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Abstract. In answers to unique questions from the National Survey of Fam-
ilies and Households, people reveal their valuations of their options outside of
marriage as well as their beliefs about their spouses’ options. We use this data
to demonstrate several features of household bargaining. First, we document
marriages in which one spouse would be happier outside the marriage and the
other spouse would be unhappier. This provides a new type of evidence that
bargaining takes place. Second, we show that spouses have private information
about their outside options, and we estimate a bargaining model that quantifies
the extent of resulting inefficiencies. Third, we incorporate caring preferences
and imperfect substitutability of utility into the estimation. Without these
features, estimation predicts unrealistically high divorce rates, arising because
spouses drive too hard a bargain in the presence of asymmetric information and
linear utility. After allowing for interdependent and diminishing marginal util-
ity from marital surplus, both of which are identified by incorporating divorce
data, our divorce predictions are reasonable. These results show that agents
forego their own utility in order to raise the utility of their spouses, and, in doing
s0, offset much of the inefficiency generated by their imperfect knowledge. In
contrast, a social planner with only public information about spouses’ outside
options reduces welfare considerably by keeping far too many couples together.
In sum, we find evidence about two key features of marriage — asymmetric in-
formation and interdependent utility — which are difficult to identify in most
studies of interpersonal relationships.
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Towa State, SITE, Zurich, Tokyo, Penn, Paris-Dauphine, Georgia, and Western Ontario.for
helpful comments. All remaining errors are ours.



1 Introduction

A burgeoning empirical literature provides evidence that spouses bargain over
household decisions. The existence of intrahousehold bargaining has two im-
portant implications for our understanding of individual welfare and behavior.
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.

A limitation of most bargaining studies is that, as Lundberg and Pollak
(1996, p.140) pointed out, “empirical studies have concentrated on debunking
old models rather than on discriminating among new ones.” In this paper, we
use unique questions from the National Survey of Families and Households to
shed light on bargaining. Both spouses in NSFH households are asked their
valuation of their options outside of marriage as well as their valuation of their
partners’ outside options. We interpret the former as revealing private in-
formation about bargaining threat points, and the latter as revealing public
information. This interpretation relies on the premise that such questions elicit
informative and unbiased answers. Given our reasonable estimation results us-
ing the answers, we conclude that questions like these offer a promising approach
to seeing inside the “black box” of household decision-making.

We use the NSFH 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 reports that they would be
unhappier. Since such couples are in fact married (and a large fraction remain
married five years later), 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;
Chiappori, Fortin, and Lacroix, 2002; Mazzocco, 2007; and Del Boca and Flinn
2009), 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 2006; Gonzélez and Viitanen 2006). However,
those papers do not indicate sources of inefficiency. The NSFH data reveal that
spouses have private information about their outside options. The theoretical
implication is that some transfers of marital surplus between spouses will be
inefficiently small, generating too many divorces. We use the data on outside
options to estimate a model of bargaining and quantify the extent to which
asymmetric information generates bargaining inefficiencies.

When we evaluate this basic specification, we find that divorce probabilities
appear too high and too homogeneous within the sample. This suggests that the
model makes spouses drive too hard a bargain with each other in the presence of
asymmetric information and linear utility from marital surplus. For that reason,
we generalize the model to include interdependent utility, which is identified by



incorporating divorce data. Estimates from the full specification show that
agents forego utility in order to raise the utility of their spouses, with only very
mild limits on transferable utility resulting from slightly diminishing marginal
utilities in marital surplus. The resulting divorce predictions are reasonable, so
caring preferences offset the bargaining inefficiencies arising from asymmetric
information. The results also show that limited government involvement is
justified, as many couples in our sample appear to benefit from the current level
of divorce costs, though our model does not quantify the optimal divorce cost.
In contrast, a social planner with only public information about spouses’ outside
options reduces welfare considerably by keeping far too many couples together.

While it is obvious that dynamics are important in marital bargaining, we
ignore dynamics for a number of reasons. First, and perhaps most important,
our data is not rich enough to identify interesting dynamics. The NSFH data
has two waves, separated by five years. The important dynamics about bar-
gaining and/or learning would have to be observed at a much greater frequency
to identify parameters of interest. Second, and still important, adding dynam-
ics and asymmetric information in a bargaining model, much less an empirical
one, is a major step beyond the literature. There are some other papers with
models (though no structural estimates) of repeated bargaining,! but most lack
a substantive role for private information.? A few papers have multi-step bar-
gaining and private information (Sieg 1998, Watanabe 2006, 2008), but with
very limited time horizons in one-shot litigation games. Perhaps the paper
most closely aligned to our problem is Hart and Tirole (1988). They have a
model with repeated bargaining and private information, yet their results rely
on a set-up where failure to agree in any period does not sever the relationship,
which is unrealistic with marriage. The proposer in Hart and Tirole uses in-
formation on rejected offers to update beliefs about the other side, a feature
of marital bargaining that is likely to be important and would be relevant in
a model where the couple can disagree without divorce (Lundberg and Pollak
1993, Zhylyevskyy 2008).

To sum up, we have found evidence about two key features of marriage —
asymmetric information and interdependent utility — which are important to
consider in studying many kinds of interpersonal relationships. On the other
hand, our results suggest very mild limits on the transferability of utility, an-
other concern raised in the household literature as an impediment to efficiency
(Fella, Manzini, and Mariotti 2004, Zelder 1993). There has been little direct
evidence in any area of economic research about the existence of information
asymmetries. Some papers have tested for the presence of asymmetric informa-
tion by analyzing market outcomes,® while some show that agents have private

1Some papers in the literature use the word “dynamics” to focus on the dynamics of a
particular bargaining outcome (e.g. Rubinstein 1985, Cramton 1992). Our interest is in the
dynamics associated with repeated bargaining.

2Echevaria and Merlo (1999), Che and Sakovics (2001), Ligon (2002), Adam, Hoddinott,
and Ligon (2003), Lundberg, Startz, and Stillman (2003), Duflo and Udry (2004), Mazzocco
(2004), Gemici (2005), and Duggan and Kalandrakis (2006)

3For example, characteristics of markets for insurance (Finkelstein and Poterba 2004) and



information, though without demonstrating an effect on market outcomes.*

Although our evidence about interdependent utilities is indirect, it arises in
the context of real world outcomes rather than experimental settings, which have
generated abundant results about altruism.’ Thus, the evidence here justifies
incorporating “love” into economic theory.® 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?), and this justifies limited government involvement.

The rest of this paper is organized as follows. We discuss the raw data from
the NSFH in Section 2. We present a simple model of marital bargaining in
Section 3 and estimates of the simple model in Section 4. These results lead
us to develop the model further by adding caring preferences to the model in
Section 5 and to estimates 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).”
The sample consists 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
asked about individuals’ and their partners’ well-being in marriage relative to
separation.® This information is obtained from responses by both spouses to
the following 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]

2. How about your partner? How do you think his/her overall happiness
might be different if you separated? [same measurement scale]

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

4For 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.  Scott-
Morton, Zettelmeyer, and Risso (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.

5Selfless behavior is a leading explanation for results obtained in a range of experiments,
including ultimatum and public goods games.

6Recent work by Hong and Rios-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.

"Sweet, Bumpass, and Call (1988) offer a thorough description of the data.

8While some NSFH data was collected in person, the questions that we are interested in
were self-administered.
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Figure 1: Joint Density, Happiness if Separate

In the rest of this section, we will discuss what the answers 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 un-
happiness associated with separation, based on question #1. Spouses appear
happy in their marriages on average, relative to their outside options, with hus-
bands being a little happier. Almost identical percentages — 77.0% of husbands
and 77.4% of wives® — say they would be worse or much worse off if they sepa-
rated, 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 (de-
noted by bars that are outlined with heavy black). While husbands would be
worse off than wives in 27.0% of couples, and wives 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 overall value of marriage
versus separation — including concerns such as one’s children’s well-being, reli-
gious values, or losses associated with divorce — before any side payments that
redistribute marital surplus, an assumption that we find support for in our esti-

9More husbands report “worse” while more wives report “much worse.”



mation. 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 unilat-
eral divorce laws. Hence, under this interpretation, the data provide 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
them as intact couples shows that the spouse who prefers marriage must be
compensating the spouse who prefers separation. 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, roughly six years later, so a large fraction remains together, presumably
with the relatively happy spouse compensating the relatively unhappy one for
staying in the marriage.'°

2.2 Evidence of asymmetric information

Perceptions about one’s spouse’s happiness or unhappiness outside of marriage
are also interesting. The joint density of perceptions about husbands’ happi-
ness or unhappiness, as reported by both spouses, appears in Table 1-A, and
perceptions about wives’ happiness or unhappiness appears in Table 1-B.

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
underestimate 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 “serious”
(again, differing by more than one category), with wives overestimating their
husbands’ unhappiness and husbands underestimating their wives’ unhappiness,
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.'!

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 deci-
sions are made fairly, and (c) they fight infrequently. The first two findings

10Tf instead we assumed that the answers reflect happiness inclusive of marital surplus
transfers, then we must incorporate some other friction that prevents divorce, but that is not
identifiable from the available data without imposing additional structure. The assumption
that the answers incorporate any costs of divorce gain support from Zhylyevskyy (2008), who
finds that the NSFH answers are significantly affected by state divorce and child support laws.
The final alternative is to view the answers as incomplete or biased reports of marital hap-
piness, in which case they are unusable without stronger assumptions as well. Nevertheless,
this 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; and why one spouse answers “same” and
the other answers “better” or “much better” in 3.7% of couples.

11Spouses are accurate about 50% of the time when partners report that they would be
much worse or worse off. The accuracy rate declines monotonically as partners report being
the same or better off.



suggest that there are not asymmetric views about how much each spouse con-
tributes to household public goods or how well spouses feel they are treated;
80, the asymmetries may instead involve information about options outside the
marriage. The third finding downplays the importance of conflict as a reason
for divorce, which leaves a role for asymmetric information.'?

Table 1-A
Perceptions of Each Spouse’s Happiness Outside of Marriage
Joint density, perceptions of husband’s overall happiness if spouses separated
Husband’s answer about self:
Wife’s answer Much Worse Same Better Much W’s answer
about husband: worse better (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
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
H Table 1-B H
Joint density, perceptions of wife’s overall happiness if spouses separated
Wife’s answer about self:
Husband’s answer Much Worse Same Better Much H’s answer
about wife: worse better (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.

2. H denotes husband, W denotes wife.

127hylevskyy (2008) shows, in a model in which conflict, cooperation, and divorce are all
equilibrium states, that neither conflict nor divorce will occur without asymmetric information.



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

2.3 Asymmetric information and divorce

Inefficient divorces will arise when one spouse would be unobservably happier
outside of marriage than the other believes. If so, then the side payment will
be inefficiently small for the unhappy spouse, leading to some divorces. Ac-
cording to Tables 1-A and 1-B, 6.9% of husbands and 5.9% of wives “seriously”
misperceive (by more than one category) their spouses’ happiness.'®> We can
follow marriage outcomes in Wave 2, roughly six years later, among the 3597
couples from our sample that the NSFH was able to track.

Table 2 reports divorce rates for this group, classified according to spouses’
answers about their own happiness and their perceptions of their partners’ hap-
piness in Wave 1. The overall 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%.

To demonstrate the potential relevance of asymmetric information, 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 their partner and thus bargaining should yield an efficient
outcome, 5.4 — 5.7% divorced (depending on whether we consider correct per-
ceptions of the husband or wife). In couples where a spouse has incorrect
perceptions, and one spouse underestimates how unhappy the other would be
if they separated, the divorce rate is 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, leading some
marriages with positive surplus to break up. The data is consistent with this
prediction: the divorce rate was higher for couples where one spouse overesti-
mated how unhappy the other spouse would be if they separated, at 9.0—11.7%,
and especially if the misperception was serious (with answers differing by more
than one category), at 13.1 — 14.5%.

Next, we formalize a model of bargaining with imperfect information. Later,
we estimate the model using the data we have described here. As we obtain
reasonable estimates, we feel comfortable assuming that the NSFH questions
elicit informative and unbiased answers.

13 Focusing on all misperceptions, they arise for 28.7% of husbands and 21.5% of wives.



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 “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%

understates spouse’s unhappiness 6.9% 8.1%

overstates spouse’s unhappiness 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 understates spouse’s unhappiness 11.3% 11.3%
seriously overstates spouse’s unhappiness 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 A Simple Bargaining Model without Caring
Preferences

In this section, we describe the model which we apply to the data on happiness
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 analyze special cases.

3.1 Motivation

We assume a 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. We interpret the



NSFH data as revealing these threat points.!* Numerous papers use the Nash
bargaining model (which assumes no private information and implies Pareto
efficiency) to analyze how the split in the unknown marital surplus may shift as a
function of factors observed by the econometrician that move otherwise unknown
threat points. Given our data, we focus on how the split in the unknown surplus
may lead to inefficient divorce as a function of threat points observed by the
econometrician.

While most papers do not actually model a specific bargaining rule, it is
important for us to do so. We choose a transparent bargaining rule that is robust
in ways we discuss next in order to make predictions about inefficient divorce.
We simply assume that one spouse makes an offer which the other 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 parties make simultaneous offers and split the difference, if positive, with
exogenous share k going to one agent and 1—k to the other. 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. However,
we are able to implement a test of this take-it-or-leave-it bargaining assumption,
jointly with an assumption about the informational content of responses about
happiness, as we explain later, and we do not reject this joint test.

Under our take-it-or-leave-it rule, whichever agent makes the offer seeks 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. However, as the distribution of private and public information
about happiness, shown earlier, is quite similar for husbands and wives, this
did not alter the parameter estimates substantively. What changed is that
different couples divorce under either alternative, depending on which spouse in
a particular couple is unobservably unhappy and which makes the offer; yet the
average predicted divorce rate remains very similar.

3.2 Model

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

Uh = ehfp‘i’eha
Uw ew +Dp+tew

where (0}, 0,,) are observable components and (g, &,,) are unobservable compo-
nents of utility for the husband and wife. Ignoring discreteness for the moment,

1p contrast, most empirical papers use, as a proxy for threat points, data indicating which
spouse controls a particular source of income. In common with most such papers, though,
our data would not allow us to identify a model like Lundberg and Pollak (1993) in which
threat points depend on noncooperative bargaining within marriage.

10



we will assume that answers to Question #1 above, about one’s happiness in
marriage, reveal (0, + ep, 0, + £,) and that answers to Question #2, about
one’s spouse’s happiness, reveal (6,60,,). Note that (0y,6,,) 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 € and ¢,, are independent because any component that is correlated with
something observed by the other spouse could be relabeled as part of (64, 6,,).
Define fp, (+) and f, () as the density functions and Fj, (-) and Fy, (+) as the dis-
tribution functions of ¢;, and €,,. Lastly, 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). Later, in Section 6.4.2, we describe an empirical test of the assumption
that answers to the question reflect happiness before the side payment p, jointly
with the assumption of take-it-or-leave-it bargaining; the estimates fail to reject
this joint test.

3.3 Analytics

In this subsection, we derive the comparative statics of this simple version of
the model to demonstrate some intuitive features.'®> We also show the impact
of incorporating an explicit divorce cost, since we are interested in the welfare
effects of policies that alter the cost of divorce.

In this take-it-or-leave-it model of bargaining, suppose the husband chooses
p* to maximize his expected value from marriage:

p* = argm;xx 0n —p+en] [l —Fyp(—6y —D)] (1)
= [eh_p+5h]fw(_9w_p)_[l_Fw(_ew_p)}:O'
In this case, it is straightforward to show that ddTi > 0, %M > 0,
3(% <0, —B[I_F%Eg;g"“_p)] > 0, and
d w _ew -
P fu ( p) >0, (2)

A0 2f, (~0u —p) — [On — p + ep) Lellet)

so the side payment rises with the husband’s observed happiness. The
probability of a divorce is

Pr(f, +p(en | On) +ew <0].
Note that equation (1) implies that the husband picks p so that

[1 = Fy (0w —p)]
fw (7010 - p)
15 This model is related to Peters’ (1986) model of asymmetric information in marriage. She

proposed a fixed-wage contract negotiated upon entering marriage as a second-best solution to
this problem; we assume that such a contract was not negotiated or is not renegotiation-proof.

> 0. (3)

U,=0,—p+en=

11



Thus, if (ep, ) satisfy 0 > Uy, + Uy, = 6, + 04 + €1 + €4, then

0 > (Bu+p+tew)+O@n—p+en)
= 0>0,+p+ew.

So, no divorces that occur with perfect information (when 0 > 05, +6,,+cp+ey)
are avoided with asymmetric information. Plus, there are (gp,,&,,) that satisfy
0<0p+0,+en+eywand 0> 60, +p(en | 0r)+ew. This is because 0y, + 0, +
en +ew and p (g, | 01) are continuous in e, and 0y, and 6, + p + €, < 0 when
0y + 04 +en + e = 0. Thus, some divorces could be avoided if there were
no asymmetric information, as Peters (1986) shows when unilateral divorce is
legal.
We can also compute expected utility for each partner as

BU = [ = p e 00+ el (L= Fu (00— p (e 00)]F o)

— 00

EUy / / [0 + D (en | ) + €] dFy (20) dFy (€5) .
—00 _gw_p(shlgh)

This implies that total expected utility from marriage is

EU, + EU, — / / [0 + O + 25 + £0] dF (20) dF) (£114)
—00 J =04 —p(en|0n)
oo o0
< / / [0n + O + £n + 2] dF (2) dF (1),
—00 J =0y —0p—¢p

because of equation (3), so it is smaller than total utility with no asymmetric
information. We can show that dFEU}, /00, > 0 and 9U,, /90, > 0, implying
that total expected utility from the marriage increases with 6, and similarly
with 6,,.

3.4 Numerical example

Now, we will develop a numerical example of the model. Assume that g; ~
itdN (0,1), 4 = h,w. Then, p (e, | 03) solves

[Qh*PJFEh]‘ZS(*Qw*p)* [17®(*0w*p)] =0.

We can solve the couple’s problem numerically. From the husband’s point
of view, the offered side payment p increases with his happiness 85, + ¢, and
decreases with his wife’s observed happiness 6,,. The divorce probability is
represented in Figure 2 and decreases in 6 + €, and 6,,.

The total expected value of the match, conditional on 6, and 6,,, is repre-
sented in Figure 3. It increases with both arguments. Recall, though, that the
total expected match value is always diminished by the imperfect information.

12



Divorce Probabilities
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Figure 2: Divorce Probabilities
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Loss Due to Asymmetric Information

0.7

0.6 /
A

g

E(loss)
o
o
i
I
o
(=]

. / / - —t—0=138
A
0.2 S

Figure 4: Loss Due to Asymmetric Information

The consequent loss in expected value due to information asymmetries is
shown in Figure 4. The loss is quite small when 6+ 6, is small because it
is highly unlikely that €, + €,, is large enough so that a marriage should stay
intact. The loss is high for large values of 8+ 6.,, as the husband tries to take
as much of the match value as he can, risking divorce.

3.5 Incorporating a divorce cost

Many U.S. states have altered their divorce laws since 1970 in ways that reduce
the cost of divorce. Therefore, we consider the impact of including a divorce cost
D, which reduces welfare in the case of perfect information but has theoretically
ambiguous effects when information is imperfect.

Earlier we noted our assumption that relative happiness in marriage, as
reflected in 6, €;, etc., captures losses associated with divorce, and we cited ev-
idence from Zhylyevskyy (2008) showing that answers about relative happiness
in the NSFH are systematically related to state divorce and child support laws;
now we separate out the cost D. Equation (1) becomes

pt = argm{;ax[@h—p—&-fh} [1—Fy (=0, —(1—7)D —p)] (5)
—YDFy (=0 — (L =)D —p)

where the husband now maximizes his expected value from marriage minus his
expected divorce cost, with = representing the proportion of D that the husband
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must pay. The problem in equation (5) has the same solution as

pF = arg max [0n +vD —p+en][1 = Fy ()] —vD.

where x = —0,, — (1—v)D —p. The vD 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 his behavior is equivalent to the effect of increasing 65, by vD
and 6,, by (1 —~)D.

One can show that

- fu (@) = O —p+en) 252
dD wa (37)— [Qh_p_kgh]%lgm)

More importantly,

d[l_Fw(_aw_(l_’Y)D_p)]
dD
dp

— fur|a-n+ 5] >0

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

EU, = [ {0 —p (e | 00) + o] [1 = Fu ()] — vDFy (@)} dFs (21);
EU, = /_OO {[0w +p(en | 0n) +euw] [l = Fy (x)] = (1 =) DE,, ()} dF}, (en) -

The effect on expected utility of the divorce cost D is, after applying the Enve-
lope Theorem and equation (1),

8§gh = (1-7) /Z [0n —p(en | On) +en] f (z)dF (g1)

—v/_oo F(m)dF(ah>+v<1—v>/_°° Df (2)dF (=1).

with a similar expression for 0EU,,/O0D. The first term represents the utility
gain from a reduced 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 possibly having to pay D, while the third is the gain from the reduced

16The denominator of the second term in brackets in equation (6) is negative because it is
the second order condition. Thus, the entire term in brackets is positive.
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probability of having to pay D. The total gain in expected utility is

OEU, L OEU,,
oD oD

- <1—v>/oo 61 + 0 + 21 + 2] £ () dF ()

— 00

—/_OoF(ac)dF(sh)—i—(l—’y)/_Oo Df (z)dF (en) -

While this cannot be signed, we know from above that the first and third terms
are positive while the second term is negative. The welfare gain arising from
the first term (the gain in utility from the reduced divorce probability) rises
with 6 and €. Also, the welfare gain from D declines with 7, 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. Figure 5 shows the expected welfare gain
when the husband’s share v of D takes the values (0.1, 0.9). In both cases,
there are some values of 8,4+ 0,, large enough that (a) the probability of divorce
(i.e., of large negative realizations of (ep, ,,)) is relatively small and (b) the loss
associated with asymmetric information is relatively large. In such cases, the
imposition of a divorce cost raises expected welfare. On the other hand, for
those cases where 0+ 6, is relatively small, D just adds an extra cost to the
likely divorce and reduces welfare. As we mentioned above, welfare gains are
less likely as ~y rises, which leads the wife to avoid rejecting the husband’s offer
and choose divorce.!”

4 Estimation of the Simple Bargaining Model

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
components €5, and €, and the observable components 6, and 6, of utility from
marriage. We use this information to estimate our model of marriage without
caring preferences.

4.1 Estimation methodology

Our estimation approach resembles a bivariate ordered probit that seeks to
explain the husbands’ and wives’ self-reported happiness data, conditional on the
reports of their happiness by their spouses and on other family characteristics,
which incorporates the structure of the simple bargaining model laid out above.
Define the set of happiness variables for each family ¢ as §; = (01, Owi, Enis Ewi)-

171t should be noted that the model with caring preferences, which we estimate below, yields
more complicated comparative statics in D and ~.
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Welfare Gain from Divorce Cost
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Figure 5: Welfare Gain from Divorce Cost

We assume that they have the following properties. For the joint distribution
Fp (- | X;) of ; = (0ns, 0.:) given observable characteristics X;, assume that X;
affects Fy (- | X;) only through the mean such that

E(Oni | Xi) = XiBp; E (Ouwi | Xi) = X8, (7)

For the joint distribution F; (-) of &; = (pi,ewi), assume that Fe; = 0 and
that (ep;,wi) are independent of each other.!® Prior to any bargaining about
transfers,'® marital utilities are u};, = 6p; + p; for the husband and u}, =
Owi + €wi for the wife, and the utilities perceived by the other spouse are

2h; = Bup; = Onis 20 = Bug,; = O
We observe a bracketed version of (uj,,u ., z5;, z%,), called (Wni, Wi, Zhi, Zwi)s
where, for example, up; = k iff ¢} < ujp, < ty,,, t; < 25, < t;,;. The

18The assumption that Fe; = 0 provides no loss in generality because any nonzero mean
can be part of 6;. The independence assumption follows from the definition of €; being
unobserved by the partner.

19While 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.
As can be seen in Table 1A, 9.9% of households have responses about the husband’s happiness
in marriage and 13.2% of households have responses about the wife’s happiness in marriage
inconsistent with responses after bargaining. Furthermore, Proposition 7 implies that the
wife has no uncertainty about her husband’s preferences once she observes the side payment.
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available data is thus {Xi,uhi,uwi7zhi7zwi}?:1. The parameters to estimate
are o = (8,8, t) where we assume that

0; ~ iidN (X8, ) (8)

and g; ~ #dN (0,1).

The log likelihood contribution for observation i represents the probability
of observing their bracketed self-reported happiness, conditional on the spouse’s
report, joint with the probability of observing the spouse’s bracketed report,
conditional on X:

e i T1 t:wfrl
L; = log / ! / Pr{(u},;,ul,;) € A; | 0;]dFy (0; | X;) (9)
tz tz

where A; C Ry, such that ty,, < uf; < tu,,+1,tuy; < Ui < bug,+1, and

Uwi —

P [(uhﬂ wl) € A ‘ 9 ] = PI' I:tghi S 9’”’ + shi < tg}”'-‘rl’
tzm < Owi +ewi < tﬁwﬂrl}

H [® (i1 = Oni) — @ (ty,, —Omi)] -

m=h,w

Equation (9) can be written as

tani towi
Ly = log/ / [® (£, 41 = XiB — im) (10)
tini

trwi  py— hw

where
tlmi = tim - Xiﬁma m = hu w,
tomi = thH-l = XiBm, m=h,w,

and B (-) is the bivariate normal distribution function with mean 0 and co-
variance matrix y. Equation (10) can be simulated using a variant of GHK
(see, for example, Geweke 1991). The log likelihood function for the sample is

L= Z?:l Li.

4.2 Data

Of the 13008 households surveyed by the NSFH 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 variables X age, race, and education
level of the husband and differences in those characteristics between the husband
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and wife. Table 3 shows summary statistics for these variables. We present
results later on suggesting that additional covariates related to children and
marital duration are unnecessary. However, we do find evidence in favor of
including some other variables such as religion and nonlinear age terms.

Table 3

Explanatory Variables
Variable Mean Std Dev  Definition
Age 38.5 11.7 Age of husband (20-65)
White 0.82 0.38 Husband is white
Black 0.10 0.30 Husband is black
ARace 0.03 0.17 Spouses have different race
HS diploma 0.91 0.29 Husband has HS diploma
College degree  0.32 0.46 Husband has college degree
AEducation 0.75 0.43 Spouses have different education levels

Notes:

1. Sample size is 4242.
2. ARace is defined based on racial categories white, black, or other.

3. AEducation is defined based on educational categories no diploma, high
school diploma, or college degree.

4.3 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 6 from marriage. In the first version, explanatory variables are allowed
to have distinct effects on 0, and 0,,. In the second, all the variables except
the constant are restricted to have the same coefficient.
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Table 4
Estimation Results for Model Without Caring Preferences
Unrestricted Restricted
Variable Husband Wife Own Spouse
Constant 1.224%% 1.459%% 1.383%% 1.394%%
(0.108) (0.091) (0.089) (0.088)
0.235%% -0.009 0.001
Age/100 (0.015) (0.013) (0.012)
. 0.260%* 0.237%F 0.243%*
White (0.069) (0.058) (0.055)
Black -0.314%% -0.324%% -0.322%%
(0.084) (0.071) (0.068)
ARace -0.084 -0.170%% -0.143%
(0.095) (0.086) (0.083)
. 0.077 0.074 0.071
HS Diploma (0.063) (0.054) (0.052)
Colloge Dogree 0.275%F 0.185%F 0.214%%
(0.042) (0.034) (0.033)
. 0.023 -0.041 -0.021
ABducation (0.044) (0.037) (0.036)
; -0.728%F “0.727FF
! (0.020) (0.020)
t 0.000 0.000
. 0.831%% 0.830%*
3 (0.013) (0.013)
; 2.071FF 2.069%*
4 (0.014) (0.012)
Var (6) 1.226%% 1.120%% 1.225%% L117%%
(0.059) (0.024) (0.020) (0.023)
0.411%* 0.409%*
Corr (01, 0u) (0.008) (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 threshold is specified as t; = — exp {71}, the second is set to zero,
the two after are specified as t;, = ty_1 + exp {71}, and the log likelihood
is maximized over 7. This ensures that the thresholds are increasing in
k.

4. The diagonal elements of Qy are specified as Qg;; = exp {wi; }, ¢ = 1,2, and
the off-diagonal elements are specified as {2912 = Qp21 = P12V 20112022,
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where
2exp {wiz}

1+ exp{wia} B

and the log likelihood is maximized over (w11,ws2,w12). This ensures
that Qg is positive definite.

Po12 = )

For the most part, coefficient estimates from the unrestricted version are
either similar or insignificantly different across spouses, though the joint restric-
tions on the former are rejected with a x2 likelihood ratio statistic of 17.2. The
estimates show that people who are white get higher utility from marriage than
people who are black or in the “other” racial group do. Education increases
the value of marriage as well. For the two variables measuring differences
between husbands and wives, ARace has a marginally significant effect, while
AEducation does not.

Also of interest is the correlation between 6, and 6,,. In both specifications,
the estimated correlation is positive and substantial, at just over 0.4. There
are two features that may be reflected in (6},,0,,). 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 (0}, 0,,) and generate a positive correlation between them. Second,
there may be unobserved variation in how families divide resources (a la Brown-
ing et al 1994). Such variation also would increase the variances of (6},0,,)
but would generate a negative correlation, since one spouse gains utility at the
expense of the other. The estimated positive correlation suggests that the first
type of variation is more important.

4.4 Interpretation of the “No Caring” estimates

Using additional data from the NSFH to test the model’s out-of-sample pre-
dictive power provides confirmation of the model in some dimensions but also
reveals some problems with the specification. First, 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 6 shows that the correlations are low but follow expected patterns. 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 answer is instead “about
even” or high. If we regress the predicted probability of divorce on dummy vari-
ables 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 of its possible components, time spent on housework  Figure 7 shows
the correlations between the predicted payment from husband to wife and the
difference in hours per week spent by the husband and wife on various chores.
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Correlations, Reported and Predicted Probability of
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Figure 6: Correlations, Reported and Predicted Probability of Separation

Again, the correlations have the expected sign but are small.2® 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 present later. We
show means of these predictions as well as two measures of the variance. In the
case of divorce probabilities, the first is the standard deviation across households
of mean probabilities — i.e, it integrates over the distribution of unobservables
that is implied by our estimates — so it captures the variation caused by observ-
ables. The second measure is based on draws of (05, 6,,,¢r), which captures
the variation within households caused by the unobservables and shows the
variation of true divorce probabilities in the population.

20This supports results in Friedberg and Webb (2007) showing that shifts in bargaining
power (as measured by relative wages) have little effect on the allocation of chores versus
leisure time.
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Correlations, Side Payment and Extra Time Epent by Husband
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Figure 7: Correlations, Side Payment and Extra Time Spent by Husband

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 (0}, 0., p).

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.
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The results for the current specification, with no caring preferences and with-
out using divorce data, are problematic. The mean divorce probability of 0.287
is too high. It might be explained by thinking about a long period of refer-
ence, but only to the extent that current reports about happiness and hence
the current bargaining situation persist just as long. The high divorce proba-
bility arises in the model because husbands adjust their offered side payments
to wives to capture most of 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, although explanatory variables are in fact useful in predicting divorce.

One possible explanation for these difficulties is that we have omitted an
important factor from consideration — for example, children. We use a Lagrange
multiplier test to determine whether children (of any age or under age five) help
explain the estimation residuals, but the results are not statistically 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 negative difference than
a family without kids. Consequently, we proceed without controlling for the
presence of children.

5 A Bargaining Model with Caring Preferences

In the simple version of the model, we found that husbands appear to drive too
hard a bargain (and wives would as well, if they were making the take-it-or-
leave-it offer in the model), resulting in high and relatively invariant predicted
divorce probabilities. Therefore, we develop a model of caring preferences to
assuage the hard bargaining. We incorporate divorce data to identify the extent
to which caring preferences keep spouses from being too tough. Much of the
literature on interdependent preferences assumes that individuals care about
either the consumption of others (Becker’s 1974 rotten kid theorem), a gift
to others (Hurd’s 1989 model of bequests) or a contribution to a public good
(Andreoni 2005). We assume, instead, that individuals care directly about
the utility of others, termed “caring preferences” (Browning et al 1994). This
choice is motivated by our data, which measures overall happiness rather than,
say, expected consumption or income outside of marriage.

We define a “super-utility” function that depends on one’s own and partner’s
marital utility. We allow for diminishing marginal utilities in one’s own and
one’s spouse’s marital utility (so utility is not completely transferrable), and
these features will be empirically identified using Wave 2 and other divorce
data. Suppose that individuals care not only about their direct utility from
marriage Uy but also about their spouses’ utility U_;. The total value that the
husband and wife get from marriage is V3, (U, Uy,) and Vi, (U, Up) respectively,
with partial derivatives on each function Vi, with £k = h, w and —k = w, h, that
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obey
Vit (U, U—i) > ¢ >0, Via (U, U_y) > 0; (11)

Virr (U, U—) <0, Viaa (Ui, U—) <0 (12)

Conditions (11) and (12) allow for concavity in each argument. They also imply
that, while spouses definitely care about themselves, they at least want no harm
to come to the other. Also, we assume that U > 0:

Vi1 (Uk,U_k) — Vo (U, U_g) > ¢ >0 V(Uk,U_k) U < —U, U_,>U. (13)

Condition (13) 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

Vierr (U, U—i) < V2 (Ui, U—k) , Viao (U, U—k) < Vir2 (Ux, U—y) . (14)

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’ mar-
ginal 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. Analo-
gously, 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 assume further that V;,, Vi, fr, and f,, satisfy a bounding condition:

max Vi (Uk, U-) fn (en) fu (ew)] < 00 (15)

Equation (15) can be satisfied if, for example, second derivatives of V}, and V,,
are non-positive and fj and f,, have finite moments.

With partial information, the husband knows f, (,,) rather than e,,. The
husband makes an offer p to maximize his utility function, given the likelihood
of remaining married:

* fsw:V*(sw,p)>0 Vi (gh —P+én; Ow +p+ Ew) fw (gw) dey
ViG] = d . (16)
fsw:Vu*,(sw,p)zo fw (Ew) Ew

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

IE;L:VJ(EMP)ZO Vi (0w +p+€w,0n —p+en) fuen | p)den

Vi (Ewsp) =
fEh:V;f(Ehyp)ZO Fu(en | p)den

If V¥ (en) < 0or V) (e4) < 0, then there is no agreement, and divorce occurs.
Otherwise, the marriage continues with side payment p. Note that the wife
conditions her belief about ¢;, on the husband’s offer p.
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The husband chooses p to maximize his expected utility, so p* satisfies

p" (en) = argmaxVy’ (en) Pr [V;; (ew, p) = 0]
P

We now discuss the equilibrium of this bargaining game.

Proposition 1 3 an equilibrium with the following properties:

1) (monotonicity) M >c¢>0 and thh@ >c>0;

2) (reservation values) Hsh( ) : V¥ (en,p) > 0 Ve, > €5 (p) and Vi (e, p) <0
Ve < sh( ), and 3ek (p) : Vi (ew,p) > 0 Ve, > e (p) and V) (ey,p) < 0
Vew < ek (p);

3) (effect of p on reservation values) <0 and > 0;

4) (comparative statics for p*) 22 6") > 0 ap (Eh) <0, and ap (Eh) > 0;

5) (information in p) p* (ep) = 5;1,
6) (comparative statics for divorce probabilities) 82 Pr [V} (ew,p) > 0] > 0,

50— —Pr [V, (ew,p) > 0] >0, 65 Pr [V} (€w,p) > 0] en] > 0.

dey, (p) da;, ()
dp

We can prove that the equilibrium involves numerous reasonable properties:
total marital value with caring preferences rise with one’s self-reported happi-
ness; reservation values of self-reported happiness that sustain the marriage exist
in equilibrium; the reservation values change as expected as the side payment
changes, and the optimal side payment changes as expected as observed and
unobserved happiness change; that the optimal side payment reveals the hus-
band’s unobserved happiness; and that we can sign several comparative statics
of the divorce probability. The proof of Proposition 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 hus-
band’s behavior satisfies some equilibrium characteristics of behavior, then so
will the wife’s behavior. Finally, we use a Schauder fixed point theorem to ar-
gue 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:

OV (Ew,p)
Oew

\Y

1. (monotonicity) 0;

2. (reservation value) Jef (p) < oo : Vi (ew,p) > 0 Ve, > €k (p) and
Vi (6w, p) <0 Ve, < e, (p); and

dey, (p)
dp

3. (effect of p on reservation values) < 0.

Then, conditional on these assumptions about the wife’s behavior, we can
demonstrate that the husband’s behavior is consistent with the behavior de-
scribed in Proposition 1 (proofs are in the appendix):

Proposition 2 (husband’s monotonicity) If condition (2) is satisfied, then
oV (en.p)
Walenp) > ¢ > g,
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Proposition 3 (husband’s reservation values) If condition (2) is satisfied, then
Jei (p) : Vi (en,p) > 0 Ve, > €5 (p) and Vi (ep,p) < 0 Ve, < &5 (p).

Proposition 4 (effect of p on husband’s reservation values) If condition (2) is
satisfied, then ds&‘i;p) > 0.

To elaborate on what we established in Propositions 2 through 4, the hus-
band chooses an offer

pe(en) = argmaxVy(en) [1 - Fu (e, (P))] (18)

P 1y (e )] = Vi o) e, () 2 0

The second order condition (SOC) for the husband’s optimization problem
can be written as

WWMﬁ_@wmgQ 9 fuler @) e (p)
Vi Vi det, [L— Fy (e, 0)] 0p

Sufficient conditions for the SOC to be negative everywhere are that (a) 02V;* (gy,) /0p?

(19)

< 0 (the first term is negative), (b) — (%}2@7)2 is negative, which is obvious,
(¢) fw()/[L — Fy (+)] is increasing in its argument (the first part of the third
term is positive), and (d) de, (p) /Op < 0 (the second part of the third term is
negative). Condition (c) is a common assumption made in the literature and is
equivalent to assuming that F,, satisfies the monotone likelihood ratio property
(Milgrom 1981a). It is satisfied by many distributions including the normal,
exponential, chi-square, uniform, and Poisson (Milgrom 1981b). Condition (d)
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
0?V;, /Op? < 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
(19) is satisfied everywhere, we still can prove it is satisfied at the place where
the husband chooses the optimal p and, therefore, at one place at least where
equation (18) is solved. We can now demonstrate the properties of the second
order condition and several of the properties from Proposition 1 for the wife.

Proposition 5 (second order condition) Conditional on (0, 0.w,¢cp), if Ip :
ViF >0, then 3p* : equation (18) and equation (19) both are satisfied.

Proposition 6 (comparative statics for optimal offer) If condition (2) is satis-
fied, then 8%9(?) >0, apae(ih) <0, and &’T(i") > 0.

Proposition 7 (information in p) p* (en) = €n-

Proposition 8 (wife’s monotonicity) If p* (ep,) = €p, then w >c>0.

w
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Proposition 9 (reservation values) 3ek, (p) : Vi (€w,p) > 0 Ve, > el (p) and
Vi (ewsp) <0 Ve, <l (p).

Proposition 10 (effect of p on reservation values) %;p) < 0.

We are now ready to apply a Schauder fixed point theorem to establish the
existence of an equilibrium.

Proposition 11 Given (exogenous) Vi, Vi, and F. (= FyF,), 3 an equilib-
rium characterized by an optimal side payment rule for the husband p* (e1,) and
an optimal reservation value for the wife €% (p). These two together define
expected value functions for the husband and wife, V,* (X, p) and V) (¥, 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.

Proposition 12 (comparative statics for divorce probabilities) 3 an equilibrium
with

O b (ewp) 20 > O,

oo,

O o[V (cup) >0 > 0

a&w w U}’p — b
0
— - > .
8EhPr[Vw(5w,p)_0|ah] > 0

6 Estimation of the Caring Preferences Model

6.1 Estimation methodology

In order to estimate parameters related to caring preferences, we need to spec-
ify the functions Vj, (Up,U,,) and V,, (Uy,Uy) that indicate the total value of
marriage. Each should be an increasing concave function with cross-partial
derivatives that limit the extent to which individual ¢ is either selfish (getting
much more utility from U; than U;) or selfless (vice versa).

We simplify notation below by referring to V' instead of V}, or V,, and specifiy
V as a polynomial function such that 2!

2 2—4

V(UL U2) =Y > ¢,Ui3 (20)

i=0 j=0

2I'We 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 that it behaved
well.
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over the domain
b1 < Up < big,boy < Uz < bao (21)

with normalizations
¢oo =0, ¢10 =1 (22)

The higher order terms — ¢y, @99, ®go — allow for limited tranferability of
utility in the form of changing marginal values resulting from one’s own or
spouse’s marital surplus. Appendix 8.2 provides details on how to constrain the
¢ coefficients in order to satisfy the restrictions required in Section 3.2.

To estimate the model with caring preferences, we will combine the NSFH
data on happiness together with divorce data that we describe in Section 6.1.
Let © = {5,Q0,t, ¢} be the set of parameters to be estimated. As above,
captures the effect of exogenous characteristics on 6 in equation (7), Qp is the
covariance matrix of 6 defined in (8), and ¢ are the set of threshold values defined
right above (8). We now add ¢, the set of polynomial coefficients defined in
equation (20). Our objective function becomes

€

£=Y"L;i(0) - Xe(0) Q. 'e(0).

In the first part of £, L; (©) is the log likelihood contribution defined in equation
(10) for observation 4 using the happiness data from the NSFH along with a term
for divorce probabilities from Wave 2 of the NSFH:

L;(©) = log / / P (X, ui) dB (us | Q) (23)

tini Y tiw:

where

toni—Uin towi—Uiw
P (X, ;) = / / 1(D; = di) 6 () & (en) dewder,  (24)
t

1hi—UWih Y t1wi—Uiw
tlmi - tumi - Xiﬁyn’ tQ'IYLi - tqui—‘y—l - Xiﬁnm m = h’? w,

D; =1[Vy (ew,p(ern)) < 0], and d; = 1 iff couple ¢ divorces in Wave 2. The in-
tegrand in equation (24) is the measure over (g, € ) 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 (23) is the
range of u consistent with answers to beliefs about spouse happiness.?? The
second part of £ uses the V3, and V,, functions to to construct residuals e (O)
between predicted and actual divorce in the CPS divorce data. In the sec-
ond term, §2. is a weighting matrix, and A is a factor that determines how
much weight to give to both types of data. The choice of A\ determines how
much weight to give to normalized CPS residuals relative to NSFH log likehood

22Note that equation (24) would be the same as the integrand in equation (10) if everyone
divorced or, equivalently, if no divorce data were used.
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terms.??> Maximization of £ over © provides consistent estimates of © with

asymptotic covariance matrix

A™BATY (25)

A = ZLi@@/—2)\€/@Q_1€@ ;

B

Z {Lie — Lo} {Lie — f@}l
where Lg = %ZZ L;o. See the appendix for more details.

6.2 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 1.2* 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 1992.2° 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; and then 105 who died or divorced but
at unknown dates. As shown earlier in Table 2, the divorce rate in this sample
was 7.3%.

Second, in order to gain 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).

23We use a diagonal weighting matrix with the variance of each residual in the associated
diagonal element. We began by somewhat arbitrarily setting A = 1000. We then found that,
for a wide range of possible values of A, the NSFH data on outside options largely determines
the values of all except the ¢ parameters. When A = 1000, the NSFH divorce data is much
more influential in determining the ¢ parameters than is the CPS divorce data.

24Both of our data sources on divorce involve a similar lapse in time after happiness data is
observed. While other shocks to the value of marriage may have occurred between Waves 1
and 2, they are not separately identifiable from the error terms in the Wave 1 happiness data.

25We 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 ignores a little information
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.
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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
not end in widowhood) was 9.6%.2° The divorce rate declines strongly with
age but differs only a little by race and education.

6.3 Estimation results

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

The model with caring preferences fits the data better than the model with-
out caring as the objective function is considerably greater. Many of the pa-
rameter estimates are quite different across the two models in Table 6 and the
earlier model in Table 4, reinforcing our argument that divorce rates vary with
observables. 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 questions. This may arise because older people have more traditional
views about marriage, and it is consistent with the marriage duration effect on
o2 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 (0,6,,) 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.

26The 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 Wth Wthout Variable Wth WthOUt
caring caring caring caring
o - 1.465% 084TF 0.352FF  _0.826%F
Wit constatt (0.240) (0.013) ! (0.087) (0.003)
. ety 14697 05345 1.284% 3.702%*
pouse consta (0.139) (0.013) 3 (0.273) (0.086)
2.027 0.123%* 2.419%* 5117+
Age/100 (1.428) (0.001) U (0.128) (0.004)
. 0.599%* -0.126%* 1.305%* 1.476%
White (0.097) (0.003) Var (0n) (0.548) (0.004)
0.471%% 0.520%* 1.618%* 1.374%*
Black (0.197) (0.009) Var (6u) (0.369) (0.007)
0.038 -0.035%* 0.678%* 0.367%*
ARace (0.054) ©0.002) GO Om0w) g 01 (0.004)
. -0.534 -0.264%* 1.192%*
HS diploma (0.414) (0.002) bo1 (0.202)
-0.238%%  -0.099%* -0.113%*
College degree (0.064) ©0.002) o2 (0.020)
. 0.111% -0.189%*
AEducation (0.071) (0.003) 10 1
0.014%*
¢11 % 100 (0.0003)
Objective fen ~ -78084.6  -117905.4  ¢hyg * 100 -0.090%
J ' : 20 (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.

Most important are the estimates of the degree of caring, represented by
the ¢ terms. The first derivative of the value of marriage V (U, Usz) with
respect to one’s own direct utility U; is governed by ¢,q, which is normalized
to 1, while the second derivative equals 2 % ¢o; the estimate of —0.0009 for ¢,
indicates that the value of marriage declines extremely slowly in one’s direct
utility. The derivatives of V (Uy,Us) with respect to the spouse’s utility Us
depend similarly on ¢y; and ¢g,; the parameter estimates of 1.192 and —0.113,
respectively, are statistically significant and imply that one cares for the spouse
but at a somewhat declining rate. Lastly, the estimated cross-partial term ¢, is
0.00014, so the marginal value of own utility rises very slightly as spouse’s utility
rises, and vice versa. The results imply very mild limits on the transferability
of utility.
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Husband's Indifference Curves
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Figure 8: Husband’s Indifference Curves

Next, we graph indifference curves in Ujand Us, based on the estimated
¢ terms. Each curve in Figure 8 represents a value V}, to the husband from
marriage, ranging from —1 to 3, with negative values indicating that he prefers
divorce. When U, is just at zero, the husband’s value increases exactly with
Uy, since we normalize ¢, to be one. The indifference curves show that the
husband receives some extra value from an increase in U,,, as he will tolerate
some reduction in his own U, while maintaining the level of V3. For example,
the husband stays at V3, = 2 if (U, U,,) = (2,0) or if Uy, falls by 0.314 while U,
rises by 0.267.

6.4 Interpretation of the “Caring” estimates
6.4.1 Predicted side payments and divorce probabilities

In order to show how caring preferences and asymmetric information affect cou-
ples in our sample, we begin by graphing the smoothed estimated joint density
of (01, 0,) in Figure 9.27 Using bin sizes of 0.5, the median values of (65, 6.,)
are (2,2). 15% of couples lie within 0.5 of (2,2), and 31% lie within 1.0. Ad-
ditionally, for 36% of couples, one partner has § < 0 and the other has 6 > 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 from Section 4.4 shows the average predicted divorce probability
and side payment from the caring preferences model, while Figures 10 and 11

27The smoothing deals with randomness caused by simulation and smooths outliers.
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Figure 9: Joint Density of 6

below show how they vary with values of (6, 6,,). 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. Thus, caring preferences offset the inefficient
bargaining otherwise generated by asymmetric information.

Moreover, predicted divorce probabilities now vary reasonably across house-
holds and when unobservables are varied within households. When one spouse
in Figure 10 has 6 ~ 1 (and so is perceived as being somewhat happy in the
marriage), the divorce probability is about 20% for the other 6 ~~ 0, and it falls
to 10% when the other 6 reaches 1 and around 5% when the other 6 reaches
2. When one spouse has 6 ~ 2 (and so is perceived as being quite happy) the
divorce probability is around 6% when the other 6 is around 0, and under 2%
when the other 6 reaches 1.

Predicted side payments in Table 5 have a similar mean but much more
variation across households and are extremely sensitive to variation in the value
of unobservables within households. Meanwhile in Figure 11, when 6,, =~ 1,
the side payment from the husband to the wife takes a value of about —0.3 for
0h ~ 1.
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Figure 11: Side Payments
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6.4.2 Specification tests

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 ¢ parameter estimates
change by trivial amounts.?® Only the coefficients on White (0.599 — 0.854),
College Degree (—0.238 — —0.442), and AEducation (0.599 — 0.854) changed
notably from Table 6.2 These results are unsurprising, since the distributions
of husbands’ and wives’ reported happiness from Table 1 and Figure 9 are quite
similar. Similarly, indifference curves are almost exactly the same.

We also construct Lagrange Multiplier tests to evaluate whether omitted
variables are systematically related to reported happiness or divorce. We find
that religion, higher-order polynomials in age (a quadratic and cubic in hus-
band’s age), and marriage duration significantly influence observable happiness
but have much smaller direct effects on divorce (after controlling for happi-
ness). We also find, as we did earlier, that children do not help explain re-
ported happiness. Overall, the fact that this set of variables influences divorce
mostly through reported happiness suggests that the model is not missing some-
thing important about determinants of divorce outside of the happiness variables
(which we interpret to be inclusive of divorce costs) and the bargaining process.
The effects of religion are somewhat surprising. We find that measures of reli-
gious intensity — if the husband is Catholic or Protestant (with other categories
omitted), or if the husband reports having fundamentalist beliefs, or if both
spouses have the same religion — have small but statistically significant nega-
tive effects on marital happiness, although Lehrer (2004) finds that religious
intensity reduces the likelihood of divorce. The effect of marriage duration is
also unexpected. The implications of the theory of investment in relationship-
specific capital (Becker 1991) imply that duration should increase happiness and
maybe also have a direct negative effect on divorce probabilities. We find a
statistically significant negative LM statistic, implying that the effect of divorce
on observed marital surplus 6 is negative; Brien, Lillard, and Stern (2006) found
a similar result, and the raw data suggest in particular that husband’s reported
happiness is declining in marital duration.?®

We construct another set of tests to determine whether some omitted vari-
ables affected the variance of private information o2 about happiness, which we
assumed to be one in the model above. We define 02, = exp (19 + 712;), and
use a Lagrange Multiplier statistic to test whether a variable z; influences the

28 The shifts were ¢g; 1.192 — 1.18, ¢, —0.113 — —0.112, ¢;; 0.00014 — 0.00022, ¢
—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.

30We felt uncomfortable including duration directly in our model because of endogeneity
issues associated with pre-sample divorce. Controlling for this selection bias would strengthen
these results.
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variance Uzi ,s0 Hy: 71 =0and Hy : 71 # 0.3 We first try this test with
z; as the duration of the marriage. As a couple gains experience, they may
learn more about each other and o2, might fall, so 71 < 0. We also try the test
with z; 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 o2; might rise,
so 71 > 0. In each case, we test Hy : 71 = 0 against H4 : 71 # 0. For mar-
riage duration, the t-statistic on 71 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 o2, 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 o2; increases.*® Lastly, we construct
Lagrange Multiplier tests of the effects of a few other variables on happiness
and on divorce probabilities. We find that higher-order polynomials in age (a
quadratic and cubic in husband’s age), religion (Catholic, Protestant, religious
fundamentalist, or differences in religion), and marriage duration significantly
influence happiness but have a much smaller direct effect on divorce (after con-
trolling for the effect on happiness). The effects of religion are contradictory
to those in Lehrer (2004); we find that being Catholic, Protestant, the same
religion, or fundamentalist all have small but statistically significant negative
effects on marital happiness. The effect of duration is quite surprising. The
implications of the theory of investment in relationship-specific capital (Becker
1991) imply that duration should increase happiness and maybe also have a
direct negative effect on divorce probabilities.** We find a statistically signifi-
cant negative LM statistic (t-test), implying that, overall, the effect of divorce
on § is negative.?® These results are, however, consistent with Brien, Lillard,
and Stern (2006). A closer look at the correlations in the data shows that,
in fact, as marital duration increases, the average husband’s 6 decreases while
the average wife’s 6 increases significantly with most of the increase coming
from women being significantly less likely to answer that they would be worse
off being separated and significantly more likely to answer that they would be
much worse off being separated. Overall, the fact that all of these variables in-
fluence divorce mostly through reported happiness relative to divorce (inclusive
of divorce costs) suggests that the model is not missing something important

31The 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.

32 Another possible explanation for this effect, similar to results in Bowlus and Seitz (2006),
is that there may be unobserved heterogeneity in o2. The couples with high values of 62 are
more likely to divorce, leading to the average value of o2 declining with duration.

33To check that the true effect of a new child was not on the mean of 6, we also constructed
a Lagrange Multiplier test associated with adding the new child dummy to X;3; and X;8,,
in equation (7). The t-statistic was 1.28, implying that some of the effect may be directly on
0.

34We felt uncomfortable including duration directly in our model because of endogeneity
issues associated with pre-sample divorce.

35 Controlling for endogeneity bias would strengthen these results.
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about determinants of divorce outside of the happiness variables and bargaining
process.

We then use the generalized residuals from the estimated model to test some
aspects of our initial formulation of the bargaining problem.?® Recall that we
treat the happiness responses as reflecting utility before side payments and that
we assume a take-it-or-leave-it offer by one spouse to the other. One may be
concerned that spouses’ answers about happiness are instead inclusive of the side
payment, though, as we noted earlier, this raises a puzzle of why these couples
are married (and remain married, on average, five years later in Wave 2). If
the latter interpretation were true, then certain changes in reported happiness
would be linked functionally, since U, = 0y, + &5, — p, Uy = 04 + €4 + p, and
p = p(0n + eh,0y), and we can test whether these changes are observed in our
data. Note that our assumption that the husband makes a take-it-or-leave-it
offer is embodied in the definition of p, so this involves a joint test.

Recall the notation that zj; = 0;; is the latent value corresponding to a
spouse’s answer about his partner’s happiness in couple i, and that u;; = 0;;+¢;;
is the latent value corresponding to spouse j’s bracketed answer about his own
happiness. Then, reflecting our assumption that the answers to do not include
the side payment p, 8;; = [u;‘j], and, consequently,

ous; . = 05 + )
8Z;kk B 00,

0,;,=0 (26)

for k # j. In other words, if a husband’s answer about his wife’s observable
happiness changes, then his answer about his own happiness would not change,
conditional on his wife’s answer about his happiness, because the private com-
ponent of his happiness €;; has not been revealed. On the other hand, if z*
and u* include p, then

0z; 0 (Giw + pi)

uy, | np)> 0; 27
5‘u;ﬁh | ih 0 (th +gip — pz) ‘(Oth pi) ( )
E)th | L 0 (Qih — pi) | 0

ou}, Ziw 9 (Oiw + 1w + i) (Oiw—+pi) .

In this case, as the husband’s answer about himself changes, then conditional on
his wife’s answer about him, his answer about his wife would increase, reflecting
the greater side payment he would be making. The converse differs, however, as
reflected in the second statement; changing the wife’s answer about herself does
not alter her answer about her husband, conditional on her husband’s answer
about her, because the husband is the first mover, making the offer of p without
direct knowledge of ;.

The conditions in (26) versus those in (27) can be tested by first comput-
ing partial correlations of the generalized residuals of the dependent variables

36 This test was inspired by a discussion one of the authors had with Guillermo Caruana,
Stephane Bonhomme, and Pedro Mira at CEMFI.
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(Gourieroux et al., 1987) and then using the estimated average partial derivative
described in Powell, Stock and Stoker (1989):

0K Tj—T4
-2 Vi Zj %
DD¥ Zj K (zj — ;)

where (y;, ;) is the vector of dependent variables and explanatory variables
corresponding to the null hypotheses and K (-) is a bivariate kernel function.
For example, to estimate the average partial derivative implied by equation (26)
for j = h, we set ;1 equal to 2}, and ;2 equal to z7;.

The set of dependent variables and explanatory variables for each test is
listed in the first columns of Table 7. The first two rows show tests of the
condition in (26), indicating that changes in some happiness reports should not
alter other reports because they do not include the side payment, according to
our assumptions about the happiness reports; the alternative hypothesis is that
the derivatives are non-zero. The second two rows show tests of the condition in
(27), indicating that changes in happiness reports should be correlated through
the side payment, according to the alternative interpretation of the happiness
reports which we have mentioned here; now, the null hypothesis is that they are
not correlated, and hence the average derivatives are zero, and the alternative
is that they are positive.?”

k\:

Table 7: Specification Test Results
Avg Derivative y; ri1 T Ho Hy Estimate Std. Err.
oot |z, uh, 2z =0 #0  0.093 0.299
Poim |0 ui, 2, oz, =0 #0 0.011 0.143
6zf£ * * *
o |z, 2, uh, oz, =0 >0 -0.598% 0.291
4n |, 2w, zh, =0 >0 -0.832% 0.458

The specification tests are reported in the final columns of Table 7. The
results for the first two estimated average derivatives provide strong support
for assuming that g:”” |2z = %Zi;” |-+ =0, as we did originally. These partial
derivatives are not statistically different from zero, and the point estimates are
in fact quite close to zero. The last two estimated average derivatives are a
bit more puzzling. These are one-sided tests because only positive derivatives
are predicted under the alternative. In fact, both are statistically significant
(student t = —1.82, 2.05). But, both are negative, thus not rejecting Hy and
implying that survey responses are made prior to the side payment p.3® It is
not clear how to interpret negative estimates, i.e., what model of bargaining
and assumption about response timing would result in negative estimates.

3TWhile the average derivative in the second condition in (27) should equal zero when side
payments are included in the answers, plausible alternatives would lead to this derivative
being positive, as it indicates that a higher value of the wife’s unobservable happiness leads
the husband to make (or her to bargain for) a higher offer of p.

38In equation (27), the alternative hypothesis corresponding to the survey questions is
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6.5 Policy Analysis

We finish by considering two types of policy analysis. First, we consider the
case of a social planner who evaluates marriages on a case by case basis, and we
compute welfare under different information scenarios After that, we consider
the much simpler policy of altering the cost of divorce D.

6.5.1 Impact of a social planner

It turns out that couples on their own, even with their limited information,
do almost as well as a social planner with perfect information. In contrast, a
social planner with limited information does considerably worse, as evaluated in
terms of in average welfare and average divorce probabilities. Average divorce
probabilities are shown in Figure 12 as a function of the husband’s information
(01, + 0., + 1) and for different caring and planner scenarios. Using the caring
estimates from Table 6, we consider seven cases:

1. a couple has asymmetric information and cares for each other;
2. a couple has asymmetric information and does not care for each other;

3. an omniscient planner, knowing (65 + €p,, 04 + €4 ), maximizes Vj, (U, Uy, )+
Vi (U, Up) ,the sum of welfare with caring preferences, over choices of p;

4. a limited planner, knowing only (8,0,,), maximizes the sum of welfare
with caring preferences, over choices of p, as follows:

/ [Vh (UlmUw) +Vw (U’wyUh)} ar (5h) dF (Sw)v
(Eh,,Ew)ch(Uh,Uw)ZO,‘/w(Uw,Uh)ZO

5. an omniscient planner, knowing (0, + ep, 04 + €4 ), maximizes max [0, Uy, + U, ] ,the
sum of welfare without caring preferences, over choices of p;

6. a limited planner, knowing only (0, 0,,), maximizes the sum of welfare
without caring preferences over choices of p, as follows:

/ Un + Ua] dF (en) dF () ;
(en&w): Vi (Un,Uw) >0,V (U ,Up ) >0

7. a “Becker” planner, knowing (6}, + €p, 0 + €4), picks p so that a divorce
occurs iff Uy, + U, < 0.

Figure 12 reveals several interesting features. First, it confirms that caring
preferences substantially reduce the incidence of divorce, as we noted above.
The reduction in average divorce probabilities at all levels of happiness always

aj—’*h |+ = 0. But, if, in reality, there are some couples where the wife makes the take-it-or-
iw AW
. oz
leave-it offer, then we would expect azl;”' |.+ > 0 also.
iw Tw
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Divorce Probabilities for Different Decision Makers

100%

"(x e
x"xlelted pl.anner. ——No planner: Asymmetric
o 80% = *, 10 caing info wi caring
x
g x —e—No planner: Asymmetric
= 60% "x info w/ no caring
k=
- x ——Omniscient planner
2 X& Sy, .
= mnis cient *‘e\ - .
H 40% lanner o Limited planner: Caring
s x No planner,
o x i - .
e 200 T ’x‘ x 2 canng % Limited planner: No caring
L *o, N plannée e " O06000¢
Limited planner?%,ocadin .
0% caring ‘g°°¢ooo """"xxnxXxxxxx“iﬁi
-1 0 1 2 3 4 5
Husband's information about happiness =

B8,+8,+¢&,

Figure 12: Divorce Probabilities for Different Decision Makers

exceeds 10 and sometimes reaches 40 percentage points and is seen by com-
paring the “No planner” lines. Second, while not shown in the figure, an
omniscient planner with caring or uncaring preferences and a “Becker” plan-
ner all yield identical divorce probabilities. This occurs because each of these
planners wants to keep marriages intact if and only if the “Becker” condition is
satisfied. Third, it is noteworthy that caring couples with limited information
do virtually as well as an omniscient social planner. This is seen by comparing
the heavy line for the omniscient social planner and the almost overlapping “No
planner, caring” line; the difference between them rarely exceeds a single per-
centage point. At relatively low but positive levels happiness, as observed by
the husband, couples divorce slightly more than is optimal — since the husband’s
offer sometimes falls short of what an unobservably unhappy wife requires. At
negative levels of happiness observed by the husband, couples divorce slightly
less than is optimal — since the husband’s caring preferences lead him to offer
too much to an observably unhappy wife, when both would prefer divorce if he
knew how unhappy she really is.

Lastly, we consider a limited planner — one who observes only (8y,,0,,). In
this scenario, the planner does considerably worse than couples would on their
own because leaving the husband to choose p would incorporate more infor-
mation (namely e5,), and reveal that information to the wife, than does the
planner’s choice of p (since the planner does not observe ;. A planner with
limited information who does not recognize caring preferences (as indicated by
“Limited planner, no caring” in the figure) will generate far too many divorces,
not taking into account that a caring husband would offer a considerably higher
p, which would in turn help compensate for the husband’s limited information.
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Conversely, a limited planner who recognizes caring preferences (“Limited plan-
ner, caring”) will generate far too few divorces, keeping together couples in
which one or the other spouse is unobservably quite unhappy.

6.5.2 Impact of changing the divorce cost

Earlier, we discussed the theoretical implications of divorce costs in a model
without caring. Since we assume that reported happiness in marriage, as re-
flected in 0;, €;, etc., incorporates losses associated with divorce, we can explic-
itly separate out the cost D.3? The welfare effects that arise if the government
imposes a divorce cost may be positive or negative, depending on the magni-
tude of the asymmetric information problem, as we showed in our numerical
example earlier. Couples gain when the value of 8, + 6,, is large enough that
(a) the probability of divorce is relatively small and (b) the loss associated with
asymmetric information is relatively large. Figure 9 showed that the density
of (05,0,) is concentrated in such regions. For those couples where 6y, + 0,
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 7y, denoting the husband’s share of D, approaches 1.

Figure 13 shows the derivative of total welfare V}, 4+ V,, with respect to the
divorce cost D, evaluated at 6,, = 1.92 (which is roughly the median, with
about 30% more couples lying within 0.5 of that value), and for different values
of 0, and v. When 6, is large (the top line in the graph), the welfare gain
of increasing D is always positive, but it declines with v from a maximum of a
little over 0.6 to 0. When 6}, is around its median value (the next line), the
welfare gain is almost always positive but smaller than before (at 0.2 or less),
and again declining with «. Given our parameter estimates, the welfare gains
are decreasing in absolute value as v increases because |0p/dD| is declining
in 7y, thus making welfare gains less volatile as .y increases. Note that these
results look quite different from the numerical example in Section 3.4 with no
caring preferences. However, as before, the results show that typical couples in
our sample benefit from the government imposing a divorce cost — though the
gains are small regardless of 7, which is consistent with our finding that divorce
probabilities are quite close to what the omniscient planner in Figure 12 would
choose.*?

39Keep in mind that, although we find that the caring couple does virtually as well as
the omniscient planner in maximizing social welfare, the analysis is ceteris paribus, including
divorce costs that are embedded in reports of relative happiness in marriage.

40Tt is not clear that couples could replicate the divorce cost on their own through an ex ante
contract, since any such commitment may not be legally binding. Perhaps, though, allowing
a “covenant marriage” with higher divorce costs, as implemented recently in Louisiana and a
few other states, is an attempt at providing such a legally binding commitment.
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Welfare Gains, g,= 1.92
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Figure 13: Welfare Gains, 6,, = 1.92

7 Conclusions

In this study we have found direct evidence that couples bargain and that cou-
ples care about each other. Furthermore, we have found that couples do not
have perfect information about each other, and asymmetric information would
lead to a quite high divorce rate in the absence of caring. However, caring
couples divorce at almost the rate that an omniscient planner would choose.
In contrast, a limited planner does a very poor job when deciding on divorce.
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?). On the other hand, our results suggest very mild limits on the
transferability of utility within households.

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.
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8 Appendix

8.1 Proofs

Proof. (Proposition 2, husband’s monotonicity) Given equation (16) and con-
dition (2),

N IEO*O Vh (0h7p+€h30w +p+5w) fw (511)) dew
‘/h (Ehap) = =

1—Fy(e}) ’
and
8‘/}: (Eh,p) / fw (Ew)
736}1 Vh 9h D+ en,Ouw +p+€w) 7171:, (gz)dé‘w
_ fw 5w / 9 fuwlew)
= / Vl d + V a en 1—F ( Z)dfw
= / Vi ) )dew >c>0.
| ]

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

dej, (p) _ OVy (¢h,p) /O
dp Vi (e, p) /Oen

The denominator is positive from Proposition 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. (Proposition 5, second order condition) Given condition (2), (1 — Fy, (e},)) V¥ —

0as p — —oo. Also, V¥ — —o0 as p — oo because of equation (13). V,* is
continous and differentiable in p because V}, is continuous and differentiable in
p and, by condition (2), £ is continuous and differentiable in p. Given that
dp : V¥ > 0, dp* that maximizes V;7. Since such a point is an interior maximum
of a continuous and differentiable condition, it must satisfy equations (18) and
(19). m

Proof. (Proposition 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 (18) (given that the SOC is satisfied). Thus
O (en) . O [mogv;f () | Olog[l — Fy (e, (p))}]

a0;, o0, p Ip
0 [Olog Vi (ep) OlogVif (en)
6, [ 90, 06, ]
0 [Olog [1—Fy (e, (p)]  Olog[l — Fy (e}, (p))]}
00, 00, 00, ‘
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At the optimum,
dlog Vi (en)  Olog Vi (en)
90, 00y

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

0 [0logVi(en) _ dlogVir(en)] _
a0y, 00, a0y,

<0

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

dlog[l — Fy (3, (p)] _ dlog[l = Fy (&}, (p))]

00, B a0,
_ fw (e, (p) [0y, (p)  Oey, (p) )
T 1-F, (5 () [ 90, 90y } >0

0 {mog [1 = Fy (g5, (p)] _ Olog[l — Fy (e}, (p))]]
a0y, 00, a0y,

fuwlen, () 0 [0e, (p) _ ey, (p)
1-F, (EZ‘U(P))C%’}L{ 00, 06y ] -

Thus, %(ih) > 0. By a similar argument, 6p (sh) < 0. Also,

) [alogv,j (en) OlogVy (eh)} 50

875;1 00, a0y,

and

0 [310g [1—Fy(ey, (p)]  Olog[l — Fy (e, (p))]}

Oey, 00, o0y,

B fw( w®) 0 [f%fu (p) 9ey, (p)} _0
1—F, (e (p) Oy, | 004 a0y,

because €}, (p) does not depend on €. Thus, %,) >0. =

ap (En) > 0 from Proposition

Proof. (Proposition 7, information in p) Since
6, the result follows. m

Proof. (Proposition 8, wife’s monotonicity) If p* (e5,) = e, then
c>0. nm

Proof. (Proposition 9, reservation values) This follows directly from Propo-
sition 8. m

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

dETu (p) _ 8V7j; (E*va) /ap _ Vw2 - le

dp  OVy(eh.p) /0w Visz

OV (ew,p)
Ocw =

The denominator is positive from Proposition 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. =
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Proof. (Proposition 11, equilibrium) The proof follows from a series of
lemmas. Let & be the set of bivariate distribution functions, W, the set
of value functions for the wife V,,, and N; the set of value functions for the
husband V},. Consider the set of functions R each member V) (., p) sat-
isfying conditions (1)-(3). Let Cy = {v(z1,22): v(x1,22) is continuous and
|v (21, 22) fr (1) fu (22)| < B < 0o for all —0o < 71 < 00, —00 < Tg < co}. 4!
(5 is a Banach space for all B < oo] Define the norm of v (-, -) to be

[v (z1, 22)[| = maxfv (z1,22) fu (21) fi (22)] - (28)

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

Lemma 13 3B < o0 : ¥}, C Cs.

Proof. Let v € NX. Then |v(z1,72) fa (%1) fu (z2)| < B for some B < 0o
because of equation (15). This implies that v € C; = R C Cy. m

Lemma 14 X*

w

is convexr and compact.
Proof. Let v; and vy be elements of N¥ . Define
vy=Avy+(1—=Nwvgfor0 <A <1

It is straightforward to show that vy is continuous and vy satisfies conditions
(1)-(3). Thus, vy € N} = N’ is convex. It is straightforward to show that
N* is bounded, closed, and equicontinuous. Given equation (28), N vanishes
uniformly at co. Thus, N is compact by Ascoli’s Theorem. m

Proof. (continuation of Proposition 11) Let X} be the set of V,* (5, p) sat-
isfying Proposition 2; by analogous arguments X C Cy = {v (21, 22) : v (1, z2)
is continuous and |v (z1,22) frn(x1) fu (z2)] < B < oo for all —oo < 7 < 00,
—00 < Iy < 00}, Cy is a Banach space for all B <o00,dB <o0: N} C Cy, and
N} is convex and compact. Define I'y, @ 8, x & x 01 — N} as the functional
that determines V;* as a function of V3, Fy, and €}, in equation (16), and define
Iyt Ry X § x Cp — NI as the functional that determines V,; as a function of
Vw, Fz, and p in equation (17). Let I', : 8} x C7 x & — C; be the functional
that determines the husband’s optimal side payment offer as a function of his
own V), his wife’s reservation value gw, and the distribution of his wife’s g,
implied by equation (18). Define ', : X% x C; — C] as the functional that
determines the wife’s optimal reservation value as a function of her V,; and her
husband’s side payment offer p implied by Proposition 9. I'y, Iy, I'p, and T',

4“1 Throughout this proof, we use the result that sup., [|p(en) /enl] < oco. This follows
because the husband is never going to provide a sidepayment resulting in a negative value for
him, causing |p (ex) /en| < oo for € > 0, and he is limited by his wife’s participation choice
and the vanishing of her f,, in the tails, causing |p () /en| < oo for g, < 0..
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are all continuous. Define

r (Ez;a Vha Vwa FE)

Ly [Vig, p]

L Lo (Vs 2, p) ]
Iy |

I

T Fw (VwanaF (VJ,EZan))v p(Vha w )]
r 1 lw (VwaFEaF (Cr (Vi Feye0) 5 €y F2))
(Fh(vfu es € w))‘gjuaFE)]'

Since I'y,, I'y, I'p, and T'; are all continuous, so is I Given these results, I
satisfies the conditions for the Schauder fixed point theorem to apply. m

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. (Proposition 12, comparative statics for divorce probabilities) The

Pr(V; (ew,p) 2 0] = / Prley > e}, (0" (en)) | n] fn (en) den,

and the
Pr{Vy (ew,p" (en)) 2 0 en] =1 = Fy (e, (p" (€n))) -
Thus,
0 o Op*
—Pr[V, wH > = —Jw . * = .
e PV (casp) 2 0| en] = ~Fu (€5 (0 (o0)) 52 52
aaig“ < 0 by Proposition 10, and % > 0 by Proposition 6.
Next,
a * a * *
o PriVy (ew,p) 201 = = [ Priew > ey, (p* (en)) | €n] fr (en) den
89h aHh
del Op*
— _ w * * w d
[ a0 @) G2 G (e den > 0
because % > (0 from Proposition 6.
Finally,
O bV (ewp) > 0] = i/Pr[e > e (0" (en) | en] i (en) de
9., wsP) Z = 90, w w \P h hl Jh \ER h

Oer, Op*  Oel
- / Fuen 0 ) | G2 2+ 2 o) e
el

At the optimum, o 69 ~ 4 80 <0. m

8.2 Caring Preferences Specification

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

1% (Ul, UQ) > 0 (29)
2 2—1 ) ]
= > Y iUl > 05
i=1 j=0
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Vo (U,Uz) > 0 (30)

1 2—3

= Y ieuUUL T > 0;

i=0 j=1

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

Vit (Ur,U2) < 0 (31)
= Pgo <0

Voo (U1, Uz) <0 (32)
= Pgo < 0;

and, finally, meeting equation (14) from earlier requires that

Via (U1, U2) > max[Viy (U1, Us), Vao (Uy, Us)] (33)
= O11 = 2090, P11 = 200s-

Condition (29) further implies that

0 < 14 011Uz + 205001 Vbi1 < Uy < bio,b21 < Uz < boo
= ¢11Ua > =1 —=2¢50U1 Vb1 < Uy < bia,bay < Uz < bao
= ¢ U2 > —1 = 2¢9pb12 Vb1 < Uz < bao.

¢11>m if ¢, <0

b
= 1% . .
¢11<M if ¢, >0

ba1

(34)

If ¢1; < 0, then ¢, uq is minimized at Uy = beg > 0, and, if ¢;; > 0, then ¢1,Us
is minimized at Uy = by; < 0. This implies that, if we further assume

baz = b1z = —b11 = —ba1 = b, (35)
then equation (34) simplifies to

$11 > ;% —2¢y if 913 <0
11 < 7+ 209 if 917 >0
0> ¢y > —5 =20y if =3 —2¢hy; <0 .

) 36
0< ¢y < 7+ 209 if 14 2¢5 >0 (36)

Note that equations (33) and (36) always have a continuum of solutions iff

1

i > —2¢9

and that neither is always dominant. Conditions (31), (32), (33), and (36) are
a finite set of restrictions on (¢qg, #11, Ppz) that are easy to impose. We first
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impose equations (31) and (32).*> Then, we determine which restriction on
¢4, is binding and impose it.*>  With the parameters (¢, ¢1,) normalized to
(0,1), this leaves just ¢, to satisfy equations (29) and (30) over the domain in
equation (21).

We can solve condition (30) for ¢; to get

0 < o1 +200Uz 4+ ¢1,U1 Yo11 < Uy < bi2,b21 < Uz < ba
= ¢o1 > — 209Uz — ¢11U1 Vb1 < Uy < bi2,ba1 < Uz < bop
= Qg1 > — 2003022 — ¢ U1Vb11 < U < by

Go1 > — 2¢g2b22 + P11b12 i $yy >0

= .
o1 > — 2¢09b22 + ¢11011  if ¢ <O

which simplifies to
Go1 > — 20020 + [P11] b

if equation (35) holds.**

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 < uy < big,bao < us.
Define

Vao (U1, Uz) = va3 (U1, baa) = 262

as the second partial derivative of V (U, Us) which implies that the first deriv-
ative is

Vo' (U1, Us) = Vo (Ur,b22) + 2049 (Uz — ba2) .

If ¢y < 0, the first derivative will eventually turn negative, violating monotonic-
ity.*> Thus we adjust the derivative to

Vo' (U1, Us) = max [Va (Uy, baz) + 2¢gy (Uz — b22) , 0] .

The point where Va (Uy, baa) + 2dgs (Ua — baa) = 0 occurs where

1 2-i
0 = Z Zj‘bijUfb%;l +2¢3 (Uz — ba2)
i=0 j=1
2¢02b22 - 2270 22':1 j(bileibggl
= U; = ——= baa.

2002

42These can be imposed by estimating — log ¢;; without restrictions for i = 1,2.
43This can be imposed by setting

e

1+ e

)

¢11 = K1+ (K2 — K1)
where a is a free parameter and k2, /1 are the bounds on ¢;; implied by (33) and (36).

44This restriction can be imposed in a way similar to those for Pgo and ¢qq.
451f ¢gy = 0, then no adjustment is necessary.
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This implies that

v* (Ul,UQ) = V(Ul,bzg) + max [‘/2 (Ul,bgg) + 2¢02 (U — b22) ,O] du

bao

min(UJ,Usz)
V(U17b22)+/ Vo (Ut b22) + 265 (u — ba2) du
bao

=V (Up,bg2) + V2 (Uy, by2) [min (Uy, Uz) — bao]
+ oo (min (Uz, Uz) — bao]? .

We make similar adjustments for all other cases outside the region where con-
ditions (29) through (36) hold.

8.3 Estimation

Define the objective function as
£=)"L;i(0) - Ae(0) Qe (0)
with first derivative
% ((f)) = Lo ((f)) ~ 2o (07) Qe ((?))
= Y Lio(0)+ Liew (67) (6 -©")

“2)eo (0°) Qe (0F) — 2heq (0°) Q7 teq (0%) (é - @*)

e

Z Lio (%) — 2Xeg (%) Q7 e (0%)

+

> Lieer (07) = 2Xee (%) Q" eo (6%)

where O is the value of © where £ is maximized and ©* is the true value of ©.
Then

(@) - @*) - lz Lioer (0%) — 2Xeq (%) Q- leq (6%)

[Z [0 (6) - o teryote(6))

i
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where
Z@ (@) = %69 (@*)/Qe_le (@) .

This implies that the asympotic covariance matrix is

D(6-6") - ZLZeO/ ) = 2xe0 (07) 0 e@(@*>1_1~
)~ (6)}
> {re (6) -0 (0)]

Z Liser (0%) — 2)eo (%) O 'eo (0%)

M -
—~
=
@
/N
o)

/

which implies the result in equation (25).

8.4 Specification Test

The text describes our joint test of the assumption that spouses report their
happiness before considering the side payment p and that the husband makes
the take-it-or-leave-it offer of p. In order to implement these tests we need
only compute partial correlations of the generalized residuals of the dependent
variables (Gourieroux et al 1987). In particular, the generalized residuals of z
are simulated as E (z;; | Xij, zi;), and the generalized residuals of u; are

o (te, —2t) =0 (0 —25)
E(u* |zu,uz])= - - ,
o (tuin — zij) o (t,‘j“ - Zm)

conditional on the simulated values of zf;. The variance of the generalized
residuals for 2z} are simulated, and the variance of the generalized residuals for
u; are simulated as

Var( ) Var[ (uu |z”,u”)] —l—/Var [u;‘j | ”,u”} dF( z | zij,Xij)
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where the integrand in the second term is

Var [ufj | 255, ui;] = Var [ufj | ta,, Suij < tZU_H] (37)

u * u * w * w "
tuij zij¢ tuij Zij _t'u,l-j+1 217¢) tuij+l Zij
T¢ O¢ O¢ O¢
t —zF te  —z¥.
ugj+1 ij P Uij i
O¢ O¢

* p 2
t::ij —Zij tzij-plfzij
o\ —5— ) — | —%—
e —zr tu gk ’
wij+1" i\ w;; " Fig
o ( Oc ¢ Oc

Once we have simulated generalized residuals, we test the null hypotheses
associated with equations (26) and (27) using the estimated average partial
derivative described in Powell, Stock and Stoker (1989):16

OK (xj—z;
_Zi Yi Ej g;fﬂj )
22 K (5 — i)
where (y;, ;) is the vector of dependent variables and explanatory variables
corresponding to the null hypotheses and K (-) is a bivariate kernel function.*

The set of dependent variables and explanatory variables for each test was listed
in Table 7 in the text. The asymptotic variance of the estimate is*®

) OK (xj—x4)
i K (zj — )

—2 2

S ka2 (S22 v

%

R =

Vark Var

where Var (y;) is simulated.
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