


First, the welfare of household members depends on the distribution of bar-
gaining power and not just on household resources. Second, decisions like
consumption and saving that are observed at the household level are not the
outcome of a single individual maximizing utility.
The limitation of most bargaining studies to date is that, as Lundberg and

Pollak (1996) pointed out, “empirical studies have concentrated on debunking
old models rather than on discriminating among new ones” (p.140). In this
paper we use answers to unique questions from the National Survey of Families
and Households to investigate marital bargaining. Both spouses in NSFH
households are asked their valuation of their options outside of marriage as well
as their beliefs about the other spouses’ outside options. We use this data to
demonstrate several features of bargaining. We begin by noting that, in some
marriages, one spouse reports that they would be happier outside the marriage,
and the other spouse reports that they would be unhappier. Since such couples
are still married, this provides a new kind of evidence that bargaining takes
place.
We also use the data to investigate some important characteristics of marital

bargaining that have not been identifiable in most earlier studies. One of the
key unresolved questions is whether bargaining is efficient. Despite important
work that assumes efficient bargaining (for example, Browning et al. 1994),
indirect evidence of inefficiency is suggested by the rise in divorce rates following
the transition from mutual to unilateral divorce laws in the U.S. and Europe
(Friedberg 1998; Wolfers forthcoming; González and Viitanen 2006). However,
those papers do not indicate the sources of inefficiencies. The NSFH data
reveal that spouses have private information about their outside options. The
theoretical implication is that some side payments within marriages will be
inefficiently small, so too many divorces will occur. We use the data to estimate
a model of bargaining and quantify the extent to which asymmetric information
generates bargaining inefficiencies. Then, we use the estimates to simulate the
welfare effect of a policy that reduces divorce costs.
However, when we evaluate our basic specification by comparing predicted

divorce probabilities against data on divorce outcomes, we find that divorce
probabilities appear too high and too homogeneous across the sample. This
suggests that the model makes spouses drive too hard a bargain with each other.
For that reason, we generalize the model to include interdependent utilities. We
identify this specification by incorporating data on divorce rates from a later
wave of the NSFH and from the Current Population Survey. Our results show
that agents forego some utility in order to raise the utility of their spouses.
Thus, we have found evidence about two key features of marriage — asym-

metric information and interdependent utility — which are important to consider
in studying not only families but also other kinds of interpersonal relationships.
There has been little direct evidence in any area of economic research about the
existence of information asymmetries. Some papers have tested for the pres-
ence of asymmetric information by analyzing market outcomes,1 while some

1For example, characteristics of markets for insurance (Finkelstein and Poterba 2004) and
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show that agents have private information, though without demonstrating an
effect on market outcomes.2 Scott-Morton et al (2004) find that car shoppers
with superior information obtain a better price than uninformed shoppers, but
we do not know of other papers that directly measure information asymmetries
when two agents act strategically.
Although our evidence about interdependent utilities is indirect, it arises

in the context of real world outcomes rather than experimental settings, which
have generated a great deal of results about altruism.3 Thus, the evidence
here justifies incorporating “love” into economic theory.4 Yet, our results show
that, even when a couple is in love, they neither know everything about each
other nor behave completely selflessly (perhaps retaining a measure of victory
for cynical economists?).
The rest of this paper is organized as follows. We discuss the raw data

from the NSFH in Section 2. We present a model of marital bargaining in
Section 3, in which spouses with caring preferences determine a side payment
to split marital surplus, with special cases analyzed in Section 4. We present
estimates from the models without caring preferences in Section 5 and with
caring preferences in Section 6. We conclude in Section 7.

2 Data on Happiness in Marriages

We use data from the National Survey of Families and Households (NSFH).5

The NSFH was a random sample of 13008 households surveyed in 1987-88 and
again in 1992-94. We use data from the first wave of the NSFH, along with
information about subsequent divorces between the first and second waves. The
first wave of the NSFH asked both spouses questions about their own well-
being in the marriage relative to separating and about their perceptions of their
spouses’ well-being.6 This information is obtained from responses by both the
husband and wife to the following two questions:

1. Even though it may be very unlikely, think for a moment about how
various areas of your life might be different if you separated. How do
you think your overall happiness would change? [1-Much worse; 2-Worse;
3-Same; 4-Better; 5-Much better]

used durables (Engers, Hiedemann, and Stern 2004) exhibit features that are consistent with
the presence of asymmetric information.

2For example, subjective expectations reported by individuals about life spans (Hurd and
McGarry 1995) and long-term care needs (Finkelstein and McGarry 2006) are informative
about future outcomes, even when controlling for population average outcomes.

3Selfless behavior is a leading explanation for results obtained in a range of experiments,
including ultimatum and public goods games.

4Recent work by Hong and Ŕios-Rull (2004) is similar in spirit, though very different in
the details. They used life insurance purchases to identify interdependent preferences and a
restricted form of bargaining in a general-equilibrium overlapping-generations model.

5See Sweet, Bumpass, and Call (1988) for a thorough description of the data.
6While some of the information in the NSFH was collected in person, the questions that

we are interested in were self-administered.
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2. How about your partner? How do you think his/her overall happiness
might be different if you separated? [same measurement scale]

In the rest of this section, we will discuss what the answers to these questions
may reveal about bargaining and information asymmetries. We will report
statistics for our estimation sample of 4242, postponing until later a description
of our sample selection criteria.

2.1 Evidence of bargaining

Figure 1 illustrates the joint density of each spouse’s reported happiness or
unhappiness associated with separation, based on question #1. Spouses appear
to be happy in their marriages on average, relative to their outside options,
with husbands being a little happier. Almost identical percentages — 77.0%
of husbands and 77.4% of wives7 — say they would be worse or much worse
off if they separated, while only 5.9% of husbands and 7.5% of wives say they
would be better or much better off. 40.9% of couples report the same level
of happiness (denoted by bars that are outlined with heavy black borders).
While the husband would be worse off than the wife in 27.0% of couples, and
the wife would be worse off in the other 32.0%, only about a quarter of all
the discrepancies in overall happiness are “serious” (differing by more than one
category).
We interpret this data as reflecting the relative value of marriage versus

separation before any side payments that redistribute marital surplus — thus, it
is a relative measure of raw happiness from marriage. Otherwise, it would be
difficult to understand why a spouse is married if he or she would be better off
divorcing, since most U.S. states have unilateral divorce laws. Thus, Figure 1
provides evidence that spouses bargain with each other. Consider the 7.0% of
couples in which one spouse would be better or much better off if the couple
separates, while the other spouse would be worse or much worse off. The fact
that we observe such couples shows that the spouse who prefers marriage must
be compensating the spouse who prefers separation.8 This is reinforced by the
fact that we see only 15.4% of those couples divorce by the time of wave 2 of the
NSFH — which is in excess of the 7.3% divorce rate for this sample, but shows
that the large majority remain together.

2.2 Evidence of asymmetric information

Perceptions about the other spouse’s happiness or unhappiness outside of mar-
riage are also interesting. Table 1-A reports the joint density of perceptions
about husbands’ happiness or unhappiness, as reported by both spouses; and

7While the totals are remarkably similar, more husbands say that they would be “worse”
while more wives say they would be “much worse.”

8This still leaves us at a loss to explain why both spouses in 1.6% of couples report that
they would be “better” or “much better” off if they separated. In another 3.7% of couples,
one spouse answers “same” and the other answers “better” or “much better”.
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Figure 1:

Table 1-B reports the joint density of perceptions about wives’ happiness or
unhappiness.
While 77% of individuals in Figure 1 say they would be worse or much worse

off if they separated, wives slightly overestimate and husbands slightly under-
estimate how much worse off their spouses would be if they separated — 79.4%
of wives and 73.5% of husbands think that their spouses would be worse or
much worse off. Overall, as shown in the tables’ bottom rows, somewhat less
than half of spouses have the same perceptions about their partners’ happiness
as their partner reports. About one-quarter of those misperceptions are “se-
rious” (again, differing by more than one category), with wives overestimating
their husbands’ unhappiness and husbands underestimating their wives’ unhap-
piness, on average. Lastly, we note that the accuracy of a spouse’s perceptions
is highest the worse off the other spouse would be in case of separation.9

9Spouses are accurate about 50% of the time when their partners report that they would
be much worse or worse off. The accuracy rate declines monotonically as spouses report being
the same or increasingly better off.
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Table 1-A
Perceptions of Each Spouses’ Happiness Outside of Marriage

Joint density, perceptions of husband ’s overall happiness if spouses separated
Husband ’s answer about self:

Wife’s answer
about husband :

Much
worse

Worse Same Better
Much
better

W’s answer
(total)

Much worse 0.179 0.124 0.032 0.008 0.002 0.345
Worse 0.139 0.205 0.082 0.018 0.004 0.449
Same 0.030 0.065 0.045 0.011 0.004 0.155
Better 0.007 0.016 0.010 0.007 0.002 0.041
Much better 0.002 0.003 0.002 0.003 0.000 0.009

H’s answer (total) 0.357 0.413 0.171 0.047 0.012 1
H better than
W thinks

0 0.124 0.114 0.037 0.012 0.287

H, W agree 0.179 0.205 0.045 0.007 0.000 0.436
H worse than ... 0.178 0.084 0.012 0.003 0 0.276

Table 1-B

Joint density, perceptions of wife’s overall happiness if spouses separated
Wife’s answer about self:

Husband’s answer
about wife:

Much
worse

Worse Same Better
Much
better

H’s answer
(total)

Much worse 0.159 0.071 0.020 0.006 0.002 0.258
Worse 0.203 0.184 0.065 0.019 0.006 0.477
Same 0.048 0.069 0.049 0.017 0.006 0.188
Better 0.011 0.023 0.014 0.013 0.004 0.065
Much better 0.002 0.003 0.003 0.002 0.001 0.012

W’s answer (total) 0.424 0.350 0.151 0.057 0.019 1
W better than
H thinks

0 0.071 0.085 0.041 0.017 0.215

W, H agree 0.159 0.184 0.049 0.013 0.001 0.406
W worse than ... 0.265 0.095 0.017 0.002 0 0.379

Notes:

1. Sample size is 4242. Sample restrictions are discussed later.

2. H denotes husband, W denotes wife.

3. Cells that are outlined indicate agreement between husbands’ and wives’
perceptions.

====================================

The NSFH provides other information that helps us understand the nature
of asymmetric information and of disputes more generally. Stern (2003) shows
that (a) spouses have very accurate perceptions of the time spent by the other
spouse on various household activities, (b) the vast majority think that decisions
are made fairly, and (c) they fight infrequently. The first two findings suggest

6



that the source of asymmetric information is not that one spouse fails to observe
how much the other contributes to household public goods or how fairly the
other spouse feels they are being treated. It may instead involve the nature
of spouses’ options outside the marriage. The third finding downplays the
importance of conflict as a reason for divorce, which leaves a potential role for
asymmetric information.

2.3 Asymmetric information and divorce

In order to determine the possible scope for inefficient divorces, we have to
consider those cases in which one spouse would be unobservably happier outside
of marriage than the other believes. If so, then the side payment will be
inefficiently small, and some divorces will ensue. In Tables 1-A and 1-B, 6.9%
of husbands and 5.9% of wives seem to “seriously” misperceive (by more than
one category) their spouses’ happiness.10

We can learn more about this from Wave 2 data on divorces among the 3597
couples from our sample that the NSFH was able to track roughly six years after
the first wave. Table 2 reports divorce rates for this group, classified according
to spouses’ answers about their own happiness and their perceptions of their
partners’ happiness in Wave 1. The divorce rate was 7.3%, and it generally
rose with each spouse’s reported unhappiness. When both spouses said they
would be worse or much worse off if they separated, for example, the divorce
rate was only 4.8%.
As an informal test of asymmetric-information bargaining models, we com-

pare the divorce rates of couples with accurate perceptions and those with mis-
perceptions about their spouses. In couples where a spouse had the correct
perception about the other spouse and thus bargaining should yield an efficient
outcome, 5.4− 5.7% of the couples divorced (depending on whether the spouse
whose perception is being studied is the husband or wife). In couples where
spouses have incorrect perceptions, the divorce rate is higher at 8.6%, whether
we categorize this based on husbands’ or wives’ perceptions.
Among couples with incorrect perceptions, we first distinguish those in which

a spouse underestimates how unhappy the other would be if they separated.
The divorce rate for this type of misperception is lower, at 6.9 − 8.1%. Next,
consider the strong prediction arising in a model of inefficient bargaining. In
couples in which one spouse overestimates how unhappy the other spouse would
be if they separated, then the mistaken spouse would try to extract too much
surplus. This leads some marriages with positive surplus to break up. The
raw data is consistent with this prediction. The divorce rate was higher for
couples where one spouse overestimated how unhappy the other spouse would
be if they separated, at 9.0− 11.7%, and especially so if the misperception was
serious (with answers differing by more than one category), at 13.1− 14.5%.
10Focusing on all misperceptions, they arise for 28.7% of husbands and 21.5% of wives.
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Table 2
Divorce Rates (% of couples who had divorced by wave 2)

N Divorce rate
Full wave 1 sample 3597 7.3%
How would your overall happiness change if you separated?
both spouses would be unhappy
(answered “worse” or “much worse”)

2297 4.8%

Divorce rate
H about W W about H

Does ... have correct perceptions about spouse’s happiness?
correct perceptions 5.4% 5.7%
incorrect perceptions 8.6% 8.6%

underestimates how unhappy
spouse would be

6.9% 8.1%

overestimates how unhappy
spouse would be

11.7% 9.0%

Does ... have roughly correct perceptions about spouse’s happiness?
roughly correct perceptions 6.5% 6.5%
seriously incorrect perceptions 12.0% 13.0%

seriously underestimates how
unhappy spouse would be

11.3% 11.3%

seriously overestimates how
unhappy spouse would be

13.1% 14.5%

Notes:

1. Sample consists of those among our Wave 1 estimation sample of 4242
who also appear in Wave 2 and report information about their marital
status. Wave 1 took place in 1987-88 and wave 2 in 1992-94.

2. H denotes husband, W denotes wife.

3. “Roughly correct” perceptions are defined as answers that differ by one
category or less. “Seriously incorrect” perceptions are answers that differ
by two categories or more.

====================================

3 Model

In this section, we describe the model which we will apply to the data on happi-
ness in marriage. We first discuss how concerns about identification motivate
the choices we made in developing the model. Then, we present the detailed
model with caring preferences, and later we analyze special cases of the model.
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3.1 Motivation

We assume a cooperative model that follows much of the literature on household
bargaining. Spouses cooperate to maximize total surplus (before our model
begins) and then bargain over the surplus, with the relative strength of each
spouse’s threat point outside of marriage determining how the surplus is split.
These threat points are directly observed in our data.11 Our data would not
allow us to identify bargaining when threat points arise inside the marriage,
though, as in the alternative model of Lundberg and Pollak (1993) in which
threat points are derived from the value of noncooperative bargaining.
While most other papers do not model the specific bargaining rule, it is

an important part of our paper. We assume that one spouse makes an offer
which the other spouse accepts or rejects, in which case the marriage ends.
This take-it-or-leave-it rule is a limiting case of the bilateral bargaining game
of Chatterjee and Samuelson (1983), in which both parties make simultaneous
offers and split the difference, with share k going to one agent and 1− k to the
other.12 However, the solution to the general game is tractable and unique
only under restrictive assumptions — if, for example, agents’ private information
is uniformly distributed — but an analytical solution is not possible under our
assumption of a normal distribution. Under the take-it-or-leave-it rule, we
must recognize that whichever agent makes the offer will seek to extract as
much surplus as is possible. To explore the implications of this, we estimated
two versions of the model — one with each spouse making the offer — resulting
in upper and lower bounds on the estimated side payments, conditional on
observables. The changes in estimates between the two specifications were quite
small.
As we discuss later, our results from estimating a parsimonious bargaining

model suggest that spouses do not, in fact, extract as much surplus as they could.
To deal with this, we incorporate a version of love in the model. Much of the
literature on interdependent preferences assumes that individuals care about
either the consumption of others (as in Becker’s 1974 rotten kid theorem), a
gift to others (as in Hurd’s 1989 model of bequests) or a contribution to the
public good (as in Andreoni 2005). We assume, instead, that individuals care
directly about the utility of others, termed “caring preferences” by Browning et
al (1994). This choice is based on our data, which measures overall happiness
rather than, say, consumption or income outside of marriage.

11In contrast, numerous other empirical papers use data indicating which spouse controls a
particular source of income as a proxy for threat points.
12Myerson and Satterthwaite (1983) proved that, among all possible bargaining mechanisms,

the Chatterjee-Samuelson rule with k = 1/2 maximizes expected gains from trade in the case
of identical distributions of private gains from trade.
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3.2 Details

Let the direct utility that a husband h and wife w get from marriage be, respec-
tively,

Uh = θh − p+ εh,

Uw = θw + p+ εw

where (θh, θw) are observable components of utility for the husband and wife,
and (εh, εw) are (possibly) unobservable components of utility. Ignoring for
a moment issues of discreteness, we will assume that answers to question #1,
described above, reveal (θh + εh, θw + εw) and that answers to question #2
reveal (θh, θw). The variable p is a (possibly negative) side payment from the
husband to the wife that allocates marital surplus in the sense of McElroy and
Horney (1981), Chiappori (1988), and Browning et al (1994). Note that (θh, θw)
include the value of household public goods and the (negative) value of any flows
associated with divorce (Weiss and Willis 1993). Without loss of generality,
we can assume that εh and εw are independent because any component that is
correlated with something observed by the other spouse could be relabeled as
part of (θh, θw). Define fh (·) and fw (·) as the density functions and Fh (·) and
Fw (·) as the distribution functions of εh and εw.
We assume that individuals care not only about their direct utility from

marriage but also about their spouses’ utility. The total value that the husband
and wife get from marriage is Vh (Uh, Uw) and Vw (Uw, Uh) respectively, with
partial derivatives on each function Vk, k = h,w, that obey

Vk1 (Uk, U−k) ≥ c > 0, Vk2 (Uk, U−k) ≥ 0; (1)

Vk11 (Uk, U−k) ≤ 0, Vk22 (Uk, U−k) ≤ 0 (2)

where

−k =
½
w if k = h
h if k = w

.

Conditions (1) and (2) include concavity in each argument. They also show
that, while spouses definitely care about themselves, they at least want no harm
to come to the other. Also, we assume that ∃U > 0:

Vk1 (Uk, U−k)− Vk2 (Uk, U−k) ≥ c > 0 ∀ (Uk, U−k) : Uk < −U,U−k > U. (3)

Condition (3) places an upper bound on the degree to which each spouse cares
for the other, so a spouse prefers a greater share of marital resources if the
allocation favors the other spouse too much. Lastly, in the estimation we will
require that

Vk11 (Uk, U−k) ≤ Vk12 (Uk, U−k) , Vk22 (Uk, U−k) ≤ Vk12 (Uk, U−k) . (4)
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This last condition allows the cross-partial term to be positive or negative
but bounds it from below with the own second partial derivatives. Spouses’
marginal value from their own utility either increases when the other spouse’s
utility rises, or it decreases by less than it does when their own utility rises.
Analogously, when the other spouse’s utility rises, the marginal value from their
own utility increases or else decreases by less than does their marginal value
from their spouse’s utility. These conditions together guarantee continuity in
the optimal value of p.
We demonstrate the properties of the model without interdependent prefer-

ences later. Here, we assume that Vh, Vw, fh, and fw satisfy

max
k=h,w

|Vk (Uk, U−k) fh (εh) fw (εw)| <∞. (5)

Equation (5) can be satisfied, for example, if second derivatives of Vh and Vw
are non-positive and fh and fw have finite moments.
With partial information, the husband knows fw (εw) rather than εw. The

husband makes an offer p to maximize his utility function, given the likelihood
of remaining married:

V ∗h (εh, p) =

R
εw:V ∗w(εw,p)≥0

Vh (θh − p+ εh, θw + p+ εw) fw (εw) dεwR
εw:V ∗w(εw,p)≥0

fw (εw) dεw
, (6)

The wife’s utility function, conditional on remaining married with an offer of p,
is

V ∗w (εw, p) =

R
εh:V ∗h (εh,p)≥0

Vw (θw + p+ εw, θh − p+ εh) fh (εh | p) dεhR
εh:V ∗h (εh,p)≥0

fh (εh | p) dεh
. (7)

If V ∗h (εh) < 0 or V
∗
w (εw) < 0, then there is no agreement, and divorce occurs.

Otherwise, the marriage continues with side payment p.
The husband chooses p to maximize his expected utility, so p∗ satisfies

p∗ (εh) = argmax
p
V ∗h (εh) Pr [V

∗
w (εw, p) ≥ 0] .

We now discuss the equilibrium of this bargaining game.

Theorem 1 ∃ an equilibrium with the following properties:

1) (monotonicity)
∂V ∗w(εw,p)

∂εw
> c > 0 and

∂V ∗h (εh,p)
∂εh

> c > 0;

2) (reservation values) ∃ε∗h (p) : V ∗h (εh, p) > 0 ∀εh > ε∗h (p) and V
∗
h (εh, p) < 0

∀εh < ε∗h (p), and ∃ε∗w (p) : V ∗w (εw, p) > 0 ∀εw > ε∗w (p) and V
∗
w (εw, p) < 0

∀εw < ε∗w (p);

3) (effect of p on reservation values)
dε∗w(p)
dp < 0 and

dε∗h(p)
dp > 0;

4) (comparative statics for optimal offer) ∂p∗(εh)
∂θh

> 0, ∂p
∗(εh)
∂θw

< 0, and ∂p∗(εh)
∂εh

>
0;
5) (information in p) p∗ (εh)⇒ εh;
6) (comparative statics for divorce probabilities) ∂

∂θh
Pr [V ∗w (εw, p) ≥ 0] > 0,

∂
∂θw

Pr [V ∗w (εw, p) ≥ 0] > 0, ∂
∂εh

Pr [V ∗w (εw, p) ≥ 0 | εh] > 0.
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The proof of Theorem 1 comes in parts. First, we show that, if the wife’s
behavior satisfies some equilibrium characteristics of behavior, then so will the
husband’s behavior. Second, we show that if the husband’s behavior satisfies
some equilibrium characteristics of behavior, then so will the wife’s behavior.
Finally, we use a Schauder fixed point theorem to argue for the existence of an
equilibrium with behavior limited to the equilibrium characteristics.
Consider some conditions on the wife’s behavior which we have yet to prove:

1. (monotonicity)
∂V ∗w(εw,p)

∂εw
> 0;

2. (reservation values) ∃ε∗w (p) < ∞ : V ∗w (εw, p) > 0 ∀εw > ε∗w (p) and
V ∗w (εw, p) < 0 ∀εw < ε∗w (p); and

3. (effect of p on reservation values)
dε∗w(p)
dp < 0.

Then, we can demonstrate the following, based on proofs that appear in the
appendix:

Theorem 2 (husband’s monotonicity) If condition (2) is satisfied, then
∂V ∗h (εh,p)

∂εh
≥

c > 0.

Theorem 3 (husband’s reservation values) If condition (2) is satisfied, then
∃ε∗h (p) : V ∗h (εh, p) > 0 ∀εh > ε∗h (p) and V

∗
h (εh, p) < 0 ∀εh < ε∗h (p).

Theorem 4 (effect of p on husband’s reservation values) If condition (2) is

satisfied, then
dε∗h(p)
dp > 0.

To elaborate on what we established above, the husband chooses an offer

p∗ (εh) = argmax
p
V ∗h (εh) [1− Fw (ε∗w (p))] (8)

⇒ ∂V ∗h (εh)

∂p
[1− Fw (ε∗w (p))]− V ∗h (εh) fw (ε∗w (p))

∂ε∗w (p)

∂p
= 0.

The second order condition (SOC) can be written as

∂2V ∗h /∂p
2

V ∗h
−
µ
∂V ∗h /∂p

V ∗h

¶2
+

∂

∂ε∗w

fw (ε
∗
w (p))

[1− Fw (ε∗w (p))]
∂ε∗w (p)

∂p
. (9)

A sufficient condition for the SOC to be negative everywhere is that (a) ∂2V ∗h (εh) /∂p
2

< 0, (b) fw (·) / [1− Fw (·)] is increasing in its argument, and (c) ∂ε∗w (p) /∂p <
0. Condition (b) is a common assumption made in the literature and is equiva-
lent to assuming that Fw satisfies the monotone likelihood ratio property (Mil-
grom 1981a). It is satisfied by many distributions including the normal, ex-
ponential, chi-square, uniform, and Poisson (Milgrom 1981b). Condition (c)
can be assumed and later shown to be consistent with equilibrium. However,
condition (a) is problematic. In particular, while it is reasonable to assume that
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∂2Vh/∂p
2 < 0, this is not equivalent to condition (a). While we have not been

able to produce a minimal sufficient set of conditions to imply that equation
(9) is satisfied everywhere, we still can prove it is satisfied at the place where
the husband chooses the optimal p and, therefore, at at least one place where
equation (8) is solved.

Theorem 5 (second order condition) Conditional on (θh, θw, εh), if ∃p : V ∗h >
0, then ∃p∗ : equation (8) and equation (9) both are satisfied.

Theorem 6 (comparative statics for optimal offer) If condition (2) is satisfied,

then ∂p∗(εh)
∂θh

> 0, ∂p∗(εh)
∂θw

< 0, and ∂p∗(εh)
∂εh

> 0.

Theorem 7 (information in p) p∗ (εh)⇒ εh.

Theorem 8 (wife’s monotonicity) If p∗ (εh)⇒ εh, then
∂V ∗w(εw,p)

∂εw
≥ c > 0.

Theorem 9 (reservation values) ∃ε∗w (p) : V ∗w (εw, p) > 0 ∀εw > ε∗w (p) and
V ∗w (εw, p) < 0 ∀εw < ε∗w (p).

Theorem 10 (effect of p on reservation values)
dε∗w(p)
dp < 0.

We are now ready to apply a Schauder fixed point theorem.

Theorem 11 Given (exogenous) Vh, Vw, and Fε (= FhFw), ∃ an equilibrium
characterized by an optimal sidepayment rule for the husband p∗ (εh) and an
optimal reservation value for the wife ε∗w (p). These two together define expected
value functions for the husband and wife, V ∗h (ε

∗
w, p) and V

∗
w (ε

∗
w, p).

To wrap up, we will mention some comparative statics of the equilibrium.
We can prove that the probability of divorce falls with each spouse’s observable
and unobservable happiness.

Theorem 12 (comparative statics for divorce probabilities) ∃ an equilibrium
with

∂

∂θh
Pr [V ∗w (εw, p) ≥ 0] > 0,

∂

∂θw
Pr [V ∗w (εw, p) ≥ 0] > 0,

∂

∂εh
Pr [V ∗w (εw, p) ≥ 0 | εh] > 0.

4 Special Cases of the Model

In this section, we analyze some interesting features of simpler versions of the
model. We derive the comparative statics of the model without caring prefer-
ences to demonstrate some intuitive features. Then, we show how these features
change if we incorporate an explicit divorce cost, since we are interested in the
welfare effects of policies that may alter such costs.
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4.1 Model without caring preferences

Consider the special case where Vh = Uh and Vw = Uw. Browning et al. (1994)
call this egotistic preferences. Then, the husband chooses p∗ to maximize his
expected value from marriage:

p∗ = argmax
p
[θh − p+ εh] [1− Fw (−θw − p)] (10)

⇒ [θh − p+ εh] fw (−θw − p)− [1− Fw (−θw − p)] = 0.

In this case, it is straightforward to show comparative statics for the side pay-

ment, with dp
dεh

> 0, ∂ Pr[θw+p+εw≥0]∂θh
> 0, dphdθw

< 0, ∂[1−Fw(−θw−p)]∂θw
> 0, and

dp

dθh
=

fw (−θw − p)
2fw (−θw − p)− [θh − p+ εh]

∂fw(−θw−p)
∂p

> 0, (11)

The probability of a divorce is

Pr [θw + p (εh | θh) + εw < 0] .

Note that equation (10) implies that the husband picks p so that

θh − p+ εh =
[1− Fw (−θw − p)]
fw (−θw − p)

> 0. (12)

Thus, if (εh, εw) satisfy 0 ≥ θh + θw + εh + εw, then

0 ≥ (θw + p+ εw) + (θh − p+ εh)

⇒ 0 > θw + p+ εw.

So, no divorces that occur with perfect information are avoided with asymmetric
information. Plus, there are (εh, εw) that satisfy 0 ≤ θh + θw + εh + εw and
0 ≥ θw + p (εh | θh) + εw. This is because θh + θw + εh + εw and p (εh | θh)
are continuous in εh and θh, and θw + p+ εw < 0 when θh + θw + εh + εw = 0.
Thus, some divorces could be avoided if there were no asymmetric information.
We can also compute expected utility for each partner as

EUh =

Z ∞
−∞

[θh − p (εh | θh) + εh] [1− Fw (−θw − p (εh | θh))] dFh (εh) ;

EUw =

Z ∞
−∞

Z ∞
−θw−p(εh|θh)

[θw + p (εh | θh) + εw] dFw (εw) dFh (εh) .

This implies that total expected utility from marriage is such that

EUh +EUw =

Z ∞
−∞

Z ∞
−θw−p(εh|θh)

[θh + θw + εh + εw] dFw (εw) dFh (εh)(13)

<

Z ∞
−∞

Z ∞
−θw−θh−εh

[θh + θw + εh + εw] dFw (εw) dFh (εh) ,
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Figure 2:

because of equation (12), so it is smaller than total utility with no asymmetric
information. We can show that ∂EUh/∂θh > 0 and ∂Uw/∂θh > 0, implying
that total expected utility from the marriage increases with θh. Similarly, we
can show that total expected utility from the marriage increases with θw.

4.2 Numerical example

Now, we will develop a numerical example of the model without caring prefer-
ences. Assume that εi ∼ iidN (0, 1) , i = h,w. Then, p (εh | θh) solves

[θh − p+ εh]φ (−θw − p)− [1− Φ (−θw − p)] = 0.

We can solve the couple’s problem numerically. The offered side payment or
price p (as a function of θh+ εh and θw, reflecting the husband’s point of view)
is represented in Figure 2. The offered payment p increases with the husband’s
happiness θh+ εh (thh+esph) and decreases with the wife’s observed happiness
θw (thw).
The divorce probability (as a function of θh + εh and θw) is represented in

Figure 3, and it decreases in θh + εh and θw.
The total expected value of the match, conditional on θh and θw, is repre-

sented in Figure 4. It increases with both arguments. However, as was shown
in equation (13), total expected match value is always less than the total value
if there were no asymmetric information.
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Figure 3:

Figure 4:
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Figure 5:

The consequent loss in expected value due to information asymmetries is
shown in Figure 5. The loss is quite small when θh+ θw is small because it is
highly unlikely that εh+εw is large enough so that a marriage would stay intact
anyway. The loss is quite high for large values of θh+ θw, as the husband tries
to take as much of the match value as he can, risking divorce.

4.3 Incorporating a divorce cost

Many U.S. states have altered their divorce laws over the past 35 years in ways
that reduce the cost of divorce. Therefore, we consider the impact of explicitly
including a divorce cost D, which has theoretically ambiguous effects on welfare
in the presence of asymmetric information.
Earlier we noted our assumption that relative happiness in marriage, as

reflected in θi, εi, etc., captures losses associated with divorce; now we explicitly
separate out the cost D. Equation (10) becomes

p∗ = argmax
p
[θh − p+ εh] [1− Fw (−θw − (1− γ)D − p)] (14)

−γDFw (−θw − (1− γ)D − p)

where the husband now maximizes his expected value from marriage minus his
expected divorce cost, with γ indicating the proportion of D that the husband
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would pay. The problem in equation (14) has the same solution as

p∗ = argmax
p
[θh + γD − p+ εh] [1− Fw (x)]− γD.

where x = −θw − (1− γ)D − p. The γD at the end of the expression is a
fixed cost and has no effect on the husband’s behavior. Thus, the effect of the
divorce cost on the husband’s behavior is equivalent to the effect of increasing
θh by γD and θw by (1− γ)D.
One can show that

dp

dD
=

γfw (x)

2fw (x)− [θh − p+ εh]
∂fw(x)
∂p

−
(1− γ)

h
fw (x)− (θh − p+ εh)

∂fw(x)
∂θw

i
2fw (x)− [θh − p+ εh]

∂fw(x)
∂p

=
γfw (x)− (1− γ)

h
fw (x)− (θh − p+ εh)

∂fw(x)
∂θw

i
2fw (x)− [θh − p+ εh]

∂fw(x)
∂p

= γ −
fw (x)− (θh − p+ εh)

∂fw(x)
∂θw

2fw (x)− [θh − p+ εh]
∂fw(x)
∂p

.

More importantly,

d [1− Fw (−θw − (1− γ)D − p)]
dD

(15)

= fw ·
∙
(1− γ) +

dp

dD

¸
> 0,

so as D increases, divorces occur less frequently.13 Expected utility of each
partner can be rewritten as

EUh =

Z ∞
−∞

{[θh − p (εh | θh) + εh] [1− Fw (x)]− γDFw (x)} dFh (εh) ;

EUw =

Z ∞
−∞

{[θw + p (εh | θh) + εw] [1− Fw (x)]− (1− γ)DFw (x)} dFh (εh) .

The effect on expected utility of each spouse from the divorce cost D is, after
applying the Envelope Theorem and equation (10),

∂EUh
∂D

= (1− γ)

Z ∞
−∞

[θh − p (εh | θh) + εh] f (x) dF (εh)

−γ
Z ∞
−∞

F (x) dF (εh) + γ (1− γ)

Z ∞
−∞

Df (x) dF (εh)

13The denominator of the second term in brackets in equation (15) is negative because it is
the second order condition. Thus, the entire term in brackets is positive.
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∂EUw
∂D

= (1− γ)

Z ∞
−∞

[θw + p (εh | θh) + εw] f (x) dF (εh)

− (1− γ)

Z ∞
−∞

F (x) dF (εh) + (1− γ)
2
Z ∞
−∞

Df (x) dF (εh) .

The first term in each expression represents the gain in utility from a drop in the
probability of divorce (i.e., of the wife rejecting the offer p) which results from
facing D. The second term represents the loss in utility from the possibility
of having to pay D, while the third is the gain from the reduced probability of
having to pay D. The total gain in expected utility is

∂EUh
∂D

+
∂EUw
∂D

= (1− γ)

Z ∞
−∞

[θh + θw + εh + εw] f (x) dF (εh)

−
Z ∞
−∞

F (x) dF (εh) + (1− γ)

Z ∞
−∞

Df (x) dF (εh) .

While this cannot be signed in general, we know from above that the first and
third terms are positive while the second term is negative. Moreover, the welfare
gain arising from the first term (the gain in utility from the reduced probability
of divorce) rises with θ and ε; and the welfare gain from both the first and third
terms declines with γ, since a decrease in the share of the divorce cost borne by
the wife raises the probability of divorce for any value of D.
We continue the numerical example to analyze the expected welfare gain

associated with a divorce cost D. Figures 6, 7, and 8 show the expected welfare
gain when the husband’s share γ of D takes the values (0.1, 0.5, 0.9). In all
three graphs, there are some values of θh+ θw large enough that (a) the prob-
ability of divorce (i.e., of negative and large enough realizations of (εh, εw)) is
relatively small and (b) the loss associated with asymmetric information is rel-
atively large. In such cases, the imposition of a divorce cost increases expected
welfare. On the other hand, for those cases where θh+ θw are relatively small,
D just adds an extra cost to the impending divorce and reduces welfare. As
we mentioned above, welfare gains are more likely as γ rises, which reduces the
wife’s willingness to reject the husband’s offer and choose divorce. As γ → 1,
the husband internalizes more of the divorce cost, making him behave less ag-
gressively. He still is not solving the social planner’s problem, but he is moving
in that direction.

5 Estimation of Utility Parameters without Car-
ing Preferences

Earlier, we presented our data on how happy or unhappy each person would
be if they separated, along with their beliefs about how happy or unhappy
their partner would be. We treat this as information about the unobservable
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Figure 6:

Figure 7:
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Figure 8:

components εh and εw and the observable components θh and θw of utility from
marriage. We use this information to estimate our model of marriage without
caring preferences.

5.1 Estimation methodology

The set of characteristics for family i in our estimation is defined by δi =
(θhi, θwi, εhi, εwi). Denote by Fθ (· | Xi) the joint distribution of θi = (θhi, θwi)
given observable characteristics Xi. Assume that Xi affects Fθ (· | Xi) only
through the mean such that

E (θhi | Xi) = Xiβh; (16)

E (θwi | Xi) = Xiβw.

Let εi = (εhi, εwi) ∼ Fε (·) with Eεi = 0 and (εhi, εwi) independent of each
other.14 Prior to any bargaining about transfers,15 marital utility is u∗hi =

14The assumption that Eεi = 0 provides no loss in generality because any nonzero mean
can be part of θi. The independence assumption follows from the definition of εi being
unobserved by the partner.
15While one might object to assuming that all data is observed prior to bargaining, it is

not clear otherwise how to interpret a spouse saying that his or her partner would be better
off if separated after bargaining. The fact that a separation did not occur should tell the
partner that his or her spouse is better off not separated; otherwise the spouse would have
separated. Furthermore, Theorem 7 implies that the wife has no uncertainty about her
husband’s preferences once she observes the side payment.
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θhi + εhi for the husband and u
∗
wi = θwi + εwi for the wife, and the marital

utilities perceived by the spouse are

z∗hi = Eu∗hi = θhi,

z∗wi = Eu∗wi = θwi.

We see a bracketed version of (u∗hi, u
∗
wi, z

∗
hi, z

∗
wi), called (uhi, uwi, zhi, zwi), where

uhi = k iff tk ≤ u∗hi < tk+1 and the other elements are defined similarly. The
available data is {Xi, uhi, uwi, zhi, zwi}ni=1. The parameters to estimate are
α = (β,Ωθ, t) where it is assumed that

θi ∼ iidN (Xiβ,Ωθ) (17)

and εi ∼ iidN (0, I).
The log likelihood contribution for observation i is

Li = log

Z tuhi+1

tuhi

Z tuwi+1

tuwi

Pr [(u∗hi, u
∗
wi) ∈ Ai | θi] dFθ (θi | Xi) (18)

where Ai ⊂ R2 such that tuhi ≤ u∗hi < tuhi+1, tuwi ≤ u∗wi < tuwi+1, and

Pr [(u∗hi, u
∗
wi) ∈ Ai | θi] = Pr [tuhi ≤ θhi + εhi < tuhi+1, tuwi

≤ θwi + εwi < tuwi+1]

=
Y

m=h,w

[Φ (tumi+1 − θhi)− Φ (tuhi − θmi)] .

Equation (18) can be written as

Li = log

Z t2hi

t1hi

Z t2wi

t1wi

Y
m=h,w

[Φ (tumi+1 −Xiβm − uim) (19)

−Φ (tumi
−Xiβm − uim)] dB (ui | Ωθ)

where

t1mi = tumi −Xiβm, m = h,w,

t2mi = tumi+1 −Xiβm, m = h,w,

and B (·) is the bivariate normal distribution function with mean 0 and covari-
ance matrix Ωθ. Equation (19) can be simulated using a variant of GHK (see,
for example, Geweke 1991). The log likelihood function is L =

Pn
i=1 Li. Since

the likelihood function depends only on stated preferences and not on observed
divorce or side payments, the estimates do not depend on any assumption made
about Vh or Vw, which are unidentifiable with this data.
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5.2 Data

Now, we describe our sample and the additional variables that we use from the
NSFH. Beginning with the 13008 households surveyed in 1987, we excluded
6131 households without a married couple, 4 without race information, 796
because the husband was younger than 20 or older than 65, and 1835 because
at least one of the dependent variables was missing. This left a sample of 4242
married couples.
In the estimation, we use as explanatory variablesX age, race, and education

level of the husband and differences in those characteristics between the husband
and wife. Table 3 shows summary statistics for these variables. We present
results later on suggesting that additional covariates are unnecessary.

Table 3
Explanatory Variable Definitions and Moments

Variable Mean Std. Dev. Definition
Age 38.5 11.7 Age of husband
White 0.82 0.38 Husband is white
Black 0.10 0.30 Husband is black
∆Race 0.03 0.17 Husband, wife have different race
HS Diploma 0.91 0.29 Husband has HS diploma
College Degree 0.32 0.46 Husband has college degree
∆Education 0.75 0.43 Husband, wife have different

education levels

Notes:

1. Sample size is 4242.

2. The age of husbands is restricted to be between 20 and 65.

3. ∆Race is defined in terms of people being one of three races: white, black,
or other.

4. ∆Education is defined in terms of people having one of three levels of
education: no diploma, high school diploma, or college degree.

5.3 Estimation results

We estimated two versions of the model without caring preferences, each assum-
ing that the characteristics listed in Table 4 have linear effects on observable
utility θ from marriage. In the first version, explanatory variables are allowed
to have distinct effects on θh and θw. In the second, all the variables except
the constant are restricted to have the same coefficient.
For the most part, coefficient estimates from the unrestricted version are

either similar or statistically insignificantly different across spouses, though the
restrictions in the former are rejected with a χ27 likelihood ratio statistic of 17.2.
The estimates show that people who are white get higher utility from marriage
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than people in the “other” racial group do, and they get higher utility than
people who are black. Education increases the value of marriage as well. For
the two variables measuring differences between husbands and wives, ∆Race
has a marginally significant effect, while ∆Education does not.
Also of interest is the estimated correlation between θh and θw. In both

specifications, the estimated correlation is positive and substantial, at just over
0.4. There are two sources of randomness that may be reflected in (θh, θw).
First, additional unobserved characteristics — for example, common religious
beliefs — may affect the value of a marriage. If so, then omitting a measure
of commonness would increase the variances of (θh, θw) and generate a positive
correlation between them. Second, there may be unobserved variation in how
families divide family resources (à la Browning et al 1994). Such variation
also would increase the variances of (θh, θw) but would generate a negative
correlation, since one spouse gains utility at the expense of the other. The
positive estimated correlation suggests that the first type of variation is more
important.
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Table 4
Estimation Results for Model Without Caring Preferences

Unrestricted Restricted
Variable Male Female Own Spouse

Constant
1.224**
(0.108)

1.459**
(0.091)

1.383**
(0.089)

1.394**
(0.088)

Age/100
0.235**
(0.015)

-0.009
(0.013)

0.001
(0.012)

White
0.260**
(0.069)

0.237**
(0.058)

0.243**
(0.055)

Black
-0.314**
(0.084)

-0.324**
(0.071)

-0.322**
(0.068)

∆Race
-0.084
(0.095)

-0.170**
(0.086)

-0.143*
(0.083)

HS Diploma
0.077
(0.063)

0.074
(0.054)

0.071
(0.052)

College Degree
0.275**
(0.042)

0.185**
(0.034)

0.214**
(0.033)

∆Education
0.023
(0.044)

-0.041
(0.037)

-0.021
(0.036)

t1
-0.728**
(0.020)

-0.727**
(0.020)

t2 0.000 0.000

t3
0.831**
(0.013)

0.830**
(0.013)

t4
2.071**
(0.014)

2.069**
(0.012)

V ar (θ)
1.226**
(0.059)

1.120**
(0.024)

1.225**
(0.020)

1.117**
(0.023)

Corr (θh, θw)
0.411**
(0.008)

0.409**
(0.008)

Log Likelihood -20382.3 -20390.9

Notes:

1. Numbers in parentheses are asymptotic standard errors.

2. One asterisk indicates significance at the 10% level, and two asterisks
indicate significance at the 5% level.

3. The first threshhold is specified as t1 = − exp {τ1}, the second is set to
zero, the two after are specified as tk = tk−1 + exp {τk}, and the log
likelihood is maximized over τk. This ensures that the threshholds are
increasing in k.

4. The diagonal elements of Ωθ are specified as Ωθii = exp {ωii}, i = 1, 2, and
the off-diagonal elements are specified as Ωθ12 = Ωθ21 = ρθ12

√
Ωθ11Ωθ22,
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Figure 9:

where

ρθ12 =

∙
2 exp {ω12}
1 + exp {ω12}

− 1
¸
,

and the log likelihood is maximized over (ω11,ω22,ω12). This ensures
that Ωθ is positive definite.

=========================================

5.4 Analysis of the “No Caring” model

Using additional data from the NSFH to test the model’s out-of-sample pre-
dictive power reveals some problems with the specification. We measure the
correlation between predicted divorce probabilities and answers to the question,
“What do you think are the chances that you and your partner will eventually
separate?” Figure 9 shows that the correlations are low but follow patterns
that are expected. The correlation between the predicted divorce probability
and spouses’ pessimism is roughly monotonic. The correlation is negative when
the husband or wife answers “very low”, and then it switches sign when the an-
swers are instead “about even” or high. If we regress the predicted probability
of divorce on dummy variables corresponding to each answer, almost all of the
estimates are statistically significant. The coefficients increase from “very low”
to “low” but then level off and show small declines from “low” to “very high.”
We also look at correlations between the total predicted side payment and

one possible component of such a side payment, time spent on housework. Fig-
ure 10 shows the correlations between the predicted side payment from husband
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Figure 10:

to wife and the difference in hours per week spent by the husband and wife on
various chores. Again, the correlations have the expected sign but are small.16

Almost all the correlations are positive (as the husband provides a larger side
payment, he spends extra time on housework), and regressing the predicted side
payment on the extra time spent by the husband yields results that are generally
statistically significant.
Next, Table 5 reports predicted side payments and divorce probabilities,

based on various sets of estimates, including some that we will present later.
We show means of these predictions, as well as two measures of the variance. The
first is the standard deviation across households of mean divorce probabilities;
i.e, it integrates over the distribution of unobservables that is implied by our
estimates, so it captures the variation caused by observables. The second
measure is based on draws of (θh, θw, εh), which captures the variation within
households caused by the unobservables and shows the variation of true divorce
probabilities in the population.
The results for the current specification, with no caring preferences and

without using divorce data, are problematic. The mean divorce probability of
0.287 seems too high. We might be able to explain a high divorce probability
by thinking about a long period of reference, but only to the extent that current
reports about happiness and hence the current bargaining situation persist just
as long. The high divorce probability arises because, according to the model,
the husband adjusts his offered side payment to the wife to capture most of

16This result supports results in Friedberg and Webb (2006) showing that shifts in bargain-
ing power (as measured by relative wages) have little effect on couples’ allocation of chores
versus leisure time.
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the marriage rents. Even more problematic are the predictions of a very small
standard deviation across households in mean divorce probabilities and side
payments. Lastly, there is very little variation in side payments and divorce
probabilities generated by exogenous explanatory variables, which is a problem
since explanatory variables are in fact useful in predicting divorce.

Table 5
Moments of Predicted Behavior

Standard deviation
Mean Across households Within households

Divorce probabilities
No caring preferences
without divorce data 0.287 0.046 0.191
with divorce data 0.233 0.041 0.213

Caring preferences 0.045 0.068 0.180
Side payments

No caring preferences
without divorce data -1.068 0.083 0.714
with divorce data -1.574 0.164 0.832

Caring preferences -1.257 0.764 2.104

Notes:

1. The standard deviation across households is the standard deviation of
mean household moments, and the standard deviation within households
is the standard deviation across draws of (θh, θw, εh).

2. The predictions for the model with no caring preferences and without
divorce data are based on the Table 4 estimates; the rest are based on the
Table 6 estimates.

==================================
One possible explanation for these difficulties is that we have omitted an im-

portant factor from consideration — for example, children. We used a Lagrange
multiplier test to determine whether children (of any age or under the age of
five) help explain the residuals from our estimation, but the result was not sta-
tistically significant. When we compare the actual incidence of divorce (based
on data we describe shortly) minus the probability of divorce predicted from
our model, a family with kids has only a slightly and insignificantly less nega-
tive difference than a family without kids. Consequently, we proceed without
controlling for the presence of children.

6 Estimation of Caring Parameters

In the earlier version of the model, we analyzed spouses’ direct utility Uh and
Uw from marriage. However, we found that husbands appear to drive too
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hard a bargain (and wives would as well, if we specify the model so that they
offer the side payment), resulting in high and relatively invariant predicted
divorce probabilities. Therefore, we estimate a version of the model with caring
preferences to see whether this assuages the hard bargaining. We incorporate
divorce data to identify the extent to which caring preferences keep spouses
from being too tough.

6.1 Specification of the V Function

In order to estimate parameters related to caring preferences, we need to specify
the functions Vh (Uh, Uw) and Vw (Uw, Uh) that indicate the total value of mar-
riage. We would like to specify each as an increasing concave function, with
cross-partial derivatives that limit the extent to which individual i is either
selfish (getting much more utility from Ui than Uj) or selfless (vice versa).
To do so, we simplify notation by referring to V instead of Vh or Vw, and we

specifiy V as17

V (U1, U2) =
2X
i=0

2−iX
j=0

φijU
i
1U

j
2 (20)

over the domain

b11 ≤ U1 ≤ b12, b21 ≤ U2 ≤ b22 (21)

with normalizations

φ00 = 0,φ10 = 1. (22)

For V to be increasing in both arguments, we require that

V1 (U1, U2) > 0 (23)

⇒
2X
i=1

2−iX
j=0

iφijU
i−1
1 U j2 > 0;

V2 (U1, U2) ≥ 0 (24)

⇒
1X
i=0

2−iX
j=1

jφijU
i
1U

j−1
2 > 0;

for the function to be concave in both arguments, we require that

V11 (U1, U2) ≤ 0 (25)

⇒ φ20 ≤ 0;
17We considered less parametric specifications of V using ideas in Gallant (1981,1982),

Gallant and Golub (1984),. Liu, Mroz, and Van der Klaauw (2004), Matzkin (1991), Mukarjee
and Stern (1994), Stern (1996), and Engers, Hartmann, and Stern (2006). Each of these failed
to work because it was difficult to impose enough structure on V to ensure good properties of
behavior.
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V22 (U1, U2) ≤ 0 (26)

⇒ φ02 ≤ 0;

and meeting equation (4) from earlier requires that

V12 (U1, U2) ≥ max [V11 (U1, U2) , V22 (U1, U2)] (27)

⇒ φ11 ≥ 2φ20,
⇒ φ11 ≥ 2φ02.

Condition (23) further implies that

0 < 1 + φ11U2 + 2φ20U1 ∀b11 ≤ U1 ≤ b12, b21 ≤ U2 ≤ b22
⇒ φ11U2 > −1− 2φ20U1 ∀b11 ≤ U1 ≤ b12, b21 ≤ U2 ≤ b22
⇒ φ11U2 > −1− 2φ20b12 ∀b21 ≤ U2 ≤ b22.

⇒ φ11 >
−1−2φ20b12

b22
if φ11 < 0

φ11 <
−1−2φ20b12

b21
if φ11 > 0

. (28)

If φ11 < 0, then φ11u2 is minimized at U2 = b22 > 0, and, if φ11 > 0, then φ11U2
is minimized at U2 = b21 < 0. This implies that, if we further assume

b22 = b12 = −b11 = −b21 = b, (29)

then equation (28) simplifies to

φ11 > −1b − 2φ20 if φ11 < 0
φ11 <

1
b + 2φ20 if φ11 > 0

0 > φ11 > −1b − 2φ20 if −1b − 2φ20 < 0
0 < φ11 <

1
b + 2φ20 if 1b + 2φ20 > 0

. (30)

Note that equations (27) and (30) always have a continuum of solutions iff

1

b
> −2φ20

and that neither is always dominant. Conditions (25), (26), (27), and (30) are
a finite set of restrictions on (φ20,φ11,φ02) that are easy to impose. We first
impose equations (25) and (26).18 Then, we determine which restriction on φ11
is binding and impose it.19 With the parameters (φ00,φ10) normalized to (0, 1),
this leaves just φ01 to satisfy equations (23) and (24) over the domain in (21).

18These can be imposed by estimating − logφii without restrictions for i = 1, 2.
19This can be imposed by setting

φ11 = κ1 + (κ2 − κ1)
eα

1 + eα
,

where α is a free parameter and κ2,κ1 are the bounds on φ11 implied by (27) and (30).
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We can solve condition (24) for φ01 to get

0 < φ01 + 2φ02U2 + φ11U1 ∀b11 ≤ U1 ≤ b12, b21 ≤ U2 ≤ b22
⇒ φ01 > − 2φ02U2 − φ11U1 ∀b11 ≤ U1 ≤ b12, b21 ≤ U2 ≤ b22
⇒ φ01 > − 2φ02b22 − φ11U1∀b11 ≤ U1 ≤ b12

⇒ φ01 > − 2φ02b22 + φ11b12 if φ11 > 0
φ01 > − 2φ02b22 + φ11b11 if φ11 < 0

which simplifies to

φ01 > − 2φ02b+ |φ11| b
if equation (29) holds.20

We still must decide how to define the polynomial outside of the range in (21).
Even outside of this range, we would like the function to satisfy monotonicity
and concavity restrictions. Consider the following case: b11 ≤ u1 ≤ b12, b22 <
u2. Define

V ∗22 (U1, U2) = v22 (U1, b22) = 2φ02

as the second partial derivative of V (U1, U2) which implies that the first deriva-
tive is

V ∗2 (U1, U2) = V2 (U1, b22) + 2φ02 (U2 − b22) .
If φ02 < 0, the first derivative will eventually turn negative, violating mono-
tonicity.21 Thus we adjust the derivative to

V ∗2 (U1, U2) = max [V2 (U1, b22) + 2φ02 (U2 − b22) , 0] .
The point where V2 (U1, b22) + 2φ02 (U2 − b22) = 0 occurs where

0 =
1X
i=0

2−iX
j=1

jφijU
i
1b
j−1
22 + 2φ02 (U2 − b22)

⇒ U∗2 =
2φ02b22 −

P1
i=0

P2−i
j=1 jφijU

i
1b
j−1
22

2φ02
> b22.

This implies that

V ∗ (U1, U2) = V (U1, b22) +

Z u2

b22

max [V2 (U1, b22) + 2φ02 (u− b22) , 0] du

= V (U1, b22) +

Z min(U∗2 ,U2)

b22

V2 (U1, b22) + 2φ02 (u− b22) du

= V (U1, b22) + V2 (U1, b22) [min (U
∗
2 , U2)− b22]

+φ02 [min (U2, U
∗
2 )− b22]

2 .

We make similar adjustments for all other cases outside the region where con-
ditions (23) through (30) hold.

20This restriction can be imposed in a way similar to those for φ02 and φ20.
21If φ02 = 0, then no adjustment is necessary.
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6.2 Estimation methodology

To estimate the model with caring preferences, we will combine the NSFH data
on happiness together with divorce data that we will describe in Section 6.2.
Let Θ = {β,Ωθ, t,φ} be the set of parameters to be estimated. As above, β
captures the effect of exogenous characteristics on θ in equation (16), Ωθ is the
covariance matrix of θ defined in (17), and t are the set of threshhold values
defined in (??). We now add φ, the set of polynomial coefficients defined in
equation (20). Our objective function becomes

£ =
X
i

Li (Θ)− λe (Θ)
0
Ω−1e e (Θ) .

In the first part of £, Li (Θ) is the log likelihood contribution defined in equation
(19) for observation i using the happiness data from the NSFH along with a term
for divorce probabilities from Wave 2 of the NSFH:

Li (Θ) = log

Z t2hi

t1hi

Z t2wi

t1wi

P (Xi, ui) dB (ui | Ωθ) (31)

where

P (Xi, ui) =

Z t2hi−uih

t1hi−uih

Z t2wi−uiw

t1wi−uiw
1 (Di = di)φ (εw)φ (εh) dεwdεh, (32)

t2mi = tumi+1 −Xiβm, m = h,w,

t1mi = tumi −Xiβm, m = h,w,

Di = 1 [V
∗
w (εw, p (εh)) < 0] ,

and di = 1 iff couple i divorces in Wave 2. The integrand in equation (32) is
the measure over (εw, εh) consistent with the answers to the questions about
one’s own happiness and subsequent divorce outcome in Wave 2, conditional
on u, and the limits of integration in equation (31) is the range of u consistent
with answers to beliefs about spouse happiness.22 The second part of £ uses
the Vh and Vw functions to to construct residuals e (Θ) between predicted and
actual divorce in the CPS divorce data. In the second term, Ωe is a weighting
matrix, and λ is a factor that determines how much weight to give to both types
of data. The choice of λ determines how much weight to give to normalized
CPS residuals relative to NSFH log likehood terms.23 Maximization of £ over

22Note that equation (32) would be the same as the integrand in equation (19) if everyone
divorced or, equivalently, if no divorce data were used.
23We use a diagonal weighting matrix with the variance of each residual in the associated

diagonal element. We somewhat arbitrarily set λ = 1000.
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Θ provides consistent estimates of Θ with asymptotic covariance matrix

A−1BA−1; (33)

A =

"X
i

LiΘΘ0 − 2λe0ΘΩ−1eΘ

#
;

B =

"X
i

©
LiΘ − LΘ

ª©
LiΘ − LΘ

ª0#

where LΘ =
1
n

P
i LiΘ. See the appendix for more details.

6.3 Divorce data

We incorporate two sources of data on divorce. First, we use data from the
second wave of the NSFH to track the couples in our sample. Wave 2 took place
in 1992-94, 5-6 years after Wave 1. The Status file from Wave 2 reports both
sample attrition and the status of Wave 1 marriages, while the Main Respondent
file reports dates of marital transitions between Waves 1 and 2. We use both
files to determine marriage outcomes as of October 1992.24 Beginning with the
4242 married couples mentioned above, we have divorce data for 3597 of the
couples, and we assume random attrition. We lost 462 couples from sample
attrition; then 7 who denied that there was a Wave 1 marriage; then 71 in which
one spouse died between waves, since we do not know whether they would have
stayed married or divorced; and then 105 for whom we do not know the date of
divorce or death. As shown earlier in Table 2, the divorce rate in this sample
was 7.3%.
Second, in order to gain more explanatory power and reduce the possible

influence of non-random attrition, we use data from the Current Population
Survey to compute divorce probabilities for subsets of the population. The June
1995 CPS includes a marriage history supplement which surveyed all women
aged 15-65 about the nature and timing of their marital transitions. From
this data, we select a sample of women who were married for at least half of
the time period corresponding to Wave 1 of the NSFH (which took place from
March 1987 to May 1988) and whose marriage did not end in widowhood. We
then determine which women had divorced before the date of Wave 2 of the
NSFH (October 1992).
We use this sample from the CPS to compute divorce rates within demo-

graphic groups. Groups are defined by age in 1987 (18-27, 28-37, 38-47, 48-57),
race (white, black), and educational attainment (did not complete high school,
completed high school, attended college). The overall divorce rate by 1992 for
this group (married and aged 18-57 in 1987, either white or black, marriage did

24We choose October 1992, at the beginning of the Wave 2 interview period, as the bench-
mark date to evaluate Wave 1 marriage outcomes. Although this throws away a little in-
formation on marital outcomes for couples who were interviewed later during the Wave 2
interview period, we do not observe subsequent outcomes for those interviewed early.

33



not end in widowhood) was 9.6%.25 The divorce rate declines strongly with
age but differs only a little by race and education.

6.4 Estimation results

Table 6 presents estimates from the caring model with divorce data, and also
from a comparison model without caring preferences but with divorce data. In
both, we restrict covariates to have the same effect on both spouses’ happiness
θ, as we found no major differences in our earlier estimates in Table 4.
The model with caring preferences fits the data better than the model with-

out caring preferences. Many of the parameter estimates are quite different
across the two models in Table 6 and the earlier model in Table 4. Age of
the husband has a much more positive effect on the value of marriage in the
caring preferences model, suggesting that older couples are less prone to divorce
than younger couples, holding constant their answers to the happiness ques-
tions. This may arise because older people have more traditional views about
marriage, and it is consistent with the marriage duration effect on σ2ε that we
discuss later. The effect of being white on the value of marriage is stronger
in the caring preferences model, and the effect of being black switches from
negative to positive. These results imply that, holding constant answers to
happiness questions, whites are less likely to divorce than blacks. Again, this
may say something about traditional views about marriage and divorce, or that
blacks “care” more about their spouses than whites. The effect of education
is now negative (though not monotonic) rather than positive, suggesting that
increased education makes divorce more acceptable or makes people “care” less
about their spouses. The estimated variances of (θh, θw) are a little higher
since we are now trying to match both the divorce and happiness data and do
not fit the happiness data as well.
Most important are the estimates of the degree of caring, as represented by

the φ terms. The first and second derivatives of the value of marriage depend on
φ10 and φ20 for changes in one’s own utility and on φ01 and φ02 for the spouse’s
utility. The coefficient on φ10 is normalized to 1, and the estimate of −0.0009
for φ20 indicates that one’s value of marriage declines extremely slowly in one’s
direct utility. The estimates of 1.192 for φ01 and −0.113 for φ02 are significant,
implying that one cares for the spouse but at a declining rate. Lastly, the
estimated interaction term φ11 is 0.00014, so the marginal value of own utility
rises very slightly as spouse’s utility rises, and vice versa.

25The higher divorce rate for the CPS sample may reflect non-random attrition between
waves of the NSFH.
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Table 6
Estimation Results With Divorce Data

Variable
With
Caring

Without
Caring

Variable
With
Caring

Without
Caring

Own constant
1.465**
(0.240)

0.841**
(0.013)

t1
-0.352**
(0.087)

-0.826**
(0.003)

Spouse constant
1.469**
(0.139)

0.534**
(0.013)

t3
1.284**
(0.273)

3.702**
(0.086)

Age/100
2.027
(1.428)

0.123**
(0.001)

t4
2.419**
(0.128)

5.117**
(0.004)

White
0.599**
(0.097)

-0.126**
(0.003)

V ar (θh)
1.305**
(0.548)

1.476**
(0.004)

Black
0.471**
(0.197)

0.520**
(0.009)

V ar (θw)
1.618**
(0.369)

1.374**
(0.007)

∆Race
0.038
(0.054)

-0.035**
(0.002)

Corr (θh, θw)
0.678**
(0.014)

0.367**
(0.004)

HS Diploma
-0.534
(0.414)

-0.264**
(0.002)

φ01
1.192**
(0.202)

College Degree
-0.238**
(0.064)

-0.099**
(0.002)

φ02
-0.113**
(0.020)

∆Education
0.111*
(0.071)

-0.189**
(0.003)

φ10 1

φ11 ∗ 100
0.014**
(0.0003)

Objective function -78084.6 -117905.4 φ20 ∗ 100
-0.090**
(0.021)

Notes:

1. Numbers in parentheses are asymptotic standard errors.

2. One asterisk indicates significance at the 10% level, and two asterisks
indicate significance at the 5% level.

3. See additional notes from Table 4.

6.5 Analysis of the “Caring” model

The resulting indifference curves, based on the estimated values of the φ terms
in Table 6, are depicted in Figure 11. Each curve represents a value Vh to
the husband from marriage, ranging from −1 to 3. When Uw is just at zero,
the husband’s value increases exactly with Uh, since we normalize φ10 to be
one. The indifference curves show that the husband receives some extra value
from an increase in Uw, as he will tolerate some reduction in his own Uh while
maintaining the level of Vh. For example, the husband stays at Vh = 2 if
(Uh, Uw) = (2, 0) or if Uh falls by 0.314 while Uw rises by 0.267.

26

26Indifference curves look exactly the same when the wife makes offers.
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Figure 11:

In order to show how caring preferences and asymmetric information affect
couples in our sample, we begin by graphing the smoothed estimated joint den-
sity of (θh, θw) in Figure 14.

27 Using bin sizes of 0.5, the median values of
(θh, θw) are (2, 2). 15% of couples lie within 0.5 of (2, 2), and 31% lie with 1.0.
Additionally, for 36% of couples, one partner has θ ≤ 0 and the other has θ > 0.
It is those couples that would be most likely to divorce if no bargaining took
place, making side payments crucial to those marriages.
Table 5 shows the average predicted divorce probability and side payment

from the caring preferences model, while Figures 12 and 13 show how they vary
with values of (θh, θw). The predicted mean divorce probability in Table 5 drops
a little when using divorce data without caring preferences, from 0.287 to 0.233,
and it drops a great deal when allowing for caring preferences, to 0.045. This
prediction is much closer to (though now slightly lower than) the 7.3% divorce
rate observed for the NSFH sample during the six or so years between waves.
Predicted divorce probabilities also vary reasonably across households and when
unobservables are varied within households. Predicted side payments have a
similar mean but much more variation across households and are extremely
sensitive to variation in the value of unobservables within households.
Divorce probabilities in Figure 12 decline rapidly as either θ shifts from

negative to positive values. When one spouse has θ ≈ 1 (and so is perceived as
being somewhat happy in the marriage) the divorce probability is about 20%
when the other θ is around 0, and falls to 10% when the other θ reaches 1 and

27The smoothing deals with randomness caused by simulation and smooths outliers.
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Figure 12:

around 5% when the other θ reaches 2. When one spouse has θ ≈ 2 (and so is
perceived as being quite happy) the divorce probability is around 6% when the
other θ is around 0, and under 2% when the other θ reaches 1. Meanwhile in
Figure 13, when θw ≈ 1, the side payment from the husband to the wife takes
a value of about −0.3 for θh ≈ 1.

Next, we undertake a number of specification tests of the model. We first
test to see whether it matters whether the husband or wife makes the side pay-
ment offer. When the wife makes the offer instead, the φ parameter estimates
change by trivial amounts.28 Only the coefficients on White (0.599 → 0.854),
College Degree (−0.238 → −0.442), and ∆Education (0.599 → 0.854) changed
notably from Table 6.29 These results are unsurprising, since the distributions
of husbands’ and wives’ reported happiness from Table 1 and Figure 14 are quite
similar. Similarly, indifference curves are almost exactly the same.
Next, we found once again that children do not help explain deviations

between predicted and sample responses about θ. We also tested whether
some omitted variables affected the variance of private information σ2ε about

28The shifts were φ01 1.192 → 1.18, φ02 −0.113 → −0.112, φ11 0.00014 → 0.00022, φ20
−0.0009 → −0.0009.
29Using the standard errors of the estimates from Table 6 (rather than the standard error of

the difference of the estimates), we find that three of the changes are statistically significant.
This use of standard errors probably biases t-statistics downwards because covariances of
estimates would probably be negative. However, the point remains that only three estimates
changed by any substantive amount and there were no significant changes in sign.
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Figure 13:

happiness, which we assume to be one in the model above. We defined σ2εi as

σ2εi = exp (τ0 + τ1zi) ,

and used a Lagrange Multiplier statistic to test whether a variable zi influences
the variance σ2εi.

30 We first tried this test with zi as the duration of the
marriage. As a couple gains experience, they may learn more about each other
and σ2εi might fall, so τ1 < 0. We also tried the test with zi as a dummy for
whether the couple has a child under age 1, in which case they may be learning
to deal with a new environment and σ2εi might rise, so τ1 > 0. In each case,
we tested H0 : τ1 = 0 against HA : τ1 6= 0. For marriage duration, the t-
statistic on τ1 is −52.0, implying that we should reject the null in favor of the
alternative that, as marriage duration increases, the couple learns more about
each other, and σ2εi decreases. For the new child effect, the t-statistic is 7.03,
implying (at a 5% significance level) that we should reject the null in favor of
the alternative that, when there is a new child, the couple needs to renegotiate
under new conditions, and σ2εi increases.

31

30The Lagrange-Multiplier statistic uses only the Wave 1 happiness data to avoid the prob-
lem that the penalty function associated with the divorce data is not part of the log likelihood
function. We would like to thank participants of the Applied Micro Workshop at UCLA for
suggesting these tests to us.
31To check that the true effect of a new child was not on the mean of θ, we also constructed

a Lagrange Multiplier test associated with adding the new child dummy to Xiβh and Xiβw
in equation (16). The t-statistic was 1.28, implying that some of the effect may be directly
on θ.
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Figure 14:

6.6 Policy Analysis

Earlier, we discussed the theoretical implications of divorce costs. Since we
assume that reported happiness in marriage, as reflected in θi, εi, etc., incor-
porates losses associated with divorce, we can explicitly separate out the cost
D. The welfare effects that arise if the government imposes a divorce cost may
be positive or negative, depending on the magnitude of the asymmetric infor-
mation problem, as we showed in our numerical example earlier. Couples gain
when the value of θh + θw is large enough that (a) the probability of divorce
is relatively small and (b) the loss associated with asymmetric information is
relatively large. Figure 14 showed that the density of (θh, θw) is concentrated in
such regions. For those couples where θh+θw is relatively small, the imposition
of the divorce cost just adds an extra cost to the impending divorce and thus
reduces welfare. These outcomes depend, moreover, on how the cost of divorce
is split; the expected welfare gains from D rise as γ, denoting the husband’s
share of D, approaches 1.

Figure 15 shows how the probability of divorce varies with a couple’s happi-
ness, under the alternate assumptions that bargaining is efficient or not. When
the husband makes the offer, then bargaining is efficient in the sense of Becker
if the husband perceives εw and makes an offer such that a divorce occurs if and
only if θh+ θw + εh + εw > 0, and the figure shows how the divorce probability
varies with the other components of happiness θh + θw + εh. When bargaining
is inefficient (but with caring), then the divorce probability is always higher.
It is roughly 2 − 3 percentage points for θh + θw + εh < 0.3 and then reaches
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Figure 15:

substantial values — of almost 10 percentage points — when θh + θw + εh ≈ 1.3.
It falls below 0.3 again when θh + θw + εh passes 2.3 and gradually approaches
0. The range where there is a substantial difference between the two divorce
probabilities is the range for which there is a potential for increasing divorce
costs to improve welfare.

Lastly, Figure 16 shows the derivative of total welfare Vh + Vw with respect
to the divorce cost D, evaluated at θw = 0.99 (corresponding to roughly 8% of
couples, with 24% lying within 0.5 of that), and for different values of θh and
γ.. The derivative is positive and the highest when γ is close to 0, which is
when the welfare gain is most likely to be negative. The derivative decreases as
γ → 1, while remaining positive for relatively large values of θw (in which case
inefficient divorces are particularly costly). In contrast, when θw is only 0.5
(and so the divorce cost is raising the cost of what are more likely to be efficient
divorces), the derivative turns negative as γ passes around 0.35.
These results show that the average couple benefits from the government

imposing a divorce cost. Moreover, it is not clear couples could replicate the
divorce cost on their own through an ex ante contract, since any such commit-
ment may not be legally binding.

7 Conclusions

In this study we have found direct evidence that couples bargain, but also
that efficient bargaining is hindered by private information. The inefficiency
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Figure 16:

41



of bargaining led to quite high divorce rates in our initial estimation. Our
generalized model shows that caring preferences are crucial in explaining the
relatively low divorce rate in our sample.
Thus, we have shown the importance of two key features of marriage — asym-

metric information and interdependent utility — which are of great interest but
are difficult to identify in most studies of interpersonal relationships. While
our evidence justifies incorporating “love” into economic theory, it also shows
important limits on love (perhaps retaining a measure of victory for cynical
economists?). We find that partners still behave far from completely selflessly.
Moreover, even in these intimate relationships, partners retain private informa-
tion.
Interesting extensions to our empirical framework may be possible using

additional data from the NSFH. As an example, information on specific ways
in which people expect to be happier or unhappier if they separated — in their
social life, standard of living, etc. — along with actual outcomes following divorce
could be used to investigate the determinants of threat points. Information on
time spent on chores and other aspects of domestic life could be used to analyze
the nature of side payments. Research in these areas can shed additional light
on the nature of bargaining in marriages.

8 Appendix

8.1 Proofs

Proof. (Theorem 2, husband’s monotonicity) Given equation (6) and condition
(2),

V ∗h (εh, p) =

R∞
ε∗w
Vh (θh − p+ εh, θw + p+ εw) fw (εw) dεw

1− Fw (ε∗w)
,

and

∂V ∗h (εh, p)

∂εh
=

∂

∂εh

Z ∞
ε∗w

Vh (θh − p+ εh, θw + p+ εw)
fw (εw)

1− Fw (ε∗w)
dεw

=

Z ∞
ε∗w

Vh1
fw (εw)

1− Fw (ε∗w)
dεw +

Z ∞
ε∗w

Vh
∂

∂εh

fw (εw)

1− Fw (ε∗w)
dεw

=

Z ∞
ε∗w

Vh1
fw (εw)

1− Fw (ε∗w)
dεw ≥ c > 0.

Proof. (Theorem 3, husband’s reservation values) This follows directly from
Theorem 2.
Proof. (Theorem 4, effect of p on husband’s reservation values)

dε∗h (p)

dp
= − ∂V ∗h (ε

∗
h, p) /∂p

∂V ∗h (ε
∗
h, p) /∂εh

.
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The denominator is positive from Theorem 2. The numerator is negative in
the range of interest; otherwise the husband could make himself and his wife
happier in expected value by increasing p.
Proof. (Theorem 5, second order condition) Given condition (2), (1− Fw (ε∗w))V ∗h →

0 as p → −∞. Also, V ∗h → −∞ as p → ∞ because of equation (3). V ∗h is
continous and differentiable in p because Vh is continuous and differentiable in
p and, by condition (2), ε∗w is continuous and differentiable in p. Given that
∃p : V ∗h > 0, ∃p∗ that maximizes V ∗h . Since such a point is an interior maximum
of a continuous and differentiable condition, it must satisfy equations (8) and
(9).
Proof. (Theorem 6, comparative statics for optimal offer) The derivative

of each term has the same sign as the derivative of the first order condition in
equation (8) (given that the SOC is satisfied). Thus

∂p∗ (εh)

∂θh
∝ ∂

∂θh

∙
∂ log V ∗h (εh)

∂p
+

∂ log [1− Fw (ε∗w (p))]
∂p

¸
∂

∂θh

∙
∂ log V ∗h (εh)

∂θw
− ∂ log V ∗h (εh)

∂θh

¸
+

∂

∂θh

∙
∂ log [1− Fw (ε∗w (p))]

∂θw
− ∂ log [1− Fw (ε∗w (p))]

∂θh

¸
.

At the optimum,

∂ log V ∗h (εh)

∂θw
− ∂ log V ∗h (εh)

∂θh
< 0

(otherwise the husband should reduce his side payment offer), and

∂

∂θh

∙
∂ log V ∗h (εh)

∂θw
− ∂ log V ∗h (εh)

∂θh

¸
> 0 (34)

as long as Vh and Vw have nonpositive second derivatives (along with an Enve-
lope theorem). Similarly,

∂ log [1− Fw (ε∗w (p))]
∂θw

− ∂ log [1− Fw (ε∗w (p))]
∂θh

= − fw (ε
∗
w (p))

1− Fw (ε∗w (p))

∙
∂ε∗w (p)

∂θw
− ∂ε∗w (p)

∂θh

¸
> 0;

∂

∂θh

∙
∂ log [1− Fw (ε∗w (p))]

∂θw
− ∂ log [1− Fw (ε∗w (p))]

∂θh

¸
= − fw (ε

∗
w (p))

1− Fw (ε∗w (p))
∂

∂θh

∙
∂ε∗w (p)

∂θw
− ∂ε∗w (p)

∂θh

¸
> 0.

Thus, ∂p
∗(εh)
∂θh

> 0. By a similar argument, ∂p
∗(εh)
∂θw

< 0. Also,

∂

∂εh

∙
∂ log V ∗h (εh)

∂θw
− ∂ log V ∗h (εh)

∂θh

¸
> 0,
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and

∂

∂εh

∙
∂ log [1− Fw (ε∗w (p))]

∂θw
− ∂ log [1− Fw (ε∗w (p))]

∂θh

¸
= − fw (ε

∗
w (p))

1− Fw (ε∗w (p))
∂

∂εh

∙
∂ε∗w (p)

∂θw
− ∂ε∗w (p)

∂θh

¸
= 0

because ε∗w (p) does not depend on εh. Thus,
∂p∗(εh)
∂εh

> 0.

Proof. (Theorem 7, information in p) Since ∂p∗(εh)
∂εh

> 0 from Theorem 6,
the result follows.
Proof. (Theorem 8, wife’s monotonicity) If p∗ (εh)⇒ εh, then

∂V ∗w(εw,p)
∂εw

≥
c > 0.
Proof. (Theorem 9, reservation values) This follows directly from Theorem

8.
Proof. (Theorem 10, effect of p on reservation values)

dε∗w (p)

dp
= − ∂V ∗w (ε

∗
w, p) /∂p

∂V ∗w (ε
∗
w, p) /∂εw

= −Vw2 − Vw1
Vw2

.

The denominator is positive from Theorem 8. The numerator is positive in
the range of interest; otherwise the husband could make himself and his wife
happier in expected value by increasing p.
Proof. (Theorem 11, equilibrium) The proof follows from a series of

lemmas. Let = be the set of bivariate distribution functions, ℵw the set
of value functions for the wife Vw, and ℵh the set of value functions for the
husband Vh. Consider the set of functions ℵ∗w each member V ∗w (εw, p) sat-
isfying conditions (1)-(3). Let C2 = {v (x1, x2) : v (x1, x2) is continuous and
|v (x1, x2) fh (x1) fw (x2)| ≤ B <∞ for all −∞ < x1 <∞, −∞ < x2 <∞}.32
C2 is a Banach space for all B <∞] Define the norm of v (·, ·) to be

kv (x1, x2)k = max
x
|v (x1, x2) fh (x1) fh (x2)| . (35)

It is straightforward to show that this norm satisfies all of the conditions of a
norm.

Lemma 13 ∃B <∞ : ℵ∗w ⊂ C2.

Proof. Let v ∈ ℵ∗w. Then |v (x1, x2) fh (x1) fw (x2)| ≤ B for some B < ∞
because of equation (5). This implies that v ∈ C2 ⇒ ℵ∗w ⊂ C2.

Lemma 14 ℵ∗w is convex and compact.
32Throughout this proof, we use the result that supεh [|p (εh) /εh|] < ∞. This follows

because the husband is never going to provide a sidepayment resulting in a negative value for
him, causing |p (εh) /εh| <∞ for εh ≥ 0, and he is limited by his wife’s participation choice
and the vanishing of her fw in the tails, causing |p (εh) /εh| <∞ for εh ≤ 0..
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Proof. Let v1 and v2 be elements of ℵ∗w. Define

vλ = λv1 + (1− λ) v2 for 0 < λ < 1.

It is straightforward to show that vλ is continuous and vλ satisfies conditions
(1)-(3). Thus, vλ ∈ ℵ∗w ⇒ ℵ∗w is convex. It is straightforward to show that
ℵ∗w is bounded, closed, and equicontinuous. Given equation (35), ℵ∗w vanishes
uniformly at ∞. Thus, ℵ∗w is compact by Ascoli’s Theorem.
Proof. (continuation of Theorem 11) Let ℵ∗h be the set of V ∗h (εh, p) sat-

isfying Theorem 2; by analogous arguments ℵ∗h ⊂ C
0

2 = {v (x1, x2) : v (x1, x2)
is continuous and |v (x1, x2) fh (x1) fw (x2)| ≤ B < ∞ for all −∞ < x1 < ∞,
−∞ < x2 <∞}, C

0

2 is a Banach space for all B <∞, ∃B <∞ : ℵ∗h ⊂ C
0

2, and
ℵ∗h is convex and compact. Define Γh : ℵh × = × C1 → ℵ∗h as the functional
that determines V ∗h as a function of Vh, Fε, and ε∗w in equation (6), and define
Γw : ℵw × =× C1 → ℵ∗w as the functional that determines V ∗w as a function of
Vw, Fε, and p in equation (7). Let Γp : ℵ∗h × C1 × = → C1 be the functional
that determines the husband’s optimal side payment offer as a function of his
own V ∗h , his wife’s reservation value ε

∗
w, and the distribution of his wife’s εw

implied by equation (8). Define Γr : ℵ∗w × C1 → C1 as the functional that
determines the wife’s optimal reservation value as a function of her V ∗w and her
husband’s side payment offer p implied by Theorem 9. Γh, Γw, Γp, and Γr are
all continuous. Define

Γ (ε∗w, Vh, Vw, Fε) = Γr [V
∗
w , p]

= Γr [Γw (Vw, Fε, p) , p]

= Γr [Γw (Vw, Fε,Γp (V
∗
h , ε
∗
w, Fε)) ,Γp (V

∗
h , ε
∗
w, Fε)]

= Γr [Γw (Vw, Fε,Γp (Γh (Vh, Fε, ε
∗
w) , ε

∗
w, Fε)) ,

Γp (Γh (Vh, Fε, ε
∗
w) , ε

∗
w, Fε)] .

Since Γh, Γw, Γp, and Γr are all continuous, so is Γ. Given these results, Γ
satisfies the conditions for the Schauder fixed point theorem to apply.
To wrap up, we will mention some comparative statics of the equilibrium.

We can prove that the probability of divorce falls with each spouse’s observable
and unobservable happiness.
Proof. (Theorem 12, comparative statics for divorce probabilities) The

Pr [V ∗w (εw, p) ≥ 0] =
Z
Pr [εw > ε∗w (p

∗ (εh)) | εh] fh (εh) dεh,

and the

Pr [V ∗w (εw, p
∗ (εh)) ≥ 0 | εh] = 1− Fw (ε∗w (p∗ (εh))) .

Thus,

∂

∂εh
Pr [V ∗w (εw, p) ≥ 0 | εh] = −fw (ε∗w (p∗ (εh)))

∂ε∗w
∂p

∂p∗

∂εh
.
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∂ε∗w
∂p < 0 by Theorem 10, and ∂p∗

∂εh
> 0 by Theorem 6.

Next,

∂

∂θh
Pr [V ∗w (εw, p) ≥ 0] =

∂

∂θh

Z
Pr [εw > ε∗w (p

∗ (εh)) | εh] fh (εh) dεh

= −
Z
fw (ε

∗
w (p

∗ (εh)))
∂ε∗w
∂p

∂p∗

∂θh
fh (εh) dεh > 0

because ∂p∗

∂θh
> 0 from Theorem 6.

Finally,

∂

∂θw
Pr [V ∗w (εw, p) ≥ 0] =

∂

∂θw

Z
Pr [εw > ε∗w (p

∗ (εh)) | εh] fh (εh) dεh

= −
Z
fw (ε

∗
w (p

∗ (εh)))

∙
∂ε∗w
∂p

∂p∗

∂θw
+

∂ε∗w
∂θw

¸
fh (εh) dεh

At the optimum,
∂ε∗w
∂p

∂p∗

∂θw
+

∂ε∗w
∂θw

< 0.

8.2 Estimation

Define the objective function as

£ =
X
i

Li (Θ)− λe (Θ)0Ω−1e e (Θ)

with first derivative

∂L

∂Θ

³bΘ´ =
X
i

LiΘ

³bΘ´− 2λeΘ (Θ∗)0Ω−1e e
³bΘ´

=
X
i

LiΘ (Θ
∗) +

X
i

LiΘΘ0 (Θ
∗)
³bΘ−Θ∗´

−2λeΘ (Θ∗)0 Ω−1e e (Θ∗)− 2λeΘ (Θ∗)
0
Ω−1e eΘ (Θ

∗)
³bΘ−Θ∗´

=
X
i

LiΘ (Θ
∗)− 2λeΘ (Θ∗)0Ω−1e e (Θ∗)

+

"X
i

LiΘΘ0 (Θ
∗)− 2λeΘ (Θ∗)0Ω−1e eΘ (Θ∗)

#³bΘ−Θ∗´ ,
where bΘ is the value of Θ where £ is maximized and Θ∗ is the true value of Θ.
Then ³bΘ−Θ∗´ =

"X
i

LiΘΘ0 (Θ
∗)− 2λeΘ (Θ∗)0Ω−1e eΘ (Θ∗)

#−1
·"X

i

½
LiΘ

³bΘ´− 2λ
n
eΘ (Θ

∗)0Ω−1e e
³bΘ´¾#
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=

"X
i

LiΘΘ0 (Θ
∗)− 2λeΘ (Θ∗)0Ω−1e eΘ (Θ∗)

#−1 "X
i

n
LiΘ

³bΘ´− LΘ ³bΘ´o#

where

LΘ

³bΘ´ = 2λ

n
eΘ (Θ

∗)0Ω−1e e
³bΘ´ .

This implies that the asymptotic covariance matrix is

D
³bΘ−Θ∗´ =

"X
i

LiΘΘ0 (Θ
∗)− 2λeΘ (Θ∗)0Ω−1e eΘ (Θ∗)

#−1
·"X

i

n
LiΘ

³bΘ´− LΘ ³bΘ´o# ·"X
i

n
LiΘ

³bΘ´− LΘ ³bΘ´o#0 ·"X
i

LiΘΘ0 (Θ
∗)− 2λeΘ (Θ∗)0Ω−1e eΘ (Θ∗)

#−1
which implies the result in equation (33).
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Valérie Lechene (1994). “Income and Outcomes: A Structural Model of
Intrahousehold Allocation.” Journal of Political Economy. 102(6): 1067-
96.

47



[6] Chatterjee, Kalyan, and William Samuelson (1983). “Bargaining under In-
complete Information.” Operations Research. 31(5): 835-851.
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