significance at 5 percent
*** Indicates significance at 1 percent

Standard errors presented in parentheses.

Dummies for years 1981-2003 included in estimation; results omitted for brevity.
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Table 1.17:

Results of LA-AID with Selection Correction
(Transportation, Recreation, Education, Medical, Durables)

Variable Transport Recreation Education Medical Durables
A -0.03787* %% (0.02841***  0.01831***  0.00483***  0.06499***
(0.00205) (0.00155) (0.00066) (0.00110) (0.00250)
Food 0.06096***  -0.04419***  0.05529*** -0.09977***  (.05352***
(0.00739) (0.00581) (0.00600) (0.00851) (0.01078)
Alcohol 0.01880***  0.00379 0.0029 -0.01183***  -(0.04979***
(0.00360) (0.00308) (0.00385) (0.00448) (0.00469)
Apparel 0.03234%**  (0.03884***  -0.00882*** -0.01971*** -0.11576***
(0.00262) (0.00203) (0.00195) (0.00297) (0.00430)
Shelter 0.02739*%**  (0.00832***  -0.03017***  0.00155 -0.10833%**
(0.00351) (0.00266) (0.00259) (0.00438) (0.00553)
Utilities -0.01694***  -0.01064***  0.05290***  -0.04431***  0.06429***
(0.00259) (0.00194) (0.00202) (0.00267) (0.00437)
Transport 0.06382***  (0.00371 0.02629***  -0.04157*%*  -0.02604***
(0.00685) (0.00398) (0.00361) (0.00686) (0.00685)
Recreation 0.00371 -0.02531°FFF  -0.01689***  -0.02398***  (.03504***
(0.00398) (0.00461) (0.00287) (0.00457) (0.00594)
Education 0.02629***  -0.01689***  -0.04070***  0.03943***  -0.06731***
(0.00361) (0.00287) (0.00380) (0.00409) (0.00499)
Medical -0.04157%F%  -0.02398***  0.03943***  -0.03606***  0.12890***
(0.00686) (0.00457) (0.00409) (0.00897) (0.00780)
Other -0.14876*%F*  (0.03131***  -0.01292** 0.10736***  0.18843***
(0.00681) (0.00510) (0.00534) (0.00836) (0.00903)
Durables -0.02604***  0.03504***  -0.06731***  0.12890***  -0.10295***
(0.00685) (0.00594) (0.00499) (0.00780) (0.01398)
Total Exp  -0.00058***  -0.00076***  0.00059***  0.00651***  0.02425%**
(0.00015) (0.00011) (0.00015) (0.00018) (0.00031)
Children -0.00295%**  -0.00059***  0.00280***  0.00386***  0.01574***
(0.00015) (0.00010) (0.00016) (0.00016) (0.00032)
Nonwhite -0.00226***  -0.01283***  0.00538***  -0.01285%***  -0.02037***
(0.00043) (0.00027) (0.00049) (0.00044) (0.00087)
Mem 20-24  0.00660***  -0.00050***  0.00806*** -0.00580***  0.01138%**
(0.00025) (0.00015) (0.00027) (0.00026) (0.00053)
Mem 25-29  0.00518***  -0.00271***  -0.00547*** -0.00475***  0.00807***
(0.00027) (0.00016) (0.00030) (0.00027) (0.00057)
Mem 30-34  0.00375***  -0.00245***  -0.00832*** -0.00448***  0.00337***
(0.00029) (0.00017) (0.00031) (0.00029) (0.00060)
Mem 35-39  0.00349***  -0.00213***  -0.00997*** -0.00488***  (.00254***
(0.00031) (0.00018) (0.00032) (0.00031) (0.00064)

continued on next page
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Variable Transport Recreation Education Medical Durables
Mem 40-44  0.00434***  -0.00246***  -0.00978*** -0.00387***  0.00091
(0.00031) (0.00018) (0.00033) (0.00032) (0.00066)
Mem 45-49  0.00473***  -0.00349***  -0.00700*** -0.00321*** -0.00163**
(0.00033) (0.00019) (0.00034) (0.00033) (0.00069)
Mem 50-54  0.00452***  -0.00402***  -0.00725*** -0.00091***  -0.00595%**
(0.00034) (0.00020) (0.00037) (0.00034) (0.00071)
Mem 55-59  0.00276***  -0.00491***  -0.01114***  (0.00209***  -0.00936***
(0.00036) (0.00021) (0.00042) (0.00035) (0.00074)
Mem 60-64  0.00078**  -0.00563***  -0.01308***  0.00755*** -0.00970***
(0.00037) (0.00021) (0.00048) (0.00037) (0.00077)
Mem 65-69 -0.00271*** -0.00621***  -0.01510***  0.01611*** -0.01284***
(0.00039) (0.00023) (0.00053) (0.00039) (0.00080)
Mem 70+ -0.00889***  -0.01120***  -0.01464***  0.03260*** -0.02595***
(0.00030) (0.00017) (0.00042) (0.00030) (0.00062)
M Head 0.01190***  0.00298*** 0.00428***  -0.00540***  0.01855%**
(0.00033) (0.00018) (0.00036) (0.00032) (0.00065)
Urban -0.00719%**  0.00674*** 0.01955***  -0.01712*%*%*  -0.02451***
(0.00072) (0.00042) (0.00083) (0.00072) (0.00149)
Renter 0.00494***  -0.00627*** 0.00399***  0.00105***  -0.00696***
(0.00035) (0.00021) (0.00044) (0.00037) (0.00071)
Constant 0.04949***  0.01911*** 0.00577***  0.02453**F*  (0.09862***
(0.00061) (0.00040) (0.00012) (0.00035) (0.00063)
R-squared 0.12669 0.08648 0.21484 0.21569 0.07122

* Indicates significance at 10 percent
** Indicates significance at 5 percent
*** Indicates significance at 1 percent

Standard errors presented in parentheses.

Dummies for years 1981-2003 included in estimation; results omitted for brevity.
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Table 1.18: Elasticities of LA-AID with Selection Correction
(Food, Alcohol, Apparel, Shelter)

Variable Food Alcohol Apparel Shelter

Total Expenditure Elasticities
0.85767  0.90755  0.94720 0.99647

Price Elasticities

Food -0.78324  3.67399  1.76359 0.27075
Alcohol 0.28158  0.34342  0.50604 0.06158
Apparel 0.41633  1.62959 -0.32801 0.09341
Shelter 0.43377  1.25074  0.59365  -0.65106
Utilities -0.19580 0.97343  0.76773  -0.03432
Transportation 0.33470  1.36158  0.72254 0.09898
Recreation -0.22599  0.28716  0.87046 0.03011
Education 0.29312  0.20977 -0.19108 -0.10857
Medical -0.51704 -0.83854 -0.42718 0.00576
Durables -1.18294 -5.22878 -2.64081  -0.37324
Other 0.28778 -3.40358 -2.58458  -0.38989
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Table 1.19: Elasticities of LA-AID with Selection Correction
(Utilities, Transportation, Recreation, Education)

Variable Utilities Transport Recreation Education
Total Expenditure Elasticities
0.91184 0.99423 1.11522 1.03376
Price FElasticities
Food -0.33758 0.60771 -1.35874 3.10704
Alcohol -1.88559 0.18716 4.27780 0.21887
Apparel 0.30824 0.32207 0.96738 -0.50103
Shelter 0.92702 0.27416 -0.08221 -1.70823
Utilities -0.79506  -0.16799 -0.40950 2.97751
Transportation  1.81020  -0.36435 -3.81223 1.47473
Recreation -1.10020 0.03717 -1.85072 -0.95517
Education -0.48505 0.26171 -4.35946 -3.29376
Medical 1.62209  -0.41336 10.95494 2.22479
Durables -1.74890  -1.47965 -3.28058 -0.78840
Other 0.71200  -0.25886 4.71431 -3.73790
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Table 1.20: Elasticities of LA-AID with Selection Correction
(Medical, Durables, Other Commodities)

Variable Medical Durables Other

Total Expenditure Elasticities
1.12621 1.22696 1.07379

Price FElasticities

Food -1.95817 1.01197 -6.18509
Alcohol -0.23102  -0.44995 -1.22400
Apparel -0.38775  -1.04670 -2.56155
Shelter -0.00501  -1.04028 -4.23331
Utilities -0.87176 0.54639 -1.23908
Transportation -0.81863  -0.85898 -2.37554
Recreation -0.47044 0.30072 3.16016
Education 0.76216  -0.60232 5.80167
Medical -1.70552 2.02694 -15.58077
Durables 2.06699 0.06136 17.04995
Other 2.49314  -0.94969 -0.83202

95



CHAPTER 2
STUDENT MIGRATION AND EARNINGS

2.1 Background and Motivation

Students can follow an infinite number of paths when pursuing a college degree;
numerous options must be considered. One important factor a student takes into
consideration when selecting a college is location. A student must decide whether
there is a positive net benefit to attending a college outside of his or her hometown.
A variety of other characteristics are considered and weighed against each other:
college quality and characteristics, moving and housing costs, and student ability and
preferences. The student’s intended location to live after schooling may also affect
this decision.

It is thought that students select into colleges outside of their hometown with
the expectation that doing so will increase earnings, either through a more desirable
degree or a higher probability of graduation. Students may feel an out-of-state
(hereafter OOS) college is a better fit to their personal and professional preferences
and goals, with different program offerings and surroundings.

This study seeks to examine the paths through which the college location
decision affects future earnings. Previous research has examined the college
enrollment decision (Curs and Singell 2002), and the selection process (Long 2004),
with little consideration as to the process by which students select into attending a
college outside of their hometown. The decision to attend an institution outside of
one’s home state can be also viewed similar to the migration decision. Students will
decide to attend an OOS institution if the returns to attending exceed the potential
costs of migration. Considerable literature exist which examines the determinants of

and returns to migration, many with spotlight on the decision to migrate for higher
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education (Mixon and Hsing 1994; Light and Strayer 2004) and post-graduate
employment (Kodrzycki 2001; Groen 2004; Faggian et al. 2007).

These studies differ from the present study in that they do not consider the
returns to these choices. To the best of our knowlege, this is the first study which
takes into consideration the time spent at institutions within and external to an
individual’s home state; separately analyzing their effects and dividing the return
into those obtained from in-state and out-of-state attendance. In order to facilitate
this, the study uses a merged data set from the Integrated Postsecondary Education
Data System (IPEDS) and National Longitudinal Survey of Youth, 1979 Geocode
(NLSY79 Geocode). Information on institutional location, including addresses, is
merged using the IPEDS identification code provided by both the NLSY79 Geocode
and IPEDS data sets. Location data for both the IPEDS and NLSY79 Geocode
datasets are provided in the form of Federal Information Processing Standards
(FIPS) county and state codes. IPEDS data sets are merged with corresponding
NLSY datasets using FIPS or IPEDS identification numbers.

The NLSY79 Geocode provides very detailed information on location of an
individual, enrollment status, and institution code(s). For those who report
concurrent enrollment at two or more institutions, we use the school for which the
student reports most recent enrollment. No college is designated for any year in
which a student reports he or she is not enrolled. From this information, we derive
the number of years a student is at each institution reported, and determine the
length of postsecondary education received in-state and OOS. Three definitions of
in-state are applied with the data provided in the NLSY79: birth state, state of
residence at age 14, and state of residence in 1979. We impute the total years of
education received by incorporating data on highest grade completed, and
combining this information with years in postsecondary institutions. Individuals are
assumed to have completed 12" grade if they report postsecondary enrollment. For
those individuals for which no postsecondary enrollment is reported, we use
information on highest grade completed. Combining information on postsecondary
enrollment and highest grade completed provides a more thorough picture of
educational attainment. Information on degree-granting institution for individuals is
derived through the use of attendance dates and the month and year the degree was

received.
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Since the decision to enroll in-state or OOS is potentially endogenous, we address
this potential endogeneity issue by using a Fixed Effects model. Results of the current
study indicate there is a higher return to postsecondary education received OOS for
both males and females, compared with returns to attending an in-state institution.
This suggests students may reap rewards from migration for the purpose of education.

The remainder of the analysis will proceed as follows: Section 2.2 reviews existing
literature on the enrollment and migration decisions, and the returns to education;
theoretical underpinnings of the returns to education are presented in Section 2.3; the
data sets to be used are described in 2.4; empirical results are presented and discussed

in Section 2.5; while Section 2.6 concludes and proposes topics for future research.

2.2 Previous Literature

There are several fields of literature on which the present analysis builds its
theoretical and empirical foundation. Research on the returns to education is the
largest contributor, as it provides the basis on which the empirical model is formed.
In addition, previous analyses on enrollment and migration decisions provide a

background and context within which the college selection process is viewed.

2.2.1 Returns to Education

The proposed research draws heavily on existing studies in human capital theory, a
line of research pioneered by Mincer (Mincer 1958, 1974) and Becker (Becker 1967,
1975). In these seminal works, a model of wages is derived as a function of experience,
education and personal characteristics, and forms the basis of the standard wage
equation. This functional representation allows researchers to estimate the labor
market returns to investments in various forms of human capital. A more thorough
explanation of the methodologies developed during these earlier studies is presented
in Section 2.3 with the development of our empirical model.

Since these early studies, there has been considerable examination and
re-examination of the returns to education through a multitude of theoretical and
empirical analyses with no consistent consensus being reached. The brief review

presented here is in no way exhaustive, and readers are referred to Card (1999) and
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Harmon et al. (2003) for further examination of existing literature. In general, it is
found the return to education displays an upward bias when standard ordinary least
squares (OLS) methodology is used, but has been found to fall within the range of
5% to 10% in most estimates and is unambiguously positive. Studies consistently
identify problems with endogeneity in schooling and estimation using instrumental
variables is the common correction method.

The model proposed by Becker and Mincer is popular due to it’s flexibility.
Previous studies use this framework to explore different aspects of returns to
educational investment. Andini and Pereira (2007) explores the relative effects of
full-time schooling, part-time schooling and schooling with employment for a sample
of Portuguese males. No difference between experience earned while in school and
post-schooling experience on wages is found. The returns to major selection and
ability sorting across majors are the focus of Arcidiacono (2004). A wage equation
is modified to account for college major and ability, and large earnings and ability
differences between majors are found. Thus, a student may benefit from attending a
college outside of his or her hometown if the major offerings are a better “fit” to his
or her abilities and career goals.

Studies by James et al. (1989); Loury and Garman (1995) and Daniel et al.
(1997) examine the returns to college quality, applying a modified wage equation to
National Longitudinal Survey of Youth, 1979 cohort data. These studies find a
positive relationship between different measures of college quality and returns to
education. Furthermore, students select into higher quality colleges and programs
based on ability. A related study by Light and Strayer (2004) uses the National
Longitudinal Survey of Youth, 1979 cohort data and a wage equation to determine
the effects of transferring on wages. They find that increases in predicted wages can
be attributed to transfers to higher quality institutions. These studies suggest
higher ability students are more likely to migrate for college attendance, whether
initially or as transfers, to take advantage of potentially higher returns. Lower
ability students would not migrate, as their expected returns would not exceed the
costs associated with migration. The present analysis seeks to investigate the effects
on the returns to education when students attend institutions within and outside of

their home states, when controlling for innate ability.
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One study, closely related to the present analysis is that of Hilmer (2002) which
examines the returns to attending a college outside of one’s home state. The study
investigates the returns to college location, using data from the Baccalaureate and
Beyond survey, within the framework of a signaling model. Employers are thought to
“screen” potential hires based on the location and control of their college, and reward
attendance at OOS and private institutions. Results indicate graduates of private
and OOS colleges receive a wage premium over those attending in-state and public
schools. Attendance at these institutions provide employers with a visible “signal”
of productivity, thus allowing employers to create wage differentials based on these
traits to award and attract these individuals.

Previous studies have addressed econometric concerns using several different
methods. In the present analysis, we specifically address the problem of endogeneity
in the schooling decision, and correct for this concern using selection correction
techniques. This methodology is common in the empirical literature, and examples
are abundant (Card 1999; Long 2004; Belzil 2006).

Previous research illustrates the adaptability and flexibility of the standard wage
equation, which forms the basis of the empirical model for the present analysis. To
augment the standard model, we incorporate college location, and investigate whether
the returns to local colleges differ significantly from those beyond a student’s home
town. Literature on the college enrollment and migration decisions are related to
this line of inquiry. These works provide insight into factors which affect a student’s

decision to attend college and the choice of residence, independent of expected returns.

2.2.2  College Enrollment Decision

In relation to previous studies which seek to identify returns to education based on
an institutional characteristic, the present analysis seeks to investigate the returns
to college location. Individuals select their colleges, careers and residences based
on their expected returns to each of these decisions. It is assumed the sequence of
choices which maximize the net rewards—implicit and explicit—that an individual
anticipates receiving, is the one which he or she will follow.

Specific aspects of these decisions have been addressed in previous studies. In

particular, there exist analyses of college enrollment, which model and seek to explain
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the broader decision of whether to attend college or pursue an alternative option.
These studies frequently make use of bivariate choice models to derive the probability
of attending college, given individual and institutional characteristics. Studies have
also considered the determinants of in-state versus OOS applicants and enrollment.
This is of particular concern for state college and university recruitment and retention,
as these institutions are able to price discriminate between the two groups of students.

An early investigation into the enrollment decision was conducted by Willis and
Rosen (1979), which develops a structural demand model of college attendance for
United States World War I veterans, and finds the enrollment decision is based on
expected increases in lifetime earnings. Positive selection bias occurs in both high
school and college graduates, with individuals who select into either subgroup having
better prospects than the subpopulation average. This is consistent with the theory
of comparative advantage.

More in line with the present analysis, Long (2004) examines the college
enrollment and selection process, taking the distance from an individual’s high
school into account. It is found the influence of distance and price has decreased,
with college quality playing a larger role in the selection process. Light and Strayer
(2000) considers the enrollment and graduation decisions, and investigates the
process by which students students sort themselves into colleges. It is found the
primary factors determining the enrollment decision and graduation probability are
ability and college quality. Students of higher ability are more likely to enroll in
higher-quality colleges.

Studies related to the college enrollment and migration decisions incorporate
location but are not modeled within the human capital framework, and rather
consider the institutional characteristics which draw in-state versus OOS students
to their institutions. Curs and Singell (2002) examines the application and
enrollment of in-state versus of out-state-freshmen at the University of Oregon and
finds systematic differences between the two groups of students, with OOS students
exhibiting greater price sensitivity. Mak and Moncur (2003) considers the migration
flows of students between states, and find states with greater options are likely to
exhibit higher rates of OOS student enrollment.

Distance is the primary factor considered in Alm and Winters (2009). The analysis

uses a modified gravity model and focuses on the relationship between the distance
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from a student’s residence to campuses (2-year colleges and 4-year universities) in
the University System of Georgia (USG) on the enrollment decision. A negative
and significant relationship is found between this distance and a student’s likelihood
of enrollment in a USG college or university. Results are limited, as the sample
is restricted to a single year of Georgia high school graduates and only intrastate
migration is considered.

The enrollment decision is the first made in the process of college attendance.
Students must first decide to pursue a postsecondary education, before they select
into a particular college or program. Once the decision to attend college has been
made, students then must choose which institution they will attend. The factors
considered when making such a decision include among many other things, price,

quality, and location.

2.2.3 Student Migration Decisions

The aforementioned studies have investigated the returns to education and the first
step of the process underlying the college selection decision, institutional and student
characteristics which affect the probability of attending college. The decision to
migrate has been studied extensively, usually within the framework of employment
decisions (Bowles 1970; Tuckman 1970; Borjas 1987; Mixon 1992; Tunali 2000; Kennan
and Walker 2003). Individuals are assumed to migrate based on expected income
differentials between their home and target locations, net of moving costs. These
studies often focus on job mobility and the factors that determine the conditions
under which this differential is significant.

Migration occurs when the expected income stream from moving is greater than
that of remaining in their home location, net of moving costs. Migration models
predict higher ability individuals migrate when there is greater dispersion in the
income distribution of their target locations; the opposite is expected for individuals
of lower ability (Borjas 1987). However, not all migrants experience gains. Those
who “succeed” in their new location experience returns high enough to reward the
costs and risks involved (Tunali 2000). This can also be applied to the case of college
selection. Students will attend an OOS institution if their predicted wages net of

migration costs are higher than predicted wages from attending an in-state institution.
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Student migration is of interest to a variety of groups, and has been studied from
several perspectives. Existing analyses investigate the institutional characteristics
which affect OOS student enrollment (Mixon and Hsing 1994; Baryla and
Dotterweich 2001), a topic of interest to college recruitment and retention programs.
They have considered factors which cause out-migration of educated residents (Mak
and Moncur 2003), a topic relevant to state policies as states benefit from
higher-educated residents with greater incomes and tax liabilities. Alternatively, the
expected returns from migration (Hilmer 2002) for higher education is of
considerable importance to students.

Previous studies have considered the student enrollment and migration decision
from the perspective of the institution, information which is important for
recruitment and retention programs. Agasisti and Bianco (2007) uses a gravity
model to investigate the factors which influence the composition of an institution’s
student enrollment in Italy. The model accounts for migration as the distance
between the university and the student’s region of origin. It is concluded that
students select the institution which is nearest their home region to reduce living
expenses. The study is conducted at the university level, and does not consider the
college selection process from the student perspective. The postsecondary
educational system and culture in Italy differs from that in the United States, where
the implicit and explicit costs of attending a distant institution may be considerably
less.

Long (2004) investigates the decisions students make regarding enrollment and
location, and changes in these decisions over time. It is found that price and
distance have become less influential on these decisions, but that the role of college
quality has increased in importance over time. Dahl (2002) examines the process by
which individuals choose the state in which they will live and work, and find that
highly educated individuals select into the labor markets with higher returns.
Recent research by Groen (2004) and Faggian et al. (2007) support these results,
finding that higher ability students select into migration for both education and are
more likely to remain in OOS in subsequent employment decisions.

The characteristics which affect student migration between regions in the United
States is the focus of Baryla and Dotterweich (2001). Factors which significantly

influence non-resident student enrollment are quality and socioeconomic environment.
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Evidence further suggests students are not price sensitive, and seek institutions in
areas with strong prospects for future employment. These results are evident in Dahl
(2002), which uses a Roy model to investigate worker mobility between states. They
find self-selection into specific states may bias estimated returns to schooling, and
results support the role of comparative advantage by educational level into mobility
decisions. Kodrzycki (2001) and Kennan and Walker (2003) investigate the post-
schooling migration decision. They find expected income plays a significant role in
migration decisions, and that individuals who have previously migrated are more
likely to move in future periods.

Although research has been done on many different aspects of the college selection
process, migration decisions, and the anticipated returns; a systematic and thorough
exploration into the effects of college location on earnings has not been conducted.
The present analysis seeks to estimate the returns to OOS attendance, with the
human capital model introduced in Mincer (1958, 1974) providing a basic framework.
We further investigate whether the returns are based primarily on attendance alone,

or if the location composition of an individual’s educational experience has an effect.

2.3 Theoretical Background

The models used in the estimation of the returns to schooling are derived heavily
from human capital theory. This section outlines this underlying theoretical
foundation and the basic format of the empirical specification to be used as a
starting point. Human capital theory provides the basic framework within which we
conduct analyses of education and training. Unlike investment in physical capital,
human capital investments are embodied in the worker, and are reflected in the
skills and knowledge which are learned. These lead to higher productivity, which is
rewarded with increased wages in the labor market.

Individuals often forego current earnings in order to undertake human capital
investments. This is with the expectation that higher future wages will more than
compensate them for their current losses. In making the decision of whether to engage
in higher education or enter the labor market, individuals weigh the present value of
their expected income stream from entering the labor market right away against the

present value of the income stream from they anticipate with later entry less the
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costs of college attendance. The theory implies that investments in human capital
are more likely to be undertaken while an individual is young, to maximize the time
period over which gains are to be made, and when the opportunity costs of college
attendance are relatively lower.

Returns to a education differ by individual, and characteristics of an education
may affect the market rewards, depending upon how they are viewed by employers.
The present analysis draws upon the pioneering works by Mincer (1958, 1974) and
Becker (1967, 1975) in developing a model which estimates the returns to college,

based on institution location.

2.3.1 Student Migration

The decision to attend college is multidimensional and consists of a number of other
implicit choices, one of which is the selection of college location(s). Accounting solely
for the location of the first institution attended does not accurately capture the effects
of attending an OOS college. Not all students start and complete their degree at a
single institution. Of those students graduating with their first Bachelor’s degree
in 1999 — 2000, 59% attended more than one institution (Peter and Carroll 2005).
Since transferring between colleges of differing location is common, the schooling
measurement is broken down into the number of years a student spends at each
institution type, in-state and OOS, rather than focusing on initial or degree-granting
college as in previous studies (Light and Strayer 2000, 2004; Zhang 2005).

For each student, the college location decision relating to their post-secondary
education can be characterized by simple linear equation adding up to their total

years of higher education:

st =cl+cP (2.3.1)

where C] and CP refer to the accumulated years attending in-state and OOS
colleges as of time ¢, respectively. Total years of schooling includes education
obtained through primary and secondary education, as well as postsecondary
attendance. College locations, measured by the state location of the institution, are
assumed to be mutually exclusive and exhaustive (i.e. students are not dually

enrolled location-wise, attending academic institution(s) in different states, at any
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given point in time); as are the levels of education (i.e. students are assumed to be
enrolled in a single educational level). The relationship between the years spent in
different schooling levels and at varying locales is assumed to be additive. Due to
the nature of survey response data, there exist observations for which the specific

institutional characteristics are not available. Total schooling becomes:

Sy =ClH+CP 4+ ONE 4 sk (2.3.2)

Where SL refers to years of lower education (grades K-12) and CM¥ is the years
of postsecondary education for which the institution is not reported. Including
postsecondary education by location as a separate component of wage
determination yields the following equation which allows estimation of the returns

to in-state and OOS college attendance:

log Wy = w; = Bo + B1S; + p1C] + paCP + BoEy + B3 E? + v X + ¢ (2.3.3)

The matrix X; includes personal and demographic characteristics which directly
affect an individuals wage. These include age, urban versus rural home location,
marital status, etc. We include the total schooling variable to capture the effects
of the years of schooling obtained before postsecondary education and the years of
post-secondary schooling for which institution location is not reported.

The information presented in total schooling differs from the derived higher
education variables, and is more readily available. There is a high proportion of
students, over half of the sample, for whom enrollment is reported but institution
information is missing. For many students, their reported highest grade completed
is not consistent with reported post-secondary work. Use of these three measures of
schooling allows for us to account for these different sources of wage variation, and
allows for identification of the individual variables in estimation.

There are a number of shortcomings to the above proposed model. The education
variable is comprised of two of additively separable components, which may pose a
problem in correcting for self-selection into education. Individuals who choose to
attend college may have inherent characteristics which systematically differ from the

general population, making them more likely to pursue higher education. When faced
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with the decision to attend college, students must weigh their expected returns from
education, with the costs of attendance—financial and psychological. Thus, those
who choose college enrollment are those who anticipate rewards which exceed the
expected costs.

Although the assumptions of regression are not violated, the three measures of
education are highly correlated, as an additional year of postsecondary schooling will
likely be reflected by corresponding increases in two of the factors (i.e. schooling
and in-state or OOS attendance). Variance inflation factors indicate this is the case
in the present analysis. However, the offending variables with the highest degree of
correlation with others are found to be education and its square. As these variables
have a theoretical basis for inclusion, we do not omit them and leave investigation into
correction methodologies for future research. When multicollinearity occurs, multiple
variables in a model convey essentially the same information. Although estimates will
not be biased, standard errors will be large, possible leading to imprecise test results
(Wooldridge 2003; Kennedy 1992); in the case of perfect correlation, standard errors
will be infinity and the assumptions of regression are violated.

There are many treatments for eliminating or reducing multicollinearity. These
include, but are not limited to, removing one of the offending variables from the
analysis, increasing sample sizes, transforming variables, or using other estimation
methodologies specifically designed to address this concern. If the offending variable
adds necessary information to the model, as in the present situation, leaving it out
of the specification may result in an omitted variables bias. The sample size for
our present analysis is large enough such that estimated variances are not inflated.
Proposed estimation techniques to address this problem introduce new complexities
of their own, and are not considered in the present analysis. As multicollinearity is
considered a problem of small samples, the issue is often overlooked, unless it is the
specific focus of the analysis (Wooldridge 2003; Kennedy 1992). We acknowledge the
concern for multicollinearity, but the implications of this econometric problem are
not a focus of the present analysis, and due to our large sample size, we assume it
does not severely affect our analysis.

A source of bias which is addressed is that of omitted variables. In the case of

returns to education and wage equations, the influence of inherent ability is important,
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but often overlooked. We include a term to account for an individual’s innate ability;

as higher levels of ability may provide a comparative advantage in schooling.

log Wi = wy = Bo + B1St + p1Cl + p2CP + BoEy + B3E? + BuAs +vX; + e (2.3.4)

A failure to include a measure of ability would lead to upward biased estimates in
standard Random Effects estimation if individuals with higher abilities attain higher
levels of education, due to their higher expected returns and lower opportunity costs.

Equation 2.3.4 forms the basic model of our analysis. Consistent with previous
research, we account for individual ability and demographic and socioeconomic
variation. ~ We modify the standard equation to include three measures of
schooling—total schooling, postsecondary in-state schooling, and postsecondary
schooling OOS—to allow us to determine the effects of attending a postsecondary

institution outside of an individual’s homestate.

2.4 Data

The present analysis requires individual-level data on college attendance patterns,
demographic, and socioeconomic factors; as well as institutional data on college
location. To create a dataset to meet these requirements, we must combine data

from several different sources and derive necessary variables.

2.4.1 National Longitudinal Survey of Youth, 1979 Cohort

To estimate the returns to education, we make use of data from the 1979 cohort
of the National Longitudinal Survey of Youth (NLSY79). The NLSY is conducted
by the United States Bureau of Labor Statistics (BLS), and includes a nationally
representative sample of 12,686 young men and women, born between 1957 — 64
(Center for Human Resource Research 2006). A Supplemental oversample of Hispanic,
black, and disadvantaged youths, as well as a military oversample is included in this
dataset. Follow-up interviews were done on an annual basis until 1994, and biennially
thereafter. Data used for this analysis comes from interviews conducted over the
period of 1979 — 2004.
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The NLSY79 was selected for this study, as the data collected followed
participants, and household members aged 14 to 21 during the initial wave of
interviews, through many of their educational, career, and life transitions. It
provides researchers with a wealth of information on labor market experience,
schooling, family income, geographic residence, and household composition. It
includes specific and detailed information on respondent college attendance
patterns, and institutional characteristics.

A benefit of the NLSY79 dataset is the wealth of information it provides on
individual characteristics. As a measure of ability, we include age-adjusted Armed
Services Vocational Aptitude Battery (ASVAB) scores in our analysis. The ASVAB
is a multi-aptitude test, administered for the purposes of employment in military
occupations. The test consists of several sub-tests: Arithmetic Reasoning, Word
Knowledge, Paragraph Comprehension and Mathematics Knowledge, which measure
an individual’s range of abilities. Of the 12,686 NLSY79 participants, the ASVAB
was administered to 11,914 between July and October 1980, a completion rate of
approximately 94 percent. This was conducted to obtain data on vocational aptitudes
of youth at the time, and to establish national norms for the exam (for Human
Resource Research 2006).

Location data for individuals is available in the NLSY79 Geocode data set, and
includes information on county and state of residence and employment at birth, at
age 14, and at every interview point. This historic data will allow us to construct an
adequate representation of the respondent’s “home state” and follow them through
their relocation decisions over this 25 year period. Location variables are reported
in the form of Federal Information Processing Standards (FIPS) codes. Use of this
standard coding allows easier merging and comparison with other databases.

The Geocode data also contain information on respondents’ college attendance
decisions, including the Federal Interagency Committee on Education (FICE)
and/or the Integrated Postsecondary Education Data System (IPEDS) code of each
postsecondary institution attended. This unique identifier allows us to merge the
NLSY79 dataset with specific institutional data, and to incorporate information on

the postsecondary institutions the respondent attended into the analysis.
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2.4.2 Integrated Postsecondary Education Data System

The Integrated Postsecondary Education Data System (IPEDS) is the primary
postsecondary dataset administered by the National Center for Education Statistics.
The IPEDS collects data on institutions whose primary purpose is the provision of
secondary education within the 50 states, the District of Columbia, and outlying
areas (Thurgood et al. 2003). It includes data on academic programs, as well as
those whose primary focus is vocational and continuing professional education.
Approximately 6,500 postsecondary institutions are surveyed annually (Snyder et al.
2008). Data collection is limited to institutions open to the public, and to those
designed for students beyond the age of compulsory high school education.

The Higher Education Act of 1992 has mandated institutions who participate or
are applicants to participate in federal student financial assistance programs to
complete IPEDS survey instruments. In the 2000 — 01 academic year, the IPEDS
was redesigned, with the elimination of paper instruments and introduction of a
dynamic fully web-based system. The IPEDS survey universe consist of nine
interrelated components covering institutional and student population information:
Institutional Characteristics, Completions, Graduation Rate, Fall Enrollment,
Finance, Fall Staff, Faculty Salaries and the Institutional Price and Student
Financial Aid.

For the purpose of this study, only the Institutional Characteristics datasets are
used. Information on institutional location, including addresses, is merged using
the IPEDS identification code provided by both the NLSY79 and IPEDS data sets.
Location data for both the IPEDS and NLSY79 datasets are provided in the form of
Federal Information Processing Standards (FIPS) county and state codes. FIPS are
a standardized set of numeric or alphabetic codes designed to ensure consistency in
reporting by all federal government agencies.

IPEDS datasets are merged with corresponding NLSY datasets using FICE or
IPEDS identification numbers. This allows us to use information on both individual-
level and institutional-level characteristics in analysis. When combined, the IPEDS
and NLSY79 Geocode datasets provide an abundance of information which allows us
to investigate the college selection decision from a new perspective. We can follow

college attendance patterns, as well as resulting employment decisions. The purpose
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of the following analysis is to estimate the effects on college selection on subsequent

employment rewards.

2.4.3 Enrollment Information

The sample used in estimation is restricted to those individuals for which higher
education variables are available, particularly institution codes. Information on higher
education institutions attended is available in the NLSY79 data for the 1984 — 86,
1988 — 90 and 1992 — 2004 survey years. Thus, continuous enrollment data must be
interpolated using information collected at these points. To fill in the gaps in college
enrollment and location data during the missing years, we use information available
on current enrollment, previous and future attendance.

Students are assumed to be attending the same college if they report start dates
and end dates which envelope the missing years, and positive enrollment. For those
who report concurrent enrollment at two or more institutions, we use the school for
which the student reports most recent enrollment. No college is designated for any
year in which a student reports he or she is not enrolled.

From this information, we derive the number of years a student is at each
institution reported, and determine the postsecondary education received in-state
and OOS. Three definitions of in-state can be applied with the data provided in the
NLSY79: birthstate, state of residence at age 14, and state of residence in 1979. We
impute the total years of education received by incorporating data on highest grade
completed, and combining this information with years in postsecondary institutions.
Individuals are assumed to have completed 12th grade if they report postsecondary
enrollment.  For those individuals for which no postsecondary enrollment is
reported, we use information on highest grade completed. Combining information
on postsecondary enrollment and highest grade completed provides a more thorough
picture of educational attainment.

Information on degree-granting institution for individuals is derived through the
use of attendance dates and the month and year the degree was received. Degree
information is more sparsely available, as not every student graduates with a degree
from his or her program of study. Degree information is not always consistent with

attendance dates, as individuals often report only the year a degree is received.
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FICE codes for institutions are used to link IPEDS datasets with individual
NLSY79 data. This allows for an individual level analysis with a rich dataset which
includes institution-specific information. Individuals who report hourly rates of pay
lower than $1 or greater than $100 are removed from the sample, as are individuals
for whom wage information is missing. Those for whom employment data is
missing, or who are unemployed or enrolled in school are omitted. The present
analysis is focused on the returns to education, and does not make assumptions
regarding the process by which individuals select into employment. Furthermore,
individuals reporting military employment, or whose designated occupation is as a
homemaker, are also excluded from the analysis. These occupational groups

systematically differ from others, and require separate examination.

2.5 Results

We anticipate the returns to schooling to differ based on the location of the institution
a student selects into. The school a student chooses to attend can reflect his or her
abilities, to an extent, as attendance requires admission and higher quality schools
are more selective to attract higher quality students. Thus, we expect those students
who attend OOS schools to obtain more lucrative employment because they have the
ability, and higher productivity reflected by education at OOS institutions and serves
as a signal to employers. Students with lower abilities, are less likely to complete
their degrees and are also less likely to succeed in lucrative careers which require

more education and skills.

2.5.1 Descriptive Statistics

Summary statistics by sex are reported in Table 2.1. FEach individual and year
combination is treated as a separate observation. For males and females, the
average age at the time of the survey is just below 30 years. On average, male
respondents report approximately 2.6 years of postsecondary educational
attainment, with around half of their education at institutions not reported.
Females report slightly higher postsecondary educational attainment at

approximately 2.7 to 3.0 years, with 1.2 years at institutions not reported. The
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average attainment is less than a year of postsecondary education for males, and
just over a year for females, when using a measure of total schooling.

Years in which an individual reports enrollment, but no information on institution,
may prove problematic in results if the years in non-reported institutions follow a
systematic pattern or those individuals who fail to report institution information differ
from those who provide full disclosure. Over two-thirds of the observations reporting
postsecondary attendance include time at an institution for which information is not
recorded. For the purpose of this analysis, we assume this effect is captured in the
total education variable. As additional years of schooling, whether the institution is
known, should increase expected wages. For both males and females, nearly half of
the observations are for married individuals with just under 80 percent living in urban
areas. Approximately 17.4 percent of males are union members, while 13.5 percent
of females report union membership.

Three definitions of “home state” were considered. The first defines an individual’s
home state as their reported birth state (birth). This provides a consistent life point
between individual observations, from which we are able to determine the relative
location of an institution. Home state can also be defined based on the state of
residence reported in the initial rounds of NLSY79 interviews (state79). Using this
definition, an individual is considering to be attending an OOS institution if its state
location differs from that which is reported in 1979. Finally, we consider state of
residence at age fourteen (statel4). As with birth state, this provides a consistent life
point of reference between individuals. It may provide the most reasonable definition,
as individuals may be more likely to identify with their residence location at this
point in their lives. Thus, it may hold a stronger draw to students than the state in
which they were born. Unless otherwise noted, results reported are using the statel4
definition of home state.

Depending on which definition of home state is used, respondents spend
approximately 1.04 to 1.37 years in home state institutions. The average number of
years spent in an OOS institution is less than one, ranging from 0.29 to 0.55 years.
However, this does not provide an accurate picture of student decisions, as previous
studies have found 50 to 60 percent of postsecondary students attend one college
throughout their educational careers (Adelman 1999; Peter and Carroll 2005), with

the remaining students reporting more attendance at more than a single institution.

113



Thus, although transferring between institutions is an option, many students choose
to remain at their initial institution. As changing institutions often results in
lengthier time to graduation (Adelman 2004; Peter and Carroll 2005), students
benefit from attending their graduating institution from the start of their academic
careers.

The cost of attendance is often higher for OOS institutions due to relocation
costs and tuition differentials for public colleges and universities. If there are higher
returns to attending an OOS institution, students may reap a net benefit from
switching schools (transferring from an in-state to OOS institution) or attending an
OOS institution for their entire academic career. This decision is made based on an
individual’s characteristics, preferences, and relative costs. If there is no net benefit
to attending a school outside of one’s home state, then students select into OOS
institutions purely based on individual preference and characteristics. The majority
of students would remain in-state to obtain their postsecondary education.

As an initial look into the differences in returns to college attendance by location,
we consider three subsamples of our dataset, using the statel4 definition of home state.
We consider students with no OOS enrollment, those with no in-state enrollment, and
those who report positive enrollment in both in-state and OOS institutions. Due to
the high proportion of respondents who have stints of enrollment with no institution
reported, these groups are not mutually exclusive. However, analysis of these subsets
provides some insight into attendance patterns.

Those reporting positive enrollment in both OOS and in-state institutions have the
highest level of innate abilities; with those attending only OOS institutions with the
second highest level of ASVAB scores. Students who attend both types of institutions
are in school for a greater period of time. This is consistent with studies finding
students who transfer take longer to complete their education (Adelman 2004; Peter
and Carroll 2005), or with students who change institutions for graduate studies.
These students exhibit greater mobility, and are less likely to be married. Students
who report only in-state enrollment are of the lowest ability and pay. They are the
youngest with the shortest employment tenure of the subgroups. This may reflect the
lower expected returns to attending an OOS institution for lower ability students.

These factors may explain a portion of the observed pay differential.
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Descriptive statistics provide an initial look into the differences between those
attending postsecondary institutions by location. We next turn to regression
methodologies to further examine the potential sources of variation between these

subgroups.

2.5.2  Regression Results

To investigate the effects of in-state versus OOS schooling, we include two measures
of schooling attainment based on location. The effect of schooling on wages is now
expressed as the sum of the location-specific and total schooling components. Results

are reported in Table 2.2 for males; and Table 2.3 for females.

0
=Bt (25.1)
0

We further examine the total effects of in-state and OOS schooling, as defined in
Equations 2.5.1 above. Using these three measures of schooling, we find the influence
of an additional year of in-state education is approximately 5.0 percent for males and
4.9 percent for females. One more year of education OOS raises expected income
by 6.1 percent for males and 5.7 percent for females. Coefficients of all education
variables for both sexes are highly significant.

As multicollinearity is a concern, although not biased, individual coefficients
may be erroneously deemed insignificant due to inflated standard errors. Given the
large sample sizes being used, we do not anticipate this to be a severe problem in
the present analysis, and have found coefficients to be of the expected signs and
significance. However, we also consider significance of the linear combinations as
defined in Equations 2.5.1, and find these relationships are significant. Larger
coefficients on the OOS variables may indicate an additional year spent in an OOS
college or university has a greater return than that spent in-state. Furthermore, the
difference between OOS and in-state coefficients is found to be highly significant,

leading to the conclusion that the returns to education differ based on location.
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Innate ability has a relatively large and significant effect on expected wages for
both sexes. The effects of demographic, occupational, and regional variables appear
robust to changes in the definition of schooling variables. Experience and tenure have
significant positive effects on wages, with tenure displaying decreasing returns. Union
membership continues to have a relatively large and positive influence on wages, at
14.9 percent for males and 7.5 percent for females. The marriage premium for males
is at 7.5 percent, with the predicted wage differential for married females at less than
0.1 percent.

Since the decision to enroll in-state or OOS is potentially endogenous, we address
the possible bias using a Fixed Effects (FE) model. The results change a little, but
particularly for men, they generally indicate the estimated effects for both males and
females are similar to those under the Random Effects (RE) model.

Overall, our findings are consistent with expectations. The returns to attendance
at an OOS institution are greater than those from attending in-state even with the
FE model. This is consistent with individuals weighing the costs of migration
against the expected returns before making their decisions. OOS institutions may
provide a student with more opportunities, greater expected returns, and/or may
reflect individual preference for location. To attend an OOS institution, a student
must incur the financial and emotional costs of relocation. Only those individuals
who expect a positive net return choose to attend an OOS institution. As migration
decisions are more readily in the hands of male household members (Bielby and
Bielby 1992; Compton and Pollak 2007), this intuition applies more readily to these
individuals.

For females, possible explanations for the lower relative returns to OOS education
and a lesser effect of selection may be found in the underlying reasons for moving. In
general, United States Census statistics indicate females amongst the population aged
15 and older are less likely to move than males (USC 2008), although this disparity
has decreased over time and has all but disappeared for older women (Rosenbloom
and Sundstrom 2003). In general, the motivations for migration are weaker for women
since they are less likely to participate in the labor market over the life-cycle and their
wages are lower than their male counterparts.

The influences of many other factors are also gender-specific, confirming the need

to examine wages separately for males and females. Some may argue the higher
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returns to OOS attendance simply reflect better able students being selected into
higher quality institutions. Controlling for ability and selection should reduce these
influences in estimation. It is possible the labor market is rewarding other factors
associated with OOS attendance. Employers may view students who are willing to
migrate as being more flexible or adaptable. Enrollment in an OOS institution may

indicate the presence of these desirable characteristics in an individual.

2.6 Conclusion

Previous studies on the returns to education have considered total years of schooling
obtained. Existing literature has not made a distinction between the years obtained
at institutions of differing characteristics. The current analysis has particular focus
on the difference in returns from postsecondary institutions based on location, and
investigates whether there is a differentiation between returns from attending an
institution located within an individual’s home state and those beyond its borders.

Existing studies documenting the importance of education in earnings
determination is numerous. This body of research and utilizes a multitude of
techniques to correct for the inherent complications posed by individual survey
data. The present analysis uses several distinct methodologies to estimate wage
equations to uncover the effects of education. The returns to OOS institution
attendance are found to exceed those of in-state, when compared across
specifications under the Random Effects model; this is discovered for males in
particular. Females do not reap the same benefits to OOS attendance. Results with
the Fixed Effects model are similar.

Motivations for the present research include a better understanding of the
dynamics by which a student selects into a specific college. In-state students are
expected to have a greater probability of remaining in-state after graduation,
making continued contributions to the state’s economic well-being. Thus public
colleges and universities, whom rely heavily on state funding, provide greater
incentives for in-state residents to attend their institutions. These incentives come
in the form of lower tuition and less stringent admission requirements. In order to
justify tuition discrimination between students of differing residency, there must be

higher expected returns to attendance at OOS institutions. If this is true, those
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students who attend OOS institutions are expected to have higher productivity as a
result, reflected in higher expected returns to their education. For students to
choose an OOS institution, the expected returns must outweigh the costs by a
greater amount than remaining in-state. As those individuals who undertake
migration for schooling have greater expected returns to education, they are also
willing to incur higher expenses.

Our measure of movement is limited in availability and information due to the
timing and design of the NLSY79. Future research may wish to consider a measure
of movement which accounts for distance or the number of times such movement
occurred. These may better reflect an individual’s experiences and provide stronger
instruments. Unfortunately, this information is not readily available in the current
data set. We thus leave in-depth analysis of these econometric concerns for future
research.

In addition to a more in-depth examination of econometric methodologies, future
research should include further investigation into the effects of other institutional
characteristics, as well as a more well-established definition of location. Institutional
quality, financial aid considerations and differences between environments in different
locations may affect selection into a particular school. The influences of these factors
are worth investigation for a thorough understanding of the selection process.

Although state boundaries provide a good starting point, the relative costs of
attendance at an institution in one’s hometown differ from attending another
institution across the same state. OOS attendance may also be affected by residence
of other family members; as students may select into states where they have familial
ties. Another consideration for future research is return migration. If a student
returns to his or her hometown after attending an OOS institution, will the rewards
for OOS attendance differ from those received in other situations (i.e. if he or she
had attended an in-state institution, or remained OOS after completion of his or her
education). As mentioned, attendance at an OOS institution may indicate other
characteristics to employers. If this is the case, it is reasonable to assume success in
an OOS institution would be rewarded. This could be measured through grades,
graduation, or continued enrollment. Investigation of these factors is not feasible
within the confines of the present study and is left to future research. Use of

economic geography theories can also help to examine whether there are states to
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which students are drawn. Attending an OOS institution in an adjacent state differs
from attending one which is across the country. If higher returns are to OOS
attendance in general, then students would select into the nearest OOS institution
available. The fact that many students choose to attend colleges or universities
which are located further from their homes indicates there are other factors to
consider. Identifying and modeling these decisions is worth further exploration and
can assist institutions with recruitment efforts, and should be considered in future

research.
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CHAPTER 3
ALCOHOLISM AND OCCUPATION

3.1 Introduction

Consumption of alcohol is special in that it, like education consumption, is strongly
correlated with individual and household characteristics. Furthermore, the burden
of alcohol-related expenditure is often much larger than consumption, particularly
when consumed without limitations. Alcoholism, also termed alcohol dependence, is
a disease characterized by four symptoms: craving, a strong need to drink; loss of
control, the inability to cease drinking once started; physical dependence, the presence
of withdrawal symptoms; and tolerance, the need to drink more to obtain the same
effects (NIAAA 2003).

Approximately 14 million Americans (one in every thirteen adults), have been
diagnosed with alcoholism (Harwood 2000; NIAAA 2000). The costs society incurs
due to alcohol abuse and alcohol dependency can be measured in several ways—Dby the
number of alcohol-related deaths, incidence of disease, medical costs, etc. A method
commonly used to estimate the economic cost of alcohol abuse in the United States
is the associated “cost of illness” (COI). The COI of a particular disease “includes
estimates of the costs of health care services, losses in productivity from illness and
premature death, and other expenditures and resource losses that can be attributed
to the health condition” (Harwood 2000; NIAAA 2000).

In the case of alcoholism, the COI has been estimated at $184.6 billion in 1998
for the United States alone (Harwood 2000; NIAAA 2000). Of this total, $134.2
billion (approximately 70 percent) can be attributed to lost productivity, most
associated with an alcohol-related illness or death; $26.3 billion (14.3 percent of

expenditures) were associated with medical consequences of alcoholism; and $15.7
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billion (8.5 percent of expenditures) was due to costs associated with alcohol-related
automobile accidents (Harwood 2000; NIAAA 2000).

The burden of alcohol-related expenditures is not confined to alcoholics and their
families. Less than half of the costs are borne by alcohol-abusers and their households;
the federal government pays for 20 percent of expenditures; and 18 percent are paid
for by state and local governments. Private insurance companies and victims of
alcohol-related crimes and accidents absorb the remainder. (Harwood 2000; NIAAA
2000)

Furthermore, alcohol use and abuse has strong implications for workplace
productivity. It has been shown to be positively related with absenteeism (McFarlin
and Fals-Stewart 2002; Bacharach et al. 2010), with workers being twice as likely to
miss work the day after alcohol is consumed (McFarlin and Fals-Stewart 2002).
Previous estimates have found approximately 70 percent of the costs of alcohol
abuse are due to productivity losses resulting from alcohol-related death or illness
(NTAAA 2000). These include estimated earnings losses due to absenteeism, higher
rates of unemployment and death for heavy alcohol users. Contributing to these
costs is the increased probability of workplace injuries with alcohol and drug use
(Frone 2004).

With the estimated costs of alcohol abuse rising, and the distribution of expenses
encompassing the entire nation, it has become important to understand factors that
may influence the development of alcoholism in individuals. Genetic factors have
been shown to produce a predisposition towards alcoholism (NIAAA 1990, 1992);
an individual with alcoholic parents are four times more likely to develop alcohol
problems, relative to the general population (NIAAA 2003). However, genetic factors
are only part of the explanation. Alcohol abuse and dependency have also been
associated with environmental factors, such as peer pressure, culture, and occupation
(NIAAA 1999).

The purpose of the analysis to be presented here is to empirically investigate
the influence an individual’s occupation has on the probability he or she becomes
alcoholic. Selected data from the National Longitudinal Survey Youth, 1979 Cohort
(NLSY79) will be utilized for this purpose. It is hoped that this research will help
to identify occupations that increase the risk of alcoholism. Earlier application of

prevention measures will therefore be enabled for those at risk.
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The remainder of this chapter will proceed as follows. Section 3.2 will present
an overview of existing literature in this field; a description of the dataset and the
methodologies utilized are explained in Section 3.3; results form the basis of Section

3.4; while Section 3.5 concludes.

3.2 Literature Review

Previous economic research on the relationship between alcoholism and an
individual’s occupation primarily focuses on lost productivity, measured by lost
income (Mullahy and Sindelar 1993, 1995; Kenkel and Wang 1999; Silverman and
Robles 1999). Another line of research is common in fields of social science other
than economics, and health and medical fields; these investigate the dependency or
abuse of alcohol, illicit drugs, or tobacco by occupation or job characteristics (Plant
1977a,b, 1979; Harris and Fennell 1988; Mensch and Kandel 1988; Macdonald et al.
1999). In many of these analyses, descriptive characteristics are the most common
statistical tool utilized, with causal relationships assumed, but not empirically
tested (Plant 1977a, 1979; Martin 1990).

Kenkel and Wang (1999) utilized selected data from the 1989 wave of the NLSY79
to document empirical relationships that exist between alcoholism and a variety of
job attributes for males. Alcohol dependence, as defined by the American Psychiatric
Association (APA) Diagnostic and Statistical Manual of Mental Disorders III (DSM-
II1)," was included in probit estimation to estimate its effects on an individual’s
probability of reporting to receive fringe benefits. The effect of alcohol dependence on
earnings was also investigated. It was concluded that alcohol dependence is associated
with employment in a “bad” job. Young men, who met the DSM-II criteria, were
employed in positions with higher risk of injury, offering lower fringe benefits, and at
smaller firms. Alcohol dependents were determined less likely to be in white-collar
occupations; while alcoholics in blue-collar occupations were concluded to earn 15
percent less than their peers.

Utilizing the first wave of the New Haven, Connecticut, site of the

Epidemiological Catchment Area (ECA) survey conducted under the support of the

'Diagnostic criteria put forth by the DSM-III is available in Table 3.1
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United States National Institute of Mental Health (NIMH), Mullahy and Sindelar
(1993) empirically investigates the relationships between alcoholism, income, and
working.  Alcohol dependence or abuse is defined based on the DSM-IT and
DSM-IIIR criteria set forth by the American Psychiatric Association (APA).
Analysis proceeded with the introduction of alcoholism into the basic human capital
model, and with probit estimation of the probability of full-time employment. It
was found that the effects of alcoholism on income varied based on the age group
under scrutiny; and that the effects may be greater on the decision to work than on
the earnings upon employment. The selection of control variables is also determined
to have a considerable impact on the estimated effects of alcoholism. Estimates of
the effects of alcohol dependence on income range from 17 to 30 percent, depending
upon control variables included in the log wage equation.

Mullahy and Sindelar (1995) explored the extent by which problem drinking
causes unemployment, controlling for simultaneity of problem drinking and
employment, unemployment, and labor force participation with the use of
instrumental variables. Data from the 1988 Alcohol Survey of the National Health
Interview Survey (NHIS) was utilized. The underlying assumption of the analysis is
that unemployment causes stress, and that stress, in turn, causes alcoholism. It is
found that problem drinking reduces employment and increases unemployment for
both men and women, though instrumenting for problem drinking yields impacts of
a larger magnitude than ordinary least squares (OLS).

Reasons for the posited relationship between occupation and alcoholism were put
forth by Ames and Janes (1992). Three versions are commonly used (Frone 1999;
Martin 1990), with their validity empirically supported by Macdonald et al. (1999)
and Hemmingsson and Lundberg (2003):

e Employees who are less integrated into the work organization may experience
higher levels of alcohol use. Thus, lower levels of monitoring, or lesser forms of

social control, are considered to be risk factors.

e Work settings with higher physical or social availability of alcohol are more
likely to promote alcohol use among employees. The ease by which alcohol may

be obtained for consumption during job-related activities is physical ability.
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Social ability refers to how the organization culture supports the use of alcohol

by fellow workers.

e Alcohol use by an employee may be in response to alienation or stress at work.
Occupations with higher job complexity, risk, or low job security; as well as
those with lower levels of control, or repetitive tasks are associated with higher

levels of stress and alienation.

The relationship between the above-listed work characteristics and the use of
alcohol, cigarettes, marijuana, and cocaine were tested by Mensch and Kandel (1988),
using selected data from the 1984 wave of the NLSY79. It was concluded that no
clear epidemiological relationships existed between drug use and job characteristics
across occupation or industry. Individual characteristics such as having dropped out
of high school, marital status, and participant in delinquent activities are shown to
be better predictors of drug use; this conclusion was also reached by Moore et al.
(2003) in a study of 1,244 workers in a large manufacturing organization.

Moore et al. (2003)conclude the prevalence of alcoholics in specific occupations
may be the result of labor force characteristics, and support those of Lehman and
Bennett (2002) who found that relationships between job risk and employee alcohol
problems can be accounted for by the characteristics of individuals who seek and hold
risky jobs.

Crum et al. (1995) finds high-strain positions (those with higher psychological
demands and decision latitude) are associated with a higher risk of alcohol use and
dependence in United States males. Mandell et al. (1992) further conclude the
association between alcohol-related disorders, defined using DSM-III criteria, and
occupation is a result of the characteristics of those employed in these occupations.
The analysis expands on previous research by considering 104 different occupational
groups as well as current employment status (employed versus unemployed). Using
logistic regression models for the probability of alcohol abuse, they find a high
prevalence of alcohol-related disorders amongst those who identified themselves as
being construction and transportation laborers; with results being driven by those
unemployed in these fields.

These results are consistent with Marchand (2008)who finds workforce and work

organization characteristics (such as decision authority, hours, harassment, among
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others), rather than specific occupations, are significant influences on the use of
alcohol in Canadian workers. Marchand further explores the influences on external
sociodemographic factors such as familial situation, support networks and personal
characteristics and finds these contribute to alcohol use and should be accounted for.

The influence of occupation and current employment status is also explored in
Zhang and Snizek (2003) where the relationship between occupation and a worker’s
use of alcohol and drugs is examined. It is found that steady employment and job
security have a significantly negative relationship with drug and alcohol use, while the
effects of other job characteristics are relatively negligible once demographic influences
are introduced. This is in contrast with the results of Marchand (2008), but may
reflect broader occupational categories and the combined effects of alcohol and drug
use.

Several studies have also associated higher levels of work stress with alcohol
problems, supporting the theories put forth by Ames and Janes (1992). The results
of Russell et al. (1999) and Harris and Fennell (1988) support a causal relationship
between work stress and alcohol use. A link between socioeconomic status and
alcohol use has been shown among workers in Canada, with lower socioeconomic
status associated with higher alcohol intake (Marchand et al. 2003). Those of a
lower socioeconomic status were also shown to display a greater predisposition to
higher levels of alcohol use when faced with work stress (Marchand et al. 2003).
Many studies further find the relationship between alcohol use or abuse and
workforce characteristics is stronger in males, with little or no effect for females
(Crum et al. 1995; Olkinuora 1984).

Other studies have identified occupations with the highest proportion of
alcoholics. Results vary based upon data set, and measure of alcohol dependence or
abuse utilized. APA definitions are commonly used, though information required to
make diagnoses on these criteria is often difficult to obtain, and the validity of such
instruments is often questionable. Another accepted indicator of alcohol abuse or
dependence for a particular segment of the population is mortality rates by
alcohol-associated illnesses, such as liver cirrhosis.

Limited research is available in the United States. Using data from the National
Surveys on Drug Use and Health (NDSUH) for 2002, 2003, and 2004, the United

States Department of Health and Human Services reports the highest rate of heavy
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alcohol wuse (defined by DSM-IV criteria) amongst those employed in food
preparation and food serving (waiters, waitresses, and bartenders) positions
(SAMHSA 2009). Other occupations with higher than average rates were handlers,
helpers and laborers; construction workers; precision production and repair; other
service and transportation and material moving occupations. These results are
consistent with previous research that finds a strong correlation between alcohol use
and abuse and workplace access (Macdonald et al. 1999; Plant 1977a,b, 1979).

Roberts and Lee (1993) find a high prevalence of alcohol abuse, defined by
DSM-IIT criteria, amongst four occupational groups-farming/forestry /fishing,
production/craft/repair, transportation/material moving, and
handlers/cleaners/helpers/laborers.  There exists an abundance of research on
alcohol consumption in specific occupations which are associated with high risk of
abuse. Many of these studies are very restrictive and focus on a single occupation or
job characteristic in a single location and time period. In Finland, Sterud et al.
(2007) do not find a strong relationship between occupational stress and alcohol use
in positions which are commonly associated with alcohol problems—police and
ambulance personnel. However, a relationship is found between the frequency of
alcohol use and problem drinking in those individuals who report using alcohol as a
coping mechanism for feelings of distress and tension. Cosper and Hughes (1982)
focus on the drinking patterns for male United States naval officers and Canadian
journalists and find a higher frequency of drinking among these groups, although
the quantity consumed does not differ significantly from control groups.

Occupations consistently associated with higher risks of alcoholism include
bartenders, brewery workers, seamen, company directors, entertainers, physicians,
innkeepers, salespeople, and military personnel (Macdonald et al. 1999; Plant
1977a,b, 1979). In Sweden, it was found that individuals in blue-collar occupations,
including sailors, unskilled manual workers, and cleaners, are at higher risk of
alcoholism diagnoses; relative to those in white collar occupations, including
engineers, teachers, shopkeepers, policemen, and military personnel who were found
to have the lowest risk (Hemmingsson et al. 1997).

In England and Wales, publicans and bar staff of both sexes, along with male
caterers, cooks, kitchen porters and seafarers were found to have the highest

mortality from alcohol-related diseases and injuries when comparing mortality rates
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across occupations (Coggon et al. 2010). This further supports the findings of
previous studies which find a high rate of alcohol use in occupations in which access
is unrestricted (Macdonald et al. 1999; Plant 1977a,b, 1979).

3.3 Data and Methodology

Selected variables were obtained from the National Longitudinal Survey Youth Cohort
(NLSY79) for use in this analysis. The NLSY79 provides demographic and economic
information for a nationally representative sample of 12,686 men and women between
the ages of 14 and 22 in the initial survey year, 1979, and includes an over-sample of
Hispanics, blacks, and economically disadvantaged non-black/non-Hispanics in this
age group. The data set was limited to the years 1989 and 1994, with selected
variables from 1988 and 1979. Observations with missing responses were omitted
from the sample under scrutiny. Descriptive statistics for all variables are provided
in Table 3.2.

Variables used to determine alcohol abuse and dependency were taken from the
1989 and 1994 waves of the survey, from the alcohol use variables. An individual was
determined to be “alcohol-dependent” based on the American Psychiatric Association
(APA) 1994 Diagnostic and Statistical Manuals of Mental Disorders-1V (DSM-1V)
diagnostic criteria, as presented in Table 3.1. As questions in the alcohol use section of
the NLSY79 varied in content and wording over the years, the definition of alcoholism
used in the 1989 data set varies slightly from that used in the 1994 data set.

Data concerning alcoholic relatives were acquired from responses to the 1988
questionnaire. Relationships between the individual and relatives who were ever
alcoholic were recorded; it is assumed that this information changed modestly, if at
all, between 1988 and the two primary years utilized in this analysis—1989 and
1994.

Control variables in the initial estimation were selected based on previous
literature on the influence of job conditions and employment on alcoholism and drug
usage (Mullahy and Sindelar 1991; Berger and Leigh 1988; Lehman and Bennett
2002; Mensch and Kandel 1988). Estimates were done controlling for the individuals
sex, race, age, education, dropout status, marital status, and residence in an urban

location. Research has shown that individuals with biological parents who are
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alcoholics are four times more likely to develop alcohol problems, relative to the
general population (NIAAA 2003). Thus, a second set of estimates was calculated,
including additional controls for biological parents who are alcoholic.

Due to the discrete nature of the dependent variable, standard OLS methods are
not applicable. The basic empirical specification is a probit model, which assumes
the probability of developing alcoholism to be a function of individual characteristics.
One may consider using Random Effects (RE) and Fixed Effects (FE) models. But FE
are not appropriate for probit models since there does not exist a sufficient statistic
following the model. To my best knowledge, no one has developed conditional FE
probit models to date. Unconditional FE probit models may be fit using a probit
command with dummy variables for the panels. However, it is well known that
unconditional FE estimates are biased. The results for RE models are somewhat
similar to the probit models. To draw some implication regarding the results over

time, we decide to run the model respectively by year.

3.4 Results

3.4.1 Descriptive Analysis

Table 3.3 presents sample information for the proportion of alcoholics present by
occupation for the years 1989 and 1994. Sample sizes between these two years vary
only slightly; with the 1989 sample consisting of 7,495 observations and 7,579
observations in the 1994 sample. The sample compositions by occupation varies
between the years. In 1989, professional, technical, and kindred workers comprised
25.59 percent of the sample; in 1994, this occupational category totaled 59.08
percent of the sample. In 1994, all other occupations are less than 10 percent of the
sample. In the 1989 data set, clerical and unskilled workers comprise 18.08 percent
of the sample. These differences in sample composition may impact results, though
at this stage the manner by which they may be affected is uncertain. In 1989, the
highest proportions of alcoholics are found in craftsman and laborers. This same
pattern is evident in the data for 1994.

Alcoholics consist of 5.40 percent of the 1989 sample, and 5.09 percent of the 1994

sample. This is lower than the national estimate of one in thirteen adults diagnosed
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with alcoholism. In the sample being utilized, the majority of alcoholics in the annual
samples are male, with a ratio of 2:1 over females. In addition, a larger proportion
of non-blacks meet the criteria for alcoholism in both years, and the preponderance
of alcoholics reside in urban areas. These are consistent with information provided
by the National Institute on Alcohol Abuse and Alcoholism (NIAAA) on reported

alcohol use by demographic characteristics.

3.4.2  Regression Results

To investigate the effect of occupation on the probability of alcoholism, we estimate
probit models for the 1989 and 1994 samples separately. Table 3.4 reports the results
for both males and females, while Tables 3.5 and 3.6 report the results respectively by
gender. In large part, we initially provide the results for the sexes combined because
there are few women alcoholics in some occupations.

There appears to be evidence of a significant relationship between some
occupations and alcoholism. In general, craftsmen, laborers, and workers in the
service sector are more likely to be alcoholic. This is somewhat consistent with
Kenkel and Wang (1999), which found alcoholics are more likely to be in blue-collar
occupations. In addition, we find the lowest proportion of alcoholics in sales,
clerical, and managerial workers. This is somewhat inconsistent with predictions
based on Kenkel and Wang (1999). Other control variables display somewhat
expected signs. Being married decreases the probability of being alcoholic, while
having an alcoholic father generally increases the probability of being alcoholic.
Women and African-Americans are less likely to be alcoholic than their
counterparts. In general, an additional year of age decreases an individual’s
predicted probability of being alcoholic. As all individuals in this sample are
between the ages of 24 and 32, this result may not be applicable to the general
population, as young adults 18 through 29 have been determined to have the
highest rate of alcoholism in the nation (NITAAA 2003).

There are substantial differences by year for females. Most results for the 1989
sample of females are insignificant. However, in general, for both years and over
all specifications, a positive estimated probability of being alcoholic was consistently

seen in craftsmen and laborer occupations. For other occupational categories, the
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contribution of selection into an occupation on the predicted probability of alcoholism
was dependent upon the data set under analysis.

The important question is whether the significantly higher probability of
alcoholism for craftsmen and laborers is considered to be “substantial”. For females,
this is difficult to determine since the results differ so greatly between the years. As
is mentioned, this result may be due to the small number of women in these
occupations. We do not find substantial differences in alcoholism between other
occupations for women. For men, the largest and most significant results were
between craftsmen and salesmen amongst all specifications and in both years;
craftsmen are more likely to be alcoholic than salesmen with a margin of 4
percentage points. This may be considered substantial given the overall average
probability of being alcoholism for men is only 7 percent.

However, However, the results do not strongly support previous research which
has found substantial links between job characteristics, employment, and alcoholism
(Harris and Fennell 1988; Martin 1990; Macdonald et al. 1999). These results
counter previous research uncovering relationships between alcoholism, genetics,
race, and gender (Mullahy and Sindelar 1991; Russell et al. 1999; Moore et al.
2003). The result consistent over most occupational categories is the significant
negative influence of marriage on the probability of being alcoholic. Thus, it is
concluded that a specific occupational category does not substantially influence the
probability of an individuals being alcoholic, although results may weakly support
those of Kenkel and Wang (1999), such that occupations which increase the
predicted probability of alcoholism were blue-collar.

These results should be interpreted with extreme caution. Between 1989 and
1994, the direction of impact for several occupational categories changed. Though
the variable coefficients were found to be insignificant, their signs may give insight
into the possible marginal influences of an individual’s occupation on alcoholism.
Conflicting results between 1989 and 1994 may be attributed to events during the
intermediary time.

Though similar in aggregate magnitude, slightly over 7,000 observations, the
composition of the 1989 and 1994 samples vary greatly. In 1989, the sample of
professional, technical, and kindred workers was less than half of that in 1994. In

1994, the sample exceeds 4,000 and comprises over half of the total sample. In
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addition, the sample of sales workers in 1994 decreases in size, to become less than
one-eighth that occupation sample in 1989. Clerical and unskilled workers decreased
by a half in 1994, as did transport equipment operatives and non-farm laborers. In
addition to the changes in sample composition, are the variances in wording and
usage of the alcohol use questions. The questions asked, and their wording varies
considerably over the years during which the interviews were conducted. Changes in
results between the two annual samples may follow from these differences in

composition of sample and questions.

3.5 Conclusion

The research undertaken sought to uncover a relationship between an individual’s
occupation on the individual’s probability of being alcoholic. The data set utilized
was taken from the NLSY79 alcohol use questionnaire, and general questions, during
the years 1989 and 1994. After controlling for marital status, race, education, sex,
age, dropout status, urban residence, and parental alcoholism, it was determined that
there is no significant relationship between occupation and alcoholism in the data set
under consideration. Research previously undertaken challenge these results, and may
spotlight the limitations of the data set under scrutiny. Alcoholics comprise a small
proportion of the sample, and it may be misleading to generalize attributes found
here. In absolute numbers, the sample of alcoholics is limited to 405 in 1989, and 386
in 1994.

In addition to the above listed limitations there is the possibility of alcoholics
being drawn towards certain occupations. It is possible that alcoholics are drawn
towards occupations which have less stringent consequences, should their dependency
be discovered. In addition, certain occupations may provide access to alcohol, such
as brewery employment.

The results presented here are also based on broad occupational categories, due
to limitations in the data set, and it may be that workers of specific occupations
are tended towards higher alcohol consumption, but that in the broader category, no
such pattern is evident. Further research into this topic, should consider the use of
more specific occupational categories, and the issue of reverse causality. For these

purposes, a larger data set, with a broader range is necessary.
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The data sets under consideration focus on a specific cohort of individuals, who
were fairly young during the time span in which responses were provided, and many
may have been at the beginning of their careers. Alcoholism is a disease which requires
time to develop, and the influences of occupation on alcoholism may not have had
time to establish itself in this data set. Revisiting this cohort of individuals in at a
future time may provide greater insight into the relationship between occupation and

alcoholism.
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Table 3.1: Diagnostic Criteria for Alcohol Dependence

DSM-III-R%4

DSM-1V®

Clustering Criterion

Tolerance

Withdrawal

Impaired Control

Neglect of Activities

At least three of the following:

Marked tolerance: need for
markedly increased amount of
alcohol (i.e., at least 50
percent increase) to achieve
intoxication; or markedly
diminished effect with
continued use of the same
amount of alcohol

Characteristic withdrawal
symptoms for alcohol

Drinking to relieve or avoid
withdrawal symptoms

Persistent desire or one or
more unsuccessful efforts to
cut down or control drinking

Drinking in larger amounts or
over a longer period than
intended

Important social,
occupational, or recreational
activities given up or reduced
because of drinking

A maladaptive pattern of
drinking, leading to clinically
significant impairment or
distress, as manifested by
three or more of the following
occurring at any time in the
same 12-month period:

Need for markedly increased
amounts of alcohol to achieve
intoxication or desired effect;
or markedly diminished effect
with continued use of the
same amount of alcohol

The characteristic withdrawal
syndrome for alcohol (or a
closely related substance) or
drinking to relieve or avoid
withdrawal symptoms

Persistent desire or one or
more unsuccessful efforts to
cut down or control drinking

Drinking in larger amounts or
over a longer period than
intended

Important social,
occupational, or recreational
activities given up or reduced
because of drinking

continued on next page

141



DSM-III-R*4

DSM-1V?

Time Spent in
Alcohol-Related
Activity

Inability to Fulfill
Roles

Hazardous Use

Continued Use
Despite Problems

Compulsion

Duration Criterion

A great deal of time spent in
activities necessary to obtain,
to use, or to recover from the
effects of drinking

Frequent intoxication or
withdrawal symptoms when
expected to fulfill major role
obligations at work, school, or
home

OR

Drinking in a physically
hazardous situation

Continued drinking despite
knowledge of having a
persistent or recurring social,
psychological, or physical
problem that is caused or
exacerbated by drinking

None

Some symptoms of the
disturbances have persisted
for at least 1 month or have
occurred repeatedly over a
longer period of time.

A great deal of time spent in
activities necessary to obtain,
to use, or to recover from the
effects of drinking

None

None

Continued drinking despite
knowledge of having a
persistent or recurrent
physical or psychological
problem that is likely to be
caused or exacerbated by
drinking

None

No duration criterion
separately specified, but
several dependence criteria
must occur repeatedly as
specified by duration
qualifiers associated with
criteria (e.g. “persistent,”
“continued”).

*Source: APA (1987)
bSource: APA (1994)

The above table is modified from Hasin (2003).
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Table 3.2: Descriptive Statistics

Variable 1989 Sample 1994 Sample
Demographic Variables
Age 27.929 32.978
(2.247) (2.239)
Sex 0.481 0.481
(0.500) (0.500)
Marital 0.490 0.545
(0.500) (0.498)
Black 0.294 0.294
(0.456) (0.456)
Employment and Location Variables
Unemployed 0.059 0.052
(0.236) (0.222)
Urban 0.811 0.802
(0.392) (0.399)
South 0.388 0.396
(0.487) (0.489)
West 0.203 0.200
(0.402) (0.400)
Northeast 0.174 0.165
(0.379) (0.371)
Education Variables
Schooling 12.815 13.005
(2.235) (2.433)
Graduate 0.843 0.860
(0.364) (0.347)
Dropout 0.157 0.140
(0.364) (0.347)
Alcoholism Indicators
Alcoholic Mother 0.039 0.039
(0.193) (0.193)
Alcoholic Father 0.173 0.173
(0.378) (0.378)
Alcoholism 0.054 0.051
(0.226) (0.220)
N 7,646 7,646
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Table 3.4: Probit Marginal Effects with Genders Combined,
Craftsmen as the Base Category

1989 Sample

1994 Sample

Sex 0.03648***  (0.03794*** 0.04058***  0.04146***
(0.00559)  (0.00557) (0.00461)  (0.00461)
Black -0.01979%**  _0.01848*** -0.00660* -0.00590
(0.00458)  (0.00457) (0.00393)  (0.00392)
Age -0.00161 -0.00157 -0.00232***  _0.00233***
(0.00104)  (0.00103) (0.00086)  (0.00085)
Schooling -0.00553***  -0.00516*** -0.00568***  _0.00554***
(0.00139)  (0.00138) (0.00110)  (0.00109)
Dropout 0.00130 0.00088 0.01042 0.00981
(0.00756)  (0.00743) (0.00710)  (0.00697)
Married -0.03689***  _0.03599*** -0.04593***  _0.04480***
(0.00494)  (0.00488) (0.00478)  (0.00474)
Urban -0.00250 -0.00307 -0.00080 -0.00073
(0.00609)  (0.00605) (0.00485)  (0.00479)
Alc Mom . 0.00437 0.02795%*
(0.01224) (0.01349)
Alc Dad 0.02987*** 0.01280**
. (0.00744) . (0.00574)
Professional -0.01711**  -0.01660** -0.00481 -0.00444
(0.00721)  (0.00714) (0.00700)  (0.00692)
Managerial ~ -0.02092***  -0.02095%** -0.01352* -0.01373*
(0.00698)  (0.00684) (0.00748)  (0.00730)
Salesmen -0.01870* -0.01822* -0.02787***  _0.02735%**
(0.00965)  (0.00952) (0.00541)  (0.00535)
Clerical -0.01572%* -0.01549** -0.01985***  -0.01979***
(0.00753)  (0.00743) (0.00629)  (0.00615)
Service -0.00409 -0.00426 -0.00687 -0.00711
(0.00823)  (0.00811) (0.00793)  (0.00778)
Transport -0.01458%*  -0.01435** -0.00513 -0.00522
(0.00675)  (0.00667) (0.00802)  (0.00789)
Laborers -0.00158 -0.00208 0.00690 0.00726
(0.00964)  (0.00946) (0.01192)  (0.01187)
Totals 7,495 7,579

* Indicates significance at 10 percent
** Indicates significance at 5 percent
*** Indicates significance at 1 percent

Standard errors presented in parentheses.
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Table 3.5: Probit Marginal Effects for Males, Craftsmen as
the Base Category

1989 Sample

1994 Sample

Black -0.02093*%*  -0.01843** -0.00355 -0.00152
(0.00898) (0.00897) (0.00864) (0.00867)
Age -0.00302 -0.00288 -0.00375%%  -0.00374**
(0.00194) (0.00192) (0.00180) (0.00179)
Schooling -0.00715%%*  -0.00635** -0.00960***  -0.00922%***
(0.00268) (0.00266) (0.00232) (0.00231)
Dropout 0.00376 0.00305 0.01347 0.01390
(0.01398) (0.01377) (0.001383) (0.01376)
Married -0.03648***  -(0.03529*** -0.06978***  _0.06813***
(0.00888) (0.00879) (0.00905) (0.00899)
Urban -0.00670 -0.00741 0.00724 0.00708
(0.01150) (0.01143) (0.00973) (0.00967)
Alc Mom -0.00087 0.05031*
(0.02368) (0.02972)
Alc Dad 0.05781%** 0.02628**
. (0.01506) . (0.01271)
Professional -0.02387* -0.02340* -0.00105 -0.00014
(0.01268) (0.01253) (0.01254) (0.01245)
Managerial ~— -0.03591***  -0.03639*** -0.03166**  -0.03216**
(0.01213) (0.01183) (0.01472) (0.01442)
Salesmen -0.04452%F*  _0.04346*** -0.05831**F*  _0.05765***
(0.01533) (0.01519) (0.01077) (0.01053)
Clerical -0.01103 -0.00997 -0.03290*%*  -0.03321**
(0.01591) (0.01582) (0.01655) (0.01620)
Service -0.01215 -0.01359 -0.00677 -0.00849
(0.01387) (0.01352) (0.01780) (0.01740)
Transport -0.02299**  -0.02185* -0.00212 -0.00191
(0.01133) (0.01127) (0.01658) (0.01651)
Laborers 0.00165 0.06698 0.01604 0.01762
(0.01535) (0.01509) (0.02169) (0.02186)
Totals 3,610 3,646

* Indicates significance at 10 percent
** Indicates significance at 5 percent
*** Indicates significance at 1 percent

Standard errors presented in parentheses.
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Table 3.6: Probit Marginal Effects for Females, Craftsmen as
the Base Category

1989 Sample

1994 Sample

Black -0.01827%%%  -0.01770%%*  -0.00813%*  -0.00807***
(0.00425)  (0.00420) (0.00319)  (0.00313)
Age -0.00056 -0.00057 -0.00139%  -0.00141*
(0.00104)  (0.00103) (0.00077)  (0.00076)
Schooling ~ -0.00390%** -0.00377%%*  -0.00286*** -0.00286**
(0.00133)  (0.00132) (0.00097)  (0.00095)
Dropout 0.00062 0.00052 0.00933 0.00798
(0.00778)  (0.00767) (0.00765)  (0.00727)
Married -0.03761FF%  -0.03702%FF  -0.03027FFF  -0.02963***
(0.00573)  (0.00557) (0.00501)  (0.00496)
Urban 0.00028 -0.00007 -0.00598 -0.00576
(0.00592)  (0.00590) (0.00492)  (0.00484)
Ale Mom 0.00552 0.01449
(0.01147) (0.01094)
Alc Dad 0.01128* 0.00444
. (0.00647) : (0.00452)
Professional ~ -0.00798 -0.00812 -0.03060%  -0.03054*
(0.01682)  (0.01641) (0.01681)  (0.01657)
Managerial ~ -0.00793 -0.00830 -0.01231%%%  -0.01219%**
(0.01496)  (0.01433) (0.00399)  (0.00381)
Salesmen  -0.00001 -0.00055 -0.01384%*%*  _0.01350%**
(0.02077)  (0.02014) (0.00265)  (0.00262)
Clerical -0.00978 -0.01014 -0.01846***  -0.01825%**
(0.01584)  (0.01531) (0.00421)  (0.00411)
Service 0.00359 0.00327 -0.01450%%*%  -0.01421%%*
(0.02003)  (0.01980) (0.00373)  (0.00364)
Transport  -0.00633 -0.00713 -0.01338%*%*  -0.01320%**
(0.01582)  (0.01499) (0.00301)  (0.00289)
Laborers -0.01663 -0.01666 -0.00903 -0.00953
(0.01096)  (0.01032) (0.00723)  (0.00625)

Totals 3,885 3,993

* Indicates significance at 10 percent
** Indicates significance at 5 percent
*** Indicates significance at 1 percent

Standard errors presented in parentheses.
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