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ABSTRACT

This paper develops and implements a new approach for separately identifying preference and opportunity
parameters of a two-sided search and matching model in the absence of data on choice sets. This approach
exploits information on the dynamics of matches: how long it takes for singles to form matches, what types
of matches they form, and how long the matches last. Willingness to accept a certain type of partner can
be revealed through the dissolution of matches. Given recovered acceptance rules, the rates at which sin-
gles meet different types are inferred from the observed transitions from singlehood to matches. Imposing
equilibrium conditions links acceptance rules and arrival rates to underlying preference and opportunity pa-
rameters. Using the Panel Study of Income Dynamics, I apply this method to examine the marriage patterns
of non-Hispanic whites, non-Hispanic blacks and Hispanics in the United States. Results indicate that the
observed infrequency of intermarriage is primarily attributable to a low incidence of interracial/interethnic
meetings rather than same-race/ethnicity preferences. Simulations based on the estimated model show the
effects of demographic changes on marital patterns.
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1 Introduction

“People can have the Model T in any color they want — as long as it’s black.”
(Henry Ford)

As Henry Ford observed, people make choices based on the opportunities they have Unless the
limitations on choice sets are carefully considered, interpretation of preferences based on final choices could
be misleading. In some cases, however, researchers are unable to observe the set from which the final option
was chosen. For example, in contexts where individuals experience match opportunities (meetings) and
decide which matches to form, what is observed in the data is usually final matches as opposed to all
meetings. Confronting this challenge, I develop a new approach for separately identifying preference and
opportunity parameters of a two-sided search and matching model in the absence of data on meetings. This
identification strategy exploits information on the dynamics, formation and dissolution, of final matches. I
implement this method to study the marriage patterns in the United States, which are characterized by high
frequencies of same-race marriages (racial homogamy).

In 2011, 93.8% of married whites, 88.6% of married blacks, and 80.2% of married Hispanics had
spouses of the same racial group, whereas their shares of the U.S. population were 64.5%, 12.8%, and
16.3%E] This marriage pattern has received widespread scholarly and public attention concerning the causes
and consequences of within-group and between-group marriages in relation to the salience of cultural dis-
tinctions and attitudes towards other groupsE] This paper focuses on two potential sources of homogamy.
First, homogamy may stem from people’s preferences for spouses of the same type Second, homogamy
may reflect people’s more frequent opportunities to meet members of their own group, which may be a
consequence of a high degree of residential and school segregationE] Although the two factors, preferences
and opportunities, have distinct roles in marital decisions, little is known about the relative strength of each
channel.

In this paper, I construct and estimate a dynamic equilibrium model of the marriage market with
transferable utility and search frictions, building on [Shimer and Smith/ (2000) and Jacquemet and Robin
(2013). Individuals, who differ by gender and race (type), are either single or married. Singles meet different
types of potential spouses and jointly decide whether to marry based on type-specific marital utilities and
idiosyncratic match quality. Couples may receive new match quality and decide whether to divorce. The

model allows marital preferences and opportunities to differ for all possible combinations of male and female

'The original remark found in his biography was “Any customer can have a car painted any colour that he wants so long as
it is black.” (Ford and Crowther|[1922) Since the color black was the only available option for customers who bought a Model T
produced by the Ford Motor Company from 1908 and 1927, this color choice by consumers could not reflect their preferences.

2Source: PSID 2011 for homogamous marriage rates and Current Population Survey 2011 for population shares. Throughout
the paper, whites and blacks refer to non-Hispanic whites and non-Hispanic blacks. Race refers to racial/ethnic distinctions.

3See|Kalmijn|(1998), Fryer| (2007), [Bisin and Verdier|(2011) and |Schwartz| (2013) for an overview of this topic.

4Obstacles to interracial marriages have been cited as differences in cultural backgrounds and the negative social responses from
family and community (Dalmage(2000\ |Childs|2005/ |Bratter and King|2008)).

3See |Cutler, Glaeser, and Vigdor| (1999), [Easterly| (2009) and [Orfield, Kuscera, and Siegel-Hawley| (2012) for evidence on the
high degree of residential and school segregation.



typesE] For example, black male - black female marriages may generate different utility than white male
- black female marriages. The rate at which males meet a black female as a potential spouse (the arrival
rate of black females) depends not only on the percentage of black females among singles, but also on male
types through opportunity parameters that I introduce.

I estimate the model using data from the Panel Study of Income Dynamics (PSID). The data include
longitudinal information on individuals’ marriage transitions from 1968 to 2011: how long individuals stay
single, whom they marry, and how long their marriages last. The estimation of the model is done by three
steps which entail technical innovations. In the first step, hazard rates of marital formation and dissolution
are estimated based on duration analysis. In the second step, given the assumption that the evolution of
match quality does not depend on marriage types, willingness to accept a spouse of a different type can
be revealed through marital dissolution. Once acceptance rules are recovered, the rates at which singles
meet different types are inferred from data on marital formation. Finally, imposing equilibrium conditions
links acceptance rules and arrival rates to underlying preference and opportunity parameters for all possible
pairings of whites, blacks, and Hispanics in the United States.

As a brief intuition of the identification strategy, consider the observation that most black females
marry blacks rather than whites. If this pattern is explained by that people find black - black (B B) marriages
more acceptable than white male - black female (W B) marriages, we would expect that BB marriages to
be more persistent. However, W B marriages are estimated to be more stable than BB marriages, which
signals that people may accept W B marriages relatively easily if they meet. Then, the only way to explain
the infrequent formation of W B marriages is the opportunity channel, which means W B meetings are rare.
In other words, while marriage formation is affected both by type-specific acceptance and arrivals, divorce
is affected only by the degree of acceptance. Thus, by examining formation and dissolution of matches
simultaneously, I can infer frequencies of different meetings without directly observing how people meet.

The estimates reveal significant differences among racial groups in their structural parameters. His-
panics value their homogamous marriage more than whites do, while blacks value it less. Same-race prefer-
ences are shown in the sense that two racial groups find forming two types of homogamous marriages more
beneficial than forming interracial marriages. The sum of utilities of white - white and Hispanic - Hispanic
marriages is higher than the total utilities from white - Hispanic and Hispanic - white marriages (W W +H H
= W H + HW), which is also the case between blacks and Hispanics[] In addition, singles receive greater
opportunities to meet members of their own groups than the rates implied by uniformly random meeting.

The estimated parameters imply that both preferences and opportunities play important roles in ex-
plaining observed marital patterns. Because of same-race preferences, people accept same-race meetings
more easily than interracial meetings, with the ratio of 0.81. Homogamous marriages are, on average, more

stable than interracial unions, but marital stability varies by the racial composition of the couple. Moreover,

The model is silent on how types, and their preferences and opportunities, are determined. (See Bisin, Topa, and Verdien[2004
for an alternative setting.) I focus on the role of preferences and opportunities in explaining individual marriage histories, whereas
Bisin et al. focus on cultural transmission and evolution of types across generations. Evidence for exogenous meeting opportunities
is provided in Section

"This inequality between whites and blacks, WW + BB = W B + BW, is not statistically significant.



differences in marital stability are not dramatic enough to explain all of the observed infrequency of interra-
cial marriages, suggesting the role of opportunities, that is, meetings are also subject to the same-race bias.
If meetings were random, 36.3% of meetings would be interracial. In contrast, since individuals tend to
meet members of the same group more frequently, only 8.0% of meetings are estimated to be across races.
Hispanics, although they face more interracial meeting opportunities, more selectively accept homogamous
meetings than other groups do.

To compare the relative importance of preferences and opportunities in explaining racial homogamy,
I use the estimated model to perform counterfactual experiments. Eliminating preference heterogeneity
has only a limited effect on the homogamy patterns, while eliminating differences in meeting frequency
significantly increases the incidence of interracial marriages. Across racial types, opportunities explain
91.6%, 94.6%, and 80.7% of homogamy patterns of whites, blacks and Hispanics. The results suggest that
the high probabilities of individuals marrying spouses of the same race are primarily attributable to frequent
incidences of intragroup meetings rather than same-race preferences.

The model further offers predictions on how marital outcomes correspond to demographic changes.
In the hypothetical situation where, for example, the gender ratio of blacks becomes more balanced, which
could potentially occur if the incarceration and mortality rates of black males decreased, the marriage rate
for black females increases by 6.6-10.0%. However, only 16-22% of the white-black gap in marriage rates
would disappear after the increased availability of potential spouses. Lastly, I use the model to predict
the effects of an increasing Hispanic population. Analysis based on expected population distribution in
year 2050 projects that Hispanics will meet their same-race spouses more easily at that time, leading to an
increase in Hispanic intramarriages and a higher degree of racial homogamy.

This paper contributes to three bodies of literature. The first is the literature that structurally estimates
equilibrium models of the marriage market. Following pioneering work by |Becker| (1973 {1974), economists
have investigated the marriage market. Because marriage is the foundation of the family, where major
economic decisions (e.g., consumption, labor supply, and human capital investment) are made and children
learn values and virtues, understanding how marriages are formed and function is crucial for economics and
society Choo and Siow| (2006b)) first propose and estimate a frictionless marriage market model, which is
extended by |Chiappori, Salanié, and Weiss| (2012)), and |Dupuy and Galichon| (2012) among many others.
In contrast, Jacquemet and Robin| (2013) and |Goussé€ (2012) use frictional models to measure the gains of
marriages between agents who differ in traits such as incomeﬂ Most related papers by Wong (2003)) and
Bisin, Topa, and Verdier|(2004) focus on racial and religious dimensions respectively, estimating intolerance

to intercultural marriagesm However, these papers do not address factors involving meeting opportunities in

8There is a large literature on the marriage market. The literature covers broader meaning of marriage, that is, how people are
matched with one another and form households. Extensive reviews of the literature can be found in|Becker| (1993)), |Stevenson and;
'Wolfers| (2007), Browning, Chiappori, and Weiss| (2011).

“Jacquemet and Robin| (2013) rigorously examine the intra-household bargaining based labor supply and home production
decisions and|Goussé|(2012) incorporates several traits including income, education and physical attractiveness.

9Wong| (2003) proposes a nontransferable utility model with uniformly random meeting. Bisin, Topa, and Verdier (2004) allow
agents to make costly decisions on whom they meet and marry. However, the underlying search technology is assumed to be
type-independent.



marriage, either because they adopt a frictionless setting where all options are always available or frictional
settings with random meetings where the arrival rates of different spouses are type—independent Since
the observed proportions of final matches are directly mapped into underlying preferences, the difference in
marriage shares may overstate the difference in marital preferences. Thus, estimated preferences for groups
who meet each other more frequently would tend to be upwardly biasedFZ]

Second, mate preferences have previously been estimated in some settings where researchers can
observe both available options and choices. [Fisman et al.| (2008) designed and conducted speed-dating ex-
periments with voluntary participants. Hitsch, Hortacsu, and Ariely| (2010a)) and [Lee| (2009) and |Banergee
et al.| (2013) use data from an online dating site, a matchmaking company and newspaper matrimonial ad-
vertisements, respectively. The results from these papers, however, may not be generalizable to the marriage
context of the whole population. In contrast, my estimation is based on population data and actual marital
decisions. Moreover, I identify heterogeneity in opportunities as well as differences in preferences. With
recovered preferences and opportunities, I can further explore and quantify key mechanisms that generate
marital patterns in terms of both formation and dissolution

Third, |Currarini, Jackson, and Pin| (2009) propose and estimate a model to identify the roles of meet-
ings and preferences in friendship, characterized by the high frequency of same-race friends. In their frame-
work, because there is no rejection upon meeting, the fraction of same-type friends recovers the meeting
factor. They then recover preferences based on variations in the number of friendships. Despite its novel
features, the model they develop is not appropriate for monogamous marriages. My identification strategy
is general enough to be applicable to any matching models with search frictions, such as two-sided mar-
kets with workers and firms and buyers and sellers, and many-to-many sided markets, where data on the
dynamics of matches are available.

The rest of the paper is organized as follows. Section [2]introduces the two-sided search and matching
model. After describing the data in Section 3| I demonstrate the methods of recovering primitives and the
implementation of the techniques in Section 4 The estimated parameters of the model and results from
counterfactual experiments are presented in Section 5] Section [6] compares my framework to alternative

frictionless settings and discusses possible applications of my model. Section [/|provides a conclusion.

!Sietz (2009) and |[Keane and Wolpin|(2010) also build a model that can account for racial differences in marital patterns. These
models explain racial differences both in the marriage market and the labor market. Keane and Wolpin| (2010) only consider the
female side of the market, and are silent on the racial identity of spouse. [Sietz (2009) assumes that marriage markets are segmented
by race. Moreover, several papers consider the marital opportunities only in a broad sense, such as availability related to gender
ratio (Choo and Siow|[2006a} |Abramitzky, Delavande, and Vasconcelos|[2011). In the work of |[Logan, Hoff, and Newton| (2008},
opportunities are restricted only by the preferences of the opposite side.

12For example, [Wong| (2003) quantifies the effect of racial taboos and that of differences in human capital endowments on racial
homogamy, finding that racial taboos explain 74% of intermarriage patterns. However, since she does not control for opportunity
differences, the role of same-race preferences may be overestimated.

BIt is worth emphasizing that my model predictions are broadly consistent with the findings from a randomized controlled
experiment that shows more interracial matches under random arrivals. |[Fisman et al.| (2008) report that the acceptance probability
of interracial meetings is 78% of the intrameeting acceptance rate which is comparable to my findings.



2 The Model

In this section I construct a dynamic equilibrium model of marriage formation and dissolution. The model
presented here is an extension of the model of Jacquemet and Robin| (2013)). Some model assumptions are

driven by a desire to estimate not only marital preferences but also meeting opportunities

2.1 Environment

The marriage market is populated by men and women with the finite and discrete types, i € {1,2,...,1}
and j € {1,2,...,J}. The measure of each type among population is exogenously given by g™ =
(97", 95", ..., g7") for males and gl = (g{ ) g{ s eees gf;) for females, with the measure of females normal-
ized to 1. Types represent social categories that determine the preferences and meeting environments of
members of the group. Furthermore, types are assumed to be exogenously given, invariant, and observed to
other agents and the econometricianE]

Consider an infinite horizon and stationary environment with continuous time. Individuals, who
discount the future with rate r, are either single or married. Singles and married agents are ageless, but
they face the risk of death that occurs according to the Poisson parameter of §. Couples are assumed
to die together. New individuals are born as single with the rate of §, where the types of new agents
are randomly drawn from the distribution (g™, g/). The measure of types among single is denoted by
s™ = (s, 87, ..., s7") for males and s/ = (s{, sg, - sf;) for females with S™ = ", s and S/ = PP sf.
These measures (s™, s/) are endogenously determined as one of the steady-state equilibrium objects.

Only singles search and meet potential spouses in the marriage market. Suppose the number of

m
Si

f
meetings between male ¢ and female j taking place per unit time is given by M;; = p;; M (S™, Sh < %

The function M (S™, S/) is assumed to be increasing in both arguments, homogeneous of degree one and

concave The arrival rate of female j faced by male ¢, which is the rate at which male 7 meets potential
.. . . m gfy st . .
spouses of female j, is then given by ];/[Tff = Mz‘j%% = af}(sm, sf ). The Poisson rate of meeting

depends not only on the gender ratio and the type of potential spouse but also on their own type through

parameters ;. I thus allow pair-specific arrivals to capture the case where one type meets certain types
more frequently. For example, the arrival rate of black females, which depends on the percentage of blacks

in female singles, may differ for white and black males.

“Three major extensions are made in addition to the settings of Jacquemet and Robin|(2013): 1) endogenized divorce, 2) type-
specific meetings as apposed to random meetings, and 3) discrete types. The first extension was also made by |Goussé| (2012),
while her model can be overidentified with her assumption of random meetings. The discretized type space enables us to identify
preference and opportunity parameters in a new and straightforward way as introduced in Section

157 type could be, for example, a white male who has above average height. Introducing additional traits increases the dimension
of the type space. I # J refers to the case where males and females have different spouse evaluations with different traits that
matter.

1®Despite its notation that conventionally denotes the total measure of meetings in search literature, M (S™, S¥) is not the total
measure of meetings in my setting. The total measure of meetings is given by > Zj M;;. 1 thus allow that the total number of
meetings at a given time depends not only on the total number of male and female singles, but also on how types are distributed
among singles.



When male 7 and female 7 meet, they sample a match quality € which is defined as an independently
and identically distributed (i.i.d.) random draw from a known distribution F'(¢). F'(¢) is assumed to be
twice differentiable and strictly increasing over the interval (—oo,00). € is a stochastic and idiosyncratic
component of marital utility and is assumed to be independent of the types of both sides. Given e, the two
singles first decide whether to form a match or not. Therefore, meeting, which reflects search frictions in the
marriage market, is understood as a significant encounter between one male and one female that involves the
following: 1) a male and a female come together and consider each other as potential spouses (availability);
2) they draw a match quality (learning); and 3) they jointly decide whether to marry (decision).

If they decide to form a marriage, couples also determine how to divide the marital surplus. They
determine the amount of the transfer ¢;;(e) to share the surplus from a match in fixed proportion with the
female’s share 3)'/| The division of marital surplus may take several forms. For example, married couples
may decide who does household chores, or how to allocate household resources. In these instances, the
increase in one’s utility often accompanies the decrease in the utility of his or her spouse. I further assume
that utilities are perfectly transferable

In marriages between male ¢ and female j, the husband ¢ gets flow utility of v +0§—ti;(e) and wife
j gets u{j + 05 +tij(e). u;7 and u{] are deterministic components of utilities from marriage 75 evaluated
by male ¢ and female j. These terms capture heterogeneity in preferences for different marriages. o denotes

f
ij2
also related to the dispersion of match quality draws. With the introduction of (u", uf) and o, F(€) can

the weight on the stochastic component e compared to the deterministic components, ;7 and u;;, which is
be normalized to have mean 0 and variance 1 without loss of generalitym In this model, possible emotional
and economic gains of marriage, such as commitment and fidelity, rearing children, joint production and
consumption, sharing of public goods, and risk pooling, are non-parametrically represented by utility terms,
(u™, uf). The stochastic component, ¢, is then understood as a time-varying and match-specific disturbance
from the mean.

Married couples are subject to the risk of divorce. With a Poisson process with rate \, couples draw
a new match quality € from the same distribution F'(¢). Based upon this new quality, couples decide to
separate and return to the marriage market as a single person or to stay married. I assume that A\, how

frequently match qualities change, and F'(.), the distribution of match qualities, are common to all pairs.

"In other words, they decide how to divide their marital surplus by determining the transfer ¢;;(¢) based on the generalized
Nash Bargaining with female bargaining weight 5. The Nash Bargaining solution can be achieved as a unique sub-game perfect
equilibrium of a properly designed non-cooperative bargaining game under certain conditions (Rubinstein and Wolinsky|/1985).
Note that under Nash bargaining, the decisions of the male and the female always agree. They form a match with positive aggregate
surplus. It can be easily shown that U;; (e) — U; > 0 and V;;(e) — V; > 0 if and only if Sur;;(e) > 0.

18 There are more advantages of transferable utility compared to non-transferable utility: 1) it is not necessary to estimate separate
male and female utilities; and 2) the absence of data on transfers and data on which side initiates divorce may not be a problem. In
this setting, individual marital surpluses are proportional to the total surplus, and the decisions of the husband and wife always agree,
which may be consistent with the altruistic nature of becoming one flesh. These features are more important than transferability
itself, warranting further development and implementation of the model.

Type-specific flow utility as single may be assumed, for male 7 , u" and for female j, uf . However, what matters and can be

identified from observables is the gap between marital utility and singlehood utility, u;; — u;" or u{j - uf . Thus, the flow utility

in the single state is normalized to O and the marital utilities capture payoff surplus compared to being single.



To summarize, this is a dynamic model of the marriage market in which singles can make decisions
on marital formation upon meeting, and couples can make decisions on marital separation upon updating
their match quality. Key parameters are the marriage opportunity parameters, 1;;, which describe the bias
of meeting frequencies from random matching; and the marriage preference parameters, u;’, ulfj, which
represent gains from marriage ¢, 7 evaluated by ¢ type husband and j type wife. Discussions on how certain

assumptions play their role in estimation and how I can relax them will be investigated in Section 4]
2.2 Equilibrium

2.2.1 Optimal cutoff strategies

Assume first that the distributions (s™, s), and thus arrivals a™(s™, s¥), af(s™, s7) are given. Let U™
and U]f denote the expected lifetime value of staying single as a type 7 male and as a type j female where

expectation I is over é]

(r+ UM = Y oiEmax[Uj(é) — U™, 0] (1)
l

(r+0U! = > of Emax[U[,(e) - U/, 0] )

k

U/7 (e) and UZ»];- (€) are given as the expected lifetime value of being a husband of type ¢ and a wife of type j

in their 75 marriages with match quality e.

(r+6)Ule) = ull + J% — t3j(€) + NEmax[U[7(8) — U2 (), U™ — U (e)] 3)
(r+0Uf(€) = ufy+ 05 +ti(e) + XEmax[U},(€) — Uf (), U] — Ufj(e)] 4)

Let Z;;(e) denote the expected lifetime value of marital surplus between male 7 and female j. With
transferable utility, both agents’ decision on marriage or divorce agree, and they split their surplus based on
the female bargaining weight [ as follows

Zij(e) = UZ(e)+Ul(e)— UM —U/ (6)
Ujie) =U" = (1—p) Zj(e) (7)
Ul(e)—Ul = B Zj(e) (8)

2See the Appendix for a derivation.
%I This is obtained based on the generalized Nash Bargaining by finding the first order condition of the equation

max (U7} () — U™)' P (UL (e) = UT). (5)

tij(€)



Zi;(e) is also written as

(r+0)Zij(e) = ull +ul; + o+ NEmax|Zij(é) — Zij(€), — Zij(e)] — (r + O)(U = UY) (9)
(r+d+N)Zijle) = um+uf.—i—ae—i—)\Emax[Z-j(N),O]
Za Emax[Z;(€),0] — 8 af Emax[Zy;(¢), 0]. (10)
k

Because Z;;(€) increases in € as in equation (10), agents use the cutoff strategy €;; such that Z;;(e};) =
0 in optimal decisions. Under this stationary environment, the reservation match quahty €;; governs both

formation and separation. If and only if € is higher than the reservation match quality €} smgles form the

’L_] >
potential match or couples continue their marriage. These cutoff strategies yield simpler representations of
Zij(ej;), U™ and Ujf where we define p(e*) = [2°[1 — F(x)]da for the expected match surplus in a flow

term when €* is the reservation match qualityEZI

m * oA * m
(r+0)Zij(ely) = ulj +ulj + 06 + (e =+ OUI = (r+ U =0 (D)
m_ o1=F) m
(r 40U = leau w(e) (12)
f _ af f "
(r+d)U; = S zk:akj o(€r;) (13)

Finally, the following system of equations with I x J number of unknowns €;; constitutes the marriage
market equilibrium given arrival rates. The reservation match quality equates the value from being married
(the left side of equation (T4), "2 [U, es) + U ) :(€77)]) to the value from being single (the right side of
equation (14), T+5 U™+ U; f D.

f
A uj+u 1
A ¢ - 1— E:mmf’f E:f.mf*.
6Z]+7’—|—5+A¢(6”)+ e T+5+)\{( 5) l Q5 (’S 8 )(p(ezl>+/8 - ak](s » S )gO(ij)}
(14)
u!

Proposition 1 (The existence and uniqueness of equilibrium reservation strategies €*) Given {u]” T Ui

F(.),0,M(.,.), tij, X\, B,r,0} and distributions (s™, s¥), the solution €* to equation ([4) exists and is
unique.

Proof. Implied by the Banach Fixed-point Theorem. See Appendix O

*Note that E[Z f Zij(€)dF(€) = 3= [ 5 [e — ef]dF (e) =
©j

integration by part and the fact that L ( ) = 3 E[Zi;(€),0] is also understood as the expected surplus from marriage 4, j,

which is E[Z;;(€),0] = [1 — F(e};)|E [ 5 (€)|€ > €7;], the probablhty of acceptance of ¢, j marriages, (1 — F'(e7;)), multiplied by
the expected surplus conditional on acceptance, (E[Z;;(€)|€ > €;;]).

s ¢(€i;), and the third equality results from




At the equilibrium, transfers ¢;;(€) are made from male 7 to female j as follows:

ui; + 0% + tij(€) = Blug; + uf; +oe)+ (1 — ﬁ)(r + 5)Uf — B(r + 8)U™ (15)
1
tij(e) = pult — (1 — Bul, + o (B — 5)6 -2 + 5 - {ZO‘ =Sl o)) (6
k

Note that the transfer to female j increases in the outside option of female j, U ]f , and decreases in the outside
option of male ¢, U/™. As shown in equation(16]), higher marriage market prospects of wife j summarized

in the term, ), ai ;¢(€x;) leads to higher transfers to her.

2.2.2 Measure of singles

The equilibrium requires that the optimal strategies €* are consistent with the assumed distribution of
(s™, s¥). Let n;; denote the steady-state stock of marriages between 4 type husbands and j type wives.
Then, the inflow to this stock will be the meetings that draw match qualities that exceed the threshold,
given by M;;[1 — F(e;)] = piz M(S™, Sf)g?; Sf 7[1 — F(e;;)]. The outflow from the 7, j marriages will be

nij[AF'(€7;) + 6]; that is, the couples whose updated match qualities are lower than the threshold, given by

NijAF (€ ) plus the couples who die, given by 7;;9. Thus, at the steady state where the inflow equals to the
outflow, 7;; is given as follows.
M;;[1 — F(e;‘])] 1-F(ey) . . 1=F(e;)

o _ i) mem . — "\t f o f 17
i TS AF (e 5+ AF(er) % T 5 N (er) (% 17
1) 2] 1]

This equilibrium outcomes should be consistent with exogenous distribution of types (g™, g¥), which leads

to the following conditions about the measure of singles (s™, s¥).

+Zmz—s +Z 5+AF )]s;" (18)
O‘k (Ek )]
=+ Yo of ¢ B, w»
j
gm
st = £ (20)
! ™8P [1-F(ep)]
1+Zz 5+,\F( )
!
f_ 9
% = af (5™ sH[1-F(cr )] 0
DY YACHENS
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Finally, the marriage market equilibrium {e*, (s™, sf)} is defined as follows.

Definition 1 (Marriage Market Equilibrium) For given primitives {u]}, ulfj, F(.),0,M(.,.), psj, A, 8,7, 6}
and exogenous distributions (g™, g¥), an equilibrium consists of a pair {€*, (s™, s¥)} such that
1. given (s™, sf ), reservation match qualities €*, which characterize individually optimal acceptance
strategies, are the unique solution of equation (14), and
2. these individuals’ decisions, €*, produce the same steady-state singles distributions (s, st ) accord-

ing to equations (20)), (21).

Proposition 2 (The existence of a marriage market equilibrium {€*, (s™, sf)}) For any primitives

um,uf-,F D), 0, M(.,.), pii, N, B, 7,8} and exogenous distributions (g™, g¥), a marriage market equilib-
ij 2 g J

rium exists.

Proof. Implied by the Brouwer Fixed-point Theorem. See Appendix [A.2] O

Two features of the model, discrete type spaces and match quality shocks, are empirically relevant
and simplify theoretical analysis as well. First, cultural types, such as race, ethnicity and religion are indeed
discrete. Although some other traits, such as wealth, are continuous in nature, they may be categorized (e.g.
very rich, rich, average, poor, very poor) when one evaluates the traits of others. With these discrete types, an
equilibrium consists of discrete real numbers rather than a set of real functions over continuous domains. In
addition, this specification can incorporate multiple attributes by defining types differently. Unlike previous
marriage market models in which marital utilities are defined as a parametric function of traits of husbands
and wives, I adopt non-parametric specification of preferences for every type of pairs. This feature yields ex-
plicit equilibrium conditions and identification of further parameters (opportunity parameters) Lastly, the
beauty of love, approximated by a random draw of match quality e, is that it grants smoothness (continuity)
to this discrete world 4]

Even though the existence of equilibrium is established, the uniqueness of equilibrium is not guaran-

teed. I accordingly propose an identification technique that is robust to multiplicity.

3 Data

The Panel Study of Income Dynamics (PSID 1968-2011) includes longitudinal information on individual
marriage transitionsE] The study starts in 1968 and includes retrospective questions on people’s first and

most recent marriages that began before 1968. However, I only use information after 1968, the year in which

BThe limitation of this approach is that it does not allow for substantial heterogeneity of agents, because adding one trait
increases the number of parameters exponentially and some pairs may have limited number of observations. I will return to the
issue of missing dimensions in the following section.

Z*Match specific heterogeneity as a form of random shock has long been employed in the search literature. See survey papers for
the labor market (Rogerson, Shimer, and Wright/[2005) and for the marriage market (Burdett and Coles||1999). See the analysis on
existence of equilibrium with a continuum of types and transferable utility (Shimer and Smith|2000).

BSee details on data construction in Appendix
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laws prohibiting interracial marriage were invalidatedFEI

I consider racial/ethnic types (white, black and Hispanic) of individuals for the main analysis Tuse
information on self-reported race and ethnicity. Regardless of their race, if individuals report themselves as
Hispanic descent in response to the question on ethnicity, they are categorized as Hispanic. Non-Hispanic
others are excluded from the analysis due to their small sample size.

The following tables document the observed patterns of duration of singlehood and marriage and

transition between the two states.

Table 1: Duration of singlehood

white black Hispanic
male 8.26 10.83 8.48

[0.76] [0.60] [0.70]
female 7.33 11.11 7.48

[0.74] [0.51] [0.64]

Notes: Mean duration of all observed singlehood spells in year and
fraction of completed spells in brackets.

Table [T| shows the mean duration of singlehood including both completed and censored spells and the frac-
tion of completed spells in brackets. Since observations may face different censoring points, it is not straight-
forward to directly compare different cells in Table Despite this limitation, this table shows that blacks
seem to wait longer than whites and Hispanics before they marry in terms both of observed mean durations

and fractions of completed spells.

Table 2: Transition from singlehood to marriages

spouse type

white black Hispanic
white male 0.948 (5,156) 0.008 (45) 0.044 (245)
white female 0.942 (5,441) 0.022 (129) 0.036 (216)
black male 0.053 (119) 0.913 (2,051) 0.034 (75)
black female 0.017 (40) 0.951 (2,189) 0.032 (76)
Hispanic male 0.167 (283) 0.048 (81) 0.784 (1,331)
Hispanic female 0.193 (340) 0.056 (96) 0.751 (1,311)

Notes: Fraction of marriages with column type spouses in all recorded marriages of row types between 1968-2011. Number

of observations in parentheses.

Table 2| presents the transitions to marriage. Its salient feature is the high frequencies of marriages

*Loving v. Virginia (388 U.S. 1 1967) is the decision of the United States Supreme Court in 1967 which invalidated laws

prohibiting interracial marriages, leading to the repeal of anti-miscegenation laws in 16 Southern states.

"W, B, H denote non-Hispanic white, non-Hispanic black, and Hispanic respectively. ij marriage denotes marriage between i
type husband and j type wife with 9 possible combinations.
2The estimates of the hazard rate of divorce that enable comparison of singlehood durations among types will be reported in

Table[7] Section E}



within race. Gender asymmetry exists in marital patterns. There are more transitions to BW marriages
than to W B marriages On the other hand, there are more transitions to W H marriages than to HW
marriages. It should be noted that there are very few intermarriages between blacks and other groups (e.g.,
only 85 marriages between white males and black females). Even though the model itself is flexible to the
introduction of several dimensions (e.g., race, religion, education), the paucity of intermarriages in the data
prevents me from doing an analysis with detailed type specifications. Moreover, I need to pool all observa-
tions who may participate in the marriage market in different areas and times, although I acknowledge that

it becomes difficult to defend the assumption of time-invariant parameters over 40 yea.rs

Table 3: Duration of marriages

male'\ female white black Hispanic
white 13.43 10.15 10.54
[0.21] [0.13] [0.18]
black 8.37 11.78 11.13
[0.20] [0.22] [0.23]
Hispanic 8.98 9.52 11.62
[0.13] [0.17] [0.06]

Notes: Mean duration of all observed marriages in year and fraction of com-
pleted spells in brackets. Each cell represents ¢j marriage between male type %
(in the row) and female type j (in the column).

Table (3| documents the observed mean duration and the fraction of completed durations (marriages
ended by divorce) in brackets. As discussed in Table[I] direct comparisons cannot be made based on this
table due to different fractions of censoring and different censoring points. Based on the comparisons among
the cell with similar fractions of censored spells, it is shown that W W marriages may be more stable than
BW, BB, and BH marriages. Considering that only 6% of their marriages are ended in divorce, H H

marriages also seem to last longer than other marriages.

White females marry blacks more than white males do and black males marry whites more than black females do.

®'Missing dimensions may cause problems in estimation regarding two hypotheses: 1) by-product hypothesis: Homogamy in
racial dimension may be the by-product of sorting along other dimensions. However, it is shown by [Wong| (2003) that differences
in racial identities matter much more (explaining 74% of the low intermarriage rate) than differences in endowments (wage and
education). 2) exchange hypothesis: This hypothesis argues that members of groups whose prestige in society is low would have
better chance of marrying outside their group, if these members offered a high socioeconomic status in return. While mixed evidence
has been reported for the patterns of exchange in interracial marriage (findings summarized by [Schwartz2013), this hypothesis may
cause bias if, for example, the stability of W B marriages is not the result of their racial types but that of other dimensions. To
partially address this concern, I estimate hazard rate of divorce after controlling for other dimensions (education and body mass
index of the husband and wife, and the year of marriage). The main results regarding the relative strength of preferences and
opportunities are unaffected. (Results are available upon request.) However, a thorough analysis with multiple traits can be done
with models in which individual types are newly defined (ex: blacks above and below average education). Differences in preferences
and opportunities of the same racial individuals with different endowments would be an interesting topic of investigation.
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Table 4: Type distribution in population

white black Hispanic
male 0.743 0.118 0.119
female 0.749 0.134 0.117

Notes: Measure of each type when the total number of females is nor-
malized to 1. Gender ratio is 0.980.

Lastly, as in Table {4 type distributions (g™, gf) are constructed based on the resident population in

2000 (age 16-64)FT]

4 Identification and Estimation

This section introduces identification techniques for recovering model primitives from observables.

model has the following primitives:

preferences ugjn(u{] ): deterministic flow utility from marriage i, j for husband i (wife 5); F'(e):
the distribution of match quality; o: the weight on or dispersion of the stochastic component of
marital utility

meeting technology /.;;: the bias of meetings between 7 males and j females compared to
random meeting; M (S™, S/): the part in meeting specification that depends on the total num-
bers of male and female singles (which will be normalized to be the total number of meetings
at the steady state.)

other primitives \: the Poisson arrival rate of new draws of match quality; [3: the female
bargaining weight; r: the discount rate; §: the Poisson rate of death

Assume we have the following data on the environment and outcomes of the marriage market.

type distributions g, gjf : the type distribution in male and female populations.

individual marriage histories do.: duration of singlehood in cycle ¢; ~vp.: 1 if the sin-
glehood spell in cycle ¢ is completed and 0 if the spell is censored; 17: 1 if the type of spouse
in cycle c is a type j female; d;.: duration of marriage in cycle ¢; v;.: 1 if the marriage spell
in cycle c is completed and O if censored.

. . . . u'm +uf .
Parameters that can be identified with given data are preference parameters, w;; = —_—

14

The

, (the
total deterministic part of utilities from ¢, j marriages evaluated by husband ¢ and wife j, divided by the
dispersion parameter o) and opportunity parameters, /i;;, (the bias of meetings between 7 and j compared to
uniformly random encounters). I calibrate other parameters based on different sources as in Table[5] Since

31Source: Projections of the Resident Population by Age, Sex, Race and Hispanic Origin, Population Projections Program (U.S.

Census Bureau 2000). Including non-Hispanic others (denoted as O), the fractions of each type in the Census are {W, B, H, O} =
{0.709, 0.113, 0.114, 0.045} for males and {0.712, 0.127, 0.111, 0.049} for females.



those parameters in Table 5 affect all types of individuals/marriages at the same time, my main results about
relative differences in preference and opportunity parameters across nine pairings and especially rankings
among estimates are overall robust to the choice of calibrated parameters. Even though the choice of A
has different implications on the relative strength of preferences and opportunities, the main results are also

robust over the reasonable range of . The discussion on this aspect follows in Appendix

Table 5: Parameters calibrated

parameter description value source
B bargaining weight 0.50 gender symmetry
M(S™,ST)  part of meeting process v Sm, St gender symmetry
F(e) match quality distribution D(e) standard normal
r discount rate 0.04 standard
0 death rate 0.0159 = % the average remaining number
of years expected at age 16: 63 F?
A arrival rate of new match 0.03 See Appendix

quality shock to couples

Notes: This table describes the baseline values of calibrated parameters and how I set this level to fit related information.

I develop a three-step estimation procedure to recover preference and opportunity parameters of the
marital search model. The first step estimates the hazard rates of transitions, from singlehood to different
marriages and from different marriages to singlehood, using the data on durations to marriages and durations
to divorce and how duration spells are completed. In the second step, I decompose the estimated hazard
rates into two parts: arrival components (arrival rates of meetings) and decision components (acceptance
probabilities upon meeting). The last step maps the recovered decision rules and arrival rates to model
parameters, based on the conditions that the marriage market equilibrium should satisfy.

This sequential identification establishes intuitive one-to-one mappings from observations to model
outcomes, and from model outcomes to primitives, which are in the reverse order of the logic of the model.
Each stage uses the results of the preceding one in an explicit manner. Estimation errors are thus computed
based on the delta method. One of the strengths of this method is its robustness to multiplicity of equilibria.
Since sorting externality may cause multiple equilibria, the uniqueness of equilibrium, a one-to-one mapping
from primitives to model outcomes, is not guaranteed. However, there is a one-to-one mapping from realized

model outcomes suggested by the data to primitives.

4.1 Step 1: estimating hazard rates

This first step estimates a four-state hazard model (single, or married with a white, black, or Hispanic
partner) using maximum likelihood estimation. The hazard rates of marriage formation and dissolution are

recovered from observed patterns of duration and transition.

32Source: USA Social Security Administration 2009. male: 60.64 years, female: 65.45
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Let hilj denote the hazard rate of divorce of marriage ¢j. Let h?]m (h?jf ) denote the hazard rate of
transition to marriage ¢j of male ¢ (female j) from his (her) singlehood The duration of marriage ij, dilj,

has the density given by

. . . . . . . .. . 0 .
The singlehood duration of male ¢ ending in transition to ¢j marriages, d;;" follows the density as follows@

Ay ~ hiexp{= > b d” (23)
k

Taking into account censoring, the likelihood contribution for a given individual who is categorized as ¢ type

male can be written as

lzm(h%na hilk VE; doc, Yoes ]1’2 Vk,d1c, 716) =
™m m k c e k
Hexp{—z hif dOC}[H(h?k )te]o l_I[eXP{—h}kdlc}(hillc)71 Jhe (24)
c k

k k

Estimated hazard rates of marriage transition and divorce and their standard errors are reported in
Tables [0l and

Table 6: Estimated hazard rate of marriage

spouse type

white black Hispanic
white male 0.0806 (0.0012)  0.0007 (0.0001)  0.0038 (0.0003)
white female 0.0876 (0.0013)  0.0022 (0.0002)  0.0038 (0.0003)
black male 0.0030 (0.0003)  0.0452 (0.0011)  0.0018 (0.0002)
black female 0.0008 (0.0001)  0.0392 (0.0009)  0.0015 (0.0002)
Hispanic male 0.0148 (0.0010)  0.0039 (0.0005)  0.0565 (0.0019)

Hispanic female

0.0159 (0.0009)

0.0041 (0.0005)

0.0545 (0.0017)

Notes: MLE estimates, annual values, standard errors in parentheses. Each cell represents the exit of singles
(in the row) to marriages with different spousal types (in the column).

Table @presents the estimated hazard rates of marriage formation, h®™ h°f  and standard errors in
parentheses. The estimates show high frequencies of exits to intra-racial marriage for all types, which are
associated with patterns in distributions in marital flows (Table[2). The overall levels of hazard rates are low

for black males and females, related to their long singlehood duration shown in Table

$Technically, the Poisson rate of death, 8, can also be estimated in this step. However, some reports of one’s death appear
inconsistent (indistinguishable from censoring of the data), leading to an unreasonably low death rate. Thus, recover the death
rate directly from other data sources as shown in Table [5] and I ignore observed death when I construct the data on duration and
transition. Marriages ended by widowhood are considered as incomplete.

3*This is the estimation of a competing risks model. Several hazard rates associated with various exits (all possible marriage
types male ¢ may engage) govern the duration of his singlehood.
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Table 7: Estimated hazard rate of divorce

male'\ female white black Hispanic
white 0.0154 0.0128 0.0174
(0.0003) (0.0038) (0.0017)
black 0.0236 0.0186 0.0205
(0.0034) (0.0006) (0.0033)
Hispanic 0.0145 0.0181 0.0053

(0.0018)  (0.0035)  (0.0004)

Notes: MLE estimates, annual values, standard errors in parentheses. Each
cell represents 7j marriage between male type 4 (in the row) and female type
7 (in the column).

Table presents the estimated hazard rates of marriage dissolution, h', and standard errors in paren-
theses. It first shows the stability of H H marriages while the most unstable marriages are between black
males and white females. Marriages involving white males are relatively stable. On the other hand, mar-
riages of black males are overall less persistent, although for black females’ marriages to white males are
estimated to be stable>?]

4.2 Step 2: recovering model outcomes

In the second step, I recover equilibrium outcomes of the model, arrival rates of different meetings (marriage

opportunities), and decision rules of singles and couples. Note that a hazard rate of transition has two parts,

the arrival component and the decision component. The hazard rate of divorce of marriage 77, h}j, is given
by the following.
hi; = AF(e};) (25)

Given the calibrated value of )\, the rate of updating match quality, F(efj), the probability of rejecting
marriage ¢j, is recovered. The crucial identifying assumption is that F'(.) and A\, how match qualities of
couples are distributed and evolve, do not depend on types. Different types experience the same process
of stochastic shocks after marriage. Therefore, differences in observed marriage stability across different

type pairings can be attributed to differences in the time-invariant willingness to accept this type of marriage

33Bratter and King|(2008) document the similar patterns in marital stability of different pairings based on the National Survey of
Family Growth (NSFG) 2002. They also find the likelihood of divorce is race- and gender-specific, and the differences among WW,
W B, BW marriages are statistically significant. Black-white marriages were twice (2.26) as likely to result in divorce in 10 years
after marriage as white-white couples, while white-black marriages were less likely (0.67). Considering the patterns in dimensions
other than race (e.g., Blacks who marry whites may be more educated than blacks in BB marriages), they include controls (age
cohort, age at marriage, education of respondent, status of parents’ marriage, status of parents’ marriage when respondent was age
14, age differences between spouses, premarital cohabitation, and premarital births). The ratio (calculated based on the coefficient
on racial dummies) from the adjusted model are 2.09 and 0.56, which are similar to the results without controls. This evidence
supports that the differences in marital stability across racial pairings in Table [/| are not systematically affected by small sample
bias or by missing dimensions through the exchange hypothesis.
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represented by F(ej])ﬁ

After recovering the acceptance rules, across-type variation in hazard rates of marriage transition
(variation in singlehood durations and transitions into different marriages) can be used to identify how fre-
quently singles receive marriage opportunities with different potential spouses. The hazard rate of marriage
.. . 0 . .
ij to male 4, h;7" is given by

0
hii* = ai[1 — F(ej;)]. 27)

Given that the decision rule, the acceptance probability [1 — F'(e;;)], is recovered from the persistence of
marriage, the arrival component, o} is now recovered in equation (27, (27). All information on marital and
singlehood durations, and transitions to different marriages, contributes to the identification of arrival rates.

The mean duration of marriage ¢7 is IE(d1 ) = = ﬁ and the mean duration of 7’s singlehood is
ij

hl
given by E(dgm) =5 iLOm =55 am[l— Fe]- If p?; denotes the probability that male ¢ marries female j
17l il il

om
conditional that he marries someone, which is given by p{} = Zhiiom Z [1 [IF;( )])}, then rearranging

1'% @
equation then yields

m_ Py 1

m_ Py 28)
! E(d? ) 11— )\]E(ldzlj)

%Linking higher marital stability to the higher degree of acceptance of that marriage is one of the most significant features and
major contributions of my model. I will discuss how relaxing of some model assumptions affects this link and the estimated results:

1) First to consider is the type-dependent A, such as \;;. Some types of couples may update their match quality more frequently
than others. It then becomes impossible to find the degree of acceptance F'(e7;) from the information on marital stability. However,
it is likely that interracial marriages have higher \ than same-race marriages, A;; > Vi, 4,4 # j. In this case the rejection
probabilities for interracial marriages would be lower than estimated ones while the rejection probabilities for same-race marriages
would be higher. The gap in acceptance between same-race and interracial marriages would be smaller than what is estimated.
Thus, the role of meetings, which turns out to be a critical factor in racial marital patterns, would be underestimated rather than
overestimated.

2) Secondly, the distribution of match quality shock F'(¢) can also be type specific, such as F;;(e). Different variances o;;

prevent us from recovering €;; and o;; separately (only Fi;(e};), and then — i can be recovered under normal distribution.) The

ij
equlllbrlum condition in Equation [T4] cannot be used to recover marital utllmes (step 3, first part), since equilibrium reservation

strategies €* are now governed by the following equation.

)\U’L * m 1 m * *
ﬁ@(%) +ulf +ul; = m{(l —-B) Zail oup(en) + 5Za£j0kj@(€kj)} (26)

.
Tij€ij +

Nevertheless, one can still recover opportunity components, arrival rates c;, a . (step 2, second part) and meeting frequency
parameters /i;; (step 3, second part), only based on recovered Fj;(e;;). However, p0551ble systematic differences in o may cause
biases in estimation of preference components. Consider the case where intermarriages draw match quality from a distribution with
higher variance, 0;; > 04;Vi, 7,7 # j. Cutoffs for interracial marriages would then be underestimated, whereas cutoffs for same-
race marriages would be overestimated. On the contrary to type-specific \;;, this may lead to the overestimation of the importance
of meeting factors compared to preference factors.

3) Lastly, allowing the standard form of persistency in the evolution of match quality € (e.g., new match quality € is €’ = o + v
while v is drawn from a common distribution and independent of ¢, the initial match quality) still preserves the link. It is true
that the type of marriage with a higher match quality cutoff (;;) has a higher level of match quality draw than other marriages
with lower cutoffs on average. However, what matters in the stability of marriage is not the absolute level of match quality but the
distance between the current match quality draw and the cutoff. Thus, my model says that marriages that survive longer are the

ones with high time-invariant utilities, u;; + u{ ;» rather than the ones with passionate but possibly fleeting emotion, e.
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Shown in equation (28), if the share of ij marriage in all marriage of male 4 is small (low p;j), regardless of

the stability of 75 marriages (high ]E(d}]-)), this pattern is explained by the infrequent arrivals of ¢ meetings

(low o). In addition, if he stays single for a long period of time (high E(d?}”)), this also lowers his overall

arrival rates.

Tables [§] and [9] document the results from this second step.

Table 8: Estimated rejection probabilities

male' female white black Hispanic
white 0.513 0.426 0.579
(0.011) (0.128) (0.056)
black 0.787 0.621 0.683
(0.112) (0.020) (0.109)
Hispanic 0.483 0.602 0.176
(0.060) (0.116) (0.014)

Notes: Estimated rejection probability of marriage upon meeting or upon up-

dating of match quality, F(e;‘j), for male ¢ as a row player and female j as a

column player. Continuous mapping from MLE estimates. Standard errors in

parentheses, computed based on the delta method.

Table [§] shows the rejection probability of each meeting based on a one-to-one mapping from the estimated

hazard rate of divorce as documented in Table |7} The lowest rejection probability (or the highest acceptance

probability) is found in Hispanic intra-marraiges, which is linked to observations in marital stability.

Table 9: Estimated arrival rates

spouse type

white black Hispanic
white male 0.1654 (0.0045)  0.0012 (0.0003)  0.0090 (0.0014)
white female 0.1797 (0.0048)  0.0104 (0.0057)  0.0074 (0.0010)
black male 0.0139 (0.0076)  0.1193 (0.0071)  0.0055 (0.0020)
black female 0.0014 (0.0004)  0.1033 (0.0060)  0.0037 (0.0012)
Hispanic male 0.0286 (0.0038)  0.0097 (0.0031)  0.0686 (0.0025)
Hispanic female  0.0377 (0.0055)  0.0131 (0.0048)  0.0662 (0.0024)

Notes: Estimated arrival rate of each meeting, a{'}(a{j), for male ¢ (female j) with column type females Vj

(V4). Continuous mapping from MLE estimates. Standard errors in parentheses, computed based on the delta

method.

Table [9] shows the recovered arrival rates. Since the differences in acceptance probabilities are not substan-

tial, these arrival rates mimic the hazard rates of marriage formation in Table [f] and are characterized by

high arrival rates of intra-racial meetings. It has been shown that some intramarriages (e.g.,JW B marriages)

are stable despite their low frequencies. This further lowers inferred arrivals of these types of meetings. In

addition, the arrival rates of meetings between non-Hispanics and Hispanics are higher than the rates for

meetings between blacks and whites.



4.3 Step 3: recovering model parameters

Using the recovered decision rules and arrival rates, the last step employs the equilibrium condition to iden-
tify underlying parameters. Note first that what is recovered in the second step is reduced-form parameters
that depend on equilibrium outcomes, instead of structural parameters that are invariant to environment.
The counterfactual experiments can be done after finding the structural parameters that govern underlying
preferences and restrictions on individuals’ decision making

First, I use the condition for optimal threshold, €*, to identify underlying preferences. As stated in
Section 2] equation (14), the optimal stopping rules are determined at the point where two individuals are
indifferent between being single and being married with the threshold match quality.

m f *
Uy + U N )\90(51‘]‘) r+6. ., T+
Y ko = ! 5 29
o Tty r4+404+ A o Ui+ o U] 9
r+9 (1—=8) > oqre(e)
mo_ i 2% 30
o Ui r+J+ A (30)
f *
o .opo(er .
r+5Uf _ Bk i ki) 31)
o r4+6+A
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I first recover the outside option of each type, ﬁ—‘sUim, U ]f Vi, 7. The discounted lifetime value

r+4d

of being single of male type 7 in flow utility term, =

U;", is related to his marital prospects. These marital
prospects include two factors: first, how frequently he gets marriage opportunities, o’y Vj; and second, how
much expected utility he gets from each marriage, ¢(e;;) Vj@

At the threshold match quality, €7, the utility of being married with this match quality (the left hand
side of equation (29)) should be equal to the utility of staying single (the right hand side of equation (29)).
This leads to the identification of marriage utilities between male 7 and female j, w;; = % This
exercise shows that high marital utility (high w;;) is related to two factors: 1) the stability of this type of
marriage (high €;), and 2) male ¢ and female j’s high outside options (high U;™, U]f ) that are affected by
preferences and opportunities of all marriages that male ¢ and female j may engage in.

Next, I use the conditions for steady states and gender consistency in meetings to identify opportunity
parameters that govern the meeting process, 1;;. Recall the specification of meetings between ¢ and j, M;;,

and their relationship with arrival rates.

f
sm s
M — 17/ J_ —ofef
ij = pigV.S™ST Slm Sf = gy sit = @555 (32)
Given the steady state conditions, the measure of singles, s, sj-e , are recovered from estimated hazard rates,

3"For example, the acceptance rules represented by €;; (often recovered by revealed preference argument based on choice-set
data) involve values in marriage U/} + Uifj and values in singlehood U;" + U 7f , which are equilibrium objects.

#¥Recall that ¢ (€];) = 2 E max[Z;;(€),0] = J7°[1—F(ei;)]. thus o(e;;) measures the expected marital surplus evaluated
ij

o

before match quality is realized. Given recovered €;; and the assumption on the functional form of F'(.), y(ej;) is recovered.

20



’L]’
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By plugging these into equation (32)), I can find iy [L{] to fit the estimated arrival rates (o from Step

of
ij > Yig>
2). Note that the value obtained from the male side can be different from the value obtained from the female
side To find one ji;;, I efficiently combine these two pieces of information based on the minimum distance

estimation as follows where V denotes the estimated variance of estimators.

L V) oV
fui = i ———— 2 (35)
V(Mij)+v(ﬂij) V(Mij)+v(ﬂz3)

The results, the estimated preference and opportunity parameters, w;j, f;;, from this last step will be pre-
sented in the subsequent section.

5 Results
5.1 Estimated parameters

Table 10: Estimated marital preferences

male\ female white black Hispanic
(L UM\ (22U [0.427] 0.169] [0.478]
white 0.650 0.571 0.562
[0.389] (0.034) (0.263) (0.129)
black -0.212 -0.032 0.130
[0.200] (0.363) (0.055) (0.277)
Hispanic 0.818 0.307 1.547
[0.496] (0.131) (0.263) (0.063)
my . f

Notes: Estimated preferences of marriage ij, w;; = %%’ between male 7 (row
player) and female 7 (column player). The value of being single of each type in flow
terms,%‘sUi’", %‘sUjf, at the margin. Continuous mapping from MLE estimates,

standard errors in parentheses computed based on the delta method.

¥The comparison of the fraction of singles with the data counterpart will be presented in Section [5| My model can fit these
untargetted measures.

“OThe reason is that the samples do not contain all agents in the marriage market. In addition, observations are from different
periods of time.
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In Table the number at the margin is the value of being single for each type, ’"jf“—‘SUim, %U ]f , that
represents marital prospects. Due to both their stable marriages and frequent arrivals of H H marriage

opportunities, it is estimated that Hispanic males and females have the highest marital prospects and black

males and females have the Jowest[] ;
Each cell in Table E presents the estimated marital preference, w;; = %, the aggregate gains

from ¢j marriage evaluated by ¢ husband and j wife apart from match quality Comparisons across dif-
ferent marriage types find that the marital utilities associated with white males are high overall, whereas
the marital utilities associated with black males are generally low. Two channels may explain this. First,
u%j is high for a certain female j; white males get high utilities from marriage with wife j. Second, u{,c[, j
is high for a certain j; white males are desirable spouses for their wives of type 7. Since I cannot separate

;7 and u{] without information on intra-household transfers, it is impossible to distinguish between the two

explanations

Due to this inseparability of utilities, u!? + u;

ij>
tested according to individual perspectives (for example, whether wji’ > w7 Vj # i holds for male 7).

preferences for the same-race marriages cannot be

However, I can still compare two homogamous marriages with two intermarriages and see, for example,
whether wyyw + wpg > wwi + wgw holds. If this inequality holds, two groups may generate more
marital utilities by segregating instead of mixing, even though this does not guarantee that all four individuals
involved prefer the same-type spouses. These inequalities are statistically significant between whites and
Hispanics (p-value: 0.000), and between blacks and Hispanics (p-value: 0.005), but not between whites and
blacks (p-value: 0.56).

By comparing utilities of different homogamous marriages, I find wg g > www (p-value: 0.000) and
www > wpp (p-value: 0.000). Hispanic couples value marriage more than white couples, whereas black
couples value it less. Lastly, some intermarriages show gender asymmetry in their utility levels, wy g >
wpw (p-value: 0.08), whereas these inequalities are not significant for the rest of the pairs, wyw g ~ wgw

(p-value: 0.16), wpy ~ wyp (p-value: 0.64).

#'Under the normalization of singlehood flow utilities to zero, this value of being a different type captures only marital prospects.
The value of being a different race in other aspects (e.g., labor market prospects) cannot be measured in my setting.

“2Even though some values of deterministic components of utility are negative, due to the existence of the idiosyncratic compo-
nent (match quality), expected marital surpluses of all marriage types are positive. Note that (e*) = [5°[1 — F(e)]de > 0 for all
—00 < € < 0.

BSee Appendix@]on the separate identification of husbands’ and wives’ utilities upon availability of transfer data.
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Table 11: Estimated marital opportunities

male'\ female white black Hispanic
white 1.504 0.014 0.375
(0.029) (0.006) (0.059)
black 0.150 3.452 0.376
(0.127) (0.175) (0.138)
Hispanic 0.305 0.245 4.074

0.043)  (0.075)  (0.173)

Notes: Estimated opportunities of marriage 47, fi;, between male 4 (row player)

and female j (column player), illustrating the bias from random matching,
m s
fi;; = (estimated measure of ¢j meetings)/ (total meetings X % X <)

Estimates are obtained based on the minimum distance estimation.

Table [T1] shows the estimated marital opportunities, where the Poisson parameter that governs the

frequency of 7j meetings is specified as follows:

f f
sgm s o 3;77’ S
Myj = pigV S ST oo = g iV S™ST 0 =5 (36)

I further separate p;; into two parts, fi;; and fi. i, a common part for all p;;, is normalized so that
/Z\/W = Zl j M;; (total meetings) Upon this normalization, the pair-specific part fi;; now repre-
sents the bias from random matching, since this is the ratio between the estimated measure of ij meetings
(M;;) and the measure of 7j meetings implied by the uniform random process (total meetings x ;% X %).

Results show that there are more same-race meetings implied by the uniform random process, and
fewer interracial meetings. The bias toward meetings among Hispanics is the highest, and W the lowest.
This helps minorities increase the likelihood of within-group meetings, which would be rare under a random
process due to their small population shares. Regardless of this effect, however, the arrival rates, taking into
account the shares in the population, are favorable for majority groups, aww > app > amgm (Table ).

Gender asymmetry is found but is statistically insigniﬁcantﬁ]

5.2 Model fit

With the estimated parameters, I can solve the equilibriumE] The patterns predicted by the model mimic

those observed in the data, suggesting that the model is properly specified.

#7 is estimated to be 0.164 with standard error 0.004.

4 uw =~ pwp (p-value: 0.28), uwr =~ paw (p-value: 0.34), and upy ~ pup (p-value: 0.41). However, it is shown in
Table[T0]that preference components are unable to drive gender asymmetry in marital patterns. (e.g., more BW than W B marriages
are observed but utilities from W B marriages are higher than those from BW marriages.) One can conclude that meetings, not
preferences, primary cause gender asymmetric marital patterns.

#Solving for equilibrium {€*, (s™, s¥)} given parameters is finding a fixed-point. I begin t*" iteration with type distributions
among singles (8™, st +). Given these type distributions and thus arrival rates, optimal thresholds €; are obtained by solving
equations (T4). Based on equations (20) and (ZI), I can update the type distributions (8™ ;1, s%:41) and continue this procedure
until convergence is achieved. I always obtain the same equilibrium outcome regardless of the choice of initial guesses.
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Table 12: Model fit-hazard rates of marriage formation

Model Data
w B H w B H
white male 0.0853 0.0003 0.0026 0.0806 0.0007 0.0038
white female 0.0845 0.0009 0.0026 0.0876 0.0022 0.0038
black male 0.0037 0.0490 0.0019 0.0030 0.0452 0.0018

black female 0.0009 0.0353 0.0016 0.0008 0.0392 0.0015
Hispanic male 0.0185 0.0037 0.0553 0.0148 0.0039 0.0565
Hispanic female 0.0178 0.0032 0.0542 0.0159 0.0041 0.0545

Notes: Each cell represents the hazard rate of marriage formation for the type in the row. The column rep-
resents the type of spouses (W:white, B:black, H:Hispanic). Model: model predicted hazard rates given
estimated parameters. Data: MLE estimates of hazard rates from Step 1 (Table[6).

Table 13: Model fit-hazard rates of divorce

Model Data
male\female W B H AW B H
white 0.0153 0.0128 0.0176 0.0154 0.0128 0.0174
black 0.0236 0.0187 0.0207 0.0236 0.0186 0.0205

Hispanic 0.0143 0.0180 0.0054 0.0145 0.0181 0.0053

Notes: Each cell represents the hazard rate of divorce. Husband types are in the row and wife types
(W:white, B:black, H:Hispanic) are in the column. Model: model predicted hazard rates given es-

timated parameters. Data: MLE estimates of hazard rates from Step 1 (Table[6).

Tables [12] and [I3] compare the fitted hazard rates given estimated parameters (baseline hazard rates)
with the observed hazard rates that are estimated in Step 1. The baseline model fits the estimated hazard

rates and thus marital transition patterns in the data.

Table 14: Fit for marriage flows

Model Data
w B H w B H
white male 0967 0.003 0.029 0948 0.008 0.044
white female 0961 0.010 0.030 0942 0.022 0.036
black male 0.068 0.897 0.035 0.053 0913 0.034

black female 0.024 0934 0.042 0.017 0951 0.032
Hispanic male 0.239 0.048 0.714 0.167 0.048 0.784
Hispanic female 0.237 0.042 0.721 0.193 0.056 0.751

Notes: Fraction of marriages with column type spouses (W:white, B:black, H:Hispanic) among all mar-
riage flows of row types in a given period. Model: fraction in flows at a fixed time period. Data: fraction

in all marriages of sample individuals ever recorded.
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Table 15: Fit for marriage and single stocks

Model Data
w B H S w B H S
white male 0.716 0.003 0.020 0.261 0.723 0.007 0.034 0.236
white female 0.710 0.006 0.023 0.262 0.704 0.018 0.032 0.247
black male 0.037 0.553 0.021 0.390 0.032 0545 0.019 0.404

black female 0.015 0.487 0.022 0476 0.011 0464 0.018 0.507
Hispanic male 0.142 0.025 0.602 0.231 0.119 0.035 0.601 0.245
Hispanic female 0.128 0.021 0.612  0.240 0.127 0.035 0.560 0.279

Notes: Fraction in each state: being married to column type spouses (W:white, B:black, H:Hispanic), or being single (S:single).

Model: at the steady state. Data: when the last information is collected.

Table [14] presents the matching outcomes in flows of consummated marriages at a given period of
time. The values are related to the hazard rates of marriage formation (Table[I2), thus indirectly used for my
estimation. Table presents the fraction of each type in different states at the steady state Even though I
do not use this information (distributions of marriages and singles) for my estimation, the observed data are
similar to the model predictions. Given the fact that these model predictions of type distribution on stocks
are based on model specifications (steady-state conditions and description of hazard rates), I can conclude

that the model is sufficiently well specified and reasonably estimated enough to be used for counterfactual
analyses
5.3 Same-race biases in acceptances and meetings

Several analyses with the baseline model show biases in acceptances and meetings that potentially lead to

racial homogamy.

#"The data present the last-observed status of sample individuals.
48 . . . . ..

Some discrepancies in Tables and are caused by gender consistency restrictions of the model, where I get 1;; from
male side estimates, p?}, and from female side estimates, f; - For example, if I use male side information only, the fit for white
males’ exit to W H marriages improves, but the Hispanic females’ exit to W H marriages worsens. If I use female side information,
the opposite holds. This inconsistency is attributable to the pooling of all samples that may participate in different marriage markets
during different time periods.
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Table 16: Same-race biases in acceptances

probability of acceptance

intra- inter- ratio

meeting  meeting (%)
white male 0.491 0.427 0.870
white female 0.491 0.385 0.784
black male 0.378 0.240 0.635
black female 0.378 0.451 1.194
Hispanic male 0.822 0.499 0.608
Hispanic female 0.822 0.394 0.480
Total 0.489 0.395 0.808

Notes: Probabilities of accepting intra- and inter- meetings and their ratios are
presented.

The first two columns in Table (16| present the probability of accepting intraracial and interracial
meetings. Except for black females, individuals accept (and are accepted at) same-race meetings more easily
than meetings across racial borders. Overall, the acceptance rate of interracial meetings is 80.8% of the
acceptance rate of same-race meetings, indicating the same-race preferences in accepting behaviors. These

ratios are the lowest among Hispanics, indicating that the same-race preferences are highest for Hispanics.

Table 17: Same-race biases in meetings

fraction of inter-meetings

baseline shuffled index
white male 0.037 0.214 0.826
white female 0.050 0.224 0.778
black male 0.154 0.860 0.821
black female 0.056 0.844 0.934
Hispanic male 0.398 0.926 0.571
Hispanic female 0.446 0.932 0.522
Total 0.080 0.363 0.780

Notes: The fractions of inter-meetings in the baseline model and in the uni-
formly random process are presented. The third column (segregation index)
measures (shuffled-baseline)/(shuffled).

The first column of Table 17| documents the fraction of interracial meetings among all meetings for
each type. Among all meetings of white males, only 3.7% of them are interracial (meetings with a black or
Hispanic potential spouse), whereas the share of blacks and Hispanics is 21.4% among female singles in the

marriage market. This gap is summarized as a homogamy index of 0.826 in the third column@ This index

®For example, for white males, the homogamy index is computed as (0.214 — 0.037)/0.214. This index is also known as
the homophily index suggested by [Coleman| (1959) and used also by [Currarini, Jackson, and Pin/ (2010): homogamy index;" =
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summarizes how the current rate of intermeeting is far from the rate under random meeting, which is also
connected to the odd ratio (1-homogamy index). White males are 0.174(= 1 — 0.826) times less likely to
meet outside their race then they would under random meeting. It also shows that the meeting opportunities
of Hispanics are close to the racial mix of the marriage market. The opportunities for black females tend
toward same-race meetings. Overall, only 8.0% of all meetings are interracial, whereas 36.3% is expected
under a uniformly random processF_G] There is a great distance between the current meeting distribution and
the shuffled distribution, with a homogamy index of 0.78. People are 0.22 times less likely to meet across

their racial boundaries than they would under uniformly random meeting.

Table 18: Same-race biases in marriage stocks

fraction of inter-marriages

baseline shuffled index
white male 0.031 0.224 0.862
white female 0.038 0.230 0.833
black male 0.094 0.901 0.896
black female 0.072 0.899 0.920
Hispanic male 0.217 0.875 0.752
Hispanic female 0.195 0.872 0.776
Total 0.061 0.376 0.837

Notes: The fractions of inter-marriages in the baseline model and in uniformly
random process are presented.The third column (homogamy index) measures
(shuffled-baseline)/(shuffled).

Table [I8]shows the distribution of marriage stocks and how it differs from uniformly random match-
ing. Since marriages are meetings that are accepted, the marriage distribution in Table [I§] summarizes the
features of acceptance behaviors (Table[I6) and of meeting opportunities (Table[I7). In addition, how long
marriage lasts contributes to the measure of steady-state stock of a certain marriage type. Because singles
accept intra-meetings more easily than inter-meetings and same-race marriages are on average more stable
than interracial marriages, the degree of segregation increases to 0.837 compared to the homogamy index in
meetings (0.780 in Table[17). Only 6.1% of all marriages are interracial, which is above 37.6%, the level

expected in random matchingF_TI

((1—sharel”)—(1—intraj"))/(1—share]") = (intraj" —share]")/(1—share]"). Anindex of 0 indicates that this individual’s meeting
(or marriage) is distributed according to the racial mix of the market, whereas an index of 1 indicates that this individual only meets
(or marries) a spouse of his or her own race (perfect segregation). One minus this index gives the odd ratio of intermarriage,
1 — homogamy index]" = (1 — intra]")/(1 — share").

PShuffled distributions are specific to initial distributions. Given an initial distribution, take the total number of meetings
and the share of each male and female type. Then, the meeting between 4, j in the shuffled distribution is calculated by
‘shuffled meeting,; = total meetings X share;”™ x sharej-c J

!These numbers also fit the data. In the observed data as given in Table the intermarriage rate is given by 7.9%, where
40.2% is expected under uniformly random matching, which leads to the homogamy index of 0.803.
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5.4 Decomposition: preferences vs. opportunities

In this subsection, I decompose the role of opportunities and preferences in explaining racial homogamy.
It should first be reiterated that the findings of this exercise depend on the assumption that preferences and
opportunities are taken as initial conditions to individuals in the marriage marketF_TI If there are interactions
between preferences and opportunities, for example, if meetings are affected by mate preferences (if prefer-
ences are shaped by meetings), the following counterfactual analysis that does not capture this channel may
underestimate the role of preferences (opportunities). My model has the limitation of treating meetings and
preferences as essentially exogenous, its advantage being its ability to identify and quantify the separate role
of each channel.

The following arguments may validate the assumption that intraracial and interracial meeting op-
portunities can be predetermined to each individual in the marriage market, which justifies the proceeding

counterfactual analysis to quantify the role of each channel in shaping marital outcomes.

1. Residential and school segregation: In 2000, the median black lived in a neighborhood that was 52
percent black (Easterly 2009). In 2001, 80% of Latino students and 74% of black students attended
schools where whites were not the majority. 43% of Latinos and 38% of blacks attended intensely
segregated schools (less than 10% of whites students) across the nation (Orfield, Kuscera, and Siegel-
Hawley|2012). Since the area where individuals reside and the school which individuals attend are
mainly determined by their parents, their earlier year experiences with intense intraracial contacts in
neighborhood and schools are exogenous to young adults. This may have continual effects on their

networks — whom they get along with and whom they meet as potential spouses.

2. Institutional settings and the role of third parties: [Laumann et al.| (2000) document that 23%,
15%, 10%, 8%, and 4% of surveyed married couples met partners at school, work, private parties,
church, and gym/social clubs respectively. These institutional/preselected meeting settings account
for a sizable portion (60%) of the places where partners have met. These researchers argue that meet-
ings occur frequently in work and school because of the ubiquity of these in people’s lives. This also
shows that gatherings occur and draw people to them for many reasons other than meeting potential
partners, including religious worship, sharing common interests, and enjoying the experience of being
in a group. The same study also shows that 66% percent of all marriages involved an introduction by
some third party (e.g.,family members, friends, coworkers and classmates). This also indicates the

importance of a person’s social network in determining his or her set of potential partnersFE]

32The parameter estimates given in Tables andare correctly estimated under the less restrictive assumption that meetings
and preferences are determined before individuals play in the marriage market where they respond to presented opportunities by
rejecting or accepting.

3This finding is based on a 1992 nationwide survey of 3432 American men and women between the ages of 18 and 59. Some
may argue that singles may control their choice sets especially in special settings such as online dating sites. For example, users
of those sites may begin search by sorting potential partners based on their races. However, according to more recent analysis by
Cacioppoa et al.| (2013) (an online survey with voluntary nature of sampling), only 15.7% of those married between 2005 and 2012
met on online dating sites. Even in this survey population, meetings at offline preselected settings (work, friend, school, family,
place of worship, social gathering, grew up together, and blind date) still account for 53.7%.
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3. Role of randomness: Anecdotal evidence witnesses the role of randomness (God, Cupid, karma,
serendipity, or whatever it is called) in the beginning and development of romantic relationship. Un-

intended circumstances often bind one and his and her spouse together.

I conduct counterfactual experiments by solving the model with hypothetical parameters (no differ-
ences in opportunities, no differences in preferences). Hypothetical parameters are set to keep the number

of total marriages constant.

Table 19: Eliminating opportunity differences

w/o opportunity differences baseline
W B H S index W B H S index
white male 0.572 0.101 0.071 0.258 0.076 0.716 0.003 0.020 0.261 0.862
white female 0.567 0.059 0.087 0.287 0.088 0.710 0.006 0.023 0.262 0.833
black male 0.373 0.100 0.091 0.436 0.054 0.037 0.553 0.021 0.390 0.896

black female 0.562 0.088 0.045 0.305 0.037 0.015 0487 0.022 0476 0.920
Hispanic male 0.545 0.051 0.183 0.221 0.131 0.142 0.025 0.602 0.231 0.752
Hispanic female 0.450 0.092 0.186 0.272 0.145 0.128 0.021 0.612 0.240 0.776

Total (inter marriage=35.6%) 0.087 (inter marriage=6.1%) 0.837

Notes: Predicted type distribution in steady-state stocks. Fraction in each state: being married to column type spouses (W:white, B:black,
H:Hispanic), or being single (S:single). Without opportunity differences: model outcomes with type-independent (hypothetical) opportu-

nity parameters and estimated preference parameters. Baseline: model outcomes with estimated opportunity and preference parameters.

Table[19] shows that without differences in opportunities, there are substantial increases in interracial
marriages. For instance, 37% of black males marry white females as opposed to 4% in the baseline model.
Even under random meetings, Hispanics, who exhibit the strongest same-race preferences, selectively ac-
cept intraracial meetings, resulting in the highest homogamy index among all groups. Overall, 35.6% of
marriages are across races, which is very close to the 39.0%, that is implied by random matchingF_II The
homogamy index decreases to 0.087.

These outcomes from counterfactual experiment with hypothetical, type-independent meeting op-
portunities are compared to the findings from randomized controlled meetings (speed-dating experiments)
by [Fisman et al.| (2008). In their experiments, subjects meet a number of potential mates for four minutes
each, and have the opportunity to accept or reject each partner. In these speed dating experiments, 47% of
all matches are interracial, which is comparable to the 53% that would be expected under random match-
ing. The implied homogamy index is (0.53 — 0.47)/0.53 = 0.113, which is below the index in observed
marriages (0.837) and is closer to my first counterfactual experiment without meeting differences (0.087).

Both results show that under random meeting, there would be more intermatches. These similar findings

54This number, the rate of intermarriages in the random matching process, varies across experiments, since the proportion of
singles in each type is changed upon different counterfactual experiments.
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may validate my model assumptions for identification, confirming the importance of meeting differences in

mating outcomes of individuals.

Table 20: Eliminating preference differences

w/o preference differences baseline
W B H S index W B H S index
white male 0.699 0.002 0.033 0.266 0.792 0.716 0.003 0.020 0.261 0.862
white female 0.693 0.012 0.029 0.266 0.762 0.710 0.006 0.023 0.262 0.833
black male 0.073 0.610 0.035 0.280 0.827 0.037 0.553 0.021 0.390 0.896

black female 0.013 0.537 0.046 0.405 0.889 0.015 0.487 0.022 0476 0.920
Hispanic male 0.183 0.052 0.455 0.310 0.616 0.142 0.025 0.602 0.231 0.752
Hispanic female 0.206 0.036 0.463 0.295 0.612 0.128 0.021 0.612 0.240 0.776

Total (inter marriage=9.38%) 0.755 (inter marriage=6.1%) 0.837

Notes: Predicted type distribution in steady-state stocks. Fraction in each state: being married to column type spouses (W:white, B:black,
H:Hispanic), or being single (S:single). Without preference differences: model outcomes with type-independent (hypothetical) preference
parameters and estimated opportunity parameters. Baseline: model outcomes with estimated preference and opportunity parameters.

With the current differences in meeting and without differences in preferences, the change in inter-
marriages is limited as shown in Table Even in the absence of same-race preferences, only 9.4% of
marriages are across races due to significantly frequent meeting opportunities within racial groups as shown
in Table[17] This predicted rate of intermarriage is still far less than the case with random matching, 38.2%.
The homogamy index decreases slightly to 0.755 from the baseline case of 0.837 E]

Table 21: Role of opportunity differences

white black Hispanic
male 0.918 0.925 0.820
female 0.913 0.966 0.794
total 0.916 0.946 0.807 0.901

Notes: The share in a homogamy index explained by differences in meetings as opposed
to differences in preferences.

In sum, I find that the high probabilites for individuals marrying within their racial groups are primar-

ily attributable to high incidences of intraracial meetings rather than same-race preferences. In terms of a

5L earning match quality is one of the characteristics of meeting and it may take time (e.g., several dates). This may suggest
that the second experiment may underestimate the role of preferences by neglecting the channel that preferences have impacts on
meetings. In this case, the role of preferences compared to meetings in Table 21| may be considered as a lower bound. Despite this
possible limitation, the results from the first experiment alone can validate that much of observed differences in marital behavior is
attributed to differences in meetings. In addition, the anatomy of preferences and availability (more exogenous force in meeting) can
be done only by analyzing how meetings occur and develop, which may be difficult to observe. The interplay between preferences
and availability may further complicate the decomposition. I contribute the literature of the marriage market by first incorporating
the exogenous and type-specific restrictions in marital opportunities, compared to previous work that assumes ‘whom to choose’ is
under compete control of agents or is identically given to all individuals.

30



homogamy index, overall 90.1% of racial homogamy is explained by opportunity differencesﬁ] Therefore,
my finding concludes that marital outcomes of individuals hugely depend on whom they meet rather than
whom they prefer.

Across races, the opportunity differences explain 91.8%, 92.5% and 82.0% of the homogamy behav-
ior of white, black, and Hispanic males respectively and are 91.3%, 96.6%, and 79.4% for female counter-
parts. Opportunities play the greatest role in marital patterns of black females. In contrast, preferences play

a greater role in Hispanic marital outcomes as opposed to those of whites and blacks.

5.5 Predictions upon demographic changes

The marriage market model that I develop can provide a better understanding of how marital patterns respond
to demographic changes. I first consider the relationship between an unbalanced gender ratio for blacks and

the high rate of being single for black females, which is potentially related to the high rate of unmarried

births ]

Table 22: Balanced gender ratio for blacks

balanced black gender ratio baseline
W B H S index W B H S index
white male 0.715 0.003 0.020 0.263 0.868 0.716 0.003 0.020 0.261 0.862
white female 0.709 0.007 0.023 0.261 0.830 0.710 0.006 0.023 0.262 0.833
black male 0.039 0.529 0.022 0.410 0.885 0.037 0.553 0.021 0.390 0.896

black female 0.014 0.525 0.020 0.441 0.932 0.015 0.487 0.022 0476 0.920
Hispanic male 0.143 0.023 0.601 0.234 0.753 0.142 0.025 0.602 0.231 0.752
Hispanic female 0.126 0.025 0.611 0.238 0.773 0.128 0.021 0.612 0.240 0.776

Total (inter marriage=6.2%) 0.839 (inter marriage=6.1%) 0.837

Notes: Predicted type distribution in steady-state stocks. Fraction in each state: being married to column type spouses (W:white, B:black,
H:Hispanic), or being single (S:single). Balanced black gender ratio: model outcomes under the increased measure of black males from the
type distribution in 2000. Baseline: model outcomes under the type distribution of resident population in 2000.

The third experiment examines that the hypothetical population distribution with the balanced gender
ratio of blacks. The gender ratio of blacks in the baseline model is 0.881. I replace this gender ratio with the
white counterpart (0.992) by increasing the number of black males The results from the model with the
new population distributions are documented in Table[22] Since the marriage market is segregated with low
occurrence of interracial meetings, the change in black males has negligible effects on marital patterns of
other races. What is noteworthy is the increase in the marriage rate of black females, from 52.4% to 55.9%

by 6.6%. This result indicates that the high rate of black female singles is attributable to the imbalanced

5The number is calculated by 0.901 = (0.837 — 0.087)/(0.837 — 0.087 + 0.837 — 0.755).

5"In 2010, 40.8 % of all births were to unmarried women. These proportions were 29% for whites, 53% for Hispanics and 73%
for black births. Source: National Vital Statistics Reports, 2012 (U.S. Department of Health and Human Services)

3¥New population distribution becomes {W, B, H} = {0.742,0.131,0.117}, {0.751,0.133,0.116} for males and females.
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gender ratio for blacks. However, compared to white females with the marriage rate of (73.9%), black
females still marry less (only 16.0% of white-black gap in marriage rate has diminished.)

Since the distribution I use is fractions among all residents, I cannot deal with the critical issue of
high incarceration rates of black malesFE] If people in prisons and jails are excluded from the marriage
market, the distribution of this non-institutional population becomes {W, B, H} = {0.750,0.133,0.117},
{0.737,0.110,0.116} for males and females with gender ratio for each group {0.983,0.827,0.992}. If I
conduct analyses based with the non-institutional population, the balanced gender ratio increases the mar-
riage rate of black females from 50.7% to 55.7% by 10.0%. However, the increased marriage rate is still
below the marriage rate for white females (73.4%). More balanced gender ratio among blacks decreases
white-black marriage rate gap only by 22.0%@

A greater increase of marriage rate for blacks can happen once marital preferences and opportunities
change. The previous experiment (Table[19)) shows that if meetings become uniformly random, the marriage
rate of black females raises to 69.5% (increased by 32.5%). The gap in the marriage rate between black and
white females decreases by 91.7%. In addition, as shown in Table [20} if all couples get the same marital
preferences, the marriage rate of black males becomes 72.0% (increased by 18.1%), and the gap between
white and black males is eliminated by 89.7%. These exercises suggest that rare opportunities of interracial
marriages and low marital utilities of black males may explain the greater portion of low marriage rates for
blacks than the unbalanced gender ratioF_TI

Table 23: Population 2050

year 2050 baseline
W B H S index W B H S index
white male 0.682 0.004 0.035 0.279 0.886 0.716 0.003 0.020 0.261 0.862
white female 0.682 0.007 0.040 0.271 0.850 0.710 0.006 0.023 0.262 0.833
black male 0.029 0.573 0.029 0.369 0.896 0.037 0.553 0.021 0.390 0.896

black female 0.012 0.500 0.034 0.454 0.906 0.015 0487 0.022 0476 0.920
Hispanic male 0.083 0.019 0.708 0.190 0.819 0.142 0.025 0.602 0.231 0.752
Hispanic female 0.071 0.015 0.711 0.203 0.843 0.128 0.021 0.612 0.240 0.776

Total (inter marriage=38.1%) 0.858 (inter marriage=6.1%) 0.837

Notes: Predicted type distribution in steady-state stocks. Fraction in each state: being married to column type spouses (W:white, B:black,
H:Hispanic), or being single (S:single). Balanced black gender ratio: model outcomes under the type distribution expected in 2050. Base-
line: model outcomes under the type distribution in 2000.

3What is only captured in resident populations is higher mortality rates of black males. Meanwhile, an estimated 11.8% of black
males in their twenties and early thirties (20-34) were in prison or jail in 2000, compared to 1.7% and 3.4% of males for white and
Hispanic counterparts. For females aged 20-34, the fraction of inmates in population is {0.18%), 0.98%, 0.28%} for whites, blacks
and Hispanics. (Source: Prison and Jail Inmates at Midyear 2000, U.S. Department of Justice)

For detailed results, see Table [24]in Appendix@

! These outcomes are consistent with findings from previous papers that link the decline in the marriage rate of black women
to a fall in the pool of ‘marriagable’ black men. Examples are |Wilson| (1987), Brien| (1997)), |Sietz| (2009) and |Keane and Wolpin
(2010).
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The last experiment predicts marital outcomes for a population in 2050 where there are substantial in-
creases in the number of minorities. The population share of whites, blacks, Hispanics and others is expected
to change from {0.718,0.121,0.114,0.047} in 2000 to {0.512,0.136,0.248,0.104} in 2050@ Under the
new distribution, there is an increase of interracial marriages, from 6.1% to 8.1%. However, the fact that a
more balanced type distribution itself can promote intermarriages should be taken into accountFj If I control
for the effect of distribution by computing a homogamy index, I find a higher degree of segregation in year
2050 compared to year 2000. The homogamy index increases from 0.837 to 0.858. This rise is mainly due
to the increase in Hispanic homogamous marriages from 60-61% to 71%. Because of greater numbers of
their own type, Hispanics now more easily meet and marry spouses of the same race, leading to a higher

degree of relative racial homogamy in 2050

6 Discussion

This section compares the implications of my model with those of frictionless settings. I then discuss how

my framework can be applied to other frictional frameworks.

6.1 Comparisons
6.1.1 Frictionless models of the marriage market

I have discussed how the search theoretic framework can contribute to the estimation of the equilibrium
model of the marriage market. While previous studies have done estimations of the marriage market, many
of them are based on frictionless settings, employing estimation methods for discrete choice modelsE] The
comparison below shows that frictionless settings and frictional settings may differently interpret the same
observed marital patterns, requiring a careful choice of information structure when analyzing two-sided
markets.

Let us first summarize the model without search frictions. The model is derived in a random utility
model framework. A decision maker, a single male m (female f) of type ¢ (j) faces a choice among J (1)
potential spouse types. The utility that male m of type ¢ (female f of type j) obtains from marrying female

type j (male type 7) is U;j, (Vi 7). One of the possible options is staying single, which gives agents utilities

2Source: Projections of the Resident Population by Age, Sex, Race and Hispanic Origin 1999 to 2100, Population Projections
Program (U.S. Census Bureau 2000). I keep the gender ratios within each race the same as 2000 levels.

931f there are two groups with shares (g, 1 — g), the fraction of intermarriage is 2g(1 — g) which is maximized when g = 0.5.

A decline in Hispanic intermarriage from the 1990s has also been reported and investigated by [Lichter, Carmalt, and Qian
(2011) and |Qian and Lichter| (2011}).

*The baseline frictionless model introduced in this section is from|Choo and Siow|(2006b). They first applied the random utility
model by [McFadden| (1973) to the marriage market context. See the survey by Siow|(2008)) about the applications and extensions
of Choo and Siow’s framework.
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of Ujo,, for males and Vjy; s for females.

Uijm = uij —tij + €ijm 37
Vijig = wvij +lij + €y (38)
Uiom = uio + €iom (39)
Vojr = voj + €ojf (40)

The utility specification includes the systematic component of the base utility u;;, v;;, the transfer made from
the husband to his wife ¢;;, and the stochastic component denoted as €;;,,, and €;;¢. Each e is distributed
1.i.d. extreme value.

Male m of 7 will choose the female type according to
Uim :maX{Uiom,...,Uijm,...,UiJm}. (41)

The number of 7, j marriages demanded by male type ¢ (supplied by female type j), denoted by nfj(nfj) is

given as follows in this Logit model:

Innd; = Innfly + us; — wio — t (42)
Innj; = Inng; + vij — voj + tij (43)

The market clearing condition Thdj = n;; adjusts the values of transfers and yields the following mapping,
allowing the identification of preference parameters from observed data. This equation (44) states that the
ratio of the number of %, j marriages to the geometric average of those types who are unmarried is directly

correlated with total marriage utility.

1n< Nij >_Uz‘j+vz‘j—uio—vo]' (44)
/10710, 2

The two settings with and without search frictions may result in different interpretations on prefer-

ences and the marriage market environment.

Comparison 1. Perfect information on the location of types

This frictionless model depends on the assumption that any individual can demand any type of the opposite
gender because they know where each type is located. This is the major difference from the frictional
models in which meetings arrive exogenously to agents who know the distribution of types but not the

location. These differences become clear when two equations (d4]) and (43)) are compared. The counterpart
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of equation (@4)) can be computed based on equation from the frictional model as follows.

y 1 - F(ef;) 1 m s!
Mij i Si 7j
In| —|=h| —F—= In(pij) + =1 —- 45
n _, n e )\F(G:j) + In(pij) + 9 n gm gf (45)
i %]

As shown in equation ([#3), the ratio in equation (44)) does contain information on the willingness to accept
1_F(€Zj)

17 matches through the term, In (W(e’-‘-)
ij

) . However, it may also be positively correlated with the fraction

sm

of these types among singles, <, %, and bias in opportunity, p;;. As a result, if equation (44) is used for
recovering preference parameters of frictional settings, it tends to overestimate the marriage payoff to the
two types whose shares are large in the marriage market or two types who meet each other more frequently.

This bias may stem from the specification of information and the matching process in the frictionless model.

Comparison 2. Singlehood as a choice option

The frictionless model treats staying single as one of the choice alternatives, together with marrying all
possible types. In contrast, in the frictional framework, agents choose between acceptance and rejection
upon a meeting that is randomly arrived at with a certain partner type and a specific value of match quality.
Thus, staying in a singlehood state is related to some involuntary features such as an unlucky history of
bad arrivals and draws. This issue has further implications in the estimated results. The payoffs attached to
singlehood in the frictionless model u; and vg; in equations ([39) are comparable to equilibrium objects
U™ and Ujf in flow term,

o(1—B) Sy [T - Fa)lds

mo_
(r+0)U; PGS A

(46)

According to this equation, w;y, vo; in the frictionless models may depend on all structural parameters
in a highly nonlinear fashion. Treating those values as primitive may, consequently, cause problems in
counterfactual analysis and policy evaluations. This issue is more crucial in the model in which payoffs to

singlehood are the baseline utility to all other payofst_?’-]

Comparison 3. idiosyncratic taste shocks to each type

The two models differ in their specification of idiosyncratic taste shocks. In the frictionless model, each
shock is attached to each option, that is, each type of potential spouses. Different individuals can be viewed
as identical if they are classified in the same group. In contrast, in the frictional framework, if a meeting
occurs, the person one meets is unique in terms of availability and pair-specific match quality (€), even
though all persons in the same type are ex-ante treated as the same. Different theoretical properties can be

derived from two distinct speciﬁcations

®This difference in the interpretation of singlehood partially depends on the static nature of Choo and Siow’s baseline model.
This issue will be addressed by |(Choo and Siow|(2007) in the dynamic extension of |Choo and Siow|(2006b)’s baseline framework.
87Shin| (2013) shows that this option-specific shock specification of frictionless models leads to negative group size effects. As
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6.1.2 Stable matching

Starting with the seminal work of |Gale and Shapley| (1962)), stable matching has been a key concept in
matching markets including marriage markets. In a stable matching, no matched pair prefers to be single or
no unmatched pair can later find out that they can both do better by abandoning their current partners and
matching each otherF_g]

In their studies of mating preferences, Hitsch, Hortagsu, and Ariely| (2010a)) predict matching out-
comes based on this Gale-Shapley algorithm and the estimated mate preferences. Preferences are estimated
based on the revealed preference argument using the data from online dating sites where users’ browsing
behaviors (choice-sets) and contacts (one-sided acceptances) are directly observed. These researchers then
use the Gale-Shapley deferred acceptance algorithm to simulate match outcomes for a general population
based on recovered preference parameters They argue that since the predicted mating patterns resemble
observed matching patterns, preferences, rather than search frictions or opportunities, are the main cause of
sorting in marriages.

However, in the absence of a centralized marriage market, there is no explicit mapping between this
deferred acceptance algorithm and the process of forming marriages. Furthermore, search frictions allow
the conditions of stable matching to be violated. In other words, it is possible that the marriage market
equilibrium has two pairs (for example, AB + C'D) whose members of those pairs find switching their
spouses would increase their utilities (AD + CB = AB + CD). The alternative and possibly profitable
matches (AD + C B) would not occur if there were no such meetings.

Accordingly, the coincidence of stable matching outcomes mimicking the observed outcomes may
not guarantee the dominant role of preferences. According to my preferences estimates in Table the
unique stable matching is perfect homogamym This result is in sharp contrast with my counterfactual
experiment without preference differences in Table[20]that shows limited effects of preferences. Since agents

differ in meeting opportunities with different potential spouses, type-independent preferences alone cannot

the share of one type increases, the marital prospects to individuals of this type decrease. The reason is the following. Some
people, depending on their shock realizations, demand intermarriages and the size of this demand is larger when coming from
majorities rather than from minorities. Because market clearing prices become favorable for minorities, minorities enjoy better
matching prospects than majorities in this frictionless setting. Meanwhile, under the particular assumption of matching preferences
that people prefer the same-type, the frictional model with uniformly random meetings may provide better matching outcomes to
majorities who have more opportunities for intrameetings compared to minorities.

%8See |Abdulkadiroglu and Sonmez| (2011) and Roth| (2008)) for an overview of stable matching and deferred acceptance algo-
rithms, and |Browning, Chiappori, and Weiss|(2011) for applications of stable matching in the context of the marriage market. See
also|Fox| (2009) for a survey on structural empirical work using two-sided matching games in various applications.

%The deferred acceptance algorithm works in the following manner: the one side of the market makes proposals to agents on
the opposite side based on the order reflecting their preferences. Those who receive more proposals than they accept hold their
best preferred proposal and reject the others. In the next round, agents who have been rejected make new proposals. The process
continues until there are no rejected agents who wish to make further proposals. At this point, all proposals held are finally accepted
to constitute a matching.

"The standard Gale-Shapley mechanism is based on nontransferable utility. In transferable utility models, the marriage market
equilibrium is obtained where the sum of marital output in society is maximized (Shapley and Shubik(1972). I ignore idiosyncratic
shocks for this prediction. All white males (of measure 0.743) marry their female counterparts, and all Hispanic females (0.117)
marry Hispanic males. There are H W intermarriages (0.002). Some white females (0.004) and all black males (0.118) and females
(0.134) remain single.
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generate fewer homogamous marriages. Observed homogamy patterns can be obtained once heterogeneity
in meeting opportunities are considered.

My results, on the contrary, suggest that search frictions (limited meeting opportunities) play a dom-
inant role in observed marriage patterns. To quantify the direction and the strength of search frictions is the
principal contribution of this paper. The results show that search frictions do not necessary scatter sorting
patterns or preclude optimal assignments as in standard matching models. The existence of search frictions
or the process of meetings may enhance efficient sorting patterns. By explicitly incorporating and estimat-
ing how search frictions play a role in the process of match formation, my model can contribute to a better

understanding of preferences and opportunities in the marriage market.

6.2 Applications
6.2.1 Frictional models of the labor market

My model of the marriage market can be compared to the labor market with firms and workers. However,
there are several obstacles for this model being applied to the labor market settings. The main difference
between labor models and marriage models are the symmetric features of the marriage market. Agents in
the marriage market, males and females, face an identical environment with respect to their strategies and
information whereas firms and workers in the labor market solve different optimization problems (e.g., firms
may make take-it-or-leave-it offers to workers, or inflows of firms may be determined by the zero profit
condition.) These asymmetric features become crucial also in terms of data availability. In the marriage
market, major traits of both married or single males and females are observed by econometricians, allowing
them to identify relevant parameters. In contrast, the labor search estimation suffers from the problems
involving unobserved firm characteristics even though researchers have better data on transfers (wage). As a
result, to the best of my knowledge, there is no paper that estimates type-independent meetings (wage offer
arrivals) in the labor market

However, there are still questions to be investigated using my frameworks in the context of the labor
market. For example, regarding the patterns that women tend to work for lower paying jobs, two potential
explanations can be compared: 1) women get non-pecuniary benefits from those jobs (preferences), and
2) women receive limited opportunities. This question can be answered even based on one-sided (worker-

sided) data, where firm types and durations involving match formation and dissolution are recorded

"1See [Eeckhout and Kircher (2011) and Hagedorn, Law, and Manovskii| (2012) for further discussion on recovering preferences
(production functions) in the labor market settings.

See Appendix for how one-sided model can be constructed and identified as an application of my framework. The questions
on gender/race discrimination have been analyzed by many researchers including |Bowlus and Eckstein|(2002), Flabbi| (2010), and
Flabbi and Moro|(2012). However, different preferences and opportunities regarding observed characteristics of jobs have not been
yet simultaneously addressed.
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6.2.2 Frictional discrete choice models of consumers

My framework can be applied to the analysis of discrete choice models where one side of the model is sellers
and the other side buyers, or one-sided models of buyers. Researchers can separately identify preferences
(consumer :’s utility from consuming good j) and opportunities (the arrival rate of good 7 to consumer ?)
based on duration and transition dataE] Understanding these differential effects of opportunity and prefer-
ence may be crucial in the analysis of frictional markets where all options are not always available. Possible
applications include preference and opportunity effects of regulations and subsidies, the introduction of new
products, and marketing strategies.

My paper can be related, for example, to |Ackerberg| (2001}, 2003) on the effects of advertisements.
He compares differential effects of advertisements on experienced and inexperienced users to distinguish
between informative effects and prestige effects of advertising in the yogurt market. Informative effects lead
consumers to be informed of the existence and characteristics of advertised goods, and Ackerberg assumes
that only inexperienced consumers are affected by this effect. In contrast, prestige effects increase a con-
sumer’s utility of consuming advertised goods, affecting both experienced and inexperienced consumers

Unlike Ackerberg’s focus on non-durable goods, my framework is suitable for durable goods. Using
information about which good consumers choose, how long it takes to make this choice, and how long
they use this durable good, researchers may be able to disentangle preference effects (prestige effects) from
opportunity effects (stimulative effects) of advertising. The opportunity effects take place by reminding
consumers of the advertised good (arrivals of this good to consumers as a choice option), and potentially
differ from the informative effects. I state that search frictions may exist even in consumer choice settings
that appear frictionless. Even though options are always available, consumers do not mentally process all

options all the time, leaving room for arrivals and stimulation.

6.2.3 Network economics

Lastly, my model is related to the work of |Currarini, Jackson, and Pin| (2009, 2010) on preferences vs. oppor-
tunities in racial homophily (high frequencies of same-race friendship) in the many-sided markets (network
formation). The model proposed by these researchers do not allow rejection of meetings, recovering op-
portunity differences directly from observed frequencies of friendships. They then use the variation in the
number of friendships to infer preference differences. For example, if individuals have strong same-race
preferences and meet the same-race persons often, they will have a large number of friends.

Instead of using variations in the number of friends as they do, one can use the data on how long
friendships last to disentangle preferences from opportunities. Using dynamics of match formation is more
appropriate for the marriage market where all unions are monogamous. I can further distinguish white’

taste for blacks verses white’ taste for Hispanics whereas the approach by Curraini et al. can only estimate

The one-sided model introduced in Appendix@is again applicable in this setting.
"#By observing that advertisements primarily affected inexperienced users, he concludes the primary effect was that of informing
consumers.
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taste for own type compared to other types combined. In addition, the approach I propose not only can
recover the differences in preferences and opportunities for all possible pairings, but also can quantify the
relative strength of each channel. Therefore, my identification method can shed light on match/relationship

formation in various settings.

7 Conclusion

The equilibrium marriage market model developed in this paper analyzes the relative importance of prefer-
ences and opportunities as potential sources of racial homogamy. In the model, individuals are heteroge-
neous in their marital opportunities (meetings) and preferences. Married couples differ in match qualities,
which are updated at a Poisson rate that is common across marriage types. Under this assumption, varia-
tions in the duration of marriages can be used to identify the willingness to accept certain types of marriage
separately from arrival rates, even in the absence of data on choice sets. I estimate the structural parameters
via a three-step estimation procedure. The estimated model closely replicates the patterns of marital forma-
tion and dissolution in the data. My results show that even though same-race preferences exist, the racial
homogamy observed is primarily caused by the rarity of interracial meetings in the United States.

In addition, the model is also used to simulate the effect of an increased share of black males in the
population relative to their current share. Empirical results indicate that the high rate of singlehood for black
women is partly attributable to a shortage of black males. Lastly, I use the model to predict the effects of an
increasing Hispanic population, showing that the increase will lead to more Hispanic intramarriages and a
higher degree of homogamy.

The significant role of meetings in matching patterns that this research finds may further motivate
studies on social interactions and networks in broader settings In these studies, the idea that choice op-
portunities are sometimes granted to individuals who are restricted by their environment should be carefully
considered. Search frictional frameworks proposed in this paper may be helpful for studies of social inter-
actions and network formation.

There are several ways to extend my model. Household bargaining information can be incorporated
to identify husbands’ and wives’ individual gains from different marriages. Building on Wong(2003},2013),
Chiappori, Oreffice, and Quintana-Domeque|(2012), and |Dupuy and Galichon|(2012), one can study mar-
riage markets with multiple attributes where people are differentiated by their race and human capital.

To address recent changes in interracial marriage patterns and attitudes and in search technologies
(e.g., online dating sites), the model can be extended to have time-varying preferences and opportunities.
Building on |Bisin, Topa, and Verdier| (2004), determinants and generational evolution of types, preferences,
and opportunities can be considered. Estimation of such models would require enough samples of interracial
marriages and additional information on how meetings take place.

Lastly, the methods developed in this paper are applicable to other frictional search settings, such as

3See [McPherson, Smith-Lovin, and Cook! (2001) and Jackson|(2011) for an overview.
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two-sided markets with firms and workers, or buyers and sellers, and one-sided or many-to-many markets

where researchers can observe the dynamics of matches.
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Appendix

A Proofs and derivations

A.1 Proof of Proposition 1

Proposition 1 (The existence and uniqueness of equilibrium reservation strategies €*) Given {uf}, ulfj,

F(.),o0,M(.,.), tij, A\, B,r,0} and distributions (s™, s¥), the solution €* to equation ([4) exists and is
unique.

f
(€5;) + gty = L
K o r+o+ A

€ij +

ot AY {1-5) ;a;?(sm, sV )plen) + ﬁgaﬁj@m, EEH)

(e

Proof.
Step 1: Existence
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m

Note that given (s™, s¥), arrivals (af}, a;;) are also treated as given. Let ¢(e) = € + ﬁgp(e). Define

€;;(€) as follows.

m f
éije) =" <— ’ . L+ R )\{(1 - B) Zail p(ei) +ﬁ204£j90(6kj)}) 47
1 k
It has the following properties.
. m f
0¢€;; _ _{(1 — B)agy + Bag; [ — Flei;)] <0 48)
afij T+5+)\F(€Z’j)
0é; (1= PB)agt[l — Feq)] - ,
e P4 AF(ey) O IA “49)
. f
86”» _ /Bakj[l - F(ij)] . .
Ja; | rHFAF(e,) LKA ©0)
06 _ 0 ifkfiandl £ ] (51)
O€p

Define a vector valued function, € = (€11, ..., €77). The solution of the problem €* satisfies €* = &(€*),
€* as a fixed point of €(.). We can find upper and lower bind of ¢;; by setting ¢;; = €j({00}*7) and
& = ci;({e}™ )EI The lower and upper bounds, € and €, for an appropriate domain can be picked,
€ = min{g;; } and € = max{é;;} for all 4,j. Then, € is a continuous function which maps [e, &7 into
itself. Note that [e, E]I “Jisa nonempty, closed, convex subset of a finite-dimensional real vector. Existence

is established by applying the Brouwer’s Fixed Point TheoremE]

Step 2: Uniqueness
Recall the equations (LT)-(I3) that constitute the equilibrium cutoff strategies €. For this proof, U denotes

male value function, U™, and V denotes female value functions, U/ for simplicity.

* m * 2 *
(r+0)Zij(e;;) = ugj + Ufj +oe€; + m@(%) —(r+8)Ui—(r+46)V;=0 (L)
(r+0)U; = RIS Y Zl:ail p(e) @)
__ 0B P
(r+0)V; = RS SIS, Zk:%j o(ex;) 13

From equation (TI)), find function for € as a function of (U;, V;) where ¢ (¢) is defined as (e) = € +
A
omele).

m f
0 0 Ujj + Uy
e = ULV = o (00, 4 T 0y, - B T (52)

Y o o o

"Note that ((e) is bounded above and unbounded below.
2Since the following proof, step2, shows a unique fixed point, I do not need the separate existence proof. However, I state this
proof to find the lower bound of e, ¢, for Proof’
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Then plug €;; to and to find the following.

]_ —
(r+8U; = :(MH Z o o(ea(Us, V) (53)
p R
w+6wyz7wj5hxg;%mw%xw“w» (54)

We can find U; and V; that satisfy the equations as a function of all Ujf and U™ respectively.

~ ~ o
Fu (Ui(V), V) = Ui = —— H&HZO‘”W’ V1) (55)
Fi(1(0),0) = ¥ = 7 LS af (a1, (0, 7)) 56)
A ’ Tor s r+5+ A p kj AT
Since
. OFy, aft[1-F(eij)]
ou; axg B (1-5) r+J§+)\F(e:J) 57)
. Ok, z[lF Dk
O R S VL = o
this leads to the following properties of functions (53] and (56):
(58)
7.
Z’a ; (59)

Then finding a equilibrium involves finding a fixed point of U* = {UY, ..., U/, ..., U} } of the follow-
ing mapping T,

T(U) = {U1(Vi(U), ..., V;(U), ..., V5(U)), ..., Ui(Vi (U), ..., V;(U), ..., Vs (U)), ...}, (60)

T(U') — T(U")|| < [|[U" — U"|| under equations (58) and (59)
as follows. ||T(U’) — T(U")|| = max;|U;(V1(U’), ..., V;(U"),...,V;(U")) =U;(Vi(U"), ..., V;(U"), ...,
Vi(U")] < ||V(U’) — V(V/)|l = max;|V;(U’) — V;(U")| < |[U" = U"|], iti
from the facts > an

¢+ < 1. For example, applying the Mean Value Theorem to V (U)

to get V;(U’) — V-(U”) = ZZ (WJ(U )(U' U!") where U?% is between U’ and U”. Tt follows that

5, 2 17— 1) < 3%, O U - < [0 — U nder 5, [ < 1.

Applylng Banach Fixed Pomt Theorem to this contraction mapping on a complete metric space,
R’, a unique fixed point of U* is established. The same logic holds for finding V*, and finally €; =
eU7, Vj*)W, j are uniquely determined.

O]
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A.2 Proof of Proposition 2

Proposition 2 (The existence of a marriage market equilibrium {€*, (s™, sf)}) For any primitives
{u;?, {J, F(. ) a, M(.,.), iz, A, B, 7,8} and exogenous distributions (g™, g%), the fixed point {€*, (s™, s7)}

of equations (14), 20) and exists.

Proof. From Proposition 1, we have shown that equation (14]) gives a solution of €* as a continuous function
of (s™, s7), denoted as €*(s™, s¥). Using this function, one can construct mappings by stacking equations

and 21).

= % @
Y (s 8T 1= F (e (s™,s7))]
+ 2 S+XF (e}, (s™,s7))
!
S
5] = ; 21)

J sHA-F (e, (s™,87))]

ozk (s™
1+Zk’ ’ S+AF (e (s™ ,87))

I will show that all these mappings are continuous over the compact domain [s, g™], [s, g¥]. The
lower bound for s can be found once we assume that the rate of meetings cannot exceed ( M x min{S™, S/}
) for some finite number M. The lower bound of s}" is evaluated at the lower bound of ¢, € (from stepl of

and the upper bound of o™ . Recall that ;7 = 155 (SLme) . Consider the case where there
are more males than females, Gm < Gf . The stock of marriages is equal to G™ — S™ and G/ — S7,
thus S¥ = Gf — G™ + S™. The gender ratio, g:;, is the decreasing function of S™ if G < G7, while
(SSLT,;S” = M(1, gm ) is the increasing function of . Under the assumption that the number of meetings
at a given time is bounded above (3_, >, M;; < M X mm{Sm S} = MS™), the number of marriages

is also bounded above (3_, > mij = >, Z MZJ 15 +§§f”)) < MS™ 51+,5p(€ ), and accordingly the stock

< S™. One can then find the upper bound of o

of male singles is bounded below, S™ =

1 F(e)
HM5=55

a™ which is defined as & = max; ;{p;; } M (1, Gfgi:*s) Finally, the lower bound of s;"* is found as

m

s = —J . — and also, s = min; ;{s!", j} > 0P|1 can establish the existence of the equilibrium
1+Jamm
{e*, (s™, s7)} by the Brouwer Fixed Point Theorem. O

A.3 Derivation of value functions

This subsection derives equation (I)) where U; denotes the expected lifetime utility of staying single as type
1 male.

(r+0)U™ =ul +Za,l Emax[UZ (€) — Uy, 0] @

3Note that decreases in € and is maximized at €.

6+>\F( )
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Let U;"; be the value of staying single for male ¢ at ¢. If the length of a period is given by A,

g _L=0A
Ui =17 A{ A+Za A Emax([Ujy A (€), Uiyl Zazl Uiten +o(A)}

The right-hand side is the expected value of living to ¢ + A, in which the type i male gets flow utilities
of uj*A (this will be normalized to 0) and receives meeting opportunities with different female types with

probabilities amA o(A) captures the payoff in the event of more than one Poisson arrival in a period, and

0()

therefore satisfies — 0 as A — 0. Arrange both equations to get

(L +rA)Uf; = (L= 8A){uf" A+ ) aif AEmax([Ufy, a(8), Ut a] + (1 - Za Uitsa +o(A)}.
l

Subtract Uy = (1 — 0A) U A — (U a — U] + SAUTY from both sides and rearrange.

(rA +6AUTY = (1— 6A){u"A + Z af AEmax[Ufy, A (€) — Ultin, 0] + 0(A) + (Ul a — UM}

Divide both sides by A.

(r+0)U% = (1 —6A){u" + Zail Emax[Ujj; a(€) — Ui, 0] + A + A }

l

As A — 0 we have

(r+9) zt =u;" +Za E max| zlt() Uﬂ,O]—FUﬁ.

Note the similarity of this to asset flow value equations. The return of the asset in a small period equals the
sum of the instantaneous payoff and the expected excess value of any changes in the value of states. In the
stationary environment where U}, = 0 and U;l' = U™ for all t, we finally obtain equation (1)).

(r+ &)U =u" + Y aff Bmax(U'(e) - U7, 0 )
l

B Data Construction

1. PSID data

The Panel Study of Income Dynamics (PSID 1968-2011) includes longitudinal information on indi-
vidual characteristics and marriage histories. I combine three major data sets: 1) family data (1968-
1996 recorded annually, 1997-2011 recorded biannually) that contain characteristics of households
and household members (mainly a financially responsible single adult or a husband and a wife) in a
given year, 2) marriage history data (2011) that record marital transitions (transition to and from the
first and the most recent marriage and all marriage transitions that occurred after 1985), and 3) indi-
vidual data (2011) that carry basic information on all surveyed individuals and how their information
is presented in each family data.

2. Sample selection
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I consider racial/ethnic types (white, black and Hispanic) of individuals and their spouses. I use
information on self-reported and first mentioned race and ethnicity from family files. Regardless of
their race, if individuals report themselves as Hispanic descent in response to the question on ethnicity,
they are categorized as Hispanic PSID had oversampled Hispanic households for the Latino Wave
from 1990 to 1995. 1 did not use information from 241 non-Hispanics in the Latino wave, considering
the possibility of oversampling non-Hispanics who marry Hispanics. Their marriages are still captured
by Hispanic spouses of the Latino wave. Finally, information on 12,967 whites, 7,790 blacks, 4,972
Hispanics is used in the analysis. 641 non-Hispanic others are dropped due to small sample size.

3. Singlehood durations

I construct singlehood spells from the marriage history data. Although the unit is a year, I used
information up to the month of the events (birth, marriage, divorce and data collection). Information
contains all singlehood durations including first marriages and later marriages in the PSID. ‘The age
at first marriage - 16’ is used for calculating the first durations. The later durations measure the
period between the end of the previous marriage and the beginning of the new marriageE] I restrict
singlehood durations for 50 years in which people actively participate in the marriage market, the
stages and durations up to age 65 are only captured, and the spells are considered as censored even
though some exits occur after this period. This window (age 16-65) covers 98.5% of all exits of
singlehood. Lastly, singlehood spells that began before individuals came to the U.S. are excluded
(1.1%).

4. Marriage durations
Marriage spells in the PSID data, regardless of their order, are usedE] This observation combines
histories from males and females, and thus the same marriage can be counted twice. I treated a
marriage that ended with widowhood as an incomplete spell. Marriages that began outside of the U.S
are excluded (0.3%).

5. Type distributions in population
Due to the small sample size of interracial marriages, I need to pool all individuals who had partici-
pated in the marriage market in different time periods. To determine type distributions, I first construct
the fractions of each type in population based on PSID observations taking into account their sam-
pling weights, which leads to {W, B, H} = {0.755, 0.118, 0.128} for males and {W, B, H} =
{0.735, 0.134, 0.131} for females[] The distributions in Table 4| based on census data are close to
the PSID sample distributions with more precise gender ratio (0.980).

“The question on race is asked several times over survey years. I choose their report from the earliest years from 1985 to 2011.
I then use information from 1968-1984, considering that in those years some race identifications are automatically coded based on
their parents’ race. 97.5 % of samples’ report of their race is consistent across years. 96.1 % of individuals who are classified as
white or black did not mention their second race. Results are robust to how I determine the racial identity of samples.

3For observations that have negative number for durations (0.5%), I adjust them to be 0.

SFor observations that have negative number for durations (0.2%), I adjust them to be 0.

"Including non-Hispanic others (denoted as O), the distributions become {W, B, H, O} = {0.730, 0.114, 0.124, 0.032}
for males and {0.714, 0.131, 0.128, 0.028} for females.
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C Robustness Check

C.1 Identification and calibration of )\

The model has 2 x I x J+1 unknowns, which are preference (w;;) and opportunity parameters (1;;), and the
rate of updating match quality shocks to married couples (A). Observed formation and dissolution behaviors
of each marriage will be used to recover these parameters, which constitute 2 x I x J observables, hazard
rate of marital formation (h%) and hazard rate of marital dissolution (h}j)ﬂ Since there are more unknowns
than observables, restrictions on parameters are required to reduce the number of unknowns. I therefore fix
the value of )\ and estimate preference and opportunity parameters as shown in the baseline analysis. In this
section, I will first discuss how I can estimate A with additional restrictions or information and how these
methods justify the current choice of A. I will then show that key estimation results are robust to the choice
of \.

METHOD 1: lower bound of A  Note first that the hazard rate of divorce is the product of two parts; the rate
of updating match quality shock A and the probability of rejecting new draws F'(e*), that is hilj = AF(€};)-
This implies that the level of A should be bigger than the highest hazard rate of divorce observed in the dataﬂ

METHOD 2: additional restrictions on type-specific arrivals By placing some restrictions on the meeting
frequencies f1;;, A can be estimated. I will assume that meetings are uniformly random, that is, y;; = fi. In
this case, two parameters that govern arrival of meetings and new match quality shocks, 8 = (f1, \), can be
simultaneously estimated based on hazard rates recovered from the first stepm

Recall the equations (23), that constitute the equilibrium hazard rate of divorce for 75 marriage,

h}j, and hazard rate of marriage with a j female to a ¢ male, h%m.

hi; = AF(ef;) 25)
Om _ .m *
hit = i1 — F(e;)] 27)

(]
Connecting two equations and applying meeting specifications yield the following for males and
females.

!

I Sk?nsé; 85 (1— ;) —h%m Vi, j

77(07 h) = 1
YT gm (1 = h;”’) —hyl Vij

(61)

Smgf i

Estimated parameters 6 will minimize
7(6,h) W n(6,h) (62)

where W is a 2 x I x J symmetric and positive definite matrix that defines the distance of 7(6,h) from

8Note that the hazard rates of marital formation from the male side are not independent of those from the female side.

“However, the exact value of max;;{ hzlj} = hpy = 0.0236 cannot be chosen as a value of \; then there would be no BW
marriages (F(ejyy,) = 1). If the value close to hkyy is chosen, the rejection rate of BW marriages should approach 1, then to
have the observed BW marriage formation, a.pw becomes higher. I thus choose value 0.0241 that satisfies another reasonable
condition upw < 1 (BW meetings will be less frequent than the uniformly random process.)

'9The minimum requirement is the equalization of two parameters in m, for example, the gender symmetric case f;; = fi;:.
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zerom I can finally obtain the minimum distance estimates and standard errors for A and j as follows:
i =0.1045(0.0278) A = 0.0318(0.0069).

METHOD 3: additional information on dating behaviors If the aggregate information on meeting
behaviors is available, the type-independent match quality shock generating process to couples A can be
inferred. Assume for simplicity the model where gender is the only characteristic. There is one threshold ¢*
that governs formation and separation of matches. In this simple case, ﬁ is the expected number of new
draws before divorce and ﬁ(e*) is the expected number of meetings(dates) before marriage

I use this last method to calibrate the value of A for results in the main text. I approximate the average
number of meetings till marriage for females to the median number of opposite-sex sexual partners, which
is available information in National Health Statistics Reports 2011 (U.S. Department of Health and Human
Services). The median number of opposite-sex sexual partners in a lifetime among females aged 15-44 years
who are currently married (2006-2008) is 2.5. Given that 15.1% of them had already been married at least
two times, the number of sexual partners till marriages is obtained as 2.172 If we set the level of A at
0.0289, we can fit this target for the average number of meetings till marriage. However, since the observed
proxy for the average number of meetings is subject to several limitations (e.g., people may underreport
their number of sexual partners, not all meetings may involve sexual contacts, not all sexual partners are
considered as potential partners), it is required to be assured that my main results are robust to the choice of

A at the particular value.

C.2 Robustness check with respect to A

003 004 005 006 007 0.08 003 004 005 008 007 003

(a) the average number of meetings until marriage (b) the role of opportunities

Figure 1: Robustness check with respect to A (x-axis)

T use the identity matrix for W.

2This follows the geometric distribution. If the probability of acceptance on each meeting is p, then the probability that the
kth trial is the first success is Pr(X = k) = (1 — p)* 'pfor k = 1,2, .... Its expectation is E(X) = 3% apg” " (where
p+q= 1= pd% Zf;l q° = pd%(l — q)_1 = %. With the case of J possible exits, the expected number of meetings until

Tio1 0l

ST e i=F(ef;)]

3The number of marriages is observed in PSID samples who were aged 15-44 in year 2006-2008. Solving the equation with one
unknown to find the number of sexual partners till their marriages, z, z * (0.849) + (z + z) * (0.151) = 2.5 gives x = 2.172.

marriage will be for male <.
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The robustness check regarding the choice of A is shown in Figure [I| First, note that the final choice of
A = 0.030 lies between estimates based on the second and the third method. It is also above the lower bound
shown in the first method. The chosen value of A = 0.030 is related to the observed mean value of meetings
until marriage, 2.08 As shown in panel (a) of Figure 1} as the value of A becomes higher, the value for
the average number of meetings until marriage decreases. Panel (b) in Figure [T demonstrates that as the
value A increases, the importance of opportunities in explaining marital behaviors also increases. Since the
estimated hazard rates of divorce (h1 = \F (e ;) is fitted by this higher value of A, the higher A leads to the
lower rejection rates F'(e;;) ., or hlgher acceptance rates, [1 — F'(€;;)*] 1. Given the acceptance rules, to fit
the estimated hazard rates of marriage formation (h = aj7[1 — F(e};)]) with the higher acceptance rates,
lower arrival rates are implied, a ! |. If people accept meetmgs easﬂy, whom they meet becomes more
significant in explaining whom they match with, which leads to the higher role of opportunities with the
higher value of \. However, in overall ranges, the significant role of opportunities compared to preferences
can be shown. In addition, rankings among estimated parameters are also preserved across different values
of A.

D Identification of more parameters

recovering separate flow utilities of marriages u;’, lfj, (o and () using data on transfers

If we have information on transfers from husbands to Wiveﬂ we can recover preferences parameters ;7
and u ; separately, still based on the assumptions on bargaining parameter B and the dispersion of F(.) o
using the following likelihood function.

Z(TOCa Y0c;» dﬁ”, Tlcs Ve tc) = H exp{_z O‘;}l[l - F(efj)]TOC}[H( [1 - F( zg)])dz]l_%c
H[exp{—AF ()T AF (€)1 77 f(tele > )] (63)

The equilibrium transfers are given as follows.

1
tij(€) = Buff — (L= BYufy + o(B = S)e— = + e {Za )= > ofele)}  (64)
k
I assume F'(.) the standard normal distribution and yield
1 te — Bul? + (1 - B)ul, + "fih@{Z affe(en) =D af o6}
t.) = k 65
] f(te)
tole > €)= — L 66
fltcle 2 ) = T~y (66)

1 Across race and gender, the number of meetings till marriage for male whites, blacks and Hispanics is {2.05,2.81,1.44} and
{2.06,2.62,1.58} for female counterparts.

'SHousehold bargaining outcomes #;; can be measured based on the survey questions on division of household chores, whether
a husband or a wife had contraceptive operations, subject evaluation on the fairness in several areas, gender specific consumption.
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m ot
_l’_
Up to Step 3 even without the information on transfers, & - “ the total flow utility from marriage i, 7, and

m
i]’ zg’

can additionally recover (/3 — 3) and —pug; + (1 - 6) oﬂtlwf {Z airo(er) Z oy,¢(€5)} and
]

« the arrival rate of j females to ¢ males, can be recovered If the data on transfers are available, one

the functional form of F'(.) above threshold values. To recover separately u;7 and ulfj, I need to assume one

of 3 or o[1

E Application to one-sided models

Assume a situation where there are ¢ consumers and j goods. Researchers are interested in two parameters:
1) arrival rate of good j to consumer type ¢ (c;;), and 2) utility of type 7 from consuming good j (w;;). There
are also idiosyncratic and stochastic consumer tastes e. After purchasing an item, the consumer updates his
or her taste shock according to the Poisson rate of A. If this taste shock falls too low, the consumer may
decide to stop using this good. Then the value function of type ¢ consuming item j upon shock realization
€, Vij(€), and the value function of type ¢ who does not buy an item yet and is waiting for arrivals, V;, are
given by

T‘Vij(e) = Wij + e+ )\Emax[Ui (E) — Uij(e), U, — Uij(e)] 67)
rV; = ZaijEmax[Uzj(E) — Uz] (68)
J

Threshold shocks, €*, will be solved from the following conditions where function ¢(.) depends on the
distribution of taste shock €, p(e*) = [°[1 — F(z)]dx.

rVij(el;) = Vi (69)

Q4

* A * *
W+ € + 77‘_1_)\90(61']') = E A7 o(€;) (70)
j

With observed durations before consumers choose one good, the type of good the consumers select,
and durations of the consumers using the good, researchers can disentangle between «;; and F'(¢;;). This
decomposition is based on estimated hazard rates of transition into consuming good j (h ;) and estimated
hazard rates of transition out of consuming good j (h} ;)- Given « and €*, preference parameters are then

!5This discussion can be made based on population moments. Note also the followings

* m 1 *
Eltisle > €] = Buif — (1 = B)ul; + (8 — 5)]]‘3[ ele > €] — + 5 iy {Z aife(en) = Y alp(e;)}
k
1 oB(1—
2

— m f N * f *
= Bug; — (1 — B)ui]’ +0(B— 5)A(e;) — IO /\ Zazl w(€) zk: O‘kj‘P(Ekj)} (eq10)
* 1 * 1 * * *
Vltigle > €] = 0% (8 = 5)*Vleisle > €] = 0*(8 = 5)*(1 = A(ij) M(€l)) — €i]). (eqlD)
Define the inverse Mills ratio(IMR) A(e};) = 5 (b;(”* 5- Note that E[ele > €j;] = NGHY
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recovered based on equation ((70).

1 _ *
hij = )\F(eij) 71)

hiy = o[l = F(e)] (72)

The crucial identification assumption is that A, the arrival of a new taste shock to consumers who are
currently using this good, is type-independent and calibrated outside of the model based on, for example, the
average number of arrivals until purchase. In other cases, type-independent A can be assumed if information
of this level is known from independent sources (rather than durations of usage data), such as technical
reports or testings with the sample of consumers. It is also critical that opportunities arrive only before
purchasing the good, not after purchasing. These identifying assumptions can be restrictive in analyzing
some markets.

F Additional table

Table 24: Balanced gender ratio for blacks (non-institutional population)

balanced black gender ratio baseline
W B H S index W B H S index
white male 0.718 0.002 0.020 0.259 0.865 0.719 0.003 0.021 0.257 0.857
white female 0.706 0.007 0.022 0.266 0.833 0.707 0.005 0.022 0.266 0.837
black male 0.039 0.534 0.023 0.405 0.884 0.036 0.567 0.021 0.377 0.900

black female 0.013 0.524 0.019 0.443 0.934 0.016 0.469 0.022 0494 00917
Hispanic male 0.141 0.022 0.608 0.229 0.758 0.139 0.026 0.610 0.225 0.757
Hispanic female 0.128 0.025 0.603 0.244 0.768 0.130 0.020 0.605 0.246 0.773

Total (inter marriage=6.1%) 0.839 (inter marriage=6.0%) 0.837

Notes: Predicted type distribution in steady-state stocks. Fraction in each state: being married to column type spouses (W:white, B:black,
H:Hispanic), or being single (S:single). Balanced black gender ratio: model outcomes under the increased measure of black males from the
type distribution in 2000. Baseline: model outcomes under the type distribution of non-institutional population in 2000.
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