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The theoretical basis for measuring child costs is discussed, and de-
tailed consideration is given to two straightforward procedures for
calculation, Engel’s food share method and Rothbarth’s adult good
method. Each of these methods embodies different definitions of
child costs so that the same empirical evidence can generate quite
different estimates depending on the method used. It is shown that
true costs are generally overstated by Engel’s method and under-
stated by Rothbarth’s procedure, although the latter, unlike the for-
mer, can provide a sensible starting point for cost measurement. Our
estimates from Sri Lankan and Indonesian data suggest that chil-
dren cost their parents about 30-40 percent of what they spend on
themselves.

1. Introduction and Summary

This paper is concerned with the measurement of child costs and the
associated comparison of welfare levels between households of differ-
ent sizes. That children impose economic costs on their parents seems
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to be widely accepted. There is little agreement, however, on the
appropriate conceptual basis for the measurement of such costs. This
is unfortunate because child costs are a central element in any attempt
to make comparisons of standards of living between households of
different sizes. In most data, total household expenditure (or income)
is positively but less than proportionately related to household size. In
consequence, use of household expenditures or incomes as a measure
of living standards automatically associates poverty with small house-
hold size just as the use of a per capita measure ensures the opposite,
an overrepresentation of large households among the poor. See, for
example, Kuznets (1979), Visaria (1979), or Lipton (1983a, 19835) for
discussions of actual empirical cases. To actually discover something
about the relationship between family size and poverty, as opposed to
asserting some relationship, it is necessary to have an agreed-on proce-
dure for defining and measuring the actual costs of children. A simi-
lar necessity arises if one attempts to explain fertility itself. Many of
the most wisely canvassed theories rely heavily on child costs as the
most important price affecting demand (see, e.g., Becker 1960; Bec-
ker and Lewis 1973; Becker and Tomes 1976). More broadly, Cald-
well (1982) has argued that the demographic transition from high to
low fertility is associated with the contrast between economic benefits of
children in poor, traditional rural societies and high economic costs
of children in rich, westernized industrial societies. The supposition
that children bring net economic benefits is also implicit in much
of Simon’s (1977, 1981) writing on fertility and in his view of popula-
tion as an economic resource.

In Section II we discuss the conceptual basis for measures of child
costs and make a comparison of several of the procedures that have
been used in the literature. We show how the same evidence on the
relationship between household demographic composition and
household expenditure patterns can lead to quite different measures
of child costs depending on the model used. The reason for this is
that different models embody different conceptions of child costs,
usually implicitly, so that different models, although each purports to
measure the “costs of children,” are not in fact measuring the same
thing. This situation contrasts with the usual case in empirical work in
which model selection, although capable of influencing the results, is
not usually the crucial determining factor. For example, given
sufficient data and an absence of mistakes, we could reasonably ex-
pect two investigators to estimate much the same demand elasticity
for food even if they were to choose to work with different functional
forms for the Engel curve. But demand elasticities are better defined
than are child costs, and the choice of concept is not usually implicitly
selected along with the functional form.
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Section I1I is concerned with two of the simplest and most popular
methods of measuring child costs. The first, which we shall refer to as
the Rothbarth method, was originally suggested by Erwin Rothbarth
(1943), although the method is often associated with the names of the
authors of the two earliest empirical studies, Nicholson (1949) and
Henderson (1949, 19504, 19505). More recent applications of the
method are Espenshade (1973) for the United States and Fiegehen,
Lansley, and Smith (1977) for the United Kingdom. The second
method, even more popular than the first, was suggested by Engel
(1895) and has been widely used; see, for example, Deaton (1981) for
an application to Sri Lanka and Espenshade (1984) for a very recent
use of the method to estimate the costs of children in the United
States. These methods are far from being the only procedures for
calculating child costs, but they are extremely simple to use, and their
assumptions appear to have found wide favor. We show that the two
methods make different and mutually incompatible assumptions
about the nature of child costs, and we argue that, under mild as-
sumptions, the Engel method will produce estimates that are too large
while the Rothbarth method, though perhaps more plausible, is likely
to produce estimates that are too small. Under more restrictive as-
sumptions, but ones that may not be unreasonable for families in poor
countries, we prove a system of inequalities linking the two measures
with more general measures based on Gorman’s (1976) extension of
the model originally proposed by Barten (1964). In particular, the
Barten-Gorman measure of costs lies between the (large) Engel esti-
mate and the (small) Rothbarth estimate. We illustrate the procedures
and the inequalities using data from Sri Lanka and Indonesia; under
the most extreme assumptions, the Engel method makes children
about four times as expensive as does the Rothbarth method. We
argue that, with appropriate modification, the Rothbarth procedure
is a sensible starting point for the measurement of costs and that the
Engel method is based on inherently implausible and indefensible
assumptions. For the two countries we use for illustration, our results
suggest that child costs are about 30—40 percent of per capita adult
expenditures.

II. The Conceptual Basis for Measures of Child Costs

There are two essentially separate literatures on child costs: one
familiar to demographers (see, e.g., Lindert [1978, 1980] or Espen-
shade [1972] for references) and one that is rooted in consumer de-
mand analysis (see Deaton and Muellbauer [1980, chap. 8] for many
of the references). Although there is some evidence of cross-
fertilization in the most recent work (e.g., Espenshade 1984), there is
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surprisingly little overlap between the two strands, and few papers are
cited in both. Although we believe that the approach followed in
much of the demographic literature lacks a rigorous theoretical foun-
dation, it contains a number of important insights that have to some
extent been lost sight of in the economics literature. For example, in
Dublin and Lotka (1930; 2d ed. 1946), the authors attempt, for actu-
arial purposes, to estimate the “money value of a man” net of input
costs, that is, the costs of bringing the individual to maturity. Dublin
and Lotka measure these costs in an apparently straightforward way,
beginning appropriately enough with the “costs of being born” (1946,
p. 45), estimated in 1946 prices at $185—$200 for a typical family of
moderate means. A more modern version of the same procedure uses
regression analysis to estimate the additional expenditures associated
with various classes of children so that simple addition can be used to
measure total costs (see Lindert 1978, 1980). While we shall argue
that these simple procedures are not appropriate without a clearer
idea of the concepts involved, Dublin and Lotka’s costs of being born
are clearly a legitimate part of any sensible definition of child costs so
that this example provides an excellent touchstone for assessing
other, more complex methods.

There are immediate practical difficulties with simple schemes that
add up the additional costs associated with children. In particular,
unless a newborn child comes with an endowment, household re-
sources are the same after the event as they were before it. Additional
expenditures associated with the child must therefore be met by ad-
Justments elsewhere, for example, by cutting other current or future
expenditures or leisure. In consequence, the sum of all additional
outlays, negative and positive, must be zero unless we are given prior
information about which (positive) expenditures to count and which
(negative) ones to ignore. More fundamentally, the notion of child
costs implies a potential compensation that will restore some measure
of welfare to its level prior to the existence of the child. If this welfare
measure is not made explicit, we cannot tell whether or not any given
formula for calculating the compensation makes sense.

The economic approach to child costs makes a better start in this
direction if only because it is usually accompanied by writing down a
utility function that can be used as the basis for index number or
consumer surplus comparisons of situations with different demo-
graphics. For example, suppose that the welfare of the parents is
given by

u = v(q, a), N

where q is a vector of household consumption levels and a is a vector
of demographic characteristics, for example, the number of persons
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in each age and sex category. Note the focus on parental utility: the
parents are assumed to be the decision makers, and in addition they
are the only people who are present both before and after the arrival
of the children. For the moment, the arguments of equation (1) re-
quire little discussion; the model is consistent with parents’ obtaining
utility from their children as well as from their own and their chil-
dren’s consumption. Associated with (1) is a cost or expenditure func-
tion ¢(u, p, a) that gives the minimum expenditure necessary to attain
utility u at prices p and composition a so that, if v and p® are some
reference utility level and price vector, the additional cost of a’ over a°
is given, as in consumer surplus calculations, by

C = c(uf, pf, a') — @, pf, a"). (2)

Alternatively, an index number methodology can be used, in which
case the relative costs are expressed as a ratio, or equivalence scale,

_ tipta)

E .
c(uf, p*, a°%

(3)
Note that, in both measures, utility is held constant across the com-
parison, though in general both the scale and the cost measure will be
functions of both the reference utility level and the price vector.
The parental preferences given by the utility function (1) or the
cost function will generate a corresponding system of demand func-
tions that relates observed expenditures on goods to income, prices,
and demographic characteristics. Estimation of this system yields in-
formation about the preference parameters and thus holds out the
hope of identifying the cost or scale measures (2) and (3). However, as
first pointed out by Pollak and Wales (1979), knowledge of the system
of demand functions for commodities (including, in principle, leisure
and saving) is not sufficient to identify the child cost measures. For a
similar point in the context of taste and quality change, see Fisher and
Shell (1971) and Muellbauer (1975). The problem lies in the treat-
ment of the demographic characteristics as fixed “modifiers” of pref-
erences rather than as choice variables in their own right. In standard
index number or consumer surplus theory, costs of two situations are
compared with reference to a fixed indifference curve, and the label-
ing of this indifference curve is of no consequence for the measure-
ment. In other words, monotonic increasing transformations of the
utility function affect neither the observable demands nor the calcula-
tion of compensations. However, in the current case, any function of
u in (1) that also involves the vector of demographics, a, while leaving
the observable demand functions unchanged, will generally affect the
compensations calculated by (2) or (3). Such transformations relabel
indifference curves in a way that depends on the demographic com-
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position of the household so that the presence of an additional child
might, for example, make the parents better off without in any way
changing their behavior. The obvious possibility is that, when they
have children, parents may feel much happier in a way that has noth-
ing to do with their consumption pattern.

Formally, if we define 6(u, a) as some function that is increasing in
its first argument, then the cost function

¢[6(u, a), p, a] (4)

generates demand functions linking purchases to incomes, prices,
and demographics that are unaffected by the choice of function 8. As
a consequence, any parameters in the function 6 cannot be recovered
from empirical observation of these demand functions, and the cost
measures are therefore not identifiable from such observation. To
make progress, we must either find some other way of estimating 6 or
else construct a procedure that is defensible for any 8 function.

One possible procedure is to treat the demand for children sym-
metrically with the demand for other goods so that fertility equations
are estimated jointly with commodity demand, savings, and labor sup-
ply equations. There are obvious problems in measuring appropriate
“prices” for children, but if these can be overcome, the problem dis-
cussed above no longer exists and index numbers and consumer sur-
plus calculations can be carried out in the standard way. Parents’
attitudes toward children are revealed by their fertility behavior, and
their trade-offs between goods and children by their joint selection of
goods and children in response to changes in prices and incomes. We
have doubts whether the economic theory of fertility is sufficiently
well developed at an empirical level to make such an exercise feasible,
but, more important, we do not believe that such models are appro-
priate for the concept of child costs that we are trying to measure. If
we suppose that most parents are parents because they want to have
children, then the compensation that would have to be paid to restore
them to their utility level prior to the birth of the child would be
negative since they are now better off than they were before. But this
is simply not relevant to the problem of measuring the costs of the
upkeep of the child, the costs of being born, or the costs of food and
education. That parents choose to have children means that the
benefits of having them are greater than the costs, but it does not
mean that the costs are zero.

What is required is a narrower and more purely economic
definition of parental welfare, and one that excludes the benefits of
the children themselves, whether real or psychological. For an indi-
vidual, it is usual to think of economic well-being as directly related to
the individual’s level of expenditure, as given, for example, by the
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indirect utility function. If it were possible to separate the household
accounts into expenditures attributable to adults and children sepa-
rately, then a measure of the level of living of the adults could be
constructed based on the adults’ expenditure level. Unfortunately,
the data do not come in such a form, and, at a conceptual level, there
are formidable difficulties in dealing with shared or household
“public goods.” It is therefore necessary to define some alternative
protocol for measuring the economic welfare of the adults, and all the
standard economic methods for measuring child costs do so in one
way or another, although not always explicitly. Once done, a proce-
dure is thereby defined whereby it is possible to detect whether wel-
fare is higher or lower in any two real or hypothetical situations so
that it is possible to calculate a compensation that will equalize paren-
tal welfare before and after a change in household composition, thus
establishing its cost. Much of Section III below is concerned with
making explicit the welfare definitions implied by the standard proce-
dures, discussing their reasonableness, and drawing out the conse-
quences of using them.

In the rest of this paper we shall confine ourselves to measures of
child costs that can be estimated from a single household expenditure
survey. This prevents us from discussing issues that arise when prices
vary, and some of the more elaborate models of child costs require
price variation to identify their parameters. However, one of our
main concerns is with schemes that are straightforward to implement
and that require only data that are likely to be widely available. The
two methods we discuss are really the only serious contenders for
such situations, and we believe that much can be learned from study-
ing them. However, these practical limitations limit our analysis to
short-run measures of child costs and parental welfare. It would be an
important and rewarding exercise to follow households through the
life cycle and perhaps to treat children as investment goods, with costs
in terms of goods and time (leisure forgone) when the parents and
children are young and with a reversal (at least as insurance) when the
children are older. It is easy to imagine that the net costs over the life
cycle to the parents could be very different from the short-run costs
that are inferred from studying household budgets, the costs of being
born for those with very young children, or the costs of education that
are borne by parents with college-age offspring. Although we confine
ourselves to the short-run costs and we make no attempt to allow for
time costs, we recognize the existence and importance of the wider
concepts as well as the substantial literature that exists on examining
the interactions between children, time, and work effort (see, e.g.,
Gronau 1974; Heckman 1974). We also believe that the general
framework laid out above could be straightforwardly adapted to deal
with life-cycle considerations.
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III. Engel and Rothbarth Estimates of Child Costs
A. Engel

Engel’s (1895) method rests on the supposition that the standard of
living of adults is correctly indicated by the share of the household
budget devoted to food. Given this, the cost of a newborn child can
straightforwardly be measured by calculating the compensation that
would have to be paid to the parents to restore the household food
share to its prenatal level. We shall give examples of the calculations
below, but we first consider the basis for the central identifying as-
sumption, that the adults in two households with different numbers
or ages of children are equally well off if the households have the
same food share.

The plausibility of the Engel assumption seems to be based on
empirical evidence that (a) for households of the same demographic
composition, the food share varies inversely with income or total ex-
penditure (Engel’s law) and that (b) for households with the same
income or total expenditure level, the food share is an increasing
function of the number of children. Point & is reasonable enough
because additional individuals decrease effective income per individ-
ual and because children’s needs are likely to be biased toward food
compared with those of their parents, particularly in developing
countries. However, the acceptance of both a and b does not imply
that households with the same food share but different compositions
have the same level of welfare. Nicholson (1976) has provided an
excellent counterexample. Suppose that the true child costs were
known and that a young couple were perfectly compensated for the
expenses associated with their newborn child. As a first approxima-
tion, we should expect the adults’ consumption pattern to be more or
less what it was before. However, the household contains a new,
largely food-consuming individual. Hence, although fully compen-
sated, the household has a higher food share than before the arrival
of the child. Restoration of the food share to its original level would
require overcompensation, and this is what the Engel procedure does.
This argument seems to us to be quite compelling in spite of the
absence of an explicit model of the true compensation. But it can
easily be formalized. Write the food share wy as

al ,p-a)
=2 SRR < ww p @), 5)

Then the crucial assumption required for Nicholson’s argument is
that

(@, p, a') = b’ p, a°%), (6)
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where a' corresponds to a° plus an extra child. The inequality asserts
that a household that has been fully compensated for the costs of an
additional child has a higher food share than it did prior to the child’s
arrival. It can be derived from a number of more primitive assump-
tions and rests fundamentally on the share of food in child costs being
relatively large and on the presence of the child not causing its par-
ents to consume sufficiently less food to offset the child’s own de-
mands. The Engel procedure gives the parents u*, defined by

Pu*, p, a') = P’ p, a°%) (7)

so that $(u*, p, al) = Y(u?, P, a%), which, by Engel’s law, implies that u*
= 4°, that is, that the true scale must be less than or equal to the Engel
scale.

Calculation of the Engel measure requires an estimated Engel
curve for food. For a two-good disaggregation of the budget into food
and nonfood, there is no integrability issue so that any homogeneous
food demand equation can be ex post justified by some utility func-
tion. One equation that frequently fits the data well is the Working
(1943)—Leser (1963) form, in which the food share is a linear function
of the logarithm of total outlay. We choose a simple extension of this
that incorporates demographic effects, namely,

J
x
W= -8 1n<5) + ]; Y + € (8)
where n; is the number of persons in categoryj(j = 1, ..., f), nis the

total number of people in the household, x is total expenditure, € is a
random error, and o, B, and y are parameters. For many of the
household surveys from the Third World that we have examined, it is
the case that the per capita term In{x/n) provides a high degree of the
explained variation and that, by comparison, the y parameters are
typically estimated to be rather small. A similar result is reported for
data from the United States by Espenshade (1984). In practice, the fit
of the equation is often improved by the inclusion of a term that is
quadratic in In(x/n). For simplicity of presentation we shall continue to
work with (8), although the child costs that we present in tables 1 and
2 below are calculated on the basis of the quadratic regressions.

A full discussion of the application of (8) to the 1969—70 Socioeco-
nomic Survey of Sri Lanka is given in Deaton (1981, essay 1). For the
island as a whole, a useful summary regression is

dy = 14330 —  .1869 ln(%) ~ .0050n, — .0087n,
(—90.9) (—8.92) (—16.0) ©)

R? = 4864, ES.E. = .0924,
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where n, and n, are the numbers of adults and children, respectively.
The regression uses just under 10,000 observations on the food share,
which, in this particular survey, ranges from about 95 percent to less
than 20 percent of total outlay. The full regression also contains a
number of dummy variables that need not concern us here; quadratic
terms are also included and, although not presented here, are
significant and are accounted for in the computations of costs. A
second example of the Working-Leser food share model is estimated
from the Indonesian (Susenas) survey of 1978. Again taking the
country as a whole, and this time with just under 6,500 observations,
we have

@y = 1.6445 —  .1086 ln(ﬁ) ~ .0115m, — .0042n, + .0043n,,
(45.3) (2.3) (2.5) (84) (10

R?* = 2789, ES.E. = .1270.

For this survey we distinguish ., and n., the numbers of small chil-
dren (= 5 years old) and large children (> 5 years). As in the Sri
Lankan case, the two categories could have been combined without
significant loss of fit, but retaining the split is useful for reasons that
will appear below. Although we confine ourselves to these two equa-
tions, we believe that they are not atypical of food share equations
from household surveys in poor countries. In particular, the range of
the coefficients on In(x/n) shown here, from —.1 to —.2, covers most
of the estimates of which we are aware.

The general procedure for converting Engel curve estimates into
child cost measures is illustrated in figure 1. At some essentially arbi-
trary food share wg, x° and x* are the budgets that would cause the
reference and large households to have the same food share and thus
the same welfare level. The difference (x* — %) is the additional
expenditure required by the larger household and is thus the mea-
sure of child costs. The equivalence scale is simply the ratio x*/x°. Note
that both the cost measure and the scale will generally be different for
different values of wg; this is quite acceptable since costs may well be
different at different levels of the budget. For the specific Engel
curves given by (8), define x* as the outlay required by household 4 to
reach the same welfare level as the reference 2 = 0 with x° and a°.
When the food shares are equal, x* is defined by

(=) + 3yt = (%) + 3 yn? 11
a—Bnm)+ yjnj—a—Bn;l—O—%- Y s (1D

so that, for the Engel equivalence scale Ef = x*/x°, we have

Ef = (Z—z) exp[ i (%J——)(n]h — njo)]. (12)

1
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I LARGE HOUSEHOLD

c | ~HOUSE HOLD

R |

[
I
| SMALL (REFERENCE)
|
i
X

S |

(o} X*

Fi6. 1.—Engel's method for child costs

Note that, because in our applications the v’s are small relative to B,
the Engel scale is approximately equal to the head count ratio, n"/n°,
although, for y < 0, E will be less than the ratio (note that > 0 by
Engel’s law). If the y’s are estimated to be zero, everyone counts the
same, and children are estimated as costing as much as adults.

Table 1 gives the estimated Engel scales using the parameters from
the quadratic version of (8) and calculated at the mean of total expen-
diture. The reference household is one that contains two adults so
that the Sri Lankan figures give one child as costing 82 percent of an
adult and two children as 77 percent each. The numbers for small
children in Indonesia are very similar, but now the large children
apparently cost more than an adult. This, of course, is a consequence
of the positive coefficient on the large children in (10), and since this
is not significantly greater than zero, neither are the estimated child
costs significantly greater than the adult costs. But all the figures in
the table are implausibly large and would be so even for a developed
country, let alone poor countries like Sri Lanka and Indonesia.

These figures undoubtedly depend to some extent on our choice of
functional form. However, the results follow from our finding that
the food share depends, to a first order of approximation, on per
capita income or expenditure, and this finding does not seem to be
special to our data or to our functional form. But we also expected the
Engel scales to be too large on theoretical grounds. As we argued
above, there is no convincing basis for the crucial assumption that the
food share correctly indicates adult welfare, and we showed that the
use of the assumption will lead to estimates of child costs that are too
large.
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TABLE 1

EsTIMATED ENGEL EQUIVALENCE SCALES

With One With Two
Couple Only Child Children
Sri Lanka (1969-70)
1.00 1.41 1.77

Indonesia (1978)

1.00 1.45% 1.86*
1.00 1.58¢ 2.29%

* Refers to children 5 years old or younger.
T Refers to children older than 5 years old.

B. Rothbarth

Rothbarth identified his estimate of child costs by prior selection of a
group of adult goods, the total expenditure on which correctly indi-
cates adult welfare. The presence of children is assumed to affect the
total expenditure on adult goods only through income-like effects so
that, if the correct compensation for child costs were to be paid,
expenditure on adult goods would be unaltered by changes in the
number of children. Hence, while the Engel method works by cal-
culating the amount of money that would restore the food share to its
previous level, the Rothbarth method calculates the sum of money
that would restore the level of expenditure on adult goods. Rothbarth
himself used a very broad definition of adult goods including virtually
all luxury goods as well as saving. Later authors have tended to work
with narrow groupings, most popularly with drink and tobacco. As
pointed out by Cramer (1969), this can cause problems since neither
category seems to be typically very responsive to changes in income so
that the income effects required to measure the compensation are
hard to establish. For the moment, we postpone the issue and assume
that we have a two-way grouping of commodities into adult goods (A
goods) and other goods (B goods). Note that it is 7ot assumed that the
B goods are child goods. These are all the goods that are not pure
adult goods, and though pure child goods are included, so are goods
consumed by both as well as public goods that are jointly consumed.

As is the case for the Engel procedure, the assumption that
identifies welfare is an untestable or identifying assumption that al-
lows us to interpret behavior but places no restriction on its form. Of
course, if it is assumed that there are many adult goods, all of which
are affected by changes in the numbers and ages of children as if by
income changes, then the appropriate restrictions can be tested.
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Deaton, Ruiz-Castillo, and Thomas (1985) show how this can be done
and obtain reasonably positive results using a Spanish household sur-
vey. However, the general proposition that total expenditure on adult
goods correctly indicates adult welfare cannot be tested empirically
and can only be justified on a priori grounds. As we have already
argued, total household expenditure attributable to the adults would
be a sensible (and narrow) measure of the adults’ standard of living,
and one that is in line with the standard economic practice of measur-
ing living standards in terms of real income. The question is then
whether the part of this total that is clearly attributable to adults only
is itself a sensible measure of welfare. If the parents’ preferences are
separable between their own consumption and that of their children,
there will exist subgroup demand functions that relate the consump-
tion of each adult good to total adult expenditure and to the prices of
all goods consumed by the adults (some of which are also consumed
by their children). As we shall see below, it can be argued that the
presence of children may well alter the effective prices of adult goods,
but if this effect is either absent or unimportant, Rothbarth’s proce-
dure for indicating the total by one of its parts will be valid, at least if
the prespecified adult goods are normal goods.

This argument seems to us to be reasonably convincing and is much
more satisfactory than any corresponding justification that can be
created for the Engel assumption that the food share indicates adult
welfare. Even so, the supposition that children do not alter relative
prices can be challenged in terms of Barten’s (1964) or Gorman’s
(1976) model of demographic effects (see also Pollak and Wales
1981). In these, the presence of children makes goods that are shared
with children relatively more expensive than pure adult goods—*a
penny bun costs three pence when you have a wife and child”—so
that there may be substitution toward adult goods in households with
children. It is far from established that the effects of children work
this way (see, e.g., Muellbauer 1977), but if they do, the Rothbarth
measure of costs will be too small. A household that is perfectly com-
pensated for the costs associated with the arrival of a child will display
greater consumption of pure adult goods than before the event. The
Rothbarth procedure will pay compensation only to the point where
consumption of pure adult goods is unchanged, which is not enough.
These arguments suggest that the Rothbarth method should be used
with circumspection when the presence of children is likely to cause
substitution toward what appears to be a purely adult good. For ex-
ample, children rarely listen to recordings of Bartok string quartets,
but the parents might be induced to increase this activity by the pres-
ence of children, either for its soothing effects or because it is now
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more difficult and expensive to attend live concerts. Other examples
can readily be imagined.

The Rothbarth procedure is applied in very much the same way as
the Engel procedure. An Engel curve is established for the total of
adult goods, and its slope is used to calculate the income that would be
required to nullify the negative effects of additional children on the
total. Note that children need not be homogeneous but can readily be
distinguished by sex and age. Indeed, the Rothbarth model would
seem to be a good candidate to use in the investigation of “sex bias” in
family consumption (see Sen [1984] for some evidence). If parents
treat female children less generously, the presence of female children
should have less effect on adult consumption than the presence of
their male siblings.

Finally, we note that in a recent paper, Gronau (1985), while en-
dorsing the Rothbarth model in principle, has pointed out that, if
parents derive utility from the consumption of their offspring, their
marginal propensities to spend on purely adult goods are likely to be
reduced by the presence of additional children. If the Engel curve
slopes are affected in this way and if the phenomenon is ignored, then
the calculated Rothbarth costs will be too small since, with a reduced
propensity to spend, larger compensations must be paid to restore
any given level of adult expenditure.

C. Engel versus Rothbarth

We have argued that the Engel measure of child costs is likely to be
too large and the Rothbarth measure too small. Indeed, with some
further assumptions, it is possible to prove inequalities between them.
In particular, we examine the consequences of applying the Roth-
barth procedure under the assumption that all nonfood is an adult
good. This is an extreme assumption made in order to allow us to
obtain sharp results; it may also be a reasonable approximation for
very poor families.

The following is true: if (2) the B goods (nonadult goods) in the
Rothbarth model correspond to food in the Engel model and (b) the B
goods (i.e., foods) are necessities, then the Rothbarth scale is no larger
than the Engel scale. Note that the same empirical evidence is used for
both calculations; the inconsistency between the estimates is entirely
due to assumption and not to measurement. The argument is
straightforward. If, when a child is born, the parents are compen-
sated according to Rothbarth, their nonfood expenditure is un-
changed after the child’s arrival. But their total expenditure has in-
creased; hence the share of nonfood has risen. Hence, according to



734 JOURNAL OF POLITICAL ECONOMY

Engel, they have been undercompensated. The Engel compensation
would be more generous and the Engel scale larger. Formally, let
expenditure on food be given by the function g(x, p, a). Then the
Rothbarth compensation x** is defined by

¥k — g(x** p,a) = 2% — g(x°, p, a"). (13)

Since ¥** = x°, dividing the left-hand side by x** and the right-hand
side by x” gives

*% Y Y
g**, p,a)  glx ,g,a)_ (14)

x¥* X

But the Engel compensation x* is defined by setting g(x*, p, a)/x*
equal to the original share g(x°, p, a)/x". Hence

ok 0 *
gt p,a’)  glx ,p,a)’ (15)

Pk x*

which, since g/x is a declining function of x by the necessity assump-
tion, yields

KFF = x¥,

Finally, we illustrate the argument in figure 2, which was provided for
us by a referee. Commodity ¢; on the horizontal axis is food, and the
two expansion curves H and O show the combinations of food and
nonfood purchased at various total expenditure levels by the refer-
ence household O and the larger household H. If the initial position is
S, x must be increased to xg for the larger household to reestablish the
base level of nonfood ¢g, while to reach the same share pattern as O,
that is, along the ray OS, total outlays must be increased to x.

Although the identification of nonadult goods with food is clearly
extreme, it is clear that the assumption is not necessary for the result.
In particular, the crucial step in the argument is inequality (14), that
the food share be larger after Rothbarth compensation has been paid,
and it is likely that this will be true for most plausible definitions of
adult goods.

Under the assumption that nonfood is the adult good, we have
calculated the Rothbarth scales using the estimated Engel curves for
Sri Lanka and Indonesia that were given in Section I11B, again with
the quadratic terms added. The food Engel curve (8) does not yield a
closed-form solution for the amount that equates nonfood expendi-
tures, but numerical solutions are readily obtained. Representative
values are given in table 2 in the same format as table 1. According to
these figures, children cost about one-quarter of an adult, and, once
again, the figures are consistent between the two countries. Clearly,
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Q

F16. 2.—Engel vs. Rothbarth compensation

for these examples, the differences between the Engel and Rothbarth
procedures are very large.

D. Engel, Rothbarth, Barten, and Gorman

If we are to make more precise statements about the strengths and
weaknesses of the Engel and Rothbarth approaches, it is necessary to
have an alternative, more general model that serves to categorize
precisely what happens when there is a failure in the assumptions of
the simpler approaches. In this subsection we use Gorman’s (1976)
generalization of Barten’s (1964) model. The Gorman-Barten model
is much richer than either the Engel or Rothbarth model and can be
regarded as generalizing both of them, so that it is a good candidate
for a “true” model against which to evaluate the alternatives.

Barten (1964) writes the utility function associated with the vector
of demographics a in the form

_ q1 g2 qn
“ ”[ml(a)’ ma@) mn(a)]'

It i1s possible to interpret this formulation in a number of ways. For
our purposes, the most attractive is to regard » as a measure of the
parents’ standard of living so that ¢;/m(a) is the consumption of good ¢

(16)
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TABLE 2

EsTIMATED ROTHBARTH EQUIVALENCE SCALES

With One With Two
Couple Only Child Children

Sri Lanka (1969-70)
1.00 1.12 1.21

Indonesia (1978)

1.00 1.10* 1.16*
1.00 1.12¢ 1.22°

* Refers to children 5 years old or younger.
+ Refers 1o children older than 5 years old.

that actually reaches the parents when an amount ¢; is purchased for
the family as a whole. The quantity m(a) is therefore unity if children
do not consume the good, it would be two if children get the same as
adults, and so on. Note that this interpretation differs from the usual
one in which (16) is taken as a representation of household prefer-
ences. But such an interpretation makes little sense if we are to use a
common welfare level to compare situations with and without chil-
dren, and this is the whole purpose of the current exercise.

The cost function associated with the Barten model is easily derived
by recognizing that the model essentially treats the quantities ¢ =
gi/mi(a) as the objects of utility with effective “prices” p; = pm;(a). The
cost function and demand functions can then be written as

x = C[uv lel(a), P2m2(a), LR ann(a)], (17)
q: = mihi[u’ lel(a)’ P2m2(a)7 ety ann(a)]- (18)

The important features of (17) and (18) are (a) the scaling up of the
reference demands by m; corresponding to the “needs” effects of the
additional children and (b) the substitution effects on demand that
occur when the presence of children alters the effective prices of
parental consumption. Although the model is substantially more gen-
eral than any so far considered (indeed, as Muellbauer [1977] has
shown, if the m’s are the same for all goods, the Engel procedure will
be correct), there are important types of behavior that it cannot ac-
commodate. In particular, if the reference household does not con-
sume the good, neither will the household with children except
through the operation of substitution effects. Childless households do
not use diapers or baby foods while households with small children
do. This is not consistent with the Barten formulation except under
extremely farfetched assumptions about substitution. Gorman’s
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(1976) modification solves this problem by adding fixed costs of chil-
dren to the Barten cost function. Hence, the Gorman-Barten model
has the cost function

x = clu, pymi(a), pomo(a), . . ., pomy(a)] + 2 pinia), (19)

where the »’s are fixed costs associated with the demographic vector a.
For the reference household, without children, all #’s are zero just as
all m’s are unity. Note that, with all m’s unity but nonzero »’s, the
Rothbarth procedure is correct provided that goods with zero n’s are
taken to be the pure adult goods.

Consider the application of the Rothbarth and Engel procedures to
a two-good food/nonfood model when the Gorman-Barten model is
in fact correct. Let good 1 be food and good 2 be nonfood, with the
latter (falsely) taken to be the adult good in the Rothbarth procedure.
To get sharp results, we make some plausible assumptions: (i) m; = 1,
mg = 1, and m;/my = 1; that is, children consume both goods but have
a relatively heavy food requirement. (i) Good 1 is a necessity, and its
compensated own-price elasticity is less than unity in absolute value.
(ii)) For any utility level » and prices p; and ps the effect of more
children on the fixed costs n; and 7y is to increase the food share. We
state this more precisely later but note that the assumption will be
satisfied if ny > 0 and ny = 0.

We write the derivatives of the first term on the right-hand side of
(19) as m;(a)h,[u, pymi(a), pams(a)], for ¢ = 1, 2, so that the demand
functions are written as

g = ni@) + mya)hu, pym(a), pamo(a)]. (20)

The budget shares of each commodity can be derived from (20), and
we shall use the notation o (u, p, pg, n1, ng) for the food share at prices
p1 and py and fixed costs n; and ng. Assumption iii above can be
restated to say that, if a' differs from a° in having more children, then
we must have

oilu, p1, pe, ni(a'), no(@')] = o1lu, pi, po, (@7, ne@”)].  (21)

In other words, children are relatively food intensive in the fixed
costs, n, as well as in the “scaling” coefficients m.

Given the three assumptions, it is now straightforward to show that
the true equivalence scale, E, say, lies between the Rothbarth and
Engel scales. Consider first the case in which the Engel compensation
is paid for a change from a’, the reference demographic vector, to a',
where a' contains more children than a® does. Let the reference utility
level be «° and the utility level of 4 after receiving the payment be «*.
We show that «* is greater than 1Y, that is, that the household has been
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overcompensated. By the definition of the Engel procedure, u” is

defined by
0'l[uEa mlpl: m2,b2, nl(al)y n?(al)] = o-l(uo’ ph PQ, 0: O) (22)

since for the reference household the m’s are unity and the »’s zero.
But by assumption iii,

o1[u”, mipy, mops, n1(a'), ne(a')] = o1(uf, mipy, mopo, 0, 0).  (23)

The share functions are homogeneous of degree zero in the prices so
that the right-hand side of (23) can be written as

o1, mypy, maps, 0, 0) = Ul[uE, (%;)”1’ 52,0, 0] (24)

= O'I(U/E, pl’ pg, O, O), (25)

where the last inequality depends on (m;/ms) = 1 by assumption i and
on the price inelasticity of food demand, assumption ii. Combining
(22), (23), and (25) and following the chain of inequalities gives

0'1(u0, pla pg, O, 0) = 0'1(uE, f)l, j)g, 0, 0) (26)

By Engel’s law, assumption ii, this inequality implies that « is less than
u” so that the Engel procedure overcompensates.

The argument that the Rothbarth procedure undercompensates
the Gorman-Barten procedure is more straightforward and requires
fewer assumptions; in particular, assumption iii can be replaced by
the much weaker one that ny = 0. If the post-Rothbarth compensation
utility level is 17, we have

moho(UR, pimy, pame) + na = ho(u®, p1, po). 27)

But since m;/mg = 1 and the effective relative price of food is higher
for the larger family, we have

moho(ul, prymy, pame) = moho(u®, p1, po) (28)
= ho(u, p1, p2) (29)

since me = 1. Hence, comparing (27) and (29), we have

ho(u, p1, pa) = ho(u®, py, p2) + na. (30)

Since ny = 0 by assumption and since good 2 is normal by Engel’s law,
(30) establishes that «° = «F, that is, that the Rothbarth procedure is
insufficiently generous.

Figure 3 illustrates both points for the case ofmy =mme =1,ny =
n, and ny = 0. The vertical axis, as before, is ¢o, the adult good, while
the horizontal axis is “effective” food consumption ¢ = (g, — n)/m.
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Fi1c. 3.—Gorman-Barten, Rothbarth, and Engel compensation

The budget line [] is the constraint for the reference household, with
the original position at S on the indifference curve «°. The additional
child has two effects: (i) good 1 becomes relatively more expensive,
rotating the budget line through an angle «, and (ii) the budget con-
straint shifts inward because of the fixed cost element for the first
good. Line KL is the new position, with choice at A on u'. The curve
OABCD is the expansion curve and is convex by Engel’s law. If we
follow it upward, point B restores the consumption of good 2 to its
original level so that KM is the Rothbarth compensation. At C, the
original indifference curve is reached, so that KN is the true Gorman-
Barten compensation. Clearly KN > KM. The Engel compensation is
calculated by restoring the original ratio of (uncorrected) g to ¢,. Let
this ratio be 0 so that, if n = 0 (i.e., the pure Barten case), the Engel
compensation is calculated by finding the point at which the ray
through O with slope m6 cuts the expansion curve OABCD (i.e., at
point E) so that compensation is KR. Note that the angle o, the differ-
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ence between 0 and 0m, is the same as the difference in slopes between
the original and new budget lines IJ and KL. When = is positive, the
tood share is restored to its original value along the line QD, with
compensation equal to KP, which is larger than KR (the Engel com-
pensation when the Barten model is true), KN (the true Gorman-
Barten compensation), and KM (the Rothbarth compensation). The
compensation ordering depends on the limited substitution in the
original indifference curve so that, in particular, the angle SOE is less
than o.

IV. Summary, Conclusions, and Recommendations

In the previous section we discussed in some detail the foundations of
two leading methods for calculating child costs, and we compared
them with a much more general model. We argued that the Engel
model is likely to overstate child costs and the Rothbarth model to
understate them. Indeed, if the true technology of child costs can be
represented by Barten’s model as modified by Gorman, then, under
plausible assumptions, the correct measure can be shown to lie be-
tween the Rothbarth and Engel measures. In practical applications,
however, it will always be extremely difficult to estimate the parame-
ters of the Gorman-Barten model, and the Rothbarth and Engel
methods are likely to have continued popularity, if only on computa-
tional grounds. It is therefore important to try to assess which, if
either, is likely to give a satisfactory approximation.

From the discussion in Section ITID, it is easily checked that the
tollowing are true: (a) The Rothbarth model gives the correct answer
if (i) no = 0 and me = 1 so that there are no fixed costs for the adult
(nonfood) good, and (ii) children exert no pricelike substitution ef-
tects between the two goods. Condition ii requires either that the
Barten-type effects be absent altogether (i.e., m; = 1) or that there be
a zero elasticity of substitution between adult and child goods. (b) If
there are no fixed costs, the Engel method will give the correct answer
if either m; = mo, so that there are no child-induced substitution
effects, or the compensated price elasticity for good 1 (food) is
(minus) unity. With mi/me > 1 and with the demand for food price
inelastic, the Engel method can be correct only if the fixed child costs
for good 2 are larger than those for good 1.

The conditions in b make little sense, and none of them is likely to
be satisfied. Conditions a are more plausible, at least in certain con-
texts. In particular, for poor households close to subsistence, the com-
pensated price elasticity of food as a whole is likely to be very close to
zero. The condition that there be no child fixed costs or scaling factors
for the adult good simply requires that the adult good be correctly
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identified as such. However, in our food/nonfood applications above,
there are presumably some child requirements for nonfood items, for
example, clothing. Nevertheless, it may be possible to deal with this by
a correction to the Rothbarth scale if the latter is not too far out.
Equation (27) gives the relationship between the original utility level
and that after compensation according to Rothbarth. If the left-hand
side of this is expanded around the point u = % m; = my = 1,
utilities replaced by their income equivalents, and use made of the
homogeneity property of substitution elasticities (i.e., that p;h;o +
poho2 = 0, where h; is the derivative of the demand for ¢ with respect
to the price of j), then we obtain

E~pFp+T2— L m o, (31)

€2 g2e2 24

where ey is the total expenditure elasticity of good 2, s is its compen-
sated price elasticity, E is the true scale, and Ey is the Rothbarth scale.
As argued, we can assume the price elasticity to be very small for
consumers close to subsistence. The expenditure elasticity can be di-
rectly estimated and is typically around two for the surveys used
above. The expression ms — 1 + (ng/gs) is the amount of nonfood that
is “diverted” from adult to child use. If we take a generous view, we
might assume that each child gets half as much of good 2 as he would
were he an adult. This would mean that one child with two parents
would account for one-fifth of nonfood expenditure, and two chil-
dren with two parents would account for one-quarter. The corre-
sponding corrections to the Rothbarth scales would then be .10 and
.125. Applying these to table 2 would suggest that child costs are 30—
40 percent of expenditure per adult, figures that seem to us to be
both appropriate and defensible.

Note too that these are estimates for Sri Lanka and Indonesia or for
countries at similar levels of development, and such corrections to
food-based measures would not be appropriate for developed coun-
tries where children bring heavy nonfood expenditures. We have also
made no allowance for the consequences of children on adult leisure,
and though such effects are probably quite limited in poor countries,
they are likely to be of major significance in countries such as the
United States. However, our conclusion that the Engel method is not
well based applies in general, and the Rothbarth method with correc-
tions for substitution effects is much to be preferred in any context.
We can construct no plausible defense for the belief that the food
share correctly indicates welfare between households of different size,
and we do not believe that credence should be given to estimates
based on that belief.

We conclude with a warning about the possible misuse of the sort of




742 JOURNAL OF POLITICAL ECONOMY

measures we have calculated in this paper. One major use of equiva-
lence scales is to make comparisons of welfare between households of
different sizes. But ultimately, welfare comparisons must be based on
the welfare levels of individuals, not of households. The measures in
this paper tell us about the effects of children on adult welfare, but
they do not tell us about the welfare levels of the children themselves.
Indeed, we doubt that household expenditure data in anything like
their traditional form can tell us very much about the relative welfare
levels of adults and children. One possible assumption is that every-
one in the household shares the same welfare level, and this would
enable comparisons of welfare or inequality with individuals as the
basis of analysis. However, there are cases in which such an assump-
tion would be clearly inappropriate, for example, in societies in which
women and children are treated as the chattels of a dominant male. In
such a society, it might be argued that only adults or only males
should count in analyzing welfare. We cannot resolve such issues
here, and we are concerned only to point out that the results given
above do not attempt to do so.
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