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A BEHAVIORAL TWO-SEX MARRIAGE MODEL*

by

John K. Dagsvik, Ane S. Flaatten and Helge Brunborg

ABSTRACT:

In this paper we propose a particular marriage model, i.e., amodel for the number of marriages
for each age combination as afunction of the vectors of the number of single men and women in
each age group. The model is based on Dagsvik (2000) where it is demonstrated that a general
type of matching behavior imply, under specific assumptions about the distribution of the
preferences of the women and men, a convenient expression for the corresponding marriage
model.

Data from the Norwegian Population Register for nine years are applied to estimate the
model. We subsequently test the hypothesis that, apart from a random “noise” component, the
age-specific parameters change over time according to a common trend. We find that the

hypothesisis not rejected by our data.
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1. INTRODUCTION

In this paper we discuss a particular approach to the modeling of marriage behavior, and we

estimate an empirical version of this model from annual files of data on marriages in Norway.

The classical stable population models rests on a one-sex theory represented by age-specific
fertility and death rates for the female population. It is, however, recognized that when there are
substantial differences between the female and the male population, the one-sex models may
lead to quite unrealistic predictions, see for example Pollak (1990), and Kuczynski (1932, pp.
36-38). Kuczynski pointed out that since more than 50 per cent of the newborns are boys,
predictions based on the male population may imply an increasing population while the opposite

may be the case for one-sex models based on the female popul ation.

The two-sex problem was already discussed by Lotka (1922). Several researchers have
proposed different types of theories based on two-sex marriage models, that is, models that yield
the number of marriages of each possible age combination as a function of the number of
unmarried females and males, in each age group. These contributions include Fredrickson
(1971), Keyfitz (1971), Feeney (1972), McFarland (1972), Das Gupta (1973), Pollard (1977),

Schoen (1977, 1981), Keilman (1985), Pollard and Hohn (1993).

Although these authors have made seminal contributions to the literature on two-sex marriage
models, the proposed models are nonethel ess unsatisfactory from a behavioral point of view
since they are not derived from atheory of individual behavior. Without such atheory, it is
difficult to give a precise interpretation of key concepts and parameters in the marriage model.

In other words, the models are ad hoc from a theoretical perspective.



The analysisin this paper is based on a two-sex marriage model that is derived from atheory of
two-sided matching. The point of departure is the theoretic analysis of marriage markets
summarized in Roth and Sotomayor (1990). The literature on matching behavior does not,
however, consider the aggregation problem of predicting the number of matches of each type as
afunction of the number of agents of each type and parameters that represent the corresponding
distribution of preferences. This aggregation problem was analyzed by Dagsvik (2000) who
derived a particular aggregate matching model from assumptions about the distribution of
preferences of the agents in the market and assumptions about the rules of the matching
behavior. The model proposed by Dagsvik (2000) offers therefore the possibility of establishing

abehavioral two-sex marriage model.

While the discussion in Dagsvik (2000) was intended to apply to different types of matching
markets, the focus in this paper is on empirical modeling and estimation of atwo-sex marriage
model based on Dagsvik's framework. The empirical analysisis based on population register

data from Statistics Norway for the years 1985 to 1994.

The paper is organized as follows: In Section 2 we outline the theoretical point of departure and
the structure of the (aggregate) marriage model. In Section 3 qualitative properties of the model
are addressed, and in Section 4 a particular extension of the model is discussed. Section 5

describes the data, and in the last section we report the empirical results.

2. A BEHAVIORAL TWO-SEX MODEL

In this section we outline the key elements of abehavioral theory for the marriage market and
the implied two-sex model. For a more detailed analysisincluding proofs we refer to Dagsvik

(2000).



As mentioned above, our theory is based on a particular two-sided matching setting which has
been extensively analyzed by numerous authors, and discussed in Roth and Sotomayor (1990).
We shall now describe a particular matching algorithm called the “ deferred acceptance”

algorithm, which is an explicit example of a particular type of matching behavior.

Consider a population of men and women who are looking for a partner to form a match
(marriage). Each man and each woman are supposed to have sufficient information about the
population of the opposite sex so asto be able to establish preference lists, i.e., lists of rankings
of all potential partners, including the alternative of being single. The matching process towards
equilibrium takes place in several stages. There are no search costs and the agents have no
information about the preferences of potential partners, which meansthat they are ignorant
about their “chances’ in the market. The deferred acceptance a gorithm goes as follows: Either
the women or the men make offers, that is, if the men make the offers no woman is allowed to

make offers.

Let usfirst introduce some basic terminology. The following concepts are borrowed from Roth

and Sotomayor (1990).

A man is acceptable to awoman if the woman prefers to be married (matched) to the man rather
than staying single. Consider a matching denoted by p that matches a pair (m,f) who are not
mutually acceptable. Then at least one of the agents would prefer to be single rather than being
matched to the other. Such amatching p is said to be blocked by the unhappy agent. Consider
next amatching p such that there exist a man m and a woman f who are matched to one another,
but who prefer each other to their assignment at p (given the rules of the game). The pair (m,f)
is said to block the matching 1. We say that amatching p is stableif it is not blocked by any

individual or pair of agents.



Gale and Shapley (see Roth and Sotomayor (1990)) have demonstrated that stable matchings
exist for every matching market. Specifically they prove that the “ deferred acceptance”
procedure produces a stable matching for any set of preferences, provided the preferences are
strict, i.e., that indifferenceis ruled out. The algorithm goes as follows. Suppose the men make
the offers. First each man makes an offer to his favorite woman. Each woman rejects the offer
from any man who is unacceptable to her, and each woman who receives more than one offer
from any man rejects all but her most preferred among these. Any man whose offer is not
rejected at this point is kept temporarily “engaged” until better offers arrive. At any step any
man who was rejected at the previous step makes an offer to his next choicei.e., to his most
preferred woman among those who have not rejected him. Each woman receiving offers rejects
any from unacceptable men, and also rejects al but her most preferred among the group of the
new offers and any man she may have kept engaged from the previous step. There are no
“costs’ associated with the temporary “engagements’. The algorithm stops after any step in
which no man isrejected. (The final stage.) The matches are now consummated with each man

being married to the woman he is engaged.

The stability argument goes as follows: Suppose that man m and woman f are not matched to
each other, but m prefersf to his partner. Then woman f must be acceptable to man m, and so he
must have made an offer to f before making an offer to his current partner. Since m was not
engaged to f when the algorithm stopped, m must have been rejected by f in favor of someone
she (f) liked more. Therefore, f is matched to a man whom f likes more than man m, and so m
and f do not block the matching. Since the matching is not blocked by any individual or any
pair, it is stable. Similarly one could apply arule where the women make offers to the men.

However, thiswould not necessarily produce a matching that is equal to the former one.



Asdiscussed in Dagsvik (2000), the aggregate marriage model which will be outlined below is
consistent with any matching algorithm—be it this deferred acceptance algorithm or

not—provided the matching is stable.

Next we shall introduce some concepts and notations which will enable us to describe formally
the marriage model. We assume that the preferences of the individuals are represented by latent

utility indexes. Let F; be the number of single women in age group i and M; the number of

singlemeninagegroupj, i=12,...,S, j=12,...,D. Let U{jm be the utility of femalef in age
group i of being married to man min age group j, and let U, be the utility of femalef in age
group i of being single. Let eri“f be the utility of man min age group j of being married to
femalef inagegroupi, and let v;g be the corresponding utility of being single. We assume that

the utilities have the following structure

fm _ fm f _ of
Ui =a;g5, Uj=¢gj

and

mf mf m m
Vit =b;m;i', Vjo =mjo
where {aij } {bji} are positive deterministic terms, while {e{jm } {elo}. {n}‘i’f } and {nj‘g} are

positivei.i.d. random variables (taste-shifters) with cumulative distribution function exp(-1/y)

for y > 0. Note that since we are only concerned with preference orderings we can take any

increasing transformation of the utilities without altering the rank orderings. For example, if we

take the logarithm of the utilities we get an (equivalent) additive formulation instead of the



multiplicative one above, and the corresponding cumulative distribution function of the error

terms will have the form exp(—e’y). The justification for this particular distribution function

can be found in the theory of random utility models for discrete choice, see for example

McFadden (1984).

Before we state the implications of the assumptions above, it may be instructive to outline a
somewhat informal argument to provide the intuition behind the basic idea that underlies the
model. To this end we ignore the fact that the sets of available partners to a specific individual
at each stage in the adjustment process will vary across the population due to the effect of the
random taste-shifters. Moreover, we only discuss the simple setting in which there are no age

groups, which means that all men, as well as women, are observationally identical.

Let C; be the set of men that are available to woman f in the final stage of the game, and let n be
the (mean) number of men in C;. Let r be the (mean) number of women that are available to man
m in the final stage of the game. Since there are F women, the probability that a woman shall

prefer to be married to man m equals r/F. But this probability can also be expressed as

P(Ufm :max(max u®, UgD :

seC

The probability statement above means the probability that man m yields the highest utility to
woman f, among all feasible men and the utility of being matched to man m is also higher than
the utility of being single. From the above distributional assumption it follows from standard

resultsin discrete choice theory, cf. for example McFadden (1984), that

P(Ufm=max(maxuf5,ug))= a _ 1
seC; l1+a-n o+n



where o.=1/a. But this probability isaso equal to r/F. Consequently, the following equation

must be true

r 1

—-—=— 21

F oa+n (21)
By symmetry we also must have that

n 1

- 22

M B+r (22)

where B=1/b. Itiseasily verified that these equations determine r and n uniquely. Consider

next the probability that awoman and a man shall marry. Since the probability that a woman
makes an offer to a particular man equals r/F, and there are n available men to this woman the

probability that the woman shall marry any of the men available to her must be equal to n-r/F.
Since F is the number of women the number of marriages, X (say), istherefore equal to r-n.

When equations (2.1) and (2.2) are solved for r and n we find that X satisfies the equation

(F=X)(M=X)=0pX. (2.3)

This equation has only one acceptabl e solution which is equal to

X=%(aB+M+F—\/(aB+M+F)2—4MFJ. (2.4)



From (2.3) werealize that oo and 3 are not separately identified, only the product o can be
identified given F, M and X. The intuitive and informal derivation above ignores the fact that
the women's and the men’ s choice sets are stochastic in that they depend on all the random error
terms in the utility functions. For a more rigorous treatment, where the stochastic dependencies

between the different choice sets are taken into account, we refer to Dagsvik (2000).

Let us next return to the general case. By using anal ogous arguments to the ones used in the
case with observationally identical men and women considered above, it is possible to derive a
convenient expression for the number of marriages in the case where the women and men are

characterized by age. Let Xj; be the number of marriages where the wife has agei and the

husband has age j. Let XifO be the number of women of agei that remain singleand X [; the

number of men of age | that remain single. Dagsvik (2000) has demonstrated that

X, X{o and X[y are given by
A B '
(|
=
xf =—_r 2.6
i0 Ai ( )
and
x_mzﬂ (2.7)
io B ' .

where ¢; =a;b;;, and {A;} and {Bj} are uniquely determined by the system of equations



D
M
A =14 STk 2.8)

and

ij Fk

(2.9)

Unfortunately, the solution of (2.8) and (2.9) cannot be expressed in closed form. However, we

realize from (2.5), (2.6) and (2.7) that we can express the preference parameters {c” } as

c; = fx J —. (2.10)
XiO on

This expression is very convenient because it allows us to recover the structural parameters

{cij } from data on the number of marriages and the number of unmarried men and womenin a
very simpleway. If the population is large (2.10) will provide precise estimates of {cij } .
Similarly to the simple case considered above we realize that {a”- } and {bji } cannot be

separately identified unless further structure on the preferences isimposed.

3. QUALITATIVE PROPERTIES OF THE MARRIAGE MODEL

L et us next discuss some additional qualitative properties of the marriage function, i.e., the

number of marriages Xj; as a function of the population vectors of single men and women.



McFarland (1972) has proposed seven axioms which a marriage model should satisfy. To

describe these axioms, let now X;;(F,M) denote the marriage function where F and M are the

vectors of the number of single women and men in the respective age groups. The axioms are as

follows:

Al

A2.

A3.

A4,

A5.

AB.

AT.

Xij(F,M) should be defined for &l vectors F and M whose elements are non-negative
integers.

Xij(F,M) must be non-negative.
Z,— X;;(F,M)=F, and Zi X (F,M)=M;.

The number of marriages should depend heavily on the ages of the males and females.
Xij(F,M) should be a non-decreasing function of F and M;, and be strictly increasing for
some values of F; and M;.

Xij(F,M) should be a non-increasing (and over some interval astrictly decreasing function)

of Frand Mgsfor r#i and s#j.

The negative effect on X;;(F,M) of an increase in Mg should be greater than the negative
effect on X;;(F,M) of an equivalent increase in M, if siscloser toj thanr is. Likewise with

the sexes interchanged.

The most important of these axioms are A5 to A7. Axiom A7 requires that ametric is

introduced. A natural metric isto define sascloser to i than r (for men of agej) if

by —by|>|b, by




i.e. the distances are expressed as the difference between the respective structural terms of the

preferences.

We shall now demonstrate that our marriage model does not satisfy all axioms above unless
further assumptions about the preferences are imposed. Unfortunately, we have not been ableto
prove whether or not A5 and A7 hold. In some cases, A6 does not hold. Given the sizes of the

age-specific population groups of unmarried females and males and the parameter estimates of

{cij } reported in Section 6 we have checked whether or not A5, A6 and A7 are violated. Thisis

done by successively increasing the sizes of the female and male age groups, from the

respective observed levels of {Fj} and {M i } . In the period 1985-1994 we did not find any case

where A5, A6 and A7 was violated.

We shall next discuss a particular case, where a; =a; and b =b;, i.e,, the deterministic

components of the agent’s utility function do not depend on his age, and demonstrate that in this

case A6 does not hold. From (2.8) and (2.9) we obtain that
A =1+b;K;, B;=1+3;K, (3.1)

where K, and K are determined by

(-x, Ysoy, M. @2

_ I:k bk _ I:k
Ky=>", A = B+ K (3.3)



and o; =1/a; and B; =I/b; . From (2.5) we get that

Consequently, for r # |

By implicit differentiation, (3.2) and (3.3) yield

and

where

Note that

" AB
alogxij__ 1 9dK, 1 09K,
OM,  Bi+K, M, o;+K, oM,

(l_D)aKl: 1
oM, o, +K,
oK 1 F
(1_D)a 2:_ ’ Kk > 2
M, o, +K, (Bk+K1)

M F

DEZ k Z K .
K (o K5 )2 (B +K,)

(34)

(3.5)

(3.6)

(3.7)

(3.9)



It is straight forward to demonstrate that there existsa B~ e (mkl nB,., max By ) such that

1 o _ K
Z" ([3»k+K1)2_B*+Klz‘k By +Ky) B +K,

Hence

Suppose that B; >B” and that o is close to zero. Then, evidently

(B +K K, sz(l——BiJrKlj <0
B +K, B +K,

o; +K, -
Thusif a; =10 issufficiently largeand b, =1/B; issufficiently small then X;; will increase

when M, increases, which means that axiom A6 is violated. Theintuition hereis asfollows: If
more men become available the demand from women of age i for men of agej isin genera

likely to decrease. Similarly the demand for women of agei from men of age | islikely to



increase since the competition becomes harder when new men enter. However, since demand
from men of age r for women of ages other than agei is high compared to the demand for
women of agei, thisimplies that new men of age r who enter the market will increase the
demand pressure towards women of other ages than i. Similarly, women of other ages than i will
have lower preferences for men of age j than for men of age r when g is sufficiently high.
Consequently, the competition for men of age j the women of agei are facing, will in this case
decrease because women of other agestend to prefer new men of ager. Similarly, new men of
ager will tend to fancy women of other ages than i, which thus reduces the competition for
women of agei facing men of agej. Accordingly, Xj; will increase when new men of age r enter

the markaet.

In the appendix we derive analytic expressions for the elasticities of X, Xif0 and X5 with

respect to F; and M; for all i and j.

4. AN EXTENSION OF THE MODEL

In this section we shall describe a particular extension of the model discussed above.
Specifically, we shall now allow some of the random error terms to be correlated. As above we

only give abrief summary here; for more precise details we refer to Dagsvik (2000). We define

0, <[01] by
corr (loge", loge}’ ) =1- 6 (4.1)

for s=m. Similarly, 6, €[01] is defined by

corr (lognj" ,lognj®) =1-63, (4.2)



for s=f. Themotivation for this correlation is that there may be unobservable factors affecting

the utility for potential partners, which are correlated across potential partners. These

correlations are the only ones that are allowed to be different from zero, i.e.

fm

corr (logef", logefd ) = corr (logn ,logn{? ) = 0
for k=#j,or r=i (orboth), and finaly
fm

corr (loge;™, logeF, ) = corr (logn|" ,logng, ) =0,

fm fm

corr (loge",logn® ) = corr (loge]™ lognf, ) = corr (logn{" ,logef, ) =0

foral f, m,p,q,i,j, kandr. Dagsvik (2000) demonstrates that the marriage model in this case

turns out to have the structure

F a, 0,/0 M,— bji 6,/6
A B.

X{p==- (4.4)

and



<

Xm=—_L (4.5)
jO
Bi

where 1-6=(1-6,)(1-6,), and {E\i} and {ﬁj} are uniquely determined by

i 16,/0 b 0,/0
A =1+ (WJ DAt mpt [—kj (4.6)
i k=1 By
and
B 1-6,/0 a 0,/6
B — i 6,/ £6,/0| K
Bj =1+ (M—] z bkj F|? (A—J s (47)
j k=1 k

fori=212,...,S and j=12,...,D. For the purpose of estimation it is convenient that we can

express the preference parameters as

~ X ij
C = (4.8

1 (Xifo)(']z/e (X?a)el/e

where €, =aj?’° b}/® . Similarly to the model considered in Section 2 we cannot identify &; and

b separately. However, with data for several periodsit is possible to identify 6,/6 and 6, /6.

5. DATA
The data come from the annual files of marriages at Statistics Norway, which are obtained from
the Central Population Register for Norway and based on the personal identification numbers

introduced in Norway in 1964. A number of variables are available for each new marriage, such



as date of birth of the spouses, date of marriage, marriage number (1%, 2", etc.), previous
marital status (single, divorced, widow(er)ed) and citizenship. In this preliminary/first analysis
we have included al non-married persons who were residents of Norway at the time of
marriage, to secure consistency between flows (marriages) and stocks (marriageable persons).
From these files we have constructed marriage matrices by age at the end of the year, to make
stocks and flows refer to the same birth cohorts. For the stock of potential marriage partners we
use the number of non-married men and women, respectively, implicitly assuming that never
married and previously married have the same preferences, and vice versa, that they are equally
attractive in the marriage market, (which is probably not quite true in practice). As our model
assumes that the population is closed, i.e. there being no deaths, immigrations and emigrations,
we use the mean population of non-married persons at the beginning and end of the year as
estimates of the number of non-married men and women in each age group, respectively, to

adjust for actual deaths and migrations.?

6. EMPIRICAL RESULTS

As regards estimation results for the preference parameters {cijt} based on (2.10) for al the

years from 1985 to 1994 we refer to Dagsvik et al. (1998). Here, t indexes year.

On the basis of these results we have tested an implication of a particular hypothesis which we

shall explain below. To thisend let {aijt} and {bm} denote the preference matrix in year t.

Consider the hypothesis

a;, =hy; g,(1), (6.1)

and



bji; = hyjp (1) (6.2)

where hjj; and hyj, are parameters that are constant over time. The equations (6.1) and (6.2) mean
that, apart from the noise implied by the random error terms, the preferences for potential
partners will not change over time aslong as the option to remain singleisruled out. This

follows from the fact that
Uifjm > UifE
isequivaent to
Pt eft >hyq el

ijt i

since the factor q,(t) cancelsin utility comparisons. Thus g,(t) and gy(t) only affect the

propensity to marry.

In the following we shall test a slightly weaker hypothesis. Without loss of generality we may

write

logcy, = v + M, + M (6.3)

where {yij} are constants that do not depend on t while {m, } are constants that do not depend

oniandj. Theterms {nm} are random variables with zero mean. Note that when n;, =0, (6.3)

isimplied by (6.1) and (6.2) with m, =logq, (t)+logq,(t) and y; =logh;; +logh;,.



We wish to test the hypothesis Hy that the random variables {Tlm } arei.i.d. against the

aternative that Nijt» i=12,...,j=12,..., areindependent random variables with zero mean and

with adistribution which may depend on t. For this purpose the T-sample analogue to the
Kolmogorov-Smirnov or, alternatively, Cramér-von Mises test procedure can be used. To this

end let

Ln:mg[fxmm). (6.4)
Xiot XjOt

Recall that by (2.10), Zj;: isa*“natural” estimator of logc;, . Without loss of generality we can

ijt -
normalize so that the mean of {mt } (over time) is equal to zero. Hence, under the assumption

that {n it } have zero mean acrosstime as well as across all age combinations (i), it follows

that {ﬂm} can be estimated as
i —Z +Z. (6.5)

where Z.

|j. 1

Z,t and Z_ arethe respective means over time, age combinations, and combinations

of age and time. The estimator (6.5) follows from the least squares procedure. To avoid
estimation errors due to the limited number of marriages in certain age combinations,

particularly for large age differences, we have only used datawith —3<j—i<7.

Consider next the test procedures. Let IA:t (y) bethe cumulative empirical distribution of ﬁijt in

year t, and let F(y) be the corresponding theoretical cumulative distribution function. Let n, be



the number of observationsin year t, i.e., n; is the number of combinations (i,j) given the

constraints above. Finally, let I~:(y) be the mean empirical distribution over al years, i.e.,

) T A
Fn =Y k) (6.6)

where T isthe number of years for which we have observations of marriages, and

.
n=> n,.

t=1

Define

V2
QM) = (sgpz n| F(v) - F(y) U (6.7)

and

T oo

QM= n | (Ew-F) dFy). (6:8)
t=1 0

The statistics Qq(T) and Q»(T) are known, respective as the T-sample analogue to the

Kolmogorov-Smirnov, and the Cramér-von Mises statistics, which provide two aternative test

statistics for testing Ho, where Ho now can be formulated as



Kiefer (1959) has derived the asymptotic distributions of Q; and Q. and he has provided tables
of critical valuesfor T<6. Inour dataset n, =131, which we assumeis sufficiently large to

alow usto apply asymptotic test criteria. In the case with T =6 thefive per cent critical value
for Qu1(6) isequal to 2.00, and for Q,(6) it isequal to 1.47. Inour case T=9, but sinceit
follows from (6.7) and (6.8) that Q,(T) and Q(T) areincreasing in T, the respective five per
cent critical valuesfor Q(9) and Q»(9) are larger than the ones for Q,(6) and Q,(6). Our data

yields Q,(9) =181 and Q,(9) =138. We can therefore conclude that neither the test based on

Q1(9) nor the one based on Q»(9) imply that Hy is rejected.

Our next concern is the distribution of {fj;; } . In Figure 1 we display the QQ normal plot® of
{ni*jt} , Where nfjt = expﬁijt . This plot suggests that the normal distribution provides afairly

good representation of the distribution of {n”t} . The corresponding Kolmogorov-Smirnov

statistics for atest of the hypothesis that Fis anormal distribution equals 0.030. With n=1179,
the 5 per cent critical level is0.039, which impliesthat the hypothesisis not rejected. Figures 2
and 3 display the empirical density and cumulative distribution together with the estimated

normal density and cumulative distribution, respectively. In Table 1 we report the estimates of

{yij} and {m, } . The mean and the standard deviation of {n,]t} are estimated to 1.002 and

0.064, respectively.

Thus, the data suggest that {cijt} are approximately normally distributed. It isinteresting that

one can in fact provide theoretical arguments that support the hypothesis that {n”t} are

Gaussian random variables. These arguments stem from the property that the behavioral model

discussed aboveisin fact derived from a matching model in which men and women in addition



to having preferences over potential partners also have preferences over a set of available
“contracts’, cf. Dagsvik (2000), pp. 36-37. By a contract we understand terms of an agreement
between wife and husband. In the present context it seems reasonable to assume that contracts
are associated with the couples social, demographic, cultural and economic choice opportunities
related to residential location, lifestyle, type of housing, number of children, etc. The men and
the women are assumed to behave so as to maximize utility with respect to the feasible contracts

and partners.

Let w=12,..., index the contract possihilities, and analogous to the exposition in Section 2 |et
a;ji(w) and bji(w) be the respective structural terms of the utility functions of the women and the
men at timet. Let c;, (w)=a;, (W) by, (w) . The corresponding matching model analysed in
Dagsvik (2000) is adirect extension of the one presented in Section 2, and it yields a model for
Xiji(w), where X;j(w) is the number of (i,j) marriages at time t with for which the contract is

equal tow. In Dagsvik (2000) it is demonstrated that the total number of marriages,

Xijt Ezw Xt (W), depends on the preference parameters {cijt (W)} through {cm} where

Cijt = Z Cij (W).

w

Thus cjj; may be interpreted as the sum of alarge set of random variables, {cm (w)} . Under

rather general assumptions about the dependence structure between these variables the Central
Limit Theorem applies, which implies that c;; is approximately normally distributed. Recall that
the classical Central Limit Theorem requires the variances of the original variables be bounded.
In the more general case with unbounded variances there also exists a Central Limit Theorem

which yields the class of Sable distributions, see for example Lamperti (1996). Recall that the

class of Stable distributionsis characterized by four parameters, namely o e (0,2] , 0>0,



Be [—Ll] and p, where oo may be interpreted as a measure of how heavy the tail of the

distribution is, o is a scale parameter, B represents skewness and L is alocation parameter.
When o = 2, we obtain the normal distribution in which case 3 vanishes. Now provided one
finds the theoretical arguments above convincing and assume that cjj; is a Stable variable, then
data suggest that the hypothesis of normality may not be true. We have applied a method
suggested by McCulloch (1986) to estimate o*. Specifically, we obtained the estimate, 6. =175

with asymptotic standard deviation equal to 0.09. This means that o. seemsto be significantly
lessthan 2. The dataindicate that if we test the hypothesis that {n”t} are normally distributed

against the alternative that they are generated from a Stable distribution, then the hypothesis will

be rejected. Thus, we conclude that when the class of Stable distributionsis postulated apriori

the distribution of {cijt} seems to be non-normal, which impliesthat the right tail is

(asymptotically) Pareto distributed.

[Figure 1 here]
[Table 1 here]

[Figures 2to 5 here]

In Figure 4 we get an impression of how the parameters {yij } are distributed. The difference

between the two pictures is due to the fact that the wife is usually younger than the husband.
According to these pictures, there seems to be a strong relationship between the y-parameters for

different age combinations.

In Figure 5 we have plotted the parameter m, as a function of time. We natice that m, decreases

amost linearly from 1986 to 1994. Recall that m; may, loosely speaking, be interpreted as the



overal preference for marrying. The declinein m; may be due to the substantial growth in

consensual unions and an increasing age at (first) marriage.

Let usfinally consider the significance of the random terms {n,]t} . Recall that the estimation

result yields that {n”t} arei.i. Stably distributed random variables. If, however, we are willing

to assume the Gaussian approximation then we can write

n;; =1+ 0064 Uy,

where {um} arei.i. N(0,1) distributed. Since

Cit =M exp(yij + mt) = (1+ 0064 uy, ) exp(yij + mt)

the systematic term exp(yij +mt) will predict c;j; apart from the multiplicative random term,

1+0.064 u;;, , which with probability 0.95 will vary within (0.872, 1.128).

7. CONCLUSION

In this paper we have discussed a particular model for two-sex marriage behavior. In contrast to
earlier work in this field this model is derived from assumptions about the behavior of women
and men in the marriage market. We have estimated the parameters of the model on annual
marriage data for the years 1985-1994. We have also demonstrated that for this time period, the
overal preference for marriage versus staying single decreases (m; declines over time).
However, conditional on marriage, the preferences over age of the potential partners seem to

remain unchanged throughout this period, apart from random “noise”, which is represented by a



Stably- or aternatively a normally distributed random variable. The empirical results seem
somewhat surprising, given the general belief of systematic changes in marriage behavior

during this period.
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APPENDIX
Elagticities
In this appendix we derive expressions for the elasticities of Xj;, X ', and X}}‘, with respect to F,

and M; for al i and . Let 9,,Q}, 9:Q}, 9, Qf and 9-Q{, denote the matrices with elements

dlog (X}, /F) »  0log(X{5/M;)

9,0 = , L=
M0l dlogM M0l dlogM;

dlog (X1, /F) dlog(X[5/M,)

9 Qo = dlogF, and 9:Qq; = dlogF,
and let Q" and Q™ be the matrices with elements
i _ X m_ Xi
Qij:?i and Qj :M—i.
Then it follows readily from (2.6) to (2.9) that
Q5 =—-(1-Q'Q") " Q", (A1)
9:Q5=(1-Q" Q") " Q' Q", (A.2)
2:Q7 =—(1-Q"Q") Q" (A3

and



9, Qr =(1-Q"Q") Q" Q. (A4

Notethat X[, /F, and X0 / M, may beinterpreted as, respectively the fraction of women of

agei and fraction of men of agej that remain single. Consequently, the matrices may be
interpreted as elagticities of the probability of remaining single with respect to the respective age
group sizes of men and women. From (2.10) it follows that the el asticities of X;; can be

computed as

dlogX; alog(Xi,/F) dlog (X3 /M)
dlogM,  dlogM, ’ dlogM,

+3, (A.5)

where 9;« is the Kronecker delta. Thus, to compute the elasticities we only need to know Q" and

Q.

By using a suitable metric on the space of quadratic matrices, it is easy to show that

(1-Q'Q") =% (@'Q")">0

n=0

and similarly when f and m are interchanged. Consequently, (3.1) to (3.4) imply that

dw Qo <0, 9 Qp>0,

dy Qo' >0 and J Qg <O.



This means that when the number of women in some age group increases then the fraction of
single women increases while the fraction of single men decreases. By symmetry the same

result holds when women and men are interchanged.



Footnotes
! Several of the modeling assumptions made above seem rather strong. Athough we are able to
relax some of the assumptions, as will be discussed in Section 4, the assumption of for example

no search costs can only be relaxed at the cost of analytic intractability.

% The potential number of marriage partnersis not greatly affected by such changes, however, as
the mortality is negligible in the ages with the highest marriage rates, 20-35, and the number of
immigrants is approximately the same as the number of emigrants, athough there has been an

immigration surplus of young men in recent years.

® Recall that the QQ normal plot is obtained by plotting <D‘1<é(x)) where ®(y) isthe

inverse of the cumulative standard normal distribution and é(x) is the cumulative empirical

distribution function of the variable under study. (In this case n’{jt )

* When estimated o, we have set B = 1. Thisis necessary to ensure that the probability mass on

the negative part of thereal lineis negligible.



Figures

Figure 1. QQ-plot of the empirical distribution of {n}*jt }
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Figure 2. The empirical and the fitted normal density of {ﬂ;—t }

Figure 3. The cumulative empirical and fitted normal distribution of {ﬂ;—t }
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Figure 4. Plots of {Yij }
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Figure5. Plot of {m,} from 1986 to 1994
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