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Abstract

This thesis consists of a short introduction and three self-contained chapters.

Chapter 1 develops a model of intra-household specialization and human capital

formation for couples, taking into account of assortative sorting on income potentials

in the marriage market. I assume people are matching on potential wage growth

rates which differ across individuals and are realized through actual work experi-

ences. The model is estimated by a simulated minimum distance estimator with

PSID data from 1968 to 2011. I find there is strong positive assortative matching

on wage growth rates, which helps explain the correlated wage growth residuals of

married couples. If matching is switched to random, there will be more variation in

household specialization arrangements and higher observed wage growth rates. The

estimated elasticity of substitution between market goods and home production is

approximately 0.37. Husband’s time and wife’s time turn out to be complements in

the home production function.

Chapter 2 studies a marriage market with two-sided information asymmetry

in which the gains from marriage are stochastic. Contracts specify divisions of

ex-post realized marital surplus. I first study a game in which one side of the

matching market offers contracts, and then study a social planner’s problem, finding

necessary and sufficient conditions for a truthful direct revelation mechanism to

achieve matching efficiency. These conditions become more stringent as the number

of agents in the matching market increases.

Chapter 3 examines the relationship between women’s preference towards mar-

riage and her marital outcomes. I propose using the mother’s marital status as a

proxy for her daughter’s ex-ante preference towards marriage. Using 1980 and 2008

U.S. Census data, I estimate the impact of women’s preference towards marriage

and their educational attainments on their probability of getting married, and with

Heckman correction, the impact on their husbands’ earnings conditional on being

married.
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Introduction

This thesis consists of a short introduction and three self-contained analytical

chapters on the marriage market.

Chapter 1 studies intra-household specialization and human capital accumula-

tion for married couples, taking into account of the assortative matching in the

marriage market. I argue there is marital sorting on income potentials: in the

marriage market, people are matching on potential wage growth rates which differ

across individuals. Assuming perfect foresight, a married couple jointly decide their

time divisions between market work and home production till retirement. Potential

wage growth rates are realized through actual work experience, and couples take

the human capital accumulation into account when they make their specialization

decisions. The model is estimated by a simulated minimum distance estimator with

PSID data from 1968 to 2011. Couples are followed through from marriage to the

last time they were in the survey.

I find there is strong positive assortative matching on potential wage growth

rates, which helps explain the correlated wage growth residuals for husbands and

wives. In the absence of assortative matching where couples are matched randomly,

the observed average wage growth rates of households would be higher, and are

mainly due to an increase among low educated groups. Households’ market inten-

sity remains largely the same, but there will be more variation in the household

specialization arrangements. Second, I find that the observed work hours of hus-

bands and wives can be rationalized by a model in which their potential wage growth
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rates follow the same distribution. The fact that on average married women work

less than their husbands is partially due to a lower human capital depreciation rate

for women. Third, the estimated elasticity of substitution between market goods

and home goods is approximately 0.37. This is different from other estimates in the

literature where the elasticity of substitution between market goods and home goods

are usually found to be greater than one. However, restricting the elasticity greater

than one in my structural estimation gives a worse data fit and fails to capture

the correlated wage growth residuals and observed wage growth rates of husbands

and wives. Moreover, the estimated elasticity of substitution between wife’s and

husband’s time-use in home production is around 0.3, indicating that the husband’s

time and wife’s time are actually complements in home production.

Chapter 2 studies a marriage market with two-sided information asymmetry

in which the gains from marriage are stochastic. Contracts specify divisions of

ex-post realized marital surplus. I first study a game in which one side of the

matching market offers contracts. I show that when expected marital surplus is

strictly monotonic in agents’ types, no separating equilibrium that achieves matching

efficiency exists. I then study a social planner’s problem, finding necessary and

sufficient conditions for a truthful direct revelation mechanism to achieve matching

efficiency. These conditions become more stringent as the number of agents in the

matching market increases.

Chapter 3 examines the relationship between women’s preference towards mar-

riage and her marital outcomes. I propose using the mother’s marital status as

a proxy for her daughter’s preference towards marriage. Using 1980 and 2008 U.S.

Census data, I estimate the impact of women’s preference towards marriage and their

educational attainments on their probability of getting married, and with Heckman

correction, the impact on their husbands’ earnings conditional on being married.

I find that conditional on education, women’s preference towards marriage is posi-

tively related to the probability of getting married, and conditional on being married,

2



negatively correlated with their husbands’ annual earnings. Women’s educational

investments are negatively correlated with the likelihood of marriage, and are posi-

tively correlated with their husbands’ income in 1980 and are negatively correlated

with their husbands’ income in 2008.
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Chapter 1

Assortative Matching on Income

Potentials, Intra-Household

Specialization and Human Capital

Formation

1.1 Introduction

In Becker’s (1973, 1974) classical marriage models, people sort into marriages

because together they generate mutual gains from marriage, due to interactions of

their attributes. A natural question then arises: exactly what are the important

attributes people match on in the marriage market? Empirical evidence suggests

many: there is a positive correlation in a couple’s intelligence, education, height,

attractiveness, race and age, and a negative correlation in earning power and in

the propensity to dominate. In a simple one-dimensional setting, economists so far

have focused mainly on either wage rates or education. Matching on wage rates is

typically found in the matching with search framework (Shimer and Smith, 2000;

Jacquemet and Robin, 2013): a person faces a sequential arrival of potential mates
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with different wage rates. He or she decides whether to accept or reject the marriage

offer just like employees decide whether to take or decline a firm’s wage offer.

One drawback of assuming sorting is based on people’s wage rates at marriage

is that if men choose and accept marriage offers based solely on wage rates of their

potential wives, it would be difficult to justify why some married women choose

not to participate in the labour market afterwards. Second, and more importantly,

the wage rate just prior to marriage is likely to be an inaccurate measure of a

person’s lifetime earning power. Wages of young workers grow rapidly, and the fact

that people with high education usually have a much steeper wage growth trajectory

than less-educated people has been well documented in the human capital literature1.

However wage levels at marriage do not capture such delayed effects of education on

people’s wage growth rates. This led to a number of papers studying who marries

whom based on their schooling (Mare, 1991; Pencavel, 1998; Wong2, 2003; Chiappori

et al, 2009; Furtado, 2012; Greenwood et al. 2014), as education might be a better

long run determinant of a person’s expected lifetime wealth3. A shortcoming of

using years of education to study assortative mating is that years of education only

captures a small fraction of the variation in people’s wage growth rates.

This paper develops a novel model assuming couples match on potential wage

growth rates rather than wage levels at marriage. Individuals differ in their potential

wage growth rates, and couples sort into marriages based on their income potentials.

As couples value both market consumption and home goods, gains from marriage

arise from intra-household specialization. Their efficient time allocation between

home production and labour market work depends on three factors: spouses’ po-

tential wage growth rates relative to one another, who has a comparative advantage

in home production, and how important they value home goods over market con-
1In both cross-sectional data (e.g., Mincer 1974; Carroll and Summers 1991; Card 1994) and

panel data (e.g., Lillard and Weiss 1979; Hause 1980). See Card (2012) for a full survey.
2Wong (2003) constructed a marriage index that contained both wage rates at marriage and

education.
3An alternative explanation which is not discussed here is that as the age at first marriage is

raising, it becomes more likely that people meet their future spouses while still at school.
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sumption. In turn, their time allocation decisions influence the couple’s actual work

experience in the labour market and hence the realization of their potential income.

I formally model the heterogeneity of people’s potential wage growth rates and

allow the wage growth to depend on an individual’s acquired schooling. Researchers

examining wage dynamics, often with longitudinal data (Lillard and Willis, 1978;

MaCurdy, 1982; Abowd and Card 1989; Baker, 1997; Alvarez, Browning and Ejr-

naes, 2010; Gustavsson and Osterholm, 2014), have concluded that there is substan-

tial heterogeneity in wage growth rates. What has not been explored is that wage

growth rates of married couples could be correlated.

To the best of my knowledge, this paper is the first study examining the degree of

assortative matching on income potentials. Such matching is twofold: first, follow-

ing the traditional Becker argument, if home production is important, anticipating

specialization may lead to negative assortative matching on potential income. A

person with a high income potential will tend to marry a person with a low income

potential: the latter will specialize more in home production as the cost of him

or her not working in the labour market is small, so the spouse with high income

potential can devote more energy, time and effort to his or her market work. As

marriage duration increases, the more human capital one spouse accumulates and

the less attachment to the labour market the other spouse has: there will be further

specialization. On the other hand, positive assortative matching on wage growth

rates could be a countervailing force to intra-household specialization when 1) mar-

ket goods are relatively much more important, so couples desire to maximize their

total wealth, or when 2) home production can be easily outsourced or home goods

become more available to be purchased in the market, or when 3) home production

requires inputs from both the husband and the wife, and their inputs are not highly

substitutable so that specialization is not feasible. In short, if husbands and wives

experience a rising substitutability between market goods and home goods, and a

rising complementarity in their home production, the positive matching effect may

6



dominate the negative specialization effect.

I use structural modelling to empirically examine the model. The structural

parameters of the model are estimated by a simulated minimum distance estima-

tor using a sample of white married couples from the PSID 1968-2011 data. The

parameter estimates are then used to simulate counter-factuals to disentangle the

effects from matching and intra-household specialization.

1.1.1 The Marriage Premium Puzzle

My work helps address the marriage premium puzzle. The puzzle asks why

everything else equal4, married men earn approximately 10-50% more than their

single counterparts. Researchers have been arguing over two main hypotheses: a

marriage leads men to be more productive (the specialization effect) or men with

higher earnings are more likely to get married (the selection effect).

The selection effect states that there exists some time-invariant fundamental

differences between married men and single men, and those differences contribute

positively to married men’s wage growth. Ideally we would like to compare people

stayed in their first marriages throughout and people never getting married. How-

ever, it is difficult to pin down the pool of individuals never getting married: for

example, the youngest batch observed by Gray (1997) were from age 24 to 28, and

the youngest batch observed by Stratton (2000) were from age 18 to 25. Even if

they were single in the sample period, there is a fair chance they will get married

later. Virtually all men eventually marry, those who never marry are a very small

and likely unusual fraction of the population (Gupta, Smith and Stratton, 2007).

Furthermore, researchers have mainly applied fixed effect estimations to examine the

selection effect5. Hence, their samples often contain a large proportion of divorces
4The Mincer equation lnW = βX+γM+u estimated on cross-sectional data reported a positive

and significant γ ranging from 10-50%. InW is men’s log hourly earnings. M is the dummy variable
equals to one if he is married. X includes schooling, experience, race, gender, family background,
geographical area and industries worked for. See appendix B for a more detailed view of the
marriage premium literature.

5See Korenman and Neumark, 1991; Cornwell and Rupert, 1997; Gray, 1997; Hersch and Strat-
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and remarriages as a fixed effect model requires observing changes in the marital

status during the observation period. No distinction has been made between an

individual’s first and later marriages. These issues make the comparison difficult.

More importantly, a fixed effect model does not address the selection on income

potentials. If the actual process is the selection of men with higher income potential

which most likely leads to higher expected earnings into marriage, such a mechanism

cannot be estimated by a fixed effect model.

The specialization argument suggests that a wife’s time spent on housework

or the number of domestic chores she does contributes positively to her husband’s

earnings. However, assuming they are exogenous controls in the earning regression of

their husbands inevitably suffers from the reverse causality bias. What is more likely

in reality is that a couple make joint decisions on their labour supply and the degree

of specialization when they get married, hence the husband’s current wage rate

and potential wage growth will also affect the wife’s decision on the specialization.

There is not much room to find a good instrument for the wife’s hours. Jacobsen

and Rayack (1996) and Chun and Lee (2001) used wife’s predicted working hours

which depend on the number of children in the household, the age of the youngest

child, the wife’s age and dummies for the wife’s educational attainment. Similarly

Gray (1997) used an infant dummy to instrument6 for wives’ work hours. Are these

instruments affect the husband’s wage only through the wife’s work hours? Gupta,

Smith and Stratton (2007) argued otherwise, as greater household responsibilities

may induce the husband to work harder. A better instrument proposed by Gray

(1997) is to use a four-point scale of attitudes toward gender roles (whether men

should share housework responsibilities with women) as an instrument to capture the

degree of specialization, however, the attitude question is only asked once in the NLS

survey and cannot be used together with a fixed effect model. Moreover, Lundberg

ton, 2000; Hewitt, Western and Baxter, 2002; Loughran and Zissimopoulos, 2003; Richardson,
2000; Stratton, 2002; Gupta, Smith and Stratton, 2007.

6A rejection of the over-identifying restrictions by the author is not surprising as the infant
dummy is likely to be an endogenous factor in the household decision.
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and Rose (1999) have found significant heterogeneity in the effects of children on

the household behavior. This finding further casts doubt on the IV method, as the

IV estimation is not appropriate if the marriage or the children effect varies across

individuals (Ribar, 2004).

To the best of my knowledge, this paper is the first analysis using a structural

modeling method to examine the specialization effect and the selection effect re-

lated to the marriage premium. A structural model avoids the endogeneity bias

which often arises in a reduced form regression examining couples’ behaviors. The

mechanisms in my model are explicit: there is sorting on income potentials in the

marriage market. Couples utilize their comparative advantages in either home or

market production, the spouse specializing in market production is going to accumu-

late more human capital and have a higher wage growth. To structurally estimate

the model, I focus on a relatively homogenous sample which consists couples who

have only married once.

1.1.2 Married Couple’s Labour Supply Decisions

My work is also related to the literature on married couples’ labour supply.

When the focus is on married women (Mincer and Polachek, 1974; Heckman and

Macurdy, 1980; Francesconi 2002; Jones et al., 2003; Olivetti, 2006), husbands’

wages are often treated as exogenous, or solely determined by wife’s pre-marriage

demographics (Van Der Klaauw, 1996; Eckstein and Wolpin, 1989; Francesconi,

2002; Bredemeier and Juessen, 2013). This treatment stands in contrast to the

marriage premium literature where wives’ activities are explanatory variables for

husbands’ wages.

Only a few empirical papers study the interrelationship between husbands and

wives. Lundberg (1988) estimates a general linear simultaneous equations model

and showed that data rejects the hypothesis that in families with young children,

either husband’s or wife’s hours are exogenous with respect to their spouse’s labour
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supply decision. Similarly, Lundberg and Rose (2000) found that husbands’ and

wife’s hours both change upon the arrival of their first child in a random effect(s)

model. Bloemen and Stancanelli (2014) examined French data and showed that

there is significant gender differences in cross-hour effects. More recent studies

examining labour supply in a collective model also looked at both married men and

women7. For example, Jacquemet and Robin (2013) found that leisure is an inferior

good for men and a normal good for women. However, in terms of studying work

hours of husbands and wives, empirical work with collective models so far usually

exclude children8 and do not take human capital accumulation into consideration.

Moreover, when matching is taken into data, often repeated cross-sectional data

(Shimer and Smith, 2000; Jacquemet and Robin, 2013; Bredemeier and Juessen,

2013), couples married for 20 years long are treated the same as newly married

couples, the marriage duration which should affect the degree of the specialization

process and couple’s human capital accumulation is being ignored9.

I model human capital accumulation and work hour decisions for both husbands

and wives. A man can fully realize his income potential only if he works full time. If

he works part time, his actual wage growth will be less than his full potential wage

growth. If he does not participate in the labour market, his potential wage growth

will not be realized, and on top of that, his wage rate will be lower due to human

capital depreciation. The same applies to a woman.

I find that the observed work hours of husbands and wives can be rationalized

by a model in which their potential wage growth rates follow the same distribution.

The fact that on average married women work less than their husbands is due to a

lower human capital depreciation rate for female workers. Not participating in the

labour market for one year will lower a husband’s wage rate by approximately 4%
7See Bourguignon and Chiappori, 1992; Chiappori, 1992; Fortin and Lacroix,1997; Browning

and Chiappori, 1998; Del Boca and Flinn, 2005; Iyigun, 2005; Blundell et al., 2007; Dominique et
al., 2014.

8See Choo et al. 2008 for an exception.
9See Gemici and Laufer (2014) for an exception.
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and lower a wife’s wage rate by 1.9%. On average without a college degree a person’s

wage will grow by 3.9% a year if he or she works full time. With a college degree, his

or her expected annual wage growth will be approximately 5.3%. While there is no

difference in the degree of heterogeneity in the wage growth across gender groups, I

find there is more variation among high educated groups. The standard deviation of

potential wage growth rates is 0.022 for people without a college degree, and 0.035

for people with a college degree.

1.1.3 The Degree of Assortative Marital Sorting

I find there is strong positive assortative matching on potential wage growth

rates. In the absence of assortative matching, where couples just match randomly

in the marriage market, the observed average wage growth rate of households would

be higher. The intuition is the following: consider a man ranked first in the male

wage growth distribution, and a woman also ranked first in the female wage growth

distribution. In a perfect assortative matching setting, they will be matched to-

gether. For simplicity assume specialization only depends on relative wage growth

rates. If the woman has a higher wage growth rate than the man, the husband

will specialize more in home production. However if matching is random, since the

underlying wage growth distribution is the same for both husbands and wives, there

is a large probability that he is going to be matched with a woman who has a lower

wage growth rate than him since he is ranked high in his gender group; as a result he

will specialize in the labour market. Following this argument, random matching al-

lows people with high income potential to have a higher chance of meeting someone

with low income potential and allows them to specialize more in market work, as

a result on average the observed wage growth rates would be higher. In this sense,

random matching helps offset the income inequality between households.

This paper contributes to the literature on evaluating the importance of assorta-

tive matching. Hryshoko et al. (2015) find that marital sorting and the coordination
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of labour supply decisions of couples played a minor role in the earnings inequality

among households. On the other hand, Greenwood et al. (2014) find positive assor-

tative matching is a major contributing factor to rising household income inequality.

I find that positive matching is important in terms of explaining the correlated wage

growth residuals of married couples, and if matching is random, on average the ob-

served husbands’ wage growth rate will increase from 2.8% to 7.7% and for wives it

will increase from 4.9% to 7.9%. The rise in the actual wage growth is significantly

mainly for people without a college degree, so in this sense, random matching helps

offset inequalities across high educated and less educated groups.

Apart from household inequalities and wage growth rates, Bredemeier and Juessen

(2013) find that assortative mating is important in terms of explaining married

women’s work hours. Due to the raising trend in positive assortative matching on

wage levels, wives of men in the middle of the wage distribution work the most.

I find otherwise, when the positive matching effect is removed, the distribution of

households’ total market hours and the distribution of wives’ work hours do not

change significantly. The intuition is simple: consider the simplest case that there

is extreme specialization, the spouse with a higher potential wage growth rate will

work full time in the labour market, and the spouse with lower income potential will

specialize fully in home production. Whether there is random matching or perfect

assortative sorting, the total market hours of each household will be the same, there

is just one spouse per household working full time.

1.1.4 Outline

This paper proceeds as follows: Section 1.2 presents the data used and lists how

the sample is constructed. Section 1.3 presents the theoretical framework, followed

by an analytical example. Section 1.4 presents the estimation strategy. Section 1.5

presents estimation results and section 1.6 concludes.
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1.2 Data

1.2.1 Sample Selection

The data used in this analysis is the Panel Study of Income Dynamics (PSID)

data from 1968 to 2011. Table 1.1 and 1.2 show how I construct the sample. Table 1.1

uses data from the PSID individual file, where detailed information of an individual

is given and each individual is uniquely identified in the survey. Table 1.2 uses

data from the PSID family file, where earnings and wage information of only the

household head and his wife were reported. The final data set merges the individual

file with a history of his and his wife’s wage records. I include only white couples who

were married or cohabited between year 1969 and 2011. Marriage duration ranges

from 2 to 40 years and the age at marriage ranges from 18 to 35 for both husbands

and wives. As one main aim of this paper is to understand specialization within

the household, I make no distinction between legal marriages and cohabitation, that

is, I assume specialization starts when couples start living together. Although this

may seem to be a strong assumption, here the number of unmarried couples is small.

The final data set constitutes 650 households in total, 180 couples have cohabited

for some time before their marriage, and there are only 10 cohabited couples who

have not married yet.

Wage rates are computed as annual total earnings divided by annual total labour

market hours and for each individual I use only the first and the last wage rates

observed. Table 1.2 shows how I clean the wage data in the 2011 survey, where

wage rates in 2010 were reported. If a person’s wage rate is below the minimum

wage rate in that year, I ignore the wage rate and record a missing for the wage.

In 2010 the minimum wage is approximately 7 dollars per hour, which is close to

the 10th percentile value of the wage distribution. Wages are then deflated by the

consumer price index of the year 1982. Wage rates of individuals whose annual

hours are positive but below 100 are ignored (the number of observations is 73, I
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Table 1.1: Dataset Construction

Data construction procedure No. of obs
dropped

Sample size

73251

1 Drop the obs if a person was married more than once
or was married before 1969

38229 35022

2 Drop if a person was widowed, divorced or separated 4810 30212

3 Drop if a person was not surveyed after age 20 4921 25291

4 Drop if annual age records are inconsistent 2197 23094

5 Keep the obs if the household head is male1 11927 11167

6 White couples only 6740 4427

7 Drop disabled, in prison, or employment status not
available throughout

579 3848

8 Merge with 1968-2011 income data, keep if couples’
income records were both available at least once

1730 2118

9 Drop couples who were interviewed only once and then
dropped out of the survey

193 1925

10 Drop couple who joined the PSID only after their
marriage2

384 1541

11 Drop if the wage at marriage was missing due to one
spouse not working

209 1332

12 Drop if one spouse stops working in the labour market
after marriage

86 1246

13 Merge with education data, drop if the education data
are not available

184 1062

14 Keep if marriage duration is between 2 and 40, the age
at marriage is between 18 and 35, not a student during
marriage

125 937

15 Merge with the actual hours of work data 88 849

16 Drop if the person has less than 12 years of schooling 59 790

17 Merge with the children data, drop if children records
are missing or inconsistent3

140 650

1 The wage data are from the PSID main family data, wages are recorded only for household heads
and their wives.
2 This could also be the case where the couple did not form a new household immediately after
marriage.
3 In the sample all children were born after cohabitation.
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record a missing for those wages). Individuals whose annual hours exceeded 3500

were censored at 3500, as I take 70 hours a week 50 weeks a year as the maximum of

full time work hours10. The same procedures are applied to the wage data in other

years, individuals in the main file are then merged with their corresponding wage

histories.

Table 1.2: Wage Data Construction

Clean 2010 wage rates record No. of obs
dropped

sample size

Households interviewed in 2011 11805

Keep the observation if the husband is the household head 5503 6302

Drop if the husband’s wage rate is smaller than the
minimum wage in 2010

523 5779

Drop if the wife’s wage rate is smaller than the minimum
wage in 2010

275 5504

Drop if the husband is neither in the labour market nor
keeping house1

997 4507

Drop if the wife is neither in the labour market nor
keeping house

282 4225

Drop if the husband’s total work hours is positive but less
than 100

31 4194

Drop if the wife’s total work hours in 2010 is positive but
less than 100

42 4152

Number of husbands worked more than 3500 hours a year 90

Number of wives worked more than 3500 hours a year 20

1 I drop the observation if the husband’s employment status is retired, disabled, a student, in prison
or not applicable in 2010. I keep the observation if he is currently working, temporally out of work,
unemployed, or keeping house. Same for the wives.

Wage rates are missing in some years for those who did not participate in the

labour market at that time. In this analysis, as long as I can observe an individual’s

wage rates twice, one at the year she (he) was married, and the other one at some

point during her (his) marriage, I will be able to examine her (his) wage growth. This
10In 2010, the 95th percentile value of work hours is 3120 for the husband, and the 99th percentile

value of work hours is 3107 for the wife. As seen in the last two rows of table 1.2, the number of
people whose work hours are censored is quite small.
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two-wage requirement mainly excludes 1) households in which only one spouse did

participate in the labour market both before and after marriage; and 2) households

in which one spouse specializes fully in home production after marriage and never

returns to work. As row 11 and 12 in table 1.1 suggest, in total there are 295 single-

earner households out of 1541 families. This group has extreme specialization hence

are useful in terms of understanding specialization within the household, but due to

the missing wage rates, it is not examined in this paper, addressing them should be

an important future work.

Apart from the two wage rates, I also need an individual’s actual work experience

since marriage in order to examine his (her) wage growth. For each individual, I sum

his (her) annual labour market hours (zero or some positive value) since marriage

till the last time I observe him (her) in the data. Couples who were not in the survey

for a continuous period since their first interview are dropped out. As table 1.1 row

15 shows, there were 88 couples out of 937 being dropped out. Another issue with

the accumulated work hours is that starting in 1997 the PSID surveys are recorded

in every two years, so annual hours of work are not recorded in between. I impute

the missing work hours as the average of work hours in adjacent years: for example,

I impute work hours in year 2005 as the average of work hours in 2004 (in the 2005

survey) and work hours in 2006 (in the 2007 survey)11.

1.2.2 Data description

The average marriage duration in the sample is 12.7 years and the median dura-

tion is 10 years. The average age at marriage is 25.4 for husbands and 24.1 for wives.

Key variables examined in this analysis include annual hours of work, the (log of

the real) hourly wage rate, educational attainment (whether a person has obtained

a college degree), and the number and timing of children. Table 1.3 provides a basic
11I estimate the model by a simulated minimum distance estimator. For the simulated data set,

I do the exact same imputation as I did to the actual data to mitigate the missing data problem
due the switching from annual to biennial sampling.
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description of market hours and wage ratios. On average husbands work one and

half times (1.52) as many hours as their wives. The average annual work hours are

computed as the total work hours since marriage divided by marriage duration. On

average husbands work 2234 hours a year (approximately 45 hours a week) and wives

work 1708 hours a year (approximately 34 hours a week). Husbands’ annual hourly

wage rates are also approximately one and half times higher (1.36 times higher at

marriage and 1.66 times higher after being married for some time). At the beginning

of marriage, the mean of hourly real wage rates for husband is 9.76 and for wives

is 8.22. The average hourly wage rates after marriage is 14.9 for husbands and 11.5

for wives. Wives have larger variation (480 v.s 352) in the work hours and husbands

have larger variation (5.4 v.s. 4.8 and 10.2 v.s. 7.3) in the wage rates.

Table 1.3: Labour Market Hours and Wage Rates

mean s.d. min max
hours ratio (husb/wife) 1.52 1.06 0.47 14.7
average annual work hours husb 2234 352 928 3378

wife 1708 480 138 2993

wage ratio at marriage (husb/wife) 1.36 0.79 0.11 6.49
wage rate at marriage husb 9.76 5.4 3.3 48.8

wife 8.22 4.8 2.6 54.7

wage ratio last observed (husb/wife) 1.66 1.65 0.20 22.2
wage rate last observed husb 14.9 10.2 3.47 90.3

wife 11.5 7.3 2.42 48.2

Matching in terms of Educational Attainments Table 1.4 shows assor-

tative matching in the marriage market in terms of educational attainments. There

are 255 couples (approximately 39%) in the data that both are without a college

degree, and 230 couples (about 35%) that both the husband and the wife have ob-

tained at least a college degree. There are 77 households (12%) in which the wife

is “marrying up”, only the husband has at least a college degree. And there are 88

couples (14%) where the wife with at least a college degree is “marrying down”.
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Table 1.4: Matching in terms of educational attainment
Husband

Non-College College total

Wife Non-College 255 77 343

College 88 230 307

total 332 318 650

Table 1.5: Differences in the hours worked in labour market and children effects
Husband Non-College Husband College

No. of children Annual Hours Difference

Wife Non-College

all

0
1
>1

553

285
486
695

603

190
415
781

Wife College

all

0
1
>1

469

271
349
591

491

160
315
646

Market hours difference Table 1.5 shows the differences between husbands

and wives in terms of their work experiences after marriage, and the effects of

children on those differences. First consider the “all” row, for couples both without

a college degree, on average husbands works 553 hours more per year than the wives.

When both have obtained at least a college degree, on average husbands work 491

hours more. The largest difference is when the husband has at least a college degree

and the wife did not attend college, on average husbands work 603 hours more.

The least difference is when the wife has a higher degree than her husband, still,

husbands in that category work 469 hours more per year than their wives.

Children Effects Approximately 80% of the couples in my data set have at

least one child during the observation period. Children have a strong impact on the
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work hour differences: they further enlarge the gender difference in the work hours

after marriage. In all four educational matching categories in table 1.5, the difference

in hours increases hugely when women enter motherhood, and increases further

when the number of children increases. The impact of children on specialization

is particularly large for couples where the husband has a higher degree, without

children husbands only work 190 hours more than their wives, with one child they

work 415 hours more than their wives and work 781 hours more per year when they

have more children.

Variation across households I define market intensity as the sum of hus-

band’s and wife’s hours worked since marriage divided by their marriage duration.

The more (less) value attached to market (home) goods, the higher (lower) the mar-

ket intensity we would observe. Specialization is defined as the wife’s hours worked

in the labour market since marriage divided by the sum of her husband’s and her

work hours. The smaller her share, the more she specializes in home production.

Figure 1.1: Specialization and Market Intensity
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Figure 1.1 a) and b) restates what we have already seen from previous tables:

on average a household will work 3500× 1.13 = 3955 hours a year, and the wife and

husband’s work hour ratio is 0.43:0.57 which suggests that wives specialize more in

home production than their husbands. Apart from these obvious mean effects, there

is significant variations across households. Figure 1.1 shows consideration dispersion
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in specialization and market intensity across households. The standard deviation is

0.17 and 0.09 respectively.

Figure 1.2: wife’s wage share
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Figure 1.2 depicts the wide variation in wife’s wage shares since marriage across

households. The wife’s wage share is calculated as her wage rate divided by the

sum of her husband’s and her own wage rate. The x-axis is wife’s wage share in

the year she just gets married, and the y-axis is her wage share the last time we

observe her wage rate record in the data. As figure 1.2 shows, there are almost

equal number of data points above and below the 45-degree line, those points above

(below) the 45-degree line indicate that wife’s wage share has increased (decreased)

after marriage. What is the driving force behind these changes? This paper offers

three possible candidates: specialization within the household together with effects

of children, human capital accumulation, and measurement errors. The impact of

the former two forces will likely depend on marriage duration. The longer a couple

has been married, the more changes of the wife’s share they may experience. These

could be represented by the data points which are further away from the 45 degree

line. Figure 1.2 also reports the standard deviation of wife’s wage share change

when I divide households into four groups according to the length of their marriage

duration. The standard deviation increases from 0.14 to 0.18 when the marriage
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duration increases. I shall present a model that aims to identify the driving forces

behind.

1.3 The Model

I present the decision process for married couples. Consider a household consists

of two spouses, a husband a and a wife b. Figure 1.3 shows the time-line since

marriage. At t = 0, the husband with wage rate wa
0 and the wife with wage rate wb

0

are married. Specialization starts as they make joint decisions on how to divide their

time between working in the labour market and home production. I denote dt as the

proportion of time spent on home production at period t. 1−dt is the proportion of

time spent in the labour market. Following, for example, Greenwood and Hercowitz

(1991), Ramey and Francis (2009) and Bredemeier and Juessen (2013), I assume

leisure is fixed for individuals in the main working age12. The specialization process

stops until one of the couple retires. I take 65 as the retirement age, so the total

number of specialization periods which denoted by T is 65−max(agea
0, ageb

0), where

age0 denotes a person’s age at marriage. For most couples I do not observe them

until retirement, rather I observe their marriage duration, denoted by q, and their

wage rates last observed in the survey, denoted by wq.

Couples know that their wage rates at beginning of each period will be fixed for

that period, and their current wage rates together with their labour supply decisions

at that period will affect their future wage rates. When couples make time allocation

decisions for each period, they take human capital accumulation into consideration.

Intuitively, a spouse with a comparative advantage in home production will devote

more time to produce home goods, while the spouse with a better income prospect

will specialize more in market production. Hence we would observe a spouse who

works more in the labour market accumulates relatively more human capital over
12A number of other studies chose to divide discretionary time into three components: market

work, homework and leisure, see Gronau (1997) for an overview.
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Figure 1.3: Timeline Since Marriage
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time and has a higher wage growth rate than his or her partner. The detailed wage

dynamics are presented in section 3.2.

Moreover, at each period, children may arrive the household and influence the

couple’s decision process. In this model, the arrival of children denoted by k is

assumed to be exogenous. Children affect a couple’s decision in two ways. First,

the couple’s preference with respect to home production may change when there

are young children present in the household. Second, the relative efficiency in home

production may change in terms of rising and taking care of children. Couples will

have to adjust their division of time accordingly. To examine these effects, I now

present the parametric model.

1.3.1 Preferences and Technology

At each period, married couples consume two types of commodities: a market

consumption good denoted by ct and a home consumption good denoted by zt.
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Assume no saving or borrowing, market goods can be purchased with the couple’s

labour income:

ct = wa
t−1Hmax(1− da

t ) + wb
t−1Hmax(1− db

t)

w is the hourly wage rate and Hmax is the maximum number of total hours that

couples may divide between work and home production. I take Hmax = 3500 in this

analysis. Home production, zt, is produced within the household and requires both

husband’s and wife’s time:

zt =

[
(1− θt)(d

a
t )

(s1−1)/s1 + θt(d
b
t)

(s1−1)/s1

]s1/(s1−1)

(1.1)

where s1 6= 1 and s1 ∈ (0, +∞) denotes the constant elasticity of substitution

between husband’s time and wife’s time in home production. θt ⊂ [0, 1] denotes the

wife’s relative efficiency of time-use in home production at period t. It depends on

whether there are young children at that period:

θt = θ0 + θ1k̃t

k̃t is a dummy variable equal to one if there is at least one child under age six in

the household at period t and zero otherwise. θ0 ⊂ [0, 1] is the relative efficiency of

time-use in home production for wives without young children. θ1 ⊂ [0, 1] denotes

the wife’s additional efficiency of time-use in home production when there are young

children present13.

Couples maximize their joint utility in a cooperative framework:

max
da

t ,db
t

T∑
t=1

pt

[
(1− λt)

1/s2c
(s2−1)/s2

t + λ
1/s2

t z
(s2−1)/s2

t

]s2/(s2−1)

(1.2)

where 0 < p < 1 denotes the discount factor. da
t and db

t are the choice variables at
13In the estimation, I restrict the value of θ0 ⊂ [0, 1] and θ1 ⊂ [0, 1], but did not restrict θt

to be between 0 and 1. The estimation results suggest that θ0 is approximately 0.5 and θ1 is
approximately 0.15. The condition θt ⊂ [0, 1] is satisfied at the optimum. Same for λ0, λ1 and λt.
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period t for each couple’s specialization within marriage. λt ⊂ [0, 1] is the weight

attached to home goods at period t and it depends on whether there are young

children present in the family at that period:

λt = λ0 + λ1k̃t

where λ0 ⊂ [0, 1] is the weight attached to home goods for households without young

children, or the unconditional taste for home goods. λ1 ⊂ [0, 1] determines the

additional importance of home goods when there are young children present in the

household. s2 6= 1 and s2 ∈ (0, +∞) denotes the constant elasticity of substitution

between market consumption good and home produced good, which indicates how

much people are willing to substitute between market goods and home goods.

1.3.2 Human Capital Accumulation

As mentioned earlier, human capital accumulation, which takes the form of ac-

tual labour market experience in this paper, is important. Now I introduce a key

ingredient to the model: potential wage growth rates. The observed wage rate

records wa
t and wb

t at period t are a combination of the true wage rates and some

measurement error which I will specify later. The true wage dynamics, wa∗
t and wb∗

t ,

follow the process below:

wa∗
t = wa∗

t−1(1 + ga)(1−da
t )(1− δada

t ) (1.3)

wb∗
t = wb∗

t−1(1 + gb)(1−db
t)(1− δbdb

t) (1.4)

where ga ≥ 0 and gb ≥ 0 denote the annual potential wage growth rates of husbands

and wives respectively. δa and δb denote the human capital depreciation rates for

husbands and wives. Take the first period for example, if the husband worked

full time during the first period, da
1 = 0, his wage will grow at rate ga and his
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wage next period will be wa∗
0 (1 + ga). If he spent all his time in home production,

da
1 = 1, his wage next period will not increase and depreciate to wa∗

1 (1− δa), which

is smaller than wa∗
1 . If he worked part time, say da

1 = 0.5, his wage will grow at rate

(1 + ga)0.5 ' 0.5ga, and will depreciates at rate 0.5δa. Likewise for the wife.

In short, given the potential wage rate and the human capital depreciation rate,

whether a person’s actual wage growth rate is negative, zero or positive depends on

his or her labour supply decision. The more accumulated stock of human capital,

the higher his or her actual wage rate. This endogenous formation of human capital

via the specialization decision per period is a key element of the model.

I assume there is no uncertainty in the wage dynamics, couples have perfect

foresight and are able to make full-commitment to their future plans since marriage.

The rational of this assumption comes from the earnings dynamic literature: when

heterogeneity in trends is allowed, the unit root hypothesis is strongly rejected (Lil-

lard and Weiss, 1979; Browning et al., 2010). In the context of long-run models, the

effects of random shocks are washed out over time, and the wage trend is stationary

and exhibits mean reversion. Following this strand, I now introduce heterogeneity

in the wage growth to the model.

1.3.3 Heterogeneity of Wage Growth Rates and Assortative

Matching

Assume each person has an individual-specific potential wage growth rate gi that

is positive and drawn from an inverse Gaussian distribution14:

ga ∼ IG(µga, φga)

gb ∼ IG(µgb, φgb)

14The choice of inverse Gaussian distribution is made on the basis of how well the data appear to
be fitted. The natural candidates to model skewed positive data are: the log normal distribution,
the inverse Gaussian distribution, the gamma distribution and Weibull distribution. Some of the
alternative distribution specifications are presented in section 1.5.3.
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µga > 0 and µgb > 0 are the mean parameters and φga > 0 and φgb > 0 are the shape

parameters. As the name suggests, the shape of an inverse Gaussian distribution

depends on φ only15 and is invariant under scale transformations of g. The variance

of g is µ3
g

φg
. The average wage growth rates depend on the level of education:

µga = ga
0 + ga

1 ∗ collegea

µgb = gb
0 + gb

1 ∗ collegeb

where collegea and collegeb are dummy variables equal to one if the person has

obtained at least a college degree, and equal to zero otherwise. ga
0 denotes the

average wage growth rate for low educated husbands who work full time. ga
1 denotes

an additional effect of having obtained at least a college degree. Likewise for wives.

Note that since the variance of g is µ3
g

φg
, by construction the variance of potential wage

growth rates differ across education groups, for high educated group the variance is

(g0 + g1)
3/φg, and for low educated group the variance is g3

0/φg.

I now introduce a parameter governing the rank correlation of the potential wage

growth rates between husbands and wives:

ρk
g = rank corr(ga, gb)

A rank correlation measures the degree of similarity between two rankings, so ρk
g

here measures the relative positions of husbands’ and wives’ rankings in terms of

their potential wage growth rates in their gender groups16.

I assume each individual knows his or her own potential wage growth rate, and

is also aware of wage growth rates of his or her potential partners. The sign and

magnitude of ρk
g reveal the direction and the degree of assortative matching in the

15The inverse Gaussian can present a highly skewed (when φ → 0) to an almost normal distribu-
tion (when φ →∞). Chhikara and Forlks (1977) made the point that compared to the log normal
distribution, in some circumstances, the inverse Gaussian describes data better in terms of both
peak and the extreme values.

16Kendall’s τ (the rank correlation) is also used in Greenwood et al. (2014).
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marriage market. ρk
g = 0 can be considered as there is just random matching on

potential wage growth rates. If ρk
g > 0, it indicates that there is positive assortative

matching that both men and women prefer a partner with a high potential wage

growth rate, and men and women of similar ranks ar matched together. If ρk
g < 0, it

is likely due to people’s anticipation of intra-household specialization: a woman with

a low potential wage growth rate prefers to marry a man with a high potential wage

growth rate, as she desires the income he could bring to the family. The man at the

same time is also looking for a wife to liberate him from housework so he can fully

concentrate on his job. A woman with a low potential growth rate is more wiling

to give up her wage growth than a woman with a very high potential wage growth

rate. We can regard ρk
g < 0 as the case that the specialization effect dominates the

positive assortative matching effect. Analogously, we can think ρk
g = 0 as the case

that the specialization effect and the positive matching effect happen to just offset

each other, hence the matching process can be viewed as if couples are matching

randomly in the marriage market.

To simulate correlated inverse Gaussian distributed wage growth rates, I first

simulate correlated standard uniform random variables ua ∼ U(0, 1) and ub ∼
U(0, 1) with a linear correlation coefficient denoted by ρu. I then apply the Cop-

ula method to construct dependent variables ga and gb: ga = IG−1(ua|µg, φg) and

gb = IG−1(ub|µg, φg) where IG denotes the cumulative distribution of an inverse

Gaussian random variable with specified µg and φg. The proof of ga and gb follow

the inverse Gaussian distribution is straightforward:

Pr(g ≤ x) = Pr(IG(g) ≤ IG(x)) = Pr(IG[IG−1(u)] ≤ IG(x)) = Pr(u ≤ IG(x)) = IG(x)

The dependence between ga and gb by construction is determined by the linear

correlation ρu, but as I applied nonlinear transformations of ua and ub, the linear

correlation of ga and gb is not exactly ρu anymore. Fortunately the rank correlation,
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ρk
g , is invariant under monotonic transformations hence preserves the rank correla-

tion of ua and ub. In the later section of estimation results, both ρu and the implied

rank correlation ρk
g will be reported.

1.3.4 Measurement Error

To introduce measurement error, I take:

wa
t = wa∗

t exp(ea
t ) ea

t
i.i.d∼ N(µme, σ2

me)∀t
wb

t = wb∗
t exp(eb

t) eb
t

i.i.d∼ N(µme, σ2
me)∀t

where wa∗
t and wb∗

t denote husband’s and wife’s true wage rates at period t, and

wa
t and wb

t denote their observed wage rates in the data. ea
t and eb

t are transitory

measurement errors which are drawn independently from an identical normal dis-

tribution with mean µme and standard deviation σme. The key wage variables I will

be examining later is (the log of) wage ratios, as the measurement error in different

periods has the same mean, the observed log wage ratio is unbiased:

E

(
log

wa
q

wa
0

)
= log

wa∗
q

wa∗
0

+ E(ea
q − ea

0) = log
wa∗

q

wa∗
0

Note that with measurement error and human capital depreciation, the observed

wage growth rates are allowed to be negative.

1.3.5 An Analytical Special Case

To better understand the economics of couples’ behavior, I first present a simple

model before estimating the full model. There are three special cases of couple’s

utility function specified in (1.2) depending on the value of s2, the constant elas-

ticity of substitution between market goods and home goods. When s2 → ∞, the

two commodities are considered to be perfect substitutes. When s2 → 0, the two

commodities are considered to be perfect complements and we have the Leontief
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utility function. When s2 → 1, the utility function is reduced to a Cobb-Douglas

function. I consider the case where s2 → 1, and per-period utility is a log linear

form of the Cobb-Douglas utility function17:

max
da

t ,db
t

T∑
t=1

pt[(1− λ)log(ct) + λlog(zt)]

Assume there is no children effect, hence no time subscript for λ.

Similarly, there are three special cases of the home production function specified

in (1.1): if the constant elasticity of technical substitution, s1, approaches to 0,

husband’s time and wife’s time spent in home production are perfect complements

and we have a Leontief production function where zt = Min[(1 − θ)da
t , θdb

t ]. If

s1 → 1, we have a Cobb-Douglas production function where zt = (da
t )

(1−θ)(db
t)

θ.

The third special case which I use in this example is that when s1 → ∞, that is,

husband’s time and wife’s time are perfect substitutes:

zt = (1− θ)da
t + θdb

t

Again assume there is no children effect, hence no time subscript for θ.

Assume no measurement error and no human capital depreciation, wage dynam-

ics follow:

wa
t = wa

t−1(1 + ga)(1−da
t )

wb
t = wb

t−1(1 + gb)(1−db
t) (1.5)

Potential wage growth rates are heterogeneous and follow the inverse Gaussian

17Strictly speaking I should consider max
da

t ,db
t

∑T
t=1 βt[ct

(1−λ)zλ
t ] which is not exactly equal to

max
da

t ,db
t

∑T
t=1 βt[(1 − λ)log(ct) + λlog(zt)], I chose the former for computation convenience. The

relationship between the optimal behavior and the key structural parameters will hold in both
cases.
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distribution:

ga ∼ IG(µga, φga)

gb ∼ IG(µgb, φgb)

Assume no education effect, so µga and µgb do not depend on education. φga and

φgb are the shape parameters. The rank correlation between ga and gb, ρk
g , captures

assortative matching on potential wage growth rates in the marriage market.

1.3.5.1 Propositions and an Example

Proposition 1.1 In a single period where there is no human capital accumulation,

when wb
t−1

wa
t−1+wb

t−1
< θ , optimal household specialization is the following:

[da∗
t , db∗

t ] =





[λ−θ
1−θ

, 1] when θ < λ < 1

[0, 1] when
wb

t−1

wa
t−1+wb

t−1
≤ λ ≤ θ

[0, λ
wa

t−1+wb
t−1

wb
t−1

] when 0 < λ <
wb

t−1

wa
t−1+wb

t−1

Proof. See Appendix.

For simplicity let us consider the case θ > 1
2
(a wife is relatively more efficient

in home production than her husband ), and wa
t−1 > wb

t−1 (husband is the high

income earner), then the condition wb
t−1

wa
t−1+wb

t−1
< θ is satisfied. Proposition 1.1 is

hence intuitive: the spouse with a higher wage rate should devote more time to

market work, and the spouse who is relatively more efficient in home production

should spend more time at home, the optimal time allocation is always da∗
t < db∗

t
18.

Holding everything else constant, a household’s total time devoted to home pro-

duction, da∗
t + db∗

t , depends on λ, the parameter characterizing couples’ preference

towards home goods. The higher λ, the larger da∗
t + db∗

t . First consider the middle
18Note that we do not need the two simplifying assumptions to hold at the same time, either

θ = 1
2 , wa

t > wb
t or θ > 1

2 , wa
t = wb

t will lead to the specialization result in Proposition 1.1.
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case where wb
t−1

wa
t−1+wb

t−1
≤ λ ≤ θ, there is a full specialization where the husband spends

all his time on labour market work, da∗
t = 0; and the wife does not participate in the

labour market and fully specializes in home production: db∗
t = 1, so da∗

t + db∗
t = 1.

When λ > θ, this is when home goods are highly valued, in addition to wife’s full

specialization, the husband will also join home production: da∗
T = λ−θ

1−θ
> 0, hence

da∗
t +db∗

t > 1. When λ <
wb

t−1

wa
t−1+wb

t−1
, that is when wife’s wage share is higher than the

relative importance of home goods, in addition to husband’s full specialization in

market work, the wife will also participate in the labour market, db∗
t = λ

wa
T−1+wb

T−1

wb
T−1

,

which is proportional to λ and inversely proportional to her wage share, we have

da∗
t + db∗

t < 1.

Proposition 1.2 In a single period where there is no human capital accumulation,

wife’s share of the household total home production time is the following:

db∗
t

da∗
t + db∗

t

=





1 when θ ≥ λ and θ ≥ wb
t−1

wa
t−1+wb

t−1

1
1+λ−θ

1−θ

when θ < λ and θ ≥ wb
t−1

wa
t−1+wb

t−1

1
1+ θ

λ−(1−θ)

when θ ≥ 1− λ and θ <
wb

t−1

wa
t−1+wb

t−1

0 when θ < 1− λ and θ <
wb

t−1

wa
t−1+wb

t−1

where 1
1+λ−θ

1−θ

> 1
1+ θ

λ−(1−θ)

.

Proof. See Appendix.

Proposition 1.2 states that the wife’s share of total home production time in-

creases with θ, the parameter characterizing her efficiency in home production. The

larger θ, the more efficient she is at home production, therefore the more time she

should devote to it than her husband.

Household specialization becomes more complicated when there is human capital

accumulation, I shall illustrate with the example below.

Example 1.1 Consider a simple two-period model, the husband has a lower initial
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wage rate at marriage: wa
0 = 10 < wb

0 = 11. The husband and his wife are equally

efficient in home production: θ = 1
2
. He will experience a positive wage growth if he

works full time: ga = 0.23 > 0, while there is no potential wage growth for his wife:

gb = 0. When λ = 0.53, the optimal household specialization is da∗
1 = 0, db∗

1 = 1,

da∗
2 = λ−θ

1−θ
> 0 and db∗

2 = 1.

Example 1.1 shows that when home goods are highly valued and when the hus-

band’s potential wage growth is significantly high, the optimal household specializa-

tion should be that the wife devotes more time to home production than her husband

in both periods: db∗
t > da∗

t for t = 1, 2, despite the fact that she has a higher initial

wage rate and is no more efficient in home production than her husband.

1.3.5.2 A Simulation

In section 1.4, I use a simulation based method to estimate the parameters of the

full model. For the time being, I would like to take the simple model to highlight the

relationships between some structural parameters and their corresponding moments

in a simulated data-set. I will present several tables (table 1.7-1.13) in which I hold

all but one of the model parameters constant at some benchmark values and show

the effects of changing just one model parameter on the observable statistics.

Table 1.6 lists the structural parameters and the chosen observable statistics. qi

denotes marriage duration for household i. Ha and Hb denote husband’s and wife’s

total labour market hours from marriage till period q. As marriage durations are

different for different couples, for each household i, I divide their total hours spent

on market work Ha
i +Hb

i by qi. I also divide it by 3500 as I take 3500 hours a year as

the full time benchmark, hence, Ha+Hb

3500∗q is the actual work experience per household

per year.

According to Proposition 1.1 and 1.2, in a single period model, if I change the

parameter values of λ and θ, household’s annual labour market work should decrease

when λ increases, and the wife’s share of market work should decrease when θ
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increases. Will this result hold when I extend the model to a multi-period setting?

Table 1.7 shows that holding everything else constant, the household annual market

work experience decreases with an increasing λ. There is significant variation in

the simulated moment mean of Ha+Hb

3500∗q . Likewise, table 1.8 confirms the negative

relationship between the wife’s efficiency in home production and her market work

hours. As θ increases, wife’s share of market work decreases significantly, ceteris

paribus.

Table 1.6: Structural Parameters and Key Variables in the Simple Model

Parameter Interpretation

p discount factor

λ weight attached to home consumption good

θ relative efficiency of wife’s time-use in home production

µga average potential wage growth rate for husbands

µgb average potential wage growth rate for wives

φga shape parameter of the husband’s potential wage growth rate

φgb shape parameter of the wife’s potential wage growth rate

ρu linear correlation between standard uniform random variables

(ρk
g) implied rank correlation between husbands’ and wives’ potential

wage growth rates

Key Variable Interpretation
Ha+Hb

3500∗q annual actual years of work experience per household
Hb

Ha+Hb share of wife’s work hours since marriage
log(wa

q /wa
0 )

(Ha/3500+1)
husband’s (approximate) actual wage growth rate

log(wb
q/wb

0)

(Hb/3500+1)
wife’s (approximate) actual wage growth rate

In theory, Ha =
∑q

t=1 3500 × (1 − d∗at ) and Hb =
∑q

t=1 3500 × (1 − d∗bt ), where

d∗at and d∗bt are couple’s optimal choices at period t. Following (1.5) and using the
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fact that log(1 + x) ' x when x is small, we have:

wa
q = wa

0(1 + ga)
∑q

t=1(1−da∗
t )

log

(
wa

q

wa
0

)
=

q∑
t=1

(1− da∗
t )log(1 + ga) ' Ha

3500
ga ⇒ log(wa

q/w
a
0)

Ha/3500
' ga

Similarly, we have log(wb
q/wb

0)

Hb/3500
' gb. Note that in simulation, for some values of the

structural parameters, it is possible that simulated hours of work is 0: an individual

with a low wage growth rate may fully specialize in home production. In that case
log(wq/w0)

H/3500
is undefined. I let the denominator to be H

3500
+1 instead in the simulation

to avoid undefined wage growth values.

To understand the effect of µga, φga, µgb and φgb, we shall look at the mean and

the standard deviation of observed wage growth rates. Recall the standard deviation

is µ3
g

φg
. When I increase µga, the mean and the standard deviation of log(wa

q /wa
0 )

Ha/3500+1
both

increase. Likewise when I increase µgb (see table 1.9 and 1.10). When I increase φga,

table 1.11 shows that the standard deviation of log(wa
q /wa

0 )

Ha/3500+1
falls. Likewise for φgb (see

table 1.12).

Last but not least, table 1.13 shows how the correlation of simulated husband

wage growth and simulated wife’s wage growth when ρu changes. As discussed in

section 1.3.3, ρu is the linear correlation between standard uniform random vari-

ables that is used for simulation, ρk
g is the corresponding rank correlation between

ga and gb. There is significant variation in the correlation of couples’ observed

wage growth, and it increases with ρu (hence ρk
g). The observed correlation of(

log(wa
q /wa

0 )

1+Ha/3500
,

log(wb
q/wb

0)

1+Hb/3500

)
is always negative when ρu < 0. Moreover, even when

ρu = ρk
g = 0, we observe negative correlation because of the specialization effect.

Last, note that the observed wage growth correlation can be either positive or neg-

ative when ρu > 0, the sign depends on the structural parameters chosen.
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1.4 Structural Estimation

So far the model has presented a number of important factors simultaneously

affecting couples’ work hours and wages after marriage: couples’ preference towards

consuming home produced goods, their relative efficiency of time-use in home pro-

duction, and their potential income relative to each another. Simple reduced form

regressions are clearly insufficient to test the model and disentangle these effects, a

better estimation strategy is to use structural estimation.

Structural estimation exploits the fact that different values of underlying struc-

tural parameters will generate different patterns in the simulated data, and aims

to find parameter values which provide the best match between features of a simu-

lated data set and the corresponding features of an empirical data set. To describe

features of a data-set, auxiliary parameters are introduced. They are some chosen

statistics providing useful information about the underlying structural parameters.

Most often they are moments of a data-set, for example in this paper the mean

of a wife’s share of hours worked since marriage would tell us something about θ,

the wife’s relative efficiency in home production, as suggested by proposition 1.2.

They can also be coefficients from a reduced form regression. For example, the

coefficient which is often being interpreted as the actual return to experience in

the Mincer wage equation, could be an important auxiliary parameter as it helps

identify an individual’s potential wage growth. Essentially, the auxiliary parame-

ters are a function of the underlying structural parameters, and they should aim to

provide a good description of the data at the same time allowing us to recover the

structural parameters. The chosen auxiliary parameters are discussed in details in

section 1.4.2.
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1.4.1 The Indirect Inference Estimator

Let Θ denote the set of unknown structural parameters in the model. The

simulated indirect inference method minimizes the discrepancy between a vector

containing auxiliary parameters calculated from an empirical data-set, denoted by

Φ̂D, and a vector containing simulated auxiliary parameters, denoted by Φ̂S
r . Φ̂S

r (Θ)

contains the same auxiliary parameters as for Φ̂D but calculated from a simulated

data-set of the structural model for some values of Θ. The simulated auxiliary

parameters are a function of Θ as they depend crucially on the structural parameters

imposed in each round of simulation. Following Gourieroux, Monfort and Renault

(1993), the simulated indirect inference estimator or the minimum distance (MD)

estimator solves a minimum distance problem in a weighted quadratic sense:

Θ̂MD = arg min
Θ

(
1

R

R∑
r=1

Φ̂S
r (Θ)− Φ̂D

)′

V̂ −1

(
1

R

R∑
r=1

Φ̂S
r (Θ)− Φ̂D

)

where R denotes the number of replications of the model that we are going to draw

for each simulation, A large R helps minimize simulation errors. V̂ is an optimal

weighting matrix:

V̂ = (1 +
1

R
)V̂J

where V̂J is a positive definite covariance matrix calculated with a nonparametric

bootstrap with J replications.

V̂J =
1

J

J∑
j=1

(
Φ̂D − Φ

D
)(

Φ̂D − Φ
D
)′

where Φ
D

= 1
J

∑J
j=1 Φ̂D, and J denotes the number of bootstraps, I let J = 500.

If the model is correctly specified, given a large N , J and R, it can be shown

that the value of the criterion at the optimum, denoted by M̂ , follows a chi-square

distribution with a degree of freedom equal to the difference between the number of
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auxiliary parameters and the number of structural parameters:

M̂ =

(
1

R

R∑
r=1

Φ̂S
r (Θ̂MD)−Φ̂D

)′

V̂ −1

(
1

R

R∑
r=1

Φ̂S
r (Θ̂MD)−Φ̂D

)
∼ χ2[dim(Φ̂)−dim(Θ)]

This allows us to test the model and recover the structural parameters. By looking

at the gap between auxiliary parameters of the data-set and their simulated coun-

terparts, I can tell which features of the data the model fails to fit so that I can

correct the model accordingly to see whether the fit can be improved.

After the estimation, hypothesis tests on parameters of interest can be con-

ducted. The structural parameters can be partitioned into two sets: Θ1 and Θ2,

where Θ1 contains only parameters of interest and Θ2 contains the remaining struc-

tural parameters. Take Θ1 = 0 as the null hypothesis for example, Two simulated

minimum distance criteria need to be obtained: M̂unc, the unconstrained criterion,

and M̂con, the constrained criterion where Θ1 = 0 is imposed. The difference be-

tween these two criteria follows a chi-square distribution with degrees of freedom

being the dimension of Θ1 under the null hypothesis:

M̂cons − M̂unc ∼ χ2[dim(Θ1)]

I choose the indirect inference method to estimate the model because of the

following reasons: first, there is no reduced form regression that allows us to exam-

ine the correlation of potential wage growth where couples take into consideration

matching in the marriage market. Structural estimation allows us to clearly specify

the mechanism and conduct experiment to quantitatively pin down the magnitude

of different effects. Second, although the maximum likelihood estimation makes full

use of the structural model and the specified relationships between unobservable dis-

tributions, it is computationally too demanding for this model. There is no closed

form binding functions, and the switch to biennial sampling makes the likelihood

function even more complex. Third, the indirect inference method helps mitigate
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the missing data problem due to the switch to biennial sampling. For example,

the labour market hours in 2001 is not recorded, I have to impute the hours as an

average of the hours worked in 2000 and 2002. In simulation I have couple’s optimal

hours in each year, I can ignore the simulated hours in 2001 and impute it as the

average of the simulated hours in 2000 and 2002 just like what I did to the actual

data.

1.4.2 Structural Parameters

Table 1.14 lists the set of parameters Θ that I aim to estimate, which can be

divided into four categories. The first category consists of parameters character-

izing the preference and technology: couples’ preference towards home goods, the

relative efficiency of time use in home production, the elasticity of substitution

between market consumption goods and home goods, and the elasticity of sub-

stitution between husband’s and wife’s time spent in home production. I denote

PT = (λ0, λ1, θ0, θ1, s1, s2). PT can be thought as mainly determining intra-

household specialization. The second category consists of parameters character-

izing the heterogeneity of wage growth rates and human capital depreciation rates.

Denote PG = (ga
0 , gb

0, ga
1 , gb

1, δa, δb, φga, φgb). The third category consists of pa-

rameter(s) governing assortative matching on wage growth rates in the marriage

market. Denote PM = (ρu, ρk
g), where ρk

g is the implied rank correlation of growth

rates according to ρu. The last category is miscellaneous, containing a parameter

characterizing the standard deviation of the measurement error, σme. Besides these

16 structural parameters, there is an additional parameter that is assumed exoge-

nous which also affects couple’s specialization decision, the time discount factor p.

For all the simulations I set p = 0.9719.
19Asiedu and Villamil (2000) presents estimates of the discount factor for 40 countries, 0.95 is

a common value used. With PSID data, Gourinchas and Parker (2002) structurally estimates the
discount factor and reports values around 0.96.
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Table 1.14: Structural Parameters

Parameter Definition

Specialization Effect

λ0 weight attached to home goods for households without young children

λ1 additional weight attached to home goods when young children were

present in the households

θ0 wife’s relative efficiency of time-use in home production

θ1 wife’s additional efficiency of time-use when young children were present

s1 elasticity of substitution between husband’s and wife’s time in home

production

s2 elasticity of substitution between market goods and home goods

Human Capital Effect

ga
0 husband’s annual wage growth rate without a college degree

gb
0 wife’s annual wage growth rate without a college degree

ga
1 husband’s additional wage growth rate with at least a college degree

gb
1 wife’s additional wage growth rate with at least a college degree

δa husband’s annual human capital depreciation rate

δb wife’s annual human capital depreciation rate

φga shape parameter of husband’s annual wage growth rate

φgb shape parameter of wife’s annual wage growth rate

Matching on Wage Growth

ρu linear correlation between standard uniform random variables

(ρk
g) (implied rank correlation between husband’s and wife’s potential

wage growth rates from ρu)

Miscellaneous

σme standard deviation of measurement error

p time discount factor
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1.4.3 Auxiliary Regressions:

I run 6 auxiliary regressions (regression 1.6, 1.7, 1.8. 1.9, 1.10 and 1.11) to

identify the 16 theory parameters (ρk
g is not counted) in table 1.14. The regressor

Dchild ⊆ [0, 1] denotes the proportion of time in marriage that there is at least one

young (age under 6) child present in the household:

Ha
i + Hb

i

3500 ∗ qi

= γ1 + γ2Dchildi + v1i (1.6)

γ3 measures the standard deviation of residuals from regression 1.6:

γ̂3 = std(v̂1)

Hb
i

Ha
i + Hb

i

= γ4 + γ5Dchildi + v2i (1.7)

γ6 measures the standard deviation of residuals from regression 1.7:

γ̂6 = std(v̂2)

log

(
wa

q

wa
0

)
= α0 + α1

Ha

3500
+ α2collegea Ha

3500
+ α3q + v3 (1.8)

log

(
wb

q

wb
0

)
= β0 + β1

Hb

3500
+ β2collegea Hb

3500
+ β3q + v4 (1.9)

Denote v̂3 = log(
wa

q

wa
0
)− α̂0 − α̂1

Ha

3500
− α̂2

Ha

3500
collegea − α̂3q, then run the regression:

(
v̂3

)2
= α4 + α5

( Ha

3500

)2
+ α6 ∗ collegea ∗ ( Ha

3500

)2
+ v5 (1.10)

Similarly denote v̂b = log(
wb

q

wb
0
) − β̂0 − β̂1

Hb

3500
− β̂2

Hb

3500
collegeb − β̂3q, then run the

regression:

(
v̂4

)2
= β4 + β5

( Hb

3500

)2
+ β6 ∗ collegeb ∗ ( Hb

3500

)2
+ v6 (1.11)
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κab measures the correlation of the residuals in regression 1.8 and 1.9:

κ̂ab = corr(v̂3, v̂4)

1.4.4 Identification

The non-linearity of the model setup makes it difficult to determine a well-

specified binding function that maps exactly each theory parameter to a correspond-

ing auxiliary parameter. Nevertheless, as I have illustrated with a simplified case

in section 1.3.5, with some parametric assumptions, the theory parameters listed in

table 1.14 can be identified through various variation in the data.

1.4.4.1 Identification of Parameters Governing Intra-household Special-

ization

The intercept in regression 1.6, γ1, measures the average total labour market time

in a year for households without children. γ2 measures the additional children effect.

Looking at couple’s utility function, we see that λ indicates how people value home

goods relative to market goods. Intuitively, the bigger λ, the more time a household

will devote to home production, hence we expect less labour market participation

on average. A bigger λ0 and λ1 implies a smaller γ1 and γ2, hence γ1 and γ2 help

identify λ0 and λ1.

γ3 measures the standard deviation of the average household labour market time

and help identify s2, the elasticity of substitution between home goods and market

goods. If s2 is large, consider s2 is greater than 1, home goods and market goods

are highly substitutable, we would expect to see more variation in the household

actual labour market time. Couples who worked much more in the labour market

and couples who spend much more time at home may have the same preference

towards home goods (the same λ), and their differed choices may simply due to a

large s2.
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Analogously, γ4 and γ5 in regression 1.7 measures the average wife’s share of

labour market hours20 without and with young children and help identify θ0 and

θ1. If the wife is relatively more efficient in home production (a higher θ), due to

specialization we would expect her to have a smaller share of labour market hours

(smaller γ4 and γ5). γ6 measures the standard deviation of the wife’s share of labour

market hours and help identify the elasticity of substitution between husband’s time

and wife’s time as inputs of home production. If s1 is small, consider s1 is smaller

than 1, husband’s time and wife’s time are not highly substitutable, we would expect

to see a relatively small variation in the wife’s share of labour hours. This could

help explain why specialization is less common for husbands devoting more time to

home production, even though their wives have a higher wage or higher wage growth

rate. Due to a small s1, they stuck at home production and were unable to swap

with their husbands to work in the labour market.

1.4.4.2 Identification of Parameters Related to Wage Growth

Following (1.3) and re-arrange the equation, we have:

wa∗
q = wa∗

0 (1 + ga)
∑q

t=1(1−d∗a
t )

q∏
t=1

(1− δad∗at )

log

(
wa∗

q

wa∗
0

)
= log(1 + ga)

q∑
t=1

(1− d∗at ) +

q∑
t=1

log(1− δad∗at )

=
Ha

3500
log(1 + ga) +

q∑
t=1

log(1− δad∗at )

where Ha =
∑q

t=1 3500(1 − d∗at ). Using the fact that log(z) ' z − 1 for any real

number z ⊆ (0, 2):

log

(
wa∗

q

wa∗
0

)
' Ha

3500
ga − δa

q∑
t=1

d∗at =
Ha

3500
(ga + δa)− δaq

20Looking at the utility function, we see that at any period, spending all time spent on home
production (that is da

t = 1 and db
t = 1) is always suboptimal, therefore Ha + Hb should always be

positive, hence I can divide Hb by Ha + Hb without worrying the denominator being 0.
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Adding the measurement error:

log

(
wa

q

wa
0

)
= log

(
wa∗

q νa
q

wa∗
0 νa

0

)
= log

(
wa∗

q

wa∗
0

)
+ log

(
ea

q

ea
0

)

=
Ha

3500
(ga + δa)− δaq + va

me

where va
me denotes the log ratio of measurement errors in the two periods (for hus-

bands’ wages). Substitute in ga = ga
0 + ga

1 ∗ collegea :

log

(
wa

q

wa
0

)
=

Ha

3500
[ga

0 + ga
1 ∗ collegea + δa]− δaq + va

me

= [ga
0 + δa]

Ha

3500
+ ga

1 ∗
Ha

3500
∗ collegea − δaq + va

me

Comparing equations above and the auxiliary regression 1.8, it is clear that the

coefficients α1, α2 and α3 help identify parameters for the growth rate, ga
0 and ga

1 ,

and the human capital depreciation rate, δa. Likewise for wives.

To examine the heterogeneity of wage growth rates, we can regard the wage

growth equation as a random slope model without an intercept:

yi = (ζ0 + ζi)xi + ui

E(yi|xi) = ζ0xi

E

(
(yi − ζ̂0xi)

2|xi

)
= V ar(ζi)x

2
i + E(u2

i )

assuming x and u are independent. ζ0 is the mean effect and ζi implies heterogeneity

of ζ across individuals. In order to identify the variance of ζi, we need to take the

square of the residuals from the OLS regression y on x and regress them on a constant

and the square of x. Regression 1.10 and 1.11 take this procedure, so α5 and α6 help

to identify the heterogeneity of husband’s growth rate σga, and α4 helps identify the

standard deviation of the measurement error σme.

Lastly but not least, let’s consider κab which measures the correlation of residual

v3 and v4 from regression 1.8 and 1.9 respectively. According to the theory, we
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can regard v3 as a combination of the heterogeneous wage effect f(σga)
Ha

3500
and

some measurement error va
me. Since the theory assumes measurement errors are

independent across time and person, the correlation of v3 and v4 therefore should

help identify the correlation of husband’s and wife’s wage growth rates21.

1.4.5 Estimates of Auxiliary Parameters

Table 1.15 reports results of regression 1.6 and 1.7. Estimates of regression 1.6

show that without young children a household spends approximately 1.18× 3500 =

4130 hours a year working in the labour market. If throughout the marriage duration

(t = 0 to t = q) there are always young children present in the household, on average

they spend 0.15 × 3500 = 525 hours more at home (less in the labour market) per

year.

Table 1.15: Household Specialization
market intensity wife’s share of work hours

Ha
i +Hb

i

3500qi
(regression 1.6) Hb

i

Ha
i +Hb

i
(regression 1.7)

Dchild -0.15∗∗∗
(0.02)

-0.073∗∗∗
(0.01)

Intercept 1.18∗∗∗
(0.01)

0.45∗∗∗
(0.004)

root MSE 0.17 0.085

R2 0.06 0.06

standard errors in parentheses. N=650. ∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Estimates of egression 1.7 show that without children, wife’s share of labour

market hours is approximately 45%, while the husband works more (55%). For an

average household, the wife’s annual labour market hours are 4130 × 0.45 ' 1856,
21In the literature, the wage residuals in a typical Mincer earning regressions would represent the

unobserved characteristics related to the earning potential. With PSID data (1983-89), Nakosteen
and Zimmer (2001) found the Mincer residuals immediately after marriage are positively correlated
between husbands and wives. The correlation is small, they argue that the effect of assortative
mating on unobservables is significant at 0.09 level. The channel from matching to the wage
residuals is not clearly specified though.
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and the husband work approximately 4130× 0.55 = 2272 hours a year in the labour

market. If there are young children present throughout the observation period (t = 0

to t = q), she will work (4130 − 525) × (0.45 − 0.073) ' 1359 hours a year, which

means having children reduced her work hours by 497 per year. The husband will

work approximately 2246 hours a year, and having children has a very small effect

on his labour market work as he will work only 26 hours less per year.

Table 1.16: Wage Growth and Depreciation
Husband Wife

log
wa

q

wa
0
(1.8) log

wb
q

wb
0
(1.9)

total hours/3500 0.025
(0.01)

0.052∗∗∗
(0.01)

total hours/3500 *College 0.021∗∗∗
(0.004)

0.013∗
(0.006)

duration of marriage -0.013
(0.01)

-0.019∗∗∗
(0.005)

Intercept 0.24∗∗∗
(0.03)

0.20∗∗∗
(0.03)

R2 0.08 0.06

standard errors in parentheses. N=650. ∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Table 1.16 reports results of regression 1.8 and 1.9 which measure husband’s

and wife’s returns to actual work experience respectively. For a husband without

a college degree, the return to his work experience is not significantly different

from 0. For a husband with at least a college degree, full-time work will increase

his wage by approximately 2.1% a year. For a wife without a college degree, her

wage will increase by 5.2% a year if she works full time, and if with at least a

college degree, her return to experience will further increase by 1.3%. Coefficients

of marriage duration measure the annual depreciation rate of human capital if a

person does not participate in the labour market. We see that the husband’s wage

rates do not depreciate significantly, this is most likely due to the fact that most

husbands work full time, their actual work experience after marriage are similar
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to their marriage duration, hence the regressor marriage duration does not have

any additional explanatory power. This is not the case for wives. If a wife does

not participate in the labour market after marriage, her wage will depreciate by

approximately 1.9% each year.

1.5 Estimation Results

1.5.1 Estimates of the Structural Parameters

Table 1.17: Parameter Estimates
Parameter Notation Estimates Std.Error. ρ = 0

Specialization

weight attached to home goods λ0 0.61 0.002 0.60

children effect λ1 0.09 0.05 0.09

wife’s efficiency in home production θ0 0.54 0.07 0.56

children effect θ1 0.26 0.185 0.23

elasticity between husband and wife’s time s1 0.30 0.04 0.33

elasticity between market and home goods s2 0.37 0.044 0.33

Human Capital

mean growth rate g0 0.039 0.004 0.024

education effect g1 0.014 0.004 0.013

husband’s human capital depreciation rate δa 0.044 0.0136 0.023

wife’s human capital depreciation rate δb 0.019 0.006 0.01

shape parameter of wage growth rates φg 0.12 0.0312 0.09

Matching

linear correlation btw standard uniform r.v. ρu 0.99 0.0016 0

implied rank correlation (ρk
g) (0.88) (0)

Measurement Error σme 0.46 0.0175 0.47

Number of model parameters 13 (χ2
6) 12 (χ2

7)

critical value of χ2 at 5% level 12.59 14.07

Simulated minimum distance: 4.52 11.90

Imposed discount factor: p = 0.97.
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Table 1.17 presents estimates of the structural parameters. Overall the theory

provides a good fit to the data. There are 13 structural parameters and 19 auxiliary

parameters, the simulated distance hence follows a chi-square distribution with 6

degrees of freedom. The simulated minimum distance is approximately 4.52 which

is much smaller than 12.59, the critical chi-square value at 5% significant level.

Estimates of λ0 cannot be interpreted as any scaling of the units of market goods

would alter the estimated value of λ0. λ1 is not significantly different from zero, this

suggests that the arrival of children do not change couples’ preference towards home

goods. This finding is different from the estimation result in van Klaveren et al.

(2008), where the authors find that women value home production more when there

are young children present in the household.

Estimates of θ provide information about the wife’s comparative advantage in

home production relative to her husband. The fact that θ0 = 0.54 (θ0 is significantly

different from 0.5) leads to the conclusion that wives are more efficient in home pro-

duction. In addition, having young children in the households further enlarges the

efficiency difference as θ1 is significantly greater than zero. The estimates presented

here, θ0 = 0.54 and θ1 = 0.26 are in line with Bredemeir and Juessen (2013), where

the authors calibrate θ = 0.7 and interpret it as the female elasticity in home produc-

tion. With data on Japanese households, Lise and Yamada (2014) find that wives

are not necessary more productive in home production (the mean of the structurally

estimated share parameter for the wife is 0.56, but it is not significantly different

from 0.5).

The estimated elasticity of substitution between wife’s and husband’s time-use

in home production is around 0.3, indicating that the husband’s time and wife’s

time are actually complements in home production. This is different from Lise and

Yamada (2014) where the authors find the elasticity of substitution is 2.3 in Japan.

Here I interpret all non-market time as home production, but it could also contain

leisure, and this complementarity result could be due to spousal complementarity in
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leisure, where a couple value each other’s companionship (Aguiar and Hurst, 2007;

Goux et al. 2014).

The estimated elasticity of substitution between market goods and home goods,

s2, is 0.37, indicating the two types of goods are not highly substitutable. The

estimate of s2 is different from values estimated by others in the literature. With

micro data, Rupert et al. (1995) report that the elasticity of substitution is between

1 and 2. Aguiar and Hurst (2007) report an estimate of 1.8. Fang and Zhu (2012)

find it to be 2.1. Using Macro data, MaGrattan et al. (1997) find an elasticity

in the range 1.7 − 1.8, and Chang and Schorfheide (2003) find a higher value of

approximately 2.3. In the later robustness check section (section 1.5.3), table 1.22

column 4 presents the parameter estimates when I restrict s2 > 1, the simulated

minimum distance is 20.39. Although with s2 > 1 there exist some parameter

values that can fit the household specialization patterns in the data well, it fails to

recover a matching parameter ρ which explains the correlated wage growth residuals

and the observed wage growth for couples. This provides evidence that s2 < 1 is

preferred. The elasticity of substitutions between market good and home good is

essential in determining whether home production should be considered in economic

models, and this could have important implications on macroeconomic models with

the household sector (see Becker, 1988; McGratthan et al. 1997 for example). My

finding shows that it is important to take matching into account when estimating

this elasticity of substitution.

The wage growth rates of husbands and wives turn out to have the same un-

derlying distribution (the tests for ga
0 = gb

0, ga
1 = gb

1 and φga = φgb are presented in

section 1.5.3 table 1.22 column 1): without a college degree their average potential

wage growth rate is close to 3.9%, and having a college degree significantly increases

their potential wage growth by approximately 1.4 percentage points. The mean pa-

rameters g0, g1 and the shape parameter φg together imply the standard deviation
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is 0.022 for low educated individuals and 0.035 for high educated individuals22.

The human capital depreciation rates turn out to be significant and different

across gender groups (again the test for δa = δb are presented in section 1.5.3 table

1.22 column 2). Furthermore, there is no association between depreciation rates and

education (estimation results are in section 1.5.3 table 1.22 column 3). For husbands

the depreciation rate is approximately 4.4% and for wives it is approximately 2%.

These values are in line with the estimates in the literature survey by Browning et

al. (1999). In more recent work, Attanasio et al. (2008) using PSID data calibrate

the annual wage loss as 3% for women. Huggett et al. (2011) set the average

depreciation rate to 2% a year. With structural estimation, Blundell et al. (2013)

find a depreciation rate around 11% for women using UK BHPS data. Adda et al.

(2015) using German data find an estimate of 0.06-6.9% for one year interruption

in women’s career.

Last and foremost, together with estimated values of ρu, g0, g1, and φg, the

implied linear and rank correlation between growth rates ga and gb is approximately

0.96 and 0.88, respectively. The standard error is 0.0016, indicating the estimate

is precise and highly significant. As discussed in Section 1.3.3, a positive large ρk
g

reflects a strong positive effect of assortative matching on couple’s potential wage

growth rates in the marriage market.

Figure 1.4 shows the relationship between the potential wage growth rates of

husbands and wives, and separated histograms of ga and gb respectively. The pink

line has a slope of 0.96 which indicates the points along the line are households

in which the potential wage growth rates of husbands and wives are almost equal.

For those households, the specialization decision would depend only on their initial

wage ratio at marriage. Points above (below) the pink line indicate matches in which

ga > gb (ga < gb): the husband has a higher (lower) potential wage growth rate than

the wife. For those households, presumably the spouse with a higher growth rate

22Recall the variance of an inverse Gaussian random variable is µ3

φ where µ is the mean parameter
and λ is the shape parameter.
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Figure 1.4: Correlated Potential Wage Growth Rates
 Correlation Matrix
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will specialize more in market work.

1.5.1.1 Model Fit

The prediction of intra-household specialization and their market intensity levels

is close to the data, as shown in figure 1.5, both mean and variance are closely

matched, except that in terms of wife’s hours ratio, the theory does not predict the

fatter tails of the actual data.

Figure 1.5: specialization and market intensity
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The first five columns in Table 1.18 show that the simulated auxiliary parameters

are all matched to the data auxiliary parameters.

Figure 1.6 compares the wife’s wage share since marriage which shows that the
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Table 1.18: Auxiliary Parameter Estimates

Benchmark model ρ = 0

empirical simulated s.e. t-value M simulated t-value M

Specialization

γ1 1.18 1.18 0.01 0.10 1 1.18 0.03 1

γ2 -0.15 -0.14 0.02 0.12 1 -0.15 0.04 1

γ3 0.17 0.17 0.005 0.18 1 0.17 0.14 1

γ4 0.45 0.45 0.005 0.10 1 0.46 0.45 1

γ5 -0.073 -0.07 0.012 0.33 1 -0.07 0.54 1

γ6 0.085 0.084 0.003 0.26 1 0.085 0.07 1

Human Capital Accumulation

α1 0.025 0.028 0.018 0.16 1 0.030 0.28 1

α2 0.021 0.017 0.005 0.98 1 0.016 1.08 1

α3 -0.013 -0.012 0.012 0.03 1 -0.014 0.08 1

α4 0.22 0.25 0.023 1.30 1 0.25 1.09 1

α5 0.0003 0.0001 0.0002 1.55 1 -0.000 2.27 0

α6 0.0002 0.0004 0.0002 0.82 1 0.0003 0.46 1

β1 0.052 0.049 0.012 0.29 1 0.049 0.27 1

β2 0.013 0.017 0.006 0.70 1 0.019 0.98 1

β3 -0.019 -0.019 0.005 0.06 1 -0.020 0.05 1

β4 0.25 0.21 0.027 1.48 1 0.20 1.90 0

β5 -0.0001 0.0002 0.0002 1.21 1 0.0003 1.84 0

β6 0.0006 0.0003 0.0004 0.79 1 0.0006 0.09 1

Assortative Matching

κab 0.094 0.11 0.043 0.34 1 0.001 2.17 0

A t-value is computed as the difference between a simulated auxiliary parameter and the
corresponding data auxiliary parameter divided by its standard error. M equals to one if
the parameter is matched and equals to zero otherwise. A parameter is matched to the
data if the t value is smaller than 1.64.
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simulated model captures the variation to a large extent: Both in the PSID data

and simulated data, there is large variation in the wife’s share. There are almost

equal number of points above and below the 45 degree line. What the theory did not

capture are points in the northwest and southeast quadrant, those are the households

where the wife’s wage share changed most significantly since marriage, and they are

also likely to be the fatter tails in figure 1.5.

Figure 1.6: wife’s wage share comparison
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1.5.2 Positive Assortative Matching

1.5.2.1 Evidence for Positive Assortative Matching

The structural estimation finds strong evidence for positive assortative matching.

If I let ρ = 0, but allow other structural parameters to be re-estimated, I obtain

a set of new estimates of the simulated minimum distance. The new estimates are

shown in the last column in table 1.17(the case ρ = 0). Parameters related to

intra-household specialization and human capital accumulation are still identified

and close to the previous estimates. Nevertheless, the simulated minimum distance

increases to 11.90, the quasi-likelihood ratio test statistic is therefore 11.90− 4.52 =

7.38 which is greater than 3.84, the critical chi-square value with one degree of

freedom, hence the model with ρ > 0 is preferred and I conclude that ρ is significantly
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positive.

Take the new estimates in the last column of table 1.17, the new corresponding

auxiliary parameters are shown in the last three columns of table 1.18(for the case

ρ = 0 ). Note that in the last row, the auxiliary parameter κab which measures the

correlation between the wage growth residuals is not matched anymore, ρ = 0 im-

plies that the simulated correlation of the wage growth residuals is not significantly

different from zero, while for the actual data the positive correlation is significant.

1.5.2.2 Assortative versus Random Matching

To examine the effect of positive assortative matching, I take the structural

estimates in column 3 of table 1.17 which I use as the benchmark model, and turn

off the matching effect by imposing ρ = 0.

Effects on observed wage growth rates Table 1.19 records the simulated aux-

iliary parameters of the model when I impose ρ = 0. For both husbands and wives,

regardless of their educational attainments, the simulated wage growth rates are

always higher when ρ = 0 than in the benchmark model in which ρ > 0. Note

that both α1 and β1 increase significantly, suggesting that the impact of changing

from positive assortative matching to random matching is significant mainly for low

educated people.

Why are the observed wage growth rates higher in the random matching setting?

The intuition is the following: with random matching, it is more likely that high

potential wage growth rates are being realized and low potential wage growth rates

are being dominated. Therefore we would expect higher overall wage growth rates

when matching is random.

I present a simple example to illustrate this point. Consider the case where

there are three men and women, each being ranked according to his or her potential

wage growth rate in their gender groups, we have ga
1 > ga

2 > ga
3 and gb

1 > gb
2 > gb

3.
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Table 1.19: Counter-Factual simulation ρ = 0

Simulated Auxiliary Parameter Estimates

Benchmark Model ρ = 0 s.e. t-value

Specialization

γ1 1.18 1.18 0.01 0.28

γ2 -0.14 -0.15 0.02 0.25

γ3 0.17 0.17 0.005 0.93

γ4 0.45 0.46 0.004 0.71

γ5 -0.07 -0.07 0.012 0.29

γ6 0.084 0.096 0.003 3.80

Human Capital Accumulation

α1 0.028 0.077 0.018 2.71

α2 0.017 0.019 0.005 0.41

α3 −0.012 −0.043 0.012 2.61

β1 0.049 0.079 0.012 2.54

β2 0.017 0.022 0.006 0.85

β3 −0.019 −0.032 0.0054 2.33

Assortative Matching

κab 0.11 0.02 0.04 2.0

The t-values are computed as (apsimulated -apsimulated ρ=0 )/s.e.

The relationship between ga and gb is shown in the “Ranking” column in table 1.20.

Perfect positive assortative matching (PAM) implies that people with the same rank

of potential wage growth rates are matched together. For simplicity let us ignore the

relative efficiency parameter θ and initial wage levels for the time being. Assuming

full specialization, the actual wage growth rates we would observe afterwards are

61



Table 1.20: A simple example of PAM v.s. Random Matching

Ranking Positive Assortative Matching

ga
1 < gb

1

ga
2 > gb

2

ga
3 < gb

3

ga
1 ↔ gb

1

ga
2 ↔ gb

2

ga
3 ↔ gb

3

(gb
1)

(ga
2)

(gb
3)

Random Matching

(1) (2) (3)

ga
1 ↔ gb

1

ga
2 ↔ gb

2

ga
3 ↔ gb

3

(gb
1)

(ga
2)

(gb
3)

ga
1 ↔ gb

1

ga
2 ↔ gb

3

ga
3 ↔ gb

2

(gb
1)

(ga
2)

(gb
2)

ga
1 ↔ gb

2

ga
2 ↔ gb

1

ga
3 ↔ gb

3

(ga
1)

(gb
1)

(gb
3)

(4) (5) (6)
ga
1 ↔ gb

2

ga
2 ↔ gb

3

ga
3 ↔ gb

1

(ga
1)

(ga
2)

(gb
1)

ga
1 ↔ gb

3

ga
2 ↔ gb

2

ga
3 ↔ gb

1

(ga
1)

(ga
2)

(gb
1)

ga
1 ↔ gb

3

ga
2 ↔ gb

1

ga
3 ↔ gb

2

(ga
1)

(gb
1)

(gb
2)

Table 1.21: Observed average growth rates: Random Matching v.s. PAM

Random Matching PAM

(1) (2) (3) (4) (5) (6)

husb avg growth ga
2 ga

2 ga
1 ga

2
ga
1+ga

2

2 ga
1 ga

2

wife avg growth gb
1+gb

3

2
gb
1+gb

2

2
gb
1+gb

3

2 gb
1 gb

1
gb
1+gb

2

2
gb
1+gb

3

2

shown in the brackets. Take the first couple for example. Both have the highest

potential wage growth in their gender groups, but since ga
1 < gb

1, only the wife will

work in the labour market and realize her potential growth rate gb
1. The husband

will give up his wage growth and specialize in home production. In this simple three

pairs example, positive assortative matching implies that the average wage growth

rate observed for women is gb
1+gb

3

2
and for men it is ga

2 , as the spouse specializing in

home production would have no observed wage growth.

Now consider the random matching case. There are six possible matching sce-
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narios shown in table 1.20. The observed wage growth rate for each pair is shown in

the brackets. Accordingly, table 1.21 (1)-(6) calculate the observed average growth

in each case of the random matching setting. Clearly for both husbands and wives,

the observed growth rates are either higher or at least equal in the random matching

setting than in the perfect sorting case.

The reasoning is the following: in both the perfect sorting and random matching

setting, the person with the highest wage growth rate, in this case gb
1, will always

engage in labour market work and realize her full potential growth no matter who

she is matched with. The person with the lowest wage growth rate, in this case

ga
3 , will stay at home and never realize his wage growth rate. Now consider their

partners whose potential wage growth is ga
1 and gb

3 respectively. Even when ga
1 is

high, say only ε smaller than gb
1 where ε is very small, it will not be realized when

matched with gb
1. Even when gb

3 is small, say only ε bigger than ga
3 , it will always

be realized when matched with ga
3 . For the random matching case, there is some

probability that ga
1 is going to be realized, when it is not matched with gb

1 (table

1.20 (3), (5) and (6)), and there is some probability that gb
3 is going to be dominated

when it is not matched with ga
3 (table 1.20 (2), (4), (5) and (6)). Since ga

1 is large

and gb
3 is small, the overall growth rates would be higher in the random matching

setting.

This simple example helps explain the empirical conterfactuals: consider a woman

with a potential wage growth rate that is highly ranked among women in the mar-

riage market. In the perfect positive sorting case, she is going to be matched with

a man of the same rank, how much she works in the labour market depends on

whether this man’s wage growth rate is higher or lower than hers. Under random

matching, there is a higher probability that she is going to be matched with someone

below her rank since she is ranked high, so she will be more likely to specialize in

market work and realize her high potential growth rate. The same story applies to

men with highly ranked wage growth rates. Now consider a woman with a potential
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wage growth rate which is ranked nearly in the bottom. Again under perfect sort-

ing, she is going to be matched with a man of the same rank, whether she will work

in the labour market depends on their relative wage growth rate. Under random

matching, there is a higher probability that she is going to be matched with someone

ranked higher than her since she is ranked in the bottom, she will be more likely to

specialize in home production, hence her observed wage growth would be low. The

same story applies to men. In summary, with positive assortative (random) match-

ing, it is more (less) likely that some high potential wage growth rates are being

dominated and some low potential wage growth rates are being realized. Therefore

we would expect lower (higher) overall wage growth rates when matching is positive

assortative (random).

Now I explain why the increase in the observed wage growth rates are mainly

significant for low educated groups. Recall education contributes positively to the

potential wage growth rate and high education group has a larger variance. Consider

a person’s potential growth rate as the following: gi = µg + σgi, where µg denotes

the mean wage growth rate, and σgi denotes the departure from the mean growth

rate for person i. Consider only two possible positive values: σg1 amd σg2 where

σg1 > σg2. For low educated people, their wage growth could be either gi = µg +σg2

or gi = µg − σg2. For high educated people, their wage growth could be either

gi = g0 + g1 + σg1 or gi = g0 + g1 − σg1. We already know that people with very

high potential growth rates or very low potential growth rates are not affected much

when matching switches from positive sorting to random matching. These groups are

likely to be people with high education and high values of σgi (consider for example

g0 + g1 + σg1), and people with low education and also low values of σgi (consider

fore example g0 − σg2). For people in the middle of the spectrum, those with low

education but relatively high values of σgi (consider for example g0 + σg2) and those

with high education but relatively low potential wage growth rates (consider for

example g0 + g1 − σg1), they will be affected most when matching changes. Both
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groups are more likely to be dominated by their partners and hence specialize in

home production when matching is positive assortative. When matching is random,

there is a higher probability that they will work in the labour market. When there

are more people with low education but relatively high values of σgi working in the

labour market, the overall wage growth rates observed for low educated group will

increase. When there are more people with high education but relatively low values

of σgi working in the labour market, the overall wage growth rates observed for

high educated group will fall. This explains why the wage growth rates are mainly

significant for the low educated groups.

Following this argument, it is then not surprising to see α3 and β3 become more

negative when ρ = 0. α3 and β3 measure the wage depreciation rates if a person’s

work experience is zero. When matching switches from positive assortative to ran-

dom matching, there will be more people with relatively high potential wage growth

rates working in the labour market (that’s why we observe higher wage growth

rates). If they do not participate in the labour market, there will be more wage

growth forgone, hence α3 and β3 become more negative.

Effects on Specialization within the household There is no significant change

in γ1 − γ5, the parameters governing the household market intensity and intra-

household specialization, except that the standard deviation of the wife’s share in

total household work hours, γ6, has increased from 0.084 to 0.096. The change

suggests there is more variation in the household specialization arrangements under

random matching.

The matching mechanism does not affect households’ market intensity. This

reasoning is the following: consider the simplest case that there is extreme special-

ization, the spouse with a higher potential wage growth rate will work full time in

the labour market, and the spouse with lower income potential will specialize fully in

home production. Whether there is random matching or perfect assortative sorting,
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the total market hours of each household will be the same, that there is just one

spouse working full time. This helps explain why parameters γ1 − γ3 do not change

when matching switches from assortative to random matching.

Under perfect positive assortative matching, for the three households in table

1.20, we observe two households in which the wife specializes fully in labour market

work (gb
1 and gb

3), and in one household the wife specializes in home production (gb
2).

Under random matching, in case (1) and (3) the specialization arrangements are

the same as in the PAM setting. In case (2), (4), (5) and (6) we observe different

specialization arrangements. Clearly the random matching setting allows all possible

matches while the PAM setting restricts certain matches, it is not surprising there

is more variation in the wife’s share of labour market hours under random matching

and we observe a higher γ6.

1.5.3 Robustness checks

Table 1.22 presents estimates with other specifications. Column 1 estimates the

model in which I allow both the potential wage growth rates and human capital

depreciation rates differ across genders. The estimates of ga
0 and gb

0 are 0.37 and

0.38, ga
1 and gb

1 are 0.14 and 0.11, and the shape parameters φga and φgb are 0.11 and

0.09, respectively. When I impose ga
0 = gb

0, ga
1 = gb

1 and φga = φgb (the estimates are

presented earlier in section 5.1), the simulated minimum distance does not change

much (it increases from 4.43 to 4.52). This leads to the conclusion that the potential

wage growth rates of husbands and wives follow the same distribution. Column 3

presents the estimates when I further impose δa = δb, the simulated minimum

distance increases to 10.22 from 4.52, which provides evidence that the human capital

depreciation rates are different between husbands and wives. Column 4 presents

estimates when I allow the depreciation rate depends on education, that is I specify

δ = δ0+δ1∗college. Both δa
1 and δb

1 are not significantly different from zero. Besides,

the simulated minimum distance is 4.18 which is close to 4.5. It suggests that it
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Table 1.22: Parameter Estimates
(1) (2) (3) (4) (5) (6)

Notations ga 6= gb

δa 6= δb

ga = gb

δa = δb δ(edu) s2 > 1 Log N Gamma

No. of para 16 12 15 13 15 16

Specialization λ0 0.61 0.59 0.61 0.44 0.45 0.58

children effect λ1 0.09 0.09 0.09 0.04 0.05 0.10

wife’s
efficiency

θ0 0.55 0.55 0.55 0.52 0.57 0.57

children effect θ1 0.25 0.24 0.26 0.15 0.15 0.23

elasticities s1 0.31 0.33 0.30 0.47 0.43 0.39

s2 0.37 0.38 0.36 1.32 1.24 0.29

Human
Capital

ga
0 0.037 0.028 0.037 0.016 -4.30 0.05

edu effect gb
1 0.014 0.011 0.015 0.017 0.83 0.004

gb
0 0.038 -4.00 0.05

edu effect gb
1 0.011 0.56 0.001

depreciation δa
0 0.04 0.016 0.04 0.02 0.01 0.001

δa
1 0.0001

δb
0 0.02 0.017 0.01 0.000

δb
1 0.005

shape para φga 0.11 0.057 0.12 0.15 0.13 0.13

shape para φgb 0.09 0.50 0.19

Matching ρu 0.99 0.88 0.99 0.33 0.99 0.83

(rank corr) (ρk
g) 0.88 (0.66) (0.87) (0.24) (0.54) (0.62)

measure. error σme 0.46 0.46 0.46 0.49 0.49 0.45

sim. mim.dist 4.43 10.22 4.18 20.39 12.27 36.98

distribution χ2
3 χ2

7 χ2
4 χ2

6 χ2
4 χ2

3

critical value 5% 7.82 14.07 9.49 12.59 9.49 7.82

is not the case where educated people have higher depreciation rates. Column 5

presents estimates when I impose the elasticity between home goods and market

consumption to be greater than one. As discussed in section 1.5, several studies
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suggest elasticity of substitution is greater than one. The simulated distance is

20.39 which is greater than the critical chi-square value with 6 degrees of freedom.

Compared with estimates where I restrict s2 < 1, having s2 > 1 gives a much worse

data fit and it fails to capture the correlated wage growth residuals and observed

wage growth of husbands and wives23. Column (6) and (7) presents estimates when

the wage growth rates follow the log normal distribution and the Gamma distribution

respectively. The simulated minimum distance is 12.27 and 36.98, indicating an

inverse Gaussian distribution provides a much better fit to the data than the log

normal distribution and the Gamma distribution.

1.6 Conclusion

In summary, this paper finds that: first, there is strong assortative matching

on potential wage growth rates in the marriage market. The rank correlation be-

tween potential wage growth rates of husbands and wives is around 0.88. Positive

assortative matching is important in terms of explaining the correlated wage growth

residuals of married couples, and if matching is random, the observed average wage

growth rate of households would be higher, and are mainly due to an increase in

the average wage growth rates among low educated groups. In addition, the switch

from assortative matching to random matching does not affect households’ total

market hours, but there will be more variation in intra-household specialization

under random matching.

Second, work hours of both husbands and wives can be rationalized by a model

in which their underlying potential wage growth rates follow the same distribution.

One of the reasons we observe on average wives’ market hours are lower than their

husbands’ is due to a lower human capital depreciation rate for female workers. The

other two reasons are that wives are slightly more efficient in home production than
23The fit of the auxiliary parameters are not reported here, but the results are qualitatively

similar to the case where I restrict ρ = 0.
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their husbands, and the difference in the efficiency enlarges when there are young

children present in the households.

Contrary to other studies where estimates of the elasticity of substitution be-

tween market work and home production is greater than one, I find an estimate of

around 0.37. Restricting the elasticity greater than one in my structural estima-

tion gives a worse data fit and fails to capture the correlated wage growth residuals

and observed wage growth of husbands and wives. Moreover, the estimate of the

elasticity between husband’s time and wife’s time is 0.30, suggesting that husbands’

time and wife’s time are actually complements in home production, while in the

literature, they seem to be substitutes. These new estimates provide evidence that

it is important to take into matching into account.

In my analysis the switch from positive assortative matching to random matching

does not change households’ arrangements much. Even after I experiment with

introducing a gender gap in potential wage growth rates, and impose husbands

always work full time, still there is no significant difference between households

arrangements under the two matching settings. It would be interesting to explore

whether this result still holds if the model is extended to a collective model setting,

where specialization in home production may change a person’s bargaining power

and his or her private consumption.
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Chapter 2

Matching with Contracts: An

Efficient Marriage Market?

2.1 Introduction

This paper studies who marries whom and how couples share their resources

within marriage. In a transferable utility model, I examine the possibility of achiev-

ing an efficient matching outcome, that is, an outcome in which the aggregate gains

from marriage are maximized. I focus on settings where i) there is two-sided infor-

mation asymmetry, and ii) the gains from marriage are stochastic.

2.1.1 Motivation

Marriages are not formed randomly. Marriage patterns observed in society sug-

gest that individuals often sort themselves into marriages based on the attributes of

partners. Starting with Becker, economists have long pointed out that marriages are

formed because interactions between individuals’ attributes generate mutual gains

from marriage. To study who marries whom, Becker (1973) and Shapley and Shu-

bik (1971) analyzed a marriage market with transferable utility and no frictions (no

information asymmetry, no search cost). With transferable utility, the problem of
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obtaining an efficient and stable matching simplifies to a problem of maximizing the

aggregate match output. Therefore complementarity of traits, that is, supermodu-

larity of the match production function, must lead to positive assortative matching

(PAM), where people of similar traits are matched together.

However, in real life the matching process is characterized by scarcity of informa-

tion about potential matches. One strand of the literature focuses on the meeting

technology and assumes search costs (Diamond, 1982; Moretensen, 1988; Burdett

and Coles, 1997 and 1999, Shimer and Smith, 2000 and Smith, 2006). The alterna-

tive approach to adding realism to the matching model is to introduce information

asymmetry (Damiano and Li, 2007; Hoppe, Moldovanu and Sela, 2009). Individuals’

attributes may not be fully revealed to one another before a match. Even after a

match has formed, not all attributes are observable to researchers.

This paper takes the second approach: The type of each agent is only privately

known. Assuming supermodularity of the match production function, I examine

whether PAM can be achieved in the presence of information asymmetry.

Unlike previous literature, I analyze an incomplete-information model where the

sharing rules and the matching outcomes are jointly determined within the model.

In models of frictionless marriage markets (Gale and Shapley, 1962; Becker, 1973;

Browning et al., 2003), the division of marital output and matching outcomes are

determined simultaneously. In a negotiation over the sharing of the match surplus,

bargaining power comes from one’s ability to replace his or her current spouse with

another. An efficient and stable matching must be supported by sharing rules spec-

ifying how to divide the match surplus. However, in the literature on matching

markets with information asymmetry, how to split the shares is often pre-imposed,

so there is no room for negotiation. For instance, both Damiano and Li (2007) and

Hoppe et al. (2009) examined the setting in which, when a man x matches with

a woman y, together they produce 2xy with certainty and each partner gets half

of the produced output. The half-half sharing rule is fixed and known ex-ante to

71



all types of agents. It seems inconsistent that, whereas in models of frictionless

marriage markets, the sharing rule and the matching outcome are simultaneously

determined, in models of markets with information asymmetry, the sharing rule is

exogenously imposed.

The second novelty of this paper’s analysis is that the gains from marriage are

stochastic. The stochastic component of marital surplus is often ignored in the

literature on matching markets with information asymmetry. There, an individual’s

uncertainty about match surplus comes only from uncertainty about the type of

his or her partner. Such an assumption ignores the possibility of shocks to the

marital surplus after matching, yet the shocks can have important consequences.

In fact, in most of the literature on divorce and re-marriage, shocks to marital

output play an important role. Browning et al. (2014) show that high aggregate

divorce rates can be beneficial because they facilitate the recovery from negative

shocks to match quality, allowing couples to replace bad marriages by better ones.

This paper assumes divorce is hugely costly; therefore before any match, people use

the available information as much as possible in order to achieve a good matching

outcome and avoid future separation. I show that the stochastic component of the

marital surplus is important in determining whether or not a mechanism achieving

efficient matching exists.

A related paper which also relates noise to efficiency is by Bhaskar and Hopkins

(2014) who examine pre-marital investment with stochastic returns. The key dif-

ferences are that their main focus is on efficiency of pre-marital investment rather

than efficient matching, and their setting is a frictionless marriage market with

non-transferable utility.

Another related work by Dizdar and Moldovanu (2014) asks questions in the

same spirit as this paper: What sharing rules are compatible with a truthful direct

revelation mechanism that achieves matching efficiency? This paper differs in three

key aspects from theirs. First, unlike their paper, where agents of multi-dimensional
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types are allowed to compete with ex-ante monetary transfers before the match

process, I exclude any ex-ante monetary transfer and investigate whether matching

efficiency can be achieved by endogenous sharing rules alone, Second, while their

analysis rules out stochastic shocks to match output and examines an ex-post equi-

librium, I allow marital gains to be stochastic and characterize the conditions under

which a Bayesian Nash equilibrium may be found. Third, they focused on studying

agents of multi-dimensional types, where types are one-dimensional and binary in

my setting.

To examine how the sharing rules and the matching outcomes are endogenously

determined in a model with two-sided information asymmetry, I adopt the stan-

dard assumption in the marriage literature1 regarding how couples bargain over

the surplus: Prospective couples can make binding, costlessly enforceable, prenuptial

agreements to transfer resources within marriage. This assumption has been labeled

Binding Agreements on the Marriage Market (BAMM).2

Since contracts specifying how to divide the match surplus are credible, binding

and costlessly enforceable, this paper asks: Do there exist contracts that achieve an

efficient matching outcome? Note that individuals in this setting face two types of

uncertainty. The first type arises from asymmetry of information; ex-ante a woman

(or a man) cannot observe her (his) potential partners’ types, so she (he) does not

know whom to match with and therefore is not sure about the amount of marital

output that will be produced by a match. When agents on one side of the matching

market offer contracts, the sharing rules proposed need to serve two purposes: re-

vealing one’s type (signaling) and attracting a suitable partner (screening). There

may exist trade-offs between these two functions. The second type of uncertainty

arises because the marital output contains random elements; even without infor-
1See Gale and Shapley, 1962; Becker, 1973; Choo and Siow, 2006; Chiappori, Iyigun and Weiss,

2006; Nick and Walsh, 2007; Browning, Chiappori and Weiss, 2014.
2This assumption is not as strong as it sounds. Any transfer that (i) is decided before marriage,

and (ii) can be used to alter the spouse’s respective bargaining positions after marriage is considered
as a BAMM framework (Browning, Chiappori and Weiss, 2014).
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mation asymmetry, after a match has formed, the total marital output produced is

subject to a random shock. Therefore contracts can only specify how to divide each

ex-post realized surplus. This worsens the trade-offs between the signaling and the

screening functions of a contract. I show that when the marital surplus is stochastic

and there is two-sided information asymmetry, prenuptial contracts specifying divi-

sions of ex-post realized marital surplus may be ineffective in achieving matching

efficiency.

2.1.2 Outline

This paper is organized as follows: Section 2.2 studies a game in which one side

of the matching market offers contracts specifying sharing rules, and the agents on

the other side then decide which contract to accept. I examine conditions under

which matching efficiency is achievable, and show that matching efficiency cannot

be achieved when expected marital surplus is strictly monotonic in agents’ types.

Section 2.3 analyzes the problem of a social planner who aims to maximize the

aggregate matching surplus. He commits both to a matching rule and contracts

specifying the division of the surplus, conditional on the reported types and the

realization of the surplus of each matched pair. A social planner can do strictly

better in terms of achieving matching efficiency than the equilibrium of the game in

which one side offers contracts. I derive necessary and sufficient conditions for the

existence of a truthful direct revelation mechanism that achieves matching efficiency.

I show that these conditions become more stringent as the number of agents in the

matching market increases. In the limits as the number of agents goes to infinity,

matching efficiency is not achievable even in the social planner’s setting.

Comparisons of alternative models and some extensions are discussed in Section

2.4. Section 2.5 concludes.
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2.2 Game with One Side Offering Contracts

There are N women and N men, all are risk neutral. Each one is independently

drawn from a distribution with probability 1
2
to be a high type agent and probability

1
2
to be a low type agent. Each agent observes only his or her own type. The payoff

of an unmatched agent is assumed to be 0 regardless of types.

2.2.1 Benchmark Model: Matching Surplus is Deterministic

For each possible combination of types, we have the following:

WH + MH = z2

WH + ML = z′1
WL + MH = z1

WL + ML = z0

The first equation denotes that when a high type woman, denoted by WH ,

matches with a high type man, denoted by MH , together they will produce a match-

ing surplus of magnitude z2. Similarly for the other three combinations of types. The

match surplus z2, z′1, z1 and z0 are different values3, and satisfy the supermodularity

condition:

z2 + z0 ≥ z1 + z′1 (2.1)

which implies that positive assortative matching (PAM) is efficient. Without loss of

generality I assume z2 > z0.

The game with one side offering contracts proceeds in the following:

First consider N = 2. Each woman, having observed only her own type, offers a

contract specifying a sharing of each possible realization of the surplus. An example

of a contract she offers is illustrated below, which suggests that a man only gets ε

when the total surplus turns out to be z2, in all other cases he gets 0.
3The special case where z1 = z′1 is discussed in Section 4 and Appendx 6.2.
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Surplus Woman Man
z2 z2 − ε ε
z′1 z′1 0
z1 z1 0
z0 z0 0

Each man, having observed his own type and the two offered contracts, updates

his beliefs about the types of the two women, and uses these updated beliefs to

calculate his expected payoff for each contract offered. A man will first go to a

contract which gives him a higher expected payoff. If not successful, he will then go

to the second contract if the second contract offers him a non-negative payoff. He

will not sign any contract which gives him a negative expected payoff but to remain

single. If a man is indifferent between being single and signing a contract, assume

he will sign the contract. If both men go for the same contract, the woman offering

the contract will randomly pick one to match with.

2.2.1.1 No Competition between WH and WL

Proposition 2.1 When z′1 ≤ z2 and z1 ≤ z0, there exists a separating equilibrium

that achieves matching efficiency where WH offers contract A and WL offers contract

B:

Contract A

Surplus Woman Man

z2 z2 0

z′1 z′1 0

z1 0 z1

z0 0 z0

Contract B

Surplus Woman Man

z2 0 z2

z′1 0 z′1

z1 z1 0

z0 z0 0

let µ(W k|contract i) denotes men’ belief on the probability assigned to a woman

is of type k when she offers contract i.

Equilibrium beliefs: µ(WH |contract A) = 1 and µ(WL|contract B) = 1
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Equilibrium response rule: When being indifferent between payoffs of contract A

and contract B, MH goes for contract A and ML goes for contract B.

Off-equilibrium beliefs: µ(WH |any other off-equilibrium contracts)∈ [0, 1]

Off-Equilibrium response rule: When being indifferent between an equilibrium

contract and an off-equilibrium contract, both MH and ML always go to an off-

equilibrium contract first.

Proof. When the four agents turn out to be exactly one WH , one WL, one MH

and one ML, and when WH offers contract A and WL offers contract B, MH will

go for contract A and ML will go for contract B. Matching efficiency is achieved.

Table 2.1: Matching Outcomes of Equilibrium Contracts

Prob Other Contract A Contract Bthree agents
1
4

WL; MH ,ML MH 1
2
MH + 1

2
ML

1
4

WH ; MH ,ML 1
2
MH + 1

2
ML ML

1
8

WL; MH ,MH MH MH

1
8

WH ; MH ,MH MH MH

1
8

WL; ML,ML ML ML

1
8

WH ; ML,ML ML ML

Expected matching outcome 5
8
MH + 3

8
ML 3

8
MH + 5

8
ML

Table 2.1 calculates the expected matching outcomes of offering the two equi-

librium contracts respectively. Given a woman knows her own type, she needs to

first work out the possible scenarios she will face before offering a contract. The

first line in Table 2.1 summarizes the following: The probability that of the other

three agents, one turns out to be a low type woman, one a high type man and one a

low type man is 1
4
, given that each agent is independently drawn from a population

with probability 1
2
to be a high type agent and probability 1

2
to be a low type agent.

Since the other woman is of low type, and WL offers contract B in the equilibrium,

if the woman offers contract A, she will be regarded as a high type woman and

hence attract only MH . If she offers contract B, then men believe there are two

low type women and are indifferent between them. She has half probability to be
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matched with MH and half probability to be matched with ML. The reasoning

is the same for other scenarios. Comparing the two expected matching outcomes,

we see that offering contract A has a higher probability of matching with MH and

offering contract B has a higher probability of matching with ML.

Remark 2.1 Only when there is exactly one MH and one ML, offering different

contracts may make a difference to the matching outcome. If the two men turn out to

be of the same type, all contracts offering men non-negative payoffs achieve the same

matching outcome and there is no efficiency loss in matching due to information

asymmetry.

Therefore in subsequent analysis, I mainly focus on scenarios with exactly one

MH and one ML. To prove such a separating equilibrium exists, we need to show

that given the other woman is offering her equilibrium contract, the woman will not

deviate from offering her equilibrium contract.

1. There is no competition between WH and WL as they desire different partners

in terms of total surplus produced. z1 ≤ z0 implies a low type woman prefers a low

type man to a high type man in terms of total expected matching surplus produced.

z′1 ≤ z2 means a high type woman prefers a high type man to a low type man. When

the two women turn out to be one WH and one WL, and there are one MH and

one ML, each woman gets her desired partner by offering her equilibrium contract.

It is clear that WL does not have any incentive to compete against WH for a high

type man, and vice versa.

2. Now consider competition between women of the same type. To prevent devia-

tions, I specify men’s indifference behavior as the following: When being indifferent

between an equilibrium contract and an off-equilibrium contract, both MH and ML

always go to an off-equilibrium contract first.

2.1. When there are two WH , one MH , and one ML, in the equilibrium both

women offer contract A, so each has half probability matching with MH and half

78



probability matching with ML. A high type woman may deviate to offer an off-

equilibrium contract in order to “attract only MH” against the other WH who offers

contract A. If the off-equilibrium contract successfully achieves “attract only MH”,

it suggests a better matching outcome — matching with MH with probability 1.

However, such contract does not exist as any deviating contract will also attract a

low type man. As ML gets 0 from contract A, given the specified men’s indifference

behavior, anything equal to or greater than 0 will attract him over from contract

A. There does not exist a deviating contract achieves “attract only MH”, hence no

profitable deviation for WH .

2.2. When there are two WL, one MH and one ML, similar analysis as in 2.1,

no deviating contract achieves “attract only ML”, therefore no profitable deviation

for WL.

From 1 and 2, we conclude that when z′1 ≤ z2 and z1 ≤ z0, there exists a

separating equilibrium that achieves matching efficiency.

Remark 2.2 When the four agents turn out to be exactly one WH , one WL, one

MH and one ML, given the supermodularity condition z2 + z0 ≥ z1 + z′1, a sepa-

rating equilibrium that achieves matching efficiency requires that a high type woman

matches with a high type man, and a low type woman matches with a low type man.

In the presence of information asymmetry, the contracts offered serve two purposes:

First they allow women to signal their types, offering contract A signals a woman

is of high type, and offering contract B signals a woman is of low type. Second they

serve as a screening device for women to attract a partner of the same type, contract

A attracts MH and contract B attracts ML. Matching efficiency is then achieved.

As the surplus value reveals information about the type of each agent with cer-

tainty, signaling (punishing a mimic) is costless. When we observe z2, we know it

must be produced by a couple of high type agents; when we observe z′1, we know it

must be produced by a high type woman and a low type man. As z1 and z0 will
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never be produced by a high type woman, in order to signal her type, she could offer

men the full amount conditional on the output turns out to be z1 or z0. By doing so

a low type woman will not deviate to mimic her, as offering contract A means WL

always gets 0 surplus. Such signaling is costless for WH as her actual payoff which

is conditioned on z2 or z′1, is not affected. Similarly for a low type woman, to signal

her type (punishing a high type woman mimicking to be a low type woman), she

offers full amount to men conditional on the output which turns out to be z2 or z′1,

which does not affect her actual payoff neither.

Second, when z′1 ≤ z2 and z1 ≤ z0, screening (attracting a partner of the same

type) is costless for women. There is no competition between WH and WL as they

desire different types of men: z′1 ≤ z2 and z1 ≤ z0 implies that WH prefers MH and

WL prefers ML in terms of total surplus produced. In a separating equilibrium that

achieves matching efficiency, both WH and WL obtain the highest possible payoff by

i)matching with a partner of the desired type with the highest possible probability

(best possible matching outcome), and ii)extracting all the matching surplus since

they are the side offering contracts.

2.2.1.2 Competition between WH and WL

Proposition 2.2 When z1 > z0, there exists a separating equilibrium that achieves

matching efficiency where WH offers contract A and WL offers contract B:

Contract A

Surplus Woman Man

z2 z2 − β2 β2

z′1 z′1 0

z1 0 z1

z0 0 z0

Contract B

Surplus Woman Man

z2 0 z2

z′1 0 z′1

z1 z1 0

z0 z0 0

where β2 ∈ [ z1−z0

4
,

2(z2−z′1)

5
].

The best separating equilibrium for WH is to offer β2 = z1−z0

4
.
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Equilibrium beliefs: µ(WH |contract A) = 1 and µ(WL|contract B) = 1

Equilibrium response rule: MH strictly prefers contract A to contract B. When

being indifferent between payoffs in contract A and contract B, ML goes for contract

B.

Off-equilibrium beliefs: µ(WH |contract C or F) = 0 and µ(WH |contract E) = 1

Off-Equilibrium response rule: When being indifferent between an equilibrium

contract and an off-equilibrium contract, MH will always go to an equilibrium

contract first and ML will always go to an off-equilibrium contract first.

We divide all the possible off-equilibrium contracts4 into 3 categories according

to the amount offered to men conditional on the total surplus turns out to be z1.

Contract C offers 0 to men when total surplus is z1, contract F offers men a strictly

positive amount but no greater than β2, and contract E offers men an amount strictly

greater than β2 but no greater than z1.

Contract C

Surplus Woman Man

z2

z′1

z1 z1 0

z0

Contract F

Surplus Woman Man

z2

z′1

z1 z1 − γF
1 0 < γF

1 ≤ β2

z0

Contract E

Surplus Woman Man

z2

z′1

z1 z1 − γE
1 β2 < γE

1 ≤ z1

z0

Proof. When the four agents turn out to be exactly one WH , one WL, one MH

4Note because they are off-equilibrium contracts, Contract C will not be the same as Contract
B, and Contract E will not be the same as Contract A.
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and one ML, and when WH offers contract A and WL offers contract B, MH will

go for contract A and ML will go for contract B. Matching efficiency is achieved.

To examine whether a deviation—either by offering an off-equilibrium contract

or a “wrong” equilibrium contract (WH offers contract B, or WL offers contract A)—

is profitable, I categorize all the contracts in terms of matching outcomes achieved

when competing against contract A and against contract B (see Table 2.2). “attract

both” means both types of men go for that contract first, only when not successfully

matched, a man will go for the remaining equilibrium contract. “attract only MH”

means only MH prefers the contract to the other contract (one of the equilibrium

contracts), while ML prefers an equilibrium contract. Similar definitions for “attract

only ML” and “attract both”.

Table 2.2: Categorization of Contracts
in terms of Matching Outcome Achieved when Competing Against Equilibrium

Contracts

Competing against contract A

WH/WL Attract
neither

Attract

only ML

Attract
only MH

Attract
both

Competing Attract

neither
Not Exist Not Exist Not Exist Not Exist

against Attract

only ML
Not Exist Contract C

Contract E1
Not Exist Not Exist

contract B Attract
only MH

Not Exist Not Exist Not Exist Contract A

Attract

both
Not Exist

Contract F

Contract E2

Contract B
Not Exist Contract E3

There does not exist a deviating off-equilibrium contract that achieves “attract

neither” or “attract only MH” when competing against contract B or contract A.

Since both contracts offer 0 to ML, for any deviating contract offering ML a non-

negative payoff, he prefers the deviating contract to an equilibrium contract. This
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explains the “Not Exist” in row 1, row 3, column 1 and column 3 in table 2.2.

Only the equilibrium contract A achieves “attract only MH” when competing

against contract B. When the other woman also offers contract A, there is half

probability the woman gets MH and half probability she gets ML. I put contract

A into the category “attract both” when competing against contract A. Similarly

only contract B achieves “attract only ML” when competing against contract A and

I put it int he category of“attract both” when competing against contract B.

As contract B offers 0 to MH , to achieve “attract only ML” against contract

B, a deviating contract must also offer MH 0 expected payoff. Contract C and

contract E1 below achieve “attract only ML” when competing against contract B,

and contract A5:

Contract C

Surplus Woman Man

z2

z′1

z1 z1 0

z0

Contract E1

Surplus Woman Man

z2 z2 0

z′1

z1 z1 − γE1
1 γE1

1 > β2

z0

Any deviating contract offering MH a positive expected payoff will attract him

over from contract B. Therefore contract E2, contract F and contract E3 achieve

“attract both” when competing against contract B. As the expected payoff in contract

E2 and contract F is smaller than or equal to a high type man’s payoff of matching

with contract A,6 they achieve “attract only ML” when competing against contract

A:
5µ(WH |contract C) = 0, and µ(WH |contract E1) = 1. PMH

C = 0; PMH

E1
= 0, both are equal to

PMH

B and smaller than PMH

A , where P i
K denotes the expected payoff of matching with contract K

for agent i.
6µ(WH |contract E2) = 1 and µ(WH |contract F) = 0. PMH

E2
= γE2

2 ≤ β2 = PMH

A ; PMH

F = γF
1 ≤

β2.
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Contract E2

Surplus Woman Man

z2 z2 − γE2
2 0 < γE2

2 ≤ β2

z′1

z1 z1 − γE2
1 γE2

1 > β2

z0

Contract F

Surplus Woman Man

z2

z′1

z1 z1 − γF
1 γF

1 ≤ β2

z0

Contract E3 achieves “attract both” when competing against contract A, and against

contract B7.

Contract E3

Surplus Woman Man

z2 z2 − γE3
2 γE3

2 > β2

z′1

z1 z1 − γE3
1 γE3

1 > β2

z0

Table 2.3: Matching Outcomes of Offering Different Contracts

Prob
Three other A B C F

E3agents & E1 & E2
1
4

W L; MH , ML MH 1
2
MH + 1

2
ML ML 1

2
MH + 1

2
ML 1

2
MH + 1

2
ML

1
4

W H ; MH , ML 1
2
MH + 1

2
ML ML ML ML 1

2
MH + 1

2
ML

1
8

W L; MH , MH MH MH MH MH MH

1
8

W H ; MH , MH MH MH MH MH MH

1
8

W L; ML, ML ML ML ML ML ML

1
8

W H ; ML, ML ML ML ML ML ML

Expected matching 5
8
MH + 3

8
ML 3

8
MH + 5

8
ML 1

4
MH + 3

4
ML 3

8
MH + 5

8
ML 1

2
MH + 1

2
ML

Following table 2.2, given the other woman is offering her “right” equilibrium

contract, Table 2.3 summarizes the different expected matching outcomes when a

woman offers different contracts. To prove such a separating equilibrium exists, I

proceed to show that the most profitable contract for WH is contract A for β2 ∈
7µ(WH |contract E3) = 1, PMH

E3
= γE3

2 > β2=PMH

A .
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[ z1−z0

4
,

2(z2−z′1)

5
], and contract B dominates any other contract for WL. See appendix.

When z1 > z0, WL may prefer to match with MH since they together produce

a larger surplus than if she is matched with ML. Furthermore, z1 > z0 and z2 +

z0 ≥ z1 + z′1 imply z2 > z′1, which means WH also prefers MH to ML in terms

of total expected matching surplus produced. There exists competition for

MH between WH and WL, attracting a high type man therefore becomes

costly: In an equilibrium that achieves matching efficiency, a high type woman

needs to offer a certain amount in order to attract MH , the amount offered prevents

a low type woman from attempting to win the high type man over. Here WH has

to offer at least z1−z0

4
to MH , anything less than this amount will lead a low type

woman to deviate to offer up to z1−z0

4
− ε in order to attract MH over and achieve

a better matching outcome, and subsequently a higher expected payoff.

Second, for a high type woman, deterring a low type man is costless as she offers

0 to ML conditional on z1. MH ’s payoff of matching with contract A is not affected.

Remark 2.3 In the benchmark model, even we do not observe agents’ types before

a match, after observing the surplus, we can deduce the type of each agent with

certainty. This enables different types of women to signal their types costlessly.

When there is no competition between women of different types, women (the side

offering contracts) extract all the surplus. When there is competition, men of the

type desired by both women will get a positive amount while the not-preferred type

gets 0 surplus8. A separating equilibrium with an efficient matching outcome can

always be found in the contracts-offering game.
8I have shown in proposition 2 when z1 > z0, high type men are desired by both women hence

MH gets a positive payoff in contract A. I omit the analysis of the case z1 < z0 and z2 < z′1 where
a low type man is desired by both types of women, the analysis is essentially the same, where ML

prefers contract B and gets a positive payoff and MH matches with contract A and gets 0.
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2.2.2 The Model: Matching Surplus is Stochastic

For each possible combination of types, we have the following:

WH + MH : p2YG + (1− p2)YB = z2

WH + ML : p′1YG + (1− p′1)YB = z′1
WL + MH : p1YG + (1− p1)YB = z1

WL + ML : p0YG + (1− p0)YB = z0

Where YG > YB ≥ 0, denote the good and the bad realization of surplus re-

spectively. pi ∈ [0, 1], where i = 0, 1, 1′, 2, denotes probability of realizing the good

surplus state. The first equation represents that when a high type woman matches

with a high type man, they will realize the good surplus state with probability p2

and the bad surplus state with probability 1−p2. The expected match surplus is z2.

Similarly for the rest combinations of types. As before, the expected match surplus

z satisfies the supermodularity condition:

z2 + z0 ≥ z1 + z′1

which implies PAM is efficient. Without loss of generality I assume z2 > z0.

The set-up captures the stochastic nature of the marital surplus. Even for a given

partner’s type, there is still uncertainty about the match surplus. Unlike the bench-

mark model, the ex-post surplus value no longer contains any information about

agents’ types. Although the different values of z represent different combinations of

types as before, they are now magnitudes only in expectation. Remark 2.4 explains

the implications.

Remark 2.4 In the benchmark model, each combination of types generates a dis-

tinct value of surplus with certainty. Sharing rules conditional on different values

indicate clearly which type of agent gets what amount. For example, the sharing of

surplus conditional on z1 specifies how much a woman, who must be of low type, gets

out of z1; and a man, who must be of high type, gets the rest of z1. However, when
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random shocks are introduced into the marital surplus, although each combination

of types still generates a distinct value of surplus, the values are only in expectation.

The actual amount of surplus that could be conditioned on in a contract has to be

the realized surplus state, YG and YB, which can be observed and verified ex-post.

As YG and YB could be realized by any combination of types, any sharing rule

conditional on any surplus state affects all types of agents. In contrast with

the benchmark model, the sharing of surplus no longer indicates which type of agents

gets what amount.

The game with one side offering contracts proceeds exactly as in the benchmark

model, except that now each woman offers a contract specifying a sharing of each

possible realization of the surplus. An example of a contract is illustrated below, a

man gets ε when the total surplus turns out to be YG and gets 0 when it turns out

to be YB.

Surplus Woman Man

YG YG − ε ε

YB YB 0

2.2.2.1 No Competition between WH and WL

Proposition 2.3 When z1 < z0 and z′1 < z2, there exists a separating equilibrium

that achieves matching efficiency where WH offers contract A and WL offers contract

B:

Contract A

Surplus Woman Man

YG YG − p1

p2
ε p1

p2
ε

YB YB 0

Contract B

Surplus Woman Man

YG YG − ε ε

YB YB 0

Equilibrium beliefs: µ(WH |contract A) = 1 and µ(WL|contract B) = 1

Equilibrium response rule: ML prefers contract B to contract A. MH is indiffer-

ent between payoffs of contract A and contract B, he goes for contract A.
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Off-equilibrium beliefs: µ(WH |any off-equilibrium contracts)= p0−p1

p2+p0−p′1−p1
∈ [0, 1]

Off-equilibrium response rule: When being indifferent between an equilibrium

contract and an off-equilibrium contract, both MH and ML will always go to an

off-equilibrium contract first.

Proof. When the four agents turn out to be exactly one WH , one WL, one MH

and one ML, and when WH offers contract A and WL offers contract B, a high type

man’s expected payoff of matching with contract A is p2
p1

p2
ε = p1ε, and is also p1ε

when being matched with contract B. He is indifferent between the payoffs and will

go for contract A. A low type man’s expected payoff of matching with contract A is
p1p′1
p2

ε, which is smaller than p0ε, the expected payoff of being matched with contract

B, since z1 < z0 and z′1 < z2 implies p1 < p0 and p′1 < p2 ⇒ p1p
′
1 < p0p2. He will go

for contract B. Matching efficiency is achieved.

To show there is no profitable deviation for women to offer other contracts, the

reasoning is essentially the same as in Proposition 2.1 in the benchmark model.

Competition exists only between women of the same type. The off-equilibrium

beliefs and response rule help to ensure that there does not exist an off-equilibrium

contract that achieves a better matching outcome for women. See appendix.

I draw the similarities and differences of the model with the benchmark model

in the case z0 > z1 and z2 > z′1.

Similar to the benchmark model:

1. Screening (attracting a partner of the same type) is costless for women. z0 > z1

and z2 > z′1 suggests that there is no competition between WH and WL as they desire

different types of men in terms of the expected total surplus produced. A woman

desires a partner of the same type, and she is able to match with her desired type

with the maximum probability in a separating equilibrium that achieves matching

efficiency. This leads to women, the side offering contracts, to extract all the surplus.

2. When there is no competition between women of different types, a separating

equilibrium that achieves matching efficiency always exists, both in the benchmark
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model and in the model with stochastic marital surplus. No restrictions on the

parameters of the model are required to find a separating equilibrium.

In contrast with the benchmark model: Signaling (punishing a mimic) is

costless in the benchmark model. Offering men the full amount conditional on z1

and z0 prevents a low type woman from mimicking, and WH ’s payoff is not affected.

However, in the model with stochastic marital surplus, since any sharing rule will

affect all types of agents, there is no costless sharing rule to signal a woman’s type.

Despite that, since there is no competition between women of different types, the

cost of signaling is very small: It only cost ε for low type women and p1

p2
ε for high

type women. Offering a very small but different amount to men is enough to signal

women’s types.

2.2.2.2 Competition between WH and WL

Theorem 2.4 When z1 > z0, a necessary condition for a separating equilibrium

that achieves matching efficiency to exist is p′1 = 0.

Proof. For a separating equilibrium to achieve matching efficiency, we need

women of different types offer different contracts, a high type man prefers a contract

offered by a high type woman, and a low type man prefers a contract offered by a low

type woman. Suppose there exists such a separating equilibrium with WH offering

contract A and WL offering contract B:

Contract A

Surplus Woman Man

YG YG − β1 β1

YB YB − β0 β0

Contract B

Surplus Woman Man

YG YG − α1 α1

YB YB − α0 α0

where β1, α1 ∈ [0, YG], β0, α0 ∈ [0, YB]

Equilibrium beliefs: µ(WH |contract A) = 1 and µ(WL|contract B) = 1
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MH prefers contract A to contract B if and only if

PMH

A = p2β1 + (1− p2)β0 ≥ p1α1 + (1− p1)α0 = PMH

B (2.2)

ML prefers contract B to contract A if and only if

PML

B = p0α1 + (1− p0)α0 ≥ p′1β1 + (1− p′1)β0 = PML

A (2.3)

For contract A to be different from contract B, we need β1 6= α1 or β0 6= α0, or

both.

As z1 > z0 and z2 > z′1,9 both WH and WL prefer MH to ML in terms of the

total expected matching surplus produced. To prevent a profitable deviation to the

largest extent, I specify men’s indifference behavior as the following: When being

indifferent between expected payoffs of contracts, MH will always first go for an

equilibrium contract (contract A or contract B), and ML will always first go for an

off-equilibrium contract.

Step 1: First I show that p0α1 + (1− p0)α0 = 0 and p′1β1 + (1− p′1)β0 = 0 are

necessary conditions for such a separating equilibrium to exist.

Proof of Step 1 : Prove by contradiction. Suppose p0α1 + (1 − p0)α0 > 0, then

there exists a profitable deviation for WL to offer contract C which offers 0 to men:

Contract C

Surplus Woman Man

YG YG 0

YB YB 0

Given specified men’s indifference behavior, when a high type man sees an equi-

librium contract and contract C which offers him nothing, he will always go for an

equilibrium contract first. Contract C never achieves the matching outcome “attracts

WH” .
9z1 > z0 and z2 + z0 ≥ z1 + z′1 ⇔ z2 − z′1 ≥ z1 − z0 > 0 ⇔ z2 − z′1 > 0.
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When a low type man sees contract B and contract C, he compares p0α1 + (1−
p0)α0 and 0. Since p0α1 + (1 − p0)α0 > 0, he will first go for contract B. Contract

C achieves “attracts neither” when competing against contract B.

When ML sees contract A and contract C, he compares p′1β1 + (1 − p′1)β0 and

0. If p′1β1 + (1− p′1)β0 > 0, he will first go for contract A; then contract C achieves

“attracts neither” when competing against contract A. If p′1β1+(1−p′1)β0 = 0, he will

first go for contract C, then contract C achieves “attracts only ML” when competing

against contract A. Table 2.4 summarizes the matching outcomes of offering contract

C against equilibrium contracts. Table 2.5 then summarizes the different matching

outcomes when WL offers contract B and contract C, given the other woman is

offering her equilibrium contract.

Table 2.4: Contract C’s Matching Outcome when Competing Against Equilibrium
Contracts

Contract C’s
p0α1 + (1− p0)α > 0matching outcome

1© p′1β1 + (1− p′1)β0 > 0
against contract B: attracts neither
against contract A: attracts neither

2© p′0β1 + (1− p′1)β0 = 0
against contract B: attracts neither
against contract A: attracts only ML

Table 2.5: Matching outcome of WL Offering Contract B and Contract C

Prob Other Contract B Contract C
three agents 1© 2©

1
4

WL; MH ,ML 1
2
MH + 1

2
ML 1

2
MH + 1

2
ML 1

2
MH + 1

2
ML

1
4

WH ; MH ,ML ML 1
2
MH + 1

2
ML ML

1
8

WL; MH ,MH MH MH MH

1
8

WH ; MH ,MH MH MH MH

1
8

WL; ML,ML ML ML ML

1
8

WH ; ML,ML ML ML ML

Expected matching 3
8
MH + 5

8
ML 1

2
MH + 1

2
ML 3

8
MH + 5

2
ML

Profitable deviation Yes Yes

Table 2.5 suggests that contract C is a profitable deviation when p0α1 + (1 −
p0)α0 > 0. By offering contract C, the low type woman’s chances of matching with
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MH is either improved in case 1© or remain unchanged in case 2©, so her expected

payoff becomes higher as contract C allows women to extract all the surplus10.

Therefore for a separating equilibrium to exist, we need p0α1 +(1− p0)α0 = 0. This

means a low type man gets 0 expected payoff from contract B.

From inequality (2.3), we must have p′1β1 + (1− p′1)β0 = 0 , that ML also gets 0

payoff from contract A.

Step 2: Discuss two cases: either α1 = α0 = 0 or α0 = 0, α1 > 0.

Since z0 < z1 ⇒ 0 ≤ p0 < p1 ≤ 1⇒ 1 − p0 > 0, for p0α1 + (1 − p0)α0 = 0 we

need α0 = 0. z2 − z′1 > 0 ⇒ (p2 − p′1)(YG − YB) > 0 ⇒ p2 − p′1 > 0 ⇒ p′1 < p2 ≤
1 ⇒ 1− p′1 > 0. For p′1β1 + (1− p′1)β0 = 0 we need β0 = 0. In order to find values

of β1 and α1, I discuss two cases: α1 = α0 = 0 or α0 = 0, α1 > 0.

Case 1: α1 = α0 = 0

Since β0 = 0, we need β1 > 0 for contract A to be different from contract B.

Case 2: α0 = 0, α1 > 0.

For p0α1+(1−p0)α0 = 0, we need p0 = 0. Condition (2.2) implies p2β1 ≥ p1α1 >

0 since p1 > p0 ≥ 0 and α1 > 0. Therefore we need p2 > 0 and β1 > 0.

Both cases need β1 > 0. For p′1β1 + (1 − p′1)β0 = 0, it must be the case that

p′1 = 0.

The requirement for efficiency when the marital surplus is stochastic is that

we need p′1 = 0 or equivalently WH + ML = YB. Only if the combination of an

agent ranked high in the side offering contracts and an agent ranked low in the

side choosing contracts, leads to a production of the lowest possible marital surplus

with certainty, an efficient matching outcome may exist. The reasoning is explained

below:

In a separating equilibrium that achieves matching efficiency, when there exists

competition for a high type man, a low type woman always loses the competition to
10In expectation she gets 3

8z1 + 5
8z0 in case 2© and 1

2z1 + 1
2z0 in case 1©, while her expected payoff

from offering the equilibrium contract B is 3
8z1+ 5

8z0− 3
8 [p1α1 + (1− p1)α0]− 5

8 [p0α1 + (1− p0)α0]
which is strictly less than 3

8z1 + 5
8z0 and 1

2z1 + 1
2z0 when p0α1 + (1− p0)α > 0.
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a high type woman. She matches with MH with a positive probability only when

there are two MH or the other woman is also of low type. Therefore the best for

her is to offer 0 to MH . As ML is not desired by WL, she offers 0 to ML. A low

type woman therefore offers 0 to men in the equilibrium. In an efficient matching

outcome, offering nothing to men achieves the highest possible expected surplus for

WL.

For a high type woman, in order to attract only high type men and prevent low

type men from coming over from contract B, she needs to offer 0 expected surplus

to ML, as any positive expected payoff will attract ML since he only gets 0 from

WL. However, in order to signal her type, WH needs to offer a contract different

from WL. This is possible only if p′1 = 0 or WH + ML = YB. When a low type

man and a high type woman produce YB with certainty, it allows WH to offer ML 0

conditional on YB, and offer MH some positive amount conditional on YG to attract

MH , such contract will attract only MH . Only when p′1 = 0, there is no trade-off

between screening (attracting a man only of the same type) and signaling (offering

a contract different from a low type woman) for WH .

Theorem 2.5 When z1 > z0 and p′1 = 0, there exists a separating equilibrium that

achieves matching efficiency where WH offers contract A and WL offers contract B:

Contract A

Surplus Woman Man

YG YG − β1 β1

YB YB 0

Contract B

Surplus Woman Man

YG YG 0

YB YB 0

where β1 ∈ [2(z1−z0)
5p1+3p0

, 2
5
(YG − YB)].

The best separating equilibrium for WH is to offer β1 = 2(z1−z0)
5p1+3p0

.

Equilibrium beliefs: µ(WH |contract A) = 1 and µ(WL|contract B) = 1

Equilibrium response rule: MH will go for contract A as the expected payoff is

strictly higher than that in contract B. ML is indifferent between payoffs of contract

A and contract B, he goes for contract B.
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Off-equilibrium beliefs: µ(WH |any off-equilibrium contracts) = 1
2

Off-equilibrium response rule: When being indifferent between an equilibrium

contract and an off-equilibrium contract, MH will always go to an equilibrium

contract first and ML will always go to an off-equilibrium contract first.

Proof. Consider the case that the four agents turn out to be exactly one WH ,

one WL, one MH and one ML. When WH offers contract A and WL offers contract

B, a high type man’s expected payoff of matching with contract A is p2β1, and is 0

when being matched with contract B. He prefers contract A since p2β1 > 0. A low

type man’s expected payoff of matching with contract A is p′1β1 = 0 since p′1 = 0,

and is also 0 when being matched with contract B. He is indifferent between the

expected payoffs and will go for contract B. Matching efficiency is achieved.

To show there is no profitable deviation for women to offer other contracts when

there exists competition for MH , the proof is technically more complicated than that

in Proposition 2.2 as now there is uncertainty about the payoff, but the reasoning

is essentially the same. First I categorize all the contracts in terms of matching

outcomes achieved when competing against contract A and against contract B. Then

I show that given the specified off-equilibrium beliefs and off-equilibrium response

rule, the most profitable contract for WH is contract A with β2 = 2(z1−z0)
5p1+3p0

, and

contract B dominates any other contract for WL. See appendix.

I draw the similarities and differences of the model with the benchmark model

in the case z1 > z0.

Similar to the benchmark model:

1. When there exists competition for MH between women of different types,

a low type woman always offers nothing to men. Because she always loses the

competition to a high type woman in the equilibrium, and ML is not her desired

type, she offers 0 to both MH and ML to maximize her expected payoff. A high

type woman needs to offer a positive amount to MH to prevent a low type woman

from attempting to win him over, and to offer 0 to ML to deter him. In both the
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benchmark model and the model with stochastic marital surplus, high type men’s

expected payoff is strictly positive and low type men’s payoff is 0.

2. In the benchmark model, the amount offered to MH cannot be greater than

2
5
(z2−z′1). Similarly in the model with stochastic marital surplus, the amount offered

to MH conditional on YG cannot be greater than 2
5
(YG − YB), this is equivalent to

MH ’s expected payoff being no greater than p2
2
5
(YG − YB) = 2

5
(z2 − z′1). The upper

bound is to prevent a high type woman from giving up attracting high type men:

As the cost of attracting MH becomes too high, high type women may find offering

nothing to men becomes a profitable deviation despite a worse matching outcome.

In contrast to the benchmark model:

1. In the benchmark model, a separating equilibrium that achieves matching

efficiency always exists. However, in the model with stochastic marital surplus, a

separating equilibrium exists only if p′1 = 0. When random shocks are introduced

into the marital surplus with non-trivial probabilities (neither 0 nor 1), there is no

separating equilibrium in the contracts-offering game11. As pointed out in Remark

2.4, since YG and YB can be realized by any combination of types, any sharing rule

conditional on any surplus state affects all types of agents. A high type woman

needs to deter a low type man by offering him 0, which means she has to offer men

0 conditional on both YG and YB. However, such a contract does not signal her high

type since a low type woman also offers 0 to men in the equilibrium. The conflict

between deterring a low type partner (offering him zero amount) and signalling her

high type (offering a contract different from a low type woman) renders contracts

ineffective in achieving matching efficiency.

2. In the benchmark model, the amount offered to a high type man by a high

type woman needs to be at least z1−z0

4
. This is to prevent a low type woman from

11In this case I have specified women to be be the side offering contracts, there could exist a
separating equilibrium if we let men offer contracts instead in this case, see Figure 2.2. However
in the men offering contracts game, we then require p1 = 0 when z′1 > z0. The main message is
that even if we can let either side offer contracts, in the case z2 > z1 > z0 and z2 > z′1 > z0, there
is still no separating equilibrium that achieves matching efficiency, see Claim 2.1.
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attempting to offer slightly more to win the high type man over. It is not related to

preventing a mimic as women have costlessly signaled their types.

In the model with stochastic marital surplus, if p2 > p1, preventing a mimic

becomes costly for high type women. Consider a low type woman deviates to mimic

MH by offering contract A. She will be regarded as a high type woman: When there

is only one high type man, not only she wins the competition against another WL,

but also she has half chance of matching with MH when competing against WH .

In fact, offering contract A always enables women to match with MH with a

higher probability than offering contract B. In the benchmark model, this better

matching outcome does not lead to a higher expected payoff for a deviating WL,

since WH can costlessly punish a mimic by offering full amount to men conditional

on z1 and z0. However, in the model with stochastic marital surplus, the only way

she can punish a mimic is to offer a large amount to men conditional on YG, as she

has to offer 0 to men conditional on YB.

Suppose WH propose to offer β to MH conditional on YG in contract A. MH

calculates his expected payoff as p2β when he sees contract A. A deviating ML

offering contract A will actually offer MH expected payoff of only p1β. If p2 > p1,

then low type women gain from mimicking. As a result high type women have to

bear the cost of signalling, offering a larger12 expected amount to high type men

than what she offers MH in the benchmark model, in order to prevent WL from

mimicking and competing for MH .

Corollary 2.6 When z1 > z0, a necessary and sufficient condition for finding a

separating equilibrium that achieves matching efficiency is p′1 = 0.

Figure 2.1 summarizes the range of z that a separating equilibrium with matching

efficiency can be found in the game with women offering contracts. The vertical red

line represents Corollary 2.6: Only when p′1 = 0(z′1 = YB), there exists a separating

12p2
2(z1−z0)
5p1+3p0

> z1−z0
4 if p2 > p1. This is analogous to the classical Spence’s signalling model that

high ability workers have to over-invest in education in order to signal their types.
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equilibrium with matching efficiency. Similarly the horizontal red line represents a

symmetric case where women of different types desire a low type man13: Only when

p1 = 0 (z1 = YB), there exists a separating equilibrium. The red region represents

Proposition 2.3: When there is no competition between women of different types, a

separating equilibrium that achieves matching efficiency can always be found.

Figure 2.2 is the mirror image of Figure 2.1 when men become the side offering

contracts.

Suppose we have the freedom to choose which side to offer contracts, then com-

bining Figure 2.1 and Figure 2.2, Figure 2.3 represents the largest range of z where

a separating equilibrium with matching efficiency can be found. As Figure 2.3 sug-

gests, when the probability of realizing the good surplus state is non-trivial (neither

0 nor 1), and when z2 > z1 > z0 and z2 > z′1 > z0, that is, the expected marital

surplus is strictly monotonic in agents’ types, there is no separating equilibrium

that achieves matching efficiency in the contracts-offering game.

To summarize main findings of the model:

Claim 2.1 When there is i) two-sided information asymmetry, ii) the marital sur-

plus is stochastic, and iii) PAM achieves matching efficiency; let one side of the

market, say women, offer contracts specifying the sharing rule of the realized surplus

to men:

1. When there exists competition between women of different types, a neces-

sary and sufficient condition for finding a separating equilibrium that achieves

matching efficiency is that the combination of a man of the not-desired type

and a woman of a different type, leads to a production of the lowest possible

surplus with certainty.

2. When expected surplus is strictly monotonic in agents’ types, or agents of

different types have the same rank of the types of potential partners in terms of
13The proofs and reasoning are essentially the same as Theorem 2.4 and Theorem 2.5 where

there exists competition for MH .
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Figure 2.1: Game with Women Offering Contracts
Gamewith one side of ering contracts

Figure 2.2: Game with Men Offering Contracts
Gamewith one side of ering contracts
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Figure 2.3: Game with Either Side Offering Contracts
Gamewith one side of ering contracts

99



generating the total expected match surplus, there is no separating equilibrium

that achieves an efficient matching outcome.

2.3 Social Planner’s Mechanism

Claim 2.1.2 states that when the probabilities of realizing the good surplus state

are non-trivial (neither 0 nor 1), and when there exists competition between agents of

different types on the side offering contracts, the contracts-offering game in section

2.2 cannot achieve matching efficiency. Section 2.3 then asks is there any other

mechanism able to achieve matching efficiency?

The set-up of a social planner’s problem is the following:

Each agent, having observed only his or her own type, could either simultaneously

and costlessly report his or her type to a social planner or choose not to report. A

social planner commits to a mechanism specifying who matches with whom and

how each surplus is shared as a function of the reported types. The social planner

designs the following contracts, choosing β1 ∈ [0, YG], β0 ∈ [0, YB] and similarly for

µ, τ, and α to help achieve matching efficiency:

Contract C1: WH + MH

Surplus Woman Man
YG YG − β1 β1

YB YB − β0 β0

Contract C2: WH + ML

Surplus Woman Man
YG YG − µ1 µ1

YB YB − µ0 µ0

Contract C4: WL + ML

Surplus Woman Man
YG YG − α1 α1

YB YB − α0 α0

Contract C3: WL + MH

Surplus Woman Man
YG YG − τ1 τ1

YB YB − τ0 τ0

For N=2, if there is exactly one reported “high” type agent on each side of the

matching market, the social planner matches “WH” with “MH” with the sharing

rule specified in contract C1 and matches “WL” with “ML” with the sharing rule

specified in contract C4. Matching efficiency is achieved. In other cases the social

planner randomly matches the agents, as any re-arranging of the matching does not
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affect matching efficiency.

For general N , the social planner matches all the reported “high” type agents on

the side which has fewer “high” type agents with “high” type agents on the other

side.

Each agent, having observed his or her own type and knowing the contracts and

matching rules, chooses whether to report his or her type truthfully.

By the Revelation Principle, Section 3 restricts attention to a direct revelation

mechanism where each agent chooses to report truthfully to the social planner.

2.3.1 The Two men-Two Women Case

Proposition 2.7 In a symmetric setting (z1 = z′1), if matching efficiency can be

achieved, it can be achieved by a symmetric mechanism in which β1 = α1 = YG

2
,

β0 = α0 = YB

2
and µ1 = YG − τ1, µ0 = YB − τ0.

Contract C1: WH + MH

Surplus Woman Man

YG
YG

2
YG

2

YB
YB

2
YB

2

Contract C2: WH + ML

Surplus Woman Man

YG YG − µ1 µ1

YB YB − µ0 µ0

Contract C4: WL + ML

Surplus Woman Man

YG
YG

2
YG

2

YB
YB

2
YB

2

Contract C3 : WL + MH

Surplus Woman Man

YG µ1 YG − µ1

YB µ0 YB − µ0

Proof. See appendix.

Intuitively, when the genders are symmetric in terms of generating the surplus14,

a symmetric mechanism which treats genders equally supports a separating equi-

librium with matching efficiency to the largest extent. If a symmetric mechanism
14A high type woman matches with a low type man, or a low type woman matches with a high

type man, both pairs generate the same amount of surplus: z1 = z′1.
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cannot achieve matching efficiency in this setting, no asymmetric mechanism can.

Therefore I focus the analysis on a symmetric mechanism: When the agents of

the same types are matched, they always share the surplus equally. When agents

of different types are matched, the high type agent gets the same amount regard-

less of one’s gender. Hence, when z1 = z′1, the problem simplifies to can we find

some µ1 ∈ [0, YG] and some µ0 ∈ [0, YB] for a truthful direct revelation mechanism

(TDRM) to achieve matching efficiency?

Proposition 2.8 In a symmetric setting (z1 = z′1) with N=2, there exists a truthful

direct revelation mechanism that achieves matching efficiency if and only if

2(p2
1 − p2p0)

3(p2 − p0)
≤ YB

YG − YB

.

Proof. See appendix.

The condition 2(p2
1−p2p0)

3(p2−p0)
≤ YB

YG−YB
is to ensure that the smallest µ∗0, which satisfies

both high type and low type agents’ incentive compatibility constraints, is no greater

than YB.

Remark 2.5 With N = 2, a social planner can do strictly better in terms of

achieving matching efficiency than the equilibrium of the game in which one side

offers contracts.

Whenever the contracts-offering game achieves matching efficiency with WH of-

fering contract A and WL offering contract B, by replicating the contracts, matching

efficiency can always be achieved in the social planner’s setting. In addition, the so-

cial planner restricts the possible deviations of sharing the surplus to a much smaller

set. In the contracts-offering game, for a separating equilibrium to exist, not only

we need to show a woman will not deviate to mimic the other type, but also need to

show that she will not deviate to offer any other contracts. In the social planner’s

setting, signaling becomes a binary choice as an agent can only report either high or
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low. This is equivalent to restricting a woman to offer either contract A or contract

B in the contracts-offering game.

When expected surplus is strictly monotonic in agents’ types, the social planner

achieves an efficient matching under the condition 2(p2
1−p2p0)

3(p2−p0)
≤ YB

YG−YB
, even the one

side offering contracts game does not.

Combining the two cases, I conclude with Remark 2.5.

2.3.2 The N Men-N Women Case

Proposition 2.9 Let PN denote the probability of matching with a high type man,

MH , when a woman reports “high” type to the social planner.

PN = 1− 1

22N−1




2N − 1

N




It has the following properties:

1. PN > 1
2
;

2. PN increases with N and 2PN−1
1−PN

increases with N ;

3. 1− PN ≈ 1√
πN

when N is large.

Proof. Table 2.6 explains calculation of PN , the probability of matching with

Table 2.6: Probability of Matching with MH after Reporting as WH

No. of high type men, MH

Total
No. of
reported

WH

0 1 2 3 ... N − 2 N − 1 N

1 0 1 1 1 ... 1 1 1
2 0 1

2
1 1 ... 1 1 1

3 0 1
3

0 1 ... 1 1 1
... ... ... ... ... ... ... ... ...
N−2 0 1

N−2
2

N−2
3

N−2
... 1 1 1

N−1 0 1
N−1

2
N−1

3
N−1

... N−2
N−1

1 1

N 0 1
N

2
N

3
N

... N−2
N

N−1
N

1
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MH when a woman reports “high” type to the social planner. Given other agents

are reporting truthfully, whether she can be matched with MH depends on the

number of total high type men and the number of other high type women. For

instance, when all the other women are of low type, the woman becomes the only

one reporting “high” type, she will be matched with MH with probability 1 when

the number of MH equal to or greater than one (see line 1). If all the other N − 1

women are of high type, and there is only one MH , then her probability of matching

with MH becomes 1
N

(see the last line, column 2). To calculate PN , I sum up all

the conditional probabilities. See appendix.

The properties of PN are quite intuitive. In a random matching, a woman will

be matched with MH with probability half. In a mechanism that aims to achieve

matching efficiency, a woman reporting “high” type will be matched with MH with

a probability greater than half as the social planner attempts to match WH with

MH whenever it is possible. As the number of agents increases on both sides of the

market, a woman is more likely to face the scenario that there are N−1
2

high type

women out there and N
2

high type men. The probability of the woman reporting

“high” type and then matching with MH becomes N/2
1+(N−1)/2

= 1
1+ 1

N

which increases

with N . As N becomes very large, the probability approaches 1.

Corollary 2.10 The probability of matching with a low type man, ML, when a

woman reports “low” type to the social planner, is also PN .

Theorem 2.11 In the symmetric setting, there exists a truthful direct revelation

mechanism that achieves matching efficiency if and only if

(2PN − 1) (p2
1 − p2p0)

(1− pN) (p2 − p0)
≤ YB

YG − YB

(2.4)

and

(1− PN) z1 ≥ PN

(
z1 − z0

2

)
(2.5)
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where PN = 1− 1
22N−1




2N − 1

N


.

Similar to the N = 2 case, condition (2.4) is to ensure that the smallest µ∗0, which

satisfies both high type and low type agents’ incentive compatibility constraints, is

no greater than YB. As N increases, 2PN−1
1−PN

increases, the inequality is harder to

sustain. Similarly for condition (2.5): PN

1−PN
≤ 2z1

z1−z0
. The two conditions become

more stringent as the number of agents increases.

Condition (2.5) represents low type agents’ incentive compatibility constraint:

(1− PN) z1︸ ︷︷ ︸
Largest expected loss by mis-reporting as “H”

≥ PN

(
z1 − z0

2

)

︸ ︷︷ ︸
Expected gain by mis-reporting as “H”

The right-hand side of inequality (2.5) represents the expected gain from mis-

reporting as a “high” type agent. Because in a symmetric mechanism, agents of the

same reported types share the surplus equally, and each agent has probability PN

matching with an agent reporting the same type. Therefore, when a woman reports

as “low” type (same analysis for a low type men), her expected payoff is PN
z0

2
; when

she mis-reports as “high” type, she will match with a high type man with probability

PN and share the surplus z1 equally. Therefore her expected gain from mis-reporting

is PN( z1−z0

2
).

The left-hand side represents the largest expected loss from mis-reporting as a

“high” type agent. In a symmetric mechanism, the most severe punishment to a

deviating low type agent is to set µ1 = YG and µ0 = YB: It specifies that when a

high type agent matches with a low type agent, the high type agent gets 0 surplus

and the low type agent gets the full surplus. Hence it provides the low type agents

the largest incentive to report truthfully. After reporting truthfully as “low” type, a

woman matches with MH with probability 1− PN and gets z1; after mis-reporting

as “high” type, she matches with ML with probability 1 − PN and gets 0. The

largest expected loss from mis-reporting is therefore (1− PN)z1. Condition (2.5) is
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necessary to prevent low type agents from mis-reporting.

When N is large, PN approaches 1, condition (2.5) becomes 0 ≥ z1−z0

2
which

does not hold when z1 > z0. Matching efficiency therefore cannot be achieved in

the social planner’s setting. This is because when a low type woman mis-reports as

“high” type, she will match with MH with probability almost equal to 1 and gets an

expected surplus of z1

2
. It is therefore always profitable for her to mis-report when

N is large.

To summarize main findings of the social planner’s problem:

Claim 2.2 When there is two-sided information asymmetry and the marital surplus

is stochastic, consider a direct revelation mechanism where a social planner designs

contracts specifying the sharing of the realized surplus:

1. With finite number of agents, the social planner can do strictly better than

the contracts-offering game.

2. His ability to achieve matching efficiency decreases with the number of agents

in the matching market.

3. When N is very large, an efficient matching cannot be achieved.

2.4 Discussion

1. First Mover Advantage in the contracts-offering game. When there is no

competition between women of different types, and if women are the side offering

contracts, they are able to extract almost all the surplus. The signalling costs

for women, or men’s expected payoffs, are very small. When there is competition

for MH , in the equilibrium WL extracts all the surplus, and WH offers a positive

amount to MH conditional on YG. Still, MH ’s expected payoff is always strictly

less than WH ’s payoff.15 Similar results hold when there is competition for ML.

15PMH

A = p2β1 ≤ 2p2(YG−YB)
5 = 2(z2−z′1)

5 < 5
8z2 + 3

8z′1 = PW H

A .
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Hence, a separating equilibrium that achieves matching efficiency in the women

offering contracts game is strictly preferred to a men offering contracts game by

all women. There is first mover advantage in the contracts-offering game. This

is analogous to the first mover advantage in the Gale-Shapley Algorithm, that in a

non-transferrable utility model, for all women, a stable matching outcome obtained

when women propose to men (weakly) Pareto dominates the stable matching when

men propose to women.

2. In the contracts-offering game, the harder to verify agents’ types

from the surplus value, the more difficult to achieve matching efficiency.

Section 2 shows that in the benchmark model where each realized surplus state fully

reveals the combination of agents’ types, a separating equilibrium that achieves

matching efficiency can always be found. However, in the model with stochastic

marital surplus, the realized surplus states do not reveal any information about

agents’ types. When the expected marital surplus is strictly monotonic in agents’

types, no separating equilibrium that achieves matching efficiency exists. The set-

up below provides an intermediate case with partial verifiability of agents’ types.

Comparing the different results suggests that the harder to verify agent’s types, the

more difficult to achieve matching efficiency.

WH + MH = z2

WH + ML = WL + MH = z1

WL + ML = z0

The partial non-verifiability comes from z1: z1 reveals that it is must be produced

by a combination of a high type agent and a low type agent, but it does not tell

which agent is of low type. As a result any sharing rule conditional on z1 affects

agents of all types. It can be shown that in the intermediate case, the range of

z supporting matching efficiency is larger than that in the model with stochastic

marital surplus, and smaller than the range of z in the benchmark model.16

16The analysis is essentially the same as in Section 2. In the equilibrium WL offers 0 to men.
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3. Alternative “global” sharing rule. This paper focuses analysis on sharing

rules only within, but not across couples. There is no transfer of resources between

couples. Section 3 shows that an agent’s incentive compatibility constraint is not

always satisfied in a truthful DRM, hence matching efficiency is not always achiev-

able. An alternative approach to deal with agents’ incentives is to propose a “global”

sharing rule. For example, the social planner can specify that any agent will get 1
4

of the aggregate matching surplus in the two men-two women case. Such a global

sharing rule aligns agents’ incentives with the social planner’s. However, such anal-

ysis has to assume that the social planner can observe and verify all couples’ marital

output. If it is not the case, then a couple may hide their assets and always claim the

bad surplus state even if they have reached the good surplus state, since by doing

so they avoid subsidizing the other couple and may even get transfers from them.

The analysis in this paper does not require such an assumption. For instance, even

if a high type woman wants to hide the assets and claim the bad surplus state, her

partner will stop her from doing so as he has an incentive to reveal the true surplus

state to get a larger amount. Since there is no transfer across couples, no couple has

an incentive to hide their assets.

4. Type-independent v.s. type-dependent outside option. This paper

assumes that the payoff of an unmatched agent is 0 regardless of types. It automat-

ically puts lower and upper bounds on the amount can be shared between a couple.

A woman can not offer a negative amount to men, neither can she offer an amount

greater than the total surplus produced. Second, it implies that any amount of

surplus is verifiable, hence contracts specifying sharing rules can condition on the

realized surplus states.

Such an assumption rules out type-dependent outside options. A possible exten-

In order to deter WL, WH offers 0 conditional on z1. However, this will induce WL to mimic
as now she is able to get the full surplus when she matches with MH . To punish a mimic, WH

offers the full amount to men conditional on z0. Therefore, to sustain a separating equilibrium
with matching efficiency, the benefit of mimicking, z1, cannot be too large relative to z0, the cost
of mimicking. With N = 2, we need z1 ≤ 5

2z0. When N is very large, the probability of matching
with WH approaches 1, WL will always mimic. See Proposition B.1 in appendix.
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sion is to assume a high type agent can have a better outside option than a low type

agent. Then if agents’ types are only privately known, an agent’s outside option also

becomes private information. Although the absolute amount of a couple’s marital

output can be verified, the marital surplus—total output subtracting the sum of

the two agents’ outside options—is no longer verifiable. As a result, sharing rules

have to condition on the total marital output instead. The bounds on what can be

shared enlarges. As now in some states an agent may get less than what he or she

produces when being single, the new analysis needs to take into account each agent’s

participation constraint: Ex-ante a participating agent expects non-negative gains

from marriage.

The qualitative conclusions remain. In the contracts-offering game, whether

matching efficiency can be achieved depends on to what extent the marital output

is informative about agents’ types. In the social planner’s mechanism, there exists a

larger range of marital output supporting matching efficiency in the truthful DRM.17

However when N becomes large, matching efficiency is still not achievable.

2.5 Conclusion

This paper examines a marriage market with two-sided information asymmetry

and in which the match surplus is stochastic. My main focus is on how endogenous

determination of the sharing rule can help to achieve an efficient matching. I find

that when marital surplus is deterministic, matching efficiency can be achieved by a

simple contracts-offering game, where contracts specifying the sharing of the surplus

serve as a credible signal to reveal one’s type, and as a screening device to attract a

suitable partner. However, when random shocks are introduced into marital surplus,

matching efficiency is not always achievable, especially when the number of agents
17Previously, the smallest µ∗0, the amount a low type agent gets when being matched with a

high type agent conditional on YB , which satisfies all agents’ incentive compatibility constraints,
needs to be no greater than YB . Now this condition can be relaxed to some extent, that µ∗0 can be
greater than YB to compensate a low type agent more.
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is large. A natural next step would be to examine some costly pre-marital signals

that affects agents of different types differently and helps to achieve an efficient

matching. Matching efficiency with costly pre-marital signals when marital surplus is

stochastic, can then be related to the literate on efficiency of pre-marital investment.
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Chapter 3

Women’s Preference towards

Marriage

3.1 Introduction

In the household economics, there is a large literature on potential material

gains from marriage (Becker, 1973, 1991; Browning et al. 2014). However, the non-

material benefit of marriage has often been neglected or modelled as an unimportant

parameter since it is difficult to measure and quantify1. Little is known about the

role of the non-material benefit of marriage in the family economics. In this pa-

per, I interpret the non-material gains from marriage for a woman as her perceived

emotional satisfaction of having her own family, namely her ex-ante preference to-

wards marriage. I examine the relationship between a woman’s preference towards

marriage, her investment in schooling and her marital outcomes.

The relationship between women’s educational investments and their preference

towards marriage is twofold. On the one hand, women with a strong desire for mar-

riage tend to prioritize marriage and family life over their educational investments

and later careers. In the NLSY79 youths survey, approximately 25% of women an-
1Except for Weiss and Willis (1997) in which the authors model the match quality of marriage

and examined its effect on the timing of children and divorce divisions.
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swered "getting married, pregnancy, or home responsibilities" as their main reason

for dropping out of school (Ge, 2011). This is in sharp contrast with men being

only 5%. On the other hand, women may find investing more in education leads

to a better marriage outcome. Goldin (1992) argues that many women graduating

from 1945 to the early 1960 in the U.S. attended college mainly for finding a college-

educated husband. A man with a college degree or more often has a good income

potential, and his wife would benefit from his momentary transfer within marriage.

Ge (2011) finds that without such marriage considerations, the college attendance

for women would be 8% lower, and the graduation rates would be 2% higher. Fur-

thermore, Chiappori et al. (2009) have argued that investing in education brings an

additional marriage return for women in the sense that a woman with high educa-

tion can get a larger share of the resources within households compared to a woman

with low education. In addition, Huang et al. (2009) found that there is significant

cross-productivity effect from a husband to his wife. Following these arguments,

marriage expectations presumably are more important in determining women’s ed-

ucational investment than men, and women who value marriage highly would have

more incentive to invest more in education in order to find a good husband.

Women’s preference towards marriage surely affects their marital outcomes. Con-

sider a spectrum of the marriage preference, at the one end a woman always prefers

to get married regardless of the quality of her marriage offers. At the other end of

the spectrum a woman always prefers to be single. Women in between have different

thresholds of whether to enter into marriage and the threshold would depend on their

relative value of getting married and being single. Women with a high threshold

would only find marriage attractive if she receives a very good marriage offer. Hence

we would expect that although women with high threshold find it more difficult to

get married, but conditional on being married, their marriage outcomes for example

their husbands’ earnings may be better than women with a high preference towards

marriage who are less choosy in the marriage market.
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Although economists have long noticed the positive relationship between spousal

education and a person’s own earnings (Neuman and Ziderman, 1992; Keane and

Wolpin 1997, 2001; Eckstein and Wolpin, 1999; Lefgren and McIntyre, 2006), the

fact that the selection into marriage is not random always complicates the analy-

sis (Boulier and Rosenzweig 1984). As discussed earlier, when women’s preferences

towards marriage are the unobservables determining both the probability of get-

ting married and their husbands’ earnings, the OLS estimates of the relationship

between earnings and spousal education would be biased and inconsistent. Rose

(2006) has argued that marriage decisions and the choice of the spouse should be

modeled simultaneously. She has applied a selection model to study the effect of a

woman’s education on her husband’s education, using parent’s religion and the sex

composition of her children as the exclusion variables.

In line with these studies, I propose a proxy for women’s preference towards mar-

riage to mitigate the omitted variable bias. I construct a dummy variable capturing

whether a woman’s mother has had a stable marriage. This proxy captures whether

the daughter grew up in a stable family. I defined women’s preference towards mar-

riage as the emotional and psychological support and commitment from another

individual to start a family. I expect that women who grew up in a broken family

to have a higher preference towards marriage, as the lack of a proper family in her

childhood would potentially make them want to have their own family more badly

than others. To the best of my knowledge, this is the first paper examining women’s

preference towards marriage with such a proxy on women’s martial outcomes.

I apply the Heckman selection model to take into account of the selection into

marriage. The first stage probit regression examines how a woman’s preference

towards marriage affects her probability of ever getting married. The second re-

gression examines how her marriage preference and her educational investments are

associated with the husband’s earnings, conditional on being married.

With 1980 and 2008 U.S. Census data, the empirical findings of this paper are the
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following: First, conditional on educational attainments, the probability of ever get-

ting married increases with a woman’s preference towards marriage. Conditional on

the preference towards marriage, a woman’s educational attainment is significantly

negatively associated with the probability of getting married. Second, conditional

on being married, the preference towards marriage is negatively associated with

the husband’s annual earnings, and the association between higher education and

husbands’ income are positive in 1980 and negative in 2008.

The remainder of this paper proceeds as follows: in section 3.2 I present the data

and then introduce the proxy for women’s preference towards marriage. Section

3.3 discusses the estimation results of a two stage regression with the Heckman

correction. Section 3.4 concludes.

3.2 Data

The data used is from the U.S. Census 1980 5% sample and 2008 American

Community Survey (ACS) data USA IPUMS (Integrated Public Use Microdata

Series). The sample consists white women who were born and have worked in the

51 states in the United States. I restrict the analysis to women between age 35 and

45, since in this range most of the women have finished their educational investment,

and there is a fair chance that a woman would have already been married by this

time if she desires to get married. Moreover, in this range the majority of their

husbands have completed their education and have not retired yet, which allow us

to explore the relationship between husbands’ earnings and women’s educational

investments and preference towards marriage. The key variables examined in the

paper are whether a woman has ever been married, her education attainment, her

preference towards marriage (proxyed by her mother’s marriage outcome), and her

husband’s income if she is married.

In both 1980 and 2008 there is information on the number of times of a person’s
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marriage, for both a woman and her mother. This information is essential to code

the proxy for women’s preference towards marriage and it is available for the first

time in the 2008 ACS since the 1980 Census. The 2008 data is attractive also in

the sense that it provides accurate details on women’s educational attainments. It

differentiates high school graduates from who have 12 years of education but did not

get a diploma. This allows a more accurate classification of a person’s educational

attainment. In the 2008 data I classify all people without a high school diploma as

"less than high school". While in 1980, all respondents were classified according to

the highest year of school completed, due to a lack of the detailed information on

whether the respondent has received a degree. Despite the less detailed information

on educational attainments, the 1980 data is special in the sense that it is the

latest year recording the most detailed information on one’s marriage outcome. It

reports whether the first marriage of a woman’s mother was ended by the death of

her spouse. This information is useful for coding the proxy for women’s preference

towards marriage.

Table 3.1 shows the summary statistics of key variables examined in this paper.

The average age for women is 39.6 in 1980 and 39.9 in 2008. In 1980, the average

annual income of women is $10,168, which is equivalent to 56% of the average

husbands’ annual income which is $18,086. In 2008, the average annual income of

women is $31,354, which is equivalent to about 65% of the average husbands’ income

which is $ 48,009. This suggests that the income gap between husbands and wives

have been narrowed since 1980. Over 90% of the husbands are currently in labour

force (approximately 96% in 1980 and 93% 2008).

In terms of educational attainments, the majority of the women (86.4% in 1980

and 94.7% in 2008) have completed at least high school. The most significant change

from 1980 to 2008 is the proportion of women completing some college or receiving

a bachelor degree. Percentage of women attended some college has increased from

approximately 18% in 1980 to 37% in 2008, while the percentage of women receiving
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Table 3.1: summary statistics of education, age and income

1980 2008
average female age 39.6 (3.18) 39.9 (3.16)
women’s average annual wages 10168 (6744) 31354 (30501)

maximum annual wage 75000 472000

husband’s age 43.3 (5.62) 42.3 (5.73)
age range 23-65 22-65

husbands in labour force
no, not in labour force 60 4.36% 70 6.58%
yes in labour force 1316 95.64% 994 93.42%

husband’s average annual wages 18086 (11419) 48,009 (46139)
maximum annual wage 75000 575000

mother’s age 68.1 (6.82) 66.6 (6.87)
age range 51-90 50-95

wife’s educational attainment No. of obs percentage
Less than High School 803 13.6% 263 5.29%
High School Graduates 3033 51.4% 1603 32.2%
Some College 1058 17.9% 1853 37.3%
Bachelor Degree 481 8.14% 849 17.1%
Masters & PhDs 532 9.01% 406 8.16%

husband’s educational attainment
Less than high school 288 20.9% 97 9.12%
High school graduates 575 41.8% 371 34.9%
Some college 251 18.2% 353 33.2%
Bachelor degree 140 10.2% 172 16.2%
Masters & Phds 122 8.87% 71 6.67%

total number of women 5907 4974
total number of husbands 1376 1064
Note: The sample includes white women between age 35 and 45 who were born and worked
in the 51 states in the United States. Standard deviation are in parentheses
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a bachelor degree has increased from approximately 8% in 1980 to 17% in 2008. The

proportion of women obtaining a Master or a PhD degree stays roughly the same.

Husband’s education attainments follow the same trend. There are approximately

18% of men who have attended some college in 1980, and the proportion has in-

creased to 33% in 2008. Likewise for receiving a bachelor degree, the percentage has

increased from 10% in 1980 to about 16% in 2008.

3.2.1 The Preference towards Marriage

Table 3.2 shows the summary statistics of women’s marital status and their moth-

ers’ marital status in 1980 and 2008. The sample consists of 5907 women in 1980

and 4974 women in 2008. Nearly 53.6% have been married at least once in 1980 and

57.3% in 2008, although only 23.3% are "currently married with a spouse present"

in 1980 and 21.4% in 2008. In 1980 the largest proportion (57.3%) of mothers’ cur-

rent marital status is "widowed", while in 2008, the largest proportion (41.2%) of

mothers’ current marital status is "married, spouse present". Furthermore, there is

a significant increase in the proportion of mothers getting divorced, it has increased

from approximately 7% in 1980 to approximately 22% in 2008.

Table 3.3 shows more details of the mother’s marital outcomes: the number of

times she has been married. I construct a dummy variable capturing whether a

woman’s mother has had a stable marriage. The dummy variable equals to zero if

her mother was only married once and her current marital status is "married, spouse

present", or her mother’s first marriage was ended by the death of her spouse, she

married twice with current marital status being "married, spouse present". (This

information is only available in 1980 data).

This proxy captures whether a woman grew up in a family with a stable mar-

riage. I define women’s preference towards marriage as the non-material benefit

associated with marriage. The preference towards marriage can also be regarded as

the emotional and psychological support and commitment from another individual
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Table 3.2: summary statistics of marital status

1980 2008
Marital Status No. of obs percentage No. of obs percentage

Married, spouse present 1376 23.3% 1064 21.4%
Married, spouse absent 66 1.12% 167 3.36%
Separated 219 3.7% 249 5.01%
Divorced 1366 23.1% 1311 26.4%
Widowed 142 2.40% 60 1.21%
Never married/Single 2,738 46.4% 2,123 42.7%

Mothers’ Current Marital Status
Married, Spouse Present 1947 33.0% 2048 41.2%
Married, Spouse absent 35 0.59% 92 1.85%
Separated 103 1.75% 89 1.79%
Divorced 414 7.01% 1071 21.5%
Widowed 3384 57.3% 1634 32.9%
Never Married 24 0.41% 40 0.80%

No. of observations 5907 4974
The sample includes white women between age 35 and 45 who were born and worked in the 51
states in the United States.

to start a family. At this stage I expect that women who grew up in a broken fam-

ily to have a higher preference towards marriage, as the lack of a proper family in

her childhood would potentially make a woman want to have her own family more

badly than otherwise. However, on the other hand, it has also often been suggested

that children growing up in a broken family tend to have difficulties in maintain-

ing relationships; they are more likely to marry early, but are also more likely to

get divorced. This makes the relation between a woman’s true preference towards

marriage and whether she grew up in a broken family complicated.

Another concern would be the group of mothers whose current marital status

are "widowed" and they only married once. Due to a lack of data on the year of

a mother being widowed, I cannot differentiate mothers who became widowed only

recently, which would indicate her daughter grew up in a two-parent, intact family,

or the daughter has lost her father from an early age. In the baseline regressions I

code the proxy to be one for widowed mothers. In the robustness check I try the

alternative of coding it to zero. The results suggest that the empirical findings are
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Table 3.3: The mother’s current marital status in 1980

No. of marriages
zero once twice or more total

Married, spouse present 1812 135 1,947
First marriage ended by the yes 52
death of spouse no 83

Married, spouse absent 24 11 35
Separated 75 28 103
Divorced 287 127 414
Widowed 2,963 421 3,384
Never married/single 24 0 0 24
Total 24 5,161 722 5,907
This table contains information on the mother’s marriages for white women aged 35-45 and
were born and worked in the 51 states in the United States in 1980.

robust to the alternative way of coding women’s preference towards marriage.

Table 3.4 shows how the dummy variable relates to a woman’s other characteris-

tics. The dummy variable is negatively correlated with some of the higher education

degrees. This could be due to the fact that a woman grew up in a broken family is

more likely to perform poorly in school because of the lack of family support. Hav-

ing said that, the negative correlation with high educational investments (a bachelor

degree or more) could also due to women with a low preference towards marriage

tends to invest fully in her education as she needs to be financially independent.

A woman with a high preference towards marriage who desires to get married may

under-invest in her education.

The dummy variable is positively correlated with age in both 1980 and 2008. This

positive correlation could be due to the fact that the older a woman is, the earlier

her parents have been married and hence more likely being divorced or separated.

The distribution of women who grown up in a broken family is also related to the

region she was born. In later regressions I control for both age and the state of a

woman’s birth place.
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Table 3.4: Proxy for Preference towards Marriage and other controls

correlation preference towards marriage θf

1980 2008
Educational attainment

Less than high school 0.042* 0.003
(0.001) (0.823)

High school graduate 0.010 -0.011
(0.430) (0.447)

Some college 0.008 0.043*
(0.518) (0.002)

Bachelor Degree -0.051* -0.030*
(0.0001) (0.035)

Masters & PhDs -0.031* -0.019
(0.018) (0.178)

Age 0.169* 0.095*
(0.000) (0.000)

Region of Birth state
Northeast Region -0.029* -0.015

(0.028) (0.283)
Midwest (formerly 0.008 -0.020
North Central) Region (0.531) (0.153)
South Region 0.023* 0.021

(0.081) (0.127)
West Region -0.0001 0.014

(0.996) (0.315)
No. of Observation 5907 4974

This table reports correlations between the the dummy
variable whether a woman grew up in a broken family
and a number of controls in our later regressions. * p<0.1

3.3 Econometric Specification

I run two regressions. The first stage regression examines how a woman’s pref-

erence towards marriage and her educational attainment are associated with her

probability of getting married:

P (M = 1 |Xf ) = Φ(µ0 + µ1θf + µ2Sf + µ3Qf + εf ≥ 0 |Xf ) = Φ(Xfµ + εf ≥ 0 |Xf )

(3.1)

where the dummy variable M equals to zero if a woman has never been married and

equals to one otherwise. Xf=[1 θf Sf Qf ] contains women’s characteristics that may
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influence the probability of getting married. θf is a dummy variable equals to one if

a woman’s mother has married more than once2. Sf denotes the woman’s education

category with high school being the reference category. Qf contains the woman’s age

and dummy variables representing the state of her birth place. µ = [µ0 µ1 µ2 µ3]. εf

represents the unobservables that may influence her probability of getting married.

Φ is the cumulative distribution function of a standard normal distribution.

With Heckman correction, the second stage regression tests that conditional

on being married, how her husband’s wage rate is associated with the woman’s

preference towards marriage and her schooling:

log(wm) = γ0 + γ1θf + γ2Sf + γ3Zm + u (3.2)

where Zm denotes the husband’s individual characteristics: his educational attain-

ment, the state of his work place, years of work experience (proxyed by his age).

The hypothesis is that a woman with relatively high θf is less choosy, hence are

more likely to get married. They are also more willing to accept a man with low

income. Therefore conditional on getting married, the average husband’s wage rate

of women with high θf is likely to be lower:

H0 : µ1 = 0 and γ1 = 0 v.s. H1 µ1 > 0 and γ1 < 0

3.3.1 The Heckman Selection Model

The Selection Rule: Women’s participation in the marriage market

I assume every woman in the marriage market has a reservation wage rate for her

potential husband. It is the threshold of wage rates that a woman is just indifferent

between getting married and staying single. Different women may have different
2or married twice because her first marriage was ended by the death of a spouse (this is a small

proportion in the sample).
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thresholds. I specify this underlying latent variable, denoted by w∗
m, as the following:

ln(w∗
m| Xf ) = β0 + β1θf + β2Sf + β3Qf + εf = X1β + β3Qf + εf

where X1 = [1 θf Sf ] and β = (β0 β1 β2)
′. Note here all the regressors are

women’s characteristics: a woman’s age, the state in which she was born, and more

importantly, her education level and her preference towards marriage. Assume εf ∼
N(0, σf

2) where vf represents women’s unobserved characteristics that may influence

their reservation husband wage.

The actual wage rate of a woman’s potential husband is denoted by wm. Simi-

larly, I model wm as the following:

ln(wm) = γ0 + γ1θf + γ2Sf + εm = γ0 + γ1θf + γ2Sf + εm (3.3)

where εm ∼ N(0, σ2
m) denotes the husband’s characteristics affecting his wage rate.

We cannot observe those characteristics for all potential husbands in the first stage. I

assume εm is uncorrelated with women’s educational attainment and their preference

towards marriage:

corr(X1, εm) = 0

In other words, I assume apart from a woman’s own characteristics, a man becomes

her potential husband only directly through his wage rate (indirectly through εm). If

a potential husband’s wage rate exceeds a woman’s reservation husband wage rate,

she gets married and only then we observe her husband’s income:

M =





1 if ln(wm) ≥ ln(w∗
m)

0 if ln(wm) < ln(w∗
m)
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Therefore, the probability of getting married is the following:

Prob(M = 1 |Xf ) = Prob(wm ≥ w∗
m)

= Prob(γ0 + γ1θf + γ2Sf + εm ≥ β0 + β1θf + β2Sf + β3Q + εf )

= Prob(γ0 − β0 + (γ1 − β1)θf + (γ2 − β2)Sf − β3Q + εm − εf ≥ 0)

= Prob(Xfµ + v ≥ 0)

where µ0 = γ0 − β0, µ1 = γ1 − β1, µ2 = γ2 − β2, µ3 = −β3, and µ = (µ0 µ1 µ2 µ3)
′.

v = εm − εf , hence v ∼ N(0, σ2
m + σ2

f ).

Biased and Inconsistent OLS estimates

Since ln(wm) is only observed among married women, there is a selection problem

in the OLS regression:

E(ln(wm)|X1, M = 1) = E(X1γ + εm|Xfµ + v ≥ 0) = X1γ + E(εm | v ≥ −Xfµ)

In order to have consistent OLS estimates, we need E(εm | v≥ − Xfµ) = 0 which

is equivalent to assuming no correlation between v and εm. However v=εm − εf

is by construction, thus Corr(εm, v) 6= 0 and E(εm | v≥ − Xfµ) 6= 0. As women

are not randomly selected into marriage, the observed husband’s log wage rates

have unobservables which differ systematically from the unobservables of the pop-

ulation containing all potential husbands. I apply the Heckman selection model

(Heckman,1979) to find consistent estimates3.

Exclusion restriction: I assume the state of a woman’s birth place affects her

preference towards marriage and her later marriage decision, but does not directly

affect her potential husbands’ wage rates4.
3Note that compare to equation 3.3, there is an additional explanatory variable Zm in regression

3.6. Including Zm in the second stage regression would help improve the accuracy to the estimates,
the Heckman correction takes into account that we do not observe Zm for all potential husbands.

4Later I report the exclusion restriction tests which suggest the relevance condition is satisfied:
state of birth place are jointly significant in determining the first stage probability of getting
married in both 1980 and 2008 data.
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3.4 Estimation Results

3.4.1 The First Stage Probit Regression

Table 3.5 presents the estimates of regression 3.1, the first stage probit regression.

Column 2 and 4 show the estimates of regression coefficients. Column 3 and Col-

umn 5 calculate the associated marginal effects. The estimates suggest that: First,

conditional on the educational attainment, a woman’s preference towards marriage

is positively associated with her probability of ever getting married. Second, con-

ditional on her marriage preference, her schooling is negatively associated with her

probability of being married.

The dummy variable of women’s preference towards marriage is highly significant

and positive in both 1980 and 2008. In 1980, a woman with a high preference towards

marriage is approximately 21 percent points more likely to get married than a woman

with a low preference. In 2008, she is approximately 14 percentage points more likely

to get married. Although both are highly significant, its importance seems to have

declined from 1980 to 2008.

I propose two main reasons accounting for this change: a changing social norm

that on average women nowadays have a lower preference towards marriage that

the zero-one dummy proxy did not capture, and a changing social norm that men

nowadays are also less likely to get married, therefore women with a high preference

towards marriage find it harder to actually get married.

Due to the changing social norms, on average women have a lower preference

towards marriage than in the past. Nowadays divorce rates are higher and women

marry later (In the 1980 data the average age at first marriage is 21, and in 2008 data

age at first marriage is 26). Women nowadays are more likely to have a career and

participate in the labour market, getting married and having children at an older

age than before. As a result of this social change, whether women were growing up

in a broken family or not, they now both converge to have a lower preference towards
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Table 3.5: Probit estimation for the probability of ever being married

Ever married
1980 2008

Estimates Marginal
Effects

Estimates Marginal
Effects

preference towards
marriage θ

0.54∗∗∗
(0.037)

0.21∗∗∗
(0.141)

0.36∗∗∗
(0.039)

0.14∗∗∗
(0.015)

education category
less than high school 0.144∗∗∗

(0.052)
0.06∗∗∗
(0.020)

0.15∗
(0.086)

0.058∗
(0.033)

some college 0.04
(0.046)

0.017
(0.018)

0.043
(0.044)

0.017
(0.017)

college graduates -0.26∗∗∗
(0.063)

-0.10∗∗∗
(0.025)

-0.21∗∗∗
(0.054)

-0.08∗∗∗
(0.022)

Masters or more -0.66∗∗∗
(0.063)

-0.25∗∗∗
(0.023)

-0.15∗∗∗
(0.071)

-0.058∗∗
(0.028)

Age 0.016∗∗∗
(0.005)

0.006
(0.002)

0.024∗∗∗
(0.006)

0.010∗∗∗
(0.002)

intercept -0.60∗∗∗
(0.253)

-0.68∗∗∗
(0.281)

No. of obs 5907 5907 4974 4974
This table contains the estimated coefficients and associated marginal effects of
women’s preference towards marriage and their educational attainments on the
probability of ever getting married. The sample consists white women between age 35
and 45 years who were born and worked in the 51 states in the United States, taken
from 1980 and 2008 Census data. Standard errors are in parentheses. ∗∗∗ p<0.01, ∗∗

p<0.05, ∗p<0.10. Completing high school is the reference category. All regressions
include a full set of state of birth dummies.

marriage. Therefore this proxy in our 2008 data has a weaker link to women’s true

preference towards marriage than our 1980 data due to the change in distribution

of women’s preference towards marriage.

Not only women but also men are having a lower preference towards marriage

compared to the past. While the fact that men are less likely to get married would

have a small impact on women who do not want to get married anyway, the im-

pact is mainly on women who have high preference towards marriage. They would

find it harder to get married because there are less men available in the marriage

market than three decades ago. This helps explain why women’s preference towards
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marriage plays a smaller role in actually getting married in 2008.

Educational Attainment Table 3.5 shows that higher educational qualifications

are negatively associated with the probability of ever getting married in both 1980

and 2008 data. Compared to high school graduates, having a bachelor degree is

associated with approximately 10 percentage points less likely to get married in 1980

and approximately 8 percentage points in 2008. Having a Master or a PhD degree

is associated with approximately 25 percentage points less likely to get married in

1980 and approximately 6 percentage points less likely in 2008. Conditional on the

preference towards marriage, highly educated women are less likely to get married.

This is probably due to the income pooling of married couples. Holding the non-

material benefit of marriage fixed, a highly educated woman would have high income

potential. Marriage would be attractive if she meets a man also with high income

potential. She would be less willing to marry a man with low income potential as she

has to share her income with him. A woman’s reservation husband wage increases

with her education, as a result her probability of getting married decreases.

Table 3.5 also shows significant credential effects (Hungerford and Solon, 1987)

prevailing in the marriage market. In both 1980 and 2008, the probability of being

married does not differ between women who are high school graduates and women

attended college but did not obtain a college degree in both 1980 and 2008. Not

finishing high school is associated with approximately 6 percentage points more likely

to get married. We observe a substantial decrease in the marriage probability only

with a degree completion. This credential effect in marriage market is presumably

due to the credential effect in the return to education in the labour market, that

people only get a large pay rise if they obtained a higher degree.

In addition, the less significant relationship between "less than high school" and

"ever married" could be due to a relatively small number of women in that group in

2008 than in 1980. In 1980, there is approximately 14% of women belong to " less
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than high school " group, while in 2008, there is only approximately 5% of women

belong to "less than high school".

Having a Master or a PhD degree has a much stronger negative association with

the probability of ever getting married in 1980 than in 2008 (25 versus 6 percentage

points). The falling costs of education for women and the less income disparity

between men and women may have caused this change.

The falling costs of education enable women with a high preference towards

marriage to invest more in her education. Previously a woman may not be able to

enter into tertiary education because she values family and gets married in an early

age, but now with the legalization of abortion and the introduction of contraceptive

pills (Goldin et al 2006), women with a high preference towards marriage are able

to plan their educational investment better. There is now less conflict between

educational investment and marriage. In 1980 only 30% of women with a Master

or a PhD degree were married, while in 2008, the percentage increased to 50%. As

more and more women entering tertiary education also getting married, we would

find a smaller negative association of high education with the likelihood of marriage.

There is less income disparity between men and women with similar educational

attainment in 2008 compared to 1980. The average annual income of married women

with a Master or a PhD degree is equivalently to approximately 65% of their hus-

bands’ income in 1980, and has increased to approximately 112% in 2008. Clearly

married woman with more than a college degree earn more than their husbands on

average in 2008. On one hand, this would favour women with a high preference to-

wards marriage. They are more likely to find a husband and get married since their

reservation husband wage could be lower when they are more financially indepen-

dent. On the other hand, men would find marrying high educated women attractive

as their schooling has a stronger association with high income.
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3.4.2 The Second Stage Regression with Heckman Correction

Table 3.6 reports both the OLS estimates and estimates with the Heckman cor-

rection in 1980 and 2008. In the OLS regression, all the wife’s characteristics seem

insignificant. When the husband’s education levels and work experiences (proxyed

by his age) are controlled for, there is no significant relationship between a woman’s

preference towards marriage and her educational attainment with her husband’s

earnings. In contrast, the dummy variable proxying women’s preference towards

marriage is highly significant with the Heckman correction, and some of women’s

educational attainments are significant too. This provides evidence that the selec-

tion into marriage is not random. Furthermore, the likelihood ratio tests suggest

that ρ is highly significant, indicating a strong selection bias, hence a Heckman

selection model is more appropriate.

Conditional on educational attainments of both the husband and the wife, a

woman’s preference towards marriage is negatively associated with her husband’s

income. In 1980 a high preference towards marriage is associated with 70% less of

husbands’ income and with 50% less in 2008. The reasoning of this strong negative

relationship is the following: the higher preference towards marriage, the lower

a woman’s reservation husband wage since she values the non-material benefit of

marriage more. As a result, we observe the large difference in the husband’s annual

income between the group of women with a high preference towards marriage and

the group with a low preference.

Conditional on the preference towards marriage, a woman’s educational attain-

ment is positively correlated with her husband’s income in 1980 and is negatively

correlated with her husband’s earnings in 2008. In 1980, having a college degree

is associated with approximately 15% increase of the husband’s earnings compared

to high school graduates, and having a Master or a PhD degree is associated with

approximately 28% increase of the husband’s annual income. In contrast, having

a college degree is associated with approximately 11% decrease of the husband’s
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Table 3.6: OLS and Heckman Estimation of the log of husbands’ annual earnings

1980 2008
OLS Heckman

correction
OLS Heckman

correction

marriage preference θf 0.073
(0.068)

-0.69∗∗∗
(0.066)

0.026
(0.057)

-0.50∗∗∗
(0.075)

wife’s education
less than high school -0.09

(0.064)
-0.03
(0.069)

-0.13
(0.128)

-0.20
(0.135)

some college -0.037
(0.054)

0.06
(0.063)

0.03
(0.062)

-0.16∗∗
(0.069)

college graduates 0.055
(0.085)

0.15∗
(0.090)

-0.094
(0.078)

-0.11∗∗∗
(0.087)

Masters or more -0.172
(0.120)

0.28∗∗∗
(0.105)

0.07
(0.097)

-0.24∗∗
(0.107)

husband’s education
less than high school -0.306∗∗∗

(0.056)
-0.163∗∗∗
(0.042)

-0.29∗∗∗
(0.110)

-0.27∗∗∗
(0.087)

some college 0.06
(0.047)

0.073∗
(0.041)

0.11∗∗∗
(0.057)

0.10∗∗
(0.049)

college graduates 0.26∗∗∗
(0.061)

0.23∗∗∗
(0.051)

0.31∗∗∗
(0.076)

0.34∗∗∗
(0.0563)

Masters or more 0.130
(0.095)

0.28∗∗∗
(0.059)

0.73∗∗∗
(0.096)

0.76∗∗∗
(0.093)

Joint Significance of
Exclusions χ2 test

62.67
[0.09]

78.47
[0.006]

ρ -0.976
(0.003)

-0.942
(0.011)

LR(ρ = 0) 419.14
[0.00]

107.46
[0.00]

total number of obs 5907 4974
censored 1252 4655 933 4041
uncensored 1252 933
Note: Robust standard errors are in parentheses; p-values of the F-statistics are in square
brackets. *** p<0.01, ** p<0.05, * p<0.1 Completing high school is the reference category.
The regression also control for woman’s age, the husband’s age and age square and a full set
of state of husband’s work place dummies. The exclusion variables are women’s state of birth
dummies.
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annual earnings in 2008. Having a Master or a PhD degree is associated with ap-

proximately 24% decrease of the husband’s annual earnings.

The positive relationship between women’s high educational attainments and

their husbands’ income in 1980 could be due to the fact that there is not much

participation in the labour market even for women with relatively high education.

Presumably this positive association is due to a meeting technology: Women with

high education are more likely to meet potential husbands with good income. There

are more men investing in high education than women in 1980, the imbalanced sex

ratio in college could lead to a higher probability of getting married with a man who

has a decent income.

As discussed earlier, the falling cost of education in 2008 enables more women

to invest more in education. In 1980 the proportion of women obtaining at least

some college experience is 35% of the female population in the sample. While the

proportion has increased to 62% in 2008, the proportion of men investing in college

education or beyond has remained roughly the same. Hence there are more women

investing in higher education than men, and they also participate more often in the

labour market and are more likely to have higher income than in the past. The

reason we observe a significant negative relationship between women’s educational

attainments and their husbands’ income in 2008 could be the following: women with

high educational investments which usually are associated with higher income find

it more affordable to marry a husband with relatively lower income.

3.4.3 Robustness Checks

Table 3.7 presents results for three robustness tests. Row 1 and 5 are the bench-

mark estimates of the probit and the Heckman selection model. Row 2 and 6 show

the results with a different coding of the proxy for women’s preference towards mar-

riage. Row 3 and 7 limit the sample to women who finished their schooling before

marriage. Row 4 and 8 show results for a smaller age group (women age between
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40 and 45).

Table 3.7: Robustness Tests

marriage preference college graduate masters or PhDs
ever married 1980 2008 1980 2008 1980 2008

1 Baseline Probit 0.542∗∗∗ 0.359∗∗∗ -0.262∗∗∗ -0.205∗∗∗ -0.658∗∗∗ -0.147∗∗
(0.0369) (0.0388) (0.0634) (0.0542) (0.0635) (0.0714)

2 Alternative coding 0.505∗∗∗ 0.265∗∗∗ -0.273∗∗∗ -0.193∗∗∗ -0.658∗∗∗ -0.139∗
for proxy of θw (0.0457) (0.0375) (0.0630) (0.0542) (0.0632) (0.0711)

3 Excluding married 0.537∗∗∗ 0.353∗∗∗ -0.489∗∗∗ -0.261∗∗∗ -1.099∗∗∗ -0.317∗∗∗
before education (0.0391) (0.0397) (0.0709) (0.0557) (0.0789) (0.0764)

4 Age 40-45 0.504∗∗∗ 0.381∗∗∗ -0.165∗ -0.314∗∗∗ -0.597∗∗∗ -0.186∗
(0.0567) (0.0559) (0.0937) (0.0754) (0.0909) (0.102)

log of husband’s annual income
1980 2008 1980 2008 1980 2008

5 Baseline Heckman -0.690∗∗∗ -0.504∗∗∗ 0.146 -0.110 0.283∗∗∗ -0.236∗∗
(0.0665) (0.0746) (0.0895) (0.0866) (0.105) (0.107)

6 Alternative coding -0.231∗∗∗ -0.213∗∗∗ 0.171∗ -0.105 0.320∗∗∗ -0.235∗∗
for proxy θw (0.0571) (0.0561) (0.0899) (0.0869) (0.106) (0.107)

7 Excluding married -0.695∗∗∗ -0.504∗∗∗ 0.158 -0.113∗∗∗ 0.833∗∗∗ -0.207∗
before education (0.0695) (0.0786) (0.100) (0.091) (0.153) (0.120)

8 Age40-45 0.0886 -0.614∗∗∗ 0.0278 -0.0206 0.0415 -0.315∗∗
(0.104) (0.117) (0.0998) (0.123) (0.125) (0.152)

Note: This table contains the estimated probit and Heckman coefficients of women’s preference
towards marriage and educational attainment (a college degree or more) on the probability of ever
getting married, and on the log of husbands’ annual income. The specification is identical to those
in table 3.5 and 3.6 except for the difference noted. Standard errors are in parentheses. ∗∗∗p<0.01,
∗∗p<0.05, ∗p<0.1.

As mentioned earlier in section 3.2, due to a lack of data on the year of the mother

being widowed, it is not possible to differentiate between the group of women whose

mothers became widowed only recently (which would imply the woman grew up in

a two-parent, intact family), and the group of women who lost their fathers since

an early age. In the baseline specification I have coded women whose mothers
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married only once and current status being "widowed" as if they grew up in a

broken family and hence they have a high preference towards marriage. Now I

code these women differently, assuming their mother only became widowed recently.

This together with the baseline estimates give us a range of the possible effects.

The different coding has no substantial effect on the estimated impact of women’s

marriage preference on the probability of ever getting married. The estimates of

its association with husbands’ income become smaller but are still highly significant

in both 1980 and 2008. Estimated effects of educational attainments change little

from the baseline specification, suggesting the results are robust to a different way

of coding the preference towards marriage.

Lefgren and McIntyre (2006) point out that the relationship between a woman’s

education level at the time of marriage and her marriage outcome could be stronger

than the relationship between her completed education and her marriage outcome,

as the later could lead to a significant timing bias. In the robustness check I exclude

those women who get married before finishing their schooling5. Row 3 and 7 suggest

that the estimated impact of women’s preference towards marriage do not change

much. Obtaining a bachelor degree or more before marriage becomes much more

negatively correlated with the probability of getting married, while the relationship

with husbands’ income remained largely unchanged from the baseline specification,

except that having a Master or a PhD degree is much more positively correlated

with husbands’ income.

Row 4 and 8 show results for a smaller group of women between age 40 and

45. The first stage probit estimates change little. Examining its relationship with

the husband’s income, we see the preference towards marriage is not significant in

1980. Having a college degree or above is not significantly associated with husbands’

income except for a Master or a PhD degree in 2008.
5In 1980 there is data available on the age at the first marriage, I therefore exclude women

whose age at first marriage is smaller than their years of education plus 6. In 2008 there is data
on the year of last married, the same procedure is applied to women who were only married once.
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Overall, the robustness checks suggest that a woman’s preference towards mar-

riage is always positively associated with the probability of getting married and is

often negatively related to her husband’s income conditional on getting married.

Having a college degree or more is always negatively correlated with the probabil-

ity of getting married in both 1980 and 2008. Women’s educational attainments is

usually associated with a significant increase in husbands’ earnings in 1980, while

in 2008, having a college degree or more is negatively associated with husbands’

earnings, conditional on being married.

3.5 Conclusion

An important caveat on this paper is that it often been suggested that children

growing up in broken families tend to have difficulties in maintaining relationships;

they are more likely to marry as teenagers, but are also likely to get divorced.

This makes the relationship between a woman’s true preference towards marriage

and whether she grew up in a broken family more complicated, especially at low

educational levels. In addition, I restrict the analysis to only one side of the marriage

market, ignoring the potential consequences of men taking into account of marriage

considerations when invest in schooling. A more careful theoretical approach should

take these issues into account. Furthermore, the Census data available dropped

significantly when I use the additional information on a woman’s mother’s marital

status. If given more time, I would like to investigate further why the data has

dropped 2/3 with mothers’ information missing and seems not missing randomly.

Another important caveat is that there likely exists significant measurement error

in this binary proxy, and this could lead to biases in the probit estimation. As I

apply the Heckman selection model to the analysis on husbands’ income, I impose a

strong assumption that a woman’s educational attainment does not directly affect

her potential husband’s income but only through his income. While it has always

133



been know that highly educated women tend to marry highly educated men, this

assumption ignores this potential assortative mating effect.
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Appendix A

Matching on Income Potentials and
Specialization within the Household

A.1 Proofs of Propositions and Lemmas

Proof of Proposition 1.1
Proof. Couple’s utility maximization is equivalently to the following:

max
da

t ,db
t

T∑
t=1

pt

[
(1− λ)log

(
wa

t−1(1− da
t ) + wb

t−1(1− db
t)︸ ︷︷ ︸

ct

)
+ λlog

(
(1− θ)da

t + θdb
t︸ ︷︷ ︸

zt

)]

Consider the last period t = T : given wage rates wa
T−1 and wb

T−1, the first order
conditions are

∂UT

∂da
T

=
λ(1− θ)cT − (1− λ)wa

T−1zT

cT zT

(A.1)

∂UT

∂db
T

=
λ(1− θ)cT − (1− λ)1−θ

θ
wb

T−1zT

cT zT
1−θ

θ

(A.2)

If ∂UT

∂da
T

= 0, which means λ(1 − θ)cT = (1 − λ)wa
T−1zT , the first order condition

regarding wife’s time division (A.2) becomes

∂UT

∂db
T

=
(1− λ)zT

cT zT
1−θ

θ

(
wa

T−1 −
1− θ

θ
wb

T−1

)
> 0 if

wb
T−1

wa
T−1

<
θ

1− θ

When wb
T−1

wa
T−1

< θ
1−θ

, or when wb
T−1

wa
T−1+wb

T−1
< θ: the two first order conditions cannot

both equal to 0, we have either ∂UT

da
T
|da∗

T
= 0 and ∂UT

db
T

> 0 which implies we have a

corner solution db∗
T = 1, or ∂UT

db
T
|db∗

T
= 0 and ∂UT

da
T

< 0 which implies we have a corner
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solution da∗
T = 0 . Similarly, when wb

T−1

wa
T−1

> θ
1−θ

, or when wb
T−1

wa
T−1+wb

T−1
> θ , we have

either ∂UT

da
T
|da∗

T
= 0 and ∂UT

db
T

< 0 which implies we have a corner solution db∗
T = 0,

or ∂UT

db
T
|db∗

T
= 0 and ∂UT

da
T

> 0 which implies we have a corner solution da∗
T = 1. Now

consider the four cases where there exists a corner solution:

• db∗
T = 1, that is the wife spends all her time on home production and does not

participate in the labor market, utility function becomes:

UT = (1− λ)log[wa
T−1(1− da

T )] + λlog((1− θ)da
T + θ)

= (1− λ)log(wa
T−1) + (1− λ)log(1− da

T ) + λlog[(1− θ)da
T + θ]

∂UT

∂da
T

=
λ(1− θ)(1− da

T )− (1− λ)[(1− θ)da
T + θ]

(1− da
T )[(1− θ)da

T + θ]

=
λ− θ − (1− θ)da

T

(1− da
T )[(1− θ)da

T + θ]

{
= 0 and da∗

T = λ−θ
1−θ

when λ ≥ θ

< 0 and da∗
T = 0 when λ < θ

Therefore

UT (da∗
T , 1)

{
= (1− λ)log(wa

T−1
1−λ
1−θ

) + λlog(λ) when λ ≥ θ

= (1− λ)log(wa
T−1) + λlog(θ) when λ < θ

• da∗
T = 0, that is the husband spends all his time on labor market work. Utility

function becomes:

UT = (1− λ)log[wa
T−1 + wb

T−1(1− db
T )] + λlog(θ) + λlog(db

T )

∂UT

∂db
T

=
λwa

T−1 + λwb
T−1(1− db

T )− (1− λ)wb
T−1d

b
T

db
T [wa

T−1 + wb
T−1(1− db

T )]

=
λ(wa

T−1 + wb
T−1)− wb

T−1d
b
T

db
T [wa

T−1 + wb
T−1(1− db

T )]





= 0 and db∗
T = λ

wa
T−1+wb

T−1

wb
T−1

when
wb

T−1

wa
T−1+wb

T−1
≥ λ

> 0 and db∗
T = 1

when
wb

T−1

wa
T−1+wb

T−1
< λ

Therefore

UT (0 , db∗
T )

{ = log(wa
T−1 + wb

T−1) + (1− λ)log(1− λ) + λlog λθ
wb

T−1
when

wb
T−1

wa
T−1+wb

T−1
≥ λ

= (1− λ)log(wa
T−1) + λlog(θ) when

wb
T−1

wa
T−1+wb

T−1
< λ

136



• da∗
T = 1, the husband spends all his time in home production, utility function

becomes:

UT = (1− λ)log[wb
T−1(1− db

T )] + λlog[(1− θ) + θdb
T ]

= (1− λ)log(wb
T−1) + (1− λ)log(1− db

T )) + λlog[(1− θ) + θdb
T ]

∂UT

∂db
T

=
λθ(1− db

T )− (1− λ)[(1− θ) + θdb
T ]

(1− db
T )[(1− θ) + θdb

T ]

=
λ + θ − 1− θdb

T

(1− db
T )[(1− θ) + θdb

T ]

{
= 0 and db∗

T = λ+θ−1
θ

when λ ≥ 1− θ

< 0 and db∗
T = 0 when λ < 1− θ

Therefore

UT (1, db∗
T )

{
= (1− λ)log(wb

T−1
1−λ

θ
) + λlog(λ) when λ ≥ 1− θ

= (1− λ)log(wb
T−1) + λlog(1− θ) when λ < 1− θ

• db∗
T = 0, the wife spends all her time on labor market work, utility becomes:

UT = (1− λ)log[wa
T−1(1− da

T ) + wb
T−1] + λlog[(1− θ)da

T ]

= (1− λ)log[wa
T−1(1− da

T ) + wb
T−1] + λlog(da

T ) + λlog(1− θ)

∂UT

∂da
T

=
λ[wa

T−1(1− da
T ) + wb

T−1]− (1− λ)wa
T−1d

a
T

da
T [wa

T−1(1− da
T ) + wb

T−1]

=
λ(wa

T−1 + wb
T−1)− wa

T−1d
a
T

da
T [wa

T−1(1− da
T ) + wb

T−1]

{
= 0 and da∗

T = λ
wa

T−1+wb
T−1

wa
T−1

when
wa

T−1

wa
T−1+wb

T−1
≥ λ

> 0 and da∗
T = 1 when

wa
T−1

wa
T−1+wb

T−1
< λ

Therefore

UT (da∗
T−1, 0)

{ = log(wa
T−1 + wb

T−1) + (1− λ)log(1− λ) + λlog λ(1−θ)
wa

T−1
when

wa
T−1

wa
T−1+wb

T−1
≥ λ

= (1− λ)log(wb
T−1) + λlog(1− θ) when

wa
T−1

wa
T−1+wb

T−1
< λ

Step 1: Compare UT (da∗
T , 1) and UT (0 , db∗

T ):
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when wb
T−1

wa
T−1+wb

T−1
< λ and λ ≥ θ, using the fact that x = λ is the global maximum of

the function1 f(x) = λlog(x)+(1−λ)log(1−x), UT (da∗
T , 1) is preferred to UT (0 , db∗

T ):

UT (da∗
T , 1) ≥ UT (0 , db∗

T )

(1− λ)log(wa
T−1

1− λ

1− θ
) + λlog(λ) ≥ (1− λ)log(wa

T−1) + λlog(θ)

(1− λ)log(
1− λ

1− θ
) ≥ λlog(

θ

λ
)

λlog(λ) + (1− λ)log(1− λ) ≥ λlog(θ) + (1− λ)log(1− θ)

If wb
T−1

wa
T−1+wb

T−1
< λ and λ < θ, i.e wb

T−1

wa
T−1+wb

T−1
≤ λ < θ, we have full specialization

where da∗
T = 0 and db∗

T = 1 and:

UT (da∗
T , 1) = UT (0 , db∗

T )

(1− λ)log(wa
T−1) + λlog(θ) = (1− λ)log(wa

T−1) + λlog(θ)

when wb
T−1

wa
T−1+wb

T−1
≥ λ, using wb

T−1

wa
T−1+wb

T−1
< θ, UT (0 , db∗

T ) is preferred to UT (da∗
T , 1):

UT (0 , db∗
T ) > UT (da∗

T , 1)

log(wa
T−1 + wb

T−1) + (1− λ)log(1− λ) + λlog
λθ

wb
T−1

> (1− λ)log(wa
T−1) + λlog(θ)

λlog(λ) + (1− λ)log(1− λ) >
(1− λ)log(

wa
T−1

wa
T−1+wb

T−1
)

+λlog(
wb

T−1

wa
T−1+wb

T−1
)

In a single period model:

Ut(d
a∗
t , db∗

t )

{ = (1− λ)log(wa
t−1) + (1− λ)log(1−λ

1−θ
) + λlog(λ) when λ ≥ θ

= (1− λ)log(wa
t−1) + λlog(θ) when

wb
t−1

wa
t−1+wb

t−1
≤ λ ≤ θ

= log(wa
t−1 + wb

t−1) + (1− λ)log(1− λ) + λlog( λθ
wb

t−1
) when λ <

wb
t−1

wa
t−1+wb

t−1

(A.3)
Step 2: Compare UT (da∗

T , 0) and UT (1 , db∗
T ), when wa

T−1

wa
T−1+wb

T−1
< λ, we have:

UT (da∗
T , 0) < UT (1 , db∗

T )

(1− λ)log(wb
T−1) + λlog(1− θ) < (1− λ)log(wb

T−1

1− λ

θ
) + λlog(λ)

(1− λ)log(θ) + λlog(1− θ) < λlog(λ) + (1− λ)log(1− λ)

1f ′(x) = λ
x − 1−λ

1−x = λ−x
x(1−x) = 0 if x = λ and f ′′(x) = −λ(1−x)2+(1−λ)x2

x2(1−x)2 = − 1
λ(1−λ)<0 when

x = λ, therefore x = λ is the global maximum.
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when home goods are highly valued, UT (1 , db∗
T ) = (1− λ)log(wb

T−1
1−λ

θ
) + λlog(λ)

When λ < 1− θ, we have: UT (da∗
T , 0) = log(wa

T−1 + wb
T−1) + (1− λ)log(1− λ) +

λlog λ(1−θ)
wa

T−1

UT (da∗
T , 0) > UT (1 , db∗

T )

log(wa
T−1 + wb

T−1) + (1− λ)log(1− λ) + λlog
λ(1− θ)

wa
T−1

> (1− λ)log(wb
T−1) + λlog(1− θ)

λlog(λ) + (1− λ)log(1− λ) >
λlog

(
wa

T−1

wa
T−1+wb

T−1

)

+(1− λ)log

(
wb

T−1

wa
T−1+wb

T−1

)

Step 3: assume wa
T−1 > wb

T−1, compare UT (da∗
T , 1) and UT (1 , db∗

T ) when λ >
wa

T−1

wa
T−1+wb

T−1
and λ > θ:

UT (da∗
T , 1) > UT (1 , db∗

T )

(1− λ)log(wa
T−1

1− λ

1− θ
) + λlog(λ) > (1− λ)log(wb

T−1

1− λ

θ
) + λlog(λ)

(1− λ)log

(
wa

T−1

wb
T−1

)
> (1− λ)log

(
1− θ

θ

)

compare UT (da∗
T , 1) and UT (1 , db∗

T ) when λ >
wa

T−1

wa
T−1+wb

T−1
and wb

T−1

wa
T−1+wb

T−1
< λ < θ,

using the fact that wa
T−1 > wb

T−1

UT (da∗
T , 1) > UT (1 , db∗

T )

(1− λ)log(wa
T−1) + λlog(θ) > (1− λ)log(wb

T−1

1− λ

θ
) + λlog(λ)

(1− λ)log

(
wa

T−1

wb
T−1

)
+ λlog(θ) > (1− λ)log(1− λ) + λlog(λ)
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Now I compare when λ < 1− θ, and λ <
wb

T−1

wa
T−1+wb

T−1
, we have

UT (0, db∗
T ) > UT (da∗

T , 0)

log(wa
T−1 + wb

T−1) + (1− λ)log(1− λ) + λlog
λθ

wb
T−1

>
log(wa

T−1 + wb
T−1) + (1− λ)log(1− λ)

λlogλ(1− θ)− λlog(wa
T−1)

λlog
θ

wb
T−1

> λlog
(1− θ)

wa
T−1

θ

1− θ
>

wb
T−1

wa
T−1

Now I compare when λ < 1− θ, and wb
T−1

wa
T−1+wb

T−1
< λ < θ, we have

UT (0, db∗
T ) > UT (da∗

T , 0)

(1− λ)log(wa
T−1) + λlogθ >

log(wa
T−1 + wb

T−1) + (1− λ)log(1− λ)

+λlogλ(1− θ)− λlog(wa
T−1)

log
wa

T−1

(wa
T−1 + wb

T−1)
+ λlog

θ

1− θ
> (1− λ)log(1− λ) + λlogλ

log
wa

T−1

(wa
T−1 + wb

T−1)
+ λlog

θ

λ
> (1− λ)log(1− λ) + λlog(1− θ)

since θ > λ and wa
T−1

wa
T−1+wb

T−1
> 1− λ > 1− θ.

when 1− θ < λ <
wa

T−1

wa
T−1+wb

T−1
, and λ ≥ θ:

UT (da∗
T , 1) > UT (da∗

T−1, 0)

(1− λ)log(wa
T−1

1− λ

1− θ
) + λlog(λ) > log(wa

T−1 + wb
T−1) + (1− λ)log(1− λ) + λlog

λ(1− θ)

wa
T−1

log
wa

T−1

(wa
T−1 + wb

T−1)
> log(1− θ)

when 1− θ < λ <
wa

T−1

wa
T−1+wb

T−1
, and wb

T−1

wa
T−1+wb

T−1
< λ < θ, using the fact θ > 1− θ and

wa
T−1

wa
T−1+wb

T−1
> max(λ 1− λ)

UT (da∗
T , 1) > UT (da∗

T−1, 0)

(1− λ)log(wa
T−1) + λlog(θ) > log(wa

T−1 + wb
T−1) + (1− λ)log(1− λ) + λlog

λ(1− θ)

wa
T−1

log

(
wa

T−1

wa
T−1 + wb

T−1

)
+ λlog(θ) > (1− λ)log(1− λ) + λlogλ + λlog(1− θ)
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when 1− θ < λ <
wa

T−1

wa
T−1+wb

T−1
, and λ ≥ θ:

UT (da∗
T , 1) > UT (1, db∗

T−1)

(1− λ)log(wa
T−1

1− λ

1− θ
) + λlog(λ) > (1− λ)log(wb

T−1

1− λ

θ
) + λlog(λ)

log

(
θ

1− θ

)
> log

(
wb

T−1

wa
T−1

)

when 1− θ < λ <
wa

T−1

wa
T−1+wb

T−1
, and wb

T−1

wa
T−1+wb

T−1
< λ < θ, using the fact θ > 1− θ and

wa
T−1

wa
T−1+wb

T−1
> max(λ 1− λ)

UT (da∗
T , 1) > UT (1, db∗

T−1)

(1− λ)log(wa
T−1) + λlog(θ) > (1− λ)log(wb

T−1

1− λ

θ
) + λlog(λ)

(1− λ)log(
wa

T−1

wb
T−1

) + log(θ) > (1− λ)log(1− λ) + λlog(λ)

using the fact that θ > λ and θ > 1− λ and wa
T−1 > wb

T−1.

Step 4: assume wa
T−1 < wb

T−1 , and still we have wb
T−1

wa
T−1

< θ
1−θ

, this two conditions
lead to θ > 1

2

when wa
T−1

wa
T−1+wb

T−1
< λ <

wb
T−1

wa
T−1+wb

T−1
,

UT (0, db∗
T ) > UT (1, db∗

T )

log(wa
T−1 + wb

T−1) + (1− λ)log(1− λ) + λlog
λθ

wb
T−1

>
(1− λ)log(wb

t−1) + (1− λ)log(1− λ)

−(1− λ)logθ + λlog(λ)

log(wa
T−1 + wb

T−1) + λlog
θ

wb
T−1

> (1− λ)log(wb
t−1) + (1− λ)log(

1

θ
)

log(θ) > log

(
wb

T−1

wa
T−1 + wb

T−1

)

when 1 − θ < λ <
wa

T−1

wa
T−1+wb

T−1
, using the fact that λ > 1 − θ, θ >

wb
T−1

wa
T−1+wb

T−1
and

(1− λ) >
wb

T−1

wa
T−1+wb

T−1
, we have:

UT (0, db∗
T ) > UT (1, db∗

T )

log(wa
T−1 + wb

T−1) + (1− λ)log(1− λ) + λlog
λθ

wb
T−1

> (1− λ)log(wb
T−1) + λlog(1− θ)

(1− λ)log(1− λ) + λlogλ + λlog(θ) > log

(
wb

T−1

wa
T−1 + wb

T−1

)
+ λlog(1− θ)
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when λ <
wa

T−1

wa
T−1+wb

T−1
, we have

UT (0, db∗
T ) > UT (da∗

T , 0)

log(wa
T−1 + wb

T−1) + (1− λ)log(1− λ) + λlog
λθ

wb
T−1

>
log(wa

T−1 + wb
T−1) + (1− λ)log(1− λ)

+λlog(λ(1− θ))− λlog(wa
T−1)

log
θ

wb
T−1

> log
(1− θ)

wa
T−1

log
θ

(1− θ)
> log

wb
T−1

wa
T−1

Proof of Proposition 1.2
Proof. From proposition 1.1, we have:

db∗
t

da∗
t + db∗

t

=





1 when θ ≥ λ and θ >
wb

t−1

wa
t−1+wb

t−1

1
1+λ−θ

1−θ

when θ < λ and θ >
wb

t−1

wa
t−1+wb

t−1

(A.4)

Similar to proposition 1.1, when θ <
wb

t−1

wa
t−1+wb

t−1

[da∗
t , db∗

t ] =





[1, λ−(1−θ)
θ

] when λ ≥ 1− θ

[1, 0] when
wa

t−1

wa
t−1+wb

t−1
≤ λ ≤ 1− θ

[λ
wa

t−1+wb
t−1

wa
t−1

, 0] when λ <
wa

t−1

wa
t−1+wb

t−1

Hence

db∗
t

da∗
t + db∗

t

=





1
1+ θ

λ−(1−θ)

when θ ≥ 1− λ and θ <
wb

t−1

wa
t−1+wb

t−1

0 when θ < 1− λ and θ <
wb

t−1

wa
t−1+wb

t−1

(A.5)

Proposition 1.2 combines the two cases. In addition, we have 1
1+ θ

λ−(1−θ)

< 1
1+λ−θ

1−θ

since λ < 1.

A.2 The Marriage Premium Literature

The marriage premium puzzle states that everything else equal, married men earn
approximately 10-50% more than their single counterparts. Two main hypotheses
have been proposed to explain the marriage premium: marriage leads men to be
more productive (the specialization effect) and/or men with higher earnings are
more likely to get married (the selection effect).
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The specialization effect: According to Becker’s (1973, 1974): while the wife
specializes in domestic housework: cooking, laundry and bearing children, the hus-
band is able to devote more energy, time and effort to his market work.

Direct empirical evidence on the specialization effect is mixed. On the one hand,
wife’s housework time or the number of her domestic chores is found to be positively
related to her husband’s labor-market hours (Hersch and Stratton, 1994; Chun and
Lee, 2001; Bardasi and Taylor, 2008; Jacobsen and Rayack, 1996). On the other
hand, South and Spitze (1994), Loh (1996) and Hersch and Stratton (2000) found
that the wage premium is unaffected after controlling for time spent on housework
by husband or wife’s labor supply decisions. While Gray and Vanderhart (2000) sug-
gested that a decline in the wage premium after 1970 is due to a decline in household
specialization when divorce gets unilateral, and Gupta, Smith and Stratton (2007)
suggested that marriage premium is less than 4% in Denmark because families there
have lower intra-household specialization, Loh (1996) pointed out that in contrast to
what specialization effect suggests, married self-employed men earn less than single
self-employed men, and cohabited men earn the same marriage premium as married
men.

Kenny (1983) suggested an alternative mechanism which follows the Mincer’s
(1974) human capital theory to explain the marriage premium (also in Becker,1985):
the cost of investment in human capital is lower during one’s married years than
during his single years. A man will be able to accumulate a certain level of investment
in a shorter period compared to being single when time and effort are constrained
by housework or wife-searching. Again, direct empirical evidence is not conclusive:
Lynch (1992) indicated that formal on-the-job training is concentrated among white
married unionized males. Hill (1979) reported that on average married men spent
more time in training than single men, Arulampalam and Booth (1998) and Shileds
(1998) suggested that marriage significantly raises the likelihood of men receiving
training. On the other hand, Rodgers and Stratton (2010) reported that controlling
for training does not alter the marriage premium much.

The human capital accumulation mechanism sounds similar to the specialization
effect mentioned earlier, and indeed several researchers provided evidence for (or
against) the human capital mechanism is also consistent with (or against) the spe-
cialization hypothesis. Kenny (1983), Koreman and Neumark (1991), Gray (1997)
and Stratton (2002) found the positive return is to martial tenure instead of mar-
ital status, and concluded that the wage premium is due to a faster growth rate
during marriage. In contrast, Cornwell and Rupert (1997) examining the US data,
Richardson (2000) examining Swedish households, and Bardasi and Taylor (2004)
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examining UK data all argued that return to marriage is just an intercept shift,
whereas time spent in marriage has no effect on wages.

The selection effect: There are some characteristics of a man, such as disciplined
personal habits, amiability, a sense of responsibility and strong interpersonal skills,
are deemed attractive by his potential wives and/or2 employers but are not observ-
able to econometricians. Marital status therefore act as a proxy picking up positive
effects of those characteristics in the (log) wage earning regression.

Direct empirical evidence is rare due to a lack of accurate measurements of those
skills. Cappelli, Constantine and Chadwick (2000) examined high school students’
attitudes toward marriage and family3 and found that giving priority to a good
family life pays off, indicating such preference leads to success in both labor and
marriage market.

Assuming those characteristics are time-invariant and affect log earnings in a
linear manner, researchers using panel data with fixed effect estimations provided
a wide spectrum of the magnitude of the selection effect: Nakosteen and Zimmer
(1987), Jacobsen and Rayack (1996), Gray (1997) and Rodgers and Stratton4 (2010)
found that marriage premium disappeared after removing individual fixed effects.
Petersen, Penner and Hogsnes (2011) reported that 80% of the marriage premium
is due to selection in Norway. Cornwell and Rupert (1997), Gupta, Smith and
Stratton (2007), and Bardai and Taylor (2008) found that the use of panel data
methods reduces the marriage wage premium by more than 50%. At the other end
of the spectrum, Hersch and Stratton (2000) conclude that fixed effects explain less
than half of the marriage premium. Stratton (2002) pointed out that the marriage
premium enjoyed by cohabited men is purely due to selection, while for married
men it is not. Koreman and Neumark (1991) argued that at most 20% of the
marriage premium is due to selection. Kenny (1983) argued there is no individual
difference in the initial human capital level or the propensity to invest in human
capital between married and single men. Loh (1996) found that wife’s education
contributes positively to her husband’s wage rate, but a multi-logit test concludes
that men with higher wage rate in the past were not more likely to marry better-
educated women.

2It can also be that marital status acts as a signal to potential employers as they assume married
men are more likely to have those skills.

3In NLS 72, high school students were asked to rate “how important is to find the right person to
marry and having a happy family life” on a three-point scale. This additional control is positively
and significantly related to hourly earnings 14 years later.

4Rodgers and Stratton (2010) found that controlling for individual fixed effects, marriage pre-
mium for white men disappeared and for black men it is still significant.

144



Focusing on data which are more likely free of selectivity bias is another alter-
native to examine the selection effect, still, researchers disagree on the degree of
its importance: Ginther and Zavodny (2001) found that the premium for shotgun
marriages (16%) is similar to that of non-shotgun marriages (16.4%), and concluded
that at most 10% of the marriage premium is due to selection. Antonovics and
Town (2004) using data on monozygotic twins found that marriage premium in-
creased from 19% (cross-sectional estimates) to 26% (within twin estimates), which
suggests a strong rejection of the selection effect.
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Appendix B

Matching with Contracts: an
Efficient Marriage Market?

B.1 Proof of Propositions, Lemmas and Theorems

Proof of Proposition 2.2: To check whether there is any profitable de-
viation for WH and WL, Proposition 2.1 has established that signaling (punishing
a mimic) is costless in the benchmark model, WH will not mimic WL by offering
contract B, and WL will not mimic WH by offering contract A.

For WL, conditional on the expected matching outcome, contract B achieves the
highest possible payoff for WL as it offers 0 to men. Hence contract B dominates
contract C, contract E1, contract F1 and contract E2, as they achieve no better
expected matching outcome. WL will prefer contract B to contract E3 iff PW L

E3
≤

PW L

B ⇔ 1
2
(z1 − β2) + 1

2
z0 ≤ 3

8
z1 + 5

8
z0 ⇔ β2 ≥ z1−z0

4
.

For WH , the best contract E2 (contract in the form of E2 that achieves the
highest possible payoff for WH) is strictly dominated by the best contract F , as
both contracts achieve the same expected matching outcome, but WH could offer
0 to men conditional on both z2 and z′1 in contract F . The best contract C and
contract E1 are strictly dominated by the best contract F as they achieve no better
matching outcome. WH will not deviate to offer contract F iff 3

8
(z2) + 5

8
(z′1) ≤

5
8
(z2 − β2) + 3

8
z′1 ⇔ β2 ≤ 2

5
(z2 − z′1); and will not deviate to offer contract E3 iff

1
2
(z2 − β2) + 1

2
z′1 ≤ 5

8
(z2 − β2) + 3

8
z′1 ⇔ β2 ≤ z2 − z′1.

We conclude that β2 ∈ [ z1−z0

4
; 2

5
(z2 − z′1)] supports a separating equilibrium that

achieves matching efficiency.
Proof of Proposition 2.3: Similar reasoning as in Proposition 2.1, we only

need to consider competition between women of the same type. a). When there
are two WH, one MH and one ML: There exists competition between the two
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high type women to try to win the only high type man over. i.e. WH may deviate
to offer contract H in an attempt to achieve “attract only MH”:

Contract H

Surplus Woman Man
YG YG − γH

1 γH
1

YB YB − γH
0 γH

0

where γH
1 ∈ [0, YG] and γH

0 ∈ [0, YB] achieve “attract both” when competing against
contract A. Calculate men’s expected payoffs of being matched with contract H:
PMH

H = µH [p2γ
H
1 +(1−p2)γ

H
0 ]+(1−µH)[p1γ

H
1 +(1−p1)γ

H
0 ] and PML

H = µH [p′1γ
H
1 +

(1 − p′1)γ
H
0 ] + (1 − µH)[p0γ

H
1 + (1 − p0)γ

H
0 ]. I specify the off-equilibrium belief µH

such that both high type and low type men’s expected payoff when being matched
with contract H is the same: µH = p0−p1

p2+p0−p′1−p1
∈ [0, 1] ⇔ PMH

H = PML

H . Hence there
does exist a deviating contract that achieves “attract only WH” when competing
against contract A.

b). When there are two WL, one MH and one ML: Similarly there exists
competition between the two low type women to attempt to win the only low type
man over. However for whatever WL offers in the off-equilibrium contract H such
that PML

H ≥ p0ε, we also have PMH

H ≥ p0ε > p1ε since z0 > z1 implies p0 > p1.
Therefore both MH and ML will be attracted over. It is not possible for WL to
achieve “attract only WL” by deviating when competing against contract B.

Proof of Theorem 2.5: β1 ∈ [2(z1−z0)
5p1+3p0

, 2
5
(YG − YB)] satisfy the six conditions

below, therefore a separating equilibrium that achieves matching efficiency always
exists when z1 > z0 and p′1 = 0.

1. (p2 + p1)YG ≥ 2(p2β1 + ε), i.e p2β1 ≤ p2+p1

2
YG , then there exists a contract F2

Contract F 2

Surplus Woman Man
YG YG − γF2

1 γF2
1

YB YB 0

where γF2
1 = 2(p2β1+ε)

p2+p1
∈ [0, YG] maximizes women’s expected payoff subject to

the constraint that it “attracts both” when competing against contract A and
contract B.

2. p2β1 ≥ p2+p1

8(p1+p0)
(z1 − z0), for WL not to deviate to offer contract F2.

3.
(
5− 8p2

p2+p1)

)
p2β1 ≤ z2 − z′1, for WH not to deviate to offer contract F2.
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4. β1 ≥ 2(z1−z0)
5p1+3p0

), for WL not to deviate to offer contract A mimicking WH .

5. β1 ≤ 2
5
(YG − YB), for WH not to deviate to offer contract B mimicking WL.

6. β1 ∈ [0, YG]

Proof of Proposition 2.7 and 2.8: When N = 2, same as the contract-offering
game, if a woman reports “high” (which is equivalent to offering contract A), her
probability of being matched with MH is 5

8
and with ML is 3

8
.

In a symmetric setting where z1 = z′1(p1 = p′1), when a WH reports truthfully
as a “high” type woman, her expected payoff is 5

8
z2 + 3

8
z′1 − 5

8
[p2β1 + (1− p2)β0] −

3
8
[p′1µ1 + (1− p′1)µ0]. When she mis-reports as a “low” type woman, her expected

payoff is 3
8
z2 + 5

8
z′1 − 3

8
[p2τ1 + (1− p2)τ0] − 5

8
[p′1α1 + (1− p′1)α0]. WH will report

truthfully if and only if

5[(p2β1 + (1− p2)β0)− (p1α1 + (1− p1)α0)]

+3[(p1µ1 + (1− p1)µ0)− (p2τ1 + (1− p2)τ0)]
≤ 2(z2 − z1) (B.1)

Similarly WL will report truthfully if and only if

5[(p1β1 + (1− p1)β0)− (p0α1 + (1− p0)α0)]

+3[(p0µ1 + (1− p0)µ0)− (p1τ1 + (1− p1)τ0)]
≥ 2(z1 − z0) (B.2)

MH will report truthfully if and only if

5[(p2β1 + (1− p2)β0)−(p1α1 + (1− p1)α0)] ≥ 3[(p2µ1 + (1− p2)µ0)−(p1τ1 + (1− p1)τ0)]

(B.3)
ML will report truthfully if and only if

5[(p0α1 + (1− p0)α0)−(p1β1 + (1− p1)β0)] ≥ 3[(p0τ1 + (1− p0)τ0)−(p1µ1 + (1− p1)µ0)]

(B.4)
Consider a symmetric mechanism: β1 = α1 = YG

2
, β0 = α0 = YB

2
; µ1 = YG−τ1, µ0 =

YB − τ0

Condition (B.1) and (B.3) becomes: (p2 + p1)µ1 + (2− p2 − p1)µ0 ≤ 5
6
z2 + 1

6
z1

Condition (B.2) and (B.4) becomes: (p2 + p1)µ1 + (2− p2 − p1)µ0 ≥ 5
6
z1 + 1

6
z0

Re-arranging we obtain 12(p2 − p0)µ0 ≥ (6p2 − 4p1 − 2p0)YB + 4(p1z1 − p0z2).
With the requirement µ0 ≤ YB, we need YB

YG−YB
≥ 2(p2

1−p0p2)

3p2−3p0
. Furthermore, when this

condition holds, there always exists some µ∗1 ∈ [0, YG] that satisfy the two inequalities
above. Therefore YB

YG−YB
≥ 2(p2

1−p0p2)

3p2−3p0
is the necessary and sufficient condition for the

DRM to achieve matching efficiency.
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Now consider an asymmetric mechanism. By Condition (B.1) and (B.3), we
obtain:

(p1 + p2)µ1 + (2− p1 − p2)µ0 ≤ 2

3
(z2 − z1) + (p1 + p2)τ1 + (2− p1 − p2)τ0(B.5)

By condition (B.2) and (B.4), we obtain:

(p1 + p0)µ1 + (2− p1 − p0)µ0 ≥ 2

3
(z1 − z0) + (p1 + p0)τ1 + (2− p1 − p0)τ0(B.6)

Multiply (B.6) by (p1 + p2) then subtract (B.5) multiplied by (p1 + p0), we get:
2(p2−p0)(µ0−τ0) ≥ 2

3
(2p2

1−2p2p0)(YG−YB)⇒ µ0−τ0 ≥ 2
3

(
p2
1−p2p0

p2−p0

)
(YG−YB). Since

max(µ0− τ0) = YB, a necessary condition for a general asymmetric mechanism to
achieve matching efficiency is YB ≥ 2

3

(
p2
1−p2p0

p2−p0

)
(YG − YB)⇒ YB

YG−YB
≥ 2

3

(
p2
1−p2p0

p2−p0

)
.

Recall the necessary and sufficient condition for a symmetric mechanism that
achieves matching efficiency is YB

YG−YB
≥ 2

3

(
p2
1−p2p0

p2−p0

)
. We conclude that in a sym-

metric set-up (z1 = z′1), a symmetric mechanism is the best mechanism. If the
symmetric mechanism cannot achieve matching efficiency, then no other mechanism
can.

Proof of Proposition 2.9:

PN = 1− 1

22N−1

(
2N − 1

N

)

The entries in Table 2.6, aij, is the probability of marrying a high type man, MH ,
where i is the total number of women offering contract A and j is the number of
total high type men.

aij =

{
j
i
if j ≤ i

1 if j > i

.

PN =
N∑

1≤i≤N

N∑

0≤j≤N

(
N − 1

i− 1

)(
N

j

)

22N−1
aij

=
1

22N−1




N∑

1≤j≤i≤N

(
N − 1

i− 1

)(
N

j

)
aij +

N∑

1≤i<j≤N

(
N − 1

i− 1

)(
N

j

)


=
1

22N−1




N∑

1≤j≤i≤N

(
N

i

)(
N − 1

j − 1

)

︸ ︷︷ ︸
X

+
N∑

1≤i<j≤N

(
N − 1

i− 1

)(
N

j

)

︸ ︷︷ ︸
Y



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X =
N∑

1≤j≤i≤N

(
N

i

)(
N − 1

j − 1

)
=

N∑

0≤j̃<i≤N

(
N

i

)(
N − 1

j̃

)
denote j̃ = j − 1

so we could rewrite X as X =
∑N

0≤j<i≤N

(
N

i

)(
N − 1

j

)
. Imagine there are N − 1

white balls, W1,W2...WN−1 and N black balls, B1, B2...BN , each ball is distinct. Now we
consider the number of ways to select these balls, for each ball we could either select it or
not. X represents the number of ways to select the balls such that there are more black
balls than white balls. To compute X, we need to count the number of ways such that
|B| > |W |. There are two situations: 1) BN is selected, then we should have |B| ≥ |W | in
(N −1) black balls v.s (N − 1) white balls case, and 2) BN is not selected, then we should
have |B| > |W | in (N − 1) black balls v.s (N − 1) white balls case.

X = ]{|B| ≥ |W | in(N − 1) v.s (N − 1)}+ ]{|B| > |W | in(N − 1) v.s (N − 1)}
= ]{|B| ≥ |W | in(N − 1) v.s (N − 1)}+ ]{|B| < |W | in(N − 1) v.s (N − 1)}, by symmetry

= ]{any way to choose 2N − 2 balls} = 22N−2

Y =
∑N

1≤i<j≤N

(
N − 1

i− 1

)(
N

j

)
=

N∑

1≤i≤j≤N

(
N − 1

i− 1

)(
N

j

)
−

N∑

1≤i=j≤N

(
N − 1

i− 1

)(
N

j

)

= X −
N∑

k=1

(
N − 1

k − 1

)(
N

k

)

︸ ︷︷ ︸
Z

Z =
N∑

k=1

(
N − 1

k − 1

)(
N

k

)
=

N∑

k=1

(
N − 1

N − k

)(
N

k

)
=

(
2N − 1

N

)

since Z represents the number of ways to choose N balls out of 2N-1 balls. Therefore

PN = 1
22N−1 (X + Y ) = 1

22N−1 (X + X − Z) = 1− 1
22N−1

(
2N − 1

N

)
.

1. PN increases with N: PN+1 − PN = 1
22N · (2N−1)!

(N−1)!(N+1)! > 0, N = 2, 3, 4....

2. PN > 1
2 ,

PN
2PN−1 > 1: P2 = 1− 1

23

(
3

2

)
= 5

8 > 1
2 with N=2 and PN increases with

N .
3. 1− PN ≈ 1√

πN
when N is large: apply Stirling’s formula. 1

22N−1 ·
(
2N−1

N

)
= 1

22N−1 ·
(2N−1)!

(N−1)!N ! =
√

1
πN ·

(
1 + (− 1

2)
N

)N (
1 +

1
2

(N−1)

)N−1

≈
√

1
πN ·e− 1

2 ·e 1
2 using the fact lim

n→∞(1+

x
n)n = ex. Therefore when N is large, PN is approximately 1−

√
1

πN .
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Intermediate Case with partial non-verifiability about agents’ types (z1 =

z′1)

Proposition B.1 In the N men-N women case, when z1 ≤ PN
2PN−1z0, there exists a sepa-

rating equilibrium where WH offers contract A and WL offers contract B

Contract A

Surplus woman man

z2 z2 − γA
2 γA

2

z1 z1 0

z0 0 z0

Contract B

Surplus woman man

z2 0 z2

z1 z1 0

z0 z0 0

where γA
2 ∈

[
(2PN − 1) (z1 − z0) , (2PN−1)

PN
(z2 − z1)

]
, PN = 1− 1

22N−1

(
2N − 1

N

)

Equilibrium beliefs: µ(WH |contract A) = 1 and µ(WL|contract B) = 1

Equilibrium response rule: When being indifferent between payoffs of equilibrium con-
tracts (contract A and contract B), MH goes for contract A, ML goes for contract B.

Off-equilibrium beliefs: µ(WH |any other off-equilibrium contracts) = 0

Off-equilibrium response rule: A man will first go for a contract which gives him the
maximum payoff. If he did not get it, he will then go for the next contract which gives
him the second largest payoff, and so on. When being indifferent between an equilibrium
contract and an off-equilibrium contract: ML will go for an off-equilibrium contract first;
MH will go for an equilibrium contract first.

Theorem B.2 z1 ≤ PN
2PN−1z0 is a necessary condition for the existence of a separating

equilibrium with matching efficiency.

The condition z1 ≤ PN
2PN−1z0 is to ensure that WL will not mimic MH by offering

contract A. When N=2, we require z1 ≤ 2.5z0. When N is very large, the condition
becomes z1 ≤ z0.
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