Capital, Incomes And
Life Styles

Wei-Bin Zhang*

This paper proposes an economic model to analyze an inter-
dependence among capital accumulation, sexual division of
labor, and life styles in a perfectly competitive economic system.
By life style we mean marital status. We are concerned with
the effects of amenity levels of various life styles, working
efficiency and preference on the equilibrium economic structure.
We represent a dynamic model and provide the conditions for
existence of equilibria. The effects of changes in some para-
meters on the equilibrium economic structure are examined. It
is shown, for instance, that an improvement in the amenity
level of women's single life style results in that more men and
women live singly. (JEL Classification: J12)

I. Introduction

Since the end of the Second World War dramatic changes have
taken place in marriage dynamics in many countries as economic
conditions are improved and women play more important political
and economic role. The East-Asian cultures are experiencing
changes in life styles related to sexual relationships and family
structure. There is a rapidly increasing literature on the issues
related to family economics, sexual division of labor and dynamics
of marriage (e.g.. Becker, 1981, 1985). But it may be argued that a
few theoretical economic models have been constructed to explain
interdependence between economic development and dynamics of
marriage.
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One may find various cultural, social, institutional and economic
factors for explaining structural changes in life styles and male and
female relationships. With a view toward understanding the
dynamics of male and female relations in labor market and family,
this paper tries to develop a one-sector growth model of the inter-
dependence between economic growth and marital status within a
framework of perfect competition. The analysis centers on the roles
of amenity levels, propensity to save, and working efficiency of men
and women in association with different life styles. The study is
organized as follows. Section II defines the economic growth model
with endogenous marital status. Section II discusses the conditions for
existence of economic equilibria. Sections IV and V respectively
examine the effects of changes in single women’s amenity level and
working efficiency on the economic structure and the marriage rate.
Section VI concludes the study.

II. The Model

We consider an one-sector economic system. The economy is
similar to the traditional one-sector neoclassical growth model.
Product can be either consumed or invested. Most aspects of the
model in this study are similar to the growth models with sexual
division recently proposed by Zhang (1993, 1995), except that in
this study marital status are endogenous. To simplify possible com-
plexity of marriage market, family structure and endogenous popu-
lation growth, we assume that the economy consists of a fixed
number of identical men and a fixed number of identical women. A
person may have one of two kinds of life styles, married or single.
Each family consists of only two members, husband and wife. We
assume monogamy. We assume that all people work in the system.
Working efficiency and working hours may be different between
people of the same sex when they choose different life styles. For
instance, a married woman may work less hours than a single woman.
We neglect transaction costs of marriage and divorce. Marriage means
that a female and a male individuals decide to live together, sharing
private properties and producing and consuming family services such
as sex, intimate friendship, companionship and enjoy variety of life
styles.

The population can thus be classified into four types, each type
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indexed by (j, m). The subscript indexes, j and m, indicates sex
and martial status, respectively as shown in Table 1.

TABLE 1
CLASSIFICATION OF THE POPULATION

married, m=1 single, m=2
male, j=1 {1, 1) (1, 2)
female, j=2 2. 1) 2, 2)

The single commodity is selected to serve as numeraire. We
define the following indexes and variables:

x =, m)j=1, 2, m=1, 2}

K(t) - the total capital stock of the economy at time ¢;

N; - the given population of sex j, j=1, 2;

N(t) and Np(t) - the numbers of families and single persons of sex
J. j=1. 2, respectively;

k(t) and Kit) - the level of capital stocks owned by per family
and by per single person of sex j, respectively;

ct) and ¢ft) - the consumption levels of per family and per
single person of sex j, respectively;

I(t) and I(t) - the lot sizes of per family and of per single
person of sex j, respectively;

s(t) and s/t) - the saving made by per family and by per single
person of sex j, respectively;

F{t) - the output of the economy;

win(t) - the wage rates of person (j. m), (j, m) € r ; and

r(t) - the rate of interest.

We define the qualified labor inputs, N', of the economy as follows

*

N =2N + zN + zuNig + 2.Na2 (1)

The parameters, z., are the given levels of working efficiency of person
(U.m,(j,me r. The parameters are aggregated measurements of
human capital level (such as education and skill levels) and working
time. For simplicity of analysis, we assume z. to be constant. It can be
shown that it is not conceptually difficult to treat z. as endogenous
variables (Zhang, 1993, 1995).
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The production function of the production sector is specified as
follows:

F=K°N’, a+8=1, a. 8>0. @)
The marginal conditions for the industrial sector are given by

r=aF/K, Wm/zm = BF/N, (j, me x (3)

A. Families’ Behavior

we specify land revenue as follows. We assume that each person
owns L/(N1+N2) amount of land, where N,+N; is the population and
L is the land used for housing of the economy. It is assumed that
it is impossible to sell land but it is free to rent one’s own land to
others. Under this assumption, the land revenue per person is
given as follows

r=0bR, 4)

where lp = L/(N,+No).

Let us denote y(t) the income of per family and y)t) the incomes
of per single person of sex j, respectively. As income sources
consist of land revenue, interest payment and wages, we have

y=2r+rk+wn+wn, Yy =r+rk+wp, j=1, 2. 5]

We assume that the utility level of a married person of sex j is
dependent on the consumption level, ¢/2, of per member of the
family, the lot size, [/2, of per member of the family, and wealth,
(k+s—580k)/2, of per member of the family, where §o is the fixed
depreciation rate of capital. Here, we assume that a married couple
always jointly owns the family’s property. Similar to the utility
function used in Zhang (1995). we specify the utility functions U, (1)
of a married person of sex j as follows:

Un0)=An(l/2) "' (c/2) 57" (krs — s0kd/21 M . j=1. 2.
(©)
750, €51, An>0, paténtin=1,

in which the parameters, 7,, &; and A, are person (j, 1)s
propensity to consume lot size, to consume goods, and to hold
wealth, respectively. In (6), A; is the amenity level of person (j,1).
For simplicity, we assume A; to be constant. This assumption is
strict. For instance, it is quite reasonable to assume that a man’'s
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amenity level, A;;, of a married life may be affected by the
developmental stage of the society.
In a traditional intertemporal framework, person (j., k) maximizes

waUJk (Ci) exp (- p8) dt,

subject to the dynamic budget constraint of capital accumulation.
In the above formula, it is assumed that utility is additional over
time. Although one may add capital and money over time, it is a
very strict requirement to add utility over time. It is not reasonable
to add happiness over time since one cannot accurately measure
(relative) happiness of any special person at two different points of
time. It is obvious that our formula does not involve this issue.

We assume that the family utility level, U, is dependent on the
husband's utility level and wife’s utility level in the following way:

1-9

un=uUhUu,’.

1> 6 >0, (7)

where ¢ is a parameter determined by the “relative weight” of the
husband and wife in the family decision making. A family's
financial budget constraint is given by:

Rl + ¢ + s=y. (8)

A family maximizes its utility level given by (7) subject to (6) and
(8). A unique solution of the optimal problem is given by

Rl=7Q, c=£Q, s= AQ -5 k. 9)

where
Q=y+dk, §=1~60, 7=0nu+(1-08)721,
E=06ut1—-0)6a, A=0An+(1—6) Az
A family’s capital accumulation is given by : dk/dt=s — §ok, i.e.,

dk/dt = 10— k. (10

B. Behavior of Single Men and Women

We specify the utility functions Uj(t) of a single person of sex j as
follows :
Up=Anl 72 ¢,52 (g + s, — 80kg) 2,

(11
72 Ep20 Ap>0, 7+ Ep +ip=1,j=1, 2.
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It should be remarked that amenity levels that the same sex obtains
from different life styles may be quite different. For instance, a
man’s amenity level may be much different between unmarried and
married life styles. It is quite significant to examine whether or not
the social and economic system may sustain such an equilibrium
at which some men will be unmarried and some other men will be
married, even though single men and married men are identical in
the individual characteristics. We show that such an equilibrium
may indeed exist. It should also be remarked that although we
treat Ajn as parameters, they are actually affected by many factors.
For instance, as consequences of female liberation and other social
and economic changes, some “social burdens” on women who
choose single life style may be greatly relaxed. The reduced social
burden for women to choose single life style tends to increase the
amenity level, A (in comparison to Azi). We will examine the
impact of change in Az, on the system.

A single person (j, 2)’'s budget constraint is given by -

le + ¢ t+ s=y;. (12)

A single person (j, 2) maximizes the person’s utility level, U(t),
subject to the above budget constrain. The optimal solution is given

by -
RL=72% ¢=£2Q. §= 420 —dk, (13)

where Qt)=y,+ s k. A person (j, 2)’s capital accumulation is given
by : dk;/dt=s;, — dok;. i.e.,

dig/dt= 29—k, j=1, 2. © (19

C. Market Balance Conditions

As the population of each sex is homogenous, the utility level
that persons of the same sex should be identical between different
life styles, i.e.,

Up=Up, for 0<N, Np<N, j=1, 2. (15)

The above conditions are held for N = 0 and Ny = O.
We assume that capital stocks and labor force are fully employed.
The assumption that each sex is fully employed is represented by

N + Nz=N,. (16)
By the definition of K, k, and ky
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K=KkN + ki2N2 + ka2Naa, (17)
is held. The output is used either for consumption or investment, i.e.,
(c+S)N +(c1+s1)Niz2 + (c2 + S2)Noz= F. (18)
The land constraint is given by
I[N +LiN12 +laNo2=L. (19)

We have thus built the model. There are 32 endogenous variables,
K.N.F L ko s y, rn R N Ul Kk, ¢ s, y, N, wm and Uy, j, m=
1, 2. We now provide conditions for existence of equilibria.

HI. Existence of Equilibria
This section is concerned with conditions for existence of equilibria
of the dynamic system. By (10} and (14), at an equilibrium
AQ=k, ApQ=k. j=1, 2, (20)
are held, Substituting (20) into (9) and (13) yields
Rl=pk/A, c=&k/ A, s= 8ok, 21)
Rlj=9pl/ A, ¢ =~E&pk/ A, s= dok. (22)

Substituting (21) and (22) into (6) and (11) and then using (15), we
obtain

k/k=a(R) 7, (23)
where 7, =79 — 75 and

A(/bl‘l) (1- Ap)

@ = (An/24g)(n T &, 50 1/ 02,72,
Substituting (21) and (22) into (18) and (19), we obtain

AJ“Z

S1kN + d12ki2N12 + S22k22N2y=F,
nkN/A + 7i12kiN1 /A21 + 722kaNa2 [/ 122=RL,

where 61 =&6/4+ 6o and 8,2 =&/ Ap+380. By (20), (5) and the
definitions of Q@ and Q,, we get

(24)

(1/A=86-nk = 2r+ wn+wa, (1/ Ap-0—nlg=r+wp, j=1, 2. (25)
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By (25), we directly have
Ig/k = (rtwe)(1/ 2 — 8 —1)/(1/ 2p— 6 —N2r+wn+wa). (26)
By (2) and (3), we get
r= a/A”, Wn=B82zmA", 27)
where /1 = K/N. By (26), (27), (4} and (23), we get

(r+8zpA)@A” —1)/(gA° - 1)@2r+BzA)=a'r 7, (28)

where z=z,1+2zn, g=(1/4A-68)a, g=(1/12—-8)/ e and

a' =a/b’, j=12
By (25), we see that it is necessary to require :
A?>max {1/g, 1/g1. 1/ga). (29)

The inequalities guarantee that k and k, are positive. The two
equations in (28) inciude two variables, r and A. It is difficult to
guarantee the existence of solutions.

We now discuss how we may solve other variables for a given
solution, r and /A, of (28). By (27), we directly solve r and w» as
functions of r and L. By (25) and r=[R, we solve k, kp and R as
functions of r and A. By (21) and (22), we solve [, c11, c21, S, L2, ¢
and sp. By (16) and (19), we solve

N=(L—UL2N;—1l2N2)/(l =Lz —la2), Np = N, — N. (30)

The above equations determine the marriage rate of each sex. It
should be noted that we don't examine corner solutions of the
equilibrium problem. For instance, it is quite possible that all the
population of some sex live married life. Summarizing the above
discussion, we get the following results.

Proposition 1

If (28) have solutions, r and A, which satisfy (29) and N given by
(30) satisfies O<N<min {N;, N}, then the dynamic system has at
least one equilibrium. The number of equilibria is equal to the number
of meaningful solutions of (28). Moreover, the equilibrium values of
the variables are given by the following procedure :

rand A by (28) —» R=r/lb—r and wm, j, m=1, 2, by (27) — k
and kp by (25)—l ¢ and s by (21) >, ¢, and s, by (22) - N and N,
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by (30) —y and y; by (5) —» F by (24) - K by (3) = N by (1) » Up by
(11) - Uy by (6) = U by (7).

Since it is difficult to interpret the conditions for existence of
equilibria, for illustration we specify values of some parameters. We
make the following requirements :

71=80=0, 72<0, An=A12=Ad21= A22,
(31)
2a; - 1> 0, z12 > a1z, N1 = Na.

The requirements, N; = N and §¢ =0, simply mean that the
population of two sexes are equal and capital depreciation is
neglected. The condition, 7. =0, implies that the single man's
propensity to consume lot size is equal to the married man’'s. The
condition, 72 < O, implies that the single woman’'s propensity to
consume lot size is lower than the married woman’s. The condition,
2a; — 1, is rewritten as An > A2, which means that a man gets
higher amenity level in married life style than in single life style.
The condition, z;2 > a1z > z/2, says that a single man’s working
efficiency level is higher than the average working efficiency level of
husband and wife. We see that it is quite acceptable to assume
(31). We now show that (31) guarantees the existence of a unique
equilibrium of the dynamic system (with some additional require-
ments discussed below).

By A= A12, we have A= A11. Under (31}, we solve (28) as follows :

A°=r/rn>0r=r >0, (32)
where
ro = (212 — 2) B/ 2y — 1), T = lro + Bz2) / az'(2ro + BN/ 72

We now discuss under what conditions (29) and N <min {N;, N}
are satisfied. Under (31), g =g =g. is held. Hence, (29) can be
rewritten as

€/ >1/gi =aia/(n12+ Era). (33)
For illustration, we require f > 1, i.e.,
r+Bzym <a; (2ro + B2).

This requirement is satisfied, for instance, if a; > 1/2 and a;z >
Z22. The conditions, a2 >1/2 and a2z >z, can be similarly
interpreted as the conditions, (a;'=)a; > 1/2 and ziz > axz in (31).
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In the case of r > 1, the inequality, (33), is satisfied if
(2a1 1)/ Bl(z12 —a12) > {a Az / (712 + &)}/ 7. (34)

For instance, in the case of ¢ = 8 and 712+ £12 =4 112, then the
inequality, (34) is guaranteed if 2a; — 1 > (z12 — a12})/16. We see
that it is possible to find some acceptable conditions for (32) to
satisfy (29).

By (21), (22) and r = LR, we get

-l ~L=(7 —k )k/AR, L —liN\—IbNo=(2 Ar/k—k )kN\/AR, (35)
where
k' =7k / k+ 72k / k.
For N1 > N > 0, it is sufficient to require
1>@QAir/k—-K)/{(7-k)>0. (36)
By (32), (25) and (27), we have
k' = (ualro + B212) + 7 22(r0 + Bz22)) / (210 + B2), -
2ir/k = 2 adrolg’ ~ 1)/ A°(2r0 + B 2).

In the case of 7 <2Ar/k <k or in the case of 7> 2ir/ k>k, N
> N > 0 are satisfied. By (37), the conditions of 7 > 2Ar/ k> kK are
guaranteed if

Bnz/2ro+a A/ N">&,

(38)
2airolgA® — 1)/ A? > 1120 + Bz2) + 1 22(ro + BZ20),

are satisfied. It is difficult to interpret the above conditions. We may
similarly discuss other cases of possible parameter combinations.

Corollary 1

We assume that (31), (34), (38), a2’ = 1/2, a,'z > 2y, are satisfied.
The dynamic system has a unique equilibrium. The equilibrium
values of the variables are given by the procedure in Proposition 1.

From the above discussion, we see that only the conditions given
by (38) are difficult to interpret. In the remainder of this study, for
convenience of illustration we always assume that the requirements in
Corollary 1 are satisfied. We examine the effects of changes in some
parameters on the equilibrium.



CAPITAL, INCOMES AND LIFE STYLES 129
IV. The Amenity Level of Women’s Single Life style

This section is concerned with the impact of changes in the
amenity level, Ay, of women’s single life style on the marriage rate
and economic structure.

Taking derivatives of (32) with respect to Az yields

(1/1ndr/dAz =(1/RdR/ dAse = 1/ 72422 <O,
(a/ANdA /[ dAx =1/ 7242 <0

(39)

where we use r=[R and 72 <0. The land rent, R, and land
revenue, r, per capita are reduced.
By (27),

(1/ndr/dAz = —(8/A)dA/dAx>0,
(1/wmldwim/dAzz = (a/ N)d A/dAz2 <0, j, m=1, 2,

(40)

are held. As single women’s amenity level is increased, the rate of
interest, r, is reduced and the wage rates, wm, of all the groups
are reduced.

By (25), y =(1/ A — 8}k and y; = (1/ 22 — 8)kj2. We obtain

(1/K)dk/dA22 = (1/y)dy/dAz2 = (1/k)dk;/dA22 = (1/y)dy;/ dAz2 @
={(egA®-1) / AgA® -1)}d A/ dA22.

In the case of eagA”®>(<) 1, we have dk/dAz<(>)0 and dkj/dAz<
(>)O0. Taking derivatives of (21) and (22) yields

(1Ddl/dAsz2 = (1/1)dl/dAz = — B/ a 7 24229 A° —1) > O, w2
(1/0)dc/dAs2 = (1/c)dci/dAszz = ((ag A* —1)/ AMg A* —1))d A/ dAz.

The lot sizes, | and [, per family, single man and per single woman
are increased. In the case of agA”>(<)1, we have dc/dAs<(>)0
and dc¢;/dA22<(>)0.

By (30) and (35), we have.

N=@2ir/k—7N/(7—kK)+N.
Taking derivatives of the above equation and N = N; — N, we get
dN/dAzz = (2 aBAToN: / A" (2r0 + 82)(B ~K)d A/ dA22 <O,
dNp/dAz2 = —dN/dAz >0,
in which (37) and 7>2Ar/k >k are used. As the amenity life of

(43)
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women’s single life style is improved, the marriage rate is reduced. In
other words, more men and women live in unmarried life. By (1), K
=AN and F=A°N

dN*/dAzz =(z —z12 — Zzz]dN/dAzz,
(1/K)dK/dAs; = (1/ A)d A/dAz + (1/N)dN'/dAzs. (44)
(1/PdF/dAzz = (1/ N)dA/dAz+(1/N)dN' /dAss.

are held. If the sum, z of the husband and wife’'s working
efficiency is larger than the sum, ziz+22;, of a single woman and a
single man, then the qualified labor force, N', the total capital
stocks, K, and the output, F, of the economy are reduced. In the
case of z <zi3+23 then N is increased and K and F may be
either increased or reduced. Summarizing the discussion in this
section, we get the following proposition.

Proposition 2

Let the assumptions in Corollary 1 be satisfied. Then an increase in
the amenity level, Az, of women's single life style has the following
impact on the unique equilibrium economic structure :

(1) the marriage rate, N, is reduced;

(2) in the case of z > zj2 + zs2, the qualified labor force, N, the
total capital stocks, K, and the output, F, of the economy are
reduced; in the case of z < zi2+2zy, N is increased and K and F
may be either increased or reduced;

(3) the capital stocks, k and k,, and the net incomes, y and y,
of per family, single man and single woman are increased (reduced)
in the case of agA”<(>)1;

(4) the lot sizes, | and [, of per family, single man and single
woman are increased: the consumption levels, ¢ and ¢, of per
family, single man and single woman are reduced (increased) in the
case of agA’>(<)1;

(5) the rate of interest, r, is increased, and the land rent, R,
the land revenue, r, from land ownership, and the wage rates, wm,
of men and women are reduced.

It should noted that the above conclusions are obtained under
strict requirements. It can be seen that even in our simple model it
is quite difficult to explicitly judge the effects of changes in
parameters.
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V. The Working Efficiency of Single Women

This section is concerned with the impact of changes in the
working efficiency, zz:, of single women on the marriage rate and
economic structure. By (32) and r =R

(1/9dr/dzs:= (1/R)dR/dzz2 = 1/ 52(ro + S222) < O,
(a/ ANdA/dzaz =1/ 52lro + 8229) <O,

(45)

are held. The land revenue, r, per capita and the land rent, R, are
reduced. Taking derivatives of (27) with respect to zz; yields

(A/ Bndr/dz;, = —d A/dzs > 0O,
(A [ awmldwym/dza2= d A/dz22 <0, (j, m=(1, 1), (1, 2), (2,1), (46)
(1/waz)dwas/dzas =1/ 72(ro + B222} + 1/ Z20.

The rate of interest, r, is increased and the wage rates, wy, and wo,
of married men, single men and married women are reduced. The wage
rate, wez, of single women may be either increased or decreased.

By (25), y =(1/ A —$8)k and y, = (1/ A2~ A)kp,

(1/K)di/dze2 = (1/y)dy/dza2 = (1/k1)dk1/dzee = (1/y1)dy:/dz2:
= {(ag/lB—l)//l(q/lB—1)ld/l/d222, (1/ko)dicz/ dz2z (47)
= (1/y2dyz/dzn=WB8 72+ agA® —1—a B 72/ a 72@A* — o+ B222),
are held. The capital stocks, k and ki, and incomes, y and y,, of per
family and single men are increased (reduced) in the case of agA”<

(>)1. The sign of dka/dz;; and dy2/dz.; is the opposite to that of
the term, (87 2+1)agAE—1—a/:?77 2. By (21) and (22)

(1/1)dl/dzz = (1/L)dl/dzze

={(agA® =1/ AGA® — DIdA/dzaa— 1/n2lro+ B2z22), (1/1)dla/dzze
= (8 72— 1)/ n2fro+ BzdH(2g A® —1)/ AgA® —DId A /dzs

(1/c)dc/dza = (1/c)de/dzze = {(ag A?-1)/ AlGA®-1IdA/dzse,

{48)

are held. The impact on the marriage rate is given by
dN/dz3; = {2 a BAroN1/ A" ?2ro+ B2)(n —Kk)id A/ dzea+
(24r/k~ 1) Br22Ni/ (17 ~K )*(2ro+ B2), (49)
dNjp/dzss = —dN/dz2s.
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We see that the marriage rate may be either increased or reduced
when the working efficlency of single women is improved. By (1), K
=AN and F =A°N

dN'/dzaz = (z — 212 — 222)dN/ dza2+Nao,
(1/K)dK/dz22 = (1/ N)d A/dza2+(1/N)AN [ dzos, (50)
(1/PdF/dzsz2 = (1/ A)d A/ dzaa+(1/N)dN / dzza,

are held. It is difficult to explicitly determine the signs of the
effects of changes in single women's working efficiency on the total
capital stocks and output of the economy.

V1. Concluding Remarks

This paper proposed an economic model to analyze the interde-
pendence among capital accumulation, sexual division of labor and
marriage rate in a perfectly competitive economic system. We built
a dynamic model and provided the conditions for the existence of
equilibria. We were concerned with the effects of amenity levels of
various life styles, working efficiency and preference on the economic
structure. The effects of changes in some parameters on the
equilibrium economic structure were examined.

The study may be improved in multiple ways. For instance, one may
simulate the model by computer, seeing actual dynamic processes over
time. Our model simplifies many aspects of family life. We carried out
the comparative static analysis with respect to z2; and Az under very
strict assumptions. We may directly analyze the effects of chahges in
some other parameters. It should be remarked that the system may
contain more complicated behavior than we mentioned. For instance, if
the amenity level that a man obtains from living with a woman is
extremely higher than the amenity level that he lives singly and the
supply of the female population is much lower than the male
population, then the system may not have equilibrium or may have
some kinds of corner solutions. We may extend the model in multiple
ways. It is important to classify production into multiple sectors as
male and female labor force may obtain different amenity levels from
different professions. Issues related to the number of and bringing-ups
of children are obviously one of the most important factors which
affect marriage. It is also significant to introduce endogenous changes
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in preference parameters, 7,m &m Ajm amenity levels, Ay of life
styles for different people and the parameter, ¢ (which is dependent
on emotion and power structures of the female and male population).

(Received May 1997; Revised September 1997)
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