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1. Introduction

The income tax treatment of married and single individuals varies markedly a
countries and jurisdictions. In several places the prevailing tax laws are significantly
neutral with respect to marital status. The US constitutes a clear example of non-neu
married couples pay federal taxes based on their joint income and face a tax sched
differs from the one applied to two single individuals. As a result, the combined tax l
ities of two individuals can drastically change if they get married. This feature of th
code can generate a tax ‘penalty’ (marriage tax) or a tax ‘bonus’ (marriage subsidy
ciated with marriage, as well as variations in marginal tax rates. Other leading exam
countries where the tax code lacks marriage neutrality are Germany and France.1

Little modeling effort has been devoted to the analysis of marital behavior under d
ential tax treatment of married and single people, even though the issue is not new
the subject of numerous policy debates. This paper constitutes a first step to fill this
We study the equilibrium and welfare effects of income taxation on marital decision
marriage market model with costly search for potential marriage partners and nontra
able utility. The model is based on the two-sided search framework developed by B
and Wright (1998), suitably modified to account for the relevant features of the pro
under analysis.

In the model, ex ante identical single men and women randomly meet pairwise
after observing an idiosyncratic taste parameter that reflects each agent’s prefere
the current potential partner, they get married if both find the current partner accep
Otherwise, they go back to the pool of singles and wait for the next meeting. Agents r
married until one of the spouses dies or decides to dissolve the match. When single,
consume the income they generate, while married people divide the income of the
hold using a fixed sharing rule. Income taxation depends on marital status, i.e., the t
levied on singles need not be the same as the one levied on married people. Thu
affect agents’ optimal marital decisions and hence the equilibrium number of marria

We first focus on the equilibrium effects of changes in the differential tax treatme
married and single individuals. We find that an increase in the marriage tax has two
on the number of marriages. On the one hand, each individual becomes more se
in their acceptance decision of potential mates, since the income gains from marria
crease. This effect has a clear negative impact on the number of marriages. On th
hand, there is an indirect or two-sided search effect that mitigates the initial impact: a
realize that they are accepted less often and this makes them less selective in the
riage decisions. We prove that this effect, which is due exclusively to the existen

1 The German tax system is similar to the one in the US. A different scheme exists in France, where the
income of all family members is averaged out, and tax liabilities are calculated using the same schedule
to single individuals. This implies that married couples in France typically experience a tax-induced m
bonus. In countries such as Canada and Sweden, marriage is neither penalized nor favored by the ta
the unit subject to taxation is the individual rather than the couple or the family. In the US, the incom
law treats married and single people differently since 1948. It seems that differential taxation of marri
single individuals goes back at least to the times of the Roman Emperor Augustus who, in order to foste
formation, introduced a legislation that set implicit taxes on unmarried adults, including widows and wid

(see Southern, 1998).
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search frictions and to the fact that search is two-sided, can dominate the first eff
men or women, but not for both. In other words, an increase in the marriage tax ne
make everybody more reluctant to get married. Although the net effect on the num
marriages is still negative, it is smaller than when the two-sided search effect is ign
as it would be in a partial equilibrium model in which agents on one side of the mark
nore the feedback effects of the strategies of agents on the other side, or in models
search frictions.

We then turn to the normative aspects of the problem. More precisely, we study the
ner’s problem of selecting the tax rates that maximize the expected discounted wel
a cohort of men and women that enters the marriage market in any given period, sub
a balanced budget constraint for each cohort. We find that the optimal solution unam
ously requires a preferential tax treatment of married couples (i.e., a tax-induced ma
bonus). The intuition of this finding is as follows. In a matching equilibrium, individu
ignore the effects of their marriage decisions on the welfare of their prospective pa
As a result, the equilibrium is inefficient as some matching rents are left unexploited,
leads to a lower than optimal number of marriages. We show that the size of the o
tax-induced marriage bonus is the one needed to increase the number of marriage
efficient level.

To assess the quantitative implications of the analysis, we compute the model us
data. We find that relatively large increases in the marriage tax penalty have small
on the number of marriages, and that the number of divorces can actually increase
the marriage tax penalty decreases. We also find that the optimal tax treatment of m
and single people involves a rather large tax-induced marriage bonus.

Finally, we extend the model to allow for the (empirically relevant) possibility of
habitation as an alternative to marriage. In the model, as it occurs in practice, agen
cohabit pay taxes as single individuals. We assume that cohabitation provides th
match benefits of marriage, but it is a more unstable arrangement. In equilibrium, c
itation coexists with marriage, and agents transit from being single to being marr
to cohabiting and vice versa, and also from cohabitation to marriage. To understan
previous results change in the presence of cohabitation, we calibrate the parameter
model taking into account observations pertaining to both cohabitation and marriag
find that the equilibrium number of marriages becomes more sensitive to changes in
ential tax treatment than in the benchmark case. Intuitively, as this tax rate goes up,
who were marginally inclined to marry prefer to cohabit instead. Hence, the numb
agents cohabiting increases. Despite this increase, we find that the total number of i
uals in a match (i.e., married plus cohabiting) decreases with an increase in the tax
married couples.

To the best of our knowledge, this is the first paper to provide an analytical charac
tion of the equilibrium and welfare effects of income taxation on marital decisions, a
allow for the possibility of cohabitation as an alternative to marriage. Our analysis is
on a model that lacks some important features of reality such as labor supply and f
decisions, ex ante heterogeneous individuals in each population, progressive taxe
more sophisticated household decision problem. In spite of these omissions, we vi
results as a useful starting point towards a thorough understanding of the marriage

effects of differential tax treatment of married and single individuals.
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1.1. Related literature

Using reduced-form regression models, several papers have attempted to estim
pirically the effects that income taxation has on marital decisions in the United S
Alm and Whittington (1995a, 1995b) constructed aggregate estimates of the marria
penalty, and regressed the total number of marriages on this variable and a set of
ates. Although they found that changes in the marriage tax penalty have a negative
on the number of marriages, the magnitude of the effect is systematically small in
their estimations. Sjoquist and Walker (1995) conducted a similar exercise using i
the marriage rate (a flow variable) as a dependent variable, but they found no statis
significant effect. Using panel data from PSID, Whittington and Alm (1996) estima
discrete-time hazard model of the probability of divorce. They found that changes
marriage tax penalty have small, but positive effect on the probability of divorce from
marriage.

We departed from the reduced-form tradition in a previous paper (Chade and Ve
2002), where we studied quantitatively the effects of tax reforms that partially, or
pletely, eliminate differential tax treatment in the US case. For that purpose, we bu
equilibrium model of marriage, divorce and labor supply with heterogeneous agen
found that tax reforms lead to relatively small increases in the number of marriages i
eral, but can imply substantial increases in the degree of assortative matching and i
supply of married females.

Albeit rich and useful for a quantitative study, the model of that paper is too com
to be analytically tractable. In the current paper we cast the problem at hand in a s
framework. As a result, this allows us to provide the first characterization of the po
and normative effects of the differential tax treatment of married and single people th
are aware of.

The literature on equilibrium matching models includes not only Burdett and W
(1998) but also the models with ex ante heterogeneous agents by Burdett and Coles
Chade (2001, 2002), Eeckhout (1999), Morgan (1996), Lu and Mc-Afee (1996), Bloc
Ryder (2000), Shimer and Smith (2000), and Smith (1997), among others (see Burd
Coles, 1999 for a survey of the literature). Unlike these papers we only allow for ex
heterogeneity, a major simplification that accounts for the tractability of the model.

The paper is organized as follows. Section 2 describes the model. In Section 3
alyze the equilibrium effects of a change in the differential tax treatment of married
single individuals. In Section 4 we analyze the welfare effects of differential tax treat
Section 5 extends the model by allowing for endogenous match dissolutions. Sec
presents a numerical example. Section 7 introduces cohabitation in the model, an
tion 8 concludes. Appendix A contains most of the proofs.

2. Theoretical framework

We analyze a marriage market with search frictions and differential tax treatme
married and single individuals. The basic model builds on the two-sided search fram

developed in Burdett and Wright (1998).
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Consider a stationary economy populated by a continuum of agents who live in co
ous time and are of two types:m (males) andf (females). The measure of each populat
is for simplicity normalized to one. Each agent engages in the time consuming proc
looking for a mate. Ex ante, individuals in each population are identical. At each me
a man observes a realization of a match-specific random variableθm, distributed according
to Gm(θm), and a woman observes realization ofθf , distributed according toGf (θf ). For
simplicity, it is assumed thatθm andθf are independently distributed on[0, θ], θ � ∞, and
thatGf andGm are differentiable. The corresponding densities are denoted bygf (θf ) and
gm(θm), and are assumed to be continuous. These match-specific components are
relevant; consequently, agents are homogeneous ex ante but heterogeneous ex po

There is a meeting technology that yields the number of meetings among me
women as a function of the measure of unmatched individuals. This technology ex
constant returns to scale; i.e., the total number of meetings per unit of time isN =
β(1 − M), whereβ is the contact rate for an individual and(1 − M) is the number of
singles in the population (equal to the size of the population, minus the measureM of
married agents).

Agents discount the future at the rater . When single, the instantaneous utility of
agent is equal to his or her after-tax incomewi(1− tS), i = f,m, wheretS is the tax rate
for a single person, andwi is the instantaneous wage of an agent of typei. Wages are take
as given in the model in order to focus on marriage market decisions. If a couple d
to get married after observingθm andθf , then his instantaneous utility isk(1− tM)(wm +
wf ) + θm and hers is(1 − k)(1 − tM)(wm + wf ) + θf , wheretM is the tax rate for a
married couple, and(k,1− k) are the shares of the total income that each spouse rec
which are taken as given in the model.2

Since the division of a couple’s after-tax income is exogenously given and the m
specific components are not shared by the spouses, this is a model with non-trans
utility (see Burdett and Wright, 1998 and Burdett and Coles, 1999 for a precise defin
This assumption has been widely used in the literature on marriage markets (see
cussion in Becker, 1973, pp. 834–836), and it intends to capture the idea that, in ma
there are some limits on the utility that can be transferred between spouses.

Regarding taxes, we say that there is differential tax treatment between marrie
single individuals iftM �= tS . If tM − tS > 0, then there exists a ‘marriage tax or penal
while there is a ‘marriage subsidy or bonus’ iftM − tS < 0.

Consider the decision problem faced by a man. Meetings arrive according to a P
process with parameterβ. In a meeting with a female, a man observes a realization oθm

and then decides whether to accept or reject the match. Obviously, the woman is fa
analogous problem, and the match is formed if and only if both find it acceptable. A m
man does not generate any new marriage offer, and he is abandoned by his wife ac
to a Poisson process with parameterλm. Also, he dies according to another independ
Poisson process with parameterδm.

2 When consumption is a public good within the household, then the instantaneous utility of a marriedi

becomesν(1− tM)(wm + wf ) + θi , whereν ∈ (0,1]. Most of the results of the paper hold for this case as well.
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Let Um be the expected discounted utility of a single man, and letVm(θm) be the ex-
pected discounted utility of a man who is in a marriage characterized by a match s
componentθm. Formally, they are recursively defined as follows:

(r + δm)Um = (
1− tS

)
wm + βE

[
max

{
ξm

(
Vm(θm) − Um

)
,0

}]
, (1)

(r + δm)Vm(θm) = k
(
1− tM

)
(wm + wf ) + θm + λm

(
Um − Vm(θm)

)
, (2)

whereξm is the probability that he is accepted in any given meeting. Equation (2) is
to

Vm(θm) = k(1− tM)(wm + wf ) + θm + λmUm

r + δm + λm

. (3)

An optimal strategy for a man is to accept a match if and only if the match spe
component is above a thresholdθ∗

m, defined byVm(θ∗
m) = Um. Substituting this in (3)

yields

(r + δm)Um = θ∗
m + k

(
1− tM

)
(wm + wf ),

and we can rewrite (1) as follows:

θ∗
m + k

(
1− tM

)
(wm + wf ) − (

1− tS
)
wm = βξm

θ∫
θ∗
m

(
Vm(θm) − Vm

(
θ∗
m

))
dGm(θm).

Integrating the right side by parts, using the derivative ofVm(θm) with respect toθm and
the Fundamental Theorem of Calculus yields

θ∗
m + k

(
1− tM

)
(wm + wf ) − (

1− tS
)
wm = βξm

r + δm + λm

µm

(
θ∗
m

)
,

whereµm(θ∗
m) ≡ ∫ θ

θ∗
m
(1− Gm(θm))dθm.

Women face an analogous problem, and their (common) thresholdθ∗
f is implicitly de-

fined by:

θ∗
f + (1− k)

(
1− tM

)
(wm + wf ) − (

1− tS
)
wf = βξf

r + δf + λf

µf

(
θ∗
f

)
,

whereµf (θ∗
f ) ≡ ∫ θ

θ∗
f
(1− Gf (θf ))dθf .

When a man or a woman dies, he or she is replaced by a new entrant; if that indi
was married, then the widowed agent goes back to the pool of singles. In this way, th
of each population remains constant.

A meeting generates a marriage proposal for a man ifθf � θ∗
f . Hence, in equilibrium

ξm = (
1− Gf

(
θ∗
f

)) = −µ′
f

(
θ∗
f

)
,

and similarly

ξf = (
1− Gm

(
θ∗
m

)) = −µ′
m

(
θ∗
m

)
.

Since in this simple setting terminations only occur when one of the spouses d

follows thatλf = δm andλm = δf .



H. Chade, G. Ventura / Review of Economic Dynamics 8 (2005) 565–599 571

-

ne for
rise to

ing

),
fficient
-

uding

tion,
ity

s the
Definition 1. A matching equilibrium is a pair(θ∗
m, θ∗

f ) that satisfies the following equa
tions:

θ∗
m + k

(
1− tM

)
(wm + wf ) − (

1− tS
)
wm = −πµ′

f

(
θ∗
f

)
µm

(
θ∗
m

)
, (4)

θ∗
f + (1− k)

(
1− tM

)
(wm + wf ) − (

1− tS
)
wf = −πµ′

m

(
θ∗
m

)
µf

(
θ∗
f

)
, (5)

whereπ = β/(r + δf + δm).

Equations (4)–(5) define a pair of downward sloping best response functions, o
males and one for females. In principle, they could cross more than once, giving
multiple equilibria.

Adapting Proposition 1 in Burdett and Wright (1998) to our model, yields the follow
existence and uniqueness result:

Proposition 1. Suppose (a)µm and µf are log-concave functions (i.e., µ′′
jµj − (µ′

j )
2 � 0,

j = m,f ), and

(b) E[θm] >
k(1− tM)(wf + wm) − (1− tS)wm

π
and

E[θf ] >
(1− k)(1− tM)(wf + wm) − (1− tS)wf

π
.

Then there is a unique matching equilibrium with either θ∗
f > 0 or θ∗

m > 0 or both.

Henceforth, we will assume thatµm andµf are log-concave and that condition (b
whose only role is to ensure that at least one of the thresholds is positive, holds. A su
condition forµm andµf to be log-concave is thatgm andgf be log-concave. This is a rela
tively weak assumption, and it is satisfied by many standard density functions, incl
the uniform, exponential, normal, logistic, and chi-squared.

In a matching equilibrium, the flow into the pool of married agents in each popula
given by(1− M)β(1− Gm(θ∗

m))(1− Gf (θ∗
f )) (number of meetings times the probabil

of marriage), must be equal to the flow out of this pool, given byM(δf + δm) (number of
married agents times the sum of the probability of becoming a widow or widower plu
probability of dying).

The equilibrium measure of married agents in each population,M∗, is thus given by

M∗ = β(1− Gm(θ∗
m))(1− Gf (θ∗

f ))

β(1− Gm(θ∗
m))(1− Gf (θ∗

f )) + (δf + δm)

= βµ′
m(θ∗

m)µ′
f (θ∗

f )

βµ′
m(θ∗

m)µ′
f (θ∗

f ) + (δf + δm)

= γ

γ + (δf + δm)
, (6)

whereµ′
i = −(1− Gi), i = m,f , andγ = βµ′

mµ′
f (the arguments ofµ′

i , i = m,f , andγ
are omitted to simplify the notation).
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3. Changes in differential tax treatment: equilibrium effects

We first investigate the equilibrium effects of changes in the differential tax treat
of married and single individuals. Although this may be due to a change intM or tS , we
mainly deal with the case in which onlytM changes and address the following questio
Do both men and women become more reluctant to marry whentM increases? How doe
the number of married people change in this case?

Notice thatM∗ depends ontM through the thresholds(θ∗
f , θ∗

m). From (6), it follows that

the sign of∂M∗/∂tM is equal to the sign of∂γ /∂tM , given by

∂γ

∂tM
= β

(
µ′′

mµ′
f

∂θ∗
m

∂tM
+ µ′′

f µ′
m

∂θ∗
f

∂tM

)
. (7)

The derivatives∂θ∗
m/∂tM and∂θ∗

f /∂tM can be found by implicit differentiation of (4) an
(5). They are

∂θ∗
m

∂tM
= k(1+ πµ′

f µ′
m) − (1− k)πµmµ′′

f

(1+ πµ′
f µ′

m)2 − π2µ′′
f µmµ′′

mµf

(wm + wf ), (8)

∂θ∗
f

∂tM
= (1− k)(1+ πµ′

f µ′
m) − kπµf µ′′

m

(1+ πµ′
f µ′

m)2 − π2µ′′
f µmµ′′

mµf

(wm + wf ). (9)

Consider first the symmetric case in whichGf = Gm = G, wf = wm = w, k = 1/2,
andδf = δm. The matching equilibrium is symmetric with both populations choosing
same thresholdθ∗, and thusµf = µm = µ. In this case, the sign of∂θ∗/∂tM depends on
the sign of the following expression:

1+ π(µ′2 − µ′′µ)

(1+ πµ′2)2 − (πµ′′µ)2
= 1

1+ πµ′2 + πµ′′µ
> 0. (10)

Therefore,θ∗ increases whentM increases, and it follows from (7) thatM∗ decreases. Th
intuition is rather simple: an increase intM reduces the ‘income gains’ from marriage,
agents demand higher match-specific components to marry.

It is easy to show that the resulting changes inθ∗ and inM∗ are smaller than in th
‘one-sided’ case in which agents ignore the reaction of the other population: in tha
the analogue of (10) is 1/(1+ πµ′2). The intuition is the following: whentM increases
there are two opposite effects onθ∗. First, there is adirect effect: the decrease in the incom
gains from marriage increases the acceptance thresholds of men and women. Seco
is an indirect effect, which we call thetwo-sided search effect: each agent now faces
‘tighter’ search environment (since they are accepted less often) and this makes th
selective. In the symmetric case, we have just showed that the first effect dominates f
men and women, and the net result is an increase in the thresholds. The two-sided
effect, however, makes the thresholds and the fraction of married peopleless sensitive to
changes in the marriage tax than in the one-sided search case.

Things are a bit more complicated in the asymmetric case. Given the log-con

assumption, the denominators of (8) and (9) are positive, for
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(
1+ πµ′

f µ′
m

)2 − π2µ′′
f µmµ′′

mµf = 1+ 2πµ′
f µ′

m + π2((µ′
f µ′

m

)2 − µ′′
f µmµ′′

mµf

)
� 1+ 2πµ′

f µ′
m + π2((µ′

f µ′
m

)2 − (
µ′

f µ′
m

)2)
= 1+ 2πµ′

f µ′
m > 0.

The numerators, however, can be positive or negative. As the next result shows, an i
in tM can make one of the populationsmore selective and the otherless selective in their
acceptance decisions.

Proposition 2. If tM increases, then either

(i) both θ∗
m and θ∗

f increase, or
(ii) θ∗

m increases and θ∗
f decreases, or

(iii) θ∗
m decreases and θ∗

f increases.

Case (ii) occurs if k is sufficiently close to one, while (iii) arises if k is sufficiently close to
zero.

Notice that an increase in the marriage tax need not make both men and women
clined to marry. If the division of the household’s income is sufficiently asymmetric,
the two-sided search effect dominates for one of the populations, leading to adecrease in
the acceptance threshold. To understand the intuition of this result consider case (ii
the male partner captures most of the household’s income, an increase intM has a sub-
stantial direct effect on the acceptance threshold of men and a small direct effect
women’s threshold. But this implies that the two-sided search effect will be small for
and large for women. Case (ii) shows that this indirect effect outweighs the direct o
women.3

In Fig. 1, we illustrate cases (i) and (ii) whentM increases fromtM0 to tM1 . The functions
rm(·) andrf (·) are the best response functions of males and females derived from (
(5). In the figure, the original intersection of the best response function is given b
Case (i) is represented by a movement from A to C. Case (ii) is represented by a mov
from A to B.

Proposition 2 also suggests the theoretical possibility thatM∗ could actually increas
with an increase intM . Notice, however, that if we insert (8) and (9) into (7) then it is e
to show that a sufficient condition for∂γ /∂tM to be nonpositive is

kµ′′
m

(
µ′

f

)2
µ′

m − (1− k)µmµ′′
f µ′′

mµ′
f + (1− k)µ′′

f

(
µ′

m

)2
µ′

f − kµf µ′′
f µ′′

mµ′
m � 0.

Under log-concavity, the left side of this expression is less than or equal to

kµ′′
m

(
µ′

f

)2
µ′

m − (1− k)
(
µ′

m

)2
µ′′

f µ′
f + (1− k)µ′′

f

(
µ′

m

)2
µ′

f − k
(
µ′

f

)2
µ′′

mµ′
m = 0.

Hence,M∗ decreases whentM increases.

3 The proof uses a limiting argument ask goes to zero or one to show that the thresholds can move in opp
directions, but this is not the only ‘asymmetry’ that can lead to this result. For instance, the same happe

changetS instead, andwm/wf goes to zero or infinity. See Eqs. (11)–(12).
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Fig. 1. Changes inθ∗
f

andθ∗
m.

It is important to emphasize that the two-sided search effect is dueexclusively to the
existence of search frictions (i.e., search is a time consuming process and time is va
Indeed, as search frictions vanish (i.e.,r andδi , i = m,f , go zero) both thresholds co
verge toθ ; in the limit, agents would ‘sample’ marriage proposals until they observθ ,
thereby rendering the two-sided search effect of a change intM irrelevant.

So far we have focused on the case in whichtM changes keepingtS constant. Analogou
results hold iftS changes instead. Straightforward differentiation of (4)–(5) yields

∂θ∗
m

∂tS
= − wm(1+ πµ′

f µ′
m) − wf πµmµ′′

f

(1+ πµ′
f µ′

m)2 − π2µ′′
f µmµ′′

mµf

, (11)

∂θ∗
f

∂tS
= − wf (1+ πµ′

f µ′
m) − wmπµf µ′′

m

(1+ πµ′
f µ′

m)2 − π2µ′′
f µmµ′′

mµf

. (12)

Two noteworthy implications follow from (11)–(12). First, unlessk = 1/2 and wm =
wf = w, the quantitative impact of a given change intM − tS on θ∗

f and θ∗
m depends

on whether it is due to a change intM or in tS (compare (8)–(9) with (11)–(12)). Secon
the equilibrium effects can be qualitatively different in the two cases, as the follo
example illustrates.

Example 1. Let wm = wf = w, and supposeθm and θf are exponentially distrib

uted with parameterη. It is easy to show that in this caseµ′

f µ′
m − µmµ′′

f = 0 and
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m − µf µ′′
m = 0. Hence, the numerators of (11) and (12) are equal tow > 0, and thus

a decrease intS increases bothθ∗
m and θ∗

f . Notice, however, that an increase intM can
lead to changes in the thresholds of opposite signs depending on the value ofk. Thus, a
change intM − tS of a given size can affect behavior differently depending on how
implemented.4

4. Changes in differential tax treatment: welfare effects

We now address the following important question: Is it optimal to tax married and s
individuals differently? An oft-heard policy recommendation calls for uniform taxa
of all individuals, independently of their marital status. We show below that symm
tax treatment of single and married people is never optimal in this framework. Und
optimal policy, the tax rate imposed on married people islower than the one imposed o
single individuals.5

Since the algebra becomes unwieldy in the general case, we will derive the main in
using the symmetric version of the model (i.e.,Gf = Gm = G, wf = wm = w, k = 1/2,
andδf = δm, and henceUm = Uf = U andθ∗

m = θ∗
f = θ∗), with tS = 0 andtM as the

choice variable. The computational experiments in Section 6, however, reveal that th
findings also emerge in the general case in whichnone of these restrictions are imposed

We consider the problem of finding the tax ratetM that maximizes the sum of th
expected utilities of the cohort of men and women that enters the market at a given
subject to a budget constraint that equates the present value of tax revenues gene
the cohort with the present value of expenditures associated with the cohort.

Maximizing the welfare of each ‘cohort’ of newborns subject to an intertemporal bu
constraint for the cohort is a reasonable social planner’s problem to focus on for th
lowing reasons. First, it guarantees (almost by definition) thattM is such that the expecte
utility of every new entrant is maximized, which is a sensible ‘ex ante’ measure of we
in this setting. Second, we shall see below that this formulation of the planner’s pro
affords a tractable way to capture the ‘transition effects’ that changes intM impose on the
marriage rate of each cohort over time, which in turn affects the revenues collected
planner and thus the optimal choice oftM .

Since (i) a constant fractionδ of each population dies at every instant and is repla
by new entrants, (ii) everyone is born single, and (iii) we are considering the symm
version of the model, it follows that the objective function of the planner is 2δU , or sim-
ply U . Also, in order to avoid carrying the constant 2δ in our calculations (which ends u
canceling out anyway), we are going to proceed as if the size of each new cohort is
to one.

4 The main force that drives this example is that utility is non-transferable. With transferable utility cas
and (iii) of Proposition 2 cannot arise, and therefore the qualitative effects of an increase intM are the same a
those of a decrease intS . The proof of this and other results when utility is transferable are available from
authors upon request.
5 The analysis of this section has greatly benefited from detailed suggestions by Robert Shimer.
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As we mentioned above, the constraint faced by the planner is given by a presen
budget constraint for each new cohort. LetE be an exogenous level expenditure per liv
person in the cohort that needs to be financed. The policy instruments available
planner aretM , which is levied on the fraction of agents of the cohort that is alive
married at each point in time, and a tax (subsidy) ratet that is levied on all living agents o
the cohort at each point in time.

Let us first calculate the present value of expenditures for each cohort. Notice tha
an interval of lengthτ has elapsed, only a measure of agents e−δτ of the cohort remains
alive. Assuming that the planner can borrow and lend at a rater , the present value o
expenditures for each cohort is given by

∞∫
0

Ee−(r+δ)τ dτ = E

r + δ
.

The revenue collected from a cohort comes from two sources, namely,t andtM . Since
t is applied to all living agents of the cohort at any given time, it follows that the pre
value of the revenue collected from this source is

∞∫
0

t2we−(r+δ)τ dτ = t2w

r + δ
.

To calculate the present value of the revenue generated bytM , we need to pin down th
measure of agents of the cohort that is alive and married at each timeτ . Let us denote this
quantity byM(τ ). Obviously,M(0) = 0, since every member of the cohort is born sing
Moreover,M(τ ) satisfies

M′(τ ) = (
e−δτ −M(τ )

)
γ − 2δM(τ ). (13)

The solution to (13) subject toM(0) = 0 is given by

M(τ ) = γ

δ + γ

(
1− e−(γ+δ)τ

)
e−δτ .

This expression allows us to calculate the present value of the revenue collected fr
cohort usingtM as follows:

∞∫
0

tM2wM(τ )e−rτ dτ = tM2wγ

(r + δ)(r + 2δ + γ )
,

where the last term follows by integration after substitutingM(τ ).
Therefore, the balanced budget constraint on the planner’s problem is

E = 2w

(
t + γ

r + 2δ + γ
tM

)
.

Regarding the planner’s objective function, we can simplify it as follows. Notice
U = V (θ∗) implies that

θ∗(tM, t) + (1− tM − t)w

U =

r + δ
.
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Also, sincet is applied to both married and single agents, it is easy to show that∂θ∗/
∂t = 0.6

Using these results, the planning problem becomes:

max
tM

θ∗(tM) + (1− tM − t (tM))w

r + δ
, (14)

wheret (tM) = E/2w − γ /(r + 2δ + γ )tM . We are now ready to show the main result
this section.

Proposition 3. At the optimal solution of problem (14), tM < 0.

In other words, optimal taxation in this setting entails a marriage bonus. The k
understand this result is that, when utility is nontransferable, the matching equilib
is inefficient. Indeed, one can show that the equilibrium thresholdθ∗ is higher than the
socially optimal level. To see this, notice that in the symmetric version of the model wi
taxes, the equilibrium thresholdθ∗ solves (see (4) or (5))

θ∗ = −πµµ′. (15)

In turn, if a social planner chose the individual threshold directly, he would choose th
that solves7

θSP = µ

2µ′ − πµµ′

2
. (16)

If we add and subtractπµµ′/2 to the right side of (16), we can rewrite it as follows:

θSP = −πµµ′ + µ

2µ′ (1+ πµ′2). (17)

Since(µ/2µ′)(1 + πµ′2) < 0, it follows that the socially optimal threshold is lower th
the equilibrium one. In other words, when utility is nontransferable some matching
are left unexploited in equilibrium.

Now, the proof of Proposition 3 shows that the optimal tax ratetM is the solution to
tM = (µ/µ′)(1+ πµ2)/(2w), which rearranges totMw = (µ/2µ′)(1 + πµ2). Thus, the
size of the marriage tax bonus isexactly the one required to correct the aforemention
inefficiency.

6 Incidentally, this shows that existence of equilibrium in the symmetric model trivially extends to the cas
a balanced budget constraint. In the general case, for any givent , there exists (by Proposition 1) a unique p
(θ∗

m(t), θ∗
f
(t)), which is continuous int . Hence,βµ′

f
µ′

m is continuous int , and one can show that this implie
that there is at that solves the balanced budget constraint, thereby showing that an equilibrium exists.

7 To derive this expression, notice that the proof of Proposition 1 shows that an agent’s expected dis
utility of any given thresholdθ∗ can be written as follows:

w + πµ′2w − πµ′ ∫ θ
θ∗ θ dG(θ)

(r + δ)(1+ πµ′2)
= w

(r + δ)
− πµ′ ∫ θ

θ∗ θ dG(θ)

(r + δ)(1+ πµ′2)
.

The social planner will choose the thresholdθ∗ that maximizes this expression. Straightforward manipulatio
the first-order condition of this problem yields (16). Notice that we are assuming that the social planner

observe the actual realizations of the match specific components; all he does is to set a thresholdθ∗.
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5. Endogenous match dissolutions

The model analyzed thus far does not allow for endogenous match dissolutions. W
incorporate divorce into the analysis and show that all the results continue to hold
case as well.

The possibility of endogenous match dissolution is modeled as follows. Accordi
a Poisson process with parameterψ , both spouses draw new match-specific compon
of his or her current mate (i.e., the husband draws a newθm and the wife a newθf ) that
are independent of the previous draws, and then they decide whether to continue w
match or get divorced and go back to the pool of singles.8 Under this assumption, th
optimal strategy for an agent is still summarized by a single thresholdθ∗

i , i = m,f , i.e.,
an agent gets married if the match specific component is above the threshold and th
divorced if the new observation falls below it.

We show in Appendix A that a matching equilibrium is a pair of thresholdsθ∗
m andθ∗

f

that solves the following system of equations:

θ∗
m + k

(
1− tM

)
(wm + wf ) − (

1− tS
)
wm = −φµ′

f

(
θ∗
f

)
µm

(
θ∗
m

)
,

θ∗
f + (1− k)

(
1− tM

)
(wm + wf ) − (

1− tS
)
wf = −φµ′

m

(
θ∗
m

)
µf

(
θ∗
f

)
,

whereφ = (β − ψ)/(r + δf + δm + ψ).
The equilibrium number of married people in each population is calculated as fol

the flow into the pool of married agents isβµ′
f (θ∗

f )µ′
m(θ∗

m)(1− M) while the flow out of
that pool is(δf + δm + ψ(1− µ′

f (θ∗
f )µ′

m(θ∗
m)))M . Therefore,

M∗ = βµ′
mµ′

f

(β − ψ)µ′
mµ′

f + δf + δm + ψ
,

and the divorce flow is given by

D∗ = ψ
(
1− µ′

f

(
θ∗
f

)
µ′

m

(
θ∗
m

))
M∗.

Intuitively, an increase intM has the following effects onM∗. First, it decreases th
income gains from marriage and prompts agents to increase the thresholdsθ∗

i , i = f,m,
thereby leading to a lower probability of accepting a matchand to a higher probability of
separation. Second, the two-sided search effect kicks in and mitigates the initial imp
an increase intM . If it does not offset it completely, then the net effect is adecrease in the
equilibrium number of marriages and their duration.

Regarding the impact of an increase intM on the divorce flowD∗, the result is ambigu
ous, for the probability of divorce in general increases while the number of married p
decreases.

The following result extends Propositions 1 and 2 to the case with divorce:

8 This differs from Burdett and Wright (1998), who assume that there aretwo independent Poisson process
one for each spouse, according to which spouses obtain new draws of their match-specific component

results extend to this slightly more general model, but our formulation simplifies the proofs.
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Proposition 4. (1) Suppose that (a)µm and µf are log-concave functions, (b) β > ψ , and

(c) E[θm] >
k(1− tM)(wf + wm) − (1− tS)wm

φ
and

E[θf ] >
(1− k)(1− tM)(wf + wm) − (1− tS)wf

φ
.

Then, there is a unique matching equilibrium with either θ∗
f > 0 or θ∗

m > 0 or both.

(2) If tM increases, then either (i) both θ∗
m and θ∗

f increase, or (ii) θ∗
m increases and θ∗

f

decreases, or (iii) θ∗
m decreases and θ∗

f increases. Case (ii) occurs if k is sufficiently close
to one, while (iii) arises if k is sufficiently close to zero.

Consider now the optimal degree of differential tax treatment with divorce. For an
ical tractability, we will focus again on the symmetric version of the model withtS = 0.
As before, the social planner’s problem amounts to finding the tax ratestM and t that
maximizeU , subject to the appropriate balanced budget constraint.

Following the same steps as in the case without divorce, it is straightforward to
that the balanced budget constraint is now given by

E = 2w

(
t + γ

r + 2δ + γ + ψ(1− µ′2)
tM

)
.

Regarding the planner’s objective function,U = V (θ∗) and the fact that∂θ∗/∂t = 0
allow us to write it as follows:

U = θ∗(tM) + (1− tM − t)w − ψµ′µ
r+2δ+ψ

r + δ
.

Thus, the planning problem is given by

max
tM

θ∗(tM) + (1− tM − t (tM))w − ψµ′µ
r+2δ+ψ

r + δ
, (18)

wheret (tM) = E/2w − γ tM/(r + 2δ + γ + ψ(1− µ′2)).
We are now ready to extend Proposition 3 to the case with divorce.

Proposition 5. At the optimal solution of problem (18), tM < 0.

As in Section 4, this result implies that symmetry in the tax treatment of individua
not optimal. The intuition underlying the optimality of a marriage tax bonus is analo
to the one given after Proposition 3 and will not be repeated.

6. Quantitative results

We now turn to the computation of the model with and without endogenous m

dissolutions. We illustrate the quantitative implications of the model regarding the number
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of marriages, divorces, and the behavior towards marriage associated with changes
Needless to say, it is important to keep in mind that the environment we analyze ab
from several potentially important features of the marriage market.

We use actual US data to restrict our choice of the parameters of the model wh
possible. Regarding the match-specific componentsθm andθf , in this section we simply
assume a particular distribution and then conduct a sensitivity analysis with respec
parameters that characterize it. We will come back to this issue in Section 7.

6.1. Equilibrium effects of changes in tM

We present numerical results whentM is increased, given a fixed value oftS .

The benchmark model
Consider first the benchmark case without endogenous match dissolutions. We

model period equal to a year andtS = 0.20. We then choose the other parameters as
lows. Regarding mortality rates, we assume that males and females enter marria
labor markets at age 20. Thus, we set mortality rates based on life-expectancy con
upon being alive at such age. US data indicates a life expectancy of 55.2 years for males
and 60.3 for females in 2000 (Statistical Abstract of the United States, US Census Bu
2002, Table 92). This yieldsδm = 0.0181 andδf = 0.0166. The annual value for the ra
of time preferencer is set equal to 0.04. We normalizewf = 1.0 and choosewm so as to
match the ratio of mean earnings of males to mean earnings of females. The averag
ratio is about 0.67 for the period 1990–1998 (US Census Bureau, Historical Income Ta
Table P-39. Individuals in the sample are “full-time, year-round workers”). Consequ
we setwm = 1.4925.

We assume that match specific components are exponentially distributed with par
ηm = ηf = η, and henceµf andµm are log-concave. A nice implication of this assum
tion is that it makes all the results concerning the equilibrium effects on the numb
marriages associated with changes intM revenue neutral. The logic is the following: und
the exponential assumption,µ′′

f µm = µ′′
f µm andµ′′

f µ′
m = µ′′

f µ′
m, which in turn imply that

∂θ∗
m/∂t = −∂θ∗

f /∂t and hence∂M∗/∂t = 0. Thus, we can always adjustt to balance the
budget without any effects onM∗.

The parameterη is chosen so that the mean of match specific components (1/η) is in
line with the level of income of a married couple. With no endogenous match dissolu
we set 1/η equal to the fraction of income that each spouse obtains under equal di
(k = 0.5), namely(wf + wm)/2.

To facilitate the comparison with the case with divorce and the mapping of the mo
the data, it will prove convenient to assume in the benchmark case that there is an ad
Poisson process with parameterρ that exogenously destroys matches; i.e.,λi = δj + ρ.

The parameterρ is set so as to reproduce the overall expected duration of a mar
((δm + δf + ρ)−1) found in the data. For this statistic, Schoen and Standish (2001) r

a value of 25.7 years. This dictates, givenδm andδf , a value forρ of 0.00467.
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The remaining parameter of the model, the contact rateβ, is set so that under equ
division (k = 0.5) and withtM = tS , the equilibrium fraction of married individualsM∗
approximates observed value for 1990–2000 (60.8%).9 The resulting value isβ = 0.2845.

Table 1 presents the results regarding the stock of marriages, threshold values and
tance rates for males and females ((1−Gi(θ

∗
i )), i = f,m). Two features are worth pointin

out. First, notice the relative insensitivity of the equilibrium fraction of married indivi
als for different values oftM . For example, whenk = 0.5 a change of eight percenta
points in tM (from 0.16 to 0.24), which changestM − tS from −0.04 to 0.04, generate
a reduction of about one and a half percentage points inM∗. If we measure the impac
of the marriage tax on marriage behavior using the elasticity of the stock of marr
with respect totM − tS , its value is merely−0.0123.10 Second,M∗ always decreases wit
an increase intM , and fork = 0.30 andk = 0.70 one of the thresholds can actually f
whentM increases, illustrating the results of Proposition 2. Fork sufficiently close to one
(k = 0.7), the threshold for males increases and the threshold for females decrease
the opposite happens whenk is sufficiently close to zero (k = 0.30). Notice thatM is not
affected by changes ink. This is also an implication of the exponential distribution, sin
µ′′

f µm = µ′′
f µm andµ′′

f µ′
m = µ′′

f µ′
m imply that∂θ∗

m/∂k = −∂θ∗
f /∂k and∂M/∂k = 0.

Endogenous match dissolutions
Assumingk = 0.5, tM = tS = 0.2, and exponentially distributed match specific co

ponents, we now chooseψ andβ to match the same two US statistics we targeted be
namely, the steady state number of marriages and the expected duration of a m
(δm + δf + ψ(1 − µm(θ∗

m)µf (θ∗
f )))−1. Since divorce is now endogenous, we need

search across equilibria over these two parameters simultaneously. Table 2 prese
results for different values oftM andk.

Notice that now the expected duration of a marriage is affected (negatively) b
changes in the marriage tax penalty. The magnitude of this effect, however, is rela
small. We also note thatM∗ becomes slightly more sensitive to changes intM − tS relative
to the benchmark case, albeit the magnitudes are still small. For instance, whenk = 0.5, an
increase of eight percentage points in the marriage tax (from−0.04 to 0.04) reduces the
number of marriages by about one and a half percentage points. Measuring the chan
elasticities, the elasticity goes up in absolute value, from−0.0123 in the benchmark cas
to about−0.0131 under endogenous matching dissolution. Thus, the relative insens
of M∗ with respect to changes in the marriage tax found previously is still present
model with divorce.

We also note that the thresholds can move in opposite directions. Moreover, a
worthy finding that emerges from Table 2 is that the number of divorces actually
with tM , albeit slightly. In other words, a decrease in the marriage tax penalty can ac
increase the number of divorces across steady states.

9 Individuals considered are 18 years old or over. Source: Statistical Abstract of the US (US Census
2002, Table 46).
10 The elasticities reported in Table 1 are calculated for ‘large’ changes (from−0.04 to 0.04) in the marriage
tax. If they were calculated for ‘small’ changes (for instance, in the neighborhood oftM = tS ), the resulting

elasticities would be even smaller in absolute value.
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Table 1
Stock of marriages, individual thresholds and acceptance rates (tS = 0.20)

Tax on married couples (tM ) k = 0.30 k = 0.50 k = 0.70

16%
Fraction married 0.6154 0.6154 0.6154
θ∗
f

0.3235 0.7424 1.1613

θ∗
m 1.5554 1.1363 0.7175

Acceptance rate (fem.) 0.7714 0.5512 0.3938
Acceptance rate (male) 0.2871 0.4018 0.5623

18%
Fraction married 0.6117 0.6117 0.6117
θ∗
f

0.3431 0.7617 1.1609

θ∗
m 1.5551 1.1561 0.7372

Acceptance rate (fem.) 0.7774 0.5470 0.3939
Acceptance rate (male) 0.2871 0.3986 0.5535

20%
Fraction married 0.6080 0.6080 0.6080
θ∗
f

0.3629 0.7519 1.1611

θ∗
m 1.5549 1.1463 0.7569

Acceptance rate (fem.) 0.7474 0.5470 0.3939
Acceptance rate (male) 0.2871 0.3986 0.5448

22%
Fraction married 0.6042 0.6042 0.6042
θ∗
f

0.3827 0.7716 1.1607

θ∗
m 1.5548 1.1659 0.7767

Acceptance rate (fem.) 0.7356 0.5384 0.3940
Acceptance rate (male) 0.2872 0.3924 0.5362

24%
Fraction married 0.6004 0.6004 0.6004
θ∗
f

0.4027 0.7815 1.1607

θ∗
m 1.5548 1.1759 0.7966

Acceptance rate (fem.) 0.7239 0.5341 0.3940
Acceptance rate (male) 0.2872 0.3892 0.5277

Elasticity (M∗, tM − tS ) −0.0123 −0.0123 −0.0123

Relative importance of income and match-specific components
We now evaluate the sensitivity of the results with respect to the assumption th

mean of match specific components is equal to half of the couple’s income. This exer
important, for it is natural to expect that individuals will become more sensitive to cha
in the marriage tax if the income change associated with marriage becomes relativel
important. In principle, this could alter the relatively small effect of an increase intM on
the number of marriages found previously.

We focus only on the case wherek = 0.5 and compute the equilibrium of the mod
under the assumption that the mean of the distribution of the match specific comp

is equal to a fractiona of the income that each spouse obtains when married, given by
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Table 2
Endogenous divorce: number of marriages and divorces, individual thresholds and
marriage duration (tS = 0.20)

Tax on married couples (tM ) k = 0.30 k = 0.50 k = 0.70

16%
Fraction married 0.6158 0.6158 0.6158
Divorce flow 0.00284 0.00284 0.00284
Marriage duration 25.73 25.73 25.73
θ∗
f

0.2850 0.7039 1.1226

θ∗
m 1.5169 1.0978 0.6791

18%
Fraction married 0.6119 0.6119 0.6119
Divorce flow 0.00284 0.00284 0.00284
Marriage duration 25.72 25.72 25.72
θ∗
f

0.3049 0.7138 1.1225

θ∗
m 1.5168 1.1078 0.6990

20%
Fraction married 0.6080 0.6080 0.6080
Divorce flow 0.00283 0.00283 0.00283
Marriage duration 25.70 25.70 25.70
θ∗
f

0.3249 0.7238 1.1226

θ∗
m 1.5169 1.1178 0.7190

22%
Fraction married 0.6039 0.6039 0.6039
Divorce flow 0.00283 0.00283 0.00283
Marriage duration 25.69 25.69 25.69
θ∗
f

0.3450 0.7339 1.1227

θ∗
m 1.5170 1.1279 0.7391

24%
Fraction married 0.5998 0.5998 0.5998
Divorce flow 0.00282 0.00282 0.00282
Marriage duration 25.67 25.67 25.67
θ∗
f

0.3651 0.7441 1.1229

θ∗
m 1.5170 1.1381 0.7593

Elasticity (M∗, tM − tS ) −0.0131 −0.0131 −0.0131

(wm + wf )/2. Table 3 reports the corresponding changes inM∗ and the elasticity ofM∗
with respect totM − tS for a ∈ {0.5,1.0,1.5}.11

Intuitively, asa decreases and income considerations become relatively more im
ant, the elasticity increases in absolute value. In other words, the behavior of indiv
towards marriage becomes more sensitive to changes in the marriage tax when the
specific component is less important. Quantitatively, the changes in the impact

11 The contact rate implicit in the calculations in Table 3 is the same as in Tables 1 and 2. The elasticitie
change significantly if the contact rate is adjusted to match, for each level ofa, the target number of marriage

underk = 0.5 andtS = tM = 0.20.
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Table 3
Monetary vs. match-specific components (k = 0.5)

a = 0.5 a = 1.0 a = 1.5

Exogenous divorce

Change inM∗ −0.030 −0.015 −0.010
Elasticity −0.0247 −0.0123 −0.0082
(M∗, tM − tS )

Endogenous divorce

Change inM∗ −0.032 −0.016 −0.011
Elasticity
(M∗, tM − tS ) −0.0263 −0.0131 −0.0088

marriage tax penalty are still small. A reduction of 50% in the importance of match sp
components (froma = 1.0 to a = 0.5) yields an increase in the change in the numbe
marriages (associated to the change of the marriage tax penalty from−0.04 to 0.04) from
0.015 to 0.03 with exogenous match dissolutions. With divorce, the increase in the c
in the number of marriages goes from 0.016 to 0.032.

6.2. Optimal differential tax treatment

We now turn to find the values of the tax rates that maximize the sum of the exp
discounted welfare of newborn individuals. We proceed as follows. We again settS = 0.20
and allow the planner to find the optimaltM andt subject to the balanced budget constra
The values of the remaining parameters are set as before.

The main finding is that the optimal gap between taxes on married and single pe
quite large. We find that the tax rate on married couples in the benchmark case isnegative
and approximately−109.6%. The corresponding tax on all individuals is about 81.2%
we restrict attention to taxes on single individuals that satisfyt + tS � 1, thent andtM are,
approximately, 80% and−108.0%. This effectively implies that taxes on singles are eq
100% of their income, and that married couples face a negative tax, or government tr
equal to−28.0%. Very similar results hold in our version of the model with endogen
divorce, and also when the budget is balanced usingtS instead oft .

The intuition underlying the large magnitude of the optimal marriage bonus fou
as follows. In Section 4, we showed that the optimal marriage bonus can be unde
in terms of the planner’s desire to increase the number of marriages to its efficient
Under the optimal tax policy, the number of marriages (M∗) is 0.771, which is a much
larger figure than our calibration target (M∗ = 0.608). Given the relative insensitivity o
the number of marriages to changes in differential tax treatment, it is not surprising
large gap betweentM andtS is needed to accomplish such a dramatic increase inM∗.

It is important to keep in mind that these results are derived in a model in which
ferential tax treatmentonly affects marriage decisions. To be sure, if taxes also affe
other decisions such as labor supply or capital accumulation, the resulting optimal

of differential tax treatment will probably be smaller.
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As an illustration, consider the symmetric case analyzed in Section 4. WithtS = 0, one
can verify than in the exponential case the optimal tax rate is the unique solution to:

tM = −E[θ ]
2w

(
1+ πe−ηθ∗(tM)

)
.

In particular, notice that ifE[θ ] � w, the tax on marriage couples is lower than−50%!
To shed additional light on these numerical results, it is important to mention th

terms of welfare, both populations fare differently under the optimal policy. Females
while males are worse off in the social optimum relative to the initial situation. If, hy
thetically, the planner’s objective were to maximize only the welfare of males, the re
would be very different than the ones reported above. Indeed, the optimal tax rates
case would betM = −14.2% andt = 17.0%. More generally, the quantitative analysis
the model reveals that large changes in welfare of opposite sign take place under th
ning solution whenwm �= wf . As wm grows relative towf , males dislike being heavil
taxed witht and prefer higher values oftM instead.

7. The cohabitation margin

So far we have not allowed for cohabitation as an alternative to marriage. This mi
an important consideration for the questions under analysis. The presence of coha
provides an additional margin that adjusts with changes in the tax structure. For ins
if tM increases, then couples who would otherwise marry could choose to cohabit in
thereby making the number of marriages more sensitive to changes in the tax treatm
married and single individuals.

To the best of our knowledge, there are no theoretical models in which marriag
cohabitation coexist. To be sure, the inclusion of cohabitation in a marriage mode
challenging analytical task. In addition, a model of cohabitation and marriage must
room to account for a number of critical observations. Consider the following facts
cohabitation in the US. First, only a small fraction of the US adult population, app
mately 4%, cohabits at a given point in time (Bumpass and Sweet, 1989, Table
contrast, the fraction of married people in the adult population is more than twelve
larger. Second, US evidence indicates that, in terms of duration, cohabitation is
mentally different from marriage: the mean duration of a cohabiting relationship is
about 3 years (Bumpass and Sweet, 1989; Bumpass et al., 1991; Bramlett and M
2002). Third, the evidence also indicates that cohabitation is closely linked to mar
for a large fraction of cohabitation experiences transits into marriage relationships.12 As a
result, a large fraction of marriages in recent cohorts are preceded by a cohabitation
ence.13 Finally, the evidence suggests that marriages preceded by cohabitation need
more stable.14

12 Bumpass and Sweet (1989, Table 4), calculate that the probability that a cohabitation relationship m
transition to marriage is approximately 0.25 after 1 year, 0.56 after 5 years and 0.59 after 10 years.
13 For instance, Bumpass and Lu (2000) calculate that, for the union cohort 1990–1994, about 40 pe
women aged 19–44 cohabited with their first husband.

14 See Cherlin (1992, Chapter 1), and the references therein for a discussion.



586 H. Chade, G. Ventura / Review of Economic Dynamics 8 (2005) 565–599

scope
of the

ge and
er of
biting

ty of
match-
iage.’
(get

.
s taxes
can
ate
d,
w

ation,’
the

nd the
r event

es as a
ith

ents

aying

tran-
nent.
match
words,

atch-
e co-
sarily
ins
While a complete analysis of a model of marriage and cohabitation is beyond the
of this paper, we present below a stylized framework that captures some aspects
problem that are important for the questions at hand. Such a model permits marria
cohabitation to coexist in equilibrium, and it allows individuals to experience a numb
transitions in their marital status. Over time, they can transit from being single to coha
or to being married, and from cohabiting to being married.

A model of marriage and cohabitation
We now consider an extension of the previous model to allow for the possibili

cohabitation. When two singles meet, after each observes the realization of the
specific component, they simultaneously announce ‘single,’ ‘cohabitation,’ or ‘marr
If both announce ‘cohabitation’ (‘marriage’), then they form a match and cohabit
married). In any other event they remain single and continue searching for a partner

Under cohabitation, an agent enjoys his or her match-specific component and pay
as a single person (i.e., according totS ). There are also two independent shocks that
alter his or her cohabitation status. First, according to a Poisson process with arrival rλi ,
i = m,f , cohabitation breaks down and an agent of typei becomes single again. Secon
according to a Poisson process with arrival rateψ , both partners simultaneously draw ne
realizations of the match-specific components, and then announce ‘single,’ ’cohabit
or ‘marriage.’ If both announce ‘cohabitation,’ then they continue cohabiting but with
new match-specific components. If both announce ‘marriage,’ cohabitation ends a
couple gets married and enjoys the new match-specific components. In any othe
cohabitation ends and they become single again.

When married, an agent enjoys his or her match-specific component and pays tax
married person (i.e., according totM ). As in Section 2, according to a Poisson process w
arrival rateλi , i = m,f , the marriage ends and an agent of typei becomes single again.

Before we turn to a more formal description of this extension, the following comm
about the trade-offs present in the model are in order.

Notice that, compared to marriage, cohabitation allows an agent to continue p
taxes as a single person while enjoying the match-specific component. IftM > tS , this
is obviously advantageous. Moreover, it offers an agent the valuable possibility of
siting into marriage or continue cohabiting but with a higher match-specific compo
The downside is that, unlike marriage, cohabitation is subject to a higher rate of
destruction, for it can be dissolved exogenously as well as endogenously. In other
cohabitation is a moreunstable arrangement than marriage.

Similarly, compared to being single, cohabitation allows an agent to enjoy the m
specific component and also the option value of transiting into marriage or continu
habiting but with higher match-specific component. But being single is not neces
dominated by cohabitation ifβ > ψ or if the share of the total income the agent obta
(which depends onk) is small.

Consider the decision problem faced by a male in this environment. LetUm be the
expected discounted utility of being single, and letV C

m (θm), andV M
m (θm) be the expected
discounted utility of cohabitation and marriage with match-specific componentθm. Then,
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(r + δm)Um

= (
1− tS

)
wm + βE

[
max

{
0, ξC

m

(
V C

m (θm) − Um

)
, ξM

m

(
V M

m (θm) − Um

)}]
, (19)

(r + δm)V C
m (θm)

= k
(
1− tS

)
(wm + wf ) + θm + (λm + ψ)

(
Um − V C

m (θm)
)

+ ψE
[
max

{
0, ξC

m

(
V C

m (θm) − Um

)
, ξM

m

(
V M

m (θm) − Um

)}]
, (20)

(r + δm)V M
m (θm) = k

(
1− tM

)
(wm + wf ) + θm + λm

(
Um − V M

m (θm)
)
, (21)

whereξC
m andξM

m are the probabilities that a woman announces ‘cohabitation’ and ‘
riage.’ Women solve a similar problem and hence there are analogous expressionsUf ,
V C

f (θf ), andV M
f (θf ).

Obviously, there are always trivial equilibria in which cohabitation does not em
For instance, if men conjecture that women will never announce ‘cohabitation,’ th
is a best response for women not to announce ‘cohabitation’ either, and vice ver
avoid this triviality, we will search for a matching equilibrium characterized by a f
tuple(θC

m, θM
m , θC

f , θM
f ), with 0� θC

m < θM
m < θ and 0� θC

f < θM
f < θ . That is, the optima

strategy for an agent of typei, i = m,f , is to announce ‘single’ ifθi < θC
i , ‘cohabitation’ if

θC
i � θi < θM

i , and ‘marriage’ ifθi � θM
i . Moreover, these thresholds satisfyV C

i (θC
i ) = Ui

andξC
i (V C

i (θM
i ) − Ui) = ξM

i (V M
i (θM

i ) − Ui), i = m,f .
In Appendix A we show that a matching equilibrium with these features solve

following system of equations:

θC
i = (1− ψξM

i
σM
i

µ′
i
(θM

i
))(1− tS )wi − (1− βξM

i
σM
i

µ′
i
(θM

i
))wi(k)(1− tS )

1+ (β − ψ)ξC
i

σC
i

(µ′
i
(θM

i
) − µ′

i
(θC

i
)) − βξM

i
σM
i

µ′
i
(θM

i
)

+
(β − ψ)

(
ξC
i

σC
i

∫ θM
i

θC
i

θi dGi(θi ) + ξM
i

σM
i

∫ θi

θM
i

θi dGi(θi ) − ξM
i

σM
i

µ′
i
(θM

i
)wi(k)(1− tS )

)

1+ (β − ψ)ξC
i

σC
i

(µ′
i
(θM

i
) − µ′

i
(θC

i
)) − βξM

i
σM
i

µ′
i
(θM

i
)

,

θM
i = θC

i +
ξM
i

σM
i

(
ψξM

i
σM
i

(
µ′

i
(θM

i
)θC

i
+ ∫ θi

θM
i

θi dGi(θi )
) + wi(k)(tM − tS ) + ψξC

i
σC
i

∫ θM
i

θC
i

θi dGi(θi )
)

(1− ψξM
i

σM
i

µ′
i
(θM

i
))(ξM

i
σM
i

− ξC
i

σC
i

)
,

where i = m,f ; σC
i = 1/(r + δi + λi + ψ); σM

i = 1/(r + δi + λi); wm(k) = k(wm +
wf ), andwf (k) = (1−k)(wm +wf ); ξC

m = µ′
f (θM

f )−µ′
f (θC

f ); ξC
f = µ′

m(θM
m )−µ′

m(θC
m);

ξM
m = −µ′

f (θM
f ), ξM

f = −µ′
m(θM

m ), λm = δf ; andλf = δm.
If a matching equilibrium with these characteristics exists, then the steady-state

sures of agents of each population that are single (S), cohabiting (C), and married (M)
can be calculated as follows. The number of people of each population that flows in
habitation isβξC

mξC
f S, while the number that flows out is(δm + δf + ψ(1 − ξC

mξC
f ))C.

Similarly, the flow into marriage isβξM
m ξM

f S + ψξM
m ξM

f C, while the number that flow
out is(δm + δf )M . Thus, in equilibrium we have

βξC
mξC

f S = (
δm + δf + ψ

(
1− ξC

mξC
f

))
C,

βξM
m ξM

f S + ψξM
m ξM

f C = (δm + δf )M,
S + C + M = 1.
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Solving forS, C, andM , we obtain:

S∗ = (δm + δf )(δm + δf + ψ(1− ξC
mξC

f ))

∆
, (22)

C∗ = βξC
mξC

f (δm + δf )

∆
, (23)

M∗ = βξM
m ξM

f (βξC
mξC

f + δm + δf + ψ(1− ξC
mξC

f )) − (β − ψ)ξM
m ξM

f βξC
mξC

f

∆
, (24)

where∆ is equal to the sum of the numerators of (22), (23), and (24).
A complete analytical equilibrium characterization is beyond reach, so we instea

ceed to report some of the quantitative implications of the model.

Quantitative implications
In order to match the model with the data, it will be convenient to assume that the

two additional independent Poisson processes, one with parameterρC and the other with
parameterρM , which exogenously destroy cohabitation relationships and marriages.

We consider three cases, which are defined by the relative magnitudes ofψ andβ. These
cases are: (i)ψ = 0.90× β; (ii) ψ = β; and (iii) ψ = 1.10× β. In case (ii), it is easy to
show that, sincewm > wf , θC

m > 0 while θC
f = 0; the quantitative analysis reveals that

same is true for case (i).
Since the arrival ratesψ andβ are related in this way, it follows that there are th

parameters to pin down, namely, the parameterη of the exponential distribution ofθm

andθf , the exogenous cohabitation destruction rateρC , and the contact rateβ. We search
for values of these parameters that reproduce, in steady-state, three statistics that t
account the cohabitation phenomenon:

(1) the fraction of agents of each population that cohabits (4%);15

(2) the mean duration of a cohabitation relationship (3.1 years);16 and (3) the fraction o
people from each population that is married (60.8%).17

Table 4 displays the parameters that reproduce the observations whentS = tM = 0.2 in
the equal division case (k = 0.5). The other parameters of the model, includingρM , are set
equal to the same values used before.

15 Source: Bumpass and Sweet (1989, Table 1). More recent data compiled by Fields and Casper (200
a similar fraction of adults cohabiting at a point in time: 3.7%. As these authors recognize, the true fractio
be higher due to reporting problems. We thus target the aforementioned 4% figure.
16 Our calculations come from data in Bumpass and Sweet (1989, Table 4).
17 Ideally, one would like to consider four observations to pin down four parameters (β,ψ,ρC,η). This proved
to be difficult, so we chose to reduce the parameter space by relating the magnitudes ofβ andψ . The natural
observation to add would be a transition probability from cohabitation to marriage. In the data, transition
bilities decline strongly with cohabitation duration; the fraction of a cohort of agents who cohabit that tran
marriage is 0.25, 0.41, 0.48, 0.52, 0.56 and 0.59 in 1, 2, 3, 4, 5 and 10 years, respectively (Bumpass an
1989, Table 4). Our simple model, unfortunately, implies a constant transition probability. For example

Case 2 (β = γ ), the model implies fractions of 0.468 and 0.612, in 10 and 15 years respectively.
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Table 4
Cohabitation model: parameter values

Parameter Case 1 Case 2 Case 3

Mean match specific component 1.3089 1.4204 1.5331
Match arrival rate (β) 0.2538 0.2335 0.2398
Match arrival rate (ψ) 0.2284 0.2335 0.2180
Cohabitation destruction rate (ρC ) 0.1319 0.1308 0.1285

Table 5
Cohabitation model: married and cohabiting individuals (tS = 0.20)

Tax on married couples (tM ) Case 1 Case 2 Case 3

16%
Fraction married (M∗) 0.6260 0.6232 0.6202
Fraction cohabiting (C∗) 0.0342 0.0355 0.0364
M∗ + C∗ 0.6603 0.6586 0.6566
Duration(C∗) 3.0703 3.0751 3.0782

18%
Fraction married (M∗) 0.6171 0.6159 0.6143
Fraction cohabiting (C∗) 0.0371 0.0377 0.0381
M∗ + C∗ 0.6541 0.6536 0.6524
Duration(C∗) 3.0850 3.0877 3.0887

20%
Fraction married (M∗) 0.6078 0.6084 0.6080
Fraction cohabiting (C∗) 0.0400 0.0400 0.0400
M∗ + C∗ 0.6478 0.6483 0.64804
Duration(C∗) 3.1000 3.1000 3.1000

22%
Fraction married (M∗) 0.5979 0.6005 0.6016
Fraction cohabiting (C∗) 0.0432 0.0425 0.0420
M∗ + C∗ 0.6412 0.6430 0.6436
Duration(C∗) 3.1168 3.1144 3.1113

24%
Fraction married (M∗) 0.5876 0.5923 0.5948
Fraction cohabiting (C∗) 0.0467 0.0452 0.0441
M∗ + C∗ 0.6343 0.6374 0.6389
Duration(C∗) 3.1341 3.1288 3.1235

Elasticity (M∗, tM − tS ) −0.0317 −0.0254 −0.0209

In line with our previous analysis, we consider changes intM from 16% to 24% for a
given tax rate on singlestS = 0.20. Table 5 shows the effects this change has onM∗, C∗,
the mean duration of cohabitation, and the total fraction of individuals in a matchM∗ +C∗.

Notice that, albeit the magnitude of changes in the number of marriages is still mod
it is larger when the cohabitation margin is present than in the benchmark case w
cohabitation. Now an increase intM from 0.16 to 0.24 reduces the number of marria
between 2.5 and 3.8 percentage points. In contrast, in the benchmark case with exo

divorce the reduction is about one and a half percentage points. Measured by elasticities,
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Table 6
Benchmark results with match specific components from cohabitation model

Benchmark Case 1 Case 2 Case

Change inM∗ −0.015 −0.014 −0.013 −0.012
Elasticity
(M∗, tM − tS ) −0.0123 −0.0118 −0.0108 −0.0100

the tax changes lead to elasticities ranging from−0.0209 to−0.0317. The correspondin
ones for the benchmark case with exogenous divorce is−0.0123.

This result is intuitive. Given a tax rate on married couplestM , an individual who draws
a match-specific component marginally above the marriage threshold accepts to en
a marriage relationship. Consider an increasetM . Now an individual who draws the sam
value as before rejects the prospective match as a marriage relationship, for the a
income has fallen. But since cohabitation is taxed withtS , and the cohabitation threshold
lower than the marriage threshold, this individual is willing to accept the potential pa
as a cohabitor. Put differently, an increase intM increases the marriage threshold, and he
shifts some relationships ‘in the margin’ from marriage to cohabitation. This mecha
leads to an equilibrium reduction in the number of marriages and an increase in the n
of cohabitation relationships.

Regarding the total number of individuals cohabiting, its magnitude increases wittM .
Indeed, this increase is nontrivial: the change in the number of individuals coha
ranges from 3.4% to 4.6% in Case 1, and from 3.6% to 4.4% in Case 3. We not
this effect compensates the reduction in the number of marriages. The net result is t
total number of individuals in a match, given byC∗ + M∗, actuallyfalls but by a magni-
tude that is smaller than the decrease in the number of marriages, with a reduction r
from 2.6 to 1.8 percentage points.

We close this section with the following comment. The quantitative results of
tion 6 are derived under theassumption that the mean value of match specific comp
nents, 1/η, is equal to the mean income of the spouses, i.e., 0.5 × (wm + wf ) = 0.5×
(1.4925+ 1) = 1.24625. Since the introduction of cohabitation allows us topin down this
parameter (see Table 4), the reader may wonder how the results of Section 6 would
if we recalculated them using the value ofη found in this section. We conducted this ex
cise and, for completeness, we report in Table 6 a summary of the results obtained. In line
with our previous sensitivity analysis, the resulting changes in the stock of marriag
smaller than in the benchmark case. This is unsurprising since, in all cases, the es
mean of the distribution of match specific components is higher than the one assu
the benchmark case of Section 6.

8. Concluding remarks

This paper analyzes positive and normative effects of differential tax treatment o
ried and single people in a marriage market model characterized by search frictio
nontransferable utility.

A central finding that emerges from our analysis is that changes in differentia

treatment are associated with relatively small changes in the number of marriages. As
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our numerical examples illustrate, this result is robust to the consideration of en
nous divorce and cohabitation. In this regard, we note that there has been much dis
about the significant changes in marriage patterns in the US, and on the role played
penalties/bonuses as key driving forces behind these changes. For instance, the num
married individuals fell from nearly 72% of the adult population in 1950 to about 60
2000. Our model strongly suggests that changes of this magnitudecannot be attributed to
observed changes in differential tax treatment of married and single individuals. In C
and Ventura (2002), we also found a relatively small change in the number of mar
associated with changes in differential tax treatment, including its complete elimin
Therefore, the role that differential tax treatment has played on the changes in ma
patterns observed in the US should be viewed as being of secondary importance.

Also noteworthy is that our model of marriage and cohabitation shows that cohabi
rises rapidly as the tax rate on married couples increases. This is of interest given the
the importance of cohabitation in recent years. We note that this rise is contempora
with an increase in the number of two-earner couples and hence in the incidence
marriage tax. A conjecture to explore is the extent to which these phenomena are r
To be sure, this requires a more complete model of cohabitation and marriage.

Another important result that emerges from the theoretical analysis is that an optim
program does not entail symmetric tax treatment of married and single people. We s
that the optimal tax schedule unambiguously requires a tax-induced marriage bon
the best of our knowledge, this is the first theoretical characterization of optimal tax
married and single people we are aware of. At the quantitative level, we found th
size of the required marriage bonus can be quite large. It is an open question w
these predictions are robust to the introduction of some additional realistic features s
labor supply and fertility decisions, ex ante heterogeneity, etc., or to an explicit con
ation of cohabitation in the design of optimal taxes. We leave these extensions for
research.
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Appendix A

Proof of Proposition 1. The equilibrium conditionsξm = −µ′
f (θ∗

f ), ξf = −µ′
m(θ∗

m),
δm = λf , andδf = λm, along with the reservation property of the optimal strategies, a

us to rewrite (1) as follows:
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Um =
(1− tS)wm + πµ′

f µ′
mk(1− tM)(wm + wf ) − πµ′

f

∫ θ

θ∗
m

θm dGm(θm)

(r + δm)(1+ πµ′
f µ′

m)
.

Hence, men solve

max
θ∗
m�0

Um.

Similarly, women solve

max
θ∗
f �0

Uf .

The existence of search frictions allows us to ignore the constraintsθ∗
m � θ andθ∗

f � θ ,
for they will never bind. The Kuhn–Tucker conditions of these problems reveal, after
manipulation, that a matching equilibrium must satisfy the following conditions:

k
(
1− tM

)
(wm + wf ) + θ∗

m − (
1− tS

)
wm + πµ′

f µm � 0, (25)

θ∗
m � 0, (26)

with complementary slackness; and

(1− k)
(
1− tM

)
(wm + wf ) + θ∗

f − (
1− tS

)
wf + πµ′

mµf � 0, (27)

θ∗
f � 0, (28)

with complementary slackness.
Given condition (b), there cannot be an equilibrium withθ∗

m = θ∗
f = 0. For if θ∗

f = 0,
then the optimal response for men is to setθ∗

m > 0, and vice versa. Thus, there are o
three possible cases:

(i) both thresholds are positive;
(ii) only θ∗

m is positive;
(iii) only θ∗

f is positive.

Existence of a solution then follows as in Proposition 1 in Burdett and Wright (19
Moreover, it is easy to show that, under log-concavity, the absolute value of the inve
the slope of the reaction function of womenθ∗

f = rf (θ∗
m) (given by (27)–(28)) is greate

than the slope of the reaction function of menθ∗
m = rm(θ∗

f ) (given by (25)–(26)) when the
intersect. Hence, the equilibrium is unique.�
Proof of Proposition 2. We first show thatθ∗

m and θ∗
f cannot both decrease whentM

increases. Since the denominator of (8)–(9) is positive, it is enough to show that t
merators cannot be both negative. We can rewrite them respectively as

k
[
a(k) + b(k)

] − b(k) (29)

and [ ]

a(k) − k a(k) + c(k) ,
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e-

se (i)

r

he
wherea(k) ≡ 1 + πµ′
f µ′

m, b(k) ≡ πµmµ′′
f , andc(k) ≡ πµf µ′′

m (these expressions d
pend onk through θ∗

f and θ∗
m). If (29) is negative, then it must be the case thatk <

b(k)/(a(k) + b(k)); therefore,

a(k) − k
[
a(k) + c(k)

]
> a(k) − b(k)[a(k) + c(k)]

a(k) + b(k)

= (1+ πµ′
f µ′

m)2 − π2µ′′
f µmµ′′

mµf

a(k) + b(k)
> 0

given the log-concavity ofµf andµm and the fact thata(k) + b(k) > 0. Thus, whentM

increases then either

(i) both θ∗
m andθ∗

f increase, or
(ii) θ∗

m increases andθ∗
f decreases, or

(iii) θ∗
m decreases andθ∗

f increases. The analysis of the symmetric case shows that ca
is nonempty.

Consider case (ii). It is straightforward to show the following results: (a)∂θ∗
m/∂k < 0,

∂θ∗
f /∂k > 0, limk→1 θ∗

f < θ ; (b) limk→1 h(k) = h(1) > 0, whereh(k) is the denominato
of (8)–(9); c) limk→1 a(k) = a(1) > 0 and limk→1 c(k) = c(1) > 0. Therefore,

lim
k→1

∂θ∗
m

∂tM
= a(1)

h(1)
> 0,

lim
k→1

∂θ∗
f

∂tM
= − c(1)

h(1)
< 0.

By continuity, fork sufficiently close to one∂θ∗
m/∂tM > 0 and∂θ∗

f /∂tM < 0, so case (ii)
is nonempty. The analysis for case (iii) follows in a similar way by lettingk go to zero. �
Proof of Proposition 3. Using t (tM) = E/2w − γ tM/(r + 2δ + γ ) andγ = βµ′2, we
can rewrite the planner’s problem as follows:

max
tM

θ∗(tM) + (
1− E

2w
− 1

(1+πµ′2) t
M

)
w

r + δ
.

The first-order condition is

∂θ∗

∂tM
− 1

(1+ πµ′2)
w + 2πµ′µ′′

(1+ πµ′2)2

∂θ∗

∂tM
tMw = 0. (30)

Inserting∂θ∗/∂tM = 1/(1+ πµ′2 + πµ′′µ) into (30) and manipulating reveals that t
optimal solution must satisfy the following equation:

tM = µ

µ′
(1+ πµ2)

2w
,

which is clearly negative sinceµ′ < 0. �
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Proof of Proposition 4. (1) With endogenous match dissolutions,Um is the same as (1
andVm(θm) is given by

(r + δm)Vm(θm) = k
(
1− tM

)
(wm + wf ) + θm + (δf + ψ)

(
Um − Vm(θm)

)
+ ψE

[
max

{
ξm

(
V (θ ′

m) − Um),0
}]

, (31)

where, with some abuse of notation,ξm is also the probability that the agent’s spou
proposes to continue with the match. The optimal strategy is to choose a thresholdθ∗

m that
determines the match formation and separation decisions.

Using (1) to writeE[max{V (θm)−Um,0}] = (r + δm)Um/(βξm)−(1− tS)wm/(βξm),
substituting this into (31) to obtain an expression forVm(θm), inserting it into (1), and
integrating using the threshold strategyθ∗

m, we obtain

Um =
(1− ts )wm(r + δm + δf + ψ(1+ µ′

mξm)) − βξmµ′
mk(1− tM)(wm + wf ) + βξm

∫ θ
θ∗
m

θmdGm

(r + δm)(r + δm + δf + ψ − µ′
m(β − ψ)ξm)

.

The problem for men is to findθ∗
m that solves

max
θ∗
m�0

Um.

Similarly, women solve

max
θ∗
f �0

Uf .

Using the equilibrium conditionsλi = δj and ξi = −µj , i, j = m,f , i �= j , it follows,
after some manipulation, that a matching equilibrium is characterized by a pair(θ∗

m, θ∗
f )

that satisfies

k
(
1− tM

)
(wm + wf ) + θ∗

m − (
1− tS

)
wm + (β − ψ)µ′

f (θ∗
f )

r + δf + δm + ψ
µm

(
θ∗
m

)
� 0, (32)

θ∗
m � 0, (33)

with complementary slackness; and

(1− k)
(
1− tM

)
(wm + wf ) + θ∗

f − (
1− tS

)
wf + (β − ψ)µ′

m(θ∗
m)

r + δf + δm + ψ
µf

(
θ∗
f

)
� 0, (34)

θ∗
f � 0, (35)

with complementary slackness.
Given condition (c), there cannot be an equilibrium withθ∗

m = θ∗
f = 0. For if θ∗

f = 0,
then the optimal response for men is to setθ∗

m > 0, and vice versa. Thus, there are o
three possible cases: (i) both thresholds are positive; (ii) onlyθ∗

m is positive; (iii) only θ∗
f

is positive. Existence of a solution then follows as in Proposition 1 in Burdett and W
(1998). It easy to show conditions a) and b) imply that the absolute value of the inve
the slope of the reaction function of womenθ∗

f = rf (θ∗
m) (given by (34)–(35)) is greate

than the slope of the reaction function of menθ∗
m = rm(θ∗

f ) (given by (28)–(32)) when the

intersect. Hence, the equilibrium is unique.
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(2) The expressions for∂θ∗
m/∂tM and∂θ∗

f /∂tM are the same as (8) and (9), except t
φ = (β − ψ)/(r + 2δ + ψ) replacesπ . Hence, the proof is exactly the same as the pr
of Proposition 2. �
Proof of Proposition 5. Using

t
(
tM

) = E

2w
− γ

r + 2δ + γ + ψ(1− µ′2)
tM and γ = βµ′2

we obtain, after algebraic manipulation, the following first-order condition:

∂θ∗

∂tM

(
1− ψ(µ′′µ + µ′2)

r + 2δ + ψ

)
− r + 2δ + ψ(1− µ′2)

(r + 2δ + ψ + (β − ψ)µ′2)
w

+ 2µ′µ′′β(r + 2δ + ψ)

(r + 2δ + ψ + (β − ψ)µ′2)2

∂θ∗

∂tM
tMw = 0.

After inserting

∂θ∗

∂tM
= 1

(1+ φµ′2 + φµ′′µ)
and φ = β − ψ

r + 2δ + ψ

into the first-order condition, and manipulating the resulting expression, we obtain th
optimal tM satisfies the following equation:

tM = µ

µ′
(1+ φµ2)

2w
,

which is clearly negative sinceµ′ < 0. �
Formal analysis of the model with cohabitation We now proceed to derive the system
equations that characterize a matching equilibrium(θC

m, θM
m , θC

f , θM
f ), with θC

m < θM
m and

θC
f < θM

f .
Consider the decision problem faced by a male in this environment. The values of

single, cohabitating, and married are recursively defined by (19), (20), and (21), re
tively. Let us simplify the notation and denote byE max the expectation in (19) and (20
notice thatE max� 0 and it is positive except for the trivial case in which being sin
dominates cohabitation and marriage for all values of the match-specific componen

Using (19), (20), and (21), we obtain the following expressions after algebraic ma
lation:

ξC
m

(
V C

m (θm) − Um

)
= ξC

mσC
m

(
(β − ψ)

(
E max−k

(
1− tS

)
(wm + wf )

) − (
1− tS

)
wm + θm

)
, (36)

ξM
m

(
V C

M(θm) − Um

)
= ξM

m σM
m

(
β
(
E max−k

(
1− tM

)
(wm + wf )

) − (
1− tS

)
wm + θm

)
. (37)

We want the optimal strategy to be described by a pair of thresholds(θC
m, θM

m ), with
θC
m < θM

m , which are determined byV C
m (θC

m) = Um and ξC
m (V C

m (θM
m ) − Um) = ξM

m ×

(V C

M(θM
m ) − Um), respectively. Figure 2 depicts the type of strategy we are looking for.
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Fig. 2. Male’s optimal strategy.

The picture reveals that a necessary condition for the optimal strategy to have thi
is that the ‘slope’ of (37) be bigger than the ‘slope’ of (36), orξM

m σM
m > ξC

mσC
m . But we also

need to make sure thatθC
m < θM

m (i.e., that (36) ‘crosses’ 0 before it intersects (37)). Us
V C

m (θC
m) = Um, ξC

m (V C
m (θM

m )−Um) = ξM
m (V C

M(θM
m )−Um), and expressions (36) and (37

we obtain, after simple algebraic manipulation,

θM
m = θC

m + ξM
m σM

m (ψE max+k(tM − tS)(wm + wf ))

ξM
m σM

m − ξC
mσC

m

. (38)

Thus, if ξM
m σM

m > ξC
mσC

m andtM � tS , thenθC
m < θM

m and the optimal strategy for a ma
has the desired form. (Notice that, sinceE max> 0, θC

m < θM
m also obtains in this case

tM is ‘slightly’ less thantS . The quantitative exercise provides an illustration of this poi
Under these assumptions, we can rewrite (19), (20), and (21) as follows:

(r + δm)Um

= (
1− tS

)
wm + βξC

m

θM
m∫ (

V C
m (θm) − Um

)
dGm(θm)
θC
m
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+ βξM
m

θ∫

θM
m

(
V M

m (θm) − Um

)
dGm(θm), (39)

V C
m (θm)

= σC
m

(
k
(
1− tS

)
(wm + wf ) + θm

) + σC
m ψξC

m

θM
m∫

θC
m

(
V C

m (θm) − Um

)
dGm(θm)

+ σC
m ψξM

m

θ∫

θM
m

(
V M

m (θm) − Um

)
dGm(θm) + σC

m (λm + ψ)Um, (40)

V M
m (θm) = σM

m

(
k
(
1− tM

)
(wm + wf ) + θm + λmUm

)
. (41)

We will use (39), (40), and (41), along withV C
m (θC

m) = Um and ξC
m(V C

m (θM
m ) − Um) =

ξM
m (V C

M(θM
m ) − Um), to obtain two equations inθC

m andθM
m .

Since the algebra is messy, we will break the derivation into several steps:

Step 1: SubtractingUm from (40) and usingV C
m (θC

m) = Um, we obtain

θM
m∫

θC
m

(
V C

m (θm) − Um

)
dGm(θm)

= σC
m

θM
m∫

θC
m

θm dGm(θm) − σC
m θC

m

(
µ′

m

(
θM
m

) − µ′
m

(
θC
m

))
. (42)

Similarly, subtractingUm from (41) yields

θ∫

θM
m

(
V M

m (θm) − Um

)
dGm(θm)

= σM
m

θ∫

θM
m

θm dGm(θm) − σM
m µ′

m

(
θM
m

)
k
(
1− tM

)
(wm + wf )

+ σM
m µ′

m

(
θM
m

)
(r + δ)Um. (43)

Step 2: Inserting (42) and (43) into (39) yields

(r + δm)Um

wm(1− tM) + βξC
mσC

m

∫ θM
m

θC
m

θm dGm(θm) + βξM
m σM

m

∫ θ

θM
m

θm dGm(θm)

=

1− βξM
m σM

m µ′
m(θM

m )
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holds

f

1.
8 (4),
− βξC
mσC

m θC
m(µ′

m(θM
m ) − µ′

m(θC
m)) + βξM

m σM
m µ′

m(θM
m )k(1− tM)(wm + wf )

1− βξM
m σM

m µ′
m(θM

m )
.

(44)

Step 3: Inserting (42) and (43) into (40), and usingV C
m (θC

m) = Um, yields

(r + δm)Um

=
wm(1− tS) + θC

m + ψξC
mσC

m

∫ θM
m

θC
m

θm dGm(θm) + ψξM
m σM

m

∫ θ

θM
m

θm dGm(θm)

1− ψξM
m σM

m µ′
m(θM

m )

− ψξC
mσC

m θC
m(µ′

m(θM
m ) − µ′

m(θC
m)) + ψξM

m σM
m µ′

m(θM
m )k(1− tM)(wm + wf )

1− ψξM
m σM

m µ′
m(θM

m )
.

(45)

Step 4: SinceV C
m (θC

m) = Um, V C
m (θM

m ) − Um = V C
m (θM

m ) − V C
m (θC

m) = σC
m (θM

m − θC
m).

Using this expression andξC
m (V C

m (θM
m ) − Um) = ξM

m (V C
M(θM

m ) − Um), we obtain

(r + δm)Um = k
(
1− tM

)
(wm + wf ) + θM

m − ξC
mσC

m

ξM
m σM

m

(
θM
m − θC

m

)
. (46)

Step 4: (44), (45), and (46) are three equations in three unknowns:(r + δm)Um, θC
m ,

andθM
m . Eliminating(r + δm)Um reduces the system to the following two equations inθC

m

andθM
m

θC
m = (1− ψξM

m σM
m µ′

m(θM
m ))(1− tS )wm − (1− βξM

m σM
m µ′

m(θM
m ))wm(k)(1− tS )

1+ (β − ψ)ξC
m σC

m (µ′
m(θM

m ) − µ′
m(θC

m)) − βξM
m σM

m µ′
i
(θM

m )

+
(β − ψ)

(
ξC
mσC

m

∫ θM
m

θC
m

θm dGm(θm) + ξM
m σM

m

∫ θm

θM
m

θm dGm(θm) − ξM
m σM

m µ′
m(θM

m )wm(k)(1− tS )
)

1+ (β − ψ)ξC
mσC

m (µ′
m(θM

m ) − µ′
m(θC

m)) − βξM
m σM

m µ′
m(θM

m )

θM
m = θC

m +
ξM
m σM

m

(
ψξM

m σM
m

(
µ′

m(θM
m )θC

m + ∫ θm

θM
m

θm dGm(θm)
) + wm(k)(tM − tS ) + ψξC

mσC
m

∫ θM
m

θC
m

θm dGm(θm)
)

(1− ψξM
m σM

m µ′
m(θM

m ))(ξM
m σM

m − ξC
mσC

m )
,

wherewm(k) = k(wm + wf ).
A similar analysis holds for women. That is, ifξM

f σM
f > ξC

f σC
f and tM � tS , then

θC
f < θM

f , and the optimal strategy for a female has the desired form. These thres
satisfy a similar system of equations as the one derived above.

In equilibrium, it must be the case thatξC
m = µ′

f (θM
f ) − µ′

f (θC
f ); ξC

f = µ′
m(θM

m ) −
µ′

m(θC
m); ξM

m = −µ′
f (θM

f ), ξM
f = −µ′

m(θM
m ), λm = δf ; andλf = δm. Thus, a matching

equilibrium of the kind we are looking for is a solution(θC
m, θM

m , θC
f , θM

f ) to the system o

equations that satisfies these conditions and alsoθC
m < θM

m andθC
f < θM

f .
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