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1 In tro duction

Supposethat after careful thought, a parent reports that she is willing to pay
up to $100to save her child from one day of cold symptoms.1 How can we use
her answer and those of other parents to analyze the bene�t of public projects
that a�ect child health? Would it make senseto calculate the expectednumber
of child days of cold symptoms that a project would prevent and to multiply
this number by the averagewillingness to pay of a sampleof parents?

But if a child has two parents, maybe we should value the child's health at
the sum of the two parents' willingness to pay. Or, if the two parents' answers
di�er, perhaps we should use the maximum or perhaps the minimum of their
two answers. And what of the child's own valuation on improved health? Why
shouldn't we count that as well? To answer questions like these, we need to
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1A seriesof carefully conducted studies have asked questions similar to this. Viscusi, Magat
and Hub er [25] interview ed individual parents who were asked their willingness to pay for
hypothetical \safer" insecticides and toilet cleaners that would reduce health hazards for their
children by speci�c amounts. Liu et al [16] found that a sample of Taiwanese mothers were
willing to pay an average of about US $57 to avoid a cold for one of their children and about
$37 to avoid a cold for themselves. (An earlier study by Alb erini et al [1] asking Taiwanese
adults about their willingness to pay to avoid colds for themselves found very similar values.)
Dickie and Ulery [11] asked parents about their willingness to pay for the reduction of cold
symptoms for a single child and for themselves. Dickie and Gerking [10] surveyed individual
parents, asking their willingness to pay for a hypothetical sunscreen that reduced risk of skin
cancer by a speci�ed amount.
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step back and examine the logic of bene�t-cost analysis as applied to families
in which someindividuals care about the well-being of others.

2 What Can Bene�t-Cost Analysis Do?

Without explicit instructions about how to compareone person'sbene�ts with
those of another, we can not expect bene�t-cost analysis to tell us whether a
public project should or should not be adopted. The best we can hope for
from bene�t-cost analysis is to learn whether a project is potential ly Pareto
improving. To seewhy this is so, it is useful to revisit a device found in Paul
Samuelson'sbeautiful 1950paper, \Ev aluation of the Real National Income[23].
Samuelson intro duceswhat he calls \the crucially important utilit y possibility
function" to help us understand the logic of bene�t cost analysis.

Considera communit y with two people. A possibleproject would producea
public good valuedby both persons.In order to produceit, communit y members
will have to reduce their total consumption of private goods. If the project
is not implemented, then alternativ e divisions of the total quantit y of private
goods will determine di�eren t utilit y distributions. Thesepossibledistributions
generatea \utilit y possibility frontier" as described by the curve UP in Figure
1.

Figure 1: Utilit y Possibilities and Bene�t Cost
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If the project is implemented there will be lessprivate goods to bedistributed
betweenthe two people,but each will enjoy a higher level of public goods. This
will generate a new utilit y possibility frontier UP 0. Becausethe curves UP 0

and UP are not \nested" there is not an obvious way to determine which is the
better situation. Someutilit y distributions are attainable only if the project is
not implemented and others are attainable only if the project is implemented.
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Supposethat we know that we know that if the project is not implemented,
then the utilit y allocation will be the point A in the graph. We seefrom the
�gure that the curve UP 0 contains points above and to the right of A. This
implies that it is possibleto produce the public good and to divide its costs in
such a way that both individuals are better o� than they were at A. When this
is the case,we say that the project is potentially Pareto improving. Stating this
formally:

De�nition 1 A public project is potential ly Pareto improving if it is possible
to implement the project and to distribute its costs in such a way that in the
resulting allocation some community member(s) are made better o� and none
are made worse o�.

In a suitably simple economy, bene�t-cost analysiscan determine unambigu-
ously whether a project is potentially Pareto improving. One such \suitably
simple economy" is the following: A possiblepublic project producesa public
good that bene�ts several individuals and harms none.2 The economy has a
single pure private good.3 Implementing the project requires the input of a
known amount of private goods.

If individuals are sel�sh, the logic of bene�t-cost analysis in this economy is
very simple. An individual's \willingness-to-pay" for the project is de�ned to
be the maximum amount of private good that shewould be willing to sacri�ce
in order to enjoy the bene�ts of the public goods provided by the project. The
bene�t-cost test comparesthe sum of all individuals' willingnesses-to-pay for
the project to its cost. It is quite easy to seethat for this simple economy,
the sum of individual willingnesses-to-pay exceedstotal cost if and only if the
project is potentially Pareto improving.4

The relation betweenbene�t cost analysisand potential Pareto improvement
becomesmorecomplexwhensomeof the bene�ciaries arechildren who are loved
and supported by parents, and even more complex if the parents care about
each others' happiness. In this paper, we try to untangle the logic of these
attachments a few strings at at time.

2 It is not hard to extend these principles to an economy where some individuals bene�t
and others are harmed. But this simpler model su�ces to illustrate the principles.

3The single-good assumption is appropriate in a multi-go od economy if adopting and paying
for the pro ject does not result in changes in the relativ e prices of the priv ate goods.

4 If the sum of willingnesses to pay exceeds total cost, then it is possible to pay for the
pro ject while assessingno individual a share of the cost smaller than her willingness to pay.
Implemen ting the pro ject and paying for it with any such assessment constitutes a Pareto
impro vement. Conversely, if the pro ject is potentially Pareto impro ving, there is a way to
assessthe costs of the pro ject so that nobody is worse o� after the pro ject is implemented.
Each individual's assessment would, by de�nition be smaller than his willingness-to-pa y. Since
these assessments add to the cost of the pro ject it follows that the pro ject would pass the
bene�t-cost test.
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In order to extend the principles of bene�t-cost analysisto a family, we need
to specify and apply a theory of householddecision-makingfor that family. Of
coursethe world is �lled with a great variety of family structures, which di�er
in membership and in the distribution of decision-makingauthorit y. As we will
see, the prescriptions for bene�t-cost analysis can vary signi�cantly with the
family type.

As we extend bene�t-cost analysis to multi-p erson households,we face the
question of how to reinterpret the criterion of potential Pareto improvement.
This paper takes the position that the government is not able to intervene in
the distribution of private goods within the households. Thus we consider a
project to be potentially Pareto improving if and only if there is a way to assign
the coststo families sothat giventhe householddecision structure in each family,
no individual is made worseo� and at least one is made better o�.

3 A Single-P arent Household

Supposethat an economy is madeup of householdsconsistingof a singleparent
and a dependant child. Assumethat each parent caresabout her own consump-
tion and her child's health and consumption and is sel�sh with respect to those
outside her household.Assumealsothat children careonly about their own con-
sumption and health. Considera government project that usesprivate goods as
inputs and producesa public good which increasesthe health of children. How
can we determine whether or not the project is potentially Pareto improving?

Let each parent's utilit y function take the form:

U (x; v(k; h)) (1)

where x and k are the amounts of private goods consumedby the parent and
the child respectively and h is a measureof the child's health. The child has no
income and receives consumption goods only from its parent. The parent has
an after-tax income, m which sheallocatesbetweenher own consumption and
that of her child.5 Then, contingent on the child's health being h, the highest
utilit y that a parent can achieve with after-tax income m is

U � (m; h) = max
x + k � m

U (x; v(k; h)) : (2)

Considera public policy that would increaseher child's health from h to h0. We
will de�ne the parent's willingness-to-pay for the project to be W , where W is
determined by the equation

U � (m � W; h0) = U � (m; h) (3)

5A more general model could allow the parent to allocate some priv ate goods directly
toward impro vement of the child's health.
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De�nition 2 If the sum of all parents' wil lingness-to-pay for a project exceeds
the cost of the project, it is said to passthe bene�t-cost test for parents.

We can show that if a project fails the bene�t-cost test for parents, then it
is not potentially Pareto improving. To say this in another way:

Remark 1 In an economy with single-parent households,if a project is poten-
tial ly Pareto improving, then it must pass the bene�t-cost test for parents.

The proof is simple, but instructiv e. If the project is potentially Pareto
improving, it must be possibleto implement the project and to assignits costs
it in someway so that no parent is worseo� and at least one is better o� than
if the project is not implemented. Supposethat a project fails the bene�t-cost
test. Then in order for the project to be funded, someparent must be assessed
a cost greater than her willingness to pay. Since the parents have complete
control of their family incomes,this meansthat the parent who is forced to pay
more than her willingness to pay for the project will be worseo� if the project
is implemented. Therefore the project cannot be potentially Pareto improving.

From Remark (1), we seethat even though the Pareto criterion accounts for
the well-being of children, it would be misguided to measurebene�ts by adding
the value that children placeon their own health to the valuesthat their parents
place on it. Adding children's valuations to those of their parents would lead
to acceptanceof projects that do not passthe bene�t-cost test for parents and
which are therefore not potentially Pareto improving.

The converseof Remark (1) is not in general true. That is, there may be
projects that passthe bene�t-cost criterion for parental preferences,but which
do not allow a Pareto-improving reallocation in which the well-being of children
as well as parents is (weakly) improved. This is not very surprising, especially
sinceit hasnot beenassumedthat parents agreewith their children about what
is good for them. But, more remarkably, the conversefails to be true, even if
parents and children share the samepreferencesover alternativ e combinations
of child consumption and child health.

Parent's preferencesare said to be benevolentif the parent's preferencesover
the child's consumptions coincide with child's.6 Stated more formally, we say
that

De�nition 3 A parent's preferences are benevolentif the parent's utility func-
tion is Ui (x i ; vi (ki ; hi )) where vi representsthe child's preferences.

Even if parents have benevolent preferences,it is possiblethat someprojects
that passthe bene�t-cost test parental preferenceswill lead to outcomesthat

6Though this usageis common in welfare economics, those who have beenparents and those
who have been children will recognize that parents who are \b enevolent" by this de�nition
would not always act in the best long-run interests of their children.
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are worse for somechildren. This can happen becausethe child's health may
be such a strong substitute for the child's income that with a healthier, the
parent will reducethe amount of consumption goods transferred to the child by
so much that the child is actually worseo� after the transfer than before.

Figure 2: Parent's Consumption and Child's Utilit y
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This e�ect is illustrated in Figure 3. The curveslabeledUP and UP 0 shows
combinations of parents' consumption and child's utilit y that are possiblebe-
fore and after a project is implemented. The point A on UP represents the
preferred point of the parent if the project is not implemented and the point B
on UP0 represents the point preferred if the project is implemented. With the
indi�erence curves that we have drawn, the parent will prefer B to A despite
the fact that the child has a lower utilit y at B than at A. Notice that in Figure
3, the indi�erence curvesdrawn are consistent with parental benevolence,since
the parents always prefer higher v to lower. One could imagine, for example,
that for an impoverished family, an improvement in the child's health would
induce the parents to require the child to earn its own food. Under these cir-
cumstances,despite their benevolencetoward the child, the parents might favor
an improvement in child health that is accompaniedby such a large reduction
in income transfers to the child that the child is worse o�. Section 8.1 of the
appendix, presents an algebraicexampleof preferencesfor which this is the case.

4 Lovebirds without Kids

Archie and Bessare a couple. They careabout their own consumption of private
goodsand their own health. They alsocareabout each other's happiness.Archie
and Bessspend a good deal of time together and so each has becomea good
judge of the other's happiness,though this information arriveswith a brief lag.
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Let xA (t) and xB (t) be expenditures on consumption, and let hA (t) and hB (t)
be measuresof health for Archie and Bessrespectively at time t.

Archie's happinessat time t is determined by the function

UA (t) = vA (xA (t); hA (t)) + aUB (t � 1) (4)

and Bess'shappinessis determined by the function

UB (t) = vB (xB (t); hB (t)) + bUA (t � 1): (5)

Elsewhere [4] and [6], I show that this dynamical system is stable under
plausible dynamics if and only if ab < 1. As these earlier papers explain,
this stabilit y condition limits the mutual intensity of their care for each other's
happiness.

The government is considering a women's health project that will improve
Bess'shealth by a known amount �. Archie and Bessare separatelyinterviewed
about their willingness to pay for this improvement. Bessrealizes that if her
health improves, this will have a direct e�ect on her happiness,which Archie
will observe and enjoy, which in turn will make Bess herself happier, and so
on ad in�nitum . Can either Bess or Archie extract a reasonableanswer to
the interviewer's question from the blur of re
ected happinessin this hall of
mirrors?7

Equations (4) and (5) can be \in verted" to determine more conventional
utilit y functions that depend only on the consumption and health of Archie and
Bess. If consumptions and health levels are constant over time, equations (4)
and (5) determine a time path of utilities for Archie and Bessthat convergesto
equilibrium values. To �nd theseequilibrium values,we set UA (t) = UA (t � 1),
UB (t) = UB (t � 1) in Equations (4) and (5) and solve. Then U �

A (xA ; xB ; hA ; hB )
and U �

B (xA ; xB ; hA ; hB ) are the equilibrium utilities that result from the con-
stant outcome (xA ; xB ; hA ; hB ). Theseutilit y functions are as follows:

U �
A (xA ; xB ; hA ; hB ) =

1
1 � ab

(vA (xA ; hA ) + avB (xB ; hB )) (6)

and
U �

B (xA ; xB ; hA ; hB ) =
1

1 � ab
(vB (xB ; hB ) + bvA (xA ; hA )) (7)

Let us call vA (�) and vB (�) the private utility functions of Archie and Bess
respectively and let us call U �

A (�) and U �
B (�) their social utility functions. We

assumethat Archie and Bessare able to untangle their a�ections so as to �nd
private and social utilit y functions as in Equations (6) and (7). There remain
some tric ky questions to answer. If know that their social utilit y functions

7Miles Kim ball [15] suggested the hall-of-mirrors metaphor.
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take this form, how can we useArchie's and Bess'sreported valuations for im-
provements in Bess'shealth in a bene�t-cost analysis? To answer this question,
we need some assumptions about the way that Archie and Bessmake family
decisions.

4.1 Arc hie the Dictator

Gary Becker's famous \Rotten Kid Theorem" [2] operates on the assumption
that family decisionsare determined according to the preferencesof a single
benevolent householdmember.8 Although this assumption is politically incor-
rect and, I believe, descriptively inaccurate for modern Western households,it
remains worth studying for at least two reasons. First, the simplicit y of this
model makesit an instructiv e placeto develop intuition and understanding that
can be extended to other environments. Indeed sincealmost all economistsin-
terested in the economicsof the family have cut their teeth on Gary Becker's
patriarchal family [2], this model has becomea benchmark against which alter-
native theories need to be tested. More importantly , not all of the households
that interest us are modern and Western. Someof the most important appli-
cations of bene�t cost analysis to public health programs are likely to concern
traditional societies and highly patriarchal societies.

Assume that Archie has no direct control over his own health or that of
Bess,but he is able to determine the amount of consumption expenditure that
each receives, subject to a budget constraint. Then he choosesxA and xB to
maximize his social utilit y function

UA (xA ; xB ; hA ; hB ) = vA (xA ; hA ) + avB (xB ; hB ) (8)

subject to the budget constraint xA + xB = M , where M is the family income.
For given health levels and family income, the possible distributions of the
private utilities, vA and vB are points lying on or below the curved line in
Figure 4.1. Archie's indi�erence curves over these possible distributions will
be straight lines with a slope of � 1=a and his preferred distribution of private
utilities will be at the point marked A �

Supposethat bene�t-cost analysts interview Bessand ask her the following
questions.

B.1 What is the largest amount of your personalconsumption that you would
be willing to give up in order to improve your health by � units?

8 In Becker's treatmen t, although Arc hie is benevolent, Bess is sel�sh. I think he chose to
do this not out of misogyny, but becausehe wanted to avoid the hall-of-mirrors complications
of mutual a�ection.
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Figure 3: Utilit y Possibilities

vA

vB

A �

B.2 Given the way that Archie allocates income in your family, what is the
largest amount of family income that you would want to give up in order
to improve your health by � units?

Let us also supposethat they interview Archie and ask him:

A.1 What is the largest amount of family incomethat you would be willing to
give up in order to improve Bess'shealth by � units?

When will the answers to thesequestionsbe di�eren t and when will they be
the same?And how should we usethe answers in bene�t-cost analysis?

A Harmonious Case

Let us assumethat Archie and Bessboth havepositivebut diminishing marginal
utilit y9 for their own consumptionof private goodsand that Bess'sprivate utilit y
function is of the special form,

vB (xB ; hB ) = f B (xB + khB ) (9)

9We have assumed that utilit y functions are additiv ely separable between Arc hie's and
Bess's priv ate utilities. In the additiv e form, the v functions are unique up to positiv e a�ne
transformations. The prop erty of diminishing marginal utilit y for priv ate consumption there-
fore has operational content in that it is preserved under all positiv e a�ne transformations.
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where k is a constant and where the function f B (�) displays positive but dimin-
ishing marginal utilit y. In this caseArchie and Besswill be in perfect agreement
about the value of an improvement in Bess'shealth. Bess'sanswer to question
B.1 be will be the sameas her answer to B.2 and also be the sameas Archie's
answer to question A.1.10 In order to determine whether the health project is
Pareto improving, a bene�t-cost analyst could usethis answer to represent the
whole family's willingness to pay.

Remark 2 If Archie and Bess both have diminishing marginal utility for pri-
vate goods, if Bess's utility function is of the form vB (xB ; h) = f B (xB + khB )
and Archie choosesthe distribution of family income between private goods for
himself and for Bess, then all three questions,B.1, B.2, and A.1 havethe same
answer, which is k� . If the health project is implemented and Archie and Bess
pay any amount lessthan k� , both wil l be better o� if the plan is implemented.
If they must pay more than k� ,then if it is implemented, at least one of them
wil l be worse o�.

It is easyto seethat Bess'sanswer to question B.1 must be k�. If shegives
up p < k� of her own consumption and her health increasesby �, the net e�ect
is to increaseher private utilit y and if shegivesup exactly p = k� her private
utilit y remains unchanged.

If the family spends p to improve Bess'shealth by �, Archie will allocate
private consumption betweenhimself and Bessby choosingxA and xB to maxi-
mize his utilit y, vA (xA ; hA )+ af B (xB + khB + k�), subject to the constraint that
xA + xB = M � p. If we de�ne yB = xB + hB + k�, then we can restate this max-
imization problem as the equivalent problem: Maximize vA (xA ; hA ) + af B (yB )
subject to xB + yB = M + kh + (k� � p). If the project is implemented and
the family pays p, the net e�ect is seento be the same as that of increasing
Archie's budget by k� � p. Thus Archie would be willing to pay any amount
p up to k� for the project. Therefore Archie's answer to Question A:1 is k�,
which is the sameas Bess'sanswer to B :1. Since we have assumedthat both
spouseshave diminishing marginal utilit y of private consumption, it also true
that an increase(decrease)in Archie's budget results in an increase(decrease)
in both xA and yB and hencein Bess'sprivate utilit y. Therefore Bess'sanswer
to Question B.2 is also k�.

Generous Arc hie?

With the utilit y function described in the previous section, Archie will agree
to spend family funds on Bess'shealth if and only if she would be willing to
pay for the increaseentirely out of her own consumption. But if Bess'sprivate

10 This will be true for any positiv e a, that is, even if Arc hie is very sel�sh, so long as he
cares a little about Bess's well-b eing.
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utilit y function takesthe additiv ely separableform, vB (xB ; hB ) = f B (xB )+ khB

whereArchie and Besshavediminishing marginal utilit y of private consumption,
Archie will be willing to \share the cost" of an improvement in Bess'shealth.
In this case,Archie's answer to Question A.1 is greater than Bess'sanswer to
Question B.1 and equal to Bess'sanswer to B.2.

More generally consider the casewhere Archie considersBess'shealth and
her consumption to be complements, where complementarit y is de�ned as fol-
lows.

De�nition 4 Person A regards the health and consumption of Person B as
complements if for any distribution of consumption between A and B , an in-
crease in Person B's health does not reduce A's marginal rate of substitution
between B 's consumption and A's consumption.

A proof of the following result can be found in the Appendix.

Remark 3 If Archie and Bessboth havediminishing marginal utility for private
goods and if Archie regards Bess'shealth and consumption as complements,then
Archie's wil lingness to pay for an improvement in Bess's health exceeds the
amount that she would be wil ling to pay for this improvement out of her own
consumption.

In the example discussedin Remark 2, Bess'shealth and consumption are
not complements but substitutes. In this case,if Bess'shealth improves,Archie
reducesthe amount of consumption goods that she receives so as to leave her
private utilit y unchanged. It is possiblehowever, even where Archie is benev-
olent, that an improvement in Bess'shealth would induce him to reduce her
allocation of consumption goods by so much that she is left worse o� than he
would chooseher to be if shewere lesshealthy. This is a casewhere he regards
her health and her consumption as very strong substitutes. The example that
we discussedin Section3, wherean improvement in child health led the benevo-
lent parent to choosean outcomethat is worsefor the child can be reinterpreted
to illustrate this case,with Archie cast in the role of parent and Bessin the role
of child.

5 Non-dictatorial Outcomes

In modern Western societies, we do not expect either adult member of an ordi-
nary householdto have dictatorial power over the allocation of private goods.
We consider two alternate theories of household allocation. One of these is
a bargaining model in which the Nash cooperative bargaining solution to the
householdenvironment. The other is a model in which Archie and Bessreach
unanimous agreement on outcomesbasedon a sharednotion of fairness.
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5.1 Fairness Norms and a Household Welfare Function

Supposethat in the courseof their relationship, Archie and Bessbuild a mu-
tually agreednotion of \household fairness" which governs their decisions. As
Samuelson[24] suggests,this consensusmight be expressedby meansof a house-
hold \social welfare function which takesinto account the deservingnessor eth-
ical worths of the consumption levelsof each of its members." We could reason-
ably assumethat this social welfare function would be an increasing function
of each member's social utilit y as de�ned in Equations (6) and (7). Thus the
householdwelfare function would be of the form

W
�
U �

A (xA ; xB ; hA ; hB ); U �
B (xA ; xB ; hA ; hB )

�
: (10)

An appealing casecan also be made that the householdwelfare function should
be linear in its two arguments, so that we have

W
�
U �

A ; U �
B

�
= � U �

A + (1 � � )U �
B (11)

for some� between0 and 1.
A social welfare function with linear weights on individual social prefer-

enceswould be implied if the couple formed their ethical preferencesby "v eil-
of-ignorance" reasoningof the sort: \Ho w would you want to divide household
resourcesif there were an equal chance that I were you and you were me?"
Although this kind of ethical reasoningcan establish the existenceof a social
welfare function of the form of Equation (11), it is not su�cien t to determine
the parameter � that weights Archie's U �

A relative to Bess'sU �
B . For example,

our argument so far gives one no special reasonto think that � = 1=2 is more
\fair" than any other � between0 and 1. The scaling of the functions vA and
vB is arbitrary and if thesefunction are rescaled,then in order to preserve the
samehouseholdpreferences,the weight � would have to be altered.11 As they
cooperate with each other, Archie and Besswould needto develop a household
consensusthat determines the weight � that both regard as \fair". As Bin-
more [8] suggests,in the long run we might expect theseweights to be closeto
the weights that would sustain a Nash cooperative bargaining solution for the
household,sinceif there werea signi�cant and persistent di�erence, the partner
who could do much better with bargaining and threatening might defect from
the social consensusexpressedby the householdsocial welfare function.

Recall from Equations (6) and (7) that the social utilit y functions are them-
selveslinear combinations of the private utilit y functions, vA (xA ; hA ) and vB (xB ; hB ).
In particular, we have

11 Abram Bergson [3] intro duced the notion of a social welfare function for an entire society.
Harsanyi [14] prop osed ethical foundations for such a function. Binmore [8] suggested that
small, tigh tly-w oven groups lik e families, may evolve a concept of group fairness that is well
described by a household social welfare function.
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W
�
U �

A ; U �
B

�
=

�
1 � ab

�
vA (�) + avB (�)

�
+

1 � �
1 � ab

�
vB (�) + bvA (�)

�
(12)

Sincepreferencesdetermine utilit y functions only up to an increasingtrans-
formation, and since by assumption ab < 1, we have an equivalent household
welfare function if we multiply the expression(12) by 1 � ab. Doing this and
combining terms, we have

W = (� + b(1 � � )) vA (xA ; hA ) + (1 � � + a� )vB (xB ; hB ): (13)

If Archie and Bessshare a householdsocial welfare function, then the in-
terpretation of their answers to bene�t-cost questions is really easy. If money
is taken from householdincome to help pay for a public project that improves
Bess'shealth, they both agreeabout how the cost will be shared in terms of
their private consumption. Thus each of them would give the sameanswer to
the question \Ho w much would you be willing to pay for an increaseof � in
Bess'shealth?" The appropriate number for bene�t-cost analysts to use is the
number given by either of them. It would be a mistake to usethe sum of their
answers, since they both would agree that the sum as twice as much as they
would want to pay.

5.2 Bargaining Equilibrium

The pioneering work on models of householdbargaining was done by Marilyn
Manser and Murray Brown [19] and Marjorie McElroy and Mary Horney [20],
who proposedto model householddecision making with the Nash cooperative
bargaining model. In thesepapers, a marriage is modelled as a static bilateral
monopoly. A married couple can either remain married or they can divorce
and live singly. There is a convex utilit y possibility set S containing all utilit y
distributions (U1; U2) that could possibly be achieved if they remain married.
The utilit y of person i if he or she divorcesand lives singly is given by Vi . It
is assumedthat there are potential gains to marriage, which means that the
there are utilit y distributions (U1; U2) in S that strictly dominate the utilit y
distribution (V1; V2). These papers propose that the outcome in a marriage
will be the symmetric Nash bargaining solution where the \threat point" is
dissolution of the marriage with both personschoosing to live singly. According
to the Nash bargaining theory, the outcome in this householdwill be the utilit y
distribution (U �

1 ; U �
2 ) that maximizes(U1 � V1)(U2 � V2) on the utilit y possibility

set S.12 In this theory the outcome in a marriage is completely determined by

12 This expression is sometimes known as the Nash product. John Nash [21] prop osed a set
of axioms for resolution of static two-person bargaining games such that the only outcomes
that satisfy the axioms maximize the Nash product on the utilit y possibilit y set.
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the utilit y possibility set and by the position of the threat point, (V1; V2). This
theory has the interesting prediction that social changesthat a�ect the utilit y
of being single will a�ect the distribution of utilit y within the householdand
hence may change household spending patterns, even if they have no e�ect
on the budget of the household,while changesin the apparent distribution of
earned income within the householdwill have no e�ect on the distribution of
utilit y in the householdif they do not changethe threat point from being single.

Shelly Lundberg and Robert Pollak [18], [17] proposean alternativ e Nash
bargaining model. They suggestthat for many marriages the relevant threat
point for the Nash bargaining solution should be not divorce, but an \uncoop-
erative marriage" in which spouseswould revert a \division of labor basedon
socially recognizedand sanctioned gender roles." The Lundberg-Pollak model
makes predictions that di�er signi�cantly from the divorce-threat model. For
example,in the Lundberg-Pollak model, if government child-allowancesare paid
to mothers rather than to fathers, the threat point shifts in favor of the moth-
ers. Accordingly, the outcomes of cooperative bargaining within households
are likely to be more favorable to women. By contrast, in the divorce-threat
model, changing the nominal recipient of welfare payments when the couple is
together will have no e�ect on the householdoutcomesif there is no change in
the bene�ciary in the event of a divorce.

To many married personsit seemsunlikely that coupleswould resolve dis-
agreements about ordinary householdmatters by negotiating under the threat of
divorce. If onespouserejects the other's proposedresolution to a householddis-
pute, the expected outcome is not a divorce. More likely, there would be harsh
words and burnt toast until another o�er or countero�er is made. It might even
be that if the couplewereto persist forever in in
icting small punishments upon
each other, it would be worse both of them than a divorce. Nevertheless,the
divorce threat may not be credible becausedivorce imposeslarge irrevocable
costson both parties, while a bargaining impasseneed last only as long as the
time betweena rejected o�er and acceptanceof a countero�er.

Nash'saxiomatic approach to cooperative bargaining givesus no direct guid-
anceabout the appropriate threat points for bargaining in a marriage. But use-
ful insight can be gained from Ariel Rubinstein's [22] model of noncooperative
bargaining with alternating o�ers. Ken Binmore [7] extended the Rubinstein
model to the casewhere each bargaining agent has accessto an \outside op-
tion". Binmore's model is like the Rubinstein model, except that each person
has the option of breaking o� negotiations at any time and receiving a payo� of
the value of an outside option.

The Rubinstein-Binmore model, asapplied to marriage lendsformal support
to the Lundberg-Pollak notion of bargaining. The non-cooperative bargaining
model predicts that householdoutcome will either be the Nash bargaining so-
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lution in which the threat point is delayed agreement and burnt toast so long
as this Nash solution is better for both than divorce. Thus the divorce threat
will in
uence the outcome only if the bargaining solution reached under the
threat of burnt toast is worse than divorce for one of the partners. In casethe
divorce threat is relevant, one partner enjoys all of the surplus and the other is
maintained at a point of indi�erence betweenbeing divorced and being single.

In our example with Archie and Bess,supposethat health levels are deter-
mined by public policy while the allocation of private goods is determined by
bargaining. Supposethat the utilit y that each would obtain in the absenceof
agreement dependson total householdincomeand on the health of each. Where
x is total householdincome, let us represent these\threat point utilities" by the
functions TA (x; hA ) and TB (x; hB ) The Nash bargaining theory predicts that
the outcomeof householdbargaining will be an allocation of private goods that
maximizes the Nash product

�
U �

A � TA
� �

U �
B � TB

�
: (14)

subject to the constraint that xA + xB = x
For �xed levels of health, the Nash product in Expression(14) works like a

utilit y function a householdutilit y function in the sensethat private goods are
allocated in such a way as to maximize this function. If a public health project
is implemented and their householdis taxed, the utilit y possibility frontier for
Archie and Besswill be altered and so will their threat points. The household
bargaining theory predicts a new allocation of utilit y. Neither Archie nor Bess
caresdirectly about the value of the Nash product, but only about his or her
own utilit y in the solution to the bargaining problem. Therefore they will in
generalnot agreeon their willingnessesto pay for a speci�c changein health.

Figure 4: Health and Bargaining

T 0

�
T

�E

E 0

UP

UP 0
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In a bargaining environment, not only is it possible that Archie and Bess
have di�ering willingness to pay for a public project. It may even be impossible
to get them to agreeto fund a project that strictly increasesthe set of possible
utilit y allocations.13 This can happen becausethe project may shift bargaining
power and/or the shape of the utilit y possibility frontier in such a way that the
bargaining outcome is worsefor oneof them, even though the project shifts the
utilit y possibility frontier strictly outward. This e�ect is is illustrated fairly in
Figure 5.2. The initial utilit y possibility frontier is shown by the curve UP and
the initial threat point is located at T. The point that maximizes the Nash
product (14) is labelled E . Now supposethat a public health project is intro-
duced and a �xed amount of tax is collected from the Archie-Besshousehold.
One result of the project and the tax is to shift the utilit y possibility frontier
outward from UP to UP 0. A secondresult is to move the threat point from T
to T0. Then the Nash bargaining theory predicts that the equilibrium outcome
for the family movesfrom E to E 0.

We seethat a curious thing has happened. The health project and asso-
ciated tax seemsto be an unambiguous boon for Archie and Bess,since their
utilit y possibility frontier moveseverywhere outward. But if the project is im-
plemented, the actual outcome in the household must be the corresponding
bargaining solution E 0 and aswe seein the diagram, E 0 assignsa smaller utilit y
to Archie than his utilit y in the initial equilibrium E. Therefore Archie would
opposethis change.

Thus if wecontinue to usethe bene�t-cost test to askwhether a public health
project is potentially Pareto improving, we would have to usethe minimum of
Archie's and Bess'svaluations to evaluate the bene�ts to this household.

6 Couples with Kids

After all this foreplay, it is time to bring a child into the Archie-Besshousehold
and contemplate how to apply bene�t-cost analysis to projects that improve
children's health. A natural starting point for this theory is to think of the
child's health as a \public good" that is valued by both Archie and Bess. Let
us assumethat Archie and Besscare about each others' happiness,as well as
the health and well-being of their child and about their own consumptions of
private goods.

Supposethat they have social utilit y functions of the form

U �
A (xA ; xB ; xC ; hC ) = vA

�
xA ; vC (xC ; hC )

�
+ avB

�
xB ; vC (xC ; hC )

�
(15)

13 Lundb erg and Pollak [17] apply similar reasoning to suggest that in the absenceof binding
contracts, married couples may not be able to make e�cien t household decisions about matters
that a�ect relativ e bargaining power.
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U �
B (xA ; xB ; xC ; hC ) = vB

�
xB ; vC (xC ; hC )

�
+ bvA

�
xA ; vC (xC hC )

�
(16)

wherexC is the child's consumption,hC is the child's health and wherevC (xC ; hC )
measuresthe child's well-being.

6.1 Father Arc hie Calls the Shots

Let us begin by considering the Beckerian assumption that Archie is dictator
of the allocation of private goods. Then given the level of child health hC and
family incomex, Charlie choosesthe consumption levelsxA , xB , and xC soasto
maximize Expression15subject to the family budget constraint, xA + xB + xC =
x. Archie's willingness to pay for a small improvement � in the health of the
child is approximately � times his marginal rate of substitution betweenchild
health and his own consumption. Assuming that he choosesto spend a positive
amount of the household income on the consumption goods for Beth and for
the child, Archie's marginal utilit y of consumption for the child is equal to
his marginal utilit y of consumption for himself and also equal to his marginal
utilit y of consumptionfor Bess.Therefore,Archie's marginal rate of substitution
betweenchild health and his own consumption is equal to his marginal rate of
substitution between the child's health and the child's own consumption. But
this marginal rate of substitution is seento be simply the ratio of the two partial
derivatives of the function vC (xC ; hC ) that measuresthe child's health. Thus
Archie's willingness to pay for a small increase� in the health of the child is
approximately

WA = �
�

@vC (xC ; hC )
@xC

�
@vC (xC ; hC )

@hC

�
: (17)

Thus Expression (17) is Archie's answer to the question \Ho w much money
would you be willing to pay for an increaseof � in the health of your child?"

Supposethat the child has the sameperception of its welfare as do its par-
ents and its preferencesare represented by the samefunction vC (xC ; hC ) that
appearsasan argument in the parents' utilities. If the child is questionedabout
the amount of consumption that it would be willing to forego for an increase
of � in its health, its answer would be � times its marginal rate of substitu-
tion betweenhealth and consumption. We seefrom Equation (17) that this is
precisely the sameas Archie's marginal rate of substitution betweenthe child's
health and family income. It follows that the child's answer would be the same
as Archie's.

We seemto have a kind of \Rotten Kid Theorem" here, but does it extend
to Bess? Given that Archie dictates the householdallocation of consumption
goods, how will Bessanswer the question \Ho w much of the householdincome
would you bewilling to surrenderto pay for an increaseof � in the health of your
child?" Bessrealizesthat if family funds are paid to support child health, the
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resulting changesin private consumption by family memberswill be determined
according to Archie's preferences.Given that Bessrealizesthis, the amount she
would be willing to have the family spend to pay for an improvement of � in
the child's health can be shown to be

WB = WA

�
@U �

B

@xC
�

@U �
B

@x

�
: (18)

whereWA is Archie's willingnessand where @U �
B

@x is the marginal utilit y of house-
hold income to Beth, given her knowledgeof how Archie will use it.

A simple calculation shows that

@U �
B

@x
=

@U �
B

@xA

dxA

dx
+

@U �
B

@xB

dxA

dx
+

@U �
B

@xC

dxC

dx
: (19)

where dxA =dx, dxB =dx and dxC =dx are the fractions of an incremental unit of
income that Archie would allocate to the three householdmembers.

From Equation (18) we seethat Bess'sanswer to the bene�t cost question
will exceedArchie's answer if her marginal utilit y for the child's consumption is
higher than her marginal utilit y for householdincometo be allocated according
to Archie's priorities. This would be the case,if for example,Archie's distribu-
tional preferenceslead him to allocate more private goods to himself and less
to the child than Besswould like him to.

Which is the appropriate answer to use for bene�t cost analysis? If we
stick to the modest aim of identifying projects that lead to potential Pareto
improvements and if Archie's willingness to pay is lower than Bess's, then we
are forced to value the bene�ts at Archie's willingness to pay, which is the
minimum of the two parents' answers. Using Bess'swillingness to pay might
also lead to a Pareto e�cien t outcome, but this outcome will not be Pareto
superior to the initial situation, sinceArchie will be worseo�.

6.2 Allo cation with A Household Welfare Function

If householddecisionsare made by a sharedhouseholdwelfare function as dis-
cussedin Section 5.1, then as in our previous discussion,the situation is very
simple. Archie and Besswould both agree in their rankings of possiblealter-
natives for the family. Each would give the sameanswer to the question \Ho w
much householdincomewould you be willing to spend for an improvement of �
in your child's health. The answer given by either of them would represent the
most that their householdcould pay in exchange for this gain without making
them worseo�.
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6.3 Allo cation with Div orced Couples

Supposethat after producing a child, Archie and Bessget a divorce. After the
divorce, they have little a�ection for each other, but both careabout the child's
well-being. Besshas custody of the child and they set up separatehousehold
accounts, with each of them having a separate income. The only way that
Archie can contribute consumption goods to the child is by giving money to
Bess,who can allocate it as shechoosesbetweenherselfand the child. Suppose
that Archie makesno voluntary payments to Bessbecauseonly a fraction of the
money that he givesher would be spent on the child's consumption.

In this situation, the appropriate measurefor bene�t cost purposeswould
be the sum of their two answers. If Archie is willing to pay an amount WA

and Beth an amount WB for an improvement of � in the child's health, then
both would bene�t from implementing the project if amounts PA < WA and
PB < WB are collected from the two parents. Thus their total willingness to
pay is PA + PB . In this case,a bene�t cost study that measuredbene�ts of a
child health project as the sum of the willingnessesto pay of a single parent for
each child would underestimate the value of the project.

6.4 What Ab out Grandparen ts and Aun ts and Uncles?

A child's parents are not the only people who care strongly about its health
and well being. Across almost all known societies, other closerelativesbesides
parents are intensely concernedabout the well-being of a child.

The theory of evolutionary biology givesus strong reasonto expect that this
must be true. The chancesthat our ancestorssurvived to reproducesuccessfully
dependednot only on the behavior of their own parents, but on the amount of
help they got from their grandparents, uncles and aunts. If behavior toward
one'snear relativesis inherited, then the fact that we are products of successful
evolution implies that humans can be expected to display signi�cant willing-
nessto care for their near relatives. In 1964, the great evolutionary biologist,
William D. Hamilton [13] developed a theory that o�ers a systematic quantita-
tiv e prediction of the extent to which individuals, on average,will care about
their relatives. This prediction has cometo be known as Hamilton's Rule.

Biologists de�ne the \coe�cien t of relatedness"betweentwo animals of the
same species to be the probabilit y that a rare \gene" found in one of these
animals will also appear in the other. For sexual diploids if mating is between
unrelated individuals, the coe�cien t of relatednessbetween two full siblings is
1/2, that between half-siblings is 1/4, that between an individual and a full
sibling's child is 1/4, that betweenfull cousinsis 1/8, that betweenparent and
o�spring is 1/2, that between grandparent and grandchild is 1/4, and so on.
Hamilton proposesthat natural selectionwould produce individuals who try to
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maximize inclusive �tness where inclusive �tness is de�ned to be a weighted
sum of one's own reproductive successand that of one's siblings, half-siblings,
and cousinsof various types,where the weights are coe�cien ts of relatedness.14

(Of course some care has to be taken to avoid double-counting of say, one's
children's �tness and that of one's grandchildren.)

Hamilton stated his rule as follow:

The social behaviour of a speciesevolves in such a way that in
each behaviour-evoking situation the individual will seemto value
his neighbor's �tness against his own according to the coe�cien t of
relatednessappropriate to the situation.

Hamilton's rule implies that when facedwith the option of sacri�cing c units
of its own reproductivesuccessin order to increasethe successof a relativewhose
coe�cien t of relatednessis k, by b units, the decision maker should make the
sacri�ce if it passesthe bene�t-cost test kb > c.

Should we add the willingness to pay of a child's grandparents and other
relatives to that of its parents? Or does this amount to double-counting as
we found to be the caseif we added the willingness to pay of its two parents
in an intact family? To answer this question in a really satisfactory way, we
would need a theory of decisionsfor extended families. In extended families
where transfers occur or are expected to occur between the grandparents and
the parents of a child, it might be arguedthat the family operatesunder a single
budget and that a parent's answersto questionsabout her willingnessto pay for
improvements in the child's health incorporate her understanding of the psychic
bene�ts this improvement will conferon the grandchildren and her beliefsabout
how the costsof this improvement would be sharedunder family transfers.

On the other hand, it seemslikely that in most Western families, adult sib-
lings have independent family budgetswith no signi�cant sidepayments between
families. In this caseit is appropriate for bene�t cost analysis to add the will-
ingnessto pay of a child's other relatives to that of its parents. As we argued
in the caseof a divorced couple, if changesin a child's health and in the tax
burdens of its relativesdo not otherwise a�ect the pattern of transfers between
relatives, then a public project that improvesa child's health and costs its rel-
atives lessthan the sum of their willingnessesto pay allows a potential Pareto
improvement.

14 More recent theoretical work [9] [12] [5] has shown that Hamilton's rule is strictly correct
only where the bene�ts and costs from interaction between relativ es tak e a linear form.
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7 Conclusion

We have tried to untangle someof the strings of familial a�ection in order to
give practical guidance for bene�t cost analysis. Some of these strings untie
relatively easily. For example, the members of a single-parent householdwill
not enjoy a Pareto improvement if the householdis assesseda cost greater than
the parent's willingness to pay. Thus adding willingness to pay of children to
that of their parents would lead a bene�t cost analysis to accept projects that
are not potentially Pareto improving.

Weshowed that with reasonablerestrictions, the re
ected happinessbetween
loving couples can be resolved into a well-de�ned household welfare function
over allocations. If the householdacts to maximize such a function, then the
willingness to pay stated by either parent is an appropriate measure of the
bene�ts to the entire household. If there are relativesoutside of the household
who alsohave signi�cant willingnessto pay, then a proper accounting of bene�ts
from child health should include the valuations of theserelatives.

For householdswith bargained outcomesor for divorced households,inter-
pretation of parents' responsesto questions about their valuation of a child's
health can, in principle be more complex. We have shown that married couples
who allocate private goods by bargaining may di�er in the amount of household
funds that they would be willing to spend on the child's health. In thesecases,
strict adherenceto the principle of identifying potentially Pareto improving
projects suggestsusing the smaller of the answers proposedby the two parents.
The recommendationis quite di�eren t for divorcedcouplessoestrangedthat the
noncustodial parent makesno voluntary contributions to the custodial parent's
household. In this case,bene�t cost analysis should add the willingness to pay
of the noncustodial parent to that of the custodial parent.

8 App endix

8.1 An Example

Each parent i has an income m > 1 and a utilit y function of the form Ui =
x i + 2vi (ki ; hi )1=2, where the function vi (ki ; hi ) is a utilit y function representing
child i 's preferences. There are two possible values for hi . These are hi = 0
and hi = 1. where initially hi = 0, and the public project is adopted, hi = 1,
and where vi (k; 0) = k and vi (k; 1) = k=2 + 4=9. The total cost of the project
is N=6, where N is the number of parents. Each parent allocates her income
x i and ki so as to maximize her utilit y. When hi = 0, this occurs where k = 1
and x i = mi � 1. Thus if the project is not adopted, each parent i has utilit y
mi + 2 � 1 = m i + 1 and each child has utilit y 1. If the project is adopted,
then the parent the parent optimizes by choosing ki = 0 and x i = mi . In
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this casethe utilit y of child i is vi = A = 4=9 and the utilit y of the parent is
mi + 2A1=2 = mi + 4=3. Each parent has a willingness to pay of 1/3 for the
project to be implemented and so the sum of willingnessesto pay is N=3. Since
the cost of the project is N=6, it passesthe parental bene�t-cost test. But, as
we have seen,if the project is implemented, each child's utilit y will be reduced
from 1 to 4/9.

Moreover, if the project is implemented, in order for children to be as well
o� asbeforethe project, each child must receive at least k = 10=9. Any transfer
schemein which each child receivesat least 10/9 and where parents pay a total
of N=6 for the project must be worsethan the outcome without the project for
at least someof the parents.

8.2 Pro of of Remark 3

Let xA and xB be the consumptions that Archie would choosefor himself and
Bess if the the health project is not implemented. Let pb be the maximum
amount that Bess would be willing to sacri�ce out of her own consumption
in order to improve her health by �. Then it must be that Bessis indi�eren t
betweenher initial situation and the allocation in which her health is hB + � and
her consumption is reducedto xB � pB . If the family budget is reducedby pB

and Bess'shealth is improved by �, then sinceBeth has diminishing marginal
utilit y of private consumption and sinceArchie views Beth's consumption and
her health are complements, it must be that Archie's preferred allocation of
private goods out of the new budget is one in which Bess's consumption is
reducedby lessthan pB .
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