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The Effects of Credit Markets on Fertility in Closed

and Open Economies
Shahar Rotberg

Abstract

This paper studies the effects of credit markets on fertility rates of poor and rich agents,
using a two-period, overlapping-generation (OLG) model. Poor and rich parents choose
fertility and consumption to maximize utility, which depends only on their own number
of children and consumption. Initially agents are restricted from borrowing and lending.
Subsequently, open and closed economies are studied where agents have access to credit
markets. Results show that without credit markets, rich agents have more children than
poor agents, and that with credit markets, poor agents conceive more children than rich
agents only if their second period income to first period income is sufficiently larger than
that of rich agents.
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1. Introduction

Historically, income and fertility have been positively correlated. However, as
most research indicates, for many years now the relationship between income and fertility
has been negative throughout the Western world and various developing countries
(Becker 1981). For example, researchers Jones and Tertlit, who conducted empirical
research on the relationship between income and fertility in the United States between the
years 1826-1960, found "a strong negative relationship between income and fertility for
all cohorts and estimate[d] an overall income elasticity of about -0.38 for the period"
(Jones and Tertlit 2007). Another study finds that since the beginning of the 1750s,
income and fertility have been negatively correlated in Europe (Coale and Watkins
1979). Similar results are found among many other countries as well. The question that
Jones, Tertlit, Coale, Watkins and other researchers have tried to investigate has been a
highly discussed topic in economics, as well as in sociology and demography for many
years now. One main reason for the interest in that question is that if the rich have fewer
children than the poor, it may mean an increased proportion of poor people in society,
which can have implications on income redistribution, for example. Another reason for
the continuing interest is that if income and fertility are negatively correlated, then it
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means that children are an inferior good, which most people find to be counterintuitive.
Nonetheless, while such research investigates the existence of the phenomenon, it still
does not answer the more highly debated question: Why do rich people have fewer
children than poor people?

Many non-mathematical as well as mathematical theories, which will be elaborated on
over the next two paragraphs, have tried to answer this question. However, it is
interesting to observe that the banking system in Europe had begun expanding and
resembling the modern banking system at the end of the 1690s (for example, the Bank of
England was first Chartered in 1694 and the Bank of Scotland was established in 1695),
providing people with easier access to credit and deposit (Hildreth 2001). Interestingly,
this expansion occurred just before income and fertility had become negatively
correlated. There may be numerous reasons for why income and fertility became
negatively correlated since that specific time, but this paper investigates a new theory that
may help to better explain the relationship between income and fertility: What are the
effects of credit markets on fertility decisions of poor people and rich people, and on the
fertility differential between them?

The non-mathematical theories started to emerge over 200 years ago. In 1798, Thomas
Malthus theorized that rich people had more children because the age at marriage was
lower for them than for the poor, giving them more time to reproduce (Malthus 1798).
Then, in 1960 Becker introduced the theory of contraceptive knowledge, in which he
argued that "contraceptive knowledge has been positively related to income"”, and that
"when it is held constant, a positive relationship appears" (Becker 1960). Moreover,
Becker stipulated that richer people "buy higher quality” children — for example, parents
spend more money on "higher quality children™, that is, on their education, housing,
clothes, food, etc. — but do not necessarily "buy more quantity” of children. He theorizes
that the increase in "quality” is large, while the increase in "quantity” is positive, but
small. Following this, Jacob Mincer received empirical support to his theory about
fertility being negatively correlated with the female wage rate. He found that the female's
wage on the market is more strongly negatively related to family size than is family
income to family size (Mincer 1963).

On the other hand, mathematical theories on the subject have been around for only
around 20 to 30 years. The major difference between the theory in this paper and the
other theories, which will be explained below, lies in the addition of heterogeneity in the
agents' incomes. In 1988, Gary Becker and Robert Barro used an Overlapping Generation
Model (OLG) with endogenous fertility in an open economy and one representative
agent, who makes decisions in only one period, to find that rich agents would have more
children than they would have had they been poorer (Becker and Barro, 1988). A year
later they introduced a model in a closed economy, which qualitatively yielded similar
conclusions (Becker and Barro 1989). In 2007, using an OLG model, Scholtz and
Seshardi allow children to make transfers to their parents, and find that low-income
families have more children than high-income families (Scholtz and Seshardi 2007). This
basically meant that for low-income families, children act as social security.
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As one can see, none of the theories that circulate in academia have been studying the
effects of credit markets on fertility decisions and on the fertility differential between rich
and poor. First, the model in this paper encourages the reader to think about the
relationship between income and fertility from a completely new perspective, that is, to
consider the role of credit markets in determining the relationship between fertility and
income. Second, the model in this paper may serve as a more accurate framework for
analyzing the implications that different government policies, such as social security,
have on fertility rates and the fertility differential between rich and poor. Third, by
studying the model in this paper, one might be better able to predict future growth trends
of poor and rich populations, and possibly to understand the mechanisms that affect these
trends and use them when constructing various policies.

In the next section there will be a brief discussion of an important definition, which is
central to the model of this paper. Then, the economic model will be explained and
analyzed, first in an open economy setup, and then in a closed economy framework.

2. Definition: Rich v. Poor

Before the economic environment is introduced, it is crucial that the reader fully
understands what is conveyed by the words "Rich™ and "Poor" in this paper. "Rich" and
"Poor" can be relative or absolute terms, and can refer to a stock or a flow. For example,
in the models by Becker and Barro from 1988 and 1989, a "Rich" or "Poor" agent is one
with higher or lower stock of non-labor income, respectively. Furthermore, in the Becker
and Barro models "Rich" and "Poor" are absolute terms, so an economic agent who
received more non-labor income had a greater purchasing power absolutely. In contrast, a
"Rich" or "Poor" agent in this paper is one with a higher or lower flow of labor income,
respectively. In addition, "Rich" and "Poor" are relative terms. An economic agent can
only be "Poor" if another agent is receiving a higher flow of labor income than him, thus
making the other agent "Rich".

Another important point to be made is about the assumptions that are made about the
underlying characteristics of "Rich™ and "Poor" agents. "Rich" agents may be richer than
"Poor" agents due to their higher innate ability or intelligence, for example, which make
them more productive. On the other hand, being "Rich" can be a consequence of pure
luck, such as living in an area experiencing an economic boom, compared to a "Poor"
agent, who may be just as able, but for some reason lives in a place suffering from
economic stagnation.

It is more likely that in small open economies, being "Rich" or "Poor" would be a
consequence attributed mainly to ability, since mobility is usually much higher in smaller
countries, (for example, Israel and Luxemburg). In contrast, it is more likely that in a
closed economy "Rich™ and "Poor" will be determined by both ability and luck, as those
economies tend to be larger in size, and moving from one city to another may be harder
(for example, USA, China and The European Union).
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Lastly, since the key idea in studying the effects of a particular variable on another is to
hold every other variable fixed, it is assumed in this paper that both the "Rich™ and
"Poor" agents have the same level of education, i.e., high school, BA, or MA and above.
This assumption permits us to control for any confounding variables that might affect the
relationship between income and fertility.

3. The Economic Environment

The model is a two-period, overlapping-generation (OLG), closed/open economy
model. There are two agents, one poor and one rich. Both are assumed to work the same
amount of time, and each one receives an income in each period. It is assumed that agents
do not make labor decisions. Furthermore, a rich agent receives more income in any
given period, i.e., a higher wage. The agents have a choice of how much to consume in
the first and second periods of their lives, and how many children to have in the first
period (An agent can only bear children in the first period of life.). For each agent, the
cost of a child will be a fixed fraction of one’s income. On the other hand, each child
provides its parents with positive psychic utility. The utility function for both poor and
rich agents is assumed to be a time separable (natural) log utility function. Although rich
parents spend nominally more on each child than poor parents, it is still assumed that an
agent's utility only depends on the “quantity” of children one has, and not on their
"quality”. Furthermore, although this is a deviation from most "standard" macro-
economic models, it is assumed that the utility of an agent does not depend on the rest of
one’s lineage, i.e., the infinitely lived agent. The reason for the choice of such a utility
function, as opposed to more "standard", infinitely lived agent utility function, is that it
seems to be more realistic to assume that agents believe they cannot actually control or
foresee the decisions of their children, thus they do not take them into account in their
objective function. (This may be similar to the behavior of a firm that could operate as a
monopoly, but believes it is operating in a competitive market.) Furthermore, children of
a poor person receive income equivalent to their parents', and children of a rich person
receive income equivalent to their parents'. (In a later section this assumption will be
relaxed.) This assumption is made due to the strong support Solon finds for the
transmission of earnings ability in many different developed countries, although in the
long run it experiences a regression to the mean (Solon 2002). First, the model will be
solved with the assumption that the rich and poor agents are not aware of each other and
cannot borrow and lend from the rest of the world. Thus, no borrowing and lending will
take place. Second, the model will be solved with the agents being aware of each other
and allowed to interact on the world credit market. Therefore, borrowing and lending
will, possibly, occur. Basically, the model will hold credit markets ceteris paribus, to see
the effects it has on the optimal fertility decisions of the rich and poor agents, and on the
fertility differential, that is, the difference between the fertility rates of the poor, minus
the fertility rates of the rich.
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4. No Trade Economies

Here it is assumed that no credit markets exist. In essence, there are two different
economies. One contains only rich agents, and the other only poor agents. The economy
of the rich shall henceforward be named 'Economy 1', and the economy of the poor shall
be deemed 'Economy 2'. In period 0 there is 1 rich agent in 'Economy 1' and 1 poor agent
in 'Economy 2'. A poor agent’s income when young is 1 (Normalization for simplicity),
and K when old. Similarly, a rich agent’s income when young is L, and M when old. This
is denoted by Poor=[1, K], rich=[L, M], with L>1,and M>K.

. . . . .1
It is further assumed that the cost of a child as a fraction of a poor agent's income ISF :
withF € ®, andF > 0. In addition, the cost of a child as a fraction of a rich agent's
income is lower than that of a poor agent, namelydiF, withd e R, andd >1.

The reason this assumption is added is that in the 2009 USA Department of Agriculture
Annual report on expenditures on children by families, it was found that the lowest
income class spent 25% of their before-tax income on a child on average, whereas the
middle and high income classes spent 16%, and 12% of their before-tax incomes on
average, respectively (the estimates were for two-child families). As one can see, income
and the cost of a child as a fraction of the parents' income are negatively related, which is

what the assumption about d being greater than 1 is trying to capture.

4.1. 'Economy 1'

Each rich agent born in period t is faced with the following constraints in period t,
and t+1: (See appendix for explanations on the notation and on how to interpret it.)

L= Ctr[lt]jL L ntrldLF_ Itrl
M 2 Clom* I ]

The lifetime budget constraint is

M+p Lz Crl + rrlcr1 L nrli
t t[t+1] t Git] t t dE

1 - 1 1 - - -
Solving for n : as a function of C:[t] C :[M] gives the following expression:

Ne SIM 41 L=Cluy—F: Cy)dF 171 L

Each agent has a utility function given by
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1 1 1 5 ! ! s
Uy =109 cr)(ni)?) +1g(( ¢ )’ (N7
Each agent will maximize his utility subject to his lifetime budget constraint. That means
that since having more children gives the agent more positive utility, it would be wasteful

for the agent not to exhaust all of the resources given to him. Thus, the weak inequality
can be changed to equality to get:

Ne =M+ L-Cyuy= Iy Ca)dF 1/, L
Each rich agent faces the following maximization problem:

Max

)i )4
rt rt rt rt ot NS rt rt rt ot SN
Uk :IOgC[t] (M+ I L_C[[t+1] T Ct[t])Fd/ I D?)+ Iog(C[Hl])W((M T, L_Ct[t+1] T C[[t])Fd/ I D)?)

W.R.T. Clyyr Gy (Where0 < £ <land0 <y <1).

Subject to C:[lt] >0, C:[1t+1] >0,and, nt'l >0.

These constraints are added because if any one of the arguments is O then the utility
function is not defined, and thus cannot possibly be maximized. Also, realistically, the
agent cannot consume negative amounts, so these arguments must be positive.

Taking first order conditions gives the following:

1

0 : rt rt 0 trl dF NN o NN (B dF
uri =0, (Ct[t+l])w (nt )ﬂ +Lr1(_T) = (C[[t+1])l/ (nt )ﬁ +ﬁCI[t] (Ct[t+1])l/ (nt )(ﬁ ’ (_T) =0
Ci 0 N
ou 0
aCtr[t+l]
rl

s

0
UE, (G () +
n

:fL) Y, () G, (G (D =0

t

Solving them gives:

Chy= M+l D/l (B+y+1)
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o _(K+ rtrl L)y
Con™ (5y 41
n[zwme+rHMKﬂ+w+nﬁL

These expressions maximize the utility of the rich agent because the second derivatives
are negative (See appendix, Proof 1).

rl
r[t+1]’
will get the following willingness to borrow/lend:

Plugging the expressions for Ctr[lt],c and ntr1 in the first period budget constraint one

L @+ /M - L
o @AM, 11//) (See figure 1)

(B+y+)r,
. Figure 1
| a The willingness to borrow/lend
/
Borrowing <
& > r
I
Lending <
.
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In a closed economy, aggregate savings are equal to O, i.e.,

1
subscript j denotes the individual, and Ntr denotes the total number of rich agents born

1
in period t. However, since all rich agents are identical, then setting |tr =0will be

1 1

sufficient. Now, one can solve for the interest rate, and ultimately ¢ :[t] ’Ctr[m]’ n.

4.11) 1 = (1+ﬂ)%
rt L
(412) Ct[t]:(]_+—ﬂ)
(413) Clyy =M
rt F
@14)n. = (ﬁ ﬂ)d

1 1 1

As one can observe, [, , C :[t] ,C:[M], andp) . are constant across time, i.e., they do
not depend on t, and in every period t, they are equal to expressions given by (4.1.1)-
(4.1.4), respectively. It is interesting to note that C:[t] depends on S, rather thany . As

increases, Ctr[t] decreases. This is because parents with a higher £ have a higher preference
for the quantity of children, and so would like to bear more children, who come at the
expense of concurrent consumption. It is easy to show that derivative of ntrl with respect

to £ is simply >0. Thus, n:l increases when parents prefer more children, which

1+p)°

1
should not come as much of a surprise. Also, as one can observe C:[m] depends neither

on S nor w in this economy. The reason being that all agents are identical, and thus,
everyone consumes all of their income in period t+1.

4.1.2 'Economy 2'

Each poor agent born in period t is faced with the following constraints in period
t, and t+1

p? p2 1 p?
12 Ct[t]+ N F_ It

Western Undergraduate Economics Review 2012



64

p’ p?y p?
K= Ct[t+l]+ I It

The lifetime budget constraint is given by:

p? p? p? _p? p2 p2 1
K+ . 2 Ct[t+l]+ I, Ct[t]+ N« N, E
2

p , 2 2
One can solve for [, as a function of Ctp[t] : Ctp[t+l] to get:
p* ¥ P p* P p’
N, <[(K+ I _Ct[t+l]_ I, Ct[t])F]/ I,

Each agent has a utility function given by

2 2 2 E 2 2 E
U =10g(cyqn ) ?)+10g(( €’ (N )?)
Each agent will maximize his utility subject to his lifetime budget constraint. This means
that since having more children gives the agent more positive utility, it would be wasteful

for the agent not to exhaust all of the resources given to him. Thus, the weak inequality
can be changed to an equality producing the following equation:

pZ p2 pZ pZ p2 pZ
n. = [(K + N = Cieg— It Ct[t])F]/ I
Therefore, each poor agent's maximization problem is:
Max

2 2 2 2 2 2 2 é 2 2 2 2 2 2 E
utp :IOgCFEt] ((K+rtp _C[’Et+1]_rtp Ct’Et])F/ rtp )2)+|°9(C’;t+1])w((K+rtp _C:;m]_rtp CI’EI])F/ rtp )?)
P p’
W.R.T. Ct[t]’Ct[t+l]

Subject to Ctp[:] >0, C[FE;] >0,and,p” >0.

These constraints are added because if any one of the arguments is O then the utility
function is not defined, and thus cannot possibly be maximized. Also, realistically, the
agent cannot consume negative amounts, or negative amounts of children. So these
arguments must be positive.

After taking first order conditions (similar to 'Economy 1), and setting them equal to 0,
the following expressions are obtained:
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o= (K4 p) By +D) !

2 :(K+ﬂ5w
Ct[t+1] (ﬂ+ 74 +1)

n* =IFBK+r B +y +D

(These expressions maximize the utility of the poor agent by the same arguments given in
'‘Economy 1'))

And the following willingness to borrow/lend:

o _ (@ HK -1 v)

(B+y+D)r,
h)
v

(Graphically it looks similar to figure 1 with the x-axis intercept

at

The same argument that was used in ‘Economy 1’ can be replicated here to justify using
|t'Dz =0 as the market clearing condition. Now, one can solve for the interest rate, and

2

. p’ p? P
ultimately for Ct[t] ' Cieayr N

(4znrf:Q:£lK
174

Substituting (4) back into the (1), (2), and (3) we get

1

(422) CtF;t] = (:|_+—ﬂ)

(42.3) Cyy=K

p* _ pF
(4.2.4) n, @+ p)

2

As one can observe, ! ,C:;t] ’Ctp[t+1]’ and ntpz are constant across time, i.e., do not
depend on t, and in every period t are equal to expressions given by (4.2.1)-(4.2.4),

Western Undergraduate Economics Review 2012



66

respectively. Also, the analysis of fertility and consumptions in 'Economy 1' is applicable
to 'Economy 2'.

4.1.3 'Economy 1'v. 'Economy 2'

1

As can be noticed right away, n tpz <n . inevery period t, which is due to the

lower cost of children as a fraction of a rich agent's income. Let > =" -n . =

F_F_F
+p @+p @+p

between the poor and rich agents in 'Economy 1' and 'Economy 2'. In addition, it should

2 2

. . . p ! p ! . .
come as no surprise that in every period t, Ciy< C :[t] and Cir1<C tr[Hl] , Which is

(L-d)<0 (since d >1 by assumption), be the fertility differential

due to the combination of higher income received by the richer agent and lower real costs
per child. Furthermore, it is interesting to notice that the relationship between rtp and rtr

is indeterminate. The relationship will be determined by the ratio of an agent's second
period income to first period income (which shall henceforth be referred to as 'The Ratio’,
or 'Ratio’. A higher 'Ratio’ will also be referred to as a "steeper” profile.). The interest rate

in 'Economy 1' will be higher than in 'Economy 2' only if % > K, and vice versa. As will

become clearer later on, 'The Ratio' will play a crucial role in determining how credit
markets affect fertility decisions and the fertility differential.

1 1 1 2 2 2 A
LetN, =g N, andNP” =n’ ... N, , denote the total rich and poor people born
12 p’
in period t, respectively, and Let atp =+pzdenote the proportion of poor agents
t + t

born in period t in the total population born in period t in both 'Economy 1' and 'Economy
2'. Since tpz <N trl for every period t, one can easily plot the path of atpL2 (Figure 2).
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1,2 Figure 2
ap A The proportion of poor agents born in period t in the total
t population born in period t in both 'Economy 1' and 'Economy 2'
1 —4
0.5

—~V

2

. . p
As shown in figure 2, !Lrgat =0

5. A Small Open Economy with Trade

It is worthwhile to start by analyzing the effects of credit markets on fertility rates
and the fertility differential in a small open economy, since the interest rate is given,
which makes the analysis somewhat less complex than that of a closed economy where
the interest rate is endogenously determined.

In the small open economy, all assumptions from 'Economy 1' and 'Economy 2' are
preserved but the poor and rich agents are now allowed to borrow on the world credit
market at an exogenously given interest rate. This economy shall be referred to as
'‘Economy 3' from now onward.

5.1. 'Economy 3'

Again just as in 'Economy 1' the agents solve the same maximization problems,
only this time taking the interest rate as given. The rich agent's maximization problem is:
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Max
B ;
r® ré 3 ré 3. r 31\, r® 3 r® 3 r 31\
U =109€,(M+1 L—Cpy 1 )P 1 D*) +109(6 )" (M + 1 L—Cyp oy~ 1 C)F U 1 D)
W.R.T. Ciy Cipeny
Subject to G, > 0, Gy, > 0,and, ;> 0.
The poor agent maximization problem is:
Max || =logf’ (K+pr'—¢" 3’)3|:/3)§ log(® ) (K+F ¢ 3p3|:/3)§
axu = OgC[t](( 1= Cra I G[t]) I )+ Og((:t[m]) (( T Cpg I Ct[t]) I )
pP P’
W.R.T. Ct[t]’Ct[t+l]
Subject to Gy > 0, Gy >0,2nd, 1y, >0.

After taking first order conditions for both agents and setting them equal to 0, the

. . 3 3 p3 3 3 i
following expressions for ¢ ., Cyryys N ¢+ @ Cyyps Cugey N @78 Obtained:

(5.L1)Cly =M+ LB +y +D)

. (MApiLy

(512) Ct[t+l] _m

(5.13) . = cillhd e
By DL

(5.1.4 CfE:] =(K+r)IB+y+Dr,
p? _m

(5.1.5) Cipery = (B+yv+])
AR

(516 n =5

N = sy r

In addition, the demands/supply of loans for both agents are given by:

o @+ AK -y )
By,
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o_(@+ M -y )
By +Dr,

. . 3. r 8 r
Since the interest rate rt IS exogenous, C t[t] ’Ct[t+1]’ n ¢

3 p3 p3 p3
» ad Cyyyr Cypgg N+ AFE
the same in every period t, and are given by the expressions in (5.1.1)-(5.1.6). It is worth

noting that since rf IS exogenous, a rich agent will have more children in 'Economy 3'

@+ M

n > rf, and vice versa. Similarly, a
174

poor agent will have more children in 'Economy 3' than he did in 'Economy 2" if rf < rtp2 ,

. . (1I+pAHK . . .

e, IfMT > rf, and vice versa. The reason being, that a lower world interest rate
14

relative to 'Economy 1' and 'Economy 2' induces the agents to become net borrowers,

giving them more resources with which to raise children. This implies that when agents

have a relatively steeper profile compared to the rest the world, they will have more

children if they can borrow and lend on a world credit market.

than he did in ‘Economy 1" if " < rtrl, i.e. if

The main interest is in determining the relationship between ) and p° , and

ultimately to determine the path of at’)s, compared to the path ofatp“. Let
n°=n; -n, =BFK+pUB+y +Dr -[FFM + /LB +y +Dp L =

=L3(K —Md) + L(1— d), be the fertility differential between
B+y+Dr, L (B+y+1)

rich and poor agents in 'Economy 3'. For poor agents to have more children (5.1.7) must

be satisfied.

; BF M BF
517) n*=—+ (K-——d)+—2" _(1-d)>0
G177 (ﬂ+w+nﬁ( L MYﬂ+W+D( )>

Since d >1 by assumption, thenL(l—dk 0. This means that in order for
(B+y+1)

(5.1.7) to hold it is necessary that K —%d > 0. However, it must also be sufficiently

large to offset A
(L+w+])

means is that in order for poor agents to bring more children than rich agents, their
willingness to borrow must be sufficiently larger than that of rich agents. This happens
when they have a lot of income in their second period of life relative to their first period
of life. Since agents would like to smooth consumption over their lifetime, those with

steeper profiles are likely to borrow more than agents with shallower profiles, dividing
their higher borrowings between more consumption and more children. Thus, the

(1-d) <0 in order to satisfy (5.1.7). Intuitively, what this
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relationship between ntrs and ntpa depends on 'The Ratio' of the rich agents compared to
"The Ratio' of the poor agents. Indeed, there are three cases to be analyzed.

Case 1:

& Vte(Nu{O}),!imafS:o, and the effect on the

t

M 3
If Tz Kthen n’ < n

fertility differential is ambiguous.

In this case (5.1.7) is not satisfied at any period t, as rich agents have a steeper profile
than poor agents. Thus, in each period tpg <n :3 leading atpg to tend to 0, just as atpu
does. Moreover, it is interesting to study the effects of the world credit market on the
fertility differential, i.e., comparing r°ton"?. If rtp2 < rt3< rtrl, then rich agents will

have more children than they did in 'Economy 1', but poor agents will have fewer
children than they did in 'Economy 2', increasing the fertility differential substantially,

n®<n"?. However, iff, <’ <y! , then both the rich and poor agents will have more

children than they would if there was no world credit market, since both become net
2 1

borrowers. If rtp < rtr < rf, then both the rich and poor agents will have fewer children

than they would if there was no world credit market, as they will become net lenders, and
have fewer resources to raise children. Yet, the effect of credit markets on the fertility
differential is ambiguous in these two cases because a rich agent's willingness to lend
may be larger or smaller than that of a poor agent depending on the world interest rate,
L.v, K L, and M.

Case 2:

If MT< K and (5.1.7) is not satisfied at period 0 then nt"3< n :3 Vvt e (N

u{0}) ,!Lrgafs =0 and the effect on the fertility differential is ambiguous.

In each period ntps <n :3 leading atp3 to tend to 0, just asatplz does (Unless (5.1.7)=0,
in which case atpg =0.5 in every period t, as ntps =N :3 in all periods). As for the

fertility differential, 7°, if |rtr1 < rf < |ftp2 , then poor agents will have more children than
they did in 'Economy 2', but rich agents will have fewer children than they did in

2

'Economy 1, decreasing the fertility differential, 7°>7,**. However, if |, < rtr1 <r’,
then both the rich and poor agents will have more children than they would have if there
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was no world credit market, since both become net borrowers. If p; <. < rf then

both the rich and poor agents will have fewer children than they did when there was no
world credit market, as they will be net lenders and have fewer resources for the purpose
of raising children. However, the effect of credit markets on the fertility differential is
ambiguous in both cases because a poor agent's willingness to borrow may be higher or
lower than that of a rich agent's depending on the world interest, £,y, K, L, and M.

Case 3:

If T<K and (5.1.7) is satisfied at period 0 thenp” >p | Vte(NU{0}),

Iimatps =1, and the effect on the fertility differential is ambiguous.

t—o0

In this case, for each period t tps >n :3 leading atps to tend to 1 (See figure 3). Note
that the analysis for the fertility differential is the same as in Case 2.

P Figure 3
d: 4 The proportion of poor agents born in period t in
the total population born in period t in 'Economy 3'
Case 3
U U
0.5+
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5.2 Non-Constant World Interest Rate

If the world interest rate fluctuates across time, then if originally Case 2 or Case 3
were applicable, a varying world interest rate may induce a variation between the two
cases. Thus, there may be fluctuations in fertility rates, fertility differentials, consumption

behavior, and atps. If Case 1 is applicable, then a varying world interest rate will not
change the analysis.

6. A Closed Economy with Trade

In the closed economy analysis, all assumptions from 'Economy 1' and 'Economy
2' are preserved, but the rich and poor agents are allowed to trade with each other, and the
interest rate is endogenously determined. This economy shall be referred to as 'Economy
4',
6.1 'Economy 4'

Again, just as in 'Economy 1' and 'Economy 2', the agents solve the same
maximization problems only with the interest rate being endogenously determined. The
rich agent's maximization problem is:

Max

B B

rt ré 4 rt 4 rt 40\, rt 4 rt 4 r 40\

U = IOgC[t] (M T L_C[[t+l]_rt C[[t])Fd/ I L)2)+Iog(C[t+1])W((M *T L_Ct[t+1]_rt Ct[t])Fd/ I L)?)
W.R.T. Ct[t]’Ct[t+l]

Subject to C:[At] >0, C::Hl] >0,and,n’ >0.

The poor agent has the following maximization problem:

Max

B B
4 4 4 4 4 4 NS 4 " 4 4 4 4 R
Utp - Iog@l[;t] ((K+ rtp _Ct[EtJrl] T C:Et])F / rt)2)+ Iog(ttz’wl])v (K+ rtp _C[FEM] T CtFEt])F / I’t)z
pt o p
W.R.T. Ciqty Cigtg

Subject to Ct'}:] >0, C;;l] >0,and,n’ >0.
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After taking first order conditions for both agents and setting them equal to O, the

4

f ” . ) f r4 r4 r4 p4 p p4 pA d pA
ollowing expressions for C ., Cyg' N b Cig Coryg-N, -+ and]; are
obtained:

C:;]: M+rLIB+y+Dr

4 _ (M + rj L)W
Ct[t+l] (ﬁ+ % +1)

¢ BFAM + /L)
LBy +DriL

o (@AM -y L)
(B+y+1) rj

Chy= (KB +y +D !

p* _ (K + r:‘)y/
Ct[t+l] (ﬁ + l,// + 1)

p* _ ﬂF(K-i-r:l)
By Dr

| =@ A v r’)
B+y +)r!

Since it is a closed economy, aggregate savings are equal to O,
. N r4 p4 . . . e e .
e, "t P4 Ny 04 =0 where subscript j and i denote the individual, and
; i 2 1
J=1 i=1
N rt p* . . .
t and Nt denote the total number of rich and poor agents born in period t,

respectively. The aggregate demand/supply of loans is graphically similar to figure 1,
with the intercept of the x-axis changing from period to period depending on the value of
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at"A, i.e., the ratio of poor agents born in period t in the total population born in period t

in 'Economy 4'. Since all poor agents are identical and all rich agents are identical, it is
enough to solve .4 " 4 ¥ a " 4 * __in order to get the interest rate
) N1 NS S @-ap ), el o0 )

4

Ie

The expression is given by: .« _ @+ p) (@l K+@-a/ M) _ @+ ) (NS K+N'M)
v @i +a-ahu v (NP ENL)

6.2. Existence of Steady States in 'Economy 4

The effects of credit markets on fertility decisions will have short run and long
run effects. Although the short run effects are of interest and will be analyzed, it is of
particular interest to learn about the long run effects that credit markets have on
'Economy 4'. Those long run effects are the changes that will have occurred in the
fertility rates, the fertility differential, the proportion of poor agents in the total
population, and consumptions, once the economy has reached an equilibrium at period t'.

4 4 4 4 4 4
When this happens ¢ |, ’C:[ul]’Ctr;t]’Ctp[Hl]’rt4’ n' .andp reach their steady

states for any period t>=t'. Those steady states mean that from period t' onward the
variables will not change with time, i.e., they will be constant for all periods t>=t". In

'‘Economy 4' those steady states depend on the path of rf . Once rf reaches its steady

4

4 4 p 4 . 4 4
state level, 50 d0 C ,(,; » Cyusy» Cipg» Cuproyy - @Nd Particularly, [ and ! . To see

how rf reaches it steady state, consider when (6.2.1) holds.

620 7' =" -n =—2F M d)+L+1(1—d) -0

—(K——
Bry+Dr L (Bry D)
There are three cases to analyze.

Case 1:

t

I %zK then n? <p ! Vte(NU{OY).limg) =0, and the fertility

differential increases.
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_
(B+y +])

period t, since rf>0, and F > 0. This means that N{" =nr:.... ntr_lwill grow faster than

(1-d) <0 because d >1,and K —%d <0. Thus, nt"A < n:4 in every

l\ll"A:n’)’A...ntpjl, making at’)A decrease in each subsequent period, tending to 0, and

f_@+pHM

increasing rf, until it reaches its steady state C = r:l (See figure 4). Thus,

4 r

C :[t] 'Ct[4t+1] : |t'4 , and particularly, n :4 (See figure 5) in their steady states will be the

2

. - - - 4 .
same as they would be in 'Economy 1'. Moreover, since in this case, >, in every

4 2

, , p p ‘ ?
period t poor agents will be lenders. Therefore,Ct[t]<Ct[t],ctp[t+l]>Ctp[tm, and

P < N tpz (See figure 6) in every period and also in their steady

states. This further means that the fertility differential will increase in every period t
(n* < n"™*) and stabilize when the interest rate reaches its steady state.

particularly, n .

Figure 4
The interest rate in 'Economy 4'
Case 1

I

—~ Vv
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n: A Figure 5
Fertility rates per rich agent in 'Economy 4'
Case 1
10T
t
b Figure 6
n: 4 Fertility rates per poor agent in 'Economy 4'
Case 1
N T
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Case 2:
MT < K and (6.2.1) is not satisfied in period 0.
This implies that n§4 < n: , and so alpA < a;’A cand [i<[s.
Sub-Case 1:
if K <%d and (6.2.1) is not satisfied in period 0 then ntp4 <n :4 vte (N

u{0}) ,!Lq)afA =0, and the fertility differential increases.

_
B+y+Dr,
expression becomes more negative. One can apply this argument for subsequent periods

By assumption (K—%d)<0, and as the interest rate decreases, this

to see that nf’A < ntrA in every period t (See figure 8.). Thus (6.2.1) will never be satisfied.
This means thatN,” =n:.... ntr_lwill grow faster than N =n§4... ntpjl, making atp4
decrease in each subsequent period, tending to 0, and decreasing rf, until it reaches its

steady state rfz d+p )%:

4

, and more

I’tr (See figure 7). Thus, C :[t] ’C:[Hl]’lr

t

interestingly, n tr 4 (See figure 8) in their steady states will be the same as they would be

2

in 'Economy 1'. Since in this case, rf< rtp in every period t, poor agents will borrow
4 2 4 2 4 2

more and so Cit] > Cf;t] ’Ctp[t+1] < Ct’;m] ,and particularly, n * > n [ (See figure 9)

in every period t and also in their steady states. This further means that the fertility

differential will be lower in the steady, i.e. n* > n"?
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I Figure 7
* The interest rate in 'Economy 4'
Case 2, Sub-case 1
p2
Ne T
4
o X
rl
P
t
rf Figure 8
N 4 Fertility rates per rich agent in 'Economy 4'
Case 2, Sub-case 1
n[ S
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p* Figure 9
N 4 Fertility rates per poor agent in 'Economy
4|

Case 2, Sub-case 1

v

Sub-Case 2:

if K >%d and (6.2.1) is not satisfied in period O then the fertility differential

M
—dy
; L p4 4 . p4
decreases. Also, ifK<———=——— then < vte(Nu{0})andlimg, =0.
petepag " e <N TetivEladina
4 4 4 4
Otherwise,r]tp <|’]tr until some period t' where r]tIO = r]tr and
M
4 (L+A)(d -DK = (K == ~djyt.

limg, = , where (!Lrgap ) €[0,0.5).

K@+ A)L-d)(d -1) + (K —'\Cd)z//(l— L)

To analyze the economy in this case, one must first be aware of the fact that the economy
has three different steady states for the interest rate. Two are unstable and one is stable.
The interest rate that is stable is the one whose numerical value is in between the other
two steady states, and the convergence to the stable steady state is from above or below,
depending on its starting point, but there is no oscillation in its convergence. (See Steady
States in the appendix for further explanation on stable and unstable steady states,
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convergence to the stable steady state, and the special cases where there are only one or
two steady states.)

In 'Economy 4', one steady state isy | »* and another is |f'tr , Where by assumption of Case
2, Sub-Case 2, r > r . To see this, one can refer to the previous cases, where it was

1
shown that rtr is a steady state. By the same reasoning, one can see that rt is another
steady state. However, a third steady state is achieved when

n* = ntp“_nt”=L4(K—Md)+L(1—d)=0. Denote this steady state
B+y+Dr, L (B+y+))

_ k-My B _

= o '—1 . Now, if < 7 o %o # then r* will be the stable steady state interest

1 2 2
rate. Otherwise, , will be the stable steady state interest rate. To see that p* < r’is
true, consider the following. It is straightforward to see thatr3<rtp. Also, by

LA(K —Md)>0. Then, there are more rich agents born in the
B+y+Dr, L

next period which puts downward pressure on the interest rate. Thus, it must be that r* =

assumption,

2 - 2 4 !
0 for an interest rate lower thany; , and so* < o fr > |"tr (See figure 10), this

means that the stable steady state interest rate is p“since it is the middle value. Hence,
(6.2.1) will equal to 0 at some period t=t". This means that both the poor and the rich will
bear the same number of children in this steady state. Denote this fertility rate by n4. This
means that N/ :n:.... n:_l will grow faster than N = n§4... ntp_dl only until period t,

and so atpA will only decrease until period t' and then remain constant and equal to a‘“’ =
M
1+ A)d-DK-(K —Td)l/fL

KA+ pA)1-d)(d-1)+(K —Td)y/(l— L)

, Where ¥ q° denotes the proportion of poor

agents to the total population born in every period t>=t' (See figure 13). To see why,

NP'K+N"M " A+ /M-
recall that rf A * ) Then, NtA =( f) A, and so from period t'
4 (Np +Nf L) N, wr, —-@+pHK
— p* 1+ M — 2
onwards a" = N, h er . Substituting r4in the expression

NE NS (e By M- K)+pria-L)
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gives the expression required forapA. If, however, F < I’:l then rtrl is the stable steady

4 . 4
state interest rate, and thus y < | in every period t. Therefore, !lma{p =0.

4

This means that ¢ :[t] ,(;tr[t+l],|r and particularly, n :4 in their steady states will be

t )

the same as they would be in 'Economy 1'. Otherwise, ifF > r:1 , rich agents will become

r rt 4 1 . r rt .
lenders so Ciy < Cipyg ’C:[H-l] > C:[H] , and particularly, N, <[, (See figure 11). Also,

since the stable steady state interest rate is below rtp in every period t, this induces poor

4 2

4 2
p p ‘ 2 . P P
agents to become borrowers, so Ci;” Cipy ’CtF;H—l] < Ctp[t+l] , and particularly, 1), >

(See figure 12) in every period t and also in their steady states. This further means that
the fertility differential will be lower in the steady, i.e., * > "*.

4 .
re , Figure 10
The interest rate in 'Economy 4'
Case 2, Sub-case 2
p2
NreT
4
RN
)
F b i
I’l
rt T R

Western Undergraduate Economics Review 2012



82

A Figure 11
N 1 Fertility rates per rich agent in 'Economy 4'
Case 2, Sub-case 2
nt__
2
n U A Py
t
ot Figure 12
N, 4 Fertility rates per poor agent in 'Economy 4'
Case 2, Sub-case 2
_4_— _________________________________________________________________________
n
pZ
Ne 7T
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p Figurel3
at * The proportion of poor agents born in period t in
the total population born in period t in 'Economy
4!
Case 2, Sub-case 2
1 €1
0.5¢
7
a N

Case 3:

if K >%d and (6.2.1) is satisfied in period O then the fertility differential decreases.

Iso, if wa h "o e (U dlimg” =1
Also, ifK , then > vt U andlimg, =1.
Ty A)a—d) N =N vtedioon UL
4 4 4 4
Otherwise,ntIO > r]tr until some period t' where ntp = |’]tr and

L+ B)(d —1)K—(K—“['d)wL

- p4
Ilmat =

t—o0

v , where (!Lrgap4) e (0.5]].
K+ AA-d)d -1+ (K-~ dpa-L)

The analysis of this economy is similar to Case 2, Sub-Case 2. The economy has three
different steady states for the interest rate. Two are unstable and one is stable. The
interest rate that is stable is the one whose value is between the other two steady states.
(See Steady States in the appendix for further explanation on stable and unstable steady
states.)
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As was explained in the previous case, one steady state is rtp in ‘Economy 4’, and

another isf; , where by assumption of Case 3, > . . However, another steady state

S e i M Jin
hieved whenp® =1} —N = (K—=d)+ (L-d)=0. Denot
is achieved whenn" =N —N By rf L (B+y+]) enote

o ok-My

this steady state = . Now, if <I’:1<F< ¢’ then Fwill be the stable

d-1
steady state interest rate. Otherwise rtp will be the stable steady state interest rate. To see

that* > |rtr1 is true, consider the following. It is clear that rg > r: . Also, since (6.2.1) is

satisfied at period 0, then there are more poor agents born in the next period which puts
upward pressure on the interest rate, meaning thatz* =0 at an interest rate higher than

rtrl. Thus, it must be thatF >rl If? <" (See figure 14), this means that the stable

steady state interest rate isy*, since it is the middle value. Therefore, * =0 at some
period t=t'. This means that both the poor and the rich will produce the same number of
children in this steady state. Denote this fertility rate by n4. This means that NJ’A = ngd...

4 4 4 4 A . 4 .
n,, will grow faster thanN" =y ... nL1 only until period t, and so g, will increase

only until period t and then remain constant and equal to g° =

M
1+ 8)d-DK - (K ——=d)yL e _
L , Where g~ denotes the proportion of poor

KA+ 8)1-d)(d-1)+(K —Td)w(l— L)
agents to the total population born in every period t>=t' (See figure 17). It was shown in

Case 2, Sub-Case 2 how to get this expression for g . If, however, p*> p”, thenp? is

: p’ rt .
the stable steady state interest rate, and[], >[N, in every period t. Therefore

p4

. » and particularly, n tp in their steady

. p* _ . p* pt
limg, =1. This means that, C ,;,; » Cypy |

t—oo

states will be the same as in 'Economy 2'. Otherwise, if r4> rth, poor agents will

p* p? pt p? : p* p*
become borrowers, and so Cy;,; > Cypey» Cyprrg < Ciprorg » @0 particularly, N, >, (See

4 1

figure 15). On the other hand, rich agents will become lenders, soCtr[t]<Ctr[t],
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4 r

C:[t+l] > Cypayy» @Nd particularly, :4 <n :1 (See figure 16). This further means that

the fertility differential will be lower in the steady state, i.e., * > n"*.

4 .
I, Figure 14
* The interest rate in 'Economy 4'
Case 3
p2
rt 1
S SRS S
r

—_V
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b Figure 15
n. 4 Fertility rates per poor agent in 'Economy 4'
Case 3
2
n P
p2
nt T
A Figure 16
N 1 Fertility rates per rich agent in 'Economy 4'
Case 3
N
2
n ......................................................................
t
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p’ Figure 17
a_t 4 The proportion of poor agents born in period t in the
total population born in period t in 'Economy 4'
Case 3
1+

v

7. Small Open Economy v. Closed Economy

From the previous analysis, it became clear that there are quite a few quantitative
and qualitative differences between the effects of credit markets on fertility decisions and
the fertility differential in small open economies and in closed economies. In this section
these differences will be summarized. The reason for the differences between the two

economies lies in the fact that in 'Economy 4' the interest rate rf is always bounded

1 2
above and below by rtr and rtp . Because of this, one agent is always a net lender while
the other is a net borrower, allowing for clear prediction of the fertility differential. On

. . 4 . .
the other hand, in 'Economy 3' the interest rate |, is exogenous, and thus is not

necessarily bounded above and below by rtrl and rtpz. Therefore, there may be cases

where both agents are net borrowers, or both are net lenders, making clear-cut
conclusions hard to draw.

Case 1:

—=>K
L
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In this case it was found that both (5.1.7) and (6.2.1) were not satisfied for any period t.

Thus, in each period ntpz <n, .and nt"A < n:4 leading at"z and atp4 to tend to O, just

2

as a_t"1 does. Moreover, it was found that in 'Economy 3' the change in the fertility

differential was ambiguous, while in 'Economy 4' the fertility differential was actually
higher, i.e.n* <n"?.

Case 2:

% < K and (5.1.7) and (6.2.1) are not satisfied in period O.

In each period p tp3 <n :3 leading af’g to tend to O, just as atplz. However, in the closed

4

economy ntp < ntrA, generally, but under certain conditions they may equalize at some

period t=t'. This also meant that atpA might actually reach its steady state at a number

greater than 0. As for the fertility differential, it decreased in the closed economy,
n* > n"?, but it was unclear what the changes to it were in the open economy.

Case 3:

% <K and (5.1.7) and (6.2.1) are satisfied in period 0.

In this case, it was observed that in each period ntpz > n :3 leading atps to tend to 1,

4

however, )’ >p). was not necessarily satisfied in each period. In fact, it could be that,

ntp4 > ntrA only until some period t=t', after which they equalize. In addition, atpA might

actually tend to a number less than one. Furthermore, the fertility differential in
'Economy 4' unambiguously decreased, with n* > "%, whereas there were no clear-cut

conclusions about the relationship between 7°and 1"°.

8. Issues of Real-World Data

After having gone through the analyses above, one begins to wonder which of the
cases outlined is applicable to the real world. To answer this question one must be able to
have data on incomes of poor and rich people (lowest and highest thirds of the income
distribution) with the same education level when they are around 20 years old, and then
obtain data on the same individuals' incomes 25-35 years later. There seems to be a
problem with finding such information since the criteria are very specific. Therefore,
instead of using real-world data, one can make use of economic theory and mathematics
in order to hypothesize about which case is applicable to the real world.
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Suppose that there are two individuals A and B, and that B receives a lower income than
A. Suppose also that both get X dollars added to their incomes. It is clear, then, that B
had a higher proportion increase in his income, as his starting point was lower.
Furthermore, a fundamental concept in economics is decreasing marginal benefits. If B
starts with a lower income than A, economic theory will maintain that B's marginal
benefit from an extra dollar earned should be, normally, greater than A's. Thus, B is
probably more motivated than A to have his income increased, and may try to become a
more productive worker than A, rendering B a higher increase in his income over time
relative to A. Mathematical analysis and economic theory indicate that the real-world

. M . .
case is probably Case 2 or Case 3, whereT < K. However, neither mathematics nor

economic theory can help determine whether (5.1.7) and (6.2.1) are satisfied or not.

As was mentioned in the introduction, and as one can see in Figure 18 (Coale and
Watkins 2001), income and fertility used to be positively correlated before the beginning
of the 1700s, but have become negatively correlated after that time. In addition,
decreasing fertility rates were a trend for all classes well into the end of the 1780s.
Interestingly, as was mentioned in the introduction, the banking system in Europe was
expanding rapidly in the late 1690s and people were able to obtain loans and lend
relatively more easily than ever before. One could argue that Europe between the 17"
and 19" centuries resembled a closed economy more than an open economy, mainly
because of its large share — about 15-17% — of the world's population (Goldewijk 2005).
Thus, 'Economy 4/, i.e., a closed economy, is probably a more suitable model for Europe
around 200-300 years ago. Now, if one looks at Figures 14 and 15 in Case 3 in ‘Economy
4’, one can see much resemblance between them and the trends seen in Figure 18.
Therefore, it could be that Case 3 is the one that is applicable to the real world. This
suggests that, although there may have been other factors at play, it is quite possible that
credit markets are partially responsible for the negative relationship between income and
fertility that has appeared in the last 300 years.
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Figure 18
Fertility Rates in Europe by Social Class (1670-1785)
3 _A_ Prominent Families
''''' Less Prominent Families

Sz L e« ee o+ Maitres Artisans Families
i= ~ o-o0-0-0 Proletariat
: - "
@) .
56 v
o
O
£
3 5 1
[
I
()
=4 |

3 1

2.5 I i I >

1650 1700 1750 1800 Year

9. Regression to the Mean

As was mentioned in the beginning of the paper, there was a potential problem
with the assumption made about intergenerational transmission of ability being perfectly
correlated between parents and their children. Although there is support of significant
transmission of earnings ability in many different developed countries, the
intergenerational elasticity is only estimated around 0.4 (Solon 2002). Thus, in the long
run, intergenerational earnings ability regresses to the mean. One way to incorporate
regression to the mean in the analysis is to increase recursively the incomes in each
period of each poor agent's descendant (by the same amount of X dollars in each period),
and similarly, to reduce recursively the income in each period of each rich agent's
descendant (by the same X amount of dollars). This will be done until at some period t=t'
there will be no income difference between the agents born in period t'. The only
difference between them will be their ancestry. The analysis with regression to the mean
can be done similarly to the analysis done in the previous sections. The difference lies in
the fact that once this construction is introduced, the 'Ratio’ of the poor becomes flatter
(Since the incomes in periods 1 and 2 increase by the same amount of X dollars, then the
‘Ratio’ must decrease), while the 'Ratio’ of the rich becomes steeper with time (by the
reverse reasoning). However, as the poor become richer in each subsequent period, and
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the rich become poorer in each subsequent period, the cost per child changes for both the
agents. For the poor agents, the cost lowers as a fraction of their income, and for the rich,
the cost gets higher. This means that while the steeper profile of a rich agent induces him
to have more children, the higher cost per child induces him to have fewer children. The
reverse is true for the poor agents. The question then becomes, which force is stronger.
This means that there might be fluctuations in the relationship between the fertility rates
of the rich and poor from period to period. Hence, the analysis will have to be done in
each period until period t', after which both agents will have the same incomes in both
periods, and the economy will essentially look like 'Economy 1' or 'Economy 2, i.e.,
identical agents. This means that after period t', the notion of rich and poor will no longer
exist. In other words, adding this construction to our model may change the paths of
certain variables somewhat, but will not change the key ideas and essentials about the
importance of the relative 'Ratios' picked up in the model without regression to the mean.

10. Comparison with the Becker and Barro Models

Since there are two very prominent OLG models developed by Becker and Barro
in the literature investigating the relationship between income and fertility, it is useful to
learn the differences between them and the model proposed in this paper. First, it is
useful to evaluate the differences in construction and in ideas. Second, it is useful to
evaluate the differences between the results of the models once heterogeneity is
introduced to the Becker and Barro models. The second evaluation will be done only for
the open economy models.

The main difference in construction between the open economy model, the closed
economy model, and the model here, lies in the definition of "Rich” and "Poor". In the
models by Becker and Barro, a person with a larger non-labor endowment is rich. Thus,
being "Rich" or "Poor" is nothing but pure luck, for example, being born to a particular
family, or winning the lottery. In this paper’s model, a person with a larger labor income
is rich. This means that being rich may be due to luck, but also due to higher innate
ability.

Another difference between the models is that agents in the Barro and Becker models
have a utility function that depends on their full lineage, whereas in this model, the
agents' utility does not depend on their whole pedigree. Although no one can say with
certainty, it seems unrealistic to assume that agents believe they can influence or foresee
their children's actions and then optimize accordingly with their own choices. Thus, the
Becker and Barro utility function may not be a good representation of the real world.

If one introduces heterogeneity of agents in the open economy model from 1988, making
half the agents rich and half poor, the prediction of the model is that rich agents will bear
more children than the steady state level in the period of increased wealth, while poor
agents will have fewer children than the steady state level in the period of decreased
wealth. However, both the rich and poor descendants will revert back to the steady state
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level in the next period, having the same number of children, i.e., there has been a
complete regression to the mean.

In this paper’s model, as one could observe, in the open economy there was some
ambiguity as to which agent would bear more children (although Case 3 was argued for).
The result depended on the relative 'Ratios' between them, and the world interest rate.
Indeed, there are significant qualitative differences between the models, but this should
come as no surprise as the definitions and assumptions of the two models are quite
different.

11. Conclusion

In the last 300 years income and fertility have been negatively related. Many
different economic theories, such as contraceptive knowledge and female wage rates,
have tried to provide insight as to why this is so. These theories seem to have been
helpful in explaining this phenomenon. However, even though the banking system had
begun expanding around the same time this negative relationship appeared, no theory or
paper has looked at the effects credit markets have had on fertility decisions of rich and
poor agents.

Through the use of a two-period OLG model with rich and poor agents, it was found that
in the absence of credit markets, rich agents have more children than poor agents because
of the lower real costs per child rich agents face compared to poor agents. However, it
turned out that when agents are granted access to credit, poor agents have more children
than rich agents if their second period to first period income is high enough relative to
that of the rich, as it induces them to borrow from the rich and use those resources to
raise more children, offsetting the higher real cost per child they face. As became evident,
the trends observed in 18" century Europe resemble Case 3 of 'Economy 4'. This may
indicate that a part of the negative relationship observed between income and fertility for
the last 300 years has been due to expansion of the banking system.

That being said, the model is obviously not an ideal representation of the real world. One
of its main drawbacks is that even though rich agents are spending nominally more on
each child compared to poor agents, they are still receiving the same benefit from each
child, ceteris paribus, as poor agents do. It seems more realistic that parents who spend
more on their children should have, on average, a greater return from them, i.e., greater
utility; otherwise it would make more sense for them to use those resources elsewhere,
such as on their own consumption. Therefore, a natural extension of the model would be
to allow agents to choose the "quality” of their child, and the "quantity” of children they
want, in order to create a more realistic economic environment.
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Appendix

Notation

c - Consumption

N - Number of children.
| - Borrowings (Positive values), or lending (Negative values)
I’ - Interest rate.

Reading the notation

1
r
Ct[t] - The superscript t indicates the period in which the agent who consumes

was born. The second superscript t in the brackets, i.e. [t], indicates that the consumption
is done in period t. The superscript r on top indicates that the consumption belongs to a
rich agent (If the superscript p is used it means that it is a poor agent's consumption). The
superscript 1 above the superscript r indicates that the consumption is done in 'Economy
1' (If the numbers 2, 3, or 4, are used it indicates the consumption is done in the other
economies, respectively).
rl

N, - The superscript t indicates the period in which the agent, who has the
children, was born (The children are however, actually born in period t+1). The
superscript r on top indicates that the children belong to a rich agent (If the superscript is
used p it means that it a poor agent's children.). The superscript 1 above the superscript r
indicates that the children live in 'Economy 1' (If the numbers 2, 3, or 4 are used it
indicates the children live in the other economies, respectively).

|:1 - The superscript t indicates the period in which the loan was taken or made.

The superscript r on top indicates that the loan was given or taken by a rich agent (If a p
is used it means that the loan was taken or given by a poor agent.). The superscript 1
above the r indicates that the loan was taken or given in 'Economy 1' (If the number 2, 3,
or 4 is used, then it indicates the loan was given or taken in the other economies,
respectively).

rl

I - The superscript t indicates the period in which the interest rate was charged.

The superscripts r and 1 on top indicate that the interest rate was in the rich economy,
'‘Economy 1' (If p, and 2 are used it means it was the interest rate of the poor economy,

'‘Economy 2'.). If the interest rate is denoted by rf or has a superscript 4 on top, it means
that it is the interest rate in 'Economy 3' or 'Economy 4', respectively.
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Proof 1

Recall that:

1

(Ct[t+l])y/(nt )ﬂ ﬂCT[t] (Ct[t+1])w (nt )(ﬂ 1)( ) Then

a Ctrlt Ct t : rl e it g
[ = 'BCt[t] (Ct[t+l])w (nt )(ﬂ ? ( L ) [ ] ntl = ﬁ Ct[t] (Ct[t+1])y/ (nt )(ﬁ K (_

on, @cfm
[ﬁ(ct[m])‘”(nt)‘ﬂ D (B- 1)Ct[t](Ct[t+1])W(nt)(ﬂ 2’( )](——)

rt rt ' (g dF . rt rt rt
But, lBCt[t] (Ct[t+1])w (nt )(ﬁ Y (__) <0 since ,B, Ct[t] ! Ct[t+1]’ nt ,d,F,andL>0 by
assumption. Also, 'B(Ct[t+1])w (n YD (- 1)Ct[t]((;t[t+1])‘/’(|~|t NG 2)( )>0 by the

same reasoning. Thus, when multiplied by(—dT) it makes the expression negative.

Therefore, the second derivative is negative, and the first order condition maximizes the
agent's utility.

Now, recall also that:

rl

o } "
u ] (C[[t+1])(w )(n )ﬁ +p Ct[t] (Ct[t+1])w(n )(ﬂ )( L). Then,
[t+1] \
oy
) Ay
e 2 1) ) d F t41 8
G[ _W( a )C[[t] (C[[t+l])(w )(n )(ﬂ) l/lﬂct[t] (C[[H—l])(w )(n )(ﬂ )( rt )+ C[El ] I:} -
aC[[Hl] rt L 6n aCI[Hl]
I‘1 r1 5 rl rl r1 o I‘l g dF
VDG ) (0 4Gy G D )+
I:
it it 1 t 1) A it o - F
['B lpCtm (Cf[Hl]) (W_)(nt )72+ p (ﬂ_l)ct[t](ct[ul])w(n ) )(_d,_i -
I I

1
Since rtr is positive for any period t by assumption, this expression is negative by the
same reasoning applied to the previous case.
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Steady States

p? p’ p pt _pt
N N N Nano

t
,andso—t =y o

One can express rf = f(rf_l) Lety = 1
N, N, Ne N o

@A (NKANTM) o FKp) o FRAM L)
v (NP +NL) (ﬂ+w+nﬁ’ n (B+y+DriL
ThUS, th _ M (1+IB)_ rj—ll//L

Ntr I’il‘//_K(lJfﬂ)

Now, recall that rf

and by substituting one can find that

MM+ Fa DLy —KA+A)+ KL+ AK +r )M+ ) - yh)
t WK+ FDMA+H) -1y +LdM -+, D v~ KL+ £)

fr.y-

Now, one can solve for the steady states by replacing rf_lwith rf, and solving for rf.

1 2
One will get a cubic expression equal to 0. One solution will be rtr , another will be rtp ,

and the third will be the interest rate wheren* =
ntp4 — nt'A = LAK —Md) +L(1—d) =0. Once the three steady
B+yv+Dr, L (B+w+1)

states are found one can find their order from smallest to largest (Note that the cases
where there is only one root the stable steady state is the that root, and where there are

only two roots the steady states they will be equal rtr and rtp , and as was analyzed in the
different cases above either, either rtr or rtp will be the stable steady states). Then, one

. . 4 4 . 4 . .
can differentiate [, = f(f,_) with respect tof,_,, and evaluate the derivative at the

middle steady state interest rate. If the slope is between 0 and 1 then the stable steady
state is the middle steady state. It turns out that this is the case for 'Economy 4'. If one
does this procedure for 'Economy 4', one would get the following graph when there are
three distinct roots:
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4 Figurel9
r.t Stable/Unstable Steady States _
Unstable
4
ro="1rw
—
s

This means that the convergence to the steady state is either from below or from above
depending on the starting point. Note that middle steady state is stable since the slope is
between 0 and 1 (as the graph shows).
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