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This paper, which concerns a population model relating the birth rate to a stable
age distribution and a stable rate of population growth, gives a nonlinear pro-
gramming formulation based on this model that allows us to determine (1)
the birth rate minimizing the sum of the costs due to changing the current birth
rates and the costs of social goods and services associated with the resulting
age distribution, and (2) the birth rate achieving a desired age distribution
and population growth rate while minimizing the cost due to birth control.

ESTIMATING the changes in numbers of people of a population over time has

been a major topic of research in population mathematics (KEvFrrz,!3:14
LEsLig, 15181 PoLLArD?). From a practical point of view, estimating the trajec-
tory of a population can be required in various kinds of planning problems. For
example, cities need estimates of the numbers of children who will be in different
age groups over periods of time in order to decide how many schools to build. The
same information is useful to a government in formulating its budget for family
allowances, where allowances of this type exist.

There are several ways of stratifying a population for which a future projection
is needed. The major factors by which a population is stratified are age and sex.
Let us consider a female population stratified into several age groups. If one as-
sumes that the rates of birth and death are constant, and that there is no immigra-
tion, he can show that the expected numbers of females classified by age groups
satisfy a system of linear, first-order, homogeneous difference equations
(Keyfitz,13:141 Pollard®). Furthermore, if the individuals alive in the post-
reproductive age groups are ignored, there is a stable age distribution covering only
fertile ages (Keyfitz, 13141 NAKAMURA,!8! Pollard®). In this paper we shall be
concerned with the stable age distribution of a population of females as a function
of birth rates.

Sometimes it becomes necessary to stratify a population by factors other than
age and sex. For instance, a projection may be required that is stratified by in-
come, race, marital status, and level of education, as well as age and sex. In this
case, the method of linear difference equations would be impractical, since the
coefficient matrix would probably be too large to handle (see OrRcuTT, ET AL.,[!
p- 290). The simulation method suggested by Orcutt, et al.,?!! represents one
way of handling this class of large problems for which the method based on a system
of linear difference equations breaks down.

This simulation method based on each individual’s decisions, which in turn
determine his -transition probabilities from his current state (including, say, the
number of members of his family) to another, may be utilized to describe the situa-
tion in population planning in which, as stated by REINkE, [ . .. the ultimate
actions concerning family limitation are usually recognized to be private family
decisions.”
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Although the rates of birth and death are assumed to be given constants in
mathematical studies of population models (Keyfitz,[3:141 Pollard4), some authors
have studied the functional relations between the birth and death rates and other
socioeconomic variables. SHEPS AND PERRIN®! assume the changes in birth rates
to be a function of contraceptive effectiveness, and conclude that the use of more
effective methods by a smaller fraction of a population would produce a greater
decline in the birth rate than the use of less effective methods by a larger portion
of the population. ADELMAN!! presents regression models that describe the birth
and death rates for each of seven age groups of females in about thirty countries.
The explanatory variables of the regression model for the age-specific birth rates
are per capita real income, the percentage of the labor force employed outside of
agriculture, the level of education, and the number of inhabitants per square mile.
The explanatory variables for the death-rate model are per capita income, the per-
centage of the labor force employed outside of agriculture, the percentage rate of
growth of per capita real income, and the number of physicians per 10,000 inhabi-
tants.

HermaLIND? studies the effects of changes in death rates on population growth
and the age distribution in the United States, and one of his conclusions is that the
birth rate has been the chief determinant of age structure in this century, and that,
if this trend continues, the birth rate will become the sole determinant of population
growth. ORrTiz AND PARKER®! report a simulation study of the possible impacts
of a change of health status and/or population pattern upon mortality, life span,
and the quality of life for various levels of two parameters: age-specific birth rates
and age-specific death rates, which have been further classified according to the
disease causing death. Assuming that there are two possible levels of values for
each parameter, this simulation study determines (1) the age-stratified distribution
of the population over time; (2) the behavior over time of the number of deaths, by
age group and by cause of death, with emphasis on the change in the percentage
composition; (3) the behavior of specific death rates by age group and the cause of
death, and (4) the birth rates and population growth rates over time. Data from
Costa Rica are used as an example.

The following section of this paper presents a mathematical model in which a
stable age distribution and a stable rate of population growth are related to the
birth rate. Then two kinds of costs, one resulting from changing the birth rate and
the other associated with the age structure, are introduced, and a nonlinear pro-
gramming problem is formulated to minimize a combination of these two costs with
respect to the birth rate subject to technological constraints. We also consider a
case in which a desirable stable age distribution is given. A quadratic programming
problem is formulated for this case that enables us to find the birth rate that will
achieve the given stable age distribution while minimizing the cost due to changing
the current birth rate. Other family-planning models that use a mathematical
programming approach are found, for example, in CORREA AND BEASLEY!'" and
CouLp AND MAGAZINE. M

NONLINEAR PROGRAMMING PROBLEMS IN BIRTH CONTROL

LET Us CONSIDER a population of females at discrete intervals of timet=0,1, 2, - - -,
and break the population into 4 age groups {1,2, -+, A} corresponding to unit
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intervals of time. We define y:(t) to be the expected number of females in age
group ¢ at time ¢&. The probability that a female from age group ¢ will survive to
enter age group ¢+1 after a unit interval of time is ¢;, which is positive for =1,
2, .-+, A—1, and is equal to zero for t=A. [Values of ¢; for i=1,2, -+, A can be
obtained from life tables.] Note that 1—g; is the probability of death for a female
in age group ¢ during the unit time interval (¢, ¢+1). We further define b; to be
the probability that a female in age group ¢ will give birth during the unit time in-
terval (¢, ¢4+1) to a single daughter and that this daughter is alive in age group 1 at
time ¢+1 (see Note 1). Assuming that changes in the male population structure
are consistent with the assumption of constant birth rates b; and that births are
independent of deaths, we derive the following system of linear difference equations

y(+1) b1 bs baa ba n(t)
Y2 (t4+1) q Y2 ()
B+l = @ ys®) |, (1)
Ya(t+1) [ P I R0

or, in a vector form,

y(+1) =Ly (), @)
where L is the coefficient matrix on the right side of (1). Since individuals in the
post-reproductive age groups cannot affect the numbers in the reproductive age
groups, we focus our attention on the reproductive age groups only, and assume
that b,>0. The following two comments are in order.

1. The case of multiple births may be handled within the present framework by
defining b; to be b;= Y121 7b:j, where b;; is the probability of a femalein age group ¢
contributing exactly j daughters to age group 1 during the unit time period.

2. The case of immigration may be handled by adding an immigration-effect
term to the right side of (2). '

The following nonlinear-programming formulation holds with a slight modifica-
tion for the immigration models considered by Pollard.””

We define the stable age distribution 2, 2, - -+, 24 by

ai=limes y:(0)/ 2021 4i 1), 3)

where the y;(t) are the solution to (2). We also define the stable rate of popula-
tion growth A—1 by defining X to be

N=lime.,, [ D6 yi@+1)/ 288 ya (@), )
Nakamura"™ shows (see Note 2) that 2y, 25, - - -, 24 and \ satisfy
Ny =bie1tbozat - - - +bya241+baza,

A2p = iz,
(5)
23 = @o2s,
N24=Qa124,
where
atat- - ta=1, (6)
and

21, %2, * ", 24, )\20. (7)
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It follows from (5) and (6) that
A—1=(q+bi— D+ (g2+b—1)2p+ - - +(quatbaa—Dzag+ba—za.  (8)

This equation states that, if ¢;4+b;—1 (¢=1,2, ---, A—1) is negative (positive),
age group ¢ contributes in a negative (positive) way to the rate of total population
growth A—1. A similar comment holds for b,—1. The so-called zero population
growth rate (NEw York Tmes™) may be achieved if g;+b;—1=0 for ¢=1,2, - - -
A—1and b,—1=0. Assuming that \ is positive, we have from (5) and (6) that

2= (1+91/)\+Q1q-z/>\2+ s tqige 'QA—I/)\A_])_I,
zip = (q:/N)2i. (t=1,2,---,4—1)

Let us assume that, to some degree, we can change the birth rates by, by, - -,
ba_1 and b, subject to technological constraints

liébiémiy (7:=1’ 2., A) (10)

9

where I; and m; are given nonnegative constants.
Interest today seems to center mainly on decreasing birth rates. Hence, we will
assume in this paper that
m;=b;(0). (z=1,2,---,A) (11)

Let us further assume (see Note 3) that w;b;—b;(0)]’ is anindex of the cost per
person in age group ¢ of changing the present birth rate b;(0) of age group ¢ to a
new level b;, where w; is the weight assigned to age group ¢. Then the index of the
cost of changing the present birth rate b;(0) to a new level b; for all age groups is
given by

S izt wibi—b:(0)] (12)

Since changes in birth rates result in changes in the age distribution 21, 2y, - - -,
2., it would be helpful if we could assign a weight k; to an average individual of age
group ¢ representing the cost paid for social goods and services for the average in-
dividual in this age group. Assuming that values can be arrived at for ki, ke, - - -,
k4, the sum of the average person’s costs for each age group is represented by the
index (see Note 4) )
2Tt ke (13)

One nonlinear birth control programming problem is:
ProBuem I.  Minimize ) )
DTt wilbi—bi (0) P4 D1t ks (14)

with respect to by by, - - -, by subject to the constrainis (8), (9), and (10).

Once we have derived the optimal birth rates, the corresponding stable rate of
population growth A—1 is calculated from (8). While Problem I tries to balance
the cost of birth control against the cost of social goods and services associated with
a particular age distribution in choosing the optimal birth rates, it would be more
useful in certain situations to find birth rates that guarantee a prescribed age dis-
tribution while minimizing the cost of birth control. Suppose 2,°, 2,°, - - -, 24— and
24° constitute a given desirable age distribution satisfying (6) and (7). Suppose
further that a specified population growth rate \°—1 is desired. Assuming that
both the desired age distribution and population growth rate can be achieved by
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changing the present birth rates, we can formulate this problem as the following
quadratic programming problem:
ProBrLEM II. Minimize (12) with respect to the constraints (10) and

N—1=(q+bi— 1)z "+ (e+be—1)2, "+ - -
+ (qactbaa—1)2% 1+ (ba—1)24"

Since the constraints (10) and (15) in Problem II are linear and very simple, one
may overcome a possibly poor choice of A\, 2.°, 2, - - -, 2%_1 and z,° by solving the
problem several times. That is, if the solution to Problem II does not exist for a
particular choice of \°, ., 2", - - -, 24—y, and 2., we should revise the values of these
parameters (say to N, 2%, 2, - - -, 241, and 2,') and try to solve Problem II again.

It can be shown that the solutions to Problem I and Problem II are optimal for
two wider classes of nonlinear birth-control programming problems. An algorithm
based on the linear-approximation method has been developed for Problem I, and
Problem II may be solved by available quadratic programming algorithms (see,
for example, ZaNGwILLPl for a general treatment of nonlinear-programming
algorithms). Since the numerical values taken by the w/’s and the k.’s play an
important role in determining optimal birth rates in our programming problems, we
will discuss ways of choosing these cost parameters in the following section.

(15)

A DISCUSSION ON INDICES OF COSTS OF SOCIAL GOODS AND SERVICES

WE ARE CONCERNED with the costs of social goods and services and with how this
burden is shared by taxpayers. Economists have traditionally been interested in
how social goods and services and the resulting tax burdens are shared by various
income groups, but, for a variety of sound reasons, little interest has been shown in
the distribution of goods and services or the tax burden by age-group classifications
(see, for example, MUsGRAVE, 1] pp. 135-162). It is, of course, true that income
level has a strong positive correlation with age, if we consider people between, say,
age 20 and age 50. It is also true that the redistributive effects of any given combi-
nation of social goods and services and taxes have much to do with the age distribu-
tion. Thus, in what follows we focus our attention on birth-control costs and other
costs of social goods and services classified by age.

The demand for social goods and services such as welfare, education, health,
police (crime prevention, traffic control, etc.), and recreation clearly is affected by
the age structure of a population, although the demand for sanitation and fire pre-
vention, for instance, may not be. Since our major interest is birth control and its
impact upon society, we séparate the cost due to birth control from costs of other
social goods and services.

In order to find appropriate numerical values for the w,’s in expressions (12) and
(14), we separate the amount of taxes (say, X;) spent on birth control for age group
¢ from the total amount of taxes (say, X;) spent for other social goods and services
for age group ¢ (see Note 5). [We do not distinguish between the female and male
populations in this section.] Hence, X;+ X; denotes the total amount spent for
social goods and services for age group 7. Let us assume that a birth-control pro-
gram or a mix of birth-control programs is given, so that we know for each age group
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how to proceed if we wish to decrease the birth rate b;(0) by Ab;=b,(0)—b;, and
that the associated costs per person in age group i are represented by w.[b;—b:(0) %,
where b; is some desirable birth rate such that [;<b;<m;=5b,;(0). Assuming that the
decrease in the birth rate Ab; of age group ¢ resulting from the prescribed birth-con-
trol program is known or can be estimated, we may take the weights entering into
the index of birth-control costs per person in age group 7 to be X,/ (Ab;)’N;, where
N ;is the number of people in age group ¢ and where, as stated above, X is the amount
of taxes spent on birth control for age group ¢. All quantities are measured with
respect to a unit time period.

This procedure of choosing the w,’s assumes that from past data or experimental
research it is possible (i) to estimate the X,’s and Ab,’s associated with the proposed
birth-control program, even though such a program may not have been tried before,
and (ii) to approximate X; by a quadratic form of Ab,, as is assumed in (12) and
(14). (See Orcutt and Orcutt™ for a description of how experimentation may be
carried out at reasonable costs and in a socially acceptable manner.)

Since k; should represent the tax burden per person in age group ¢ resulting from
expenditures for social goods and services other than birth control, we divide X;
(=total amount of local, state, and federal taxes spent for social goods and services
other than birth control for age group #) first by the number of people in age group
% to derive the total amount of local, state, and federal taxes spent for social goods
and services other than birth control for an average person in age group ¢, and then,
by the number of taxable people in the population to get k;, the amount of tax
burden borne by a taxable individual for social goods and services other than birth
control for an average person in age group ¢. If we multiply k; by 2; and sum k,z;
over ¢ (1=<¢<A) we derive expression (13), our index of the costs, or average indi-
vidual tax burden, from social goods and services weighted by age structure.

An important assumption underlying this procedure of choosing the k.’s is that
k: will be constant over time. Certainly there is no guarantee that this assumption
holds in reality. In fact, one could argue that, in reality, k; depends on the age
structure 2, zs, - - -, 24 itself. In this respect it seems that Problem II is more ap-
propriate than Problem I as a birth-control planning model, and that interest
might reasonably center on the pattern of solutions to this model resulting from
changing the model’s parameters over what policy makers regard as the feasible
ranges for these parameters.

A NUMERICAL STUDY

THIS SECTION PRESENTS the solutions to Problem II corresponding to several sets
of hypothetically assigned cost data w;. We define the unit interval of time to be
five years. The population used in this example is that of females under 49 years
of age in Costa Rica for 1963 (see Ortiz and Parker®!), and is divided into ten (4 =
10) age groups. The survival rates ¢;, and the current birth rates of daughters per
female in age group %, b:(0), are given in Table I. In this hypothetical study we
assume that a linear combination of the Norwegian female age distribution for 1967
and the current (1963) female age distribution of Costa Rica is the desirable age
distribution 2, 2°, - -, 2. (This assumption does not imply by any means that
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TABLE I
CurgreNT BIrTH RATES, Lower BoUNDs, AND SURvIVAL RATES

Age | 4 2 3 4 5 6 7 8 9 10
gmi“P 0-4) | (5-9) | (10-14) | (15-19) | (20-24) | (25-29) | (30-34) | (35-39) | (40-44) | (45-49)

b:(0) 0 0.000887|0.139018/0.529679|0.811426/|0.762214|0.60319 (0.383312|0.14211 {0.01944
mi)

l; 0 0 0.00007 |0.09753 |0.434347|0.42114 {0.265035/0.13744 |0.040869|0.0318

qi 0.978551|0.995479|0.996319(0.994991|0.992594/0.990172|0.988557|0.984707|0.977851, —

Costa Rica should try to attain the Norwegian population pattern; this example is
for expository purposes only—see Note 6.) We also used the Norwegian birth
rates as lower bounds /;. The age distribution of the Norwegian female popula-
tion for 1967 was calculated from Table 6 in the UN DEMOGRAPHIC YEARBOOK !
and the lower bounds /;, for the birth rates were derived (see Note 7) from Table 6
and Table 14 in the same source,®! where the birth rates of daughters per female
for age group ¢ between 1963 and 1967 were summed to give I;. The lower bounds
1; are given in Table I (see Note 8).

The desired age distribution 2,°, 2°, - - -, 2% that we used in this study is defined
as

2°=0.82:(CR)+0.22:(N) (16)

for 7=1,2, ---, 10, where z;(CR) and z;(N) are the age distributions of females
under age 49 in Costa Rica (1963) and in Norway (1967), respectively (see UN 1
and ARR1AGA,? p. 97). Now, 2;(CR) and z;(N) are given in Table II, and the
z; and the z;(CR) are depicted in Fig. 1. The weights chosen in (16) imply a fairly
small desired change in the age structure of the Costa Rican female population.
Such a change is of the magnitude that we feel might be reasonable in a practical
planning situation.

We chose three rates of stable population growth as possible desirable rates:
(I) an annual rate of 3.5 per cent (18.7 per cent for five years), (II) an annual rate
of 2.5 per cent (13.1 per cent for five years), and (III) an annual rate of 1.5 per cent
(7.7 per cent for five years). The stable growth rate for the Costa Rican female
population corresponding to the existing birth rates in 1963 is calculated from equa-
tion (8), and is shown to be an annual rate of increase of 4.1 per cent (22.1 per cent
for five years). Finally the values (see Note 9) assigned to the w,’s are shown in
Fig. 2. (Note that the absolute values of the w,’s in Problem II need not be speci-
fied and that only relative values are required.)

TABLE II
AGE DisTrIBUTIONS OF FEMALE PorpuraTioNs IN CosTAa Rica (1963) aND NoORWwWAY
(1967), AND A DESIRED AGE DISTRIBUTION

Age

group i 1 2

3 4567’8‘9‘10

2;(CR) |0.21816 0.17575 |0.13867 |0.10860 |0.08698/0.07152 [0.06344/0.05627/0.04382(0.03692
z;(N) ]0.11986/0.11448 0.11529 |0.11336 |0.11013|0.08101 0.07314/0.08117|0.09202/0.09955
2i° 0.19850|0.163496|0.133994/0.109552|0.09161(0.073478|0.06538|0.06125|0.05346|0.049446
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A FORTRAN 1V program written by RAVINDRAN?5:268] wag used to solve Prob-
lem II for all combinations of the three specified desirable stable growth rates, three
sets of cost data, and the desired age distribution. The results are given in Table
III and Figs. 3-5.

o

A DESIRED AGE DISTRIBUTION =z i

COSTA RICA (1963) zy (CR)

.15 4

.05 9

AGE GROUP i

Fig. 1. The age distribution of the Costa Rican female population (1963) and the
desired age distribution z.°.

Our computational results show that the optimal birth rates for most age groups
corresponding to stable growth rate II are not higher than those corresponding to
stable growth rate I, and similarly that the optimal birth rates for most age groups
corresponding to stable growth rate III are not higher than those corresponding to
stable growth rate I (see Figs. 3 and 4). While the optimal birth rates for different
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cost data differ somewhat from one another, no systematic differences were observed
(Fig. 5).

Although we cannot generalize these observations from this particular numerical
example, it does demonstrate the effectiveness of our nonlinear programming ap-

W

i
10 J —-
[— —\
\
9 | ' \
, \
8 ;r_--_-..\._-___\.\
7 ] d \ \
N ' '
! \ \
6 / \ \
h \ \
3 1 / ‘—---\\ \ cosT DATA 3
4 | \
\
3 \
1 \ COST DATA 2
2 J
1 COST DATA. 1
0 v . n g M v v v v v
2 3 4 5 6 7 8 9 10
AGE GROUP i

Fig. 2. Specification of the w,’s for cost data 1, 2, and 3.

proach in deriving some information that may not be attainable otherwise about the
birth-control cost structure as related to an age structure.

CONCLUSION

THis PAPER HAS presented a population model that relates the birth rate to a stable
age distribution and a stable growth rate of population, and has formulated two
nonlinear programming problems to derive the birth rate that optimizes specific
cost criteria. As mentioned at the beginning of this paper, the birth rate is con-
sidered to be a function of many socioeconomic variables. Thus, ways of achieving
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TABLE III

OpriMAL BIRTH RATES OF DAUGHTERS PER FEMALE FOR FIvi YEARS

G::z;th dC:tS; bz bs bs bs be b by by bio
1 |0.00000(0.06493 |0.46910 |0.76077 |0.72162 (0.56704 |0.34944 |0.11255/0.00319
I 2 [0.00000|0.04550 {0.49145 (0.77946 |0.73659 |0.57467 (0.34056 |0.10480(0.00318
3 {0.00000(0.04548 {0.48188 [0.77145 [0.73018 |0.57466 [0.35659 |0.11878/0.00318
1 |0.00000{0.00007 |0.32679 |0.64177 |0.62625 |0.48211 |0.26988 [0.04310|0.00319
1I 2 |0.00000/0.00024 |0.35706 |0.66708 |0.64653 |0.47442 |0.19029 |0.04103|0.00318
3 |0.00000{0.00024 [0.32962 |0.64413 |0.62814 |0.48380 (0.27146 |0.04448|0.00318
1 |0.00000/0.00045 [0.15764 [0.55032 |0.51289 (0.38116 |0.17531 |0.04138|0.00318
111 2 (0.00000/0.00024 [0.17618 [0.51582 |0.52531 (0.33948 |0.13745 (0.04103(0.00318
3 10.00000{0.00008 |0.15261 (0.49611 [0.50952 |0.37817 |0.17251 |0.04104(0.00319

GROWTH
RATE III

GROWTH
RATE II

GROWTH

.1 RATE I
.01 :
.001 J
.0001
.00001 J

.000001

2 3 4 5 6 7

o 9
o 4
=
o

AGE GROUP i

Fig. 3. The optimal birth rates for cost data 1 and growth rates I, 1I,
and III.
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the optimal birth rate (if such a rate exists in reality) derived from our nonlinear-
programming formulation may be studied using an econometric approach of the
type found in Adelman.™ Such work may tell us which changes in which socio-
economic variables or policies would result in the desired changes in birth rates.

1
.1
.01
.001 |
.0001 |
.00001
.000001 r T - T T T T Y =7
2 3 4 5 6 7 8 9 10
AGE GROUP 1
Fig. 4. The optimal birth rates for cost data 3 and growth rates I,
11, and III.
NOTES

1. In this paper the birth rate b; is defined to be the probability that a woman in age
group 7 has a birth that survives to the end of the projection period, rather than the proba-
bility of a woman in age group ¢ having a birth. In other words, the value b; is the propor-
tion of y1(t+1) who were born to women in y;(¢). This is the method used to estimate bs’s
in the numerical study of this paper.
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2. The only assumption needed is that g;>0for¢=1,2, ..., A —1and b, >0.

3. The quadratic birth-control cost index assumed here is by no means general, although
it may describe the situation suggested by the study of Caow anp L1u,["! where, for the same
birth-control program, the marginal cost was found to be increasing rather than constant.
It is also true that the present formulation cannot take into account the fact that, in reality,

UPPER COST DATA 1

COST DATA 2

COST DATA 3

.01

.001

.0001 4

.00001 4

.000001 . . —

o 4
~
®
o
5

AGE GROUP 1
Fig. 5. The optimal birth rates for cost data 1, 2, and 3 and growth
rate II.

different birth-control programs can lead to different costs over time with varying degrees of
effectiveness. If the cost resulting from increasing the birth rate [i.e., m;>b:(0)] is also to
be considered, an index of the birth-control cost of age group ¢ may be given, in general by
wi‘[b,‘, b:(0)] if b; <bi(0), and by w?2[b;, b:(0)]if b; >J>¢(O), where w;![b;, b;(0)] and w:2[b;, b,(0)]
are some nonnegative functions of b; and b,(0), respectively. We also note that the func-
tional form of the birth-control cost is at least partially determined by how one chooses the

parameters (such as the w;’s) involved in the cost expression.
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4. The linear function form for the index of the costs of social goods and services given by
(18) is by no means general (see Note 3). Depending on the estimation procedure specified
for the k;’s one may find a more convenient or more suitable form.

5. Since expenditures for social goods and services are not in general classified by age
groups, we may have to estimate X; from the utilization rate of social goods and services by
age group ¢. In this case, we must first estimate the amount of each category of goods and
services used by each age group in a unit period of time and then use information and data on
the costs of providing each category of goods and services to approximate X ;.

6. The difficulties of reducing birth rates in Latin American countries to duplicate the
European population pattern are examined in Arriaga,® pp. 193-211. The author con-
cludes that: “Various ways to obtain the decline of fertility necessary to give Latin American
countries the same crude birth rate as Europe at the same mortality level have been analyzed
with the conclusion that the European pattern would not have been possible in Latin Amer-
ica.”

7. Since a breakdown by sex of newborn babies was not available for 1964 and 1967, it was
assumed that the ratios of female babies to the total number of newborns in these years are
the same as that of 1965. It was also assumed that all mothers under age 14 who gave births
to daughters belonged to the age group between 10 and 14. Thus, we have |, =L =0.

8. Studies on changing birth rates and the impacts of these changing birth rates on popu-
lations in Latin American countries are found, for instance, in Arriaga,® CoLLver,!® and
CuapLIN.!®!  Similar studies for the US population are found in WueLpTON,3 Whelpton,
et al.,33 TroMPsON AND WHELPTON,BY Orcutt, et al.,?ll Yasusa,® CoaLE aAND ZELNIK,®
and Oxun. [

9. Although many authors have studied the costs of reducing the birth rates of different
age groups (see, for example, BERCHMAN, ET AL.,[! BERELSON,! and SHEPS AND RipLEY(),
it is not yet clear exactly how the costs differ from one age group to another, since they seem
to depend significantly on the parity as well as age of a mother. The values assigned to the
w;’s in this numerical study should not be considered to represent the actual situation in
Costa Rica.
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