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Abstract

Differential tax treatment of married and single people is a key feature of the tax code in the US
and other countries. We analyze its equilibrium and welfare effects in a matching model with search
frictions and nontransferable utility. We find that an increase in taxes on married people unambigu-
ously reduces the equilibrium number of marriages, but it need not make both men and women more
reluctant to marry. We also show that it is optimal to give married couples a preferential tax treatment.
A quantitative analysis using US data reveals that relatively large changes in taxes are associated with
small changes in the number of marriages and divorces. Finally, we extend the model to allow for
cohabitation as an alternative to marriage, and find that the number of marriages becomes more sen-
sitive to increases in the marriage tax penalty. The magnitude of the resulting changes, however, is
still moderate.
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1. Introduction

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

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

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

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

1 The German tax system is similar to the one in the US. A different scheme exists in France, where the taxable
income of all family members is averaged out, and tax liabilities are calculated using the same schedule applied
to single individuals. This implies that married couples in France typically experience a tax-induced marriage
bonus. In countries such as Canada and Sweden, marriage is neither penalized nor favored by the tax law, as
the unit subject to taxation is the individual rather than the couple or the family. In the US, the income tax
law treats married and single people differently since 1948. It seems that differential taxation of married and
single individuals goes back at least to the times of the Roman Emperor Augustus who, in order to foster family
formation, introduced a legislation that set implicit taxes on unmarried adults, including widows and widowers
(see Southern, 1998).
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search frictions and to the fact that search is two-sided, can dominate the first effect for
men or women, but not for both. In other words, an increase in the marriage tax need not
make everybody more reluctant to get married. Although the net effect on the number of
marriages is still negative, it is smaller than when the two-sided search effect is ignored,
as it would be in a partial equilibrium model in which agents on one side of the market ig-
nore the feedback effects of the strategies of agents on the other side, or in models without
search frictions.

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

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

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

To the best of our knowledge, this is the first paper to provide an analytical characteriza-
tion of the equilibrium and welfare effects of income taxation on marital decisions, and to
allow for the possibility of cohabitation as an alternative to marriage. Our analysis is based
on a model that lacks some important features of reality such as labor supply and fertility
decisions, ex ante heterogeneous individuals in each population, progressive taxes, or a
more sophisticated household decision problem. In spite of these omissions, we view our
results as a useful starting point towards a thorough understanding of the marriage market
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 estimate em-
pirically the effects that income taxation has on marital decisions in the United States.
Alm and Whittington (1995a, 1995b) constructed aggregate estimates of the marriage tax
penalty, and regressed the total number of marriages on this variable and a set of covari-
ates. Although they found that changes in the marriage tax penalty have a negative impact
on the number of marriages, the magnitude of the effect is systematically small in all of
their estimations. Sjoquist and Walker (1995) conducted a similar exercise using instead
the marriage rate (a flow variable) as a dependent variable, but they found no statistically
significant effect. Using panel data from PSID, Whittington and Alm (1996) estimated a
discrete-time hazard model of the probability of divorce. They found that changes in the
marriage tax penalty have small, but positive effect on the probability of divorce from first
marriage.

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

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

The literature on equilibrium matching models includes not only Burdett and Wright
(1998) but also the models with ex ante heterogeneous agents by Burdett and Coles (1997),
Chade (2001, 2002), Eeckhout (1999), Morgan (1996), Lu and Mc-Afee (1996), Bloch and
Ryder (2000), Shimer and Smith (2000), and Smith (1997), among others (see Burdett and
Coles, 1999 for a survey of the literature). Unlike these papers we only allow for ex post
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 we an-
alyze the equilibrium effects of a change in the differential tax treatment of married and
single individuals. In Section 4 we analyze the welfare effects of differential tax treatment.
Section 5 extends the model by allowing for endogenous match dissolutions. Section 6
presents a numerical example. Section 7 introduces cohabitation in the model, and Sec-
tion 8 concludes. Appendix A contains most of the proofs.

2. Theoretical framework
We analyze a marriage market with search frictions and differential tax treatment of

married and single individuals. The basic model builds on the two-sided search framework
developed in Burdett and Wright (1998).
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Consider a stationary economy populated by a continuum of agents who live in continu-
ous time and are of two types: (males) andf (females). The measure of each population
is for simplicity normalized to one. Each agent engages in the time consuming process of
looking for a mate. Ex ante, individuals in each population are identical. At each meeting,
a man observes a realization of a match-specific random vatiabtiistributed according
to G, (0), and a woman observes realizatioroef distributed according t& ¢ (6¢). For
simplicity, it is assumed tha&, andf, are independently distributed @, 01,0 < o0, and
thatG ; andG,, are differentiable. The corresponding densities are denotgd ¢y ) and
gm(6,), and are assumed to be continuous. These match-specific components are payoff-
relevant; consequently, agents are homogeneous ex ante but heterogeneous ex post.

There is a meeting technology that yields the number of meetings among men and
women as a function of the measure of unmatched individuals. This technology exhibits
constant returns to scale; i.e., the total number of meetings per unit of time=is
B(1 — M), wherep is the contact rate for an individual aridl — M) is the number of
singles in the population (equal to the size of the population, minus the medsaife
married agents).

Agents discount the future at the rateWhen single, the instantaneous utility of an
agent is equal to his or her after-tax incomg1 — %), i = f, m, wherer® is the tax rate
for a single person, ang; is the instantaneous wage of an agent of typ&ages are taken
as given in the model in order to focus on marriage market decisions. If a couple decides
to get married after observirg, andéy, then his instantaneous utility i1 — My (w,, +
wy) + 6 and hers i1 — k)(1 — t™)(wy, + wy) + 07, wherer” is the tax rate for a
married couple, anck, 1 — k) are the shares of the total income that each spouse receives,
which are taken as given in the model.

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

Regarding taxes, we say that there is differential tax treatment between married and
single individuals ift™ £ 5. If 1™ — 5 > 0, then there exists a ‘marriage tax or penalty,
while there is a ‘marriage subsidy or bonustif — 15 < 0.

Consider the decision problem faced by a man. Meetings arrive according to a Poisson
process with parameté. In a meeting with a female, a man observes a realizatiah, of
and then decides whether to accept or reject the match. Obviously, the woman is facing an
analogous problem, and the match is formed if and only if both find it acceptable. A married
man does not generate any new marriage offer, and he is abandoned by his wife according
to a Poisson process with parametgr. Also, he dies according to another independent
Poisson process with parameégr.

2 When consumption is a public good within the household, then the instantaneous utility of a married agent
becomes (1 — M) (w, + w ) +6;, wherev € (0, 1]. Most of the results of the paper hold for this case as well.
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Let U,, be the expected discounted utility of a single man, and’}a®¥,,) be the ex-
pected discounted utility of a man who is in a marriage characterized by a match specific
componeny,,. Formally, they are recursively defined as follows:

(r +8m)Un = (L= 1°)wy + BE[MaX{&y (Vin (O) — Um). O}]. 1)

(7 + 8m) Vi Om) = k(L= ™) in + w ) + O + 2o (U = Vin (O)), @
whereg,, is the probability that he is accepted in any given meeting. Equation (2) is equal
to
k(l—tM)(wm+wf)+9m+)\mUm (3)

7=+ 0m + Am .

An optimal strategy for a man is to accept a match if and only if the match specific
component is above a threshdl, defined byV,,(6) = U,,. Substituting this in (3)
yields

r +8m)Un =05 + k(L —tM) (wp +wyp),

and we can rewrite (1) as follows:

Vin (em) =

0
O + k(L= M) (wa + wp) — (1= 5)wi = Bt / (Vi Om) = Vi (6)) Gy (Orn).
s
Integrating the right side by parts, using the derivatived/gf6,,) with respect t®,, and
the Fundamental Theorem of Calculus yields

Bon o)

9;; —i—k(l—tM)(wm—}—w,«)—(1—[S)wm:m m
m m

wheresty, (603) = f5. (1~ G (O)) By
Women face an analogous problem, and their (common) threél;jdkjimplicitly de-
fined by:

* M s B&r *
0 + (L= B (L= ") wn +wp) = (L= ")y = - vl (6%),
wherep ; (0%) = fg}_(l— Gr(07)doy.

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

A meeting generates a marriage proposal for a map i 9}3. Hence, in equilibrium

&n = (1= G(07)) == (07),
and similarly
&r=(1-Gn(0;)) =—1,(0).

Since in this simple setting terminations only occur when one of the spouses dies, it
follows thati = 6,, andi, =46.
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Definition 1. A matching equilibrium is a paift,,, 0%) that satisfies the following equa-
tions: '

O, + k(L= 1) wp +wp) — (L= 1%)wy = =7 (67 1em (65:) (4)
05+ A=k (L= M) (wm +wp) — (L= 1%)ws = =7, (65) 5 (0F), (5)
wherer = B/(r + 8¢ + 8m).

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

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

Proposition 1. Suppose (a) ., and u ¢ arelog-concave functions (i.e., u;f,uj — (;/j)2 <0,
Jj=m, f)i and
k(L= "y (ws 4+ wp) — (L= 15wy
b
A=A =M ws+wn) — A=5Hwy
- .

and

(D) E[On]>

E[0/] >
Then there is a unique matching equilibrium with either 9;“. > 0or 6, > 0or both.

Henceforth, we will assume that,, and .y are log-concave and that condition (b),
whose only role is to ensure that at least one of the thresholds is positive, holds. A sufficient
condition foru,,, andu ¢ to be log-concave is thgt, andg r be log-concave. This is a rela-
tively weak assumption, and it is satisfied by many standard density functions, including
the uniform, exponential, normal, logistic, and chi-squared.

In a matching equilibrium, the flow into the pool of married agents in each population,
givenby(1—-M)B(1— G, (6;)(1— Gf(e;’;)) (number of meetings times the probability
of marriage), must be equal to the flow out of this pool, giverM s + 6,,) (number of
married agents times the sum of the probability of becoming a widow or widower plus the
probability of dying).

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

_ BA=GuG)) A= G0))
BA=Gu @) A= GO7) + Bf + )
B G607
B O OF) + (37 + 8m)
_ 4

Y+ G5 +8m)

whereu; =—(1-G;),i =m, f,andy = ﬁu;,,u’f (the arguments ak;, i =m, f, andy
are omitted to simplify the notation).

*

(6)
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3. Changesin differential tax treatment: equilibrium effects

We first investigate the equilibrium effects of changes in the differential tax treatment
of married and single individuals. Although this may be due to a chang¥ ior 15, we
mainly deal with the case in which only/ changes and address the following questions:
Do both men and women become more reluctant to marry wHeincreases? How does
the number of married people change in this case?

Notice thatd* depends on™ through the threshold@;‘;, 0,¢). From (6), it follows that

the sign ofd M* /3™ is equal to the sign afy /3:M, given by

ay " I 89:;1 " / 89;
m—M::B<Mme8tM+:u’fﬂmat—M : (7

The derivatives)6 /3tM andae;/azM can be found by implicit differentiation of (4) and

(5). They are

"

30x  k(A+mup,) — A= kmump’;

8M: 1 YR 1 (wm~|-lUf), (8)
t (70 3y ) S = TS o i 14
0% 3 (1_]‘)(1"'”#}/%) — k),
oM (L w2 — w2 gy g

(W +wip). 9)

Consider first the symmetric case in whicly = G,, =G, wy =w,, = w, k =1/2,
andé ¢ = §,,. The matching equilibrium is symmetric with both populations choosing the
same threshold*, and thusu ; = w,, = p. In this case, the sign @f9* /3t depends on
the sign of the following expression:

T4mu?—p'n) 1 -0 (10)
(1+7T/L/2)2_(7TMNH)2_1+7TM/2+7T/LNM :

Thereforep* increases wher increases, and it follows from (7) thaf* decreases. The
intuition is rather simple: an increasef{ reduces the ‘income gains’ from marriage, so
agents demand higher match-specific components to marry.

It is easy to show that the resulting change®tnand in M* are smaller than in the
‘one-sided’ case in which agents ignore the reaction of the other population: in that case,
the analogue of (10) is/11 + 7 1'?). The intuition is the following: whem™ increases,
there are two opposite effects 6h First, there is @irect effect: the decrease in the income
gains from marriage increases the acceptance thresholds of men and women. Second, there
is anindirect effect, which we call théwo-sided search effect: each agent now faces a
‘tighter’ search environment (since they are accepted less often) and this makes them less
selective. In the symmetric case, we have just showed that the first effect dominates for both
men and women, and the net result is an increase in the thresholds. The two-sided search
effect, however, makes the thresholds and the fraction of married plspkensitive 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-concavity
assumption, the denominators of (8) and (9) are positive, for
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(L i) = w2 i p = 1 200 gty + 2 1) = 1t )
> 1 2m 0, + 7 (W) = (pm)°)
=1+ Zﬂﬂ/fu;n > 0.

The numerators, however, can be positive or negative. As the next result shows, an increase
in t™ can make one of the population®re selective and the othéess selective in their
acceptance decisions.

Proposition 2. If 1™ increases, then either

(i) both o;; and 0;@ increase, or
(i) 6 increasesand 6]’? decreases, or
(iii) 6, decreasesand 67 increases.

Case (ii) occursif k is sufficiently close to one, while (iii) arisesif k is sufficiently closeto
zero.

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

In Fig. 1, we illustrate cases (i) and (i) whe increases from)! to 7. The functions
rm(-) andr () are the best response functions of males and females derived from (4) and
(5). In the figure, the original intersection of the best response function is given by A.
Case (i) is represented by a movement from A to C. Case (ii) is represented by a movement
from A to B.

Proposition 2 also suggests the theoretical possibility Mi&tcould actually increase
with an increase in . Notice, however, that if we insert (8) and (9) into (7) then it is easy
to show that a sufficient condition féry /91 to be nonpositive is

kit (M’f)zuin — Q=R s + (=)' (uin)zu/f — kpupp iy, < 0.

Under log-concavity, the left side of this expression is less than or equal to
kbl (W) bty — (L= K ()2t + L= I (i) 2 — k(') ety = 0.

Hence,M* decreases whert! increases.
3 The proof uses a limiting argument agloes to zero or one to show that the thresholds can move in opposite

directions, but this is not the only ‘asymmetry’ that can lead to this result. For instance, the same happens if we
changeS instead, andvy, /w y goes to zero or infinity. See Egs. (11)-(12).
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o*

m

Om = Tm(ef,t{v[)
9m = 7'm(9f7t(])v[)
O = Tf(emvt{\/j)

05 = r';(0m, t17)
b= T/(em,tév[)

03 o
Fig. 1. Changes iﬂ_’;. and6’.

It is important to emphasize that the two-sided search effect isxtlasively to the
existence of search frictions (i.e., search is a time consuming process and time is valuable).
Indeed, as search frictions vanish (ieandsé;, i = m, f, go zero) both thresholds con-
verge tod; in the limit, agents would ‘sample’ marriage proposals until they observe
thereby rendering the two-sided search effect of a chang¥ irrelevant.

So far we have focused on the case in whi¥tchanges keeping constant. Analogous
results hold ifrS changes instead. Straightforward differentiation of (4)—(5) yields

005w L+, —w e oy 1)
arS At py,)2 = W20 i 1t
0% _ W (L4 7w ) — Wi T f Iy 12)

arS A+ p,)2 = W20 i 1 f
Two noteworthy implications follow from (11)—(12). First, unleks= 1/2 andw,, =
wr = w, the quantitative impact of a given changerih — +5 on 6% and @} depends
on whether it is due to a changed#{ or in S (compare (8)—(9) with’(11)—(12)). Second,
the equilibrium effects can be qualitatively different in the two cases, as the following
example illustrates.

Example 1. Let w,, = wy = w, and supposé,, and 6, are exponentially distrib-
uted with parameter. It is easy to show that in this caseffu;n - ump/} =0 and
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Mffuﬁn — wyu,, =0. Hence, the numerators of (11) and (12) are equal t00, and thus

a decrease in’ increases both* and6*. Notice, however, that an increasesf can
lead to changes in the thresholds of opposite signs depending on the valugéhofs, a
change in™ — 15 of a given size can affect behavior differently depending on how it is
implemented'

4. Changesin differential tax treatment: welfare effects

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

Since the algebra becomes unwieldy in the general case, we will derive the main insights
using the symmetric version of the model (i.6.y =G, =G, wy =w, =w, k=1/2,
andd; = §,,, and hence/,, = Uy = U and6,, = 0 = 6*), with 1* = 0 and/" as the
choice variable. The computational experiments in Section 6, however, reveal that the same
findings also emerge in the general case in winiate of these restrictions are imposed.

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

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

Since (i) a constant fractiof of each population dies at every instant and is replaced
by new entrants, (ii) everyone is born single, and (iii) we are considering the symmetric
version of the model, it follows that the objective function of the planneé$ig,r sim-
ply U. Also, in order to avoid carrying the constardtid our calculations (which ends up
canceling out anyway), we are going to proceed as if the size of each new cohort is equal
to one.

4 The main force that drives this example is that utility is non-transferable. With transferable utility cases (ii)
and (iii) of Proposition 2 cannot arise, and therefore the qualitative effects of an incredéeaie the same as
those of a decrease iff. The proof of this and other results when utility is transferable are available from the
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 present value
budget constraint for each new cohort. [Eebe an exogenous level expenditure per living
person in the cohort that needs to be financed. The policy instruments available to the
planner are™, which is levied on the fraction of agents of the cohort that is alive and
married at each point in time, and a tax (subsidy) ratet is levied on all living agents of
the cohort at each pointin time.

Let us first calculate the present value of expenditures for each cohort. Notice that, after
an interval of lengthr has elapsed, only a measure of agent¥ ef the cohort remains
alive. Assuming that the planner can borrow and lend at arratbe present value of
expenditures for each cohort is given by

o0
f Fe T gp —
0

E
r+48

The revenue collected from a cohort comes from two sources, nanaig:™ . Since
t is applied to all living agents of the cohort at any given time, it follows that the present
value of the revenue collected from this source is
o0

/IZwe_(r+5)T dr = t2_w
r+46
0

To calculate the present value of the revenue generated bye need to pin down the
measure of agents of the cohort that is alive and married at each tibet us denote this
quantity by M (7). Obviously, M (0) = 0, since every member of the cohort is born single.
Moreover, M (7) satisfies

M (1) = (€7 — M(D))y — 28 M (7). (13)
The solution to (13) subject t81(0) = 0 is given by

Y —(y+8)T\ -7
Mir)=—(1-€" e ’r,
@ =5 )

This expression allows us to calculate the present value of the revenue collected from the
cohort using™ as follows:

o0
/tMZw./\/l(r)e_” dr =
0

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

14 M
E=2w|lt+——1t .
w<+r+28+7/ )

Regarding the planner’s objective function, we can simplify it as follows. Notice that
U = V(6*) implies that
O*M, 1)+ (L —tM —Hw
r+46

tM2wy
r+8r+25+y)

U =
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Also, sincer is applied to both married and single agents, it is easy to showothat
3r =058
Using these results, the planning problem becomes:

*( M M _ M
maxe ")+ @At @™ )w

M r+46 ’ (14)

wherer (tM) = E/2w — y /(r + 25 + y)tM. We are now ready to show the main result of
this section.

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

In other words, optimal taxation in this setting entails a marriage bonus. The key to
understand this result is that, when utility is nontransferable, the matching equilibrium
is inefficient. Indeed, one can show that the equilibrium threshdlé higher than the
socially optimal level. To see this, notice that in the symmetric version of the model without
taxes, the equilibrium threshofd solves (see (4) or (5))

0* = —muu'. (15)

In turn, if a social planner chose the individual threshold directly, he would choose the one
that solve$

o2
If we add and subtract i’ /2 to the right side of (16), we can rewrite it as follows:

/
psP = KL _THI (16)

05" = —mup + 2%/(1+7m’2)- 17)

Since(u/2u)(1+ m'?) < 0, it follows that the socially optimal threshold is lower than
the equilibrium one. In other words, when utility is nontransferable some matching rents
are left unexploited in equilibrium.

Now, the proof of Proposition 3 shows that the optimal tax réteis the solution to
M = (u/u)(1+ 7 u?)/(2w), which rearranges tow = (u/2u)(1 + 7 pu?). Thus, the
size of the marriage tax bonuseégactly the one required to correct the aforementioned
inefficiency.

6 Incidentally, this shows that existence of equilibrium in the symmetric model trivially extends to the case with
a balanced budget constraint. In the general case, for any gitbare exists (by Proposition 1) a unique pair
O (1), 9;5 (1)), which is continuous in. Hence,ﬂ;ﬂfu;n is continuous irr, and one can show that this implies
that there is a 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 discounted
utility of any given threshold* can be written as follows:

w+apPw—p ff* 0dG©6) w nu/faé*QdG(Q)
r+8)A+7mu?) T+ A+’
The social planner will choose the threshéltdthat maximizes this expression. Straightforward manipulation of

the first-order condition of this problem yields (16). Notice that we are assuming that the social planner cannot
observe the actual realizations of the match specific components; all he does is to set a thifeshold
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5. Endogenous match dissolutions

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

The possibility of endogenous match dissolution is modeled as follows. According to
a Poisson process with parameterboth spouses draw new match-specific components
of his or her current mate (i.e., the husband draws aégwand the wife a newds) that
are independent of the previous draws, and then they decide whether to continue with the
match or get divorced and go back to the pool of sin§lémder this assumption, the
optimal strategy for an agent is still summarized by a single threshioldl=m, f, i.e.,
an agent gets married if the match specific component is above the threshold and then gets
divorced if the new observation falls below it.

We show in Appendix A that a matching equilibrium is a pair of threshejgand6
that solves the following system of equations: ‘

O+ k(L= M) ) = (1= 1) = =02 07 11 (0.
07 + A= (L~ M) + ) — (L5 = st (630 (05).

whereg = (B — ) /(r + 87 + 6m + V).
The equilibrium number of married people in each population is calculated as follows:
the flow into the pool of married agentsﬂ&’f(e;)ug 6)(1 — M) while the flow out of

that pool is(é f + 8, + ¥ (1 — ;/f (9;5),u;n (6*)))M. Therefore,
_ Prmh'y
R S e A
and the divorce flow is given by
D = (1 1 (67 (65)) M.

Intuitively, an increase in™ has the following effects on/*. First, it decreases the
income gains from marriage and prompts agents to increase the threghplds f,m,
thereby leading to a lower probability of accepting a matoti to a higher probability of
separation. Second, the two-sided search effect kicks in and mitigates the initial impact of
an increase im™ . If it does not offset it completely, then the net effect idearease in the
equilibrium number of marriages and their duration.

Regarding the impact of an increase th on the divorce flonD*, the result is ambigu-
ous, for the probability of divorce in general increases while the number of married people
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 therévaréndependent Poisson processes,
one for each spouse, according to which spouses obtain new draws of their match-specific components. All the
results extend to this slightly more general model, but our formulation simplifies the proofs.
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Proposition 4. (1) Suppose that (a) 1, and . ¢ are log-concave functions, (b) 8 > v, and

k(1 —tMy(ws +wp) — (L — 15w
¢
A=A =) (ws+wpn) — L—t5Hwy
p .

Then, there is a unique matching equilibriumwith either 9;? > 0or 6} > 0or both.

(2) If tM increases, then either (i) both 6 and 9;; increase, or (ii) 6 increases and 9;’5
decreases, or (jii) 0, decreases and 6% increases. Case (i) occursif k is sufficiently close
to one, while (iii) arisesif k is sufficiently close to zero.

and

(© E[On]>

E[07] >

Consider now the optimal degree of differential tax treatment with divorce. For analyt-
ical tractability, we will focus again on the symmetric version of the model witk: 0.
As before, the social planner's problem amounts to finding the tax r&tesnd that
maximizeU, subject to the appropriate balanced budget constraint.

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

Y M
E=2w|t+ t .
w( r+25+y +yd—©? )

Regarding the planner’s objective functidii,= V (6*) and the fact thato*/ar = 0
allow us to write it as follows:

u_ 0* (M) + (L — 1M — yw — g
r+é )

Thus, the planning problem is given by

OF(tM) + (1 — tM — r(tMyyw — Lne
max ety (18)
M r+4é
wherer(tM) = E/2w — ytM J(r + 26+ y + ¥ (1 — 1'?).
We are now ready to extend Proposition 3 to the case with divorce.

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

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

6. Quantitativeresults

We now turn to the computation of the model with and without endogenous match
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 in taxes.
Needless to say, it is important to keep in mind that the environment we analyze abstracts
from several potentially important features of the marriage market.

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

6.1. Equilibrium effects of changesin ¥
We present numerical results whet is increased, given a fixed value ©f.

The benchmark model

Consider first the benchmark case without endogenous match dissolutions. We set the
model period equal to a year anti= 0.20. We then choose the other parameters as fol-
lows. Regarding mortality rates, we assume that males and females enter marriage and
labor markets at age 20. Thus, we set mortality rates based on life-expectancy conditional
upon being alive at such age. US data indicates a life expectancyaf/8ars for males
and 603 for females in 2000 (Statistical Abstract of the United States, US Census Bureau,
2002, Table 92). This yields,, = 0.0181 andsy = 0.0166. The annual value for the rate
of time preference is set equal to @4. We normalizev ; = 1.0 and choosev,, So as to
match the ratio of mean earnings of males to mean earnings of females. The average of this
ratio is about (67 for the period 1990-1998 (US Census Bureau, Historical Income Tables,
Table P-39. Individuals in the sample are “full-time, year-round workers”). Consequently,
we setw,, = 1.4925.

We assume that match specific components are exponentially distributed with parameter
nm =1y =n, and hencew r andu,, are log-concave. A nice implication of this assump-
tion is that it makes all the results concerning the equilibrium effects on the number of
marriages associated with changes*nrevenue neutral. The logic is the following: under
the exponential assumptio,m;mm = M/}um andu’]iu;n = MT}MQW which in turn imply that
80, /ot = —90% /0t and henc& M* /9t = 0. Thus, we can always adjusto balance the
budget without any effects ol *.

The parameten is chosen so that the mean of match specific componepts € in
line with the level of income of a married couple. With no endogenous match dissolutions,
we set ¥n equal to the fraction of income that each spouse obtains under equal division
(k =0.5), namely(w y + wy,)/2.

To facilitate the comparison with the case with divorce and the mapping of the model to
the data, it will prove convenient to assume in the benchmark case that there is an additional
Poisson process with parametethat exogenously destroys matches; g+ §; + p.

The parametep is set so as to reproduce the overall expected duration of a marriage
(6 + 65+ 0)~1) found in the data. For this statistic, Schoen and Standish (2001) report
avalue of 25.7 years. This dictates, givipands ¢, a value forp of 0.00467.
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The remaining parameter of the model, the contact gatis set so that under equal
division (k = 0.5) and witht™ =5, the equilibrium fraction of married individualt/*
approximates observed value for 1990-2000886) ° The resulting value i = 0.2845.

Table 1 presents the results regarding the stock of marriages, threshold values and accep-
tance rates for males and femalés<{ G, (67)), i = f, m). Two features are worth pointing
out. First, notice the relative insensitivity of the equilibrium fraction of married individu-
als for different values of™. For example, whett = 0.5 a change of eight percentage
points int™ (from 0.16 to 0.24), which change¥ — 5 from —0.04 to Q04, generates
a reduction of about one and a half percentage point!tn If we measure the impact
of the marriage tax on marriage behavior using the elasticity of the stock of marriages
with respect ta™ —¢5 its value is merely-0.012319 Second M* always decreases with
an increase in™, and fork = 0.30 andk = 0.70 one of the thresholds can actually fall
when:M increases, illustrating the results of Proposition 2. Feufficiently close to one
(k = 0.7), the threshold for males increases and the threshold for females decreases, while
the opposite happens wheris sufficiently close to zerdk(= 0.30). Notice thatM is not
affected by changes ih This is also an implication of the exponential distribution, since
/,L/]/»,LLm = ,u/}p.m and;/}u;n = ,u/},u;n imply thatd6,, /ok = —36%/0k andoM /ok = 0.

Endogenous match dissolutions

Assumingk = 0.5, 1™ =5 = 0.2, and exponentially distributed match specific com-
ponents, we now choosfe andg to match the same two US statistics we targeted before,
namely, the steady state number of marriages and the expected duration of a marriage,
m +68r +v(A— /Lm(e’:;)ﬂf(gjz)))_l. Since divorce is now endogenous, we need to
search across equilibria over these two parameters simultaneously. Table 2 presents the
results for different values of! andk.

Notice that now the expected duration of a marriage is affected (negatively) by the
changes in the marriage tax penalty. The magnitude of this effect, however, is relatively
small. We also note that* becomes slightly more sensitive to changesin- ¢ relative
to the benchmark case, albeit the magnitudes are still small. For instancek wh@b, an
increase of eight percentage points in the marriage tax (fr@@4 to Q04) reduces the
number of marriages by about one and a half percentage points. Measuring the changes via
elasticities, the elasticity goes up in absolute value, fred0123 in the benchmark case
to about—0.0131 under endogenous matching dissolution. Thus, the relative insensitivity
of M* with respect to changes in the marriage tax found previously is still present in the
model with divorce.

We also note that the thresholds can move in opposite directions. Moreover, a note-
worthy finding that emerges from Table 2 is that the number of divorces actually falls
with +¥ | albeit slightly. In other words, a decrease in the marriage tax penalty can actually
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 Bureau,
2002, Table 46).

10 The elasticities reported in Table 1 are calculated for ‘large’ changes #0194 to Q04) in the marriage
tax. If they were calculated for ‘small’ changes (for instance, in the neighborhoolf ef r5), the resulting
elasticities would be even smaller in absolute value.
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Table 1
Stock of marriages, individual thresholds and acceptance rates@.20)
Tax on married couples!) k=0.30 k=0.50 k=0.70
16%
Fraction married ®154 06154 06154
6;; 0.3235 Q7424 11613
oy 1.5554 11363 Q7175
Acceptance rate (fem.) 0714 05512 03938
Acceptance rate (male) 2871 04018 05623
18%
Fraction married ®117 06117 06117
6;; 0.3431 Q7617 11609
o 1.5551 11561 Q7372
Acceptance rate (fem.) o774 05470 03939
Acceptance rate (male) 2871 03986 05535
20%
Fraction married ®080 06080 06080
6;; 0.3629 Q7519 11611
oy 1.5549 11463 07569
Acceptance rate (fem.) .m74 05470 03939
Acceptance rate (male) 2871 03986 05448
22%
Fraction married ®042 06042 06042
9;; 0.3827 Q7716 11607
oy 1.5548 11659 Q7767
Acceptance rate (fem.) . 1356 05384 03940
Acceptance rate (male) .2B72 03924 05362
24%
Fraction married ®004 06004 06004
6;; 0.4027 Q7815 11607
oy 1.5548 11759 07966
Acceptance rate (fem.) . 1239 05341 03940
Acceptance rate (male) .2B72 03892 05277
Elasticity (*, M — 5) —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 that the
mean of match specific components is equal to half of the couple’s income. This exercise is
important, for it is natural to expect that individuals will become more sensitive to changes
in the marriage tax if the income change associated with marriage becomes relatively more
important. In principle, this could alter the relatively small effect of an increas& ion
the number of marriages found previously.

We focus only on the case whete= 0.5 and compute the equilibrium of the model
under the assumption that the mean of the distribution of the match specific components
is equal to a fractiorn 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 durations¢ = 0.20)

Tax on married couplest!) 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
9’;- 0.2850 0.7039 1.1226
60 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
9’;- 0.3049 0.7138 1.1225
o 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
9’;- 0.3249 0.7238 1.1226
0,’:, 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
9’; 0.3450 0.7339 1.1227
0,’:, 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
0’;- 0.3651 0.7441 1.1229
6 1.5170 1.1381 0.7593
Elasticity (M*, tM — 1) —0.0131 —0.0131 —0.0131

(wm +wy)/2. Table 3 reports the corresponding changeinand the elasticity ofl/*
with respect ta™ — ¢S for a € {0.5, 1.0, 1.5}.11

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

11 The contact rate implicit in the calculations in Table 3 is the same as in Tables 1 and 2. The elasticities do not
change significantly if the contact rate is adjusted to match, for each leveltbé target number of marriages
underk = 0.5 andsS =™ = 0.20.
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Table 3
Monetary vs. match-specific componenits<{0.5)
a=05 a=10 a=15

Exogenous divorce
Change inv* —0.030 —0.015 —0.010
Elasticity —0.0247 —0.0123 —0.0082
(1, M —15)

Endogenous divorce
Change inM* —0.032 —0.016 —0.011
Elasticity
(M*, M —5) —0.0263 —0.0131 —0.0088

marriage tax penalty are still small. A reduction of 50% in the importance of match specific
components (frona = 1.0 to a = 0.5) yields an increase in the change in the number of
marriages (associated to the change of the marriage tax penalty-fdddd to 0.04) from

0.015 to 0.03 with exogenous match dissolutions. With divorce, the increase in the change
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 expected
discounted welfare of newborn individuals. We proceed as follows. We agaihse2.20
and allow the planner to find the optimd! andr subject to the balanced budget constraint.
The values of the remaining parameters are set as before.

The main finding is that the optimal gap between taxes on married and single people is
quite large. We find that the tax rate on married couples in the benchmark cegatise
and approximately-109.6%. The corresponding tax on all individuals is about 81.2%. If
we restrict attention to taxes on single individuals that satisfy’ < 1, thenr andr™ are,
approximately, 80% and 1080%. This effectively implies that taxes on singles are equal
100% of their income, and that married couples face a negative tax, or government transfer,
equal to—28.0%. Very similar results hold in our version of the model with endogenous
divorce, and also when the budget is balanced usirigstead of.

The intuition underlying the large magnitude of the optimal marriage bonus found is
as follows. In Section 4, we showed that the optimal marriage bonus can be understood
in terms of the planner’s desire to increase the number of marriages to its efficient level.
Under the optimal tax policy, the number of marriagés*f is 0.771, which is a much
larger figure than our calibration targe¥/{ = 0.608). Given the relative insensitivity of
the number of marriages to changes in differential tax treatment, it is not surprising that a
large gap betweer! andrS is needed to accomplish such a dramatic increagé*in

It is important to keep in mind that these results are derived in a model in which dif-
ferential tax treatmentnly affects marriage decisions. To be sure, if taxes also affected
other decisions such as labor supply or capital accumulation, the resulting optimal degree
of differential tax treatment will probably be smaller.
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As an illustration, consider the symmetric case analyzed in Section 4.1W40, one
can verify than in the exponential case the optimal tax rate is the unique solution to:

M- _El°] (1 + ﬂe—nG*(tM)).
2w
In particular, notice that i£[0] > w, the tax on marriage couples is lower thaB0%!

To shed additional light on these numerical results, it is important to mention that, in
terms of welfare, both populations fare differently under the optimal policy. Females gain
while males are worse off in the social optimum relative to the initial situation. If, hypo-
thetically, the planner’s objective were to maximize only the welfare of males, the results
would be very different than the ones reported above. Indeed, the optimal tax rates in this
case would beV = —14.2% andr = 17.0%. More generally, the quantitative analysis of
the model reveals that large changes in welfare of opposite sign take place under the plan-
ning solution wherw,, # wy. As w,, grows relative tow r, males dislike being heavily
taxed withs and prefer higher values of! instead.

7. The cohabitation margin

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

To the best of our knowledge, there are no theoretical models in which marriage and
cohabitation coexist. To be sure, the inclusion of cohabitation in a marriage model is a
challenging analytical task. In addition, a model of cohabitation and marriage must leave
room to account for a number of critical observations. Consider the following facts about
cohabitation in the US. First, only a small fraction of the US adult population, approxi-
mately 4%, cohabits at a given point in time (Bumpass and Sweet, 1989, Table 1). In
contrast, the fraction of married people in the adult population is more than twelve times
larger. Second, US evidence indicates that, in terms of duration, cohabitation is funda-
mentally different from marriage: the mean duration of a cohabiting relationship is only
about 3 years (Bumpass and Sweet, 1989; Bumpass et al., 1991; Bramlett and Mosher,
2002). Third, the evidence also indicates that cohabitation is closely linked to marriage,
for a large fraction of cohabitation experiences transits into marriage relatiodhssa
result, a large fraction of marriages in recent cohorts are preceded by a cohabitation experi-
ence!? Finally, the evidence suggests that marriages preceded by cohabitation need not be
more stablé?

12 Bumpass and Sweet (1989, Table 4), calculate that the probability that a cohabitation relationship makes a
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 percent of
women aged 19-44 cohabited with their first husband.

14 see Cherlin (1992, Chapter 1), and the references therein for a discussion.
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While a complete analysis of a model of marriage and cohabitation is beyond the scope
of this paper, we present below a stylized framework that captures some aspects of the
problem that are important for the questions at hand. Such a model permits marriage and
cohabitation to coexist in equilibrium, and it allows individuals to experience a number of
transitions in their marital status. Over time, they can transit from being single to cohabiting
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 possibility of
cohabitation. When two singles meet, after each observes the realization of the match-
specific component, they simultaneously announce ‘single,’ ‘cohabitation,” or ‘marriage.’
If both announce ‘cohabitation’ (‘marriage’), then they form a match and cohabit (get
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 pays taxes
as a single person (i.e., accordingst). There are also two independent shocks that can
alter his or her cohabitation status. First, according to a Poisson process with arriwg] rate
i =m, f, cohabitation breaks down and an agent of typecomes single again. Second,
according to a Poisson process with arrival ratéboth partners simultaneously draw new
realizations of the match-specific components, and then announce ‘single, 'cohabitation,’
or ‘marriage.’ If both announce ‘cohabitation,’ then they continue cohabiting but with the
new match-specific components. If both announce ‘marriage, cohabitation ends and the
couple gets married and enjoys the new match-specific components. In any other event
cohabitation ends and they become single again.

When married, an agent enjoys his or her match-specific component and pays taxes as a
married person (i.e., according#¥). As in Section 2, according to a Poisson process with
arrival ratex;, i =m, f, the marriage ends and an agent of tyfiecomes single again.

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

Notice that, compared to marriage, cohabitation allows an agent to continue paying
taxes as a single person while enjoying the match-specific componeft. =5, this
is obviously advantageous. Moreover, it offers an agent the valuable possibility of tran-
siting into marriage or continue cohabiting but with a higher match-specific component.
The downside is that, unlike marriage, cohabitation is subject to a higher rate of match
destruction, for it can be dissolved exogenously as well as endogenously. In other words,
cohabitation is a moranstable arrangement than marriage.

Similarly, compared to being single, cohabitation allows an agent to enjoy the match-
specific component and also the option value of transiting into marriage or continue co-
habiting but with higher match-specific component. But being single is not necessarily
dominated by cohabitation §# >  or if the share of the total income the agent obtains
(which depends oh) is small.

Consider the decision problem faced by a male in this environmentU},ebe the
expected discounted utility of being single, andWgt(6,,), andV ¥ (4,,) be the expected
discounted utility of cohabitation and marriage with match-specific compahefithen,
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(r +6m)Un
= (1= 15wy + BE[MaX{0, S (VE 6,) — Un), EX (VM 6,) — Un)}],  (19)
(r +8m) Vs, (Om)
= k(L= 15) (W + wp) + O + G + V) (U — V.S @)
+ Y E[max{0,&5 (V. Om) — Un), X (VM (Om) — Un)}], (20)
r +8m) VY On) = k(L — ™) (Wi + w ) + O + 2 (U — V. O)), (21)

whereC andgV are the probabilities that a woman announces ‘cohabitation’ and ‘mar-
riage.’ Women solve a similar problem and hence there are analogous expressigps for
vC(ef) ande(ef)

Obwously, there are always trivial equilibria in which cohabitation does not emerge.
For instance, if men conjecture that women will never announce ‘cohabitation,’” then it
is a best response for women not to announce ‘cohabitation’ either, and vice versa. To
avoid this triviality, we will search for a matching equilibrium characterized by a four-
tuple(6y;, 6", 65,07, with 0< 65 < 6,7 < and 0< 9]‘5 < 9}4 < 6. Thatis, the optimal
strategy for an agent of typei = m, f,isto announce ‘single’ i; <9C ‘cohabitation’ if
0F < 6; <6M, and ‘marriage’ i); > 6. Moreover, these thresholds satisfff (9°) = U;
ands (V") —Up =M vM M)~ Up,i=m, f.

In Appendix A we show that a matching equilibrium with these features solves the
following system of equations:

e yEM oMl M)A — 15w — (L — BEM oM 1 O} )ywi (k) (1 - 15)
i 1+ B = ECoC Gl O — 1l 60)) — paM oM ) 6M)

” i
B-v)(EFL [ 9& 0;dG; (0;) + MM [ 9;'4 0;dG; (0;) — M oM L (OMyw; (k) (1 —15))
+

l+(ﬂ IEC oL (1] <9M)—u,<6,c)>—ﬁsMo M)

. oM
MM (wsMo (u;0}6F + fe 11 019G 6) +wi )™ —15) +y&Cof [ L 6;dGi @)

M C
K a—yeMoMujM)EMoM —£Cal)
wherei =m, f; o =1/(r+8 +xi +¥); oM = 1/(r + 8 + 1i); wm(k) = k(wpm +
wy), andw s (k) = (L= k) (W +w); &5 = 1 OF) =W 0F); 65 = 103, 051) = 11,05
Enl == OF), EF = =, 01, Am =85 andip =8

If a matchlng equilibrium with these characterlsncs exists, then the steady-state mea-
sures of agents of each population that are sing§)e ¢ohabiting (), and married /)
can be calculated as follows. The number of people of each population that flows into co-
habitation |sﬁ$C$CS while the number that flows out i8,, + 67 + ¥ (1 — £C s )NC.
Similarly, the row into marriage i$&,/5 'S + v &,/ C, while the number that flows
outis (8, + 8¢)M. Thus, in equilibrium we have

BEnEs S = (8m + 87+ (1-£,67))C
BENENS +YEN EYC = 8 +8)M,
S+C+M=1
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Solving for S, C, andM, we obtain:

o On T8O 87+ YA EE0)

X (22)
CsC Sm + 98

C*:ﬁémsf(A ) 23

M*=ﬁémMéy(ﬁérféf+8m+8f+1ﬂ(1—§,f§f))—(ﬁ—l/f)é%é%ﬁénféf’ 24

A

whereA is equal to the sum of the numerators of (22), (23), and (24).
A complete analytical equilibrium characterization is beyond reach, so we instead pro-
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 there are
two additional independent Poisson processes, one with parapfetard the other with
parametep™ , which exogenously destroy cohabitation relationships and marriages.

We consider three cases, which are defined by the relative magnitugiesafs. These
cases are: (iyy =0.90 x g; (i) ¥ = B; and (iii) ¢+ = 1.10 x 8. In case (ii), it is easy to
show that, sincev,, > w, 65 > 0 while 9? = 0; the quantitative analysis reveals that the
same is true for case (i).

Since the arrival rategy and 8 are related in this way, it follows that there are three
parameters to pin down, namely, the parametef the exponential distribution of,,
andéy, the exogenous cohabitation destruction yefte and the contact rate. We search
for values of these parameters that reproduce, in steady-state, three statistics that take into
account the cohabitation phenomenon:

(1) the fraction of agents of each population that cohabits 4%);
(2) the mean duration of a cohabitation relationship (3.1 yé&rahd (3) the fraction of
people from each population that is married (60.8%).

Table 4 displays the parameters that reproduce the observations Whe#! = 0.2 in
the equal division casé & 0.5). The other parameters of the model, includirtg, 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 (2001) shows
a similar fraction of adults cohabiting at a point in time: 3.7%. As these authors recognize, the true fraction might
be higher due to reporting problems. We thus target the aforementioned 4% figure.

16 Qur calculations come from data in Bumpass and Sweet (1989, Table 4).

17 |deally, one would like to consider four observations to pin down four paramegets p<, n). This proved

to be difficult, so we chose to reduce the parameter space by relating the magnitydasdaf,. The natural
observation to add would be a transition probability from cohabitation to marriage. In the data, transition proba-
bilities decline strongly with cohabitation duration; the fraction of a cohort of agents who cohabit that transits to
marriage is 0.25, 0.41, 0.48, 0.52, 0.56 and 0.59in 1, 2, 3, 4, 5 and 10 years, respectively (Bumpass and Sweet,
1989, Table 4). Our simple model, unfortunately, implies a constant transition probability. For example, under
Case 2 g = y), 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 g) 0.2538 0.2335 0.2398
Match arrival rate ¢) 0.2284 0.2335 0.2180
Cohabitation destruction ratp§) 0.1319 0.1308 0.1285
Table 5
Cohabitation model: married and cohabiting individuafs-£ 0.20)
Tax on married couples!) Case 1l Case 2 Case 3
16%
Fraction married ¥ *) 0.6260 06232 06202
Fraction cohabiting@*) 0.0342 00355 00364
M*+C* 0.6603 06586 06566
Duration(C*) 3.0703 30751 30782
18%
Fraction married & *) 0.6171 06159 06143
Fraction cohabiting@*) 0.0371 00377 00381
M*+C* 0.6541 06536 06524
DurationC*) 3.0850 30877 30887
20%
Fraction married ¥ *) 0.6078 06084 06080
Fraction cohabiting*) 0.0400 00400 00400
M*+C* 0.6478 06483 064804
Duration(C*) 3.1000 31000 31000
22%
Fraction married ¢ *) 0.5979 06005 06016
Fraction cohabiting@*) 0.0432 00425 00420
M*+C* 0.6412 06430 06436
Duration(C*) 3.1168 31144 31113
24%
Fraction married ¥ *) 0.5876 05923 05948
Fraction cohabiting@*) 0.0467 00452 00441
M*+C* 0.6343 06374 06389
Duration(C*) 3.1341 31288 31235
Elasticity (M*, tM — 1) —0.0317 —0.0254 —0.0209

In line with our previous analysis, we consider changegirfrom 16% to 24% for a
given tax rate on singles’ = 0.20. Table 5 shows the effects this change has/n C*,
the mean duration of cohabitation, and the total fraction of individuals in a métch C*.

Notice that, albeit the magnitude of changes in the number of marriages is still moderate,
it is larger when the cohabitation margin is present than in the benchmark case without
cohabitation. Now an increase iff from 0.16 to 0.24 reduces the number of marriages
between 2.5 and 3.8 percentage points. In contrast, in the benchmark case with exogenous
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 3
Change inv* —0.015 -0.014 —0.013 —0.012
Elasticity
(M*, M —15) —0.0123 —0.0118 —0.0108 —0.0100

the tax changes lead to elasticities ranging fre0209 to—0.0317. The corresponding
ones for the benchmark case with exogenous divoredif123.

This result is intuitive. Given a tax rate on married coup¥san individual who draws
a match-specific component marginally above the marriage threshold accepts to enter into
a marriage relationship. Consider an incredéeNow an individual who draws the same
value as before rejects the prospective match as a marriage relationship, for the after tax
income has fallen. But since cohabitation is taxed witrand the cohabitation threshold is
lower than the marriage threshold, this individual is willing to accept the potential partner
as a cohabitor. Put differently, an increaseMnincreases the marriage threshold, and hence
shifts some relationships ‘in the margin’ from marriage to cohabitation. This mechanism
leads to an equilibrium reduction in the number of marriages and an increase in the number
of cohabitation relationships.

Regarding the total number of individuals cohabiting, its magnitude increasesMvith
Indeed, this increase is nontrivial: the change in the number of individuals cohabiting
ranges from 3.4% to 4.6% in Case 1, and from 3.6% to 4.4% in Case 3. We note that
this effect compensates the reduction in the number of marriages. The net result is that the
total number of individuals in a match, given 6§ + M*, actuallyfalls but by a magni-
tude that is smaller than the decrease in the number of marriages, with a reduction ranging
from 2.6 to 1.8 percentage points.

We close this section with the following comment. The quantitative results of Sec-
tion 6 are derived under thassumption that the mean value of match specific compo-
nents, ¥, is equal to the mean income of the spouses, i.&. xQw,, + wy) = 0.5x
(1.4925+ 1) = 1.24625. Since the introduction of cohabitation allows upitodown this
parameter (see Table 4), the reader may wonder how the results of Section 6 would change
if we recalculated them using the valuerpfound in this section. We conducted this exer-
cise and, for completeness, we report in Eabla summary of the results obtad. In line
with our previous sensitivity analysis, the resulting changes in the stock of marriages are
smaller than in the benchmark case. This is unsurprising since, in all cases, the estimated
mean of the distribution of match specific components is higher than the one assumed in
the benchmark case of Section 6.

8. Concluding remarks

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

A central finding that emerges from our analysis is that changes in differential tax
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 endoge-
nous divorce and cohabitation. In this regard, we note that there has been much discussion
about the significant changes in marriage patterns in the US, and on the role played by tax
penaltiegbonuses as key driving forces behind these changes. For instance, the number of
married individuals fell from nearly 72% of the adult population in 1950 to about 60% in
2000. Our model strongly suggests that changes of this magrianet be attributed to
observed changes in differential tax treatment of married and single individuals. In Chade
and Ventura (2002), we also found a relatively small change in the number of marriages
associated with changes in differential tax treatment, including its complete elimination.
Therefore, the role that differential tax treatment has played on the changes in marriage
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 cohabitation
rises rapidly as the tax rate on married couples increases. This is of interest given the rise in
the importance of cohabitation in recent years. We note that this rise is contemporaneous
with an increase in the number of two-earner couples and hence in the incidence of the
marriage tax. A conjecture to explore is the extent to which these phenomena are related.
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 optimal tax
program does not entail symmetric tax treatment of married and single people. We showed
that the optimal tax schedule unambiguously requires a tax-induced marriage bonus. To
the best of our knowledge, this is the first theoretical characterization of optimal taxes on
married and single people we are aware of. At the guantitative level, we found that the
size of the required marriage bonus can be quite large. It is an open guestion whether
these predictions are robust to the introduction of some additional realistic features such as
labor supply and fertility decisions, ex ante heterogeneity, etc., or to an explicit consider-
ation of cohabitation in the design of optimal taxes. We leave these extensions for future
research.
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Appendix A

Proof of Proposition 1. The equilibrium conditions,, = —M}.(G}‘.), Er = —u,0r),
8n = Ay, andé s = Ay, along with the reservation property of the optimal strategies, allow
us to rewrite (1) as follows:
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o Lt Q= 1) o+ w0p) = 74y O GG On)
" (r +8m) (L + 7 1,) '

Hence, men solve

maxU,,.
0 20

Similarly, women solve

maxUy.
6720 -

The existence of search frictions allows us to ignore the constr@jnts 6 and6} < 9,
for they will never bind. The Kuhn-Tucker conditions of these problems reveal, after some
manipulation, that a matching equilibrium must satisfy the following conditions:

k(L= ™) +wp) + 65 — (L= 1%)wp + 7 s o >0, (25)
O =0, (26)

with complementary slackness; and

A= (L= wn +wp) +0F — (L= 15wy +7pup,py >0, (27)
07 >0, (28)

with complementary slackness.

Given condition (b), there cannot be an equilibrium wigh= 6% = 0. For if 0% =0,
then the optimal response for men is to gt> 0, and vice versa. Thus, there are only
three possible cases:

(i) both thresholds are positive;
(i) only 6 is positive;
(iii) only 67 is positive.

Existence of a solution then follows as in Proposition 1 in Burdett and Wright (1998).
Moreover, it is easy to show that, under log-concavity, the absolute value of the inverse of
the slope of the reaction function of Womép =ry(6;) (given by (27)—(28)) is greater
than the slope of the reaction function of m&n=r,, (9;‘;) (given by (25)—(26)) when they
intersect. Hence, the equilibrium is uniquex

Proof of Proposition 2. We first show tha® and6* cannot both decrease whei{
increases. Since the denominator of (8)—(9) is positive, it is enough to show that the nu-
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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wherea(k) =1+ nu’fu;n, bk) = n,umu’f’., andc(k) = wprpu,, (these expressions de-
pend onk through6y and ;). If (29) is negative, then it must be the case that
bk)/(a(k) + b(k)); therefore,

b(k)la(k) + c(k)]
a(k) —k[ak) + c(k)] > a(k) — P Sy
Qb rpp)? = wP W it o
B a(k) + b(k)

given the log-concavity of. s and ., and the fact that (k) 4+ b(k) > 0. Thus, when
increases then either

(i) botho; and@;; increase, or
(i) 6 increases anﬁ;ﬁ decreases, or
(iii) 0} decreases an?jfk increases. The analysis of the symmetric case shows that case (i)
is nonempty.

Consider case (ii). It is straightforward to show the following resultso6g)/0k < 0,
89;/8k > 0, Iimkﬁlej": < 6; (b) limg_.1 h(k) = h(1) > 0, whereh(k) is the denominator
of (8)—(9); ¢) lim,1a(k) =a(l) > 0 and lim.—.1 c(k) = c(1) > 0. Therefore,

06, _a®) _
—19tM  h@) T
im ﬁ = ——C(l) <
k—19tM h(1)

By continuity, fork sufficiently close to on@¢ /arM > 0 andaejz/arM < 0, so case (ii)
is nonempty. The analysis for case (iii) follows in a similar way by letfirgp to zero. O

Proof of Proposition 3. Usingt(t¥) = E/2w — yt™/(r + 25+ y) andy = Bu/?, we
can rewrite the planner’s problem as follows:

* oM _E _ 1 M
maxe M +(1- % Tt )w.
M r+4

The first-order condition is
a0* 1 2o/ 96*
o w4 T v M
M (1+mup'? A+ 7?2 oM

w=0. (30)
Insertingd0*/at” = 1/(1+ wu'? 4+ 7" w) into (30) and manipulating reveals that the
optimal solution must satisfy the following equation:

M _ n QA+ mp)
o 2w

)

which is clearly negative singg’ <0. O
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Proof of Proposition 4. (1) With endogenous match dissolutioi$, is the same as (1)
andV,, (6,,) is given by

r +8m) Vi Om) = k(L= t™) (Wi + wp) + O + S5 + V) (Un — Vi Om))
+y E[max{&, (V (6),) — Un). 0}], (31)

where, with some abuse of notatiof, is also the probability that the agent’s spouse
proposes to continue with the match. The optimal strategy is to choose a thré$tibht
determines the match formation and separation decisions.

Using (1) to writeE[max(V (0) — U, O = (v + 8m)Un/ (B&m) — (L — 15)win / (BEm),
substituting this into (31) to obtain an expression ¥y(6,,), inserting it into (1), and
integrating using the threshold stratedjy, we obtain

A Y 7+ 8 + 8 + A i) — Bmitpy k(L= M) W +w )+ Bm [ Omd G
B 48T +8m+85 + ¥ — (B — ¥)ém) ‘

The problem for men is to find, that solves

Unm

maxU,,.
6 >0

Similarly, women solve

maxU ¢.

0% >0 f
Using the equilibrium condition; = §; and&; = —u;, i, j =m, f, i # j, it follows,
after some manipulation, that a matching equilibrium is characterized by a@g,aﬂ})
that satisfies
(B — ) (0F) .
N T
5, >0, (33)

k(L= M) (wm +wp) + 6% — (L= 15w + (6:)=0, (32

with complementary slackness; and

A=L— M) (wn +wp) +0F— (1— 15wy + Wr—amww(ef) >0, (34)

6% >0, (35)

with complementary slackness.

Given condition (c), there cannot be an equilibrium with= 0% = 0. For if 6% =0,
then the optimal response for men is to gt> 0, and vice versa. Thus, there are only
three possible cases: (i) both thresholds are positive; (ii) @hlis positive; (iii) only@;’:
is positive. Existence of a solution then follows as in Proposition 1 in Burdett and Wright
(1998). It easy to show conditions a) and b) imply that the absolute value of the inverse of
the slope of the reaction function of Womép =ry(6;) (given by (34)—(35)) is greater
than the slope of the reaction function of n&p=r,, (9;;) (given by (28)—(32)) when they
intersect. Hence, the equilibrium is unique.
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(2) The expressions fav /arM anddo* /atM are the same as (8) and (9), except that
d=B—v)/Tr+25+) replacesw Hence the proof is exactly the same as the proof
of Proposition 2. O
Proof of Proposition 5. Using

and y =pu”

E
t(tM) = — - v M
2w r+25+y + (A —pu?)
we obtain, after algebraic manipulation, the following first-order condition:

29* (1_ w<u”u+u’2>> LB+ yd-p®
oM r+25+y r+25+vy+B—y)u?
W' Br+25+y)  90* 4,
r+ 28 + Y+ (B —y)u?)? or
After inserting
90* 1 B—
0 = Wt O P r sty

into the first-order condition, and manipulating the resulting expression, we obtain that the
optimal+™ satisfies the following equation:

o _ A+ ou?
W 2w

w=0.

which is clearly negative singg’ <0. O

Formal analysis of the model with cohabitation We now proceed to derive the system of
equations that characterize a matching equilibrigf, 6,", 65, 67", with 65 < 6, and
0¢ < oM,

Consider the decision problem faced by a male in this environment. The values of being
single, cohabitating, and married are recursively defined by (19), (20), and (21), respec-
tively. Let us simplify the notation and denote Bymax the expectation in (19) and (20);
notice thatE max> 0 and it is positive except for the trivial case in which being single
dominates cohabitation and marriage for all values of the match-specific component.

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

*.;‘,S(VC(Gm) - )

=&505 (B — W(Emax—k(1—t5)(wm +wp)) — (1= 5w +6n),  (36)
En (VM(9m>— Un)

=EMoM(B(E max—k(1— ) (wm +wy)) — (L= %) wp + 64). 37)

We want the optimal strategy to be described by a pair of thresh@lflss¥), with
0S¢ <M which are determined by, S (0S) = U, and £S(VS©OM) — U,) = M x
(VC(GM) — Uy), respectively. Figure 2 depicts the type of strategy we are looking for.
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grﬂfbf(VTr]{I(em) - Um)

572(‘/75(9"1) - Um)

M
bm

(Vi (0) = Unm)

N (VA(0) — Un)

Fig. 2. Male’s optimal strategy.

The picture reveals that a necessary condition for the optimal strategy to have this form
is that the ‘slope’ of (37) be bigger than the ‘slope’ of (36)éffc M > £CoC. But we also
need to make sure thaf < 6 (i.e., that (36) ‘crosses’ 0 before it intersects (37)). Using
VE®BS) = Un, 65 (VEOM) —Uy) =M (VS ©OM) — U,), and expressions (36) and (37),
we obtain, after simple algebraic manipulation,

oM _ pC . S O (WEMaXK(Y — 1) (wyy +wy))

m m MsM _ £C5;C
m Om ‘i:mam

(38)

Thus, ife§MoM > £C6C andtM > 15, thendS < M and the optimal strategy for a male

has the desired form. (Notice that, sinEenax> 0, 65 < 6/ also obtains in this case if

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

(r +8m)Up,

M
em

= (1 — tS)wm + ,3%-,5 / (V,S(Qm) - Um) dGm(em)
9C

m
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6
+ M /(V,;”(em) — U ) dG (O), (39)
o
V.S (Om)
Ot
=05 (k(L—15) (Wi +wy) +6) + 05 VES /(vn‘f(em) — Up) dGy (6)
o5
%
+oSyeM /(v,f,”(em> — Up) 4G Om) + 05 O + ¥) Un, (40)
o
VM Om) = oM (k(L = t™) (i +w ) + O + A Un). (41)

We will use (39), (40), and (41), along withi¢ (8¢) = U, and &S (VS (OM) — U,) =
gMvC(OM) — Upy), to obtain two equations 6l ando”.
Since the algebra is messy, we will break the derivation into several steps:

Step 1: Subtractingl,, from (40) and using/¢ (9$) = U,,, we obtain

o
/ (VE On) — Un) dGr (6)
¢
o
=5 [ 0 G 00— 005 (1 (62) = 1, (65): 42)
s

Similarly, subtracting/,, from (41) yields

0
/ (VM Om) — Un) AG 1 (On)
oM

N

=M [ 6, dGmOm) — o} 11, (02K (1 — M) (Wi + w )
o

+ o, (O3 (r + 8)Up. (43)
Step 2: Inserting (42) and (43) into (39) yields
(r+8m)Un
win (L 1) 4 BSOS [ 0 QG (O) + BEN O [11s 0 OG 1 (Br)

m

1— peMop i, 65
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 BER oS08 (1 O = 111, B5)) + BEM ot 117, O k(L = M) (wy + wp)
1—BEMa M, OM) '

(44)
Step 3: Inserting (42) and (43) into (40), and usiig (5) = U,,, yields
r 4+ 8) Uy
Wi (L= 15) 4+ 65 + YESTS [ Oy UG (Orr) + WENM M [0y 0 UG Orr)
- 1= Elo ), O )
YES oS08 (1, (OM) — 17, 05) + YEM o M 1), 6N k(L — ) (i + w )
1— Mo ), (60 ‘

(45)
Step 4: SinceV.E (6S) = Uy, VEOM) — U, = VEOM) —VEOBE) =S (0M —6).
Using this expression argf, (V.S 0M) — U,,) =M (VS OM) — U,,), we obtain

Cc.C
_ %—m Om
Enlom’

(r 4+ 8m)Un = k(L= tM) (W +wyp) +6M (O} —65). (46)

Step 4: (44), (45), and (46) are three equations in three unknownss: s,,)U,,, 65,
andeﬂ"f. Eliminating (r + 8,,)U,, reduces the system to the following two equatione,ﬁn
andoM

o€ — A= V& ol 1y 6N A= 15w — (L= Bl o 13, O Dwm )L~ 1)
" L+ (B — ¥)ES 05 Gy OM) — 163, 05)) — BEM oM 1l O}

oM v
B - )(ES oG ¢ Om AGm On) + &3 o jj;; Om QG Om) — EM oM i, @M ywm () (A —15))
+ m m

L+ (B —WIES 0 (i OM) — 101, 05)) — BEM oM 107, B
, , o
MM (yeM oM (1, OM)05 + f;’M Om G Om)) + wim ()M —15) + y£S 0 S ¢ Om GG Om)
m m

oM =0l +
e A—yeM oM, @M NEN oM - £505)

wherewy, (k) = k(w, +wy).
A similar analysis holds for women. That is,éf}”o}” > éfa,? andt™ > ¢S, then

9}9 < 9}4, and the optimal strategy for a female has the desired form. These thresholds
satisfy a similar system of equations as the one derived above.

In equilibrium, it must be the case thaf = ;L’f(ej’}”) - ;L/f(ef); é}fc =u (OM) —
1 05); Ext = =1, (07, &7 = —1,,0,), A = 85, @nd Ay = 8,,. Thus, a matching
equilibrium of the kind we are looking for is a solutioff,, 6, 9]?, 6}") to the system of
equations that satisfies these conditions andéffse 6, and6 <6}’
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