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1 Introduction

"But step-families are different. The stepparent has shopped for a spouse,
not a child; the child is a cost that comes as part of the deal...step-

parenthood is the strongest risk factor for child abuse ever identified".

—Steven Pinker, How the Mind Works, 1997

Consider the cluster of dramatic and well-known changes in family behavior ob-
served in the US, the UK and similar countries over the last 50 years, such as the
decline in aggregate fertility, the fall in marriage rates, the rise in unmarried fertility,
and the move of married women into paid employment. A useful measure of the
importance of this family reshuffling is that, according to the U.S. Census Bureau,
30% of U.S. children are not living with both parents; 26% live with their mother but
not the father, and 4% with the father and not their mother.!

Because of the size and duration of these changes, it would seem essential for any
explanation to consider the interaction between men’s and women’s optimal marriage
decisions. However while the economic literature has developed theoretic tools for
the analysis of both marriage and fertility separately, there has been little work on
the equilibrium implications of interaction between the two.

This paper explores a particularly simple example of such interaction; the idea that
optimal marriage choices by men discourage unmarried fertility but are themselves
responses to unmarried fertility. The idea is not new, however while previous models
of the marriage market tend to either ignore the presence of children or limit the
analysis to one or two periods, the current paper allows for women to accumulate
many children with different fathers over many years, and allows men to respond
optimally to the distribution of women over children. To model this type of interaction

requires a theory in which people have many matching opportunities over the lifecycle,

!Source: U.S. Census Bureau, Current Population Survey, 2009 Annual Social and Economic
Supplement. The US Census for 2000 reports that only 6 percent of children lived in unmarried-
partner households. Hence the simple partition of parents into married or single, while less accurate

than it has been in the past, is still a reasonable first pass.



where children from previous periods are state variables today and into the future,
and where choices governing fertility are taken both inside and outside the match.

The premise of the model deveoped here is that women are better off when fertility
begins after marriage. Women are assumed to choose the probability of having a child
each period. Because it may take a long time to get married, it may not be optimal
for women to exert much effort to prevent child-bearing before marriage. Single men
prefer women without children, but competition for wives reduces both the probability
of marriage and the husband’s share of the surplus, so some may choose to court single
mothers . Women without children therefore attract more suitors, marry at a higher
rate, and get more surplus within marriage. They face therefore a disincentive for
unmarried fertility whose strength is increasing in the gains from marriage.>

The expected gains from marriage are themselves increasing in the anticipated
fertility of a married couple. Any systemic shock therefore that reduces the optimal
fertility of a married couple, relative to that of single women, will shift the equilibrium
towards lower marriage rates and higher extra-marital fertility. Examples of such
shocks might include the rise of women’s wages relative to men’s, the advent of more
effective contraception, rising transfer payments to single mothers and changes in
divorce regulation.

We calibrate our model to US wage, time-use and vital-statistics data for the
1990s, and then ask what happens to marriage rates and fertility in the model when
parameters that are re-set to values into to reflect exogenous changes over time. The
analysis considers two stylized views of the data; the "1950’s", where single women
minimized fertility and single mothers did not marry, and the "1990s", where single-
mother fertility is prevalent, single mothers do get married, non-mothers marry at a
lower rate, and married women choose lower fertility rates. The benchmark version
of the model is parametrized so that simulations of the model match averages over
marital and fertility behavior for women aged 18-44 from US household data in the
1990s.

The main results are that the model does indeed generate large effects of relative

>This is consistent with the empirical results of Rosenzweig (1999), which finds that a fall in
marital prospects significantly raises the chances that young US women will choose non-marital

fertility.



wages on fertility and divorce.

While there is a large literature on the determinants of unmarried parenthood,
very few published papers consider the impact on marriage-market equilibria posed by
the choice between fertility inside and outside of marriage. Most papers that consider
fertility in the context of marriage-market equilibria such as Ferndndez, Guner, and
Knowles (2005), assume fertility within marriage only. Akerlof, Yellen, and Katz
(1996) for instance, women prefer not to have children at all (i.e. pregnancy is simply
a side-effect of intercourse), while in Weiss and Willis (1997), Aiyagari, Greenwood,
and Guner (2000) and Chiappori and Weiss (2006), fertility is exogenous. In Akerlof,
Yellen, and Katz (1996) for instance, women prefer not to have children at all, while
in Weiss and Willis (1997), Aiyagari, Greenwood, and Guner (2000) and Chiappori
and Weiss (2006), fertility is exogenous.

The main exceptions are Neal (2004), which examines the interaction between
welfare payments and marriage-market equilibria that differ in unmarried fertility
rates, Greenwood, Guner, and Knowles (2000) (GGK hereafter), which shows how
marriage-market dynamics and human-capital investment perpetuate the effect of ris-
ing welfare payments on unmarried fertility, and Chiappori and Oreffice (2008), which
shows how improved contraception technology raises the equilibrium price of wives
by reducing the fertility risk of single women.?> An important feature of these papers
is that they model, inter alia, the impact of pre-marital fertility on the household al-
locations of married couples through the mechanism of marriage-market equilibrium.
All of these papers suffer however from an extreme compression of the lifecycle; of
the three, only GGK allows for divorce and remarriage, but even there, marriage is
only allowed in two periods and divorce only in one.

In the search-and-matching literature, models with repeated matching opportu-
nities are entirely standard, however this is typically achieved by abstracting from
choices, such as investment, that permanently change the state of an agent. In the
marriage-market model of 7, for instance, based on the job-search framework of Bur-

dett and Wright (1998), agents experience an infinite succession of marriages and

3The theoretical framework underlying Greenwood, Guner, and Knowles (2000) is developed in
Greenwood, Guner, and Knowles (2003). Two closely-related papers that use a similar framework

are Caucutt, Guner, and Knowles (2002) and Guner and Knowles (2008).



divorces in response to changes in match quality, which is represented by an iid ran-
dom variable. The matching literature has also considered the analysis of marriage
markets with ex-ante heterogeneous agents, as in Burdett and Coles (1997), where
agents sort into marriages on the basis of quality differences which are assumed to be
permanent. Recently the literature has begun to consider matching with pre-marital
investments, as in Burdett and Coles (2001), but that literature does not consider the

margin between investments inside and outside the match.*

The analysis here combines concerns explored separately in several other unpub-
lished papers. The closest in spirit is Regalia and Rios-Rull (1999) , which develops
a life-cycle model to analyze trends in marriage, divorce and fertility. They find that
reducing the wage gender gap by 19% increases the fraction of women who are single
by 59% and the fraction of single mothers by 47%. Their model is significantly richer
than that developed here, particularly in terms of human capital investment and
wage dispersion, but abstracts from the male side of the marriage market and hence
from the marriage-market dynamics explored in the current paper.” Greenwood and
Guner (2004) argues that technological progress in home goods reduced the economic
gains from marriage, making potential matches more unstable, which both reduced
marriage rates and increased divorce rates. Greenwood and Guner (2005) models
the segregation of young singles into sexually promiscuous and abstinent groups in
response to improvements in contraception technology. Knowles (2008) models the
impact of abortion, marital instability and contraception technology on fertility, wages

and occupational choice, but takes marital status as exogenous.

2 Empirical Background

Empirical evidence for the basic mechanism in the model comes from the lower mar-

riage rates of single mothers, the lower share of the marriage output allocated to

4 A related literature on matching with pre-marital investments, such as Iyigun and Walsh (2007),
does not allow for the investment to take place after marriage, and so cannot account for variation

over time in the timing of investments like fertility.
A weakness of the current analysis is that it abstracts from wage dispersion within sexes; it is

interesting therefore that one of the main conclusions of that paper is that changes in wage dispersion

do little to account for the trends in marriage and fertiltiy.



single mothers when they do marry and a host of anecdotes across many cultures
illustrating the tension between children and step parents (see Pinker (1999) for a
summary)®.

Beaujouan (2009) finds that remarriage rates in France are significantly lower for
single mothers than for child-less women or single men with or without children. She
shows however that this asymmetry between men and women is entirely accounted
for by the fact that single mothers are much more likely to live with the children than
are single males. Figure 1 is taken from her paper. Similarly Browning and Bonke
(2006) find that having children from a previous marriage does not reduce the intra-
household allocation to Danish husbands in subsequent marriages, but has a strong
negative effect on the allocation for wives. Again the explanation appears likely to be
co-residence of mothers with their children, although the survey lacks the variables
required to test this hypothesis.

Despite such disincentives, the fraction of U.S. births accounted for by unmarried
women has risen steadily, from 5% in 1945 to 40% in 2009, according to Ventura
(2009). Most of the increase in births to unmarried women since the early 1980’s was
in births to unmarried cohabiting women; in the years 1980-84, 29 percent of out-
of-wedlock births were to cohabiting couples; by 1990-94, this proportion increased
to 39 percent. This would seem to suggest the futility of modeling unmarried fer-
tility without a model of cohabitation. The fertility trend however dates back to at
least 1945, long before the cohabitation trend. Furthermore, even in 2009, 60% of
unmarried births are to women who are not co-habiting. This suggests that relying
on cohabitation to explain unmarried fertility is not enough; if anything cohabitation
is more likely to be the result of the trend in unmarried fertility, an issue to which
we return below in our discussion of future research.

In the argument to follow, a key role is played by the assumption that men are
relatively unenthusiastic about children, even their own. A recent empirical paper
that strongly supports this view is Kohler, Behrman, and Skytthe (2005), based on a

study of the reported happiness of Danish twins. Their results, while agreeing with

SPinker: In one study of emotionally healthy middle-class families in the U.S., only half of the
stepfathers and a quarter of the stepmothers claimed to have "parental feelings" toward their step-

children.
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Figure 1: Re-marriage rates for French sample as a function of years since separation.
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previous research that marriage is associated with greater happiness for both men and
women, finds that this happiness bonus is associated for women with the children that

marriage produces, while for married men, children strongly reduce happiness.

3 The Model

The population consists of infinitely-lived adults, with a continuum of each sex de-
noted by {M, F'} and mass Nj; and Ng. Individuals have zero mass. Life is divided
into discrete periods. Women are of sex f and may produce up to K children. Adults
enjoy a consumption good ¢, production of which requires only inputs of adult time;
a unit of women’s time yields w; units of the good, while a unit of men’s time yields
Wy,

There are three types of households; single males, single females, and married
couples. Married adults live together as husband and wife with all the children
ever born to the female spouse. Each period, married couples become permanently
sterile with probability J, exit the marriage market, and remain married to each other
forever. Non-sterile couples experience random shocks ¢ to the quality of the marriage;
each gets utility flow ¢ from remaining married. Singles also become permanently
sterile with probability ¢ each period.

Let k& be the number of kids in a married-couple household, and k,, < k be the
number of the husband’s biological (own) kids. We use the indirect utility func-
tions ugnr, usr (k) and uyy (k, k), for, respectively, single males, single women and
married-couples, to represent the maximized utility flow each period from consump-
tion and children. The critical assumption is that children generate more utility

within a marriage than without:
aSF (k + 1) — aSF (l{?) < ﬂM (k? + 1,]€m — 1) — ﬂM (l{i, /{Zm)

Utility within married couples is perfectly transferable. This means that utility of
the couples can be traded off on a one-for-one basis. Assuming full-commitment,therefore,
all allocations of the surplus can be efficiently achieved by maximizing the equally-
weighted sum of the welfare of husband and wife.

The details of the within-period decision-making are not critical for the theory at

this point, but what we have in mind here is the idea that parents get less utility from
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step children than from their own children, so that an additional child within a mar-
riage raises the father’s utility more than a pre-existing child would. We also follow
AGG and many other papers in assuming that children outside the household do not
enter the parent’s utility function. For a more explicit treatment of the household
structure, the reader is referred to the calibration section below.

Only non-sterile women with fewer than K kids are fecund. Suppose that for
each marital status m, the support II of the fertility probability choice set is bounded
below by 7% and above by 77"#.7 We assume that for each marital status, there is a
"normal" fertility rate 7}, and that the cost of choosing a different rate is increasing in
the distance from 7, as given by the function © (7™ |§T\ZLF) . Note that the notation
allows the normal fertility, as well as the bounds, to also depend on the number of

children a woman has had already, but rules out dependence on the fertility history

of the husband.

3.1 Frictional assignment

Transitions between household types occur through marriage and divorce. The mar-
riage "market" consists of all single males and females; i.e. new entrants and those
who were single or became divorced last period. The number of single female mar-
riages with % children active in the marriage market is denoted by S (k). We also
assume that while entry into the marriage market is cost-less for women, there is an
entry cost 7 > 0 that single men must pay.

The timing of events in each period is that first singles make marriage decisions,
then all married couples (including those who married in the current period) learn the
current match-quality shock, and decide whether to divorce. Then fertility decisions
take place, and then fertility, utility and, finally, sterility are realized. At the time of
marriage therefore the match quality in the first period of the marriage is not known.

Each period there is random matching within K + 1 marriage markets. Single men
are identical ex ante and can choose which market to enter each period, but can only
enter one market per period. Within each market k, the women all have k children

already. Suppose there are Sy, (k) men who enter marriage markets of type k. Let

"In earlier versions, to keep the analysis simple, we supposed that fertility choice is costless. This

meant that the optimal choice was a corner solution: 74" € {mil it}
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¢, = Sy (k) /SF (k) denote the tightness of market k.

At the beginning of the period, single men (suitors) are randomly assigned to a
woman within the market they have chosen. Each single woman therefore starts the
period with k children and an integer number of suitors. Thus the probability that
a female gets z males in her local marriage market is given by

2!

(1)

Wy

Each suitor makes a proposal that consists of an allocation of the ex ante surplus
between the two spouses. The allocation mechanism in the market is a second-price
auction. When a woman receives more than one proposal, she is allocated the
entire surplus of the marriage; otherwise the surplus is allocated to her husband. The
probability that the husband receives the surplus is therefore wq (¢, ), the probability
that he was the only entrant.

In order to allow for both large gains from marriage and low probability of mar-
riage, we assume there is a friction in the marriage market; with probability p. a
woman cannot marry, regardless of her state or the number of suitors. This can be
seen as the reduced form of a matching friction induced by some transient hetero-
geneity.

Should the marriage occur, the couple then learns the current value of ¢ . Since
utility is transferable, decisions within the marriage such as fertility, maximize the

expected surplus, contingent on (k, k,,,) and the current value of q.

3.2 Expected payoffs

The aggregate state of the stationary economy is given by the market-tightness vector
¢, where ¢ = {¢g, ., .-, O } -

It is convenient to divide the period into the stage before and the stage after mari-
tal events. Let the values on entering the period, for men and women, respectively, be
denoted V&, (k,¢) and V& (k, ¢) Let Y (k, ky|b,q_1), denote the expected value,
on entering the period, of a marriage consisting of a woman with k£ kids of her own
of which k,, are fathered with her current husband, where ¢_; denotes the previous-
period’s realization of q. Let the initial value of ¢ be ¢, so that we can write the value

of a new marriage as Y° (k,¢) = Y (k,0(9, q) .

10



Let Y2 (k, k|6, q) be the value of the marriage after ¢ is realized but before
fertility realizations are made. Let the ex ante value of a new marriage be given by
YE (k, kn|$,q-1). The alternative to any given marriage is to remain single for the
period. Let V&, (¢) and V& (k, #) denote the continuation values as singles for men
and women, respectively, at the close of the marriage market. The ex ante surplus

from a new marriage in market £ is

SO (k@) = Y° (k, ¢) — (Viis (0) + Viio (k. 8))

Suppose that the surplus from a new marriage is declining monotonically in k 8. As
meetings are assumed to generate marriage whenever the expected surplus is positive,
we can define a threshold k, such that a marriage market & operates if and only if
k < ks.A market that violates this condition is said to be "inactive".We assume that
single men are allocated only to those markets with k& < £k, which we call "active

markets".

3.2.1 Divorce Decisions

The marriage is assumed to end whenever the surplus plus the divorce cost Cp is
negative. Define the threshold function ¢* (k, kys) such that the ex post marriage

surplus plus the divorce cost equals zero at ¢ = ¢* (k). That is

¢ (k, kar) = = (V7 (k. |6, 0) = Vi (, 6) = Vil (0)) + Cp (2)

. For marriages with positive systematic gains, ¢* (k) will be negative.
So now we can write the divorce probability arising from the optimal divorce

decision rule as:

WkD,km (q-1) = F(q" (k,kn) 5 q1) (3)

8With concave utility, a woman’s gains from the higher income associated with marriage will
increase with the number of children she already has. Since marriage rates in the data are declining
in the number of previous children (for evidence from France, see Beaujouan (2010)), the surplus
must be declining. To ensure this is the case in the model we allow the utility of husbands to be

declining in the number of previous children the wife brings to the marriage.

11



3.2.2 Married Couples

Letting the married-couple’s optimal divorce and fertility probabilities be WZ r,, and

MF :
Tk, » Tespectively, we have

VE(k knld,q-1) = 7TkD7km (q-1) [V + Vi (k, ¢) — Cp] (4)
+/ Y (k, kmlo, q) f (q,9-1) dg
q* (kkr)

where

YA (k,knldq) = g+ [unr (b + Lk +1) 4 BYE (k+ Lk + 10,0)|  (5)

(1= i) [unr (b o) + BYE (b, Kl )| = © (mE 17Y)

3.2.3 Singles

The ex ante net value of a man’s prospects in marriage market k is given by

Db2Wo (¢k) (YE (k?» k’m|¢7 q_1) - Vs}} (k?, ¢) - VSRM) = PxWo (Cbk) S (k:, 0|¢) (6)

Recalling the definition of the value functions, we can write, respectively, the ez ante
net value of entering marriage market k£ and the continuation values for single men

as:

Vi (B) = Vi + pwo (¢y) S (k,0]¢) — v (7)
Vi max {USM + BV (k’)} (8)

. Similarly for single women with % children, the ex ante net value of entering the

marriage market is:

Vip (k) = Vg (k, ) + p2 [1 = wo (¢3,) — w1 (¢)] S (%, 0[9) (9)

. If 73F is the optimal fertility probability, the continuation values for single women

are:

VE(k,¢) = (1= 13" [usr (k) + BVE (k)] +m3" [use (k+ 1) + BV (k+1)] =0 (w37 |73")

(10)

12



3.3 Fertility Decisions

The main issue here is that having a child changes the state of the marriage and the
outside option of the single female. It may also increase the utility of the father after
a divorce; for now we assume that away. The net benefit of having a child therefore
depends on forecast of the divorce probability, which may depend on the current value
of g, if this helps to predict future values. In this case ¢ becomes a state variable
which makes the analysis somewhat more complicated.

3.3.1 Single women

Single women with less than K kids choose fertility 777 € II to solve:

VE (k¢) = max{(L—m") [usr (k) + BVE (k, ) (11)
T
+73 8 Juse (k + 1) + BVEL (k+1,0)] — © (737 |77) }
The first-order condition for this is:
O (13 [77) = Ausr (k) + 8 (1 — 6) AVgy (k, ¢)

where

AUSF (k?) = USfr (]{7 + 1) — USF (k’)

3.3.2 Married

Married couples choose fertility to maximize the joint returns to the family. The

married couple with & < K kids chooses 7/ to solve
YE(k knlo,q) = q+ wf,?]il”a}én {mihs Tuns (k+ 1, kny + 1) + BY P (k + 1, ki + 1] 0,@8)
+ (U= miie,) [uar (B, k) + BYF (. kil 6, 9)] = © (il I74) }
The first-order condition for this is:
O (mi, [T ) = Aung (k, ki) + B [AYF (K, k|6, )]

13



where

AYE (b knld,q) = YE(k+1,kpn+16,q) — YZ (k, ko, q)

3.3.3 Market-Clearing: Determination of ¢,

In much of the directed-search literature it is assumed that there is an excess supply
of potential entrants, so the markets satisfy a free-entry condition, i.e. that men are
indifferent between entering a given market and not participating at all. This means
the expected gains V&, (k) — V&, equal the entry cost .

The alternative is to assume that all (fecund) singles are active in the marriage
market; this allows for expected gains to exceed the entry cost. In this case there are
two equilibrium conditions: expected gains are equalized across all active markets,
and demand for single men equals the supply of single men.

The current model has two types of equilibria; one where the free-entry condition
binds and single men are in excess supply, and one where the supply and demand of

single men are equalized.

Let M be the set of active marriage markets of type k.The free-entry condition
is that for all active marriage markets of type k, the value of entering is at least as

great as the value of staying out:
Vi (k,0) =7 > Vi, (0) Yk e M (13)

Suppose that we know the value of V&%,. Since this is a sufficient statistic for conditions

in the other markets, we can write the surplus as S (k, 0|y, VSI}W) . By definition,

Vi (k) = Vi + pawo (01,) S (K, 0|¢, Vi)

The equilibrium therefore requires, when the free-entry condition binds, that

VSBM + powo (¢y) S (K, 0]¢) —v = V;%M

or

wo (¢r) =7/ (p=5 (k,0[9)) (14)

14



9 There is however no guarantee that the free-entry condition is solved by

a positive ¢, in every market. In those markets where the solution would require
¢, < 0, the non-negativity constraint binds, so in equilibrium these markets do not
operate because men prefer to enter another market or to remain single.

Since men are indifferent in this equilibrium, between entering the marriage market

and staying out, the value of staying out equals the autarky value:

Usm
VR = 2
M B (1-9)

In principle, the above relationship pins down ¢,, given the value V{},. The random

assignment rule implies that wq (¢,) = e %k, so free entry implies ¢, = — log (wg) =

log (7/ (25 (K, 0[9))) -

. Now suppose that single men strictly prefer entry into active marriage markets.
Another way to think of this is that there is excess demand for husbands; the supply

constraint binds. This constraint is
Z Su (k) < Su (15)
k

using the definition of market tightness: S, (V&%)

_ Su (k)

the binding of this supply constraint can be written as:
> Se (k)= Su (k) =Sy
keM keM

. Since the market-clearing implies that ¢, is decreasing in V%, then it is easy to
solve for equilibrium by increasing V&, from the autarky level until this constraint

holds with equality

3.4 Equilibrium

We summarize the model with a formal definition of the stationary equilibrium of the

directed-search marriage market.

9SG0 if there are no entry costs, then wq (¢,) = 0. Since this would require ¢, = co, that means

that the supply constraint would bind.
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Definition 1 A stationary equilibrium of the directed-search marriage market with a

maximum kids K consists of the following objects: a list of decision rules for fertility
K-1 K-1

{WSF, {mt }Z 70}]6 , and divorce {{{q* (k, l{:m)}},’z :O}k ,a list of ex-ante value
syhvm = :0 m :0

m

K
functions {V&, (k) ,VE, (k)}f_o for singles and { {YE (K, kp, q)}]; _O}k for mar-
= m=0J o

K
ried, a list of ex-post value functions { VL, (k) , VE, (k)}szo for singles and { {YE (k, knm, q)}: :O}k

for married, a list of distributions {SF (k) {F (k, km)}zmzo}f_g, a rule {G,} 1 for
assigning men to markets , a rule { R (2) , Rar (2)} for assigning the surplus as a func-
tion of the number of suitors z,and a law of motion {Tg (k) {Tw (k, ko, q)}],zmo}:{o
for the distributions. This list must satisfy the following conditions:

1. Optimality:

(a) The fertility decision rules are solutions to the individual optimization prob-

lems (12) and (11), given the value functions.
K—1

set the marriage surplus
k=0

(b) the divorce thresholds {{{q* (k:,k:m)}}],zmzo}

to zero.

(c) For each k, the value functions solve the the system of ex ante asset equa-
tions (?7),(7),(4) and ex post equations (10),(8), and (??),(4) ,given the
laws of motion for the state variables k,k,,,q and marital status and the

surplus allocation rules .
2. Market-clearing: the market tightness vector {¢k}kK:0 satisfies these conditions:

(a) Feasibility: the supply constraint (15) is satisfied.
(b) Indifference: V&, (k) —~ = V&, over all markets where ¢;, > 0

(c) Free entry: if the supply constraint (15) does not bind, then V&, = Vi, the

value of autarky for single males.

(d) Allocation: the surplus allocation rules {Rys (k), Rr (k)} are consistent

with the outcomes of a second-price auction within each market k.

3. Aggregation: The laws of motion of the distributions satisfy

16



(a) Consistency with individual decisions: Equations (77),(?7),(??),(??) and

(7?) are satisfied

(b) Stationarity: The distributions are the fixed points of their laws of motion.

4 Solving the Model

4.1 Asset Equations

The main benefit of the model’s structure is recursivity: since the decision rules
depend on the distributions only through the value of V&, we can solve the asset
equations contingent on a conjecture of V&, and iterate on this conjecture until
convergence. Furthermore, using backwards induction from k& = K,we can solve each
level of k separately.

Suppose the shock ¢ has a n,-point support and that marriage market £ is
active.Lets assume that we know the value functions for k£ + 1, the fertility and
divorce decisions for {(k, ¢;)};%, and the ez post value VI, of being a single male.
A very convenient feature of the model is that these assumptions allow us to write

the asset equations relevant to the marriage market for women with & children as the

following linear system:

Vir (k) Vir () do
YE (k707q1) _ A YE (k707Q1) + dl
| YE(k,0,4n,) | | YE(K,0,q,) | | dny, |

The elements of A are derived in the appendix. Although the coefficients get quite
complicated, the computation itself is very straightforward. Since the system is based
on conjectures about the fertility and divorce decisions, these have to be tested and
the step repeated with new conjectures if the current conjectures for women with k&
children are not verified. The important point is that, given the system has already
been solved for k + 1 and higher, this iterative step is carried out only at level k,

rather then the entire system of asset equations.
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4.2 Distributions

Supposing that we have solved the asset equations based on a conjectured value of
VZE . Using the marriage and fertility decision rules, we can compute the steady-state
distributions of the household types. The strategy is to first solve for the stationary
distribution of households with zero kids, then use the results to solve for k = 1, then
k = 2,and so on up to k = K.

Recall that the fertility rule is 73" for single women and m’f (¢) for married,
and that the flow rate of people into and out of the population is 6. We assume that
newly married have the same distribution of ¢ as ongoing couples who had realization
¢1 last period.

Let the probability that a woman of type k& marries be p, = 1 — e %. The
probability that a woman who is single today is single next period is (1 — p;) + p 72,
while for a married woman, the probability is simply 72 .Note that as divorce takes
place before fertility decisions, all women flowing into the singles state next period
must have chosen the single fertility rate this period, even though some flow in from
(a short-lived) marriage.

Let the next-period mass of the singles and married at each state be given by
St (k) and H' (k, k.., q), respectively.It is easy to show that, when ¢ follows a Markov
chain with n, values, we can write the law of motion of the distribution of singles
and marriages without husband’s children as a collection of linear systems that can

be solved sequentially for the stationary distributions:

St (k) Sg (k) di
Hl (k707QI) - B H (k707QI) + 0
| H' (k,0,4,) | | H (k0,qn,) | | O ]

The elements of B are derived in the appendix. This linear system is easily solved for
the stationary values S} (k) and H* (k,0,q) . For any k > 0, it is easy to solve for the
stationary distributions of married couples with &, > 0, once the masses S}, (k — 1)

and {H* (k — 1,0, ¢)}.%, are known.
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5 Calibration

The purpose of calibrating the model is to assess the ability of the theory to account
for current patterns of average fertility, marriage rates and the distribution of family
types, and to assess the contributions of various types of shocks to the differences in
these patterns between the 1990s and the 1950s. We can also use the calibrated model
to measure how important are marriage-market prospects for single fertility; the dif-
ficulty of doing this econometrically is succinctly described in Rosenzweig (1999).
Finally, we expect divergences between the model results and the empirical statistics

to help us identify new research questions that the model raises but does not resolve.

5.1 Simulation

As is standard in the macro literature, model statistics are produced by simulation
of the model’s stationary steady state at a given set of parameter values. The
population size is set to N = 1000 for each sex, and the simulation follows each
woman for 27 years, to correspond to the 18-44 age group that is usually considered
by statistical reports on fertility. The initial conditions at entry are marital status and
number of children. These are set to match the average for 18 year olds in 1996-2007,
according to the March CPS; 10% of women are married, and x% have children. For
each woman, the realizations of the stochastic processes governing marriage, fertility,
divorce are given by 27 iid draws of a uniform random variable of dimension 5. The
aggregate statistics are then computed by pooling the observations over the entire
population, over all ages.

While age is not a state variable in the model, it is possible of course to track age
in the simulation, and so the lifecycle profiles over this age interval can be traced and
compared to the analogous profiles in the data. This is discussed below in the section
on further research; for the current work, the simulation targets will be aggregates

over the age intervals.

5.2 Within-household structure

We take a period to be one year and normalize the time endowment to 1 unit of

time per person per year. Each household takes 05 < 1 units of time per period to
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maintain. Adults consume goods, which in turn require time to produce. A unit of
women’s time produces wy units of consumption good, a unit of men’s time w,, Raising
children requires mother’s time; the cost ©; (k) is increasing in the number of kids,
but bounded below 1— 6. The function is indexed by household type, as the time
requirements may differ if a husband is present. In addition to the required time,
there is a discretionary component, which we call investment, I € {0,1}. Choosing
I =1 costs 6 units per child of the mother’s time. Investment is not divisible among
the children; each child in a household gets the same amount.

Utility is linear in leisure; husbands do not contribute their time to home pro-
duction, child care, or investment because they have higher productivity w,, > wy.
The utility function is concave in consumption and concave in own children, with
parameters that vary only by sex 4, not by marital status. Letting the number of

step-children be £, and disutility per step child be x;, we can write this as:

wi ey I, k) — 0BT ealos k(L) D) =x (16)

log ¢ + ag; — ;Ko k=0

where c is given by the budget constraint:

Single men produce cgyr = wy, (1 — ) and single women with & children produce
CSF (k‘) = wy (1 — 0H —k (KJSF + [SF (k‘) 9[ — Tk))

.Husbands produce w,, (1 — kry) and wives wy (1 — 0y — k (kypp + I (K) 01)), so

that the budget constraint of a married couple is

emr + Cunr = Wi (1 —kipr) +wp (1 — 0 — k (ke + L (k) 61))

The flow utility received by each household member therefore varies according to
the number of children (k, k,,) and the marital status. We assume the utility function

is linear with parameters that vary only by sex ¢:
wi (e, k, 1) =c+ (a; + Iv;) k (17)
For single males, flow utility is
usy = Wy (1 —0g)
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.For single woman households, the state is k , so the total utility flow is:

Usr (k) = CsFr (k)+ (af+fsf (k?) "}/f) k (18)
= wy (1= 0n) + (o5 + Ly (k) (v — Orwy) — sy +7) k- (19)

For married households the state is (k, k,) . The consumption of each spouse

(cpmr, cpar) is determined in equilibrium. The total utility flow is

ym (K km) = umr (evr, ks Inr) + Unins (Cms By Iar) (20)
= q+tcyr+ (Oéf + IM (k, km) 7f) k + cvMm + (Oém + IM (kv km) Vm)(m)

where ¢ is exogenous marriage quality.

Two important features of these assumptions are that married men will tend to
spend more time than singles producing the consumption good, and that married
mothers will tend to spend less time in production than single mothers. It is easy
to see that when there are no step children, married couples gain more than single
females from making the investment; the single female gets 7k, while the married
household gets (%n +7 f) k. Whenever w;/0; € (7 £ Om f) then single females will
not make the investment and married couples will. Since married women are assumed
to do all the housework 6y, this means that married mothers will necessarily work
fewer hours producing the consumption good than single mothers. Singles will also

work fewer hours than married men, as the singles have to the housework themselves.

5.3 Fertility Probability and Effort

For non-sterile women, the probability that a child will arrive next period is assumed
to be a declining function of contraceptive effort, which is modeled as a utility cost
© (7F) to the household. Therefore those who prefer to have a child will exert zero
effort. Let the fertility probability at zero effort, for a woman of marital status ¢ be

m;.For fertility-cost parameter ( > 0, the effort-probability frontier is given by:

_ ¢ ¢
O (m) = \/max(le—5,7rf) Vi
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5.4 Parameters set a prior:

Most of the parameters can be set independently of the marriage-market equilibrium.
This part of the calibration relies mainly on statistics from government publications
and other papers. The probability ¢ of exiting the reproductive state, as in Regalia
and Rios-Rull (1999), is set so as to replicate the average number of years a woman
spends in the reproductive state. =~ We compute this by summing the fraction of
women who are fecund at each age between 16 and 44, as estimated by Trussell and
Wilson (1985).!% This results in a total of 20.45 fecund years per woman, so we set
0 = 0.0489.

Wages are set to the medians for each sex from the 1995 CPS for the age group
25-45. For men the median hourly wage is $10; so we set w,, = 10. For women,
the median hourly wage is $8.17, so we set w; = 8.31."! Wages at younger ages
would not be informative about the cost of time, as younger people are likely to be in
school or provisional jobs. We set 5 = 0.96, the standard value in the macroeconomics
literature; in models with savings, this value ensures that the risk-free interest matches
the US long-run average of 0.04. We set the exogenous part of the divorce probability
to mqg = 0.01 to match the average divorce rate for US women aged 20-44 in 1960, as
reported in Carter and Glick (1970).

The time-allocation parameters are set to match the time remaining after home
production and child care in the model to weekly working hours according to the 1990
US Census , for people aged 25-45 years, by sex, marital status, and in the case of
women, number of children. This also requires us to set the investment parameters so
that single women do not invest but married women do, at least when the children are
all from the husband. The match is not exact but rather is given by the parameters
which yield the minimum Euclidean distance between the empirical targets and the
model outputs. The comparison between the model and hours data is shown in Table
X.

These fixed-parameter values are shown in Table Y.

10The numbers we use are based on the interpolated series reported in Sommer (2008).
'Might be better simply to take numbers from Blau and Khan for FTFY workers.
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5.5 Free Parameters

The model has 9 free parameters that are set so that the model’s stationary dis-
tribution matches an equal number of statistical targets. In addition, a number of
other free parameters are normalized to a fixed value, as these are not identified by
the targets. For instance, variation in p,,which is the probability that marriage is
permitted in a local market, is roughly equivalent to adjusting other parameters that
affect marriage probabilities via preferences, such as the utility level of singles relative
to married. can , and the preference parameters. We set these parameters so as to
ensure that the calibrated model met the conditions that are required for the model
to match the marital and fertility patterns of the 1990s. The value of the low-quality

love shock gy, is set to -qy.These values are show in Table Z.

6 Results

The results presented here are entirely preliminary!

The analysis in this section is divided into two parts: a numerical example with
K =1, and the benchmark model with K = 5. The purpose of the numerical example
is to illustrate how the model responds as candidates for the exogenous shocks are
allowed to vary across an interval that includes the parameter values for both the 1950s
and the 1990s. The purpose of the benchmark model is to provide a tighter fit to data
that can be used to assess the proposed explanations of the marital transformation

between these two periods.

6.1 Comparative Statics: The K=1 Model

The K=1 parametrization is the result of setting the free parameters in Table 3(a)
so that moments from the steady state distribution of the model approximate the
empirical moments in Table 3(b). The main restriction of course is that women can
have at most one child, so this imposes a significant handicap on the model in terms
of fitting data. However the benefit is that the comparative statics are relatively easy
to understand.

Fig. 3 below shows the response of the K = 1 model to a rise in the women’s wage
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Figure 3: The response of the benchmark model to a rise in the female wage for 5 to

10 per year.

from 5 to 10, holding constant all the other parameters of the model. We see in the
first panel that this leads to contrary trends in fertility; that of single women rises,
while that of married declines. The result, shown in the panel to the right, is that the
share of single mothers in fertility rises throughout, from about 30% to 80%. As in
the US data, this is partly due to the rise in unmarried fertility relative to married,
but also, as shown in the second row, to the decline in marriage rates as female wages
rise, which is reflected in a decline in the fraction of women married as shown in the
last panel, and is driven by the decline of the marital surplus as single women’s utility
rises with the wage. It is not clear why the divorce rate("MarDivAv") is not trending

at the same time.
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Figure 4: The response of the benchmark model to a rise in the effectiveness of

contraception.

To explore the impact of other historical changes, we next consider a rise in the
effectiveness of birth control, as illustrated in Figure 4. Effectiveness is defined here
as 1/£, the parameter in the effort-probability frontier. The effects on married and
single fertility are very similar, though this time they do converge as effectiveness
increases. The fertility share of single moms (SinKidsRat) falls, contrary to the data,
and the fraction married increases.

Now suppose that it is lump-sum transfers to single mothers that increase over
time. Figure 5 shows fertility increases for both married and single women, at roughly
the same rate. The fertility share of single moms (SinKidsRat) increases but by much

less than in the wage case; the range of variation is 0.08 compared to 0.45 in the wage
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Figure 5: The response of the benchmark model to a risein lump-sum transfers to

single mothers, from 0 to 5 per year.

experiment.

Overall the results indicate that the mechanism that motivated the paper, the
marriage-market disincentive for extra-marital fertility, does indeed respond to wage
trends as hypothesized. This was not obviously true because the mechanism requires
both that marriage be rewarding for women and that the effect of premarital fertility
undo these rewards. The key is that men in the model must care for marriage only
as a route to consumption of goods and ¢; the parameters in Table 1(b) imply that
they do not care for children, particularly those fathered by other men. Women
like marriage, for consumption and for the opportunity it provides for additional

investment in children, benefits that weaken as women’s wages rise, driving down
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married fertility and raising consumption for single mothers.

6.2 Computational Measurements: the K=5 Model

The main role for the K=5 experiment is to prepare the ground for a quantitative
assessment of the effects of women’s wage, relative to men’s, as the K=1 experiment
showed that the other candidates were unlikely to provide consistent explanations of
the rise in the fertility share of single moms. The first column of Table 4(a) shows
the statistical targets from the data, while the second shows the corresponding result
for the benchmark model. The fit is not terribly good at this point, mainly because
there has been little time to calibrate. We expect the fit to improve dramatically as
we learn how to work with the model.

The main result so far is the effect of imposing on the model a wage of 6.1,
corresponding to women’s wage averaging 61% of men’s as was the case for FTFY
workers in US data for the early 1970s ( see Blau and Kahn (1997)). The effects,
shown in the (1950s) column of Table 4(a), are dramatic. The fraction of women
who are divorced falls more 50%, from 8.3% to 3.9%, while the fraction of births to
unmarried women falls from 34% to 26%. This is due to a rise in the married birth
rate, from 8 % pa to 8.7%, and a decline in mean birth rate of singles, from 4.3% to
3.9%, and a rise in the median lifespan of a marriage, from 5.5 years to 7.6, as shown
in part(b) of the table. Marriage rates however do not rise, remaining stable around
5.5% pa, which is unexpected and contrary to the data; further work is needed to
ascertain the causes of this result.

Part (b) of Table 4 shows other (non-targetted) aggregate statistics for these
parameterizations. The fraction of children living with their fathers rises in the model
from 58% to 66% when the women’s wage falls, and the fraction of marriages lasting
at least 5 years rises from 80% to 90%.

The parameter values required to obtain these results are shown in Table 4(c).
Once again the salient feature is the men’s lack of enthusiasm for children, even their
own. Being childless raises a man’s utility by 0.4 and utility by -.2 per log of children
after the first. The aversion per step child is 0.78 which is large relative to the other
utility numbers. The model also requires strong persistence of the marriage quality;

a high shock today is followed next period by a high shock with probability 97%.,
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while for a low shock, the probability of a high shock next period falls to 57%.
Overall the results indicate large responses in the historically-correct directions
for most variables of immediate interest, but it is not yet clear whether the model

can explain much or any of the shift in marriage rates.

7 Conclusions

Our quantitative results are not meant to be definitive but rather should be taken
as illustrations of the usefulness of our approach. The contribution of the current
paper is to allow the theory of family structure to account for marriage-market dy-
namics associated with repeated opportunities to remarry and to have children; to
get there we abstracted from important features explored in related papers, such as
aging, human-capital investment in children or the impact of means-tested govern-
ment transfers. There are also important features of marriage, such as the margin
between cohabitation and marriage, that are ignored by both the current paper and
the bulk of the related literature'?. However it is easy to see that the approach used

here can be extended to deal with these and other features of marriage and fertility.

12 A5 a first pass, this neglect is not entirely unjustified, as cohabitation for many appears to be a
form of extended courtship rather than a substitute for marriage. Spain and Bianchi (1996, p. 49)
state that the majority of marriages formed since 1985 began as cohabitation. Overall, they say,

cohabitation accounts for 6% of US households.
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A Solving the Marriage Market Asset Equations

Let the seed value of q be ¢;, so that the probability of the first shock in a marriage
being ¢; is f (¢;, ¢1) - This is not an innocent assumption; since ¢; is the highest value,
persistence implies strangers are optimistic here about their chances in love. If people
require ¢ = q; to marry, then they will divorce whenever ¢ = ¢y. So for the 1950s
equilibrium, we need that people would have married even if ¢ = ¢p.

We now proceed to work out the coefficients of the system.

A.1 Single Female
Let the probability that a single female obtains the marriage surplus be
ps (9r) = P2 [1 — wo (¢r) — w1 ()]
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The ex ante value of being a single female with £ kids is:

Vs (k) = Vi (K, ¢) +ps (6x) S (k,09)
Vs (k. 0) + s (00) [Y7 (B, kinld, @0) — Vip (k. 6) — Viiy]
Vsp (k) = Vi (k, ) [L = ps (&)] + ps (dr) [Y7 (ks k|6, a1) — Viiy]
, where S (k,0[¢) = Y (k, k|9, q0) — Vi (k, ¢) — Vi,
Using the expression for V&, (k) :
VSI% (k) = (1 - WgF) usr (k) + 7TEFUSF (k+1)—-© (WEF)
+B(1=0) [(1 = md") Vdn (k) + mp Vi (k + 1)] (22)
we can write
Vi (k) = di + 5 (1= 6) (1 = mi") Vg (k)
, where
di = (1—m") usp (k) + 73 usp (k+ 1)
—O (") + B(L—0) mF Vi (k + 1)
Plugging this back into the definition of V&, (k), we get,
Vsp (k) = [671 +4(1=0) (1 —7") Vap (k)} [1 = ps (6)] +ps (01) [V (K, k|6, a1) — Vi)
= an Vi (k) +aY? (k knlé, q) + dy

where

an = B(1-90) (1 - WEF) [1 —ps (¢y)]
a3 = ps (o)
di = [1—ps(é)] dy — ps (o) VS]?\/[
we have written this as a linear function of terms in k£ which are to be determined,
and terms in k + 1, which are already known.
DEBUG:
If no prospect of marriage, this simplifies to:
VE (k) = [di+80-08) (1= Vi (k)]
Q=500 (1- )]

where
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A.2 New Marriages

Let the divorce probability of a marriage with new realization ¢ be 77,13 k. (@) . the
probability that the spouses, should they stay together, are not sterile next period is
(1-=19).

The value of a new marriage where the bride already has k children is:

YF (k,0,q1) = f(q,q) [YR (%, 0]9, q0) (1 - 7%?0 (CIO)) + WkD,o (%) [Vs{% (k,¢) + Vsl?w - CDH
+f (g1, @) [V (R, 016,01) (1 = 7o (1)) + 7o (a1) [V (K, 6) + Vi — Cp]]

. I find it slightly more convenient to rewrite this as below:

YE (ka 07 ql) = [f (QO, Q1) 7-‘-k:D,O (QO) + f (QIa Q1> 7TkD,0 (Q1)] [VSI}' (ka ¢) + VSRM - CD]
+f (q0, q1) (1 - 77130 (C_Io)) Y (k,0l0, q0) + f (a1, ¢1) (1 - 7Tk:D,0 (‘h)) Y (k,0[¢,q1)

If a marriage breaks up, under our assumptions about timing, it is before the
fertility decision, so assuming the marriage survives the divorce stage, the value of

the marriage, before the fertility realization is known, is
R (ka 0‘¢7 Ql> = EUM (ku qz)—i_ﬁ (1 - 5) [(]' - W%OF (qz)) YE (kv 07 QZ> + ﬂ-k ,0 (ql) YE (k + 17 17 %,)]
, Where

EUM (k,q) = +(1—7Tk0 (qz)) un (K, O)—Hrko (qi) ups (k4 1,1) —0MF (7Tk0 (qz))

Now using
Ve (k) = di + 8 (1= 8) (1 = ") Vg (k)
Ultimately we can write this as:
P (k,0,q) = ag4i1Vip (k) + azi2Y " (k,0,q0) + az4i3Y " (k,0,q1) + dor

, where

Q2441 = [f qo, C]z 7T Ekm (C]o) + f (CI1> C]i) Wﬁkm ((]1)] B (1 - 5) (1 - ﬂ—lfF>
A2+452 = f (CIO, C_Iz) ( 7Tk;Do ((IO)) B (1 - 5) (1 - WMF (QO))
aziz = f (q1. 1) ( Wkam (QI)) B(1—0) (1 - 7Tk0 (Q1))
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and the intercept terms are:

dovi = flq0,a) (1 — 7o (20)) [EUM (k,q0) + B (1 —0)mpy (q0) Y7 (k+1,1,q0)]
+f (a1,a0) (1= i (@) [BUY (k,q1) + B (1= 8) mig (1) Y (k+1,1,q1)]
+ [ (a0 4) 7B, (a0) + f (a,00) wb,, ()] |ds + Vi, — O]

A.3 The rest of the value functions

Now that we have computed the value system for single women and newly-weds, it
remains to compute the values of single men V&, (k) and the values of marriages
with husband’s children present, (k,, > 0). These are straight-forward. First, for the
single men,
Vaar (k) = Vi +wo (93) S (k. 0[¢) —

where S (k, 0(¢) = Y (k, k9, o) —=VdE (k, ¢) Vi and Vg} (k) = di+5 (1 = 6) (1 — ") V7 (
So, given V&, and ¢, then V&, (k) is known.

Later we can use this to compute V&, = maxy, {usy + 8VE, (k) } and verify that
we have guessed correctly or update.

The value of an ongoing marriage where the bride already has k children of which

km € {1,...,k} are the husband’s is:

YE (b k@) = [f (0. @) Tk, (@0) + f (@1, @) Thok, (@1)] [Vai (K, @) + Vi — Cp]
+f (CIm C]z‘) (1 - Wllcj,km (QO)) v (ka km’(ba QO) + f (Q17 Qi) (1 - WkD,km (Ql)) yh (k> ka

the unknowns here are the values Y (k, k|6, qo) -

where 3 = (1—6)7°83
Substituting we get
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Yk kmoa)) = [f (q0,0) mhr, (20) + f (1. @) Wkam (q1)] [ViE (k, ) + Vi — Cb)

)

+f (a0, ) (1= 7E, (a )[EUM (kyq0) + 5 (1 = mlE (00)) Y7 (K, Kons o)

+5f (90, i) (1 — o (G0 ) ™ km (90) Y7 (k+ 1, kn +1,q0)
+f (@, q) (1 =75, (@) [EUM (k,q1) + B (1—md (@) Y" (k>k’m,Q1)]
+5f Q17QZ) (1 ﬂ-kkm Q1 ) (q )YE (k+1akm+17Q1)

Suppose that we know the entire system for k + 1now the only unknowns are

YE (k, kpm,q0) and YE (k. kpn,q1) -

Y (k, km,qo) _ | b b YE(k, km, qo) N d
YE (k, kpm,q1) ba1  bas YE (K, kp,q1) ds
, where
bij = £ (¢5,4:) (1= 7, (47)) B (1 =7 (9)))
and

di = [f (Qsz)Wk K (90) + [ (@1, @) ™ k:m< )} [VSF (k, 0) +V5M CD}
+F (a0, 0) (L =D, (@) [EUM (k,q0) + Bt (a0) Y7 (k + 1,k +1,00)|

+f (a1,0) (1 = 78y, (@) [EUY (b, q0) + BrdfE (@) Y (k + 1k + 1,00)|

At k=K, of course the fertility terms disappear, so we are left with

bij = f (@i, 4) (1 — mhx,, (@) B

di = [f (90, Gi) W;gkm (q0) + f (a1, @) WkD,km (C.Il)] [VSI} (k,¢) + VS% - CD}
+f (g0, ) (1= mhy, (20)) UM (K, q0)
+f(q1,q%) (1 - WkD,km (‘Jl)) UM (k. q1)

A.4 Distributions

Suppose we impose a discrete distribution on g over N, values. Also, let the proba-

bility a single woman with k children marries be
ty, = P2 [1 — wo (&)
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A.4.1 casel: k=0

The laws of motion for £ = 0 are:

Sp(0) = 64+ (1 —m5") (1-6) [(1 — p1o) Sr (0) + / (700 (¢') H (0,0, q) £ (dq', q) + 119Sr (0) 75 (¢) S
H'(0,0,¢") = (1 —7g,) (1-9) / (1—mg (¢") [H(0,0,q) f(dq) + 1oSF (0) f (¢, 1) dy']

A.4.2  Child-less single women

We can then write the flow into singles as composed of the following elements:

1. Those were single last period and did not marry, plus new entrants: This has

mass 0 + (1 —7§") (1 —6) (1 — p) Sr (0)

2. Those who were single last period and married, then divorced:

(1=m5") (1= 6) 1Sk (0 ZWOO ()

3. Those who were married last period and divorced:
(1= 1= D 7 (d) f(d,q) H(0,0,9)
q ¢

We can therefore write the law of motion of the child-less single mass as

S}: (0) = 5+CL115F +ZCL1 q+1H<O 0 q)

q

an = (L—=m3") (1=0) [(1— po) + 1o Zﬂgo (d) f(d,q)

argn = (L=m") (1= 78y (d) f(d.q)

A.4.3 child-less marriages

The mass of child-less marriages with quality ¢’ consists of:
1. Those who were single last period and married this period
(1 =m0 (a) (1 = 6) oSk (0) f (¢, 1)

36



2. Those who were married last period and had no children and did not divorce

(1-6) (1 —mpo(d)) (1 —ma0 () qu q) H (0,0, q)
We can therefore write the law of motion of the mass of child-less marriages as

H(anaQJ) a]+1 1SF + Zag-‘rl z+1f QJv(JZ) (anv%)

=1

where

ajr1 = (1—=29)p (1 - W(j)j,o (Qj)) (1 - W%F (Qj)) f (g, q)
ajrripn = (1=0) (1= (g) (1 =m0 (43)) f (a5, i)

A.4.4 case 2: k>0,k, >0

For each k£ > 0 we can also construct a similar linear system, with flows in from the
population with k£ — 1 kids and flows out to the system with k + 1 kids. There is
also a flow in to S% (k) from H (k — 1, k., q) and H (k, k.., q). However the flow into
H (k,0,-) can only be from singles, which simplifies the system.

Once the system at k — 1 is known, it is easy to compute the steady-state distri-
bution for H (k, k,,, q) with k,, > 0. This is particularly easy for k,, > 1 because the
only inflow is from H (k — 1, k,, — 1,q), whereas for k,, = 1, we must also allow for

inflows from single women with k£ — 1 :

Nq
H(k kp,q) = akkm( i)+ (1-9) (1 _Wkk (Qz)) (1 Wkk (¢:) ZH (k kman)f(Qiqu)
7j=1
Nq
+(1=0) (1= 71 (@) T 1 (@) D H (k= 1k — 1,05) f (a1, 05)
j=1
, Where
~ o (1 —0) py_1Sr (k= 1) (1 - ﬂ-kDfl,kmfl (qz)) W]k\{};,km—l (@) [ (g, q1) km =
Ak ko, (Qz) =

0 ky, > 1

So for the N, = 2 system, we can write this as

H(kakm7QO) hir  hia H<k7km7q0> i 90
H (k,km,q1) hoi  hao H(k,km,q1) g1
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where

hor = (1=0)(1—m, (@1 Tk (01 a1, 9o
hiy = (1—-9¢ 1_7TkD,km q1 ].—7T£j[]5n q1 q1, 01
and
gi = Uk (@) +(1=0) (V=77 1y, 1 () Tk 1 (@)
Nq
x> g a) H (k= 1,k —1,q)
j=1

A.4.5 case 3: k>0,k, =0

Singles Sticking to the discrete case, for k > 0, the flows into S (k) are:

1. From singles at kK — 1 who didn’t marry and then had a baby
(1-9) Wffl (1 - :ukfl) Sr(k—1)

2. From singles at £ — 1 who did marry, then divorced and then had a baby

&)k [Z Tr-1,0 (4:) Qm%)] t_1SF (K —1)
3. singles at £ who didn’t marry and didn’t have a baby
(1=6) (1= m") (1= ) Se (k)

4. singles at k who did marry and didn’t have a baby
(1—-06)(1—n7 [Zmo (4:) %7(]1)] 1S (k)
5. from married at £ — 1 who divorced and then had a baby

Trk 1 Zzﬂ-k 1,0 q] q]7qZ)H(k_1707Qz)
i=1 j=1
k-1 Ng Ng

+Wl§€1 (1 - 5) Z Z Zﬂ-kDfl,km (Qj) f <Qj7 Qi) H (k — L,k Qi)

km=1 j=1 i=1
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6. from married at k£ who divorced and did not have a baby

(1_7T Zzﬂ-ko q] QJ7QZ)H(k707Q1>

7=1 =1

+(1 -7 Z Zzﬂ—kkm 4;) [ (a5, 0:) H (K, ks, ;)

km=1 j=1 =1

The law of motion for single women is:

Sh (k) = a1, Sp (k +Za1, (k,0,¢) + dy

where
an = (1-20) (11— ( 1— ) + Zm () qz,ql)] uk>
aip = (L—m") (1 —90) Zﬂﬁo (g) f (g5, @)
and
dy = <(1 =) mity (1= ) + &)k [Z T 10 (¢) Cqul)] u“) Sp(k—1)

k—1 Ng Ng

Tl (L=8) D > > T ha, (@) f (5. a0) H (k=1 ks )

km=0 j=1 i=1

+ (1 =) ZZZ Do (@) f (a5, 0) H (B, ks )

km=1 j=1 i=1

Married For married women in households with no kids from the husband, the

flows into H' (k,0,q;) are:

1. From married with same number of kids

Ny

(1=0) (1 =mfo) (L= (@) D H (k,0,q5) f (4i: a5)

j=1

2. From singles with same number of kids

(1-0) (1 - 7TkD,o) (1 - W%OF (q@)) LSk (k) f (Qj» Q1)
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which sums to:
H' (k,0,q;) = (1—6) (1 —mpp) (1 —mio (a) ZH k,0,4;) f (4 q;) + 1 Sr (k) f (g5, 1)

. Notice that there cannot be a flow in from k — 1 to H' (k,0, ¢;) ; singles must have
gotten married to flow in, but married at £k — 1 who have a child become type k, 1,

not k,0.. When we discretize the system and set NV, = 2 we get a 3x3 system:

St (k) an air an St (k) d,
H (k,0,q1) | = | an am ass | | H (k,0,¢:) | + | do
' (k,0, ) ass azg asy | | H' (k,0,q) ds
where
an = (1=m") (1=0) [(1 = ) + my, [Tho (90) f (g0, 1) + 70 (@1) f (a1, q1)]]
ay = (1=m") (1=0) [0 (00) f (g0, 90) + Tho (q1) f (1, 0)]
aiy = (L=m") (1=0) [r (q0) f (g0, 1) + 7o (1) f (a1, q1)]
ap = (1= () (1—7ho (9)) oS (g0, @)
az = (1—7go (@) (1 =75 (@0)) f (g0, 40)
ax = (1- 7Tch,o (90)) (1 - W%OF (90)) f (0, 1)
azn = (1=m (@) (1 =m0 (@) i (@1 @)
az, = (1—mgo (@) (1= (@) f (g1, 0)
azz = (1=m(q)) (1= (@) f (a1, a)
aja = (1=720(q) (1= (@) f (a5, )

b= (=) 1-0) 3 S5 wlo () £ (4 0) H (kb )

km=1 j=1 i=1

40



more generally,

= (1w (=0 (L) S 7P () (ara)

7j=1

a2 = (1_7Tk 1_ Zﬂko q@ QwQO

13 = (1_7Tk 1_ Zﬂ-ko QZ QZ7QI

aj+1,1 = (1 —WkD,o (C]a)) (1 - ﬂ-kO (¢ )) i f (a5, q1)
a1 = (1=720(q) (1 =m0 (@) f (a5, %)
and
k Ny

dl = (1 _7Tk Z Zzﬂ-kDO QJ QJaqi)H(kakmaqi)

km=1 j=1 i=1
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