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CHAPTER I
 

A FRAMEWORK FOR THE STUDY OF DEVELOPMENT
 

i-1 INTRODUCTION
 

The only reasonable approach to the study of the interaction between popu

lation, health, nutrition, and development isa general model of the process
 

model, several successive approximations
of development. To construct such a 


are needed, beginning with intuitively accepted concepts and the relationships
 

among them, and proceeding towards the precise definition and measurement of
 

the concepts and relationships involved. In this chapter only the first step
 

will be taken, i.e., only intuitive ideas will be used, with no attempt being
 

made to define them precisely or to determine the indices that should be used
 

for their measurement. The framework obtained through this approach will be
 

general enough so that other, more restricted and precise definitions 
of the
 

ideas used may be considered, and different indices used.
 

Development will be defined here as an increment in the personal well

being of all the members of a community. This variable well-being will be
 

considered equivalent to what economists call "Welfare", or to "Quality 
of
 

Life", or to "Standard of Living".
 

From the definition, it follows that as a first step in the study of
 

To do so, a static model of indidevelopment, well-being must be analyzed. 


In Section 1-3 the
vidual well-being will be presented in Section 1-2. 


problem of aggregating and integrating individual levels of well 
being in
 

whole will be conorder to obtain a level of well-being for the society as a 


sidered.
 

A STATIC MODEL OF INDIVIDUAL WELL-BEING
1-2 


1-2-1 The Model
 

The following determinants of personal well-being will be considered:
 

(a)individual determinants, such as age, level of nutrition, health, 
shelter,
 

1
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and education, size of family, personalt'security, amount of time for leisure
 

available, etc.; (h) so'iai determinants, such as th, well-being of other 

members of the society, the characteristics of interpersonal relations, the 

characteristics of the government of the society, etc.; and (c) ecological 

conditions, such as the characteristics of the air, natural surroundings, etc.
 

This description of the determinants of personal well-being can be summarized
 

in the following formula:
 

W =fX W Y, ,Z ) 	 1-1 
Wr It=f r,t'Wr,t'r,t (r,t Zr,t) 

where
 

Wr't = well-being of person r at date t
 

X = 	a vector of the individual determinants of 

well-being, including, among others, the following 

components:
 

x age
 

x2 level of nutrition
 

level 	of health
 

x4 level of shelter
 

×5 level of education
 

x6 family size
 

x7 level of economic security
 

x8 leisure time available
 

x3 


W = 	a vector that includes as components the levels 

Wy of well-being of other persons in the social group. 

Y = 	a vector that has as components indices Y of thev 

characteristics of relations between person r and the
 

other persons in the social group
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G = a vector that has as components indices of the 

characteristics of the government, such as indices of 

the actions the government can perform to obtain co

operation in the goals of the society. For instance, 

one component of this vector could be an index of the 

limitation that a government imposes on freedom of 

speech. 

Z a vector that has as components indices of the 

ecological conditions, such as 

z characteristic of air 

z2 characteristic of surroundings, etc. 

The subscript r of the vector arguments of function I-1 indicates that they 

refer to person r on date t. The components of these vectors, such as xi, Zy, 

have the same subscripts, but they have been omitted in order to simplify typing, 

No attempt has been made to include explicitly among components of the
 

arguments of function I-i all the determinants of an individual's level of well

being. 
A complete list would be so long as to be impracticable. In the same
 

way, it can be argued that some of the components included in the argument of
 

function I-1 do not belong there. 
 For instance, the interaction between the
 

levels of well-being of persons in two distant countries might be negligible.
 

However, from an operational point of view it is better to dssume that, for
 

certain persons, some of the components of the arguments of I-unction I-1 do
 

not have any influence, or to put it differently, that
 

Wr,t 0C- = 

than to assume that different functions should be considered for different 

persons. 

Income and/or wealth are not included among the arguments of function
 

I-1. It is assumed that financial resources as such do not contribute to
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personal well-being,. 'They will appear-further on, in the model as one of the 

factors influencing the arguments of function I-1, because they constrain the 

acquisition of the goods and.services that do contribute to well-being, and 

they are 'one of the determinants of economic security. 

An attempt has been made to make function I-i as general as possible, 

in the sense of being valid for every human being. Although it is imposible 

to determine whether this objective has been achieved without empirical verifi

cation, it will be assumed here that such is the case. On the other hand, fur

ther characterizations of the relationship between the arguments of function 

I-1 and well-being are likely to be possible only if the number of human beings 

for which this function is valid is restricted. For example, if nutrition is 

measured by the intake of nutrients, it is clear that, beyond certain levels, 

the intake of nutrients reduces the well-being of a person, and that these 

levels vary from person to person. It should be observed that these changes do 

not depend only upon physical characteristics, such as sex, age, weight, etc.,
 

but also upon the person's values. Inother areas such as the influence of the
 

well-being of other persons the impact of values ismuch more important.
 

Perhaps the most important characteristic of the arguments of the function
 

of well-being in I-1 is that they are interrelated. These interrelations can
 

be described by the following example. A person's level of health is directly
 

associated with the following arguments of function I-1: his age, his level
 

of nutrition, the characteristics of his shelter, his interpersonal relations,
 

the levels of health of the other persons in the society, ecological conditions,
 

etc. In addition, level of health depends upon the health services that he
 

acquires. These purchases depend upon his income, the prices of the services,
 

and his level of education. This description can be summarized in the following
 

expressions: 

x3 

S3 

= f(X3, WYZS 3) 

C f(i,p,x 5 ) 
1-2 
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where 

X3 denotes a vector obtained from X eliminating 

the component x3 

S3 denotes health services purchased 

i income 

p prices 

The meanings of the other symbols have been explained. The subscripts 

needed to show that the variables of the function in 1-2 refer to a specific 

person on a specific date should be added. 

It should be emphasized that functions similar to 1-2 should be specified
 

for each component of the arguments of function I-i as 
part of the specification
 

of the model of individual well-being. It is likely that each of the functions
 

of the interrelations among the components of the argument in I-1 has special
 

characteristics. However, no attempt will be made to describe them in detail.
 

The following observation with respect to the level of economic security (x
7)
 

is useful to avoid confusion. First, it should be observed that the level of
 

personal security evaluated, for example, by the probability of not being
 

criminally attacked appears under interpersonal relations. Next, dealing
 

specifically with an interrelation function of the type in 1-2 it will be
 

assumed that x7 depends mainly upon job security and savings. The first of
 

these two arguments, i.e., job security, is related to general economic con

ditions and also to interpersonal relations. This means that some of the
 

variables directly related to individual well-being are indices of the condition
 

of the society as a whole. It is not possible to construct a purely micro
 

model. 
On the other hand, savings is related mainly to individual income. 

An additional form of interdependence of the arguments of the well-being 

function in 1-1 appears at this stage. The sum of expenditures on health,
 

nutrition, education, etc. is affected by a constraint on financial resources.
 

The relationship between this financial constraint and the income received by
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the person is difficult to specify at any given date. The resources apersgon can
 

use depend upon his income, plus credit ,that he ,receives,m.inus debts that he
 

pays. However, over his lifetime, his accumulated income minus his legacy is
 

a close approximation of the resources he used. 

To complete the static model of well-being, the determinants of income 

should be considered. Itwill be assumed here that these determinants are a 

person's wealth and the returns from his work. Finally, his working capacity 

depends upon his age, the state of his health, nutrition, education, etc. These 

relationships can be summarized as follows: 

i f(k,m) 
I-3
 

M =f(X) 

where
 

i income 

k = person's wealth 

m = person's work
 

The statements above have an important implication for decision-making in 

socio-economic planning. The object of socio-economic planning is to increase 

or maximize the well-being of the members of the society being planned. For 

this purpose, the components of the argument in the function I-i should be 

modified. It should be observed again that the arguments of the function in 

1-1 are interrelated, and also that they depend upon purchases. This means 

that to increase - say - the level of health, the levels of nutrition, education,
 

etc., all have to be increaced, along with the purchase of health services. This
 

points to one of the problems of increasing well-being: it is impossible to
 

improve only one of the arguments of function I-1. Improvements are necessarily
 

across the board. The study of functions I-1 and 1-2 also shows that an incre

ment in the well-being of one person in a society is very unlikely, because of
 

the interrelation of the well-being of all the persons in the society.
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The only argument of the functions 1-2 that does not appear in function 

I-i is exenditures on purchases. This suggests that one approach to increasing 

the levels of all the arguments of function I-1 is to increase expenditures. 

Itfoilows that, as a consequence of the income constraint, income should be
 

increased. This conclusion partly justifies the identification made (mainly
 

but not solely) by economists of increments in well-being with per capita income
 

growth. The reason why the justification is only partial is that the allocation
 

of income among different expenditures (when dealing with one person) and the
 

distribution of income among different members of the society (when dealing
 

with the society as a whole) might be as important as increments inper capita
 

income. In any case, increments in income and its allocation appear as the most
 

important determinants of improvement in well-being as detailed here.
 

According to equation 1-3, income increases are subject to increases in
 

a person's wealth and the amount of work he does, this second variable being
 

again dependent on the arguments of function I-i. As a consequence, the level
 

and increments of wealth appear as one of the most important variables in
 

development. This observation should be considered together with the previous
 

ones with respect to the importance of the distribution of income among members
 

of the society and on expenditures.
 

1-2-2 Problems in the Empirical Analysis of the Static Model of Individual
 

Well-Being
 

Several conceptual limitations of the model presented in Section 1-2-i
 

must be removed before it it possible to use it for further analysis.
 

Problems associated with the well-being function
 

The first problem encountered in dealing with personal well-being is
 

the fact that it may not be the same from one moment to the next. In order to
 

deal with the variables in functions I-1 to 1-3 in a meaningful way, an average
 

over a period:.of; say, six months should be considered. The observations in
 

http:period:.of


Secti6n I should be interpreted as referring t6an averagei of well-being over 

a period of time. 

A more important limitation of the functions 'in 1-1 to 1-3 is that'no 

attempt has been made to define precise indices of well-being or'of th'e'components 

of the arguments used in them. The first problem with well-being is that it 

cannot be observed except by the person experiencing it. As a consequence, per

son A can construct an index of well-being for person B only by basing it on 

person B's behavior. An approach to the constructjn of indices of well being 

will be described in Section 1-3-3. 

Problems connected with construction of indices of the arguments in the well

being function
 

The observations just made transform the problem of constructing an index
 

of personal well-being into one of constructing indices of each of the individual
 

determinants of well-being, i.e., each of the arguments of function I-1. This
 

problem will be discussed here, using as examples nutrition and health.
 

The starting point for the construction of an index of a variable is its
 

definition. In principle, any definition is correct as long as it is used
 

consistently. The only way to choose from amonF possible definitions of a
 

variable is according to its usefulness for one or several specific purposes.
 

One approach to the solution of the problem of defining the arguments in
 

I-1 is to characterize them by the impact or effect they produce on a person.
 

A first problem in an attempt to delimit the concept of any of the argu

ments in function I-1 is that all of the arguments are closely interrelated.
 

These interactions are recognized in functions 1-2. As a consequence of this,
 

it is possible to give to any one of the variables a definition that would make
 

it equivalent to well-being. A typical example of this approach is the defini

tion of health given by WHO. This approach cannot be used when attempting to
 

construct an overall model of well-hAinc' bAcause it is not meaningful to
 



define all the arguments of I-1 as equivalent to well-being. 

An oDerational guideline can be given for the process of reducing the scope 

of the definition of a variable. It should be observed that the object of
 

defining.a variable is to use the definition as a basis for deciding which
 

instrument should be used to change the variables, and for estimating the in

fluence of that variable on the others. In the case of health; a definition
 

isneeded so that it can be used as a basis for deciding the levels of medical
 

care, nutrition, education, etc. needed to improve health, and also to study
 

the impact of health on productivity, educational achievements, etc. Similar
 

observations can be made with ziespect to all the other variables. The construc

tion of a definition for a variable should include not only its impact on out

put, but also its inputs.
 

A final element that should be taken into consideration is the accepted
 

consensus on the scope of a term.
 

On the basis of these elements, the variables health and nutrition will
 

be identified here with presence of life, physical and mental capacity, and 

absence of disease. 

A first advantage of this limitation is that it restricts health and
 

nutrition to phenomena that can, in general, be observed. This is clearly the
 

case for the process of life. Height and weight can be used as overall indices
 

of physical abilities, and scores in IQ or similar tests as indices of mental 

capacity. As much subject to cultural biases and errors of observations as
 

the previous indices is any that could be constructed of absence of disease,
 

but again within bounds this variable is observable. The delimitation above
 

of health and nutrition is still too broad in the sense that it overlaps cer

tain other concepts. Specifically, the aspects mentioned as characteristics
 

of nutrition and health are also associated with genetic conditions, education
 

and ecological factors. Despite this, indices of the-presence of life and
 

of absence of disease have been used as indices of health, while height and
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weight are used as indices of nutrition.
 

Appiying Tnis approach, it is possible to determine indices for the other
 

components of the arguments of function I-1. For example, as an index of
 

education, number of years of school attended can be used; as an index of
 

housing, rooms per person; for interpersonal relations, percentage of the
 

population who are victims of crime, etc. Similar ad hoc indices are frequently
 

used in planning.
 

An alternate approach does exist to the specification of an index of 

health und nutrition, still considering only the impact they produce on a 

person. Such an index would be the common component - as defined by factor 

analysis - of the presence of life, height, weight, IQ, and absence of disease. 

Itwould better reflect our intuition with respect to health and nutrition, but
 

its usefulness for practical studies would still need to be verified.
 

Finally, it should be mentioned that the inputs of hea~.th and nutrition,
 

such as the ratios doctors/population, hospital beds/population, or calories
 

per day per person, grams of protein per day per person, etc. are frequently
 

used as indices of health and nutrition. These indices are also frequently used
 

in planning.
 

1-3 	 THE AGGREGATION AND INTEGRATION OF INDIVIDUAL LEVELS OF WELL-BEING 

The model presented in Section 1-2 deals with the level of well-being of 

one member of a society. It is obvious that such a model would not be par

ticularly useful for the study of social development or for social planning. 

In this Section two questions will be considered. First, in Section 1-3-1, 

problems associated with the construction of a model of sociril w-i-l-being will 

be considered. In particular, the problems of defining an index of social 

well-being will be studied. In Section 1-3-2 it is observed that an implicit
 

or explicit index of social well-being is needed in order to specify social
 

goals. These goals have been considered as one of the elements that bring
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cohesion to a society; i.e., those goals are necessary to the existence of a
 

society. Finally, some observations are made in the same section on the pro

cess through which societies specify social goals. These goals - as observed 

specify implicitly an index of social well-being. In Chapter II a statistical
 

method of evaluating the parameters of these implicit well-being functions is
 

presented and applied to data from several countries.
 

1-3-1 Problems of Aggregating and Integrating Individual Levels of Well-Being
 

Two related characteristics of well-being make it difficult to define and 

evaluate an index of social well-being. The first is that the level of well

being of an individual cannot be observed except by that person himself. This
 

would not be a major problem if it were possible for a person to communicate
 

to others the level of well-being he feels. However, communication of the
 

levels of well being would only be possible if one person - say A - could at
 

least say to another person - say B - that "I (A) am feeling better or worse
 

than you (B)". This is obviously impossible, and no method to compare levels
 

of well being of different persons has been found.
 

As a consequence of the characteristics of individual well-being just
 

described, it is difficult for a scientific observer to evaluate indices of
 

social well-being.
 

1-3-2 The Integration of Individual teference into Social Goals
 

While there are problems for the evaluation of indices of social well

being, the fact exists that social goals aggregating and integrating indivi

dual goals are needed for the existence of a society. A society could not
 

exist if it did not contribute to the well-being of the persons forming it,
 

at least to the extent that the loss of well-being produced by separation
 

from the society is greater than that of accepting social goals and cooperating
 

towards their achievement.
 

Thus the question arises of how a society perceives or detects the goals 

of the individuals forming it, how social goals are formed, and how the resources 
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of a societY are oriented towards their satisfaction.
 

As a first step it should be observed that in reference (2)it is shown
 

social goal with a set of assumptions
that it isnot possible to determine a 


assumption that the preferences of each mem
that includes, among others, the 

The

ber of a society are just as important as those of every other member. 

method to be described below summarizes the methods presented in references 

a(1) and (3) in which the unequal distribution of power in society is taken 

into consideration.
 

The mechanism that aggregates and integrates the preferences and power 
of
 

the members of a society into social goals and that generates a government 
with
 

the authority to allocate resources and bring about the cooperation needed 
to
 

achieve these goals is characterized by the formation of coalitions and 
delega

tion of power. This process can be described as follows: Each member of the
 

This power isbasically
society has some specific preferences, and some power. 


the capacity of each member to achieve the social state he alone prefers.
 

Coalitions - such as professional groups, unions, political parties, etc. 

are formed by several individuals in order to increase the likelihood that a
 

goal common to all of them will be achieved. A coalition yields the power of
 

all the individuals forming it. However, the common social goal of a coalition
 

is likely to differ from the individual goals of each of its individual members
 

This means that the achievement of the goals of the coalition will not bring
 

as much satisfaction to each of its members as would the achievement of their
 

own individual goals. However, since a coalition has the power of all of its
 

members, its goals are more likely to be achieved. The process of exchange
 

between the social state desired by an individual and the additional power
 

yielded by a coalition ends when a winning coalition is formed, i.e., one that
 

is able to force the cooperation of the members of the society who are not
 

members of the coalition. The winning coalition is the one that controls the
 

national,government.
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Several observations will be made with respect to the process of coalition
 

and goal formation just described. The analysis does not include a description
 

of the process through which individuals with similar preferences identify
 

themselves or the initial steps to the formation of a coalition, nor of the ways
 

through which the preferences of individuals or subgroups are manifested so that
 

they become known by other individuals or subgroups. Unfortunately, very little
 

can be added beyond recognizing this vacuum. The process of formation of
 

coalitions and specification of social goals does not require that any indivi

dual express explicitly his level of well-being, or that the level of well

being of any one person be compared with that of any other. The levels of well

being of all the members of a society remain known only to themselves. Finally,
 

from the characteristics of the process it follows that the members of a
 

coalition will keep it open only up to the moment when it becomes a winning
 

coalition. When this point is reached, no further exchange of utility for power
 

is required. New members could be admitted to a winning coalition only by
 

modifying its goals, and as a consequence, reducing the satisfaction that the
 

existing members would derive from their achievement. However, a winning
 

coalition would have no further need for any power that could be added by new
 

members.
 

A question that should be considered is whether the achievement of
 

social goals set by the process described above maximizes the well-being of
 

all the members of a society. A definitive answer to this question does not
 

seem possible at the present time. It is clear that, with the process described
 

above, the preferences of the members of a society who have more power will
 

weigh more in the determination of the goals of any coalition, including the
 

winning coaliton, if such exists. In other words, the goals of a society, if
 

achieved, will mainly benefit its more powerful members. The less powerful
 

ones will remain in the society while the advantages of doing so overcome the
 

disadvantages of moving to another society. It should be observed that when
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one or several individuals prefer to abandon a society rather than 
to accepts
 

winning

its goals, no winning coalition exists. However, it might happen that a 


In any case, it is not possible
coalition exists in the society that remains. 


to specify at the present whether the fact that all members of a 
society remain
 

in itmeans that the well-being of each one of them is being maximized under
 

the constraints imposed by the existing power structure.
 

It appears that in actual practice the advantages of remaining 
in a
 

society are really large, if the reluctance of individuals to leave specific
 

On the other hand, the destruction of metropolisocieties is any indication. 


colony relationships, and the American Civil War are examples 
of cases where a
 

In the second example it is also clear that,
winning coalition did not exist. 


when the rules of the game were changed in order to permit imposition 
by force,
 

a winning coalition was established.
 

In the preceding analysis, the existence of a winning coalition has 
not
 

been linked with any specific type of government, say, a democracy 
or a
 

The reason for this is that all the different types of governdictatorship. 


ment are based on the same process of coalition formation. All of them are the
 

result of some equilibrium of power achieved through the integration 
and
 

Peraggregation of the power and preferences of the members of the society. 


haps the main difference among the different types of government is the 
degree
 

in which the instruments they can use are explicitly stated in some public document
 

such as a constitution and the degree in which the winning coalition is in
 

effect restricted to those instruments by the power of the members who do not
 

form part of the winning coalition.
 

1-4 CONTENT OF THIS BOOK
 

A systematic study of development should include:
 

(a) The evaluation of the parameters of the aggregate well

being function in equation I-1. This point will be
 

considered in Chapter II.
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(b) Evaluation of the interaction among the determinants
 

of well-being. An example of these interactions is
 

given in formula 1-2. In this book, attention will be
 

given to the interaction functions in which physical
 

and mental abilities, interpersonal relations and
 

education appear as explained or dependent variables,
 

and population, nutrition and health appear as the
 

explanatory variables. This means that the contribution
 

of population, nutrition and health to physical and
 

mental abilities and to education will be evaluated.
 

On the other hand, less attention will be given here
 

to the study of the determinants of population, nutri

tion and health, i.e., functions 1-2, in which these
 

variables are explained.
 

(c) The model in equation 1-3 will be studied. This means
 

that the contributions of population, health and
 

nutrition to development will be analyzed.
 

(d) Once the parameters in functions 1-1, 1-2 and 1-3 are
 

specified, the contribution to well-being of the argu

ments of function T-1 in known, as well as the resources
 

used, as determined bV functions 1-2 and 1-3. Under
 

these conditions it would be possible to study the
 

question of allocation of resources, mainly economic
 

ones, to optimize well-being, i.e., to study the central
 

problem of social planning.
 

This general problem will not be analyzed in this study. Many statistical and
 

computational problems remain to be solved before it becomes operationally feasible
 

to deal with it. Instead of the general problem, several separate aspects of it
 

will be considered here. The list of these aspects is found in the titles of
 

0hAniy+aym TV +- VWTT 
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CHAPTER II
 

POPULATION, HEALTH, NUTRITION AND SOCIAL WELL-BEING*
 

II-1 CONTENT OF THIS CHAPTER
 

The object of this chapter is to present a method that can be used to
 

estimate social welfare functions, i.e., functions relating inputs of population
 

size and density, the conditions of health, nutrition, education, etc., to the
 

level of well-being of a society.
 

The method isbased on the assumption that the resources available to a 

society are allocated among different uses in such a way as to maximize the 

well-being of each of its memberS. Since the data used correspond to actual 

allocations of resources made through the process of coalition, goal and 

government formation described in 1-3-2, the assumption above is equivalent 

to assuming that such a process allocates resources so as to actually maximize 

well-being. 

Finally, in order to avoid the problem of aggregating the levels of well

being of all the members of a society, that of a typical person will be studied. 

It should be emphasized once more that it is acceptable to speak of the level 

of well-being of one individual, despite that the level corresponding to all
 

the members of a society is not defined.
 

11-2 A METHOD FOR ESTIMATING THE WELL-BEING OF A TYPICAL INDIVIDUAL IN A
 

SOCIETY
 

It will be assumed that the typical individual has a well-being or utility 

function of the type described in formula I-i of Chapter I. Below, to simplify 

the notation, this function will be written as: 

W = f(X,c) II-1 

*The collection of data and the computations needed for this chapter were
 

performed by Mr. S.B. Kim, under the direction of the author. 
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where
 

W = index of well-being of the typical individual
 

X = vector of dimensions (m,l) of quantities of goods
 

consumed
 

a = vector of parameters of the well-being function
 

Following standard practices, it will be assumed that the function in
 

II-1 is specified up to a monotonic transformation, i.e., if W is an index of 

well-being, and F is a monotonic transformation, then F(W) i: also an index
 

of well-being of the same typical individual.
 

A consequence of this property of function II-1 is that its parameters are 

indeterminate. To remove this indeerm:ination, one function f(X,a) from the 

class F(W) has to be selected. To do zo, it w!.ll be assumed below that
 

a'o = 1 11-2 

Let W0 and W1 be maximum value of the function II-1 corresponding to
 

allocations of resources X0 and X Then,
 

d = W1 - W0 11-3 

is a maximum. 

Since the specification of which point i, X0 and which one is X1 is 

entirely arbitrary, the maximization in 11-3 can be replaced by the maximiza

tion of the absolute value of the difference between W and W 
1 0
 

This observation means that the parameters a of the well-being function 

f(X,a) have the property that 

Idl If(X1 ,c) - f o ,0 11-4 

is a maximum. 

In other words, estimators of the parameters a can be derived from the 

maximization of Idl in 11-4 respect to the a, subject to the constraint in 11-2. 
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In the following applications of the observation just made it will be
 

assumed that a sample of vectors Xih i=l,...,n is available.
 

First, these vectors will be transformed into
 

where
 

X vector of the deviations of the X.* from their mean
 

i.
 

As the reference point X0 in formula 11-4, the vector with zero components 

will be used, i.e., X0 is the vector of means of X.
 

In this case, it will be assumed that the utility function is linear, i.e., 

W Z M'X 11-5 

With the assumption above, 

W. = 
1 

d. = 
1 

M'X. 
1 

and the mean of Wi is zero. 

The method of estimating the a would be in this case to maximize
 

n
I: 1w 4 
i=l
 

subject to the constraint 11-2. However, to use a standard statistical technique,
 

the method will be to maximize instead
 

n 2 

i=i 

i.e., the variance of W subject to 11-2. This, in the present case, is equivalent
 

to maximizing the variance of the linear function in 11-5. It is useful to ob

serve that, if observations of W were available, the usual regression methods would
 

be used to estimate the parameters a. However, these methods are also based on
 

the idea of the maximization of the variance of the linear function in 11-5.
 

As a second possibility, itwill be assumed that
 

xi x1 - " 
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where 

xi* 	 is the vector that has as componentu the logarithms of
 

the components of the vector xI
 

The other symbols change meaning accordingly.
 

In this case, the utility function to be estimated will have the form
 

w = 	 allm 

The rest of the analysis remains unchanged.
 

With these assumptions, the problem of estimating the parameters a has been
 

reduced to one of principal component analysis. Specifically, in references
 

(1)and (3)it is shown that an estimator of a is obtained as follows: compute
 

the vectors A of characteristic roots of the sample covariance matrix of X, 

i.e., compute 

IS - XI 11-6 

where 

S = sample covariance matrix of X 

I = identity matrix. 

An estimator of a is obtained from the equation 

S& = XI & 11-7 

where Al is the largest component of the vector X estimated with 11-6. 

Methods for testing several characterist-ics of & are available. The one 

in reference (3) for testing the equality of the components of a will be used
 

below.
 

Due to the emphasis placed on rankings of goods and services according to
 

preferences, it is useful to observe that, according to reference (2), the
 

ranking of goods and services according to the size of the components c will
 

closely approximate the following one. For each vector Xi, rank the components
 

Xij l,...,m according to magnitude. Next, add the ranking corresponding to
 

each component X.. for all the observations i so as to obtain a score for each
1c
 

component. The ordering according to this score will give a ranking of the goods
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and services., This ranking is closely correlated,with that obtained according
 

to the magnitude of the a's, i.e., according to the estimated contribution of the
 

goods-and services to utility.
 

The procedure Just described has a Very strong intuitive appeal.
 

II-3 DATA AND RESULTS OF A PRACTICAL APPLICATION OF THE METHOD IN 11-2
 

Cross-section data would be the most appropriate for the application of
 

the method described in Section 11-2. With data of this type the assumption that
 

prices are constant is less objectionable. However, since cross-section data of
 

public and private expenditures for one country do not seem to be available, time
 

series of the vectors Xi from as many countries as possible - those mentioned in
 

Table II-1 - will be used here. 

The sixteen components listed in Table II-1 are included in the observed 

vectors. Their total is equal to per capita GNP. This means that the 16 com

ponents include all public and private expenditures, as well as savings. All
 

the components are measured in dollars in per capita values at constant 1963
 

prices. The price index refers only to each of the countries studied. No at

tempt was made to correct for international price differences.
 

The results of the statistical analysis appear in Table II-1. The inter

pretation of the coefficients in Table II-1 is handicapped by the lack of terms
 

of comparison and of previous experience.
 

Some useful insights can be obtained as follows: The coefficients aj in
 

the linear form give the average contribution of good or service xj (the j
 

component of the vector X) to well being. On the other hand, the coefficients
 

a in the logarithmic form give the contribution of the rate of growth of X to
 

the rate of growth of W. From this it follows that the value of a will tend
 

to decrease when passing from the linear to the logarithmic form for goods and
 

services that satisf basic needs, and, as a consequence, have a high priority
 

even for low levels of income. Table 11-2 shows the ranking of the 16 goods and
 

services according to the aj for the linear and the logarithmic equations. This
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TABLE"IIj2i ESTIMATED PARAMETERS a OF UTILITY; FUNCTION
 

Linear form Logarithmic form
 
Items
 

All Intermediate All Intermediate
 
countries & developed countries & developed
 

countries countries
 

Food 4616 .4037 .1522 .1285
 
Beverage .1202 .1169 .2520 .1651
 
Tobacco .0626 .0624 .1912 .1889
 
Clothing .2445 .2422 .2352 
 .2143
 

Rent .2744 .2857 .2449 .2215
 

Fuel .0751' .0709 .2249 .2330
 

Housing .2212 .2248 .2600 .2055
 
Health .2001 "2563
.2033 .2187
 

Transportation . 447 .3687 .3098 .2765
 

Recreation .1139 .0959 .2484 .1551
 
Education .1372 .2273
.1316 .1088
 
Public Admin. .0548 ."355 .2125 .2094
 
Welfare .0195 .2653
.0154 .2375
 
Defense .2273 .2609 .3112 
 .4747
 
Savings .4946 .4729 .2800 .2999
 
Miscellaneous .2979 .3558 2784 
 .3916
 

Percentage of
 
variance 87.61 89.88
82.07 85.18
 
explana tioi
 

Level of significance
 
for inequality among

estimated a's .01 .01 .01 .01
 

Countries in the Sample:
 
Australia, Pinland, Italy*, Korea, Malaysia, Panama *,
 

Philippines, Sweden*, United States*
 

indicates intermediate and developed countries (70 observations)
 
Total number of observations: 92
 
Source of Data: U14 Yearbook of National Acct Statistics, Several
 

Years
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TABLE 11-2
 

RANKING OF GOODS AND SERVICES CONSIDERED
 

ACCORDING TO THE VALUES OF THE COEFFICIENTS
 

Rood 


Bever .ge 

Tobacco 

01o~biz( 

Rent 

Fuel 


Hou.si 


Heal tb 
Transport tion 

Recreatio 


Education 


Public ,dTjristrtior 

Welfare 


Defense 


Savinrm 


m'isc. 


Linear 	 Logarithmic
 
DevAll -DevA 

2 2 16 15
 

8 10
11 11 


34 14 15 14
 

6 7 11 12
 

5 5 10 7
 

3.3 13 13 	 6
 

4i 	 8 8 6 9
 
8
9 9 	 7 


2 2
3 3 

11
12 12 9 


12 16
10 10 


15 15 	 14 13
 

16 16 5 	 5
 

1
7 6 	 1 


3 4
1 1 


4 4 4 3
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ranking shows that tne most important improvements in rank correspond to welfare
 

and defense expenditures, and the largest reductions in rank to food, clothing
 

and rent.
 

Attempts to compare the results for all the countries with those for 
inter

mediate and developea ones were not successful, despite some interesting 
charac-


This lack of success could have been expected, however,
teristics which appeared. 


due to the type of data used inthe computations.
 

11-4 A SIMPLIFIED METHOD AND SOME ADDITIONAL RESULTS 

In columns (2) and (4) of Table 11-3, the percentages obtained with the 

following formula are presented:
 

m 
lOt/ E a. j l,...,m 11-8
 

denote the component j of the vector a. The percentages obtained with
where a 


the formula
 

n m n 
100 r .I £ E Xij j=l,...,m 11-9 

i~i I]j~l i=i
 

A study of the results obtained
 appear in columns (3)and (5)of the same Table. 

with these two formulas shows that for each j the values obtained with formula 

11-8 are "close" to those obtained with formula 11-9. The main difference seems 

to be that the values in columns (3)and (5)spread over a larger range than those 

in columns (2)and (4). 

Results like those presented can be expected from the fact that the ranking 

procedure described in Section 11-2 produces a ranking quite similar to that ob

tained by ranking the a.. In addition it is intuitively acceptable that the 

an index of thepercentage of total resources spend on goods or services j is 


satisfaction that good j provides.
 

On the basis presented above, and due to the lack of data needed to apply
 

the method described in 11-2 to each of the countries in the sample, formula
 

The results obtained are presented in
11-9 was applied to each one of them. 
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Table 11-4. They show that the percentage of resources spent on food decreases,
 

while those for transportation and health increases. Resources saved present an
 

inverted U shape when moving from underdeveloped to developed countries.
 

These results can be interpreted in the following way: Food is the need
 

that has the highest priority. Once this need is satisfied, transport and com

munication, on the one hand, and health, on the other, roceive attention. Despite
 

the high priority attached to health, it is surprising to find that it comes second 

to transport and communication.
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TABLE II-3
 

COMPARISON OF THE RESULTS OBTAINED WITH THE METHOD IN SECTION 112
 
AND THE METHOD IN THIS SECTION FOR LINEAR FUNCTIONS
 

ALL COUNTRIES INTERM & DEVELOP. 
% Table % Method in % Table % Method in 
II-i 11-4 II-i 11-4 

Food 13.7f 18.84 12.06 18.24 

Beverage 3.59 3.50 3.49 3.53 

Tobacco 1.87 2.0' 1.86 1.98 

Clothing 7.30 7.21 7.24 7.24 

Rent 8.19 7.60 8.54 7.64 

Fuel 2.21 2.43 2.12 2.43 

Housing 6.60 6.23 6.72 6.29 

Health .97 5.64 6.07 5.69 

Transportation 10.29 8.67 11.01 8.81 

Recreation 3.40 4.03 2.87 4.06 

Education 4.10 4.38 3.93 4.37 

Public Administration 1.64 2.49 1.06 2.48 

Welfare .58 .7a .46 .76 

Defense 6.79 5.22 7.80 5.30 

Sav/ings 14.76 14.72 14.13 14.87 

Miscellaneous 8.89 6.26 10:63 6.31 

TOTAL 100.00 100.00 100.00 100.00 
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TABLE I1-4 

RESULTS OBTAINED WITH FORMULA 11-9 FOR EACH COUNTRY
 

Country Philippines Korea Malaysia Panama Italy Finland Australia Sweden USA 
No. of Observations 9 6 7 6 15 15 12 8 14 
Per Capita Income 1963 94 145 275 472 988 1408 1811 2230 3166 
Food (ollars) 44.74 44.08 32.40 31.26 26.58 21.55 17.02 16.85 14.77 
Beverage 1.43 3.07 2.48 5.15 4.00 3.16 4.71 3.82 2.26 
Tobacco 3.06 2.31 3.95 1.76 2.44 2.05 2.43 1.95 1.42 
Clothing 6.03 8.49 4.90 6.19 7.26 7.61 8.07 7.05 6.44 
Rent 6.80 5.86 5.21 8.42 6.66 6.76 6.79 5.91 9.85 
Fuel 3.08 3.19 1.47 1.60 2.12 3.23 1.91 2.54 2.61 
Housing 3.52 2.94 5.41 9.72 5.09 5.24 5.61 5.76 7.79 
Health 3.39 3.50 4.59 6.71 5.25 4.83 5.14 6-.17 6.47 
TransDortation 1.87 3.46 5.9u 7.34 5.53 7.11 9.28 9.14 10.23 
Recreation 1.44 3.26 5.17 6.14 5.23 4.14 3.11 5.59 3.70 
Education 4.81 3.44 4.75 4.94 3.93 5.31 3.01 4.94 5.05 
Public Administration 1.27 2.90 4.87 3.70 4.44 3.43 1.72 2.74 1.89 
Welfare 2.18 .21 .10 .24 .82 1.16 .54 1.61 .42 
Defense 1.05 4.94 3.31 .27 2.65 1.66 3.27 4.66 10.39 
Savings 9.94 6.01 10.29 4.83 15.82 19.04 17.61 17.01 9.80 
Miscellaneous 5.35 2.32 5.18 1.72 2.24 3.70 9.77 4.27 6.89 
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CHAPTER III
 

INTERACTIONS AMONG THE DETERMINANTS OF WELL-BEING:
 

POPULATION, HEALTH, NUTRITION AND PHYSICAL AND MENTAL CAPACITIES
 

III-1 INTRODUCTION
 

The object of this Chapter is to study the influence of population size and
 

growth, health and nutritional conditions on physical and mental capacities.
 

No attempt will be made here to define precisely the physical and mental
 

capacities of a person or of a population. Indices of physical capacities such
 

as number of persons in a population or in a labor force, their life expectancies,
 

and the number of disease-free days that they enjoy, etc., and of mental capacities
 

such as IQ scores will be used below.
 

Clearly, these indices do not include every aspect of the intuitive idea
 

of physical and mental capacities. However, any attempt to extend them will
 

succeed only in reopening the discussion on the relationships between health and
 

well-being presented in Section 1-2.
 

111-2 POPULATION SIZE AND GROWTH AND PHYSICAL AND MENTAL CAPACITIES
 

The direct influence of population size and growth on physical capacities
 

is quite obvious, and only brief remarks on this point will be presented below.
 

Special attention will be given to the study of the interaction between popula

tion growth, family size, and participation of women in the labor force. This
 

relationship is not only more important from the numerical point of view, but
 

might also have important policy implications.
 

The influence of population size and growth and mental capacity will be
 

studied in Section 111-2-4.
 

111-2-1 The Size of the Population and of the Labor Force
 

It Is clear that if the age and sex structures of a population are held
 

constant, then the larger the population, the larger the number of persons who
 

can participate in the labor force. The relationship between rate of participation
 

in the labor force (i.e., number of persons in the labor force divided by number 
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of persons in the population) and age structure is somewhat more complex. It
 

can be described by an inverted "U"curve. Extremely young populations have a
 

low rate of participation in the labor force. This rate tends to increase with 

the average age up to a certain point, and then it decreases again.
 

111-2-2 Population Growth, Age Structure and Labor Force Participation
 

Since the faster the rate of growth of a population, the lower its average age,
 

the observation made in Section 111-2-1 leads to the conclusion that the faster
 

the rate of growth of the population, the smaller its labor force will tend to
 

be. However, the magnitude of this effect is likely to be small.
 

111-2-3 Population Growth and Participation of Women in the Labor Force
 

This Section presents a detailed study of whether the number of women in
 

the labor force and the rate of population growth are interdeDendent. The
 

analvsis of this hypothesis is narticularly interesting. If a high birth rate
 

brings about a low level of participation in the labor force, then it might sub

stantially reduce the size of the labor force, i.e., the actual physical capacity
 

of the population. On the other hand, if the participation of women in the labor
 

force brings about low birth rates, participation could Le used as an instrument of
 

population policy, if it is possible for planners or adminiitrators to influence it.
 

Statistical data indicate that decreases in family size, Lirth rate, num

ber of births, and rate of poDulation growth cocur together with increases in 

the proportion of women who work, or with certain changes in their occupational 

status. The U.S.A., (12), (13), (22), Germany, (4), Sweden (6), Hungary, (9), 

and Peru (18) can be mentioned as examples. 

Population growth and participation of women in the labor force have been
 

studied by demographers, sociologists and ecoromists. ExamIes of analyses
 

having population growth as the only endogenous variable appear in references
 

(1), (2), (3), (5), (15), (1C), (17), (20) and (21). Studies having participa

tion of women in the labor force as the endogenous variable appear in (11),
 

(12) and (19).
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In these models, participation of women in the labor force is frequently 

included among the exogenous variables when population growth is the endogenous
 

variable, and vice versa. Other exogenous variables that appear in these models 

are income, education, urbanization, etc. Demographers and sociologists have
 

also included indices of the preferences and expectations of women. (13), (18).
 
One limitation of the studies described above is that they do not take
 

explicitly into consideration the fact that decisions about family size and
 

participation of women in the labor force are interdependent. This means that,
 

from a conceptual and statistical point of view, observed family size cannot
 

appear as an explanatory variable only, explaining participation in the labor
 

force and vice versa. This is a problem of two interdependent variables and 

should be studied by means of a system of e,,tions. Actual data should be
 

analyzed using econometric methods, rather than purely statistical techniques.
 

Below, an attempt will be male to avoid the limitations of previous studies.
 

For this, the methods of econoic theory will be used to specify a model of
 

preferences of women with respect to family size and emDloyment. Next, a model
 

in which these desires are translated into actual behavior will be considered. 

Finally, an econometric test of these two models will be presented.
 

Model of Preference with Pespect to Family Size and Labor Force Participation
 

The model to be presented is a formalization of the analyses in references
 

(2), (10) and (11).
 

Following the standard practice in economic theory, it will be assumed that
 

women behave so as to maximize utility u. Utility will be considered as a func

tion only of number of children in the woman's family (n), and family income
 

net of expenditures on children (y), i.e.,
 

u = u(n,y) 111-2-1 

with 

UnI Uy, Uny > 0 and Unn , Uyy < 0 11r-2-2 
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where-the subscripts denote derivatives.
 

As-a definition of "family income net of expenditures on children", the
 

following equation will be used:
 

y Y0 + 1lw - b2n 111-2-3
 

where yo is an exogenous component that includes all income except that obtained
 

from a womants employment; blw is the income derived from her work, where w is
 

time devoted to employment; and b2n is the cost of n children, i.e., b2 is the
 

cost per child. It should be observed that in equation 111-2-3 b. > 0 for
1 

i=1,2.
 

The fact that the total amount of time that a woman has at her disposal is
 

limited should also be taken into account. This means that a constraint of the
 

following form restricts women's activities:
 

t = an + w 111-2-4 

where 

t total time available 

a >0 time needed per child 

From the first order conditions of the maximization of u with respect to 

n, the following equation is obtained: 

un = (abl + b2 )uy 111-2-5
 

It can easily be verified that the assumptions made in 111-2-2 and regarding
 

the signs of a's and b's imply that the second order conditions for maximization
 

are also satisfied.
 

The expression in 111-2-5 is basically the usual condition for maximization
 

of equality between marginal utilities. The marginal utility of net family
 

income is weighted by the marginal change in income (net of expenditures on
 

children) caused by one additional child. This .aarginal change has two components,
 

one direct (b2 ) and the other indirect through the reduction of the amount of
 

time available for work (ab ).
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Equation 111-2-5 gives the value of n -- to be denoted with n -- that maxi

mizes u as an implicit function of the parameters in 111-2-3 and 111-2-4. The 

characteristics of this function will be studied below. 

From 

ny -Uyo/n 

YO YOn/unn 

with unn < 0 from the second order conditions of maximization, and 

u u - (ab + b2)ny v > 0 111-2-6 
yon = yn 1 2y 

it follows that n increases with yo. 

Similarly, it can be shown if 

111-2-7ubwn = WU-n (ab1 + 2 )wuvy auy >0 

then n increases with bl, otherwise it decreases. The inequality in 111-2-7 

is satisfied if the negative quantity -au is "small". For this to occur, it 

is necessary that either the time needed to care for a child be small, or that
 

the marginal utility of inco:ne be small, or both.
 

Similar results are valid for the change in n when a or b2 change. They
 

will not be presented in detail.
 

To complete the analysis of the model it should be observed that the optimum
 

value of w -- i.e., w -- is obtained by using n in equation 111-2-4. 

For the statistical analysis it will be assumed that the utility function
 

has the form
 

u = c1n
2 + cy 2 + c3ny + c4n + cSy + c6 111-2-8
 

with
 

Cl 2 < 0 ; c3 > 0 

and unspecified values for the other parameters. 

With the utility function in 111-2-8 and the constraints in 111-2-3 and 

111-2-4, the reduced equations for n and W take the forms 

111-2-9= h11 + h1 2Y0 

and
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w 21 +22Y 0 
.W h2 + h2 y 

where the,1ih1 arenon-linear functions of the parameter in (3),,(4) and (8)
 

It can be shown that hi2 > 0 for i=1,2.
 

For the statistical analysis, equations 111-2-9 are modified and extended
 

in several ways. These changes will be explained below, together with the
 

operational meaning given to the variables used. This operational meaning is
 

the same as that used in the survey made to collect data for testing the model.
 

A more complete description of this survey will be presented later.
 

To obtain an index of the n, the question "What number of children do you
 

think best for people like yourself?" was asked.
 

Two modifications of equations 111-2-9 were imposed by the characteristics
 

of the data and preliminary analysis. First, the attempts to collect data
 

on each of the components of y in 111-2-3 did not give satisfactory results.
 

As a consequence, data on v = y0 + b w measured in dollars per person per year
 

will be used below. This is a serious limitation, because the three components
 

of y might have different effects on n and w. Second, preliminary trials showed
 

that attempts to explain the opinions of women with regard to participation in
 

the labor force did not produce satisfactory results. For this reason, instead
 

of W, actual current employment conditions of women are used below as one of
 

the interdependent variables. This variable will be denoted with LFP and
 

assigned the values +1 for currently employed and -1 for unemoloyed. Women's
 

opinion about working (OWK1 ) will be used as an exogenous variable.
 

Another type of limitation of equation 111-2-9 is that is does not include
 

explicitly the interdependence between n and LFP. The characteristics of this
 

interdependence are particularly important if employment of women isto be used
 

as an instrument for population control. In order to consider this interdepen

dence, structural equations relating A directly to LFP and vice versa will be
 

used below.
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Finally, modifications of equations III-2-9 and .the,corresponding structural
 

forms are needed to take into consideration determinants of n and LFP not in

cluded in them.
 

A first set of variables to be included deals with the woman's personal,
 

employment and marital history. These aspects will be shown by variables repre

senting her age (AGE), her employment situation during the first year of
 

marriage (LIT), and years of married life, regardless of whether the union was 

with the same husband (YRM). 

Another set of variables deals with the present husband's preferences. 

The number of children desired by the present husband (DFS) and his opinion with
 

respect to his wife's employment (OWK2) will be included among the exogenous
 

variables as indices of those preferences.
 

Another variable that could influence n ând LFP is a woman's educational level
 

(EDC). It influences both here employability and the income that she is likely
 

to obtain if working. These observations, together with the conclusion that
 

follows from 111-2-6 and 111-2-7, show that the influence of a woman's educa

tional level on the n and LUP cannot be specified. In addition, her education
 

is likely to influence n and w by directly reducing the utility of additional
 

children, beuause it is likely to increase her appreciation of non-child-related
 

uses of her time, even if she is not employed.
 

Finally, race will be included as a general socio-economic index that 

might include aspects not covered by the other variables. Race was also intro

duced with a dummy variable equal to +1 for white and -i4for black. 

The following structural equations were derived for the statistical
 

analysis from the observations above:
 

n =a 0 +a 1DFS + a2v + a 3LUP +a 4LF
 
111-2-10 

+ abAGE + a6YRM + a7EDC + a8 RC 

and
 



36
 

LFPxD+'OK +F32 W 2 40V+B
 

05 D+ 6LF+ 07RC. 
 111
 

Model of Actual Behavior With Respect to Family Size and Employment
 

The previous analysis deals only with the desires of women with respect to
 

family size and employment. For policy purposes, it is interesting to determine
 

whether these desires are actually implemented. To study this aspect, the total
 

number of children that a woman had had, and who were alive at the time that the
 

data were obtained, whether or not they lived in her home, was used as one of
 

the endogenous variables. This variable will be denoted here with S. 

The variables assumed to ekplain S can be classified in three sets. The 

first includes desired family size, the second, the variables assumed to explain 

n, and finally, variables describing the ability of a woman to control the size
 

of her family. The reasons for including n among the explanatory variables of S
 

is quite clear and will not be elaborated on here. The main reason why the 

explanatory variables in 111-2-10 should also be included among those explaifiing 

S is that there is some doubt whether stated values of n really represent wall

thought-out opinions, rather than off-the-cuff replies to the questions of an
 

interviewer. In the second case, S will represent desired family size better
 

than the value attached to A, and the inclusion of the explanatory variables of
 

111-2-10 as explanatory variables of S will help to discover how desires regarding
 

family size are determined. Finally, the ability to control the number of children 

is assumed here to depend, first, upon the woman's level of education, which 

determines her capacity to learn about contraceptive methods and to use them 

properly, and second, upon her actual knowledge of these methods and their use. 

In summaiy, the equation for studying actual number of children will have 

the following form: 
S = YO + Yin + 72DFS + y3v + Y4LFP + Y5LF 

+ y6AGE + Y7YRM + y8EDC + y9 RC + y10 RNC 111-2-12 

Y + y12UCMy.KPM 
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where 

RNC Right tb decide on the number, of children 

KPM' Knowledge-about contrac ,ptive methods; and 

UCM Use of contraceptive mhoi:,. 

Thests last three variables were r-pr7sented with +1, -1 indices. 

The only modification of equation 111-2-11 in this -second model is the use 

of, Sinstead of n. This modified equal:ion will not be presented here. It will 

be referred to below as equation IIr-2-13. 

Data to be Used to Analyze the Mod,.-,1:
 

The data used to test the mode-: i-resented were collected in a sample of
 

women participating in the Lincola P.'ish Family Planning Program.
 

Lincoln Parish is a semi-rural ) irish (county) in Northern Louisiana, 300 

miles northwest of New Orleans. It, total population is about 30,000 persons, 

60% of whom were classified as ,irban and 58% white in the 1960 population census. 

According to the same census, t.'. mi-dian years of school completed by adults 20 

years of age and older was 10.". I% 1959, 36% of the families in the parish had 

incomes of less than $3,000.0C per year. 

The universe from which the simple was drawn included all women who de

clared Lincoln Parish as their place of residence and who had delivered a live 

or stillbirth during the five-year period from January, 1960 through December, 

1964. A 10% random sample was selected from this universe. The women who did 

not reside in Lincoln Parish during the intnrview or who were not married were 

excluded (13), (14). This study is confined V) the 101 couples from whom com

plete data were obtained. 

It is clear that the universe from 4hich the sample was selected and the 

*Grant PH-40 from the Children's Bureau, Dept. of Health, Education and
 
Welfare to the Tulane Center for 7opulation and Family Studies provided support

for the survey inwhich the data were collected.
 

http:3,000.0C
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method used rake it inadvisable to attempt to generalize the 
results obtained to
 

On the other hand, the sample is likely to give very reliable
 larger populations. 


information about the relationship-between the interdependent 
and predetermined
 

This is true because most of the families in the sample
variables considered. 


would have a child of five years of age or less, and as a consequence, 
their
 

preferences about family size and work are more likely 
to reflect actual feelings
 

and attitudes than those expressed by families without 
any immediate experience.
 

Method to be Used to Analyze the Models
 

Several particular characteristics of the models in 111-2-10, 
111-2-11,
 

111-2-12, 111-2-13 must be considered in order to decide 
what approach should
 

be used for their statistical analysis.
 

First, in the models in those equations, both endogenous and exogenous variables
 

In other words, the endogenous variables of
 appear as explanatory variables. 


It is well known (7) that this is the cause
 
these systems are interdependent. 


of two problems. The first is the identification problem, and the second is
 

that Ordinary Least Squares estimators of the parameters are 
generally biased.
 

follows: if an equation in a
The first problem can be loosely stated as 


system is not identifiable, then the values of its parameters 
cannot be estimated
 

The use of a direct sample survey, like the one described,

from statistical data. 


designed to obtain data for the study of the models in equations 
111-2-10 to
 

111-2-13, might suggest that the question of identifiability of 
the equations in
 

It is true that
 
the model could be disregarded. However, this is not the case. 


an experiment could be designed in such a way as to eliminate 
the interdependence
 

of the variables, and in this case the problem of identifiability 
would not appear.
 

However, a sample survey only records the actual interdependence 
of the variables,
 

and as a consequence, steps should be taken to insure that the 
statistical
 

With the use of standard
 analysis is feasible in spite of that interdependence. 


techniques (7) it is easy to show that the equations in both 
models are over

identified.
 



To specify the method of estimation to be used, in addition to the limita

tions already mentioned of Ordinary Least Squares estimators, the following points
 

must be considered. In equations 111-2-11 and 111-2-13 the explained variable
 

is only a classification. The value 1 was assigned to women employed in the
 

labor force and -1 to those who were not employed. In reference (7)it is shown
 

that, as a consequence, the residuals of these equations are heterocedastic.
 

Finally, multicollinearity of the predetermined variables is another problem
 

in the estimation of the parameters.
 

From among the different methods of estimation available for the case of
 

interdependent variables in a system of equations, Two Stage Least Squares seems
 

to be less sensitive to multicollinearity, than the others. To gain additional
 

insight into the effects of multicollinearity, a step wise regression program was
 

also used in each of the two stages.
 

In the case of TSLS, an approach to handling the problem of heterocedasticity
 

mentioned above could be to use Aitken's Generalized Least Squares in each step
 

of the TSLS. However, there is no information about the advantages of such a
 

procedure. In addition, this procedure would require systematic changes in
 

both the explained and explanatory variables in the equations, and this is likely
 

to increase multicollinearity. For this reason, the approach was not used.
 

Analysis of the Model in Equations 111-2-10 and 111-2-11
 

The TSLS estimators of equations 111-2-10 and 111-2-11 appear in Table
 

111-2-1.
 

To interpret the results for equation 111-2-10, it should be observed that
 

they are in part the consequence of multicollinearity. The first variables to 

enter the regression were, by order of entrance, number of years the wife has
 

been married, race, and husband's desires with respect to family size. These 

three variables enter with highly significant coefficients, and with the same
 

sign that appears in the final equation. This suggests that these three variables
 

are the'most'important in determining what size family the wife will desire. A
 

somewhat surprising result in this equation is that desired family size does not 

an n %'hA nfhinned bv the wi'fe's omplolment at present or during the firat 
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Table 111-2-1
 

TSLS Estimates of Model III-1-10 and III-1-11
 

Equation 111-2-10
 

An = 2.0874 + .26014 DFS - .00018 V
 
(.15500) (.00018)
 

+ .40179 LFP - .17628 LF' - .00318 AGE
 
(.73494) (.27620) (.07072)
 

+ .12058 YRM - .03220 EDC - .31022 RC
 
(.08885) (.08204) (.29068)
 

R = .5921 F(8,93) = 6.275
 

Equation 111-2-11
 

LFP = -.49384 + .04230 OWK1 + .31376?OWK2
 

(.11256) (.11250)
 

+ .00003 v + .10202 n + .00138 EDC 
(.00009) (.09166) (.040112) 

+ .16733 LFF + .20341RC
 
(.10026) (.09856)
 

R = .4287 F(7,94) = 3.023
 

In parenthesis under the coefficients: their standard errors.
 

*Significant at least at a 95% confidence level.
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year of marriage, or by her level of education.
 

A result in Table 111-2-1 that needs careful analysis is that showing that
 

family income influences neither desired family size nor labor force participa

tion. From the theoretical analysis it can be concluded that desired family size
 

should be positively correlated, and labor force participation should be nega

tively correlated, only with the husband's income. No specific sign for the cor

relation with the wife's income could be specified. Since the data used in the
 

estimations reported in Table 111-2-1 deal with total family income, it is pos

sible that two opposite effects of husband's and wife's incomes cancel each other
 

out.
 

In equation 111-2-11 the only significant variables influencing participa

tion of women in the labor force appear to be the husbands' opinion about wives'
 

working, and race. A favorable opinion on the part of the husbands tends to
 

increase labor force participation. The negative coefficient for race indicates
 

that black women are more likely to work than white women. The lack of influence
 

of income and education is acceptable if the population strata being studied is
 

considered. The variance of thes'e two variables simply is not large enough to
 

influence wives' employment. Finallv, the lack of a relationship between employ

ment of women and family size already observed in equation 111-2-10 also appears
 

in equation 111-2-11. From the values of the R and F coefficients, it follows
 

that the variables chosen do not explain a large percentage of the variation in
 

the employment of women. However, at least part of this might be due to the
 

use of a dummy variable as the depende nt variable in equation 111-2-11.
 

Analysis of the Model in Equations 111-2-12 and III-2-13 

The results obtained from the analysis of the models in 111-2-12 and 111-2-13
 

appear in Table 111-2-2. According to this table, the principle positive influence
 

on family size is the wife's idea of how large the family should be. The co

efficient of this variable is'highly significant and shows that a desired increment
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Table 111-2-2
 

TSLS Estimates of the Parameters of Model II
 

Equation 111-2-12
 

S = 2.36693 + 	.47159*,n + .13150 DFS - .00016 v 
(.09982) (.14198) (.00011) 

+ 	.45211 LFP - .12936 LF" + .02o20 AGE + .14778 YRM 
(.55786) (.26894) (.07514) (.09127) 

- .23056*EDC - .46709 RC + .29056 RNC + .10454 KPM 
(.07629) (.40174) (.44243) (.13908) 

-	 .16424 UCM
 

(.36906)
 

R 	a .8583 F(12 ,86 ) = 20.046 

Equation 111-2-13
 

LFP = -.24359 + 	.01785 OWK1 + .33845*OWK2 + .00001 v
 

(.11107Y (.11497) (.00005)
 

+ 	.05261 S + .00255 EDC + .17874 LFF - .24756*"RC
 
(.04952) (.04 536) (.10389) (.09956)
 

R 	= .4431 F(7 ,91 ) 3.177
 

In parenthesis under coefficients: their standard error.
 

A Significant at least at a 95% level.
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is fulfilled about 50% of the time. The only other significant variable is level
 

of education, which appears with a negative coefficient. The size of the co

efficients suggests that more education is a strong deterrent to having a large
 

family. To interpret this result it should be observed that, on the theoretical
 

side, it was not possible to determine the sign of the derivative of family size
 

with respect to income. On the other hand, the results in Table 111-2-1 for
 

equation 111-2-10 show that education does not influence desired family size,
 

those in equation 111-2-11 and 111-2-13 show that it does not influence the em

ployment status of women. Finally, the influence of education does not seem to
 

be through its impact on attitudes about contraceptives, knowledge about contra

ceptive methods, and their use, because these variables do not have significant
 

coefficients in equation III-2-12. In conclusion, it can be said that education
 

seems to influence family size because it increases womens' preference for non

work activities.
 

It is useful to observe that in reference (2), with somewhat less specific
 

data, it is concluded that education reduces fertility because it contributes to
 

the knowledge of contraceptive methods and their use.
 

Conclusions
 

The principal conclusion to be drawn from this analysis is that the observed
 

relationship between reduction in family size and employment of women does not
 

seem to be the result of a direct causal link. The reduction in family size
 

appe.rs to be a consequence of the education of women. The policy implications
 

of this result are quite evident.
 

Another point that should be emphasized is that the use of simple equation
 

models and the statistical methods used to analyze them might not be appropriate
 

for the study of the problems of employment of women and family size.
 

111-2-4 Population Size and Growth and Mental Abilities
 

An hypothesis that relates population size and growth to mental abilities
 

can be stated as follows: The larger the size of a population or the greater its
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rate of growth, "other things" held constant, the higher the probability of
 

persons with high and very high mental abilities being born. It is also stated
 

that, apart from genetic factors, one of the determinants of intelligence is fre

quency of interpersonal contacts. Since population density increases with the
 

size of the population, this is another reason why the greater the rate of popu

lation growth, the higher the probability of persons with high and very high
 

mental abilities. 

On the other hand, it has also been argued that increments in the rate of 

effect on the average intelligencegrowth of a population have a negative 

of that population. In Table 111-2-3 the YQs of children from several social 

The data on groups and 'the reproduction rate in those groups are presented. 


IQ support the hypothesis that it is correlated with social class. The
 

hypothesis that psychological traits are largely determined by heredity can
 

be accepted. As a consequence of this, two observations may be made. First, 

a high rate of growth of the population brought about by a high reproduction 

rate for the social c]ac-ez :ith lownr mental capacities might increase the 

low and very low IQs, rather than the other wayprobability of persons with 

around. Second, if population growth tends to increase the proportion of
 

population in low socio-economic classes, it will also tend to increase, from
 

one generation to the next, the likelihood of birth of persons with low
 

mental abilities. In summary, the previous observation can only lead to the
 

conclusion that the average level of mental abilities in any population should
 

this decline will be faster in those populations havingbe declining, and that 

a growth rate that brings about increases in the proportion of persons in low 

socio-economic classes.
 

in similar studies toAlthough the evidence in Table TII-2-3 and seems 

confirm the hypothesis, in reference (2) it is stated that there is no direct 

evidence that the average intelligence of the population is declining. 
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Table M11-2-3 

IQ and birth rates for several social grouns
 

Occupational class 	 Median IQ Percent of Repro
of cbild- total duction
 
ren births rate
 

(1) 	 (2) (3)
 

Professional 1n.6 .76
 

Business - clericnl 3.07 18 .85
 

Skilled 98 15 1.06
 

Semi-skilled 95 14 1.03
 

Farmer 9]. 31 1.32
 

Unskilled 88 19 1.17
 

Mean IQ , weib-tod by column (2) = 95.7
 

Mean IQ, weigchted by product of columns (2) and (3) 94.6
 

3ource: Reference (2)as quoted in Reference (1)page 50
 



The 	main points of the argument are:
 

1. 	Experts do not haree on their interpretation of the data available.
 

2. There is also a lack of agreement on what influence parents' social 

level has on their children's intelligence. 

3. 	 An argument similar to that utilized in stating that the intelligence 

of the population tends to decline can be used to affirm that length 

of life and stature of the population tend to decline, when in reality 

they are increasing.
 

4. 	The few direct investigations made indicate that in place of a
 

decline in the level of average intelligence, there has been a rise.
 

It should be observed that the two hypotheses discussed above do not con

tradict each other. It is possible to increase the number of persons of very
 

high intelligence and at the same time reduce the average intelligence of the
 

population. For this it is enough that the number of persons with below average
 

intelligence increase more than the number of those with above average intel

ligence. The consequences of this increasing gap, if it exists, have not been
 

studied.
 

111-3 HEALTH AND PHYSICAL AND MENTAL ABILITIES
 

111-3-1 Introduction
 

The influence of health on the physical and mental capacities of a person is
 

the final result of three sets of influences: genetic factors, prenatal and
 

delivery conditions, and personal history. To make a complete analysis of the
 

influence of health conditions on physical and mental capacities, it is necessary
 

first to classify the elements in the sets mentioned above. Next, data on the
 

characteristics of physical and mental conditions associated with each combina

tion of the classes defined in the first step would have to be obtained and
 

studied.
 

At present, no study of this type exists. At best, the information available
 

associates limitations in physical and mental capacities with the most recent
 

disease suffered. This is also true in the case of data on death rates or lost
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days by cause. General data on mortality are used as an index of health conditions.
 

Since it is all that is available, the information will be u7;ed below to study the
 

impact of health on physical capacities. Statistical association between health
 

conditions and scores in intelligence tests will be used to study the impact of
 

health on mental abilities.
 

111-3-2 Life Expectancy and Working Capacity
 

Several approaches have been used to estimate the impact of mortality on
 

working capacity. Perhaps the most direct of these appears in reference (5).
 

There it is stated that "approximately 1.8 million persons died from all causes
 

in 1963. Assuming that these deaths occurred evenly during the year, approximately
 

900,000 man-years were lost in 1963. After adjustment for labor force partici

pation and employment rates, the losses in output resulting from these deaths are
 

equivalent to more than 600,000 man-years". Clearly these figures underestimate
 

the losses in working capacity caused by death, because they do not include the
 

capacity lost in subsequent years. Attempts to correct this limitation are
 

based on the use of life tables.
 

To present a more specific description it is necessary to remember, first,
 

that a life table gives the probabilities that a person of a specific age will 

live one year more. In other words, a life table gives the percentage of a 

group of persons of a specific age and alive at date t that will be alive at 

date t +'l (reference 3). These probabilities or percentages are estimated to 

bring into consideration the conditions of mortality and morbidity prevalent
 

at a specific time and place.
 

The life expectancy of a group of persons can be computed from a life
 

table. There is one life expectancy for each age group. The life expectancy
 

at birth of a group of persons is equal to the average number of years lived by
 

that group of persons.
 

One approach to the study of the impact on mortality of one or several
 

diseases is based on the estimation of the number of persons who would be alive
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-,if, these diseases had not occurred. For this, the
at a fixeddate -,say t 


are considered.
populations beginning in,say, (t - 100) and continuing up to t 


The mortality in these populations iL recorded in the ordinary life table. To
 

Avaluate the impact of eliminating certain diseases, the life tables are modified.
 

They are computed assuming that the mortality caused by the diseases under con-


These life tables are used in the populations from (t - 100)
sideration is zero. 


to t to estimate the number of persons who would have been alive at date t,
 

excluding the influence of the diseases under consideration. The population so
 

estimated is, of course, higher than the actual population. Several indices can
 

be defined at this point. The difference between population computed as above
 

and actual population shows the number of deaths caused by the diseases considered.
 

This index is used in reference (6)to estimate the impact of cancer and cardio

vascular diseases on physical capacities. The actual population divided by the
 

computed population shows the proportion of potential physical capacities actually
 

Similar indices can be obtained using life expectancy. The difference
used. 


between the computed and the actual life expectancies gives the average number of
 

years of life lost by each person in the society. The actual life expectancy
 

divided by the computed gives the proportion of potential life actually realized.
 

Although this method can be used for the study of one or several diseases, it
 

The reason for this is that the assumption that
cannot be used for all of them. 


all mortality is reduced to zero is not acceptable.
 

The approach presented above can be adapted to make a comparative analysis
 

of the impact of mortality on the physical capacity of, for example, several
 

populations in different countries. For this purpose the life table of one
 

country is considered as term of reference. A first possibility is to use this
 

life table to estimate the population that would exist in the countries studied
 

if the mortality conditions in the country of reference were prevailing. The
 

comparisons between actual and computed population can be used as indices of the
 

number of man years lost due to differences in health conditions. Another
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Table 111-3-1 

Life Exneetancy and Woringi Capacity* 

Country Life expectancy
birth 

at 
_ 

Active life 
_. .... 

(2) 

year No. years No. years A %of 

(1) 3) USA 

Africa 
Bel. Congo 1950-52 38.82 23.82 .48 

Fr. W. Africa 1956-58 35100 20.00 .40 

Guinea 1954-55 33.15 18.15 .36 

Egypt 1936-38 38.56 33.56 .67 

N. America 

Csanada 1950-52 68.58 50.00 1.0 

Costa Rica 1949-51 55.85 40.85 .82 

El Salvador 1949-51 51.17 36.17 .72 

Guatemala 1949-51 43.67 28.67 .57 

Mexico 1940 38.85 23.85 .48 

Panama 1952-54 61.75 46.75 .93 

U.S.A. 1957 69.49 50.00 1.0 

S. America 

Argentina 1947 59.15 44,15 .88 

Brazil 1949-51 52.88 37.88 ;76 

Cbile 1952 51.86 36.86 .74 

Asia 

Cambodia 1958-59 43.75 28.75 .58 

Ceylon 1954 59.85 44.85 90 

Cyprus 1948-50 66.20 50.00 1.00 

India 1941-50 32.05 17.05 .34 

Israel 1958 70.99 50.00 1.00 



Japan 1958 67.28 50.00 100 
Philippines 1946-49 51.08"M6.08 .72 
Thailand 1947-48 50.29 35.29 .71 

Europe 

Belgium 1946-49 64.65 49.65 .99 
Czecboslavakia 1956 69.14 50.00 .1.00 
Denmark 1951-55 71.24 50.00 1.00 
Finland 1951-55 66.60 50.00 1.00 
France 1952-56 68.10 50.00 1.00 
Germany, Fed. Rep. 1949-51 66.52 50.00 1.00 
Hungary 1955 66.92 50.00 1.00 
Ireland 1950-52 65.81 50.00 1.00 
Italy 1954-57 67.88 50.00 1.00 
Netherlands 1953-55 72.45 50.00 1.00 
Norway 1951-55 72.90 50.00 1.00 
Poland 1955-56 64.35 49.35 1.00 
Portugal 1957-58 62.40 47.40 .95 
Spain 1950 61.13 46.13 .92 
Sweden 1951-55 71.96 50.00 1.00 
Svitzerland 1948-53 68.61 50.00 1.00 
U.K. (England) 1958 70.82 50.00 1.00 
Yugoslavia 1952-54 58.13 43.13 .86 

Oceania 
Australia 1953-55 69.95 50.00 1.00 

Source: Elaborated from results in References (1) and (2)
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possibility is to Compar- the life expectancy in the different countries. This 

approach is used in references (1) and (2). The method and results are summarized 

below. 

The life expectancies in the countries mentioned in cclumn (1) of Table 

111-3-1 appear in column (2) of that same Table. The avei ige years of economically 

useful liffe for those countries are shown in column (3). These estimates are 

based on the assumption that a person'- productive life begins at the age of 

15 years and continues until death or until the age of retirement, arbitrarily 

fixed at 65 years. 

One index of the differences in working capacity is the quotient obtained 

by dividing the number of yeas of active life in a country by the corresponding 

number for the U.S.A. These figures appear in column (4)of Table 111-3-1.
 

According to this index, the working capacity of the population in countries
 

like India is about 1/3 that of the U.S.A.
 

Another approach used to estimate the impact of mortality on working 

capacity is,to a large extent, the inverse of the previous one. It is based on 

the evaluation of the number of persons who would be alive at date t if the 

conditions of mortality in previous periods had not changed since a reference
 

date, say (t-100). To make this evaluation, the populations from (t-100) to t 

are considered. The mortality of these populations is evaluated using the life 

table of (t-100). The estimated population is less than the actual one. The 

difference is an index of the number of persons alive due to improvement in
 

health conditions between (t-lO0) and t. A quotient index could also be computed
 

in this case, as well as indices based on life expectation. This method is
 

applied in reference (4)to estimate the growth of the labor force in the U.S.A.
 

attributable to improvements in health conditions between 1900 and 1960. The 

results are presented in Table 111-3-2 columns (2) to (4). 
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Table 111-3-2 

Increment of U.S.A. Labor Force Attributable, to 1%'Oduccd 

Mortality.
 

Year 	 Labor Force in 1960 Addjt-iotial L.F. Porcoiitage by 
if mortality rates attributable to which labor 
had remained Veduced mortaltty force incroaserl 
constant since rate 3) f OO
 
year in column(l)
 

(I)(2) 	 (3) 4
 

1960 66.7 

1950 66.4 .3 .5 

19410 65.3 1.I1 ?.0 

5.6
1930 63.2 	 3.5 


9.9
1920 60.7 	 6., 

1910 56.2 1.0.5 18.3
 

1900 53.5 13.2 24.7
 

Source Reforonco (4). 
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111-3-3 Morbidity and Working Capacity
 

The methods suggested to estimate the impact of reduced mortality on the
 

physical capacity of a population do not show the total effect of better health
 

conditions, because they do not take into consideration the effect of reductions
 

in bed disability days and improvements in the working capacity of persons who
 

keep working in spite of illniss. The most reasonable approach would be to
 

modify the methods in Section 111-3-2 to consider as far as possible the impact
 

of morbidity. Although this approach is used in reference (4), it will tiot be
 

presented here, because the results are used only to estimate the impact of bet

ter health conditions an economic growth. This analysis will be described
 

later.
 

Below, attentlln will be paid only to theattempts to estimate the impact
 

of different health conditions on absenteeism from work. No information seems
 

to be available at present on the reduction of working capacity of sick persons
 

who continue to work.
 

Health Services and Work Days Lost:
 

A study made in two Egyptian villages is reported in references (5) and
 

(6). In village A (Kom-Eshfim) a health unit was established in 1967. Village
 

The socio-
B (Kharkania) was retained without a health unit, as a control. 


economic characteristics of these two villages in 1967 appear in Table 111-3-3.
 

The results
Absenteeism from work due to illness was tabulated in 1971. 

appear in Table 111-3-4. They show that the average number of illnesses per 

person in village A was 20% lower than that of village B.
 

Morbidity, School Days Lost and Work Days Lost:
 

The methods used and results obtained in references (1) to (4) are sum

marized below.
 

The number of school-loss days per student and of work-loss days per
 

member of the labour force in a cross-section of countries will be estimated
 

as an index of the influence of health conditions on-physical capacity. These
 



Table 111-3-3 

Egypt: SocIo-ecoriomic conditions of researob
 

and control villages
 

Research villape Control villaae
 

Population 6536 52-84 

Population growth rate 2.1% 2% 

Family size 5.2 5.2 

rooms/family 2.7 2. 

Illiteracy 54.9% 47.1% 

Employment amot928 
family beads 98.2% 98.1% 

Family monthly -income 11.8 12.8 

Working persons per 
family 2.0 2.2
 

Monthly income per 5.9 5.
5.9 
vorking. peroson 

Source: Reference ( ) 
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Table 111-3-4 

Egypt: disability days and work-loss 
and control villages 

days per month in research 

Research Control 

Disability days 

Work-loss days 

Source: Reference (6 

4 

2.5 

5 

3.5 
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employed i& the following:
 

The number of school-loss and work-loss days caused by groups of diseases
 

such as infectious and parasitic ailments, circulatory disease, etc. are presented
 

Data on death rates, by causes, for various
in Table 111-3-5 for the U.S.A. 


countries are contained in the Demographic Yearbooks of the United Nations. 
The
 

classifications used in Table 111-3-5 and those used in the Demographic 
Year

books are comparable. The estimation of the numer of days lost in different
 

countries is based on the assumption that the proportion of school-loss and work

loss days in a given country to that in the U.S. is equal to the proportion of
 

the death rate in the country under consideration to that of the U.S. That is,
 

for school-loss days, if 

q0 i = death rate in the U.S. due to cause i 

qli = death rate in ot:her country, cause i 

d0i = school loss day- in U.S., cau;-e i 

dli = school-loss days in other countryi, cause i
 

then
 
ql' 

111-3-1
d lid 

li q0 Oi
 

A similar formula is used for work-loss days. The results obtained appear in
 

Table 111-3-6. 

The assumption on which these estimates are based has several limitations.
 

is no reason to believe that the relatioi.hip, between ,;chool-loss days,There 


aro th.; same in two different counwork-loss days, illness and mortality rrite.: 

Differences in education and attitude of adults, availability of medical
tries. 


care, income, labor legislation, etc., tcnd to re~u] in differnrices in these 

relationships (9). However, the errors introduced with the use of this assump-

One
tion are likely to result in an underestimation of number of days lost. 

possibility is that higher income and social legislation may tend to increase the 

number of school-loss and work-loss days. A less protected student or worker will 
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Tnble 111-3-5 

U.S.A.: Number of school-loss days per year per 100
 
children age 6-16 and rumber of work-loss days
 
per year per 100 usually wvorking persons,
 

associated with acute conditions. 

July, 1957- 1953 

Condition gFroup ,'obool-loss days work-loss days 

Total conditions 788.2 598.6 

Infectious & Paracitic 124.4 33.0 

Respiratory 565.2 367.1 

Digestive 23.9 22.9 

Injuries 37.3 113.4 

All otber conditions 37.4 62.2 

Source: Reference (I2)
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attend school or work even when sick. This suggests that if the results obtained
 

with equation 111-3-1 had only the defect just mentioned, they would overestimate
 

the number of days lost, but would not overestimate the working capacity of per

sons who continue working while sick.
 

Another bias in the results obtained with equation 111-3-1 is a consequence
 

of the fact that a better-educated population would be likely to receive medical
 

attention more promptly. The medical attention would also be of better quality
 

where the standard of living is higher. This observation suggests that the same
 

disease results in a lower number of days lost in developed than in underdeveloped
 

countries.
 

Still another bias is introduced by deficiencies in the data on mortality.
 

A 40% under-registration of deaths is not extraordinary in developing countries
 

(10), (11). Also, the diseases occuring with the greatest frequency, and as a
 

consequence, those which produce the largest number of school-loss and work-loss
 

days, might not be those causing the highest proportions of deaths. This is the
 

case, for instance, with parasitic diseases. Again, the result of these biases
 

will be an underestimation of the work-loss and school-loss days in developing
 

countries.
 

The criticisms above reduce the value of the estimates obtained with
 

respect to school-loss and work-loss days. In order to test the validity of the
 

results presented in Table 111-3-6, they were compared with -,tatistical data
 

for Egypt (6)England and Wales (8)and Holland (7). The differences between
 

estimates and statistics were of no importance according to an intuitive judgment.
 

On this basis, the results that appear in Table 111-3-6 give some idea of what
 

really occurs.
 

The capacity to attend school and to work, as far as it is dependent upon
 

health, is presented as a percentage of total capacity in Table T11-3-6. This
 

isbased on the assumptions that the number of school days is 200 and that the
 

number of working days is 240 per year.
 



Table 111-3-6
 

Estimated Number of School-loss; Doiys Per Year Per Child
 

Age 6-16, and of Number of Work-loss Days Per Year For
 

Usually Working Persons, Associated With Acute Conditions
 

Africa
 

Egypt 


America, Nortb
 

Canada 


Guatamala 


Mexico 


USA 


America, Soutb
 

Argentina 

Brazil 


Chile 


Colombia 
Ecuador 


Peru 


Venezuela 


Uruguay 

Asi a 

Burma 


Japan 

Europe 

Austria 


Belgum 
Czechoslovakia 


Denmark 

Finland 


(Di-ta Around 1958) 

Scbool-loss days Work-loss days 

No. % of scbool No. % of workiog 
days days 

49 24 37 15 

8 4 6 2 

52 26 39 16 

37 18 28 12 

8 4 6 2 

9 4 7 3 

28 14 21 8 

50 25 37 15 

49 24 37 15 
92 41 69 29 

20 10 15 6 

65 32 49 20 

9 4 7 3 

38 19 28 12 

10 5 8 3 

13 6 10 4 

13 6 10 4 

11 5 

9 4 7 3 

8 4 6 2 
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sFrauce 14 7 11 3 

Germany (Weost) 19 9 14 6 

Greece 9 4 6 2 

It.1y 18 9 13 5 

N etherlands 9 4 7 3 

Norway 9 4 7 3 

Portugal 20 10 15 6 

Spain 17 8 13 5 

Sweden 10 5 7 3 

Switzerland 9 4 7 3 

U. Krinirdom 22 11 16 7 

OceOn .i 

Australia 9 4 6 2 

New Zealand 11 ) 8 3 

Source: RIference,(1) ahd 3). 
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In judging the results in Table 111-3-6, one should bear in mind that they
 

might be undervalued for underdeveloped countries. In spite of this, they show
 

that for several developing countries, the number of school-loss and work-loss
 

days is more than five times that of the USA and European countries. 

111-3-4 Health and MentalTAbilities 

The possibility that acute or chronic diseases affect the mental capacities 

of a person both at the time that the disease occurs and afterwards has not 

been studied.
 

In reference (1)information is presented on the relationships among:
 

(a)social-environmental variables such as mother's education and index of
 

socio-economic status; 

(b) maternal complications such as anemia during pregnancy, toxemia, and
 

labor and delivery problems;
 

(c) prematurity estimated by weight at birth; 

(d)complications during the first weeks of life such as hyperbilirubinemia,
 

hypoxia, weight loss as an index of dehydration and infection, and 

(e)motor and mental development evaluated with the development quotients
 

obtained from the Gesell Gross Motor Development schedule and the Cattell 

Infant Intelligence Scale administered at about 13 months of age.
 

351 black prematureThis information was collected from a sample of 

births and 50 black full-term births. Analysis of covariance is the technique 

best suited for the analysis of the information collected. However, it was 

not used in the study mentioned. Only first-order and partial correlations between 

variables in each of the four groups enumerated above and those in group e are 

presented in reference (1). The results obtained can be summarized a5 follows: 

(a) No significant correlations were obtained between development 

quotients (DQ) and the indices of socio-environmental variables. This 

might be due to the fact that all the observations were made in subjects
 

from low soclo-economic classes.
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(b) No signiticant correiatlons were obtained between DQ and most of
 

the indices of maternal complications. Also, the authors consider that
 

the significant correlations obtained might be due to sampling errors. 

(c) The results obtained with respect to prematurity appear in Table 

111-3-7. The correlation coefficients in this table show a relationship 

between weight at birth and the development quotient measured at 13 1/2
 

months of age.
 

(d) In Table 111-3-8 it can be observed that the indices of several of
 

the health conditions during the first weeks of life are significantly
 

correlated with development quotients at 13 1/2 months of age.
 

111-4 NUTRITION AND PHYSICAL AND MENTAL CAPACITIES
 

The influence of nutrition, like that of health, is a total of genetic
 

factors, prenatal conditions, and personal history. Again in the case of nutri

tion, no systematic analysis covering all these aspects seems to be available.
 

Only fragmentary information dealing with specific questions at specific stages
 

exists. The information that seems to be most relevant will be presented below.
 

111-4-1 Integenerational Effects of Nutrition on Mental Capacities
 

Nutrition.'tS sirigie out two periods in hunan life during 

which the effect of nutrition on rm rital capIacity is bljieved to 

be especially -important. The first is during the period of ges

tation. Here, the nutrition of the mtot:her is the ifriportarit element. 

The second per.iod (to be considered in the following section) is 

the first two years in thr life of a child. 

An especially critical time when nutritional deficiency 

can spell mental inadequacy is during the eighth through the 

twelfth weeks of pregnancy. Beginning at the eighth week follow

ing conception, the fetal cerebral cortex begins to form. Mal



Table LC-3-7 

botw oon preom-turity ano DevelopmentCorrelations 

at 13" 1.onths. 

Cognitive Dovolop:ueontGross Plotor Develop:ant 
First Order *PartialA

First Order *Partial* 

Hales 
103
103
84 84
Sample size 


0.26 "nPa.
32 .25
Correlations 


Females
 

145 145Sample size 122 122 


14* n.a
.311"
Correlations 


Partial Correlations excluding
First order correlations and* 

of significant co:ipllcations during 
first viocks of 

the effect 


life see table IDJ-3-8
 

-
** Significant at least at a .05 confidenco level 

in a two 


tailed test.
 

n.a. not available
 

Source; Reference (1).
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Table III-3-8 

Co.rrel.atlons betvieen coriiplication t. durinl.g £ir't "ix..t k of llvo an. 

devoloprent of 13",. monthro 

COMPLICATIONS Gross Motor D volonent Cogciu"w. Do lojv:;ent 

First order* Partial* Pirot Ordor* Partial* 

Eales 

Sample size 84 8i 103 103 

Hyperbiliru
binemila - .30** -.28** . -. 16 

Hypoxia - .22** -.12 -.11 -.02 

Weigaht loss - .06 .08 .07 .1) 

.07 .04Infection - .00 .01 

Foeaal es 

Sample size 1.26 122 lIj5 1115 

lHyperbiliru
binermia -. 06 .02 -. 03 .06
 

Hypoxia -.25** -. 10 -.01 .0O
 

Weight loss -. 31"* -.19 -.18 -.13
 

Infoction -. 37" -. 30 -.09 -. 05
 

First order corralations and partial correlation excluding 

the influence of prematurity rearured by weiGht at birth. 

• Significant at least at n .05 lovel of oonfilmnce in a'two

tailed test.
 

Sourcne Reforenco (1)
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brain fornation due to lack of the basic protein building blocks (the single most
 

important process in brain formation). (2)
 

Reference (4)reports studies inwhich babies born during the winter months
 

are associated with the following characteristics:
 

1. 	Lower IQ's than babies born in the spring

summPr months; 

2. 	Lighter body build;
 

3. 	 Shorter height; 

4. 	 Abnormally high incidence of mental 

deficiency 

The underlying cause for shorter, mntaly defiiei.:rt babies born 

during the winLer months is malnutrition. During th,. warm summer 

months a pregnant woman's app-tite decreases. Thu:; she eats less, 

and may endanger a developing fetus in the criticc-. 8-12 week 

period.
 

Reference (5) compar,3s se of identical twin.,. It is
 

observed that the twin with the lower birth weight usually has
 

the lower IQ (by about 5 percent, on the average) at: school age.
 

These results are summarized jn Table ITI-4-1. They are interpreted
 

to indicate that nutrient supplies are sornmtims irn,-A.!q'u'tc for
 

proper body and brain devcop:.rit in twirl pregrvncic' , arid that
 

unequal sharing of nutrients and Lpace E;t unted one t more than
 

its mate.
 

In reference (3)the intelligence of two groups of children is compared.
 

One group was born of undernourished mothers who received vitardin and mineral
 

supplements during pregnancy. The other mothers received placebos. The children
 

born of the mothers with supplemented diets had IQ's at the age of four which
 

were 4-8 percent higher than those of the other children.
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Table 111-4-1 

Met IQ Scores and Birti Weights for 27 Sets of Identical Tins 

fleavior LJighter 

ugi virn weiugnt tig) 2.49 2.22 

'Noan verbal IQh 88.80 84.40 

Hean performance IQ*j 94.40 89.10 

ANechsler. Scale for children 

Source: Referonce (5) 
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Some support for the Drevious observations is provided by the investigation 

reported in (1)showing that: (a)malnutrition of the mother increases the
 

probability of premature births, and (b)premature children--frequently under

weight--are more likely to suffer physical, mental and emotional handicaps than
 

normal children.
 

111-4-2 Nutrition, Morbidity and Mortality in Early Childhood 

Statistical studies of the relationship between nutritional conditions and
 

mortality appear inreferences (2), (4)and (6). References (3)considers the
 

influence on death rates for children 0-1, 1-4 and 0-4 years of age of lack of
 

medical services, sufficient food, and adequate housing. Data from as many
 

countries as possible are used. The results of their regression analyses appear
 

in Table 111-4-2.
 

According to these results, the only significant reason for the high infant 

mortality rate is de:icient nutritional conditions. This result is consistently 

maintained both when height of children of 4 years of age is used as an index of 

nutritional status, and when grans of proteins per person per day are used for 

the same purpose. Percentage of houses with piped water inside or outside the 

house has coefficients with appropriate negative signs, but they are not signifi

cant in any of the regressions. Number of persons per doctor has a positive and 

significant coefficient in only one case, but in two of the regressions it has 

a negative coefficients. Such values--if significant--would mean that the 

larger the number of persons per doctor, the lower the mortality rate, a result 

that I hope ismeaningless. 

Reports on what is likely to be the most complete study of the influence
 

of nutrition on morbidity and mortality appear in references (1)and (5). For
 

these studies, three rural villages in Guatemala were investigated over a period
 

of five years. One village served as a control. The children in the second
 

village (feeding village) received a dietary supplement, and comprehensive
 

medical services were available in the third village (treatment village). The
 



Table 111-4-2 
Statistical Analysis of Indirect Determinants of Infants and Children Deaths
 

Explained Variables 
 Explanatory Variables
 

Death Rate Death Rate Death Rate. Population per Proteins per 
Height Weight %Houses Constanl R2
 0-11-4 
 0-4 Doctor 	 Person per Children 4 Children 4 with piped 
day water (M!) (2) (3) (4) 
 (5) 	 (6) (7) (8) (9) (I0)
1 -.00222 -7.24* -.09 	 772.14 .49%
 

(32) 
 (-1.44) 	 (-4.48) 
 (-.21) 	 %
(87.


Y 
 -.00084 
 -i.846* .021 
 188.77 .56" 
( (32) (-2.69) (-5.66) (.25) _(2.0C
 

00201
-. 1.1601

(48) 	 114.77 .
(1.46) (-3.57) 
 i(12.5
 

Y -.00084 -.236* "
23.62 .42'
(48) 	 (2.68) (-3.16) _16.0E
 
Y 
 .01185 
 -.477 67.26 .377
 
(32) 
 (2.26) 
 (-2.20) (8.3
 

.0033'-"
y 	 -.083 6.60 1.41
 
(32) 	 (3.00) 
 (-1.48) rlO.l( 

Y .00039 -.431* 49.18
(42) (.32) 	 (-3.12) _____(.32
 

Y denotes deDendent variable in regression
 

Figures in Parenthesis mean:
 
(a) Under Y sample size
 
(b) Under coefficients in 	columns (4) to (8) value of t statistics
 
(c) Under R2 in column (10) value of F statistics for regression
 
*Significant of a 99% confidence level
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results obtained are summarized in Table 111-4-3 and III-4-4 for the years in 

which complete information is available. 

A clear pattern appears in these two Tables. The illnesses per child were
 

20% lower in the feeding village than in the control village. Comparisons be

tween the incidence of disease in these two villages and the treatment village
 

are meaningless, because this last village was subject to an unusually high num

ber of epidemics. The data in Table 111-4-4 show the impact of better nutrition
 

and medical care on mortality. Two separate results can be observed. First,
 

despite the unusually high number of disease cases brought about by epidemics
 

in the treatment village, its mortality rate is the lowest. On the other hand,
 

the rate of decrease of mortality rate is 3.63% in the treatment village, while
 

it is 3.93% in the feeding village, suggesting that better nutrition reduc's
 

This means that an initial mortality
mortality faster than improved medical care. 


rate of 76.5% in the treatment village would have been reduced to 46.44% through
 

better nutrition. It should be emphasized that these results must be interpreted
 

with great care, because the morbidity conditions differed in the two villages
 

compared.
 

111-4-3 Early Childhood Malnutrition and Its Relationship to Mental Abilities 

The effects of nutrition during early childhood on mental capacity have 

been investigated often and in various ways (2), (4), (5), (6), (7), (8), (10), 

(12), (13), (14), (17), (18), (19), (20), (21), (24) and (25). 

A summary of the data used for the studies in references (18) and (19) is
 

According to these studies, malnourished children
presented in Table 111-4-5. 


had IQs from 20 to 25 percent lower than those of well-nourished uhildren. This
 

is true despite the fact that there was no significant difference inmeasured
 

intelligence or in level of education of the parents of exper!mental and control
 

groups in the two studies. This finding is particularly important because of
 

the possibility that much of the variance in IQmay be explained by the influence
 

of genetic factors on the intelligence of the children, as reflected in the IQ
 



Tab1 111-4-3
 

Cov.parison of Nutritional Conditions and Morbidity in Observed Guatemalan Villages
 

Treatvre.c Villaqc Feeding Vilarte 	 %o:,trolVi!!2ece 

Dares iCalories Prolein Annual day Illness per Calories Protein Annual days Illnesses per Calories Protein Annual Days Illness 
Gr.. of Illness Child per Gr. o: Iline2s Child per year Cr. of Illness per Child| 

per Child year pot, Child per Child per year
iC)(2 (3) (4) (5) (6) (7) (8) (9) (10) (11) (32) (13)
 

!959 	 90S 25.0 n.a. 1.1. 678 19 n.a. n.a. 836 21.8 n.a. n.a.
 

852 22.9 71.1 3.4 1048 33 10.0 1.3 798 20.1 13.3 1.9
I 	 I I 
2.!9. l 1-046 29.C 59.8 4.7 1025 31 1-1.4 1.3 948 24.5 22.0 i.S 
19;2 775 22. 57.7 5.Crl 1083 33 9.6 1.4' 812 21.9 12.9 1.7 

22.1 I 1 	 1.7,i|I 	 I 

" 
 Bal 24.7 4.4 32.3 1.3 	 22.2
8S91 62.9 1052 10.3 	 852.7 12.7 1.7
 

i f I R 	 I 

_.--* _borared fro,', dat~a in eferne (5). 

0)
 
-.1 



Table 111-4-4 

Ilatos of death per 1,COo iti observed 

Guatamalar vI1la:es for cb5.1dren 0 - 4 year: of age 

Dates Treatment Ieed i n Control 
v ills .,e vi11ni.e vill a.e 

Before feeding
 
propram,
50-58 76.5 93.4 115.8 

During feeling 
propram,

5964 48.7 56.7 92.8 

Source: Elaborated from dat. in Refercenco (5) 
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Table 111-4-5
 

Scores in Intelligence Tests and Nutritional Status
 

South Africa (Cape) Chile (Santiago)
 

Malnour- Well-rour- 1.1-3 Wail-nourinour-
ished ished ished ished
 

Sample size 20 20 28 35
 
' '
Scores on intel- 61.15* 76.70 72.8(11.4)* . 97.1(9.9)*'
 

ligence test
 

Score as % of 79.73 100.0 74.97 100.0
 
normal group
 

Weight 

W1 (%) n.a. n.a. 73.9(10.5) 102.2(11.0) 

W2 (%) n.a. n.a. 65.0(6.8) 102.6(13.2) 

W3 (%) n.a. n.a. 72.6(7.3) 103.9(13.5) 

W4 kg 23.38 29.45 n.a. n.a. 

Height (cm.) 125.73 133.68 n.a. n.a. 

Race Black Black White White 
Parents' raw 
score in intel
ligence test 

Motherst Iq 

Parents, years 
of education 

19.59 

n.a. 

3.3 

21.05 

n.a. 

4.4 

n.a. 

70.9(14.7) 

n.a. 

n.a. 

70.7(13.4) 

n.a. 

Mothers' years 
of education 

n.a. n.a. 3.7 3.8 

e Wechsler test given to 11-year old children
 

,* Terman-Merril Children Test given to children between 3 and 5 1/2k
 
years of age
 

W1 average monthly weight third semester expressed as percentage of 
standard in reference (9) 

W2 average monthly weight first 18 months expressed as percentage of 
standard in reference (9) 

W3 	 average monthly weight first 30 months expressed as percentage of 
standard in reference (9) 

"4 	 weight in ki]ograr, at ]. years of age 

In parenthesis standard dcv'i.ations 

SOURCE: South Africa, Reference (19) and Chl~e, Reference (18),.
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of the parents, or by environmental conditions associated with the parents' educa

tion. (12)
 

In order to further analyze these data, it is assumed that IQ is linearly 

related to the indices of level of nutrition and--when available--to mothers' 

scores on intelligence tests, mothers' level of education, and to indices of socio

economic conditions reflecting the following characteristics: types of housing;
 

toilet, bathing and cooking facilities; ownership or rental arrangement of the
 

dwelling; sewage facilities, water source and lighting; and per capita income.
 

To estimate the parameters of these linear functions, Wald's method of
 

fitting a straight line when both variables are subject to error (11) was used
 

in the case of the data for South Africa, and usual regression in the case of
 

Chile (18). The results appear in Table III-4-6. They show a rcitive relation

ship between the indices of nutritional conditions and scores on intelligence
 

tests that continue to hold true when (a) different ,aces are considered, (b) dif

ferent indices of level of nutrition are used, (c) data for either malnourished
 

only or for both well and malnourished children are considered, and (d) when an
 

index of socio-economic status is also used as an explanatory variable. The
 

coefficients for the mothers' score on intelligence tests and the mothers' levels
 

of education were not statistically significant, and these varialcs were excluded
 

from the regressions presented in Table 111-4-6.
 

The fact that in the analysis of the children's data the mothers' score in 

an index of -ocio-economic
an intelligence test and their education, as well as 


status, have been explicitly considered, overcomes in part the criticisms of
 

similar analyses made in reference (7). The other criticism, i.e., that it is 

that thisnot proved that malnutrition causes permanent mental retardation and 

might not be the case, is not relevant to the study of the impact of nutrition 

This is true beon mental characteristics and through them, on development. 

cause in many countries, deficient nutritional conditions cannot be improved
 

Since such programs are not available,without specific programs for doing so. 

A .1 , -- A --- 1 n -rV. niiht ahout hv malnutrition will be 
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Table 111-4-6
 

Btiltip )calAr-aly:vsi of the rlat'] c-cP.ipp bv.eon fcorea ii 
nu- ri L., on.l vtntun ancl 

test a d jiwKicev ofrt(,).). enco 
co.ni ior.soo0o.-ccorom:ic 

Sample

Inaeperdent 

variable
 

Malrouri sbed cbildren 11nouri hed an.d 
wel).nourishbced 
ckiIdreOn 

35.18 (2..8) 	 23.83 (2,44)1. Tntdrcopt 
 .67 (5.50)
:5( (2.26)
IV1 

R2
2 3.16 

F 30.22
F 5.08 


.56 (1.33) 	 36.53 (4.47)
2. Int6rceptw2 	 42.13 (1.92) .55 (5.03) 

2
it = .08 R" = .43
 

F = 25.35
F = 1.78 

25.94 (2.47)
32.98 (1.43)
3. Intorcopt
3 	 3 .54 (1.69) .65 (4.90) 

= .422= .1 

F = 24.0
F = 2.87 


13.62
4.Intercept 	 3.067
4 


"184.65
5. Intoreept 1.955
Hoigbt 


9933 (.456. Intorcept 


SI 	 .46 (1 .4 

Pb S 

F . .J
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(contd.)
 

7. torcept 	 1.03 .o3)
w2 ..9 (..- ':3)
 
sx .56 (2.24)
 

R2 
 0.
.22
 
F 3.53
 

8. Intercept 
 -6.13 -.2f)
v/ 	 .64
3 	 (2.14) 

SI 	 .56(2.27)
 

R	2 =.25
 
F 4.24
 

Vli I 1,4 see Tablo 11-4-5 

SI inde~x of socio-eononic con-.1il-ion 

In parenthesis t ratio of tic coeffic.ent 
Sources:Pitl 1,2,3, 6,7,8 Ref. (18) 

Fits 4,5 elaborated fro,:l drita in 
Ref. 0i9) 
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permanent. 

In reference (3), attempts are made to study the implications of the relation

ship between mental abilities and nutritional status, using the parameters pre

sented in Table 111-4-6 and the following procedure: 

Data on average height and weight for 4-year-old children in different 

a starting point. They showcountries, taken from reference (15), are used as 


that at this age, children from developing countries show a deficiency of up to
 

20% in height and up to 40% in weight as compared with children from developed
 

countries. These substantial deficits should be evaluated, keeping in mind that 

in'(20) it is mentioned that in all groups for which data exist, the average 

growth rates of wholly breast-fed babies are very satisfactory, and may even ex

ceed those which are regarded as optimal in Britain and the United States. In
 

Table 111-4-7 these data are compared with information on percentage of calories
 

and protein requirements satisfied in each country.
 

In the next step, the information in Tables 111-4-5 to III-4-7' is combined
 

to estimate the impact of malnutrition on the average mental capacity of the
 

population of different countries. The procedure used with respect to the
 

South African data is the following:
 

(al) As indicated, the South African data refer to 11-year-old-children. As
 

a first step, the height and weight data were modified to make them equivalent
 

to data for 4-year old children. This is done by multiplying the height and
 

weight in Table 111-4-5 by .74 and .149, respectively. These coefficients were
 

obtained from reference (23).
 

(bl) Again it was assumed that a straight line equation describes the relation

ship between IQ and height in the one case and IQ and weight in the other. The
 

data used for IQare the original ones for South Africa, and for height and
 

weight, those obtained from step (al) are used. Wald's method (11) was used to
 

fit the equation.
 

(cl) The intercepts of the straight lines obtained in (bl) were modified so that
 

an IQ of 100 would correspond to normal heights and weights.
 



The. Nutrit.onal SML-,s of Ch!ildren in nifferent CountrLes 

llercauntaae Percentage C.1[".11ht h!lllelht 1 h 

of calorle of prot,:in children ,an i ol childret 7s% of 
Countrri 

.__A).. 
re:i.tef.ent 
sai.,(2) G&tis dfi.(I(3) 

4ct!i~re::wit:4 yearn 
old 

taiiest 

s 
4years 

old ...:5 
he-aw.L'est 

.. (J 

Afrl ca 

Congo 
Ethiopia 
Gbi a 

n.a. 
1.a. 
n.a. 

n.a. 
na. 
na. 

85.8 
90.3 
92.5 

82.9 
87.2 
89.4 

11.3 
12.2 
13.1 

66.9 
72.2 
77.5 

Kanya o..a 
nonoerinfla. 

n.a. 
n.. 

92.0 
92.6 

88.9 
89.5 

13.6 
13.2 

80.5 
78.1 

Sudan n.a. n.a. 98.1 94.8 13.3 78.7 

America, North 

Canada 116.4 135.8 95.9 92.7 15.0 88.8 
Guatemala n.a. na. 92.6 1).5 13.4 7Q.3 

J.i.,nica 
1Iexico 

.a. 
98.4 

n.a. 
46.5 

97.7 
92.2 

94.1 
89.1 

4 1.5 
1,.0 

85.8 
82.8 

U.S.A. 120.9 142.9 302.9 99.4 1.6.7 98.8 

America. South 

Bolivia n.a. 90.9 87.8 14.) 82.8 

Chile 95.8 56.7 100.0 96.6 16.14 97.0 

Colo'rmb'.a 87.6 52.2 cO.4 87.3 13.1 77.5 

Ecuador 91.3 42.5 90.1 87.1 13.4 79.3 

Peru 
Uruguay 
Venezuela 

80.6 
116.1 
87.9 

27.3 
n.a. 

59.5 

93.6 
98.8 
95.6 

90.1 
95.5 
92.4 

12.2 
3.5.9 
1.4.3 

72.2 
94.1 
84.6 

Asia 

Burma n.a. na. 91.4 88.3 12.3 72.8 

Indn 
Indonesia 
Israel 
Japan 
Jordan 
Lebanton 
.alnysia 
Pakistan 
Philippines 
Taiwan 
Thailand 
Vic Nor t" 

78.9 
no., 

109.9 
88.4 
n.a, 
n.a. 
n.a. 
88.4 
Ell. 1 
97.5 
n.a. 
n.a. 

14.8 
n.c. 

74.2 
41.0 
n.a. 
n.a. 
n.a. 

17.7 
36.2 
34.8 
n.a. 
n.a. 

86.8 
90.9 
99.4 
96.1 
90.2 
96.3 
94.2 
8B.3 
(4.2 
98.5 
90.9 

83.9 
87.8 
96.0 
92.9 
87.1 
93.0 
91.0 
:35.3 
91..0 
95.2 
87.8 
86.483.5 

11.9 
37.5 
16.4 
14.8 
110 
15.7 
12.8 
11.1 
3.2.5 
).4.7 
.2.1 
11.2 

70.4 
74.0 
q7.0 
87.6 
82.8 
92.9 
75.7 
65.7 
74.) 
87.0 
72.8 
66.3 



Table 111-4-7 

Percentage Percental, e 1fo1ght I'eight Vla5ght WcisIht 

of calorie of protcin chiidrc.:. ,s , of children as % of 
Aiyears tallest I yoara heaviestCountries 	 requirement requirement 

satisfied satisfied(i)(2) 	 (3) old 0" old ___)0)_ 

Austria 
Be( .gP, 
Czechoslo-

108.8 
112.1 
n.a. 

98.1 
99.9 
n,a: 

102.2 
101.5 
102.5 

98.7 
98.1 
99.n 

16.5 
le.4 
16.8 

97.6 
97.0 
99.4 

vakia 
East Germany 
Finland 
France 
Hungary 
Italy 
Netherlnnds 
.horway 
Poland 
Switzerland 
U.k. 
U.S.S.R. 
West Germany 

n.a. 
111.9 
113.8 

n.a. 
104.6 
112.1 
109.9 

n.a. 
116.1 
121.7 

n.a. 
112.1 

nda. 
109.3 
.112.5 

n.a. 
60.2 
96.0 
102.4 

n.a. 
109.1 
110.4 

n.a. 
101.1 

101.0 
100.5 
99.6 
100.8 
99.9 
103.5 
102.6 
100.0 
102.9 
101.1 
100.2 
102.3 

97.6 
97.1 
96.2 
97.4 
96.5 

101.0 
99.1 
96.6 
99./, 
97.7 
96.8 
98.8 

16.3 
I.0 
15.7 
15.7 
15.9 
16.9 
16.7 
16.0 
16.3 
16.2 
16.2 
16.2 

96.4 
94.7 
92.9 
92.9 
94.1 
100.0 
8.8 

94.7 
96.4 
95.9 
95.9 
95.9 

Oceania 

Australia 122.7 133.6 101.2 97.8 16.5 97.6 

Sources: Column (2)Reference (22)
 

Column (3) Reference. "(22)elaborated as follows: 
The approach used to comp'mtp the required intake of proteins for the U.S.A. is
 

described in reference (16) pp. 18, 19. This approach is adapted in the 

following way: 

a) First the 	basal calorie requirement was estimated, using the formula
BCR 

BCR. CR. " u 

•IC basal calorie requ re :, c ,'nry" 1 

CRj total calor e reoquirment country 1i obtained from refermnce (22) 

when i li the values are those of the UJ.S.A. t ,,n free (16) 



Table 111-4-7 (cont'd) 

(b) The ideal amount of Protein is 20 mg. per basal calorie requirement, 

i.e. the ideal protein requirement in country i is given by
 

BCR1' .002
 

(c) Again, according to (22), a correction of 30% is made to take into 

consideration individLt1l variability in the ideal protein requirement.
 

(d) In reference (22) only 70 percent of the protein intake is considered
 

to be.utilized in the U.S.A. The reason for this is that some of the
 

protein provided by certain foods is not used. This is particularly true
 

of protein provided by non-animal. foods. In the computations made here
 

it was assumed that 85 percent of the protein provided by animal foods is
 

used, while only 37 percent of that provided by non-animal food is used.
 
'v 

The data on total protein and on that of animal origin are from (22) 

(e) The results of step (d)were compared with the information on total
 

protein intake in the countries studied in order to obtain the percentage
 

of protein requirements that are satisfied.
 

Columns 4 and 6 Reference (15)
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(dl) The eauations obtained using steps (bl) and (cl), together with the data
 

for height and weight presented in columns (4)and (6)of Table 111-4-7, are
 

used to estimate the average IQ of children 4 years of age in different countries.
 

The average of these two results appears in Table 111-4-8, column 2.
 

The procedure used in the case of the Chilean data is the following:
 

(a2) The intercepts of results 1, 2 and 3 in Table 111-4-6 were modified so 

that IQ would be 100 for a 100% weight. 

(b2) The percentages in column 7 of Table 111-4-8 were used in the equation ob

tained in (a2) to obtain three estimates of the average IQ in different coun

tries. The average of these three estimates appears in column 3 of Table 111-4-8. 

Despite the fact that South African and Chilean data used as a starting
 

point for obtaining the results in Table 111-4-8 are completely independent of
 

each other, and despite substantial differences in the methods used to arrive
 

at the values in columns 2 and 3, the results are identical from a practical
 

point of view. This high degree of consistency leads to the conclusion that
 

differences in nutritional conditions might produce substantial differences in
 

the average mental abilities of the populations of different countries. Although
 

it should already be obvious, it is worthwhile to emphasize that the results in
 

Table 111-4-8 are extremely provisional, if not in the general trend they sug

gest, at least in their specific magnitudes.
 

111-4-4 Current Nutritional Conditions and Mental Abilities
 

References (1)and (2)report the effects of adding Thiamin to the diets
 

of children. For the second experiment, which lacsed two years, 120 children
 

of about 11 years of age, living in an orphanage and having a diet that pro

vided an averagc of 1 milligram of thiamin per day, were divided into four
 

homogeneous groups: The first group received a tablet of 2.0 milligrams of
 

thiamin per day during the two years, the second group received the same tablet
 

during the first year only and during the second year a placebo; the third group
 

received a placebo during the first year and thiamin during the second, and the
 

fourth received placebos during the entire two years. 
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Table 111-4-8
 

Estimates of IQ an dctermineO by nrv.tritioral conditiors
 

Countrie ?ats of I, wi.,; data 

S. Africa. Chile 

(1 (2) (3) 

Afric .
Congo 73.3 79.4 
Ethiopia 82.0 82.3 

Gambia 87.7 86.0 

Kenya 88.6 87.8 

Nigeria 88.1 86.4 

Sudan 95.8 86.7 

N. America 

Canada 98.0 93.0 

Guatemala 88.7 87.1 

Jamaica 98.9 91.1 

Mexico 90.0 89.3 

U.S.A. 100.0 99.3 

S/ America 
Bolivia 88.3 89.3 

Chile 100.0 98.1 

•Coloinbia 84.9 86.0 

Ecuador 85.4 87.1 

Peru 86.4 82.7 

Uruguay 100.0 96.3 

Venezuela 95.5 90.4 

flraT aP3.8 83.1 

India 76.5 81.6 

Indolesia 83.7 83.8 
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Is rael 3.00.0 98.1 

Japan 97.7 92.3 
Jordan 87.4 89.3 
Lebanon 100.0 95.6 

Malay sia 89.0 84.9 
Pakistan 76.0 78.6 
Pbilippines 88.1 83.8 

TaiwanJ 100.0 91.9 

Tbailand 83.1 83.1 
Vietnam,

Europe. 
N. 73.8 79.0 

Austria 100.0 98.5 

Belt, um 1O0.0 98.1 

C.0ecbeslovakia 100.0 99.6 
Germany 10G.0 97.8 
Finaland 100.0 96.7 

France 10O.0 95.6 

Hlunirary 100.0 95.6 

Italy 100.0 96.3 
Netberlands 100.0 100.0 

Norway 100.0 99.3 

Poland 100.0 96.7 

Switzerland 1(0.0 97.7 
U.K. 100.0 97.4 

U.S.S.R. 100.0 97.4 
W. Germany 100.0 97.4 

Oceani a 

Austrnlia 100.0 98.3 

Source: exp'lati.d in text 



The results obtained appear in Table 111-4-9. Their interpretation--contrary
 

to what their author claims--is not entirely clear. The two-year experimental
 

group gained more than the corresponding control in the intelligence test score.
 

However, the magnitude of the gains, and the characteristics of the gains of the
 

one year reversed groups, makes it difficult to establish a clear link between
 

those gains and the thiamin supplement. The results for retention of word-number
 

pairs and memorization show a better defined cause-effect relationship.
 

111-4-5 Nutrition and the Working Capacity of Healthy Persons
 

In this section, the influence of different levels of nutrition on the
 

working capacity of the populations of different countries, first investigated
 

in reference (9), will be estimated using references (3), (4), (5) and (6).
 

Although an oversimplification, it can be -aid that nutritional require

ments are related to body weight, sex, age, environmental temperature and type
 

of occupation, and that the principal nutritional elements that need to be
 

considered are calories, vitamins and proteins (7).
 

Some non-experimental evidence of the relationship between nutrition and
 

working capacity is presented in reference (2). Experimental results are
 

presented in reference (7). A challenge to this informatior appears in reference
 

(1). This reference presents a report of physical work tests making use of
 

bicycle ergometry and dynamometry performed on six groups of Ethiopian children
 

and adults, classified by nutritional status. The conclusion reached is that
 

"it was not possible to demonstrate any definite correlation between the re

sults of the physical work tests and the nutritional status of the subjects or
 

the quality of the diet as measured by a 24 hour recall". This conclusion-

well based on experimental data--is not relevant to the analysis below. It only
 

shows that nutritional status has little influence on the physical capacity
 

required for very short periods of competitive effort. The laws of physics with
 

respect to work and energy imply that the intake of nutrients determines an
 

upper limit to a person's long-term working capacity. On this basis, the re

suits in reference (7) presented in Table IIT-4-10 and referring only to calories
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Table 111-4-9 

Performance of Iour Groups of Children with 
Different Thiarnin Supplements 

Activities 

Intelligence, power-type 

Group 

1 

Initial 

100.0 

Index of Performance 
End ist year End 2nd year 

103.0 104.3 

test 2 100.0 102.0 104.4 

3 100.0 100.8 102.6 

4 100.0 102.0 102.9 

Intelligence test, timed 1 
2 

3 

100.0 
100.0 

100.0 

108.2 

109.5 

108.6 

124.7 

118.1 

117.2 

4 100.0 104.0 11.7.3 

Retention: Morse alphabet i 
2 

3 

n.a. 

100.0 

100.0 

n.a. 

30.8 

13.2 

n.a. 

n.a. 

n.a. 

4 n.a. n.a. n.a. 

Retention: 

pairs 

word-number 1 

2 

3 

4 

n.a. 

100.0 

100.0 

n.a. 

n.a. 

35.6 

20.6 

n.a. 

n.a. 

7.5 

13.7 

n.a. 

Retention: 
pairs 

Face-name 1 
2 

3 

4 

n.a. 
n.a. 

n.a. 

n.a. 

n.a. 

100.0 

100.0 

n.a. 

n.a. 

15.3 

23.7 

n.a. 

Memorization 1 

2 
n.a. 

100.0 

n.a. 

104.8 

n.a. 

97.6 

3 
4 

100.0 

n.a. 

89.4 

n.a. 

106.5 

n.a. 

Source: Reference (2) 
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and to men between 20 and 30 years of age, working in an average temperature of
 

about 500F, and of unspecified body weight, will be used below.
 

In order to use the results in Table 111-4-10 to estimate the influence of 

nutrition on working capacity, the calorie intake of workers was estimated, using 

as a basis the data in (10) on daily average intake of the population, presented 

in column 3 of Table 111-4-11. Next, the intake of male adults was estimated. 

For this it was assumed that the distribution of actual intake among the age 

and sex groups is equal to the theoretical distribution of required intake by 

age and sex published in (7). The intake of workers was assumed to be equal to 

that of male adults. Women are excluded, in order to obtain figures comparable
 

to those used in Table 111-4-10.
 

Corrections for differences in environmental temperature were then intro

duced. The averages of the data on temperature are presented in Table 111-4-11,
 

column 2.
 

Data showing that calorie requirements decrease when average temperature
 

increases appear inreference (7). Thev make itpossible to estimate calorie
 

intakes comparable with respect to temperature to those in Table 111-4-10. These
 

comparable intakes will be higher than the actual ones for countries with average
 

temperature above the 50°F used as a reference in Table IIT-4-10. The opposite
 

is true for countries having average temperatures below 50°F.
 

Lack of information makes it impossible to correct for difference in
 

bodily weight.
 

Next, differences in occupation were considered. The correspondence in
 

Table 111-4-10 between the occupations considered inreference (8)and those in
 

the international classification of industries published by the United Nations
 

(10) was established using the descriptions in (8).
 

Again, no information exists with regard to the calorie intake of persons
 

having different occupations. To assume that actual intake is proportional to
 

required intake is not reasonable in the case of the developing countries. In
 

these countries, the workers in occupations that require the highest intakes have
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Table 111-4-10 

Caloric Intake and Working Capacity by Type of Work
 

Type A Type B Typo C Type D 
Commuerce, ]:'k-
ixg, Insurance, 
Servicces 

M.'u'racturo, 
Construction, 
B.ec t ci ty, 

Agriculture Mi 1iuin 

Daily Do_D_. C.y Diy-D--y 

Intake Capa-. Int:c Capa- Intarce Capa- Intake Cara

city city . city city 

1450 0 1450 0 1450 0 V 50 0 

1500 0 2000 27 2500 44 3000 55 

1750 0 2250 42 2750 5,1 3300 64 

2000 30 2500 58 3000 66 3600 76 

2200 65 2750 76 3300 .82 3900 83 

2400 100 30CC 100 3600 100 4200 100 

Reference (8)as quoted in References (3), (4), (5)and (6).
Source: 
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TABLE 111-4-11 

calc'vie i.ntake rdTemperature, per capita income, 

worJking capacity for cveral countries 

Country 


0.) 


Africa
 
Egypt 


LIatgascar 


Morrocco 


Tanganyika 


U. of S. Af. 


N. America
 

Canada 


Cuba 


B1 Salvador 


Honduras 


Mexico 


U.S.A. 


S. 4mrrica 

Argeftina 

Brazil. 


Chile 


Ecuador 


Pn.a tr~y
"7 : ,L-.'a 

.4v i -

I1 ia 
e]


I•rac;). 

AveraPe 
tr npcra-
ture, doe-
grees F. 

(2) 


73.23 


70.79 


61.22 


70./40 


62.94 


33.76 


76.29 


72.8( 


72.80 


71.52 


53.64 


58.91. 


75.09 


54.09 


67.43 


73.65 

. (12 

74.43 

2. 2I
Ifr 
 62.6? 

Calorie intake per

day _ 
(3) 


data value 


].954-6 2,570 


1947-8 2,0711 


13952-5 2 ,350 


1947-8 2,163 


1958 2,780 


1957-8 3,070 


194 8-9 2,730 


1947-8 1,557 


1954-5 2,260 


1957 2,420 


195S 3,100 


1957 3,100 


1954-7 2,530 


1954-7 2,530 


19511-6 2,130 


1.'36 2,690
1951 2,280 

1957-8 3, 800 
."95 "' 2,7507-' 

Calorie 
rco uire-
m0eVt 

for 100" 
capacr I;iny
orsc
 

(4) 

2,520 


2,389 


2,988 

2,446 


2,903. 


2 ,838 

2 ,731 


2,944 


3,280 


3 ,066 


2,608. 


2,739 


2,881 


2,824 


2,806 


2,737

2,772 

2,893 


2,514 


Working oa
pacity as ' 

of full -a-

Pacity 

(5)
 

1OC.
 

84.
 

83.
 
92.
 

96.
 

100.
 

100.
 

46.
 

64.
 

80.
 

.00.
 

leo.
 

87.
 

86.
 

'8. 

15.
 
6.
 

51. 
3.00. 
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Table 111-4-11 (cont'd.)
 

p.55.28 195b 2,210 2,763 80. 

rij.ippires 
Thai.arnj 

80.74 
83.05 

1957 
1948-9 

1,900 
2,020 

2,691 
2,710 

74. 
73. 

Turkey 57.16 1954-8 2,790 2,732 100. 

AU.tr.I a 48.82 1957-8 2,940 2,737 100. 

vaia 48.22 1948-9 %656 2,821 98. 

Denmark 45.58 1957-8 3,420 2,701 100 

Fti.ra' cd 40.65 1957-8 3,110 g850 100. 

France 54.22 1957-8 2,910 2,682 100. 

W. Germany 47.13 1954-9 2,970 2,731 100. 

Greece 63.65 1958 2 ,860 2,900 100. 

Italy
letba4nds 

59.0 
49.75 

1957-8 
1957-9 

2,600 
2,940 

2,850 
2 ,709 

94. 
100. 

Norway 

Portua 

39.51 
60.97' 

1957-9 

1958 

3,010 

2f;410 

2,878 

2,890 

100. 

83. 

Spa '. 

Sweden 

58.97 

35.38 

1954-9 

1957-9 

2,530 

2,910 

2,987 

2,805 

86. 

100. 

Switzcrland 37.76 1957-8 3,100 2,724 100. 

U. Kingeom 
Yugoslavia 

48.97 
53.05 

1957-8 
1959 

3,300 
2 ,970 

2,630 
3,063 

1o. 
100. 

Oceani.a 

Australia 70.67 1957-8 3,210 2,579 100. 

New Zealand 55.).2 1958 3,430 2,694 100. 

Sources: iRefercnces (3) and (4) 
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the lowest incomes. As a consequence, the distribution of calories intake might 

be inversely related to requirements. Therefore, it was assumed that the intake
 

of the workers in different occupations was equal to the average intake for all
 

workers. 

The intake estimated for workers and corrected for temperature, and the
 

results in Table 111-4-10, were used to estimate the working capacity of
 

workers in each of the four occupational classifications considered in Table
 

111-4-10. 

The final step was to compute the average working capacity of the labor
 

force as a whole as a weighted average of the capacities of each of the four
 

occupational classifications. For weights, the United Nations data on labor
 

force classified by industry for years a3 close as possible to 1950 were used.
 

These weighted averages appear as the working capacity of the labor force as
 

a whole in Table 111-4-ii, column 5.
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CHAPTER IV 

INTERACTION AMONG THE DETERMINANTS OF WELL-BEING -

POPULATION, HEALTH, NUTRITION AND EDUCATION 

IV-l POPULATION AND EDUCATION 

In studying the influence of population on education, two main questions 

will be considered below: first, the impact of differences in the age structure 

of the population on educational costs, and second, that of population 

growth on the increase in enrollment and thus eventually on the increasing 

costs of education. 

IV-l-1 The Age Structure of the Population and the Burden of Education
 

In this section the differences in the burden of education between one
 

country and another due to (a) purely demographic factors, namely the varying 

proportion of school-age population, and (b) differences in per capita
 

income as presented in reference (1) will be summarized.
 

A comparison of the variations in the cost of providing the same
 

educational level for the populations of various countries having different
 

age structures is presented in Table IV-l-1. The impact of these cost
 

variations on income is studied in the same table.
 

The results appearing in Table IV-l-1 are based on the assumption that 

the costs of education are the same in every country. This unrealistic
 

assumption is necessary because of the lack of data.
 

The contents of Table IV-l-1 can best be explained by an example. 

Consider two countries, the U.S.A. and Panama. Panama has a population be

tween the ages of 5 and 19 years of 264,443, and between 20 and 69 years,
 

454,331. That is, 454,331 adults must be responsible for the education of
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TABLE IV-1-1
 

Age Structure of the Population and the Coat of Education
 

(Population A4ound 1950, Income Around 1955)
 

Population p Ps-19 Income _.p_. Yu.s (5) x (6) 

Countries 
P2P 

20-69 
per ac-
tive 

PU.S. 

person(y) 

(1) (2) (3) (4) (5) (6) (7) 

Africa 
Algeria 
Morocco 

3,338,900 
90,300 

4,277,800 
216,100 

0.781 
0.418 

539 
252 

1.962 
1.050 

6.477 
13.053 

12.70 
14.55 

North 4aerics 
Canada 3,711,200 8,237,600 0.451 2,833 1.132 1.232 1.40 
Costa Rica 294,689 359,012 0.821 558 2.063 6.256 12.91 
Honduras 526,415 703,815 0.748 321 1.880 10.875 20.44 
Panama 264,443 454,331 0.582 416 1.463 8.392 12.27 
United States 37,197,000 93,485,000 0.398 3,491 1.000 1.000 1.00 

South America 
Brazil 10,826,409 23,876,603 0.789 327 1.982 10.676 21.16 

Asia 
Cyprus 152,065 261,923 0.581 665 1.459 5.250 7.66 
Israel 370,338 830,630 0.446 1,410 1.121 2.476 2.77 
Japan 26,805,000 42,819,000 0.626 497 1.573 7.024 11.05 
Korea (South) 7,626,959 8,526,572 0.895 198 2.248 17.631 39.64 
Turkey 7,264,800 10,118,400 0.718 516 1.805 6.766 12.21 

Europe 
Belgium 1,734,807 5,645,120 0.307 1,376 0.772 2.537 1.96 
Finland 1,032,600 2,358,700 0.438 1,175 1.100 2.971 3.27 
France 8,850,000 26,755,400 0.331 1,308 0.831 2.669 2.22 
Germany, Fed. 

Rep. 11,299,050 30,557,000 0.370 1,023 0.929 3.413 3.17 
Ireland 783,160 1,655,758 0.473 1,048 1.189 3.331 3.96 
Netherlands 2,758,914 6,020,259 0.458 1,239 1.152 2.818 3.25 
Norway 684,708 2,067,639 0.331 1,414 0.832 2.469 2.06 
Portugal 2,409,335 4,782,724 0.504 358 .. 1.266 9.751 12.35 
Sweden 1,459,120 4,525,497 0.322 2,227 0.810 1.568 1.27 

*Switzerland 1,024,050 3,002,150 0.341 2,036 0.857 1.715 1.47 
.England,Wales 	 8,710,600 28,349,400 0.307 1,926 0.772 1.813 1.40 
Yuqoslavic 4,946,983 9,259,827 0.534 271 1.343 12.882 17.29 

Oceania 
Australia 2,003,113 5,292,704 0.379 1,722 0.951 -2.027 1.93 
flew Zealand 422,277 1,081,793 0.390 1,966 0.981 1.776 1.74 

P,_1, a population in aqe-interval 5-19 Y(U.S.) x Income per adult (in the U.S.) 

PIU.S.) a part ol.the cost of education that any adult P20-69 a population In ago-interval 20-69 
must bear (in the U.S.) 

Source: Reference (1)
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264,443 children. Therefore, each adult must pay a part equal to
 

264,443/454,331 - 0.582 - p of the cost of education of a child in Panama. 

Since in the U.S.A. there are 37,197,000 persons between the ages of 5 and
 

19 and 93,485,000 between 20 and 69, each adult must pay a part equal to
 

37,197,000/93,485,000 - 0.398 - pUS of the cost of the education of one 

child. If the cost of education is denoted by c, in Panama each adult
 

must pay a cost equal to 0.582c, and in the U.S.A. a cost equal to 0.398c.
 

If the cost of 0.398c in the U.S.A. is taken as a unit, the cost in 

Panama will be 0.582/0.398 - 1.463. These results appear in column (5)of 

Table IV-l-l, and give an idea of the effect of the variations in age 

structure of the population on the burden of education. 

On the other hand, the average income in Panama of a person between the
 

ages of 20 and 69 years is U.S. $416, and in the U.S., $3,491. Therefore,
 

the part of an adult's income which must be spent on educational costs for the
 

5-19 year old population is in Panama equal to 0.582c/416 and in the U.S.A.
 

to 0.398c/3,491.
 

Finally, in order to compare the importance of the cost of education
 

in the U.S.A. with its importance in Panama, the proportion of an adult's
 

income which, in U.S.A., must be spent for education (that is the value
 

0.398c/3,491) is taken as a unit of measurement. The proportion of an
 

adult's income in Panama which must be spent on education is, on the basis
 

of the unit adopted, 12 times as great. This means that the impact on income
 

of the cost of the same level of education is 12 times as great in Panama as
 

in the U.S.A., owing to the different age structures of the population and
 

to differences in income (Table IV-l-l, column 7).
 

It may be concluded from this analysis that the difference in burden
 

due to differences in the age structures of the populations vary only between
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1 and 2. The Variations due'to differences in income are much greater.
 

IV-l-2 	The Impact of Population Growth on Increased Enrollment and the
 

Costs of Education
 

Numerous models for forecasting student enrollment, taking into consider

ation the number of births, are available (1), (4), (5), (7). These models 

identical in their basic concepts - describe the computation that should 

be performed, but do not attempt to determine the implications of the rate 

of population growth for the rates of growth of enrollment, of number of 

teachers needed, etc. This question will be briefly explored below. 

Under the assumption that enrollment in the educational system is a
 

constant proportion of the number of births from 4 to 8 years before the
 

entrance date, the number of persons entering the educational system tends
 

to grow at the same rate as population. If it is also assumed that the
 

students in any grade and level are a proportion of the students in the
 

previous grades and levels, it follows that the number of students in any
 

grade and level increases at the same rate as the population.
 

Finally, the total number of students in all grades and levels, under 

the assumptions mentioned, also grows at the same rate as the population, 

This can be demonstrated as follows: 

Let E t- enrollment in level 1, date t 

E2 t - enrollment in level 2, date t 

Pt - population, date t 

Then Pt " P0ept 

E1 t a0 P t-l 

E2t "a1E t-l
 

a0 - enrollment rate
 

a1 - transition rate
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It follows that: 	 Eit 0 [a0P0
e-p] apt 

E2t " [*OclPOe-2p ] ept 

Ei + 	E2t - (const) ept 

Assuming that class sizes are constant, the number of teachers needed
 

will 	increase at the same rate as the population. 

The simple model and conclusions just presented are altered when it 

is assumed that rates of entrance, transition and class sizes change.
 

Estimates of the influence of different fertility patterns and rates 

of growth of enrollment on the number of students and teachers in an hypotheti

cal educational system appear in ref. (8). These results are summarized in
 

Table IV-l.-2. In this Table, it can be seen that, as predicted by the
 

theoretical model above, the rate of growth of the number of teachers required
 

is equal to the rate of growth of enrollment.
 

In Table IV-1-3, estimates of rates of growth of population, enrollment,
 

and of teachers required under different assumptions for enrollment rate and
 

teacher/student ratios are presented, using Brazilian data. Similar results
 

are reported in reference (2) for Ceylon, Colombia, Tunisia and Tanzania.
 

An important consequence of the relationship between number of births
 

and enrollment appears when the number of births oscillates in time. In
 

this case it is possible that teachers coming from periods with low birth
 

rates will teach generations from periods having high birth rates, and vice
 

versa. This means that the patterns of population growth might tend to produce
 

large supplies of teachers during the periods of lowest demand and vice versa.
 

This fact is part of the reason for periodic oversupplies of teachers, such
 

as is occuring in the U.S.A. at the present time.
 

Two problems complicate the relationship between population growth and
 

enrollment. The first is that enrollment is also determined by per capita
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TABLE IV-1-2
 

rates of growth of
Comparison of different fertility ratee, 

vcbool errollmeit, and of number of teachers reauired,
 

obtained with simulation model
 

Time hor-' Fertility rate per Rate of Rate of 'Rate of
 

izon years 1,000 women growtb of growtb of growth of
 
per- school age enrollment no. of tea-

Begin. Erd populatio chers reede
I -nd 

-period
 

1254.89 1254.89 2.90 4.70 4.70
 

40 1254.89 941.17 2.38 4.17 4.17 

1254.89 627.44 1.74 3.52 3.52 

1254.89 1254.09, 2.73 5.14 5.14
 
30
 

1254.89 941.17 2.25 4.63 4.63
 

20 1254.89 1254.89 not 6. 8 6.18
 
_Referenceava.l., 

Source: Reference (8) 
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TABLE IV-1-3
 

bra.il: Rates of Growtb of Enrollment, Number of Teachers 

and Classrooms,. under several assumptions of population 
growtb. 

Rates A B 

Population growth, 1965 30.5 30.5 

Population growtb, 2000 24.0 14.0 

Enrollment 

Elementary 31.5 20.8 

Gimnasio 58.1 49.4 

Colegio 90.0 82.3 

Number of teacbers 

Elementary 31.1 20.3 

Gimnasio 58.1 48.3 

Colegio 90.9 83.1 

Number of classrooms 

Elementary 31.4 20.6 

Gimnasio 58.1 50.0 

Colegio 89.5 83.1 

Source: Reference (6) 
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income. As a consequence, population growth tends to increase enrollment 

because of the increase in the number of children, but also tends to decrease
 

enrollment because it tends to cause a decrease in per capita income. 

The final effect might be positive or negative, depending upon the relative
 

magnitude of the two trends.
 

The second problem is that created by the need to provide education to
 

the backlog of children who are of school age, Lut who did not enter the
 

educational system at their first opportunity. Because of this, a large
 

number of children approximately 5 through 15 years of age remain outside
 

the system, and any attempt to bring them into it will overtax its facilities.
 

A method for minimizing the investment needed to assimilate this backlog
 

appears in Reference (3).
 

IV-2 HEALTH AND EDUCATION
 

IV-2-1 Introduction 

In this section the influence of the mother's health conditions before 

the birth of her child and those of the ch.id attending school on educational 

These analyses do not cover all the possibilitier.achievement will be studied. 


In the case of the impact of health on education, as in that dealing with the
 

influence of health on physical and mental abilities, studies covering
 

genetic factors, prenatal and delivery conditions, and total personal
 

history are needed. However, again, the necessary investigations do not
 

seem available.
 

IV-2-2 Pregnancy Conditions and Reading Achievement in Childhood
 

In this section, the methods used and results obtained in references
 

(1)and (2) will be described. In these references a sample of 372 white boys
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with IQ's of 85 or more on the Binat eals, ages 10 to 14, with reading retard

ation of 2 years ortmore. were matched with 372 normal readers. The vital 

statistics and hospital records of their families were studied. Due to lack
 

of data for some cases studied, the sample was reduced to 250 cases and the
 

respective controls. The results obtained and summarized in Table IV-2-1 show
 

that the proportion of pregnancies and deliveries with complications and the
 

average weight at birth are significantly different for the children in the
 

two aamples. 

IV-2-3 Physical Health Conditions of Children Attending School and their
 

Relationship to Achievement
 

In this section, the method used in reference (1) for eviluating the
 

relationship between health conditions and scholastic achievement will be
 

described.
 

A high school on the North side of Pittsburgh, Pa. was investigated.
 

The following samples were used:
 

1. A random sample of 195 students. A health index was given to them
 

as follows: 1 for students with uncorrectable defects in vision, hearing
 

or speech, 2 for students with correctable but not yet corrected defects,
 

3 for students with corrected defects, and 4 for students without defects.
 

2. Forty students with health index 1 were matched in age, sex, race, 

IQ and grade level with 40 students having health index 4. 

3. Forty students with health index 1, plus 40 with health index 2,
 

were matched with 80 students having health index 4.
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TABLE IV-2-1
 

Pre nancv Conditions and Reading Ability for Children with Reading Disorders 

and Normal Children 

Conditions Children with Normal 
Reading Disorders Children
 

Average Mother's Age (years) 26.68 26.63
 

Average l'ather's Age (years) 30.45 30.05 

Average No. of Previous
 
.Pregnancies 1.32 .93
 

Percentages of Cases with Pregnancy
 
and Delivery Complications 51.21* 24.39*
 

Average Hours of Labor
 
for Delivery 12.61 11.95
 

Average Weight at Birth (grams) 3290.20* 3160-25*
 

*Significant differences with a confidence level of .05. In the case of 

average weight at birth the significant difference is actually between 
percentage with weight under 2500 grams and not between average weight at 
birth as stated above. 

Source: Reference (1) 



These samples were studied with correlation analysis. The results 

appear in Table IV-2-2, and sh w'that indices of health and of achievement 

are correlated. It should be noted that the application of more sophisticated 

statistical methods, such as analysis of variance, to these samples could 

provide additional evidence of the relationship between health and educational 

achievement. 

IV-2-4 Mental Health Conditions of Children Attendina School and their
 

Achievement
 

The question of the influence of mental health on reading and numerical
 

achievement is studied in reference (1)using a sample of 531 students.
 

The students were classified by sex and grade. The following 13 tests
 

were administered to them: one IQ test, one test of reading and one of
 

numerical achievement, five tests of creativity and five of psychological
 

health.
 

The statistical analysis of the data is not completely satisfactory. 

No attempt seems to have been made to determine - say through factor analysis 

whether all the tests of psychological health measured the same characteristic 

of the subjects, and if not, how many basic characteristics could be defined. 

Only a matrix of correlation coefficients for each sex and grade among the 

scores obtained in the different tests seems to have been computed. These 

correlation coefficients do not reflect - as analysis of covariance would 

whether a general trend linked poor psychological health measured with all 

the tests and achievement. 

The main conclusion presented is that "the relationship between
 

psychological health and cognition (including achievement) appears to be
 

rather weak although quite variable. The mean of the correlations was .04,
 

and the range was from -.56 to +.56."
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TABLE 1,'-2-2 

c co1as 


"ob ieveme't'
 

Ci htioi between bealtb:ood t ons: and c
 

Correlation with
Samole Size 


verbal achievement mathematical
 
achievement
 

i 195 .101 * .137 *
 

II 40 .207 * .258 *
 

III 80 not avail. .179 *
 

,SUgnificantat a 10% Confidence Level
 

Source: Reference (1)
 



Given the limitation of the statistical analysis, it is-not possible 

to put much confidence in the results mentioned abovep despite that a
 

superficial inspection of the tables of correlation coefficients gives the
 

impression that the conclusions above are quite justified.
 

IV-3 THE INFLUENCE OF NUTRITION ON EDUCATIONAL ACHIEVEMENT
 

The nutritional conditions of children can affect their educational
 

achievement in two ways. First, there is the influence of prenatal and early
 

childhood malnutrition on the mental development of a child, and second,
 

the influence of malnutrition on every day performance and development as the
 

child grows. These two effects are studied below.
 

IV-3-1 	Imact of Prenatal and Early Childhood Malnutrition on Educational
 

Achievement
 

In reference (2), the information in Table 111-3-8, column 2 and in
 

Table IV-3-1 is used to estimate the average number of years of education
 

that the population of a country should have, assuming that all conditions
 

except level of nutrition are the same as those existing in the United States.
 

By using this approach it is possible to study the relationship between
 

mental deficiency of a nutritional origin and educational achievement. The
 

figures in Table IV-3-1, adopted from reference (1), describe the educational
 

achievement of one million children in the U.S., classified by a score on the
 

Army General Classification Test. This score may be considered equivalent to
 

IQ for the purposes of this study.
 

The case of Ecuador will be used as an example of the computations made
 

to estimate educational achievement. According to the results in Table III-3-8,
 

column 2, the average IQ in that country is 85.4. If this is the case, the
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TABLE IV-3-1
 

Number of Persons of Different Intelligence Levels in a Group of 1,000,000 fin-
Ishing elementary school who reach different educational levels (U.S.A. 1949) 
Score on Army Total Number Number N,tLbe- Number 
General Classi-- reference entering graduating entering graduating 
fication Test group 

(!) (2) 

0-37 889. 
38-42 1099. 
43-47 2248. 
48-52 4373. 
53-57 7934. 
58-62 13497. 
63-67 21569. 
68-72 32330. 
73-77 45600. 
78-82 60648. 
83-87 75239. 
88-92 88007. 
93-97 96671. 
98-102 99863. 
103-107 96671. 
108-112 88007. 
113-117 75239. 
118-122 60648. 
123-127 45600. 
128-132 32330. 
133-137 21569. 
138-142 13497. 
143-147 7934. 
148-152 4373. 
153-157 2248. 
158-162 1099. 
163- 889. 

TOTAL 1,000,000. 


high from high college from college
 
scho-l school 

(3) (4) (5) (6) 

41. 0. 0. 0.
 
78. 2. 0. 0.
 

234. 10. 0. 0.
 
643. 41. 0. 0.
 
1582. 151. 0. 0.
 
3561. 488. 16. 0.
 
7250. 1368. 87. 3.
 

13497. 3374. 320. 20.
 
22800. 7296. 935. 83. 
35249. 14090. 2253. 286.
 
49704. 24031. 4560. 816.
 
64751. 36480. 8162. 1933.
 
77063. 49704. 12768. 3894.
 
84815. 61104. 17601. 6703.
 
86639. 67943. 21797. 10123.
 
81623. 68399. 24213. 12859.
 
71591. 63383. 24441. 15002.
 
58824. 53808. 22526. 15504.
 
44779. 42316. 19015. 14409.
 
32011. 30825. 14820. 12084.
 
21432. 20930. 10716. 9302.
 
13452. 13224. 7205. 6521.
 
7889. 7798. 4510. 4213.
 
4368. 4332. 2640. 2522.
 
2248. 2234. 1427. 1386.
 
1099. 1094. 734. 720.
 
889. 885. 620. 616.
 

787962. 575467. 201550. 119015.
 

Source: Adapted from reference (1).
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normal distribution of the population by level of intelligence will be 

that appearing in column 2 of Table IV-3-2. This distribution is comparable 

to that in column 2 of Table IV-3-1. While the distribution in this Table 

IV-3-2 is centered around oneis centered around an IQ of 100, that in Table 

of 85. 

Next, it is assumed that the proportion of persons passing from one 

educational stage to the next in Table IV-3-1 is also valid for the case in 

Table IV-3-2. This assumption makes it possible to compute the values in 

IV-3-2. The total of each of these columns givesthe other columns of Table 

the number of persons reaching the advanced stages of education for a pop-


These totals, expressed as percentages of
ulation with a mean IQ of 85. 


the total in the first column, also appear in Table IV-3-2.
 

With the total in the last line of Table IV-3-2 and the assumption that,
 

for the first column, the average number of years of education is 3, for
 

the second column, the average is 9, for the next column 15, and for the last,
 

18, it is possible to compute the average number of years of education for a
 

population with mean IQ 85. This estimated mean in the case of Ecuador is
 

7.46. This mean can be interpreted to be the average number of years of
 

education that the population of Ecuador should have, according to the IQ of
 

its population as determined by nutritional conditions and assuming that all 

The averages for Ecuador
other conditions in education as those of the U.S. 


and the other countries studied are presented in Table IV-3-3, column 2.
 

These results are compared in the same Table with the actual educational
 

achievement of those populations.
 

In Table IV-3-3 it may be observed that the actual averages fall below
 

those computed when only nutritional conditions are considered. The reason
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TABLE XV-3-2
 

Computation of Educational Achiovemnt: The Case of Ecuador
 

Total Number Nurnbar Number Nwuber 

Es tivted P.eferhnceGroup enterJnGhigh graduatingf ron. It r h enteringcollege graduatingfrom 

IQf_.,,. ( 2) school.(3) 
school(4) (5) .(6) 

college 

0-37 
38-42 
43-47 

889. 
1098. 
2248. 

40. 
78. 

233. 

0. 
2. 

10. 

0. 
0. 
0. 

0. 
0. 
0. 

48-52 
53-57 

4373. 
7934. 

642. 
.582. 

41. 
151. 

0. 
0. 

0. 
0. 

58-62 13497. 3561. 48-. 15. 0. 

63-67 
68-72 
73-77 
70-82 
83-87 
88-92 
93-97 
98-102 
103-107 
109-112 
13.3-117 
318-122 

21568. 
32330. 
45599. 
60647. 
75239. 
60647. 
45599. 
32330. 
21568. 
13497. 

793A. 
4373. 

7250. 
13497. 
22799. 
35248. 
49703. 
44621. 
36350. 
27458. 
19330. 
12518. 
7549. 
4241. 

1367. 
3374. 
7295. 
14090. 
24031. 
25138. 
23445. 
19781. 
15159. 
10490. 
6684. 
3879. 

87. 
320. 
934. 
2252. 
4559. 
5624. 
6022. 
5693. 
4863. 
3713. 
2577. 
1624, 

3. 
19. 
82. 

286. 
816. 

1332. 
1836. 
2170. 
2258. 
1972. 
1582. 
1117. 

123-127 
2C-132 

133-137 
13C-..42 

2248. 
1098. 
889. 
0. 

2207. 
1083. 
883. 
0. 

2086. 
1047. 
862. 
0. 

937. 
503. 
441. 
0. 

710. 
410. 
383. 
0. 

143-147 0. 0. 0. 0. 0. 

148-152 0. 0. 0. 0. 0. 

153-157 0. 0. 0. 0. 0. 

158-162 0. 0. 0. 0. 0. 

163 0. 0. 0. 0. 0. 

Totals as % 
of total in 
column 2 .100.0 63.8 35.0 8.8 3.3 

Source: Reference (2).
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Cowparlson of tOe actuLl averag.e nu:,,ber of yenrs of education and th2 
average estirtt:d from infornation on nutrition and incn.1ligence 

Country 


(1) 


Africa
 

Congo 

Ethiopia 

Gambia 
Kenya 

Nigeria 

Sudan 


Americ,, North
 
Canada 

Ouatemala 

Jnmaica 
Mexico 

U.S.A-


America, South 
Bolivia 
Chile 
Colombia 
Ecuador 
Peru 
Uruguay 
'Venezuela 

Asia
 
Burma 
India 

Indonesia 

Israel 

Japan 

Jordrn 

Lebanon 

Malaysia 

Paklis tan 
Philippines 

Taiwan 

Than. .ld 
Viet'dan, :'oru. 

Average Actual Exulained 
esti:iated Avcrage difference 
from infor
matio on 
nutrition 
and IQ

(2) (3) (,, 

6.2 0.8 35.9
 
7.5 n.a. n.a 
8.1 n.a n.a
 
8.1 n.a n.a
 
8.1 n.a n.a
 
8.7 2.2 8.4
 

9.3 9.0 1.9
 
8.1 2.6 18.2
 
9.3 5.9 0.2
 
8.1 3.4 20.7
 
9.3 8.6 0.9
 

8.1 0.5 13.8
 
9.3 5.7 0.2
 
7.5 4.8. 40.9
 
7.5 3.6 32.2
 
7.5 2.0 25.4
 
9.3 5.1 0.2
 
8.7 0.8 7.0
 

7.5 2.6 27.5
 
6.2 3.1 49.4
 
7.5 2.6 27.7
 
9.3 7.2 o.3 
9.3 7.6 0.4
 
8.1 3.1 19.8
 
9.3
 
8.1 3.4 20.6
 
6.2 0.5 34.6
 
8.1 4.9 27.4
 
9.3 2.0 0.1
 
7.! r. 2f.3
 
6.2 f.6 45.3 
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Country 


(1) 


EuropE
 
Austria 

Belgium 

Czechoslovakia 

Germany, E. 
Finland 
Prance 

Hungary 
Italy 

Netherlands 

Norway 

Poland 
Switzerland 

U.K. 

U.S.S.R. 

W. Germany 


Oceania
 
Australia 


TABLE IV-3-3 


Average 

estimated 
from infor
mation on
 
nutrition
 
and IQ
 

(2) 


9.3 

9.3 

9.3 

9.3 
9.3 
9.3 

9.3 
9.3 

9.3 

9.3 

9.3 

9.3 

9.3 

9.3 

9.3
 

9.3 


Source: Reference (2).
 

Actual 

Averaue 

(3) 


n.a 

n.a 

4.1 


2.8 
6.4 

6.8 
4.9 

7.9 

9.7 

3.8 

4.9 

6.8 

5.2 


n.a. 

(cont.) 

Explained
 
difference 

(4)
 

n.a
 
n.a
 
0.1
 

0.1
 
0.2
 
0.3 
0.1
 
0.5
 
-1.9
 

0.1 
0.1
 
0.3
 
0.2
 

n~a 
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for this is not difficult to find. The actual average number of years of
 

education depends not only upon nutritional conditions, but also upon many
 

other factors. The values obtained with the following formula are presented
 

in column 4'of Table IV-3-3.
 

MAX-VNi * 100 

MAX - ANi 

where 

MAX - 9.3, i.e., the average number of years of education in the U.S. 

VNi = average for country i computed from nutritional data 

ANi - actual average for country i computed from census data. 

To understand these values it should be observed that MAX - VNi can 

be interpreted as the deficiency in the average educational achievement
 

due to deficiencies in nutrition, while MAX - ANi is the total educational
 

deficiency; hence the formula above gives the percentage of educational
 

deficiency explained by nutritional factors.
 

IV-3-2 Concurrent Malnutrition and Educational Achievement
 

A first approach to the study of the influence of nutritional status
 

on educational achievement could be based upon data in Table 111-4-10 used to
 

evaluate the influence of nutrition on working capacity. However, information
 

on the influence of working capacity on educational achievement is not avail

able.
 

Attempts to relace nutritional conditions directly to educational achieve

ment appear in references (1), (2), (3)and (4). Those in reference (3)will
 

be commented upon below. As mentioned in Section 111-4-4, this reference shows 

the effect of a thiamin supplement on four groups of children. The results 
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with; respect to educational achievement appear in Table. IV-3-4. Aswwas the 

cie with the results for intelligence tests, those in Table,IV-3-4.do not
 

show any clear relationship between educational achievement and thiamin
 

supplement.
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TABLE IV-3-4 

Educational Achievement of Four Groups of Children
 
with Different Thiamin Supplements
 

Group Index of Achievement 
Initiall End 1st year End 2nd year 

Educatio,-iJ Achievement, 
total score (Metropolitantest) 

1 
2 
3 

4 

100. 
100. 
100. 

100. 

122.2 
98.3. 

96.9 

115.4 

151.9 
122.0 

115.6 

138.5 

SOURCC: Reference (3). 
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CHAPTER V 

INTERACTION AMONG THE DETERMINANTS OF WELL-BEING: 

POPULATION, HEALTH, NUTRITION AND EMPLOYMENT 

V-I INTRODUCTION 

In order to study the influence of population size and growth, health and 

nutrition - through their impact on physical and mental capacities - on the level 

and rate of economic growth, the questions of participation in the labor force, 

of employment and of the use made of employed workers must be considered. 

InChapter III some observations were made on labor force participation.
 

Inparticular, the question of the interdependence of the participation of
 

women in the labor force and the size of cheir families was studied in 111-1-2. 

These topics will not be considered again in this Chapter.
 

The next question deals with the relationship between working capacity, 

employment, and productivity. It will be studied below with the aid of 

Leibenstein's model. (See references 1 to 5). 

A rigorous presentation and analysis of this model is made in Section
 

V-I-I. This analysis indicates that it has some limitations. In Section 

V-i-2 the model is used to show that under certain fairly general assumptions,
 

government expenditures on health and nutrition of the labor force will in

crease the demand for labor, and if labor is fully employed, will increase 

wages.
 

V-2 THE MODEL
 

A production function 

Y = f (E) V-2-1 

where 

Y output 

E total workers' effort 

is assumed. Two characterizations of this function will be considered below.
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Inboth of them it will be assumed that ,the;function in V-2-1 is continuous 

and has continuous first, and second derivatives respect, to E, and that 

Lim fE 0 
E-0-


For the form A of the function in V-2-1 it will be assumed that 

Limfj = 

E4O 

and that 

f" c 0 

for all E. 

Form B of the function in V-2-1 will be characterized as follows: 

Lim f 0 

fie <0 for E>9 
E <0 for E 

Form A of the production function has a decreasing marginal productivity 

of effort, while in form B the marginal productivity increases from 0 pP-to a 

maximum for t and then decreases again. 

The workers' effort is described by the function 

E a g (w) N V-2-2 

w wages per worker 

N number of workers employed. 

The function g (w) is an index of working capacity as determined by ex

penditures in health and nutrition. This function is an abstraction of the
 

results in 111-2 and 111-3. In addition, it will be assumed that these expen

ditures are determined by the level of wages. As a consequence, if wages are 

low, then the health and nutritional conditions of the workers will be low, and 

as a result their working capacity will be low also. The function g (w)will
 

be characterized as follows:
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Lim g (w) = o 
w.O
 
Lim g (w) = 1 
w4 ft 
Lira gw,>0 

W 0 
Lim gw = 0 

Tw cneqene o hee hratriato wlbeusdbeo 

Two consequences of these characterization wilJ'be used below 

First, applying L'Hospital theorem it follows that
 

Lim w/g (w)=>0
 

A second property is that the average working capacity generated by wages,
 

i.e., g (w)/w is a decreasing function of w. To prove this, observe that from 

the application of the mean value theorem of differential calculus to g (w) in 

the closed interval (0,w) one obtains g (w)/w = g (w° ) where O<w°<j, and 

since g is a decreasing function of w it follows that g (w)/w>g! as required.-w
 

With the elements presented so far it is possible to specify the demand
 

for labor. To do so, it is assumed that the demand for effort is derived from
 

the conditions of maximization of profits. However, effort as such cannot be
 

obtained. It is always embodied in workers. As a consequence, the number of
 

workers employed is the variable under the control of the entrepreneurs. With
 

the notation above, the problem Just described is to maximize profits P with 

respect to N, i.e., 

P = f(E)-wN 

subject to dondition V-2-2.
 

The first and second order conditions for maximization are:
 

N f g (w) - w = o V-2-3 

and 

p= f f (w) < o V-2-4 
N E 

With conditions V-2-3 and V-a-4 satisfied, condition V-2-3 is an implicit 

V-2-4 is satisfiedexpression of the demand for labor in terms of w. Condition 
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if ft is decreasing.
 
E
 

With respect to the supply of labor it will be assumed that a fixed number 

of workers offers their services whatever the wages paid. This assumption is
 

quite compatible with the conditions in developing countries having either very
 

primitive unemployment insurance, or none at all. It is this fact that creates 

the puzzle of why an over supply of labor does not reduce salaries to zero. 

Leibenstein affirms that the model above solves the puzzle. To verify whether 

this is the case, it is necessary to determine whether the equation N (w) = N, 

where N (w)is the demand for labor defined by V-2-3 and Ns is the fixed supply 

of labor, has a solution w ŝuch that i^>O. 

Under form A of the production function it can be shown that Leibensteints 

statement is correct. For this, observe that there is a value of w>O such that 

f~ Ngw/g (w)>'O 

where the notation emphasizes that N has been replaced by Ns. Albo
 

from the assumptions it follows that
 

Lim C N' 8) w/g (w))= 

and, from the continuity of the function 

f - w/g (w) 

the existence of w > 0 follows.
 

However, for form B of the production function itcan be shown that there
 

are cases where a w>O does not exist. For example, for the production function
 

Y = kE - 2 k ,k2> 0 

and the working capacity function 

g (w) = w/(l+w) 

can be shown that the demand for labor function has the implicit form
it 


w2w3 0
- 1 +(2k 1N - 3) w + (-3+2k N-3k.N 

and that this equation, for N=3/2k I has only one neqative and two complex 

For this observe that the continuous function
roots. 


x - 1 - 27 k w2 /4k 2- " w3 V-2-5 
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ranges from (-ww) to (c,-W) and has a minimum for w=-27k 2 /6ki in which x<0. 

This implies the existence of root w<O. The function V-2-5 also has a maximum
 

for w=O with x--l. This implies that the only zero of x is for w<0, and that
 

the other two roots of the cubic in V-2-5 are complex.
 

V-3 THE IMPACT OF BETTER HEALTH AND NUTRITION ON EMPLOYMENT AND WAGES-

The object of this section is to use the model in Section V-2 to determine
 

the effect of exogenous changes in the health and nutrition conditions of the
 

workers and their impact on working capacity on the demand for labor. For this
 

it will be assumed that an exogenous variable h influences the working capacity
 

function. The characterization of working capacity as a 
function of h is basically
 

the same of a function of w.
 

From this function it follows that
 

8N -(f E+ f I/18h"
 
E fEP gh/PN
 

Since PN 
 < 0 from condition V-2-4, and % >-0 by assumption it follows that 

N will increase with h if f"E + fl > 0. 
E E 

This condition might seem unduly restrictive. However, it is easily shown
 

that in an economy with a CES production function, it will always be satisfied
 

if c>l - wN/Y where a is the CES parameter. This means that exogenous expendi

tures in health and nutrition of the labor force increase the demand for labor
 

when a is larger than the share of capital in the economy, as is the usual case.
 

Itwill usually occur for economies with a Cobb-Douglas production function.
 

Only in extreme cases of complementarity between capital and labor will in

creases in h reduce the demand for labor. 

The impact of changes in the conditions of health and nutrition on wages,
 

when demand and supply of labor are equal and fixed, can be studied from the
 

expression
 

6w/6h =-(f"E +fE')gI/ [(f"E + f')gw -1]
E Eh E E w
 

This equation shows that wages will increase only if the demand for labor
 

increases, i.e., if the numerator of V-3-1 is positive and the denominator is
 

V-3-1 
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the

However, this will be the case as can be seen as follows:
negative. 


denominator of V-3-1 can be put in the following form
 
V-3-2
Ep ' + fig (03i g'I - f (w) 


without affecting the sign of the numerator. With equation V-2-3,1equation
 

V-$-2 becomes
 

V-3-3
PNg + wgs - g (w)
w 


and the first term of V-3-3 is negative since PN"< 0 and N ispositive. The
 

last two terms of V-3-3 are less than zero, since g (w)/w ismonotonically 
de

creasing.
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CHAPTER VI
 

INTERACTION AMONG THE DETERMINANTS OF WELL-BEING, 

POPULATION, HEALTH, NUTRITION, EDUCATION AND PRODUCTION 

VI-1 INTRODUCTION 

Studies of the influence of population growth, nutrition and health on 

mental and physical abilities, and thus on education were presented in Chapters 

III and IV. The nature of these studies made it possible to consider the 

isolated impacts of each of the determinants considered, to the exclusion of 

the others. This approach will be used in Sections VI-2 and VI-3 for studying 

the impact of health and nutrition on the economy. However, in the case of 

the influence of population, health and nutrition on the economy, the most 

valuable analyses include a study of the simultaneous influence of these and 

other determinants. These analyses will be presented in Section VI-4. 

VI-2 HEALTH AND PRODUCTION
 

VI-2-1 Introduction
 

As observed, in this section attention will be given to the study of the 

influence of health on the economy, to the explicit exclusion of other deter

mininants of production, such as nutritional conditions of the labor force, 

their education, etc. In this section the main points of references (1) to 

(10) will be briefly summarized. 

To study the economic consequences of health deficiencies, it is useful
 

to observe that
 

a) they include, on the one hand, the costs of preventing and curing diseases,
 

and on the other hand, the production lost due to the reduction n the
 

size of the labor force and/or its working capacity;
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b) 	their Study can be subdivided according to two criteria: the magnitude
 

of the damage caused by deficient health, and the coverage of the damaging
 

factors. 
Presence or absence of disease and death will be considered
 

here as the only indices of the magnitude of the damage, despite that a
 

finer gradation is possible at least in the case of disease. 
The coverage
 

can be partial, i.e., of one or several diseases, or total, i.e., of health
 

conditions in general.
 

The estimation of the economic resources used to prevent or cure disease
 

does not present any conceptual problems. Basically, such an estimate can be
 

obtained by adding together expenditures for doctors, hospitals, medicines, etc.
 

However, it should be clear that when a large number of persons is considered,
 

the size of the undertaking creates serious operationl problems, even when
 

sampling techniques are used.
 

A point that needs additional explanation arises from the fact that the
 

production of an industry is by definition equal to salaries, profits and the
 

rents it pays. This is true regardless of whether the industry produces goods,
 

such as foods, or services, such as collection of refuse. As a consequence, a
 

large portion of the expenditures considered to be costs of disease appear
 

in the national accounts as contributions to production made by the health
 

industry. At present, no satisfactory method of avoiding this contradiction
 

seems to exist.
 

Three methods for estimating the impact of mortality on the working
 

capacity of the labor force were described in Section 111-2-2. The first
 

method provides estimates of days lost due to deaths, in the same year in
 

which the deaths occur. With the second method, the difference between the
 

size and the labor force that could be expected with reduced mortality and
 

the actual labor force is computed. With the third method, the difference
 



between actual labor force and the labor force that could be expected if past
 

mortality had not changed is computed. Clearlyp the differences obtained with 

methods 2 and 3 can be transformed to number of days that could be gained (in 

the case of method 2) or that actually have been gained (in the case of method
 

3). 

Estimations of the number of days lost due to disease are presented in 

Section 111-2-3.
 

Several ways that the results described above can be used to estimate the
 

influence of morbidity and mortality on economic production are described
 

below.
 

VI-2-2 The Impact on Production of One or Several. But Not all. Diseases
 

Numerous partial studies dealing with the impact on production of one
 

or several, but not all diseases have been made. A list of them, classified
 

by the disease to which they refer, appears among the references of this
 

section. The methods used in these studies are the same as those used in
 

analyzing the impact on production of all diseases. As the specific data and
 

results of the studies have only a topical value, no additional space will be
 

devoted to them here.
 

VI-2-3 Estimates of the Impact of all Diseases. Obtained by Agaresating 

Detailed Data 

Perhaps the only study that deals with the influence on production of 

all health conditions, aggregating the influence of each of them, appears in 

reference (1). Table VI-2-1 was obtained from that reference. 

The direct expenditures in Table VI-2-1 are computed by adding expendi

tures on Personal Services and supplies, and non-personal such as medical 

research, construction, government public health activities, voluntary agencies, 

and net cost of i, ,urance. 



Table VI-2-1 

USA Economic Cost of Disease in 1963
 

PRODUCTION LOST i! 

DIMACNOSiS TOTAL DIRECT
.EXPENDITLURES TOTAL MONTH LY - ORS=iDTY 

Amount (millions of dollars) 

"TOAL $58,036.1 $34,263 $23,773.1 $2,731.0 "$21,042.2 

.ectiveand parasitic diseases 
Tuberculosis 
Other 

18392.0 
645.0 
747.1 

501.9 
241.4 
260.6 

890.1 
403.6 
486.5 

32.. 
18.3 
15.7 

.858.0 
385.2 
472.8 

:plasnms 
.ergic,endocrine, metabolic, nutritional diseases 

Seases of blood and blood-foruing organs 
p.al.psychcne-rotic and personality disorders 

se:& s of nervcus system and sense organs 
SeaSCS of circ-lCtory system 
sczEs or respira tory system 
zac-- of dicesrivs systen 
".32 of genizourin-ry system 
:rni-:y 
sCeaSes of skin and cellular tissue 
seases of boL-es and organs of novement 
ncnrital ma!forrations 
rzain disases of early infancy 
r-tcms, senility and ill-defired conditions 
i-ur es 

2,613.5 
1,510.1 

204.4 
7,035.7 
3,241.7 
6,412.9 
4,886.9 
5,501.7 
1,756.3 
1,425.4 

379.8 
2,660.6 

161.5 
30.3 

945.9 
3,755.2 

1,279.0 
902.9 
155.9 

2,401 7 
1,416.4 
2,267.3 
1,581.1 
4,158.1 
1,210.2 
1,391.1 

248.1 
1,430.0 

113.' 
30.3 

623.7 
1,702.8 

1,334.5 
607.2 
48.5 

4,634.0 
1,825.3 
4,145.6 
3,305.7 
.1,343.6 

546.1 
34.3 

131.7 
1,230.6 

48.5 
...... 
322.2 

2,052.4 

483.8 
67.7 
7.3 

10.0 
299.8 

1,225.9 
139.4 
123.4 
48.3 
2.1 
3.3 
5.6 
6.7 

33.7 
241.7 

. 

850.7 
539.5 
41.3 

4,624., 
1,525.5 
2,919.7 
3,166.3 
1,220.1 
497.8 
32.2 

128.4 
1,225.0 

41.8 

28S.5 
1,810.7 

_,cil conditions and examinations 
e.cus 

977.6 
1,411.1 

965.8 
150.1 

11.8 
1,261.0 

11.8 
1,261.0 

; distribuzed 11,733.0 11,733.0 

SCURCE: Reference (1) 
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The cost of deficient health in production lost is estimated-from figures 

on days lost due to death during the year in which the disea eoccuied, and 

days lost due to disease* These,: figures are corrected, taking'into considir

ation labor force participation, employment, etc.
 

Health Conditions,VI-2-4 Estimates of the Economic Impact of All Obtained 

Using Aggregated Health Indices 

Host studies dealing with the total economic impact of health conditions 

do not explicitly aggregate the impact of all individual diseases, as is done
 

in Section VI-2-3. Instead, over-all health indices such as total number of
 

days lost, mortality rates, life expectancy, etc. are used. What is lost in
 

detail when these methods are used is gained in flexibility.
 

This will be seen in the two studies below, which deal only with the 

effect of reduced mortality. It seems that no attempt has been made to 

complete them by including direct cost of disease, on the one hand, and informa

tion on morbidity, on the other. 

VI-2-5 Percentage of National Income Attributable to Reduced Mortality.
 

Section 111-2-2 Table 111-2-2 presents estimates of the part of the labor 

These
force in 1960 attributable to the reduction of mortality rate since 1900. 


estimates are reproduced in Table VI-2-2 columns (2) to (4). 

Average wages and salaries in 1960 (or equivalent, for the self-employed)
 

are used as a measure of the output attributable to labor. This average must
 

be distinguished from income, which includes returns on property or capital. 

Average earnings in 1960 multiplied by the number of working years added 

Table VI-2-20as result of reduced mortality yields the dollar estimates in 

columns (5) to (7). 



35 

TABLE VI-2-2 

Growth of U.S.A. National Income, L900-1960, Contributable to Reduced Morztality 

'fear 	 Work Force in 1960 Additional Work % by which Value of Added Percentage by which
 
if mortality rates 
 Force in 1960 1960 work Labor Product 1960 National Income
 
had continued un- Attributable to force in 1960 Raised
 
changed since Reduced mor- raised Total Per Ann
 
Year Column (1) tality rates 	 Equivalent
 

(1) (2) 	 (3) (4) =(3)xlO (5) (6) (7)
 

L960 66.7 	 ..........
 

1950 66.4 0.3 0.5 $ 1,390 0.4 .04 

1940 65.3 1.4 2.0 6,489 1.5 .07 

1930 63.2 3.5 5.6 16,222 4.p .13 

1920 60.7 6.0 9.9 27,810 7.2 .18 

1910 56.2 10.5 18.8 48,668 13.7 .26 

1900 53.5 13.2 24.7 61,182 18.0 .27 

Source 	Reference (2) 
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TABLE VI'2-3
 

'Present value at an 8% discount rate of earnings
 
that workers added to the labor force due to re
ductions in mortality would earn after 1960
 

Addition due to Present value 
changre in mortality 
up to 1960 10 

since
 

1960 0 

1950 12.0 

1940 65.3 

1930 194.7 

1920 365.9 

1910 64 9.2 

1900 820.5 

Source: Reference (L) 



VI-2-6 Capital Formation Through Health
 

The method and results in reference (2) are summarized here. Resources
 

used in health, as in other types of investment, produce returns over a period
 

of years. Actually, some investments in health, such as the complete eradica

tion of a disease, yield returns into perpetuity.
 

In particular, the present value of the future earnings of the workers
 

whose presence in the labor force is attributable to improvements in life
 

expectancy can be another index of the impact of health on the economy.
 

The present value of the earnings that the workers added to the U.S. labor 

force up to 1960 (Table VI-2-2, column 3) would obtain after 1960 appears in 

Table VI-2-3. A discount rate of 8% has been assumed in its computation. 

If thediscount rate used is assumed to be equal to the "internal rate
 

of return" of the future stream of earnings,* the present value is equal to
 

the capital needed to yield these future earnings. With reference to Table
 

VI-2-3, 820.5 billion dollars is the capital that, at 8% interest, would
 

produce the same amount of income as that produced by the workers added to
 

the U.S. labor force up to 1960 by reductions of the mortality rate since 1900.
 

VI-3 NUTRITION AND PRODUCTION
 

Two types of studies have been made of the relationship that exists
 

between nutrition and production when the other factors of production are
 

*The internal rate of return is the rate of discount which makes the present
 

value of the benefits of an investment exactly equal to the present value
 

of its costs. In a mathematical formula this is expressed as follows:
 

Let Bt t-0,...,n be the benefit of an investment
 

its costs.
Ct 


The internal rate of return is the discount rate 6 that satisfies the equation
 

n B - C 
E t t 

t-o ( + -) 

For additional information see reference (1).
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excluded. In the first type, no attempt is.made to specify the mechanism
 

through which the level of nutrition affects productivity. The characteristics
 

of the relationship are investigated by means of statistical analysis. A
 

study of this kind is reported in Section VI-3-1.
 

In the second type of study, an attempt is made to specify the mechanism 

for the influence of nutrition. 

As already observed, it is useful to subdivide the influence of nutrition 

on working capacity into two parts. One is the influeace of nutritional con

ditions during prenatal and early childhood development. These affect an
 

individual's mental development, and as a consequence, his educational achievement,
 

and finally, his productivity. The second influence is that of contemporary
 

nutritional conditions on the productivity of workers.
 

Several attempts have been made to estimate the isolated effect of nutri

tion on productivity through its impact on mental abilities in early childhood.
 

Two of these attempts will be described below. On the other hand, no attempt
 

to estimate the isolated effect of nutrition on productivity through its impact
 

on the current working capacity of the workers seems to be available. The only
 

studies on this point integrate nutrition with several other determinants of
 

the quality of labor. They will be discussed in Section VI-4.
 

VI-3-1 Statistical Studies of the Relationship Between Nutrition and Production
 

In reference (1), the relationship between per capita income (Y)at date
 

t and per capita production of proteins ten years previously (i.e., per t-10)
 

is studied. The lag is introduced in an attempt to establish that protein
 

production is a determinant of future per capita income. The results obtained
 

are presented in Table VI-3-1. The regression coefficients show a high inter

dependence between the two variables. Unfortunately, the method used does not
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TABLE VI-3-1
 

Regressions of Per Capita Income on Per Capita

Protein Supply, Lagged 10 Years
 

Y X 	 a b R Sample 

Size
 

1968 	 1957-59 per capita -1277.65 30.21 .52 37

supply of proteins (4.88)
 

1968 	 1957-59 per capita - 117.49 32.28 .68 
 37
 
supply of animal 
 (3.74)
 
proteins
 

SOURCE: ,
SOURCE: 	 Reference (1) 
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verify that increases in protein consumption bring about increases in per 

capita income. The reason for this is that the production of proteins in 

year t-lO might be determined by per capita income in year t-10, and 

the results in Table VI-3-1 might simply reflect the correlation between 

year t and in year t-10. The fact that per capita incomeincome per capita in 

is more closely correlated with consumption of animal proteins than with 

consumption of total proteins might also explain the increase in R2 between 

the first and second regressions in Table VI-3-1. 

VI-3-2 Nutrition, Mental Ability and Production
 

In reference (3) an attempt is mtde to evaluate the impact on worker
 

productivity of the deficiency in mental capabilities caused by early 
malnu-


The first
trition. Two types of information are needed for this analysis. 


is the relationship between nutrition and mental ability discussed in Section
 

The results in Table 111-3-6, in particular, are used in this
111-3-3. 


study.
 

The second type of data needed are those describing the relationship
 

between mental ability and economic performance. Several studies of this
 

question have been performed (1). A summary will be presented below of the
 

study used in reference (3). In Table VI-3-2, the regression analyses of
 

in the Wechslerlogarithms of monthly earnings on logarithms of scores 

Bellevue Test and on logarithms of age are presented. Regressions not pre

sented in this Table showed that the education of the parents of the workers 

and of the workers themselves did not affect earnings significantly. The 

results suggest that a 10Z change in Wechsler-Bellevue Test scores is 

associated with a 6 to 6.5% increase in earnings. 

The next step is to combine the information on nutrition, weight and 

IQ for children up to 30 months of age in Table 111-3-6 with that on IQ and 



TABLE VI-3-2
 

Reireeslons of Earngni~s on IQ
 

Cbileav data
 

' Sample Constructi.on Unemployed Pooled
 
workers workers sample
 

_____(2)(1 (3) (4)
 

Intercept 4.12 (4.82). 3.08 (3.55) 2.65 (3.86)
 
lp ane .87 (3.52) 1.06 (4.06) 1.23 (6.03)


R2 = .30 J12 2 R2 m2= 3 i .22 = .29 

Intercept 3.23 (2.28) 2.82 (2.78) 1.92 (2.16) 
log IQ .87 (2.75) .87 (3.74) i.ii (5.*49)

2
.R 2 
 R2
 R .21 R .19 R 25 

Intercept 1.68 (1.25) 1.36 (1.26) .34 (.38) 
log are .74 (3.08) o79 (2.92) .920 (4.48) 
log IQ .65 (2.26) .60 (2.52) .76 (3.83) 

R2 R2R .41 .30 .39 

Ssmple sJze 31 60 91 

Figures in nrenthosis are the t ratio of the coefficients.
 
Source: Refercice (3)
 

http:Constructi.on
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earnings of adult workers inTable VI-3-2, to obtain the effect of changes
 

in nutritional conditions during childhood on earnings during adult life. 
From
 

Table 111-3-6 it is estimated that if children increase in percentage weight
 

with respect to the normal from 65-74% to 95-100%, their IQ scores will increase
 

from 73 to 91. The results in Table VI-3-2 make it possible to estimate that
 

this increase in IQ would bring about an increase in Ltje discounted value of
 

life time income of U.S. $340.00 (see Table VI-3-3). In this computation
 

it is assumed that the person begins working at 15 ye;rs of age. The discount
 

rate used is 10% and the reference age is 2 years. This age was chosen because
 

the expenditures needed for improved nutrition would have to be made at this
 

time.
 

Assuming that the increase inweight and IQ are obtained by feeding the
 

children high protein milk, it is possible to estimate the cost of those
 

increases. It reaches a total of U.S. $50.4 per child. 
This means that the
 

net present value of the nutritional expenditures is U.S. $290. An idea of
 

the importance of this quantity is obtained with the results in Table VI-3-4.
 

This Table shows the internal rate of return (2)* of several types of invest

ment, with that of nutrition being the largest.
 

VI-3-3 Nutrition, Mental Ability, Education and Productivity
 

In Section the relationship between nutrition, mental ability and
 

education is explored. In particular, in Table 111-3-8 estimates are presented
 

of educational achievement in various countries under the assumption that the
 

only limiting factor is deficient nutrition. All the other determinants of
 

educational achievement are assumed to be the same as 
those existing in the U.S.A.
 

An extenoion of this approach is presented in reference (1)and
 

summarized in this Section. 
The level of income that a group of countries
 

could achieve under the assumption that every socio-economic condition except
 

nutritional level is the same as in the U.S.A. is presented.
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TABLE VI-3-3 

Relationship Between Nutritionally Determined Change
 
In IQ dnd Present Value of Lifetime Earnings
 

(Estimates for Chilean Data) 

INITIAL FINAL CHANGE 

Weight as % of normal 65 - 74 95 - 104 30 

IQ 72.8 90.8 18.0 

Present value of 
increment in 
lifetime income 

US$ 340
 

NOTE: Present value of income at age 2 for persons who begin
 

working at age 15, 10 percent discount rate.
 

SOURCE: Elaborated from reference (3).
 



144 

TABLE VI-3-4
 

Chile: Comparison of the Internal Rates of Return of
 
Several Types of Investment
 

Type of Rate of
 

Investment Return
 

Physical capital 15% 

Nutrition 19% - 25% 

Education: 

Elementary 17% 

Secondary 15% 

SOURCE: Reference (3). 



The starting point in these computations is income by level of education
 

in the U.S.A. These data appear in Table VI-3-5.
 

Another basis for the computations is the estimate of population by
 

educational level computed--but not presented-- in Section IV-3-1 (see last
 

line in Table IV-3-2) with the nutritional data as a starting point. These two
 

pieces of information are used to estimate the income that would correspond
 

to a given country if all the determinants of per capita income were those in
 

the U.S.A., except educational achievement determined by the mental development
 

allowed by the existing nutritional conditions. In other words, the estimates
 

in Table VI-3-6, column 2 can be interpreted as the level of income that the
 

U.S.A. would have had in 196X if the level of consumption and corresponding
 

mental development and educational achievement had been those of the countries
 

in column 1.
 

The percentage of income deficiency explained by the influence of nutri

tional factors on education and of education on income is also presented in
 

Table VI-3-6, column 4. This percentage is computed with a formula similar
 

to that used in Section IV-3-1.
 

As might be expected, these percentages are lower than those in Table
 

IV-3-3, column 4. This is because educational achievement is more closely
 

related to mental development than is income.
 

VI-4 	 SIMULTANEOUS INFLUENCE OF POPULATION, HEALTH, NUTRITION AND EDUCATION ON
 

TOTAL PRODUCTION
 

In the previous sections, methods for estimating the impact of one isolated
 

determinant on production have been presented, and their results revised and
 

commented on.
 

The attempts that have been made to study simultaneously the influence of
 

several factors of production and of several determinants of the quality of labor
 

will be presented below. In these studies, the influence of each factor of deter

minant of the quality of labor is still evaluated by itself, but the fact that
 

other factors and determinants exist is explicitly recognized.
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TABLE VI-3-5
 

Incoie per capita per year by level (if education U.S. 
1961
 

data for/(in U.S. dollars)
 

No. of Years 

of education Income

3 1009.67 

9 2449.52 

15 3673.67 

18 -5238.28 

Source: Elaborated from reference (2) (Table 478) 



TABLE VI-3-6 147 

Copari/oan of actual per cr-Jta ineore and Ohnt enttin:nted 
from infomi~tion on iuty'i~lon, InLcl.1jence aud educnion 

Country 

*Africa 
Congo 

Ethiopia 
Cam'bia 
Kenya 
Nigeria 

Sudan 


Amerip, North 
Canada 

Guatemala 
Jmatnica 
MexJco 
U.S.A. 


Amer cn, South 

Bolivj% 

Chile 

Colombia 

Ecuador 

Peru 

Uruguay 

Venezuela 


Asia
 
Burma 

;ndia 

Indonesia 

Israel 
Jopan 
Jordan 

Lebanon 

Ha1nysia 

Pakistan 

Philippines 

Tai:an 
Thailand 

Vietnam, North 

Inco:e 
c sti.iated 
f rom infor-
mation on 
nutrition, 

IQ and edu
cation
 
(2) 


1739.0 

2088.4 

2248.7 
2248.7 

2248.7 

2412.6 


2577.0 

2248.7 

2577.0 

2248.7 

2577.0 


2248.7 

2577.0 

2088.4 

2038.4 

2088.4 
2577.0 

2432.6 


2033.4 

1789.0 

2088.4 

2577.0 
2577.0 
224,8.7 

25;'7.0 

2248.7 

1789.3 

2248.7 

2577.0 
2038.4 

1789.0 

Actual 
per capi ta 

incomu 
1961 

(3) 


92.0 

55.0 

n.a. 

07.0 

78.0 

63.0 


]')47.0 
189.0 

316.0 

262.0 


2577.0 


99.0 

379.0 

263.0 

189.0 

179.0 

475.0 

648.0 


57.0 

73.0 


131.0 

726.0 
306.0 
129.0 

352.0 

356.0 

70.0 


220.0 

161.0 
96.0 

55.0 

Ex:plained 
di ffnrenc6 

(4)
 

31.7 
19.3
 
n.a. 

13.10 
13.10
 
6.5
 

0.0 
13.7
 
0.0
 

1.4.2 
0.0
 

13.2
 
0.0
 

21.1
 
20.5
 
20.4
 
0.0
 
8.5
 

19.4
 
31.5
 
20.0
 
0.0 
0.0 

13.4
 
0.0
 

14.8
 
31.4
 
13.9
 
0.0 

19.7
 
31.2 
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TABLE VI-3-6 (Cont.) 

Country 

Income 
estimrted 
from infor-
mation on 
nutrition, 
IQ and edu
cation 

Accual 
per capita 

income 

Explained 
difference 

(1) (2) . (3) (4) 

Europe. 
Austria 
Belgium 
Czechoslovakia 
E. Catmany 
Finland 
France 
Hungary 
Italy 
Netherlands 
Norway 
Pol;nd 
Switzerland 
U.K. 
U.S.S.R. 
W. Germany 

2577.0 
2577.0 
2577.0 
2577.0 
2577.0 
2577.0 
2577.0 
2577.0 
2577.0 
2577.0 
2577.0 
2577.0 
2577.0 
2577.0 
2577.0 

670.0 
1196.0 
6C0.o 
600.0 
794.0 
943.0 
490.0 
516.0 
836.0 

1130.0 
475.0 

1428.0 
1189.0 
600.0 
927.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Oceania 
Australia 2577.0 1316.0 0.0 

Source: Reference (1). 



These studies are based on models inwhich it is assumed that several indepen

dent variables are the cause of variations in the dependent variables. These
 

basic models have me:y di lferent levels of sophistication. The reasonable thought 

that the level of nutrition and health of the labor force should infiuence pro

duction is--for the question in study--the initial level. More advanced levdls
 

attempt to specify more precisely the indices that shou d be used to evaluate the
 

variables and the characteristics of the relationship.
 

Two approaches that have been used to study the relationship of population,
 

nutrition, health and other variables to production will be described below.
 

In the first, statistical techniques are applied to different indices of
 

production, factors of production and qualities of labor.
 

The second approach is based on the theory of economic growth, in particular
 

on the technique developed to disaggregate increments of productions due to
 

technological change. This disaggregate can be achieved with or without recourse
 

to the methods of regression analysis.. Examples of both cases will be presented
 

below.
 

VI-4-1 Statistical Studies of the Simultaneous Influences of Population, Health,
 

Nutrition and Education on Production
 

The pioneering attempt to analyze the contribution of population, health,
 

nutrition and education to economic development appears in reference (4).
 

In this study, correlations among the most relevant indices of economic growth
 

and quality of the population are used to evalute the statement that "as a
 

rule, economic and social factors complement or support each other in the
 

objective process of development". The work begun in reference (4)is completed
 

and extended in references (1), (3)and (5). However, none of these studies
 

attempts--perhaps with good reason--to actually specify the positive or negaLive
 

contributions of population growth and improvements in health, nutrition and
 

education on economic growth. Only correlation matrices are computed. One
 

of the most systematic attempts to evaluate the influence of health on
 

production, using only multiple regression, is that in reference (2). The five
 



TABLE VZ-4-1 

Regression Studies of the Relationship Between Agricultural Production and Capital, Labor, Health and Education 

Country I Number of Dependent R Constant Cap. Labor Wealth. Education 
(Sample I Observa- Variable Z1 Z2 3 2 X X26 
Units I tions XII X21 X22 X23 X24 25 X 31 32 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (l) (12) "%3) (145)( (16) '7) 

Cnoss Counity 22 a ngsin .62 133. .038 .344* -.00095i -. 136 -. 024 

(Coutry) (.73) (2.2) (3.8) (2.7 (.25) 

,exico,1940 24 Output per .66 572 -i.5 -.0004 -i.I* -2.6 
(States) Worker (.7) (1.1) 2.7) (2.0)
 

•,exico,1960 29 Output per .63 5842 44* 67 -. 9 -6.0 -e4.0 *
 

(States) Worker (2.4) (1.4) (2.2) (.3) I (2.7)

shailand Output per .62 -1042 6.8: 7.6* 31.9.50 

I(3.2)
O 'orker (7.3) (3.1) C.76) 

India 20 Total .73 -1878 93* 5708t 1100 215 .7 332 
( Piovinces)" 

"Blocks"t output (2.3) (3.0) (.44) (1.7)i (.47V (.14) 

'. Use of co.-mercial fertilizer: Mexico pounds per acre; India metric :ons supplied per year. X31 ?e-centpre literate 

Z2 Fercentage of land irrigated X3 2  Average number of primary schools opened 
Percentage cultivated area used for double cropping per yea
 Z3 

XU Perccntage of labor force in agriculture. 

Population per physician. In Parenthesis t value for the coefficients; * significant at 95%X2 1  

X22 Infant deaths per 1000 live births confidence level 

X23 Percentage improvement in maleria death rate 

X2 Average n'-.ber of smallpox vaccinations per year Source Reference (2) 
Average ntumber of drinking wells constructed per yearX25  


X26 Average n=ber of sanitary Latrines constructed per year
 



some form of agricultural production as the dependent variable, and .veral in

dit.es of healtA appear among the independent variables.
 

An over-all view of the results in Table VI-4-1 shows that the health 

variables appear in all cases with the appropriate signs. However, only
 

population per physician and infant deaths per 1,000 live births have co

efficients significant at a 95% level. Unfortunately, the question of direction
 

of the causal relationhip is particularly difficult to settle in the case of
 

these two variables.
 

VI-4-2 Estimates Based on the Decomposition of Technological Change
 

The method to be used is the one presented in references (4), (7), (9),
 

(10), (11), (13), (16) and (17). It is based on some of the main components
 

of the neo-classic model of economic growth,.but it does not include'as endogenous
 

any of the determinanTs of growth. For this reason it cannot be identified with
 

the neo-classic model of economic growth. This model will be presented in
 

Chapter VII.
 

An economy in which conditions of perfect competition exist, and which
 

can be described by a production function homogeneous and of degree one, is
 

assumed in the method to be used, i.e.,
 

VI-4-1
Y = F(AKL) 


where
 

Y - net national income
 

A = technological level
 

K - physical capital services
 

L - labor services
 

F( ) - any homogeneous degree one function.
 

In agreement with the conclusions of Chapter V, it will be assumed here that
 

VI-4-2
L - SNE 


where
 

S - size of the employed labor force
 

H w quality of labor as determined by level of health of the labor force 

M w iinitv nf lahnr am determined bv level of nutrition of the labor force 
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It should be observed that additional determinants of the quality of the
 

labor force can be considered in equation VI-4-2 without changing the argument
 

below. 

With the above assumptions, it can be shown that 

dY I F dK 

Y Y A K 

+ (1 - a) 
dS 
-d VI-4-3 

dH dN 
+ - a)a 

E 

whore a and (1 - a) are the capital and labor shares of income, respectively. 

The contribution of an increase in the size of the labor'force 

can be further broken down. For this, let 

St+1 - St + Bt+I - Dr+ VI-4-4 

where
 

S - number of workers in the labor force 

B = number of entrants 

D - number of retirements 

t - subscript denotes time. 

From equation VI-4-4 it is possible to write
 

dSt ( t+ I - ) + (6t - 6t+) Vi-4-5 

where
 

is the entrance rate
 

6 is the retirement rate.
 

8 

The first parenthesis on the right in equation VI-4-5 represents 

the portion of the growth rate of the labor force that can be attributed 

to new entrants, and the second parenthesis represents the portion that
 

can be attributed to a reduction in retirement. 

Equations VI-4-3 and VI-4-5 above break the growth rate of income 

down into 7 components, five of them dealing with the labor input, one
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disability that causes work-loss days, and finally, temporary disability
 

that results in a reduction in working capacity while it does not cause
 

work-loss days. Of these four components, only the first and third will
 

be considered below. Lack of data makes it impossible to study the other
 

two.
 

It will be assumed here that the contribution to development of the
 

reduction in the retirement rate is equal to that of the reduction of the
 

death rate or persons in the labor force. However, limitations of data
 

force the use of rates for the population as a whole.
 

The method used to estimate the number of work-loss days due to disease
 

was described in Section LIt . The same procedure is used in the case
 

of the 18 countries to which this section refers. The number of actual
 

working days is estimated by subtracting from 275 the number of work-loss
 

days. These results were used in the computation of dH.
 
H
 

The influence of nutrition on working capacity was subdivided previously
 

into two parts. One is the influence of nutritional conditions during pre

natal and early childhood development, that affect mental development, and as
 

a consequence, educational achievement, and finally, productivity. The in

fluence on productivity is caused, first, by the impact of nutrition on the
 

educational achievement of the worker, and second, by the limitations
 

imposed by a limited mental capacity on working capacity, regardless of edu

cational achievement. An attempt to present quantitative estimates of these
 

influences is described in Sections 111-3-3 and 111-3-4. However, further
 

refinements are necessary if these methods are to be used to study the
 

contribution of nutrition - through increased mental capacity - to economic
 

growth, using the model in equation VI-4-3.
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is that of the wortker's nutritional conditionsThe second influence 

at the present time. The approach used to evaluate their impact on working 

capacity was described in Section III-1-5.
 

of that approach will be described.Below, only the modifications 

least squaresTo evaluate the calorie intake of workers in 1950 and 1962, 

were fitted to all the published data for each country.straight lines 

These figures were used to estimate the calorie intake of male adults 

by means of the method already described. 

The method used to correct for differences in environmental 
temperature
 

information about the miin 

is not modified. Detailed information was used for LAC. For these 

countries, reference (18) includes - in addition to data on temperature -

admiiotrative subdivisions where the meteorological 

for the LAC lre weighted averages,stations are located. The I Igiti:t.J 

subdivisionsin the administrativeto the populationwith weights equal 

w*,-re the weather stations are located. 

in body weight and 
used to include differences

The computations 

in occupational structure of the labor force are those described 
in
 

Itfor age was introduced. 
a second correctionAt this stage, 

wa assumed thatjwhatever the itprove.ants in nutrition, the working 

of age and over remains constant, while forcapacity of i=en 60 year 

below those estimated withat ratces
lr,er age groups it increases 

15 and 30 years ofworkers betweenone excetion is
Table iII-3-10. The 

fully applicable.11r-3-10 are
for whom the results ik Tableaba, 

rate for working
to coumputo the average growth

The final step was of the as a whole as a weighted average 
eap:.c:t; in the labor force 

For weights,
of' the four occupational clas,;Lfications.

geowth in each 

for years as close 
tha U.N. data on labor force classified by industry 



part of formula VI-4-3were used to compute the contribution of nutrition 

to Aeonomic development in Table VI-4-3. 

To complete the application of the model in equation VI-4-3, the 

uothod used to estimate the contribution of education will be explained. 

This contribution is presented here as a basis for comparison of the 

influence of different components of the quality of labor. 

The starting point for constructing index E of the educational 

quality of the labor force is income by educational level. An index is 

constructed, transforming all the figures to percentages of the income 

of persons with 7-9 years of education. In reference (3), it is reported 

that among all the Latin Amurican countries, estimates are available 

only for Chile, Colombia, Mexico and Venezuela. Unfortunately, these 

estimates are either lacking in detail or do not cover all the labor 

force. The data for Mexico in Table VI-4-2, column (2), will be used 

below. 

In reference (2), it is stated that Mexican data do not show any
 

significant relationship between income by level, of education and father's 

occupation, industry, and city of occupation. It is concluded that most 

of the income differentials are actually due to education and age, or 

innate ability. Age waould reflect in part experience and on-the-job 

training. The incorm, Jidex Is corrected arbitrarily, attributing only 

3/5 of the differentials to education, while the rest is assur ed to be 

due to innate ability. No correction for aga, experience or on-the-job 

tra.Ining was introduc2d. The corrected indices for Mexico, Italy, 

the rest of Europe, and the U.S. ipLiar in Table VI-4-2, columns (3) 

to (6). They exhibit the interesting c'hai'acterls tic that their spread 

in invrsoly correlit.d with level of devclopmennt. For .exico, the 

spread goes fromn 57 to 190, while fo, the U.S.A. it goei frowi 70 to 



TABLE VI-4-2 

Indricos of Income by .bevel of' Ejdujration 

Years of L~atin America Fiaropo 
school 

complehed Income 	Corrected! Corrncted index 

Index index 	 jtly Nnrth-

I Wet 

0.) (2).) 	 c4) (5) 

0 28 	 57 50 66 

68 821-6 48 	 78 


7-9 '100 3.00 100 3On 

10-1.2 3.57 134 3.-1 381 
190 3.5913+ 250 	 133 

Sources: Rteferencee (10) ond (15) 

U.S.A. 
corrected
 

index
 

(6) 

70 
84
 

100 
119 
161 



TABLE-V1-4-3 

Disaggregation of Technological Changes in an Aggregate Production Function for 18 Countries 

countries Total Employment Healtfh E R 

Nutrition Health & Education Residual Ttal
Excluding Reduction Reduction Econ. GrowthCapital Reduction Deaths Deaths Work-Loss Days Nutrition 

Rate %
% Rate ,% Rate % Rate % Rate % Rate % 

Rate % Rate % Rate (19)(7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) 
(1) (2) (3) (4)" (5) (6) 

Latin America 
.12 3.76 .53 16.49 .18 5.64 3.19 100.0
 

.01 .31 .11 3.45 .00 0.0 
Argentina 1.43 44.90 .93 29.03 


7.87 .18 3.33 1.39 25.32 5.49 100.0 
.55 .17 3.12 .23 4.20 .43 


Brazil 1.66 30.14 1.83 33.27 .03 

.20 4.78 2.83 67.38 4.20 100.0


.48 .13 3.02 .05 1.20 .20 4.70

.32 7.54 .65 15.46 .02
Chile 


.17 3.59 .31 6.41 .49110.21 .20 4.13 1.40 29.23 4.79 100.0
 
.01 .21
Colombia 1.04 21.73 1.66 34.75 


4.93 2.18 46.19 4.72 100.0
 
.02 .42 .30 6.35 .00 0.0 .321 6.77 .23 

22.74 1.92 19.53
Ecuador 1.07 

1.39 30.75 4.52 100.0
.82 18.44 .29 6.48
8.90 .41 9.10


0.95 21.12 1.06 23.46 .02 .44 .40

Honduras 
 12.40 5.97 100.0
 

.34 .31 5.24 .60 10.08 .93 15.66 .05 .83 .74 

2.82 47.25 1.43 23.96 .02
Mexico 


2.53 2.83 50.27 5.63 100.0.16 2.90 .43 7.60 .59 10.50 .14 
Peru 1.40 24.82 .67 11.97 .00 0.0 

2.41 3.11 40.18 7.74 100.0

.01 .09 .18 2.37 .21 2.72 .19
.02 .26
Venezuela 2.40 26.36 2.19 28.34 

EuroDeU.S.A. and 

.62 .09 2.80 0.43 14.0 1.87 58.44 3.20 100.0
.00 0.0 .07 2.18 .02

Belgium .41 14.0 .40 13.0 
.00 0.0 .07 1.99 .14 4.0 1.64 46.72 3.51 100.0
 

0.0 .07 1.99
.96 29.0 .70 21.0 .00
Denmark 

6.0 3.62 73.58 4.92 100.0

.09 1.83 .05 1.01 .15 3.04 .29 

.79 17.0 .07 1.8 .01 .20
France 


.28 3.85 .11 2.0 3.97 54.68 7.26 100.0
 
.00 0.0 .12 1.65 .16 2.20


Gerany 1.41 19.0 1.49 21.0 
.28 4.69 .40 7.0 4.16 69.79 5.96 100.0
 

.00 0.0 .12 2.01 .16 2.68 

Italy .70 12.0 .42 7.0 


.24 5.0 2.68 56.07 4.73 100.0

0.0 .04 .84 .00 0.0 .04 .84 


Netherlands 1.04 23.0 .78 17.0 .00 

0.0 .14 4.05 .24 7.0 2.05 59.42 3.45 100.0
 

.00 0.0 .14 4.05 .00 

Norway .89 26.0 .13 4.0 


1.38 60.26 2.29 100.0
-.03 -1.31 .29 12.0
.00 0.0 -0.4 -1.75 .01 .44 

U. Kingdom .51 21.0 .50 21.0 


.02 .60 .49 15.0 .98 30.43 3.22 100.0
.60 .00 0.0 

U.S.A .83 25.0 .90 27.0 .00 0.0 .02 


- -InI - I I I L 


Source: Reference (7).
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161. This suggests that education has a higher remuneration in developing
 

than in developed countries.
 

The index E of the educational quality of the labor force for LAC
 

is a weighted average of the corrected index in Table VI-4,2, column 

to the number of workers with different levels(3) with weights equal 

of education obtained from references (19) and (20). A similar method 

This index is computed for theis used for E-US in reference (10). 


years 1950 and 1962 for each country. Since the spread of the index
 

is inversely correlated with level of development, the use of Mexican
 

data for all Latin American countries will tend to increase the value
 

of E for 1962 for the countries more advanced than Mexico, while reducing
 

it for those less advanced. The magnitude of this error is also unknown. 

As a consequence of the method of computation, index E does not reflect 

the influences of changes in the quality of education or in its content. 

The importance of these two aspects is verified in references (6) 

and (14), respectively.
 

The rate of growth of E and the relevant part of formula VI-4-3 

were used to estimate the contribution of education to economic growth,
 

both for LAC and for E-US in references (7) and (10). 

The results obtained are presented in Table VI-4-3. The even

numbered columns show the values determined with the corresponding 

components of formula VI-4-3. Odd-numbered columns give the percentage 

column (18).of the computed rate with respect to the total rate in 

Several observations can be made with respect to the results in 

Table VI-4-3. They show that the contribution of capital in LAC is, 

on the average, and despite the possibility of underestimation, higher 

than in E-US. The only exception is Chile, where the lcwest contribution 

occurs. However, this result might be only the consequence of deficiencies 
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in the depreciation figures. 

Despite the observed larger contribution of capital in LACO the 

correlation coefficients of the contribution of capital with per capita 

income or the per capita-growth rate of income are not significant 

(Table VI-4-4). 

From the observation of columns (4) and (5) it follows that the 

contribution of the increases in employment attributable to new entrants 

tends to be larger for LAC than for Europe. However, a surprising result 

is that the U.S. and Germany are the countries that come nearest to the 

LAC levels. These irregularities in the relationship between the contribution 

of employment excluding deaths and level of development explain the low 

correlation coefficient between these two variables (Table VI-4-4). 

Columns (6) to (13) show that the contributions of health and nutrition 

are larger in the LAC than in the E-US. The only exceptions to this
 

statement with respect to nutrition are Argentina and Ecuador, countries 

for which the contributio:n of nutrition is zero. This result, especially 

in the case of Ecuador, is doubtful, due to the unrealiability of the 

data. 

To complete the analysis of these columns, the percentages appearing 

in columns (7), (9), (11) and (13) of Table VI-4-3 are compared with 

the data on income per capita and rate of growth in each of the countries 

studied. The correlation coefficients obtained appear in Table VI-4-4. 

These coefficients show that the relative importance of the contributions 

of health and nutrition have the important and otherwise reasonable 

characteristics of being larger for developing than for developed countries. 

The E-US considered have already reached levels of health aad calorie 

intake that elimainate the po3sibility of large-scale improvements. In 

Table VI-4-4 it can also be observed that the contribution of better 



TABLE VI-4-4
 

Correlation coefficients of tbe contribution of
 

various sources of economic prowtb.wth income
 

per capita and rate of economic growtb
 

column 	 Percentage 


attributed to
 

(3) 	 Capital 


(5) 	 Growth of em-

ployment (ex
cluding deaths)
 

(7) 	 Reduction death 

rate
 

(9) 	 Reduction work-

loss days
 

(11) 	 Better nutri-

tion
 

(13) Health and 

nutrition
 

(15) 	 Education 


Correlation witb
 

Income per Rate of
 

capita growtb of
 
ITcome
 

- .120 .009 

- .106 .091 

-.593 * .181 

-.560 * .056 

-.559 * .422 * 

-.646 * .309 

.564 * .739 * 

P Significant at a .95 confidence level
 

Source: Reference (7)
 



growth. This result is somewhat surprising, because this is the only 

positive and significant correlation of the type observed in the study 

of the factor contribution to economic growth with the first method.
 

This suggests once more that the contribution of nutrition to growth 

might be greater than suspected. 

Columns (14) and (15) show that the percentage contribution of 

The main exception is Argentina,education tends to be low in LAC. 

where education makes the largest contribution, but in most of the other. 

not the 5% level. MostLAC the contribution of education does reach 

E-US show a higher percentage contribution. These observations are 

confirmed in Table VI-4-4, where the correlation coefficient between the 

contribution of education and the level of economic development is
 

the contribution of educationpresented. According to Table VI-4-4, 

increases with the level of economic development.
 

Second Approach
 

The second approach is that used in reference il). The first 

that all technological change is laborassumption in this reference is 

once one considers the improvement in productivity
augmenting. As a consequence, 


due to better health, education, housing facilities, nutrition and
 

is no additionalbenefits of social security of the labor force, there 

residual, i.e.,
 

1 BF dA = 0 VI-4-6 

It should be observed that the assumption in equation VI-4-6 

not necessary for the evaluation of the components of equation VI-4-3, 

with the method used in the second approach. The mathod used in even 

could also be used with the assumption that productivitythis approach 
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due to technological change that is simultaneously labor and capital

augmenting grows in time and at a constant rate,
 

In the first approach, attempts are made to use whatever experimental 

studies are available to estimate the changes in the quality of the 

labor force, i.e., in the notation before H, N, and E due to changes in 

the impact of health, nutrition and education. Perhaps the best example 

of these attempts are the efforts to evaluate the changes in the working 

capacity of the labor force due to chang-s in the intake of calories. 

In the second approach, no attempt is made to evaluate explicitly the
 

changes in 1,N and E. It is simply assumed that they are functions 

linear in the logarithms of their inputs. For instance, it is assumed 

that 

H= l7a 1 11x12a12 O.XINU11l-

1 

where 

H as before, quality of labor as determined by health 

Xl i l,...,N 1 inputs of health, such as inhabitants per physician, 

hospital beds per 1,000 habitants, and infant mortality. 

Yll and a i'l,... ,N1 parameters 

the only input consideredIn the equation for nutrition in reference (11) 


is calories per person. The educational inputs considered
 

are primary educational enrollment, secondary educational enrollment,
 

vocational educational enrollment, and higher educational enrollment.
 

In addition, in reference (11) it is assumed that the quality of 

labor is determined by thi charactertstics of dwellingo and by the 

services of social security. In the first case, the changes in the 

quality of labor arc nssumed to dep2nd upon dwel]ings completed per 

caita, and investments in dwe.J.ling-s. In the second case, it is assumed 

that the quality of lI'bur depends upon socin] socurlty Lenefits per 



capita and social Security benefits as a proportion of GNP. 

(11). First,
Two additional transformations are used in reference 

the variable = (dY - (1-a) SS (I-a) VI-4-8 

the capital share of income a is replaced by
is introduced. Second, 

rK 
a =- vI-4-9 

whore 

r w rate of profits. 

VI-4-6 to VI-49,.it is possible
With the assumptions in equations 

Mto write VI-4-2 as 

Z (ia)Y + 11 dX11 + **+llRV11- + NV-4-10S 
dX2 1 dX2NI + ...
 

2N 
- + "'+ 2+ OL2 1 

21X212 2 2N2 

where the variables 

Xli i-1,...N 1 are the inputs in health 

the inputs in nutrition, ete-
X2i -l,**, N2 are 

and the parameters
 

of the linear in logarithm

a i are the parameters 

relating quality of labor determined by health to
functions 

the health inputs 

the quality of labor 
are the parameters ofC2i i-l,...,N2 

determined by nutrition, etc. 

To estimate the parameters r anda in equation VI-4-10, samples of 

were used in reference 
up to 38 countries, one observation per country, 


of their results is presented in Table VI-4-5.

(11). A survey 

Table VI-4-5 and additional regressions not 
From the analysis of 


can be reached.
follwing conclusion-presented in it, the 


as the main determinant of the growth of
 
1. Capital appears 

in the size of the labor force. 
incom= not explained by growth 

http:VI-49,.it


TABLE VI-4-5 

Statistical Analysis of Technological Change in an Aggregate Production Function 

Refer 	 e Number Capital Health. Nutr. Education Housing Social Securtyof Cbs ,-
vation3 
 I1 X12 13 X)C2 X1. 	 x x33
(1) (2) (3) (4) (5) (6) (7) 	

32 34 41 '2 51 52(8) (9) (10) (11) (12) (1'&) (13) (15) (16) 

(L) lutrition 
 32 	 .57 13.2S .21 
 .01 -.07 1.71
9 Health 
 (1.75) 	 (.n1) (.08) (.13) (.38) 
(2) Nutrition 38 
 .37 13.23 
 1.76
 

(.92) 
 (.32)
(3) rducation 
 44 	 .07 12.11 
 -.1s .08 .04 .17

(1.50) (.16) (.08) (.OS) (.06)(4) Housing 
 is 	 .21 8.63 

-.16 	 .70
(5.50) 

C.24) 	 (.35)


(5) social
 
Security 
 28 	 .34 9.41 


(2.60) 
 .22 06
 
(6) Simul-	 .0 (.07)
21 	 .65 9.66 
 2.27
tancous 	 .11 .13 .04
(3.43) 
 .48) 
 (.10) (.22) (.08)
effect
 

1 x rdK/(l-a)Y 

3 	 inhabitants per physician x dwellineScompleted per head 

hospital beds X42 investment in dwellingsX12  per 1000 inhabitants 	 X instaent neigsXl3 i fant mo -ali~ Ms1 social security benefits paid per, head 
X1 	 infant mortality X52 social security benefits as proportion of GNP 

Xl calories per head 
X31 primary educational enrollment 
X32  	 secondary educat onal enrollment
Fj 	 voc.ational educational enrollment 
3U3 ~ inl dctoalerlmn 


X34 	 higher educational output 
In Parenthesis C)standard deviations. 

Source: Reference (11)
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2. Calories per capita is the only determinant of the quality of 

labor that has a consistently significant coefficient. Also, 

the.value of the coefficient and its significance increase when 

only developing countries are considered in the regression.
 

These results confirm those obtained with Method 1. A similar
 

(8) in which, with the methodconclusion is reached in reference 

2 just described, technological change in agricultural production 

is studied. 

that should be mentioned with respect to the statisticalProblems 

analysis of the model in equation VI-4-3 presented in Table 'VI-4-5 are: 

first, a high interdependence or multicolinearity is likely to exist among 

Second, the 'data used in the analysis
the explanatory variables selected. 


that lags are likely to exist between the changesdo not consider the fact 

labor and changes in the quality 	 itself as output.in the inputs of the quality of 

Finally, changes in income are likely to modify such determinants of the quality
 

of labor as calorie intake and inhabitants per doctor. As a consequence 

of these limitations, the regression results in Table VI-4-5 should be 

carefully interpreted.
 

an alternate wayThe main value of reference (11) 	is that it provides 


despite the fact that the intimate
to study the model in equation VI-4-3 

relationship between that equation and the statistical analysis in reference 

(11) is not explicitly stated. 

VI-5 SIMULTANEOUS INFLUENCE OF POPULATION, HEALTH, NUTRITION, AND EDUCATION 

ON PER CAPITA PRODUCTLo 

With ample ju.itification, per capita income or production,' not total 

income, is congidered no the most important index of economic growth. For 

this reason, it in ,seoful to study the inpact of increases in the nize of 



TABLE VI-5-1
 

Comparieon of the positive contribution of bbe bett*r labor
 

ouality to increases in per capita income, wibb the nega

tive contribution of population growth
 

Country Per capita income growth fContribtion of labor
 

Positive Nega- Net
.P
dy 

Y -- rive 

Rate I a 

-.221.58 1.8
Argenti na 3.19 	 100 1.8 1.39 


100 3.0 2.49 2.44 3.0 -.56
 
Brazil 5.49 


2.3 1.90 1.05 2.3 a-1.25
100
Chile 	 4.20 

2.35 3.1 -.75


Colombia 4.79 	 100 3.1 1.69 


100 3.0 1.72 2.47 3.0 -. 53
 
Ecuador 4.72 


3.1 1.42 2.17 3.1 -.93
100
Honduras 4.52 

3.1 -.69
2187 2.41
Ma!xico 5.97 	 100 3.1 


5.63 100 1.8 3.83 1.40 1.8 --.40
 
Peru 


3.84 2.59 3.9 -1.31100 3.9
Venezuela 7.74 


.5 .42
2.70 .92

Belgium 3.20 	 100 .5 


.21
2.81 .91 .7

3.51 100 .7
Denmark 


-.49
100 1.0 3.92 .51 1.0

France 4.92 


Germany 7.26 iO 1.1 6.16 1.88 1.1 .78
 

100 .6 5.36 1.10 .6 .50

Italy 5.96 


100 1.3 3.43 1.06 1.3 -.24
 
Netherlands 4.73 


.51 .9
Norway 3.45 	 100 .9 2.55 -.39
 

U. Kingrdom 2.29 	 ICO .5 1.79 .76 .5 .26 

".39
1.7 1.52 1.41 ( 1.7U.S.A. 3.22 	 100 


Source: Explained in Text.
 



the population and in its quality on per capita income.
 

To introduce the simplest model, let
 

- VI-5-1 
P 

where
 

y - per capita income
 

Y - total income
 

P - total population
 

From VI-5-1 it follows that
 

AX =- d 
y Y P VI-5-2
 

Also, if it is assumed that
 

S=XP 

where
 

S = size of the labor force
 

X w labor participation ratio
 

it follows that
 

dS =dP + A
 
S P x VI-5-3
 

With equations VI-4-3, VI-5-2. and VI-5-3 it is possible to evaluate the 

contributions of changes in the quantity and quality of labor and in the 

size of the polulation to per capita income growth. These three equations 

combine to give the following formula for the contribution of quantity and 

quality of population to per capita income growth:
 
dX .P dfl dli dE. dP
 .(].-a) (Lx + LP - + II + )E - d 

The first component of thic expression gives the positive contributiun of 

labor to per capita income growth. One element in this component is the ( d-a)dP 
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contribution of population growth to per capita income growth through 

of the labor force. The second component gives 'dP 
increments in the size 


the negative contribution of population to per capita income growth.
 

dP

is -aT, and isThe net effect of population growth on per capita income 

for the 18
always negative. The values of the components of VI-5-4 

Table VI-4-3.: The resultscountries studied in Section VI-4 appear in 


obtained with formula VI-5-4 appear in Table VI-5-1.
 

It should be observed that in equationVI-4-3 the influence of population 

growth - directly or through changes in per capita income - on health, 

nutrition, and education has not been considered. As a consequence formula 

VI-5-4 ii likely to underestimate the negative impact of population growth 

on per capita income. 
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CHAPTER VII
 

INTERACTION AMONG DETERMINANTS OF WELL:,BEING,: 'POPULATION ANDI ECONOMIC GROWTH 

VII-I INTRODUCTION
 

In,SectionVI-4-2,.the impact of-observed growth rates of capital, 

labor and technological change, that can be attributed to improvements in 

health, nutrition and education,:on the growth rate of total and per capita 

income was calculated. The growth rates of the inputs of the production 

process were considered as exogenous data. No attempt was made to specify their 

determinants. 

In this Section, the attempts to explain the rate of growth of capital
 

and labor-augmenting technological changes within an economic model will be
 

studied. In this analysis, the framework used in Section VI-4-2 will be
 

extended to form the neo-classic model of economi' growth.
 

VII-2 THE NEO-CLASSIC MODEL OF ECONOMIC GROWTH WITH ENDOGENOUS CAPTIq-L 

AND EXOGENOUS POPULATION 

VII-2-1 The Neo-Classic Model of Economic Growth With Savings Dependent 

Only on the Size of Income 

Some elements of the basic neo-classic model of economic growth were
 

presented in Section VI-4-2. For completeness, the whole model will be
 

presented below.
 

For this, let
 

Y (t; - total income
 

P (t) - total population
 

y - Y./P 

It is assumed that Y is determined by a production function homogeneous
 

and of degree one, i.e.,
 

178
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S- F(KL)= Lf(kl) VII-2-1
 

wnere
 

K a capital services
 

L - labor services
 

K/L
k - VII-2-2
 

yl= ' Y/L
 

To complete the characterization of the production function, it will
 

be assumed that
 

lim f'(k1) = 

lim f" (k1 ) = 0 VII-2-3 

f' > 0, f" < 0 li k = 0 

for every kI. 

Itwill be assumed that population grows at an exogenously determined 

rate, i.e., 

'P(t)- P0 ent VII-2-4
 

and that labor is a constant proportion of the population, i.e.,
 

L - AP 
 VII-2-5
 

With equations VII-2-a and VII-2-5 it is possible to write
 

y - Af (k/A) VII-2-6
 

where
 

k - K/P Ak
1 Vi-2-7 

Finally, it is assumed that
 

- W - C - Z 
 VII-2-8
 

i.e., 
that total production can be used for investment k or total consumption
 

C, and that investment is equal to savings Z.
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A,crucial role in this model is played by the, savings, aud consumption 

function. In the simplest version it is assumed that per capita consumption
 

is a fixed proportion of per capita income, i.e

# (1 - cv) y '111-2-9 

where (1 - .)is the constant proportion of income consumed. From equation 

VII-2-9 it follows that total consumption is a constant proportion of total 

income, and does not depend upon the size of the total population. 

From equation VII-2-8 it follows that savings is also a constant proportion 

of income that does not depend upon total population, i.e., 

Z = oY VII-2-10 

From equations VII-2-1, VII-2-4, VII-2-5, and VII-2-8 to VII-2-10 it
 

follows that 

dY -a (1- a) n VI-2-11 

where, as in equation VI-4-3 

a - capital share of income 

(1-a) - labor share of income. 

One of the principal objectives of the neo-classic theory of economic
 

growth is the determination of the conditions under which all variables
 

grow at a constant rate, common to all of them. This common rate is known
 

as the equilibrium rate of growth, and is determined by the rate of growth
 

of the labor force. The question is to determiie what value the rate of
 

savings should take.
 

With the assumption that income and capital grow at the rate n, equation
 

VII-2-11 becomes
 

a e Cl(-a) VII-2-12
 

0 
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where Y and K are the initial values of production and capital, and 
0 0 

Y /K is the initial capital output ratio. From equation VII-2-12 it follows 

that K'
0 

a~n Y II-2-13 

is the saving ratic needed for an equilibrium growth of income equal to the
 

rate of population growth n. This equation also shows that a is an increasing
 

function of n.
 

To study the behavior of the model outside its equilibrium point and 

whether it approaches equilibrium, the following method will be used. 

From the definLtion of I it follows hat 

dK dL VII-2-14dk1 

1 

Using equations VIT-2-8 to VII-2-10 and the growth rate of labor in eqvition
 

VII-2-14, it is reduced to
 

dk
 
VII-2-15
at = yl - nk1 

Finally, with equation VII-2-1, equation II-2-15 is reduced to 

dk
 -
at = af(k1 ) - nkI VII-2-16 

The advantage of equation VII-2-16 is that it can be represented in two
 

dimensions as in Figure VII-2-1.
 

The characteristics of the graphs for af(k1) follow from the assumptions
 

in VII-2-3. These assumptions-show that there is one and only one equilibrium
 

value characterized with dk/dt = 0 in equation ViI-2-16. It can be shown
 

that this equilibrium is stable.
 

If the value of a obtained in VII-2-13 is used in the equilibrium value
 

of equation VII-2-16, it can be shown that the equilibrium value of production
 

per worker is independent of n. I-lore explicitly, the equilibrium value of
 

production per worker is:
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Figu~e VII-2-1
 

Equilibrium in the neo-classic model of
 
economic growth with exogenous population
 

(if(k1 ) 
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aK
 
o VII-2-17
 

VII-,2-2 The Neo-Classic Model of Economic Growth with Savings.Dependent on
 

Income and Population
 

Statistical Evidence
 

In the neo-classic model of economic growth, population enters only as
 

a determinant of the size and growth rate of the labor force. On the other
 

hand, what empirical evidence is available suggests that savings and invest

ments are decreasing functions of these variables. For example, reference
 

(5)studies the following model:
 
A A 

a ° + ay + 2 L + a3D I + a4D 2
 
Y 

a= °0+ sy + 2 dv_ + 3D3 

where 

O - logarithm of savings ratio, i.e., savings/income 

y - logarithm of per capita income 

y logarithm of growth rate of per capita income 

D1 - logarithm of percentage of the population 0 - 14 years of age
 

D2 = logarithm of percentage of population 65+ years of age
 

D3 - logarithm of percentage of the population 0 - 14 + (65+) years of age 

The results obtained are summarized in Table "11-2-1. They show that
 

the age composition of the population has a significant effect on the savings
 

ratio. More specifically, an increase in the proportion of the population 65
 

and over tends to decrease the savings ratio. The same is true for the
 

proportion of the population 0 to 14, except in the case of the developing
 

countries, where the opposite effect appears.
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TABLE VII-2-1
 

Savings Function with Indices of Population Growth
 

Considered Exogenous
 

R2
Dependent d D1 P2 D3 p
 
Variable Constant Ad/y 

Underde
.1292 .0227* 1.2297* -.4455*
veloped 


(2.1554) .2419 4.6685
Countries (1.8487) (2.8079) (2.7636) 


Western . if d - - .6547)
(1.7099)
( 02 ) .6 )

Developed 
 .4395 4.7245
Countries (.0296) (1.6228) (1.7099) (2.6547) 


Total 7.3439* .1596* .0254* -1.3520* -.3990*
 
.5697 25.1604
(5.7289) (2.8776) (3.2792) (4.6406) (2.5623) 


-1.4893*
7.7762* .1037* .0234* 

(4.8493) .5729 33.635"
(5.7914) (2.3132) (3.0428) 


*Sign-ificant above .1 level or more
 

Source: Reference (5)
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The Extended Neo-Classic Model
 

In references (1) to (6) attempts have been made to modify the savings
 

and consumption equations of the neo-classic model. The main objective of
 

these modifications is to make savings and consumption functions of the
 

size of growth rate of the population. This topic will be studied below
 

in detail. Several of the references mentioned above also consider savings
 

and consumption as functions of welfare expenditures not directly related to
 

production, the conditions of the balance of payments, etc. These aspects
 

will not be considered here.
 

The basic assumption in references (1) to (4) is that savings per 

capita are a function of per capita income, i.e., 

= tf(yt) VII-2-18 

where 

zt savings per capita 

Yt income per capita
 

Implicit in the text or in the values given to the coefficients of the
 

functions used is the assumption that marginal propensity to save per capita
 

income is constant, i.e.,
 

k- 0 C VII-2-19 
dy 

From this assumption it follows that the saving per capita function has the
 

form
 

zt - ayt + w VII-2-20 

where ffis the integration constant, i.e., its value does not depend upon per 

capita income. For future reference, it is useful to observe that w represents 

the level of savings when income per capita is zero. As a consequence, it is 

reasonable to assume that w 4 0. 
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At this stage, references (1)to (4)can be divided in two groups: the
 

first including references (2)-to (4)-, andihe-Second reference (1).
 

In the first group iT is cetermined'from VII-2-20 with the values of 

zt and yt for t=O, and the assumption that total savings equals total invest

ment, i.e., ir is determined from 

W = z -o VII-2-21°
 

and 

Z =I VII-2-22 
0 0
 

With this, w has the value 

=-cY° - 1)/P1 

used in references (2)to (4).
 

In reference (1)n is determined using as initial values for zt and Yt
 

in VII-2-20 those of period t-l. With this, n becomes
 

= zt_1 - ayt_1 

This expression can be used to obtain the value that modifies aYt in reference
 

(1). It isworthwhile to observe that w in reference (1)is a constant, despite
 

that the values of zt and yt change with t.
 

The only point remaining is to study the implication of the savings func

tion in VII-2-20 for the equilibrium rate of growth of income. 

From the method used to obtain VII-2-11, and total savings obtained from 

VII-2-20, it follows that 

dY aY + 7rP + (l-a)n VII-2-23 
Y K 

from equation VII-2-23 it follows that
 

k o P0
 
a = PO VII-2-24
 

o 0 
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I.e., if w-<0, the savings ratio in equilibrium is increased by the
 

amount -wP /Y over the level determined by the neo-classic model when pop

ulation is rot considered in the savings function.
 

Using the procedure in equations VII-2-14 to VII-2-16 it can be shown
 

that the basic differential equation becomes

dk
 
dk 'kI + v - nk VII-2-25 

From equations VII-2-24 and VII-2-25 with' dk/dt 0, it followd that 

f(kl) (nkl - rA)Y / (nK " Po) VII-2-26
0. 0
 

It can be shown by direct'comparison that the equilibrium value of income
 

per worker in VII-2-26 is lower than that in VII-2-17 obtained under the
 

assumption that total savings do not depend on total population.
 

In reference (6), to determine savings, the influence of population
 

growth on consumption is considered first. The consumption function assume4 is
 

Y
 
Cp = (1-) + -- (Pt - Pt VII-2-27
 

The first component is the consumption of the population at date (t-l) 

when its income has increased to Yt, and the second is the increment to that 

consumption due to the increment in population. ' In the same reference it is 

stated that from equation VII-2-27, t follows that 

Yt 

-lPt = (l-0)* + n) Yt vII-2-28C (i')P-
t-1
 

However, that 'this is not the case can be shown as follows: assume that the
 

Initial propensity to consume is (1- 0). The argument above permits us to 

conclude that 

cI =1- n)Y
 



this means that the propehsity to consume in year 1 is (1-a) (1+n). 

Repeating the argument, one obtains that 

2
2 •0 

and so on in succession, so that the consumption function implied by VII-2127 

is C (1"co) (1+n)ty: 

meaning that the marginal propensity to consume grows at the exponential rate
 

n. Clearly, this result is not consistent with the accepted conclusion that
 

consumption is at most equal to income.
 

Taking into consideration the fact that the consumption function in
 

VII-2-28 is one of the functions that incorporates the results in Section
 

VII-2-2, it isuseful to explore its implications. However, it might be
 

useful to repeat that it should not be derived from the assumptions in
 

VII-2-n7. 

It follows from the consumption function in VII-2-28 that total savings 

is given by 

Zt - [a - n(1 - a)]Yt VI-2-29 

Replacing this total savings func.tion inequations VII-2-11 or VII-2-23 

it follows that 
I n(l + KO VI-2-30 

Sl+n 70 
" 

ie., to achieve an equilibrium growth of n, savings must be increaised'by 

approximately n over the value needed according to equation VII-2-13.1+n
 

The basic differential equation presented in VII-2-15 and VII-2-25
 

becomes
 

dk1 it [a - n (l-a)] f (k1) - nkI VII-2-31 
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From the equiLibriutd values for a in'VII-2-30 and for f(k3 ) in"VI-2-31, 

itfollows that the equilibrium value of production per worker is, in the
 

present case, equal to the value in equation VII-2-17.
 

POPULATIONVII-3 THE NEO-CLASSIC MODEL OF ECONOMIC GROWTH WITH ENDOGENOUS 

VII-3-1 Introduction
 

In the models considered in section VII-2 no attempt is made to explain
 

the rate of population growth, and as a consequence, population size
 

and growth themselves. These variables are determined outside the model,
 

and considered as data. The investigations in which population growth
 

appears as an endogenous variable will be considered below. 

(7), (8), and (9) -The Malthusian'model - as elaborated in references (2), 


In this model, population growth
should be considered as a starting point. 


is determined by income, i.e., it is an endogenous variable, while capital
 

For this reason, a purely Malthusian approach
formation is left unexplained. 


Mainis of only historical interest and will not be elaborated on here. 


taining historical perspective, it is useful to consider the Malthusian
 

model as a predecessor of both the statistical studies made to evaluate the
 

influence of income on fertility, such as in references (1), (4), (5), (6),
 

(10), (11), and (12), and also of the theoretical models of the relationship
 

between economic conditions and family size that have been developed and
 

studied. The main reference in this area is (3).
 

VII-3-2 The Neo-Classic Model With Endogenous Population and Savings Dependent
 

Only on Per Capita Income
 

more appealing approach to the study of population growth as an endo-
A 


genous variable in an economic model is obtained by expanding the neo-classic
 

In this case, both capital and population
model presented in Section VII-2. 
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grqWoh are considered endogenous to the model. This approach is used in 

reference (1) and is summarized below. 

To extend the neo-classical model of economic growth, it is assumed that 

P - n'(y) P VII-3-l 

where n(v) is the rate of population growth given by 

VII-3-2n(y) = a(y) - 1(y) 

with
 

a(y)= birth rate
 

'(y)f= death rate
 

The empirical evidence available provides a basis for a more complete 

characterization of the function in VII-3-2. 

It is assumed that 

lim a(y) = 0 and lim U(y) + ca VII-3-3 
y+o y+o
 

so that 
lim n(y)- c 
3"o VII-3-4 

For values of y above but near a subsistence level, it is assumed that
 

> V (y) 

a'(y) > 0, U' (y) < 0 VII-3-5 

''(y,) .S0,."'(y)> 0 

so' that for these values of y 

Ty) > 0 

n'(y) > 0 VII-3-6 

nit(y) < 0 

For intermediate and high levels of development, the characterization
 

of Pj(y) in VII-3-5 does not change, and it is complemented by the assumption
 

that
 

= Jim py) D VII-3-7
 

y 40
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It is assumed that the function c(y) reaches a maximum value at y.
 

and then declines so that
 

urnm c(y) -A vII-3-8.
 

As a consequence, n(y) will also increase to a maximum, and then decrease
 

asymptotically to A-D. When approaching this asymptotic value,
 

n'(y) < 0 and n"'(y) > 0 VII-3-9
 

The sign of A-D remains an open question, but in the countries with the highest
 

level of development at the present time, n(y) is positive. Inthis section,
 

A-D will be restricted to positive values.
 

The function n(y) is graphically represented in Figure VII-3-1. It should
 

a function of k, and since
be observed that from VII-2-6 it follows that n is 


f'(k) is positive, the general shape of n(k) in Figure VII-3-1 does not change.
 

It is also assumed that 

lim n'(k) k = 0 VII-3-10

k w 

When the growth rate of population is determined by income, analysis of the 

growth rate of total income dY/Y with equations similar to VII-2-11 or VII-2-23 

is not particularly 'ruitful. Below, only the basic differential equation equiva

lent to VII-2-15, and VII-2-25 will be studied. This equation takes the form
 

-y-a-n(y) 6kVII-3-11
 

where
 

c = C/P 

It is assumed that
 

C = C(y) 4y VII-3-12
 

i.e., that c is a function of y, less than or equal to y'for all y.
 

From equations VII-2-6 and VII-3-11 it follows 
that
 

y/y a (f' /y)* (y-c-n (y) * k) VII-3-13
 



Figure VII-3-1 

Rate of'Growth of the population 'as a-tuhction 

of Per capita income
 

n (y) 

A-D 



Figure 'M11-3-2 

"Eqdilibrium in the Neo-classic model of economic 
growth with endogenous population and savings
 
dependent only on per capita income
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Figure VII--3 

gs~rat: function of -the rate of :2growth of populationLo~~as! a 

,
,i 1° 




Figure VII-3-4
 

Equilibrium in the neo-classic model with endogenous
 
population and savings dependent on per capita
 
income and population growth.
 

[o - n(k) (1-a)]f(k)/ . (A-D)k
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The graphical representation of the functions y-c, n(k) * k and (A-D) * k 

in Figure VII-3-2 is useful for the study of the properties of differential 

equation VII-3-11. The graphs for y-c and (A-D) * k need no explanation. 

Only limited information can be obtained with respect to n(k) * k. For 

values of k above some threshold, n(k)> A-D and u(k) * k > (A-D) * k. The 

sign of the derivative of n(k) * k is,for a range of values of k, ambiguous. 

If n' (k) > 0, then n'(k) * k + n(k) > 0: however, if n'(k) < 0, the sign 

of the derivative cannot be determined from the information given above. 

Finally, from equations VII-3-7 to VII-3-10 it follows that 

lim [n'(k) * k + n(k)] - A-D VII-3-17
k-+O
 

From figure VII-3-2 it follows that for k = 0, equation VII-3-11 can
 

have one, two or three real roots. Furthermore, the phase diagrams derived
 
from Figure VII-3-2 show that roots k11' k13' k22 and k31 are stable. Root k21
 

is stable for k < k21 and unstable for k > k21. Finally, root k12 is unstable. 

The case with three roots shows that countries starting with low values 

of y-c and high rates of population growth are likely to reach a stable 

equilibrium with k - k and a low per capita income. Countries without these 

characteristics might reach the equilibrium k - k31 directly. The analysis 

shows the importance of increasing savings or reducing n(k). 

Finally, the golden rule of capital accumulation is briefly considered.
 

The growth of the economy is chosen such that at the equilibrium value of k,
 

the consumption per capita is maximized. The necessary condition for this
 

optimization is that
 

- x'(k)' k + n(k) VII-3-15 

From figure VII-3-2 it follows that equation VII-3-15 might have multiple
 

solutions in k; some of them might give a maximum for c with n(k) < 0, while
 

other solutions will give a minimum for c.
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VII-3-3 The Neo-Classic Model with Endogeneous Population and Savings 

Dependent on Income Per Capita and Rate of Population Growth 

To introduce the influence of population growth on consumption and savings, 

the following marginal propensity to save will be used: 

(a- n(y) (1 - a)] 

This marginal propensity to save is presented in Figure VII-3-3, assuming 

that a is constant and that n(y) is as presented in Figure VII-3-1. As a 

consequence, Figure VII-2-1 and VII-3-2 now become Figure VII-3-4. The
 

observations made with Figure VII-3-2 now become Figure VII-3-4. The obser

vations made with Figure VII-3-2 with respect to the number of roots of the
 

basic differential equation and the stability of the equilibrium points are
 

still maintained.
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CHAPTER VIII 

INTERREIATIONS'AHO!W THE DETERMINANTS OF WELL-BEING: 

POPULATION, HEALTH, NUTRITION, EDUCATION, 

PRODUCTION, AND INTERPERSONAL RELATIONS 

VIII-1 INDICES OF INTERPERSONAL RELATIONS TO BE USED 

As in the case of practically all the determinants of individual 

well-being, there is no universally accepted indox of the characteristics 

of interpersonal relations. As in the case of health conditions, the 

most easily accessible indices of interpersonal relations are those of 

deficiency. Thus, the indices to be used below are indices of crime 

and of group violence.
 

No attempt will be made to characterize crime or delinquency and
 

group violence precisely. The indices accepted by criminologists, and 

in particular the agencies in charge of collecting statistical data,
 

will be used without discussion. The reader interested in detailed
 

studies of statistics on crime should see reference (1).
 

A systematic attempt will be made below to study the influence of
 

population, health, nutrition, education, and economic variables on crime
 

and group violence, the two indices of interpersonal relations to be
 

used in this study.
 

VIII-2 POPULATION SIZE AND GROWTH AND CRIME 

VIII-2-1 Experimental studies in Animals 

Some evidence on the realtionship between antisocial behavior and 

population density comes from experiments with animals. For example, 

in reference (1) the effects of overcro-'ded conditions on Norway rats 

are reported. In these experiments, the only disadvantageous condition 

was the size of the dwelling units. Plenty of food was provided. 

201
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Interni pe tabilitr'y!werenet Matained under these conditioneUadand~ 

1hrough lack of care of!the youngand poor distribution of the space 

and food available, health conditions deteriorated, antisocial behavior 

became common, mortality was high, and the population of rats stabilized 

at a number not too much above what would be considered a reasonable level. 

VIII-2-2 Family Size and Crime Rates 

The relationship between numbers of children per fally and popuatio 

size and growth does not need to be emphasizedo 

In reference (2), 13 studies of family size of delinquents and 

In all these studies, the size of the familiescriminals are reported. 

of criminals is larger than that of non-criminals. A 'summary of the 

results appears in Table VIII-2-1. 

The positive relationship between delinquency and family size has 

been attributed to the conflict between family size and parental attention, 

Some support for this hypothesis comes from the fact that criminality
 

is more frequent in persons who have been intermediate children, i.e.,
 

who had both older and younger siblings. (1)
 

VIII-2-3 Population Density and Crime Rate 

The statistical data available shows that crime rates tend to
 

increase with the size of the communities measured in terms of number of 

inhabitants. However, this statistical correlation hardly constitutes 

a theory for explaining crime rates. 

The attempt in reference (3) to explain crime rates in terms of 

population density can be summrized as follows. It is first assumed
 

that each person in a population interacts with n other persons, where
 

n is a function of the density of the community, i.e.
 



203 

Table VIII-2-1
 

Average Family Size of Delinquents and Controls
 

Origin of Samples N Y Families of Families of 

Samples De qe Controls 

British studies 4 5.37 3.31
 

U.S.A. studies 9 5.74 4.75
 

The differences between the means are signified at a 5% confidence level
 

inthe Mann-Whitney U test
 

Reference (2).
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Pa VIII-Z-1nl A
 

where 

a constant
 

P number of persons in the community
 

A area of the community.
 

From this it follows that the total number of interactions -- to be 

denoted with N -- is 

N- nP VIII-2-2 

In addition, it is assumed that the total dumber of crimes -- to
 

be denoted with C -- is a constant proportion of the number of interactions,
 

i.e.,
 

C - bN VIII-2-3 

From formulas VIII-2-1 to VIII-2-3 it follows that the crime rate 

to be denoted with c -- is 

c - ab AP VIII-2-4 

i.e., crime rate is a constant proportion ab of population density. 

In reference (3), the hypothesis in V1I-2-4 is tested for Canada
 

in the period between 1901 and 1921. The percentage of urban population
 

with respect to total population is used as an index of population density.
 

To test the hypothesis in VIII-2-4, indices of the values of c and P/A are
 

computed. The results for selected years appear in Table VIII-2-2.
 

These results show, first, that either the assumptions in equations VIII-2-1
 

to VIII-2-4 do not hold true or the index of population density in those
 

equations is not satisfactory, and second, that whatever the limitations of
 

the approach, the difference between c and ab shows that population density
 

explains a large part of the changes in crime rates.
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TABLE VIII-2-2
 

CANADA: INDICES OF CRIME AND POPULATION DENSITY
 

Year Index of Index of
 

c P/A 

1901 100 100
 

1910 196.1 113.1
 

1920 189.8 129.9
 

1929 266.3 161.2
 

Source Reference (3). 
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basic idea as the model just presented.Reference (2) uses the same 

However, in this case social interactions are considered identical to 

atoms or nuclei in the interior of a star. Thecollisions between 

rape and murder aredifferent types of crime, such as assault, robbery, 

energy. Finally, populationidentified with collisions having different 

considered equivalent to densitydensity in numbers per square mile is 

of atoms and nuclei, expressed in numbers per cubic centimeter. On the 

these somewhat far-fetched assumptions, some surprisingly goodbasis of 

fite are obtained to describe the relationship between density and crime 

israte in American cities in 1940, 1950 and 1960. However, no attempt 

made to describe the changes in crime rate from one date to the next.
 

Since density in certain areas decreased from 1940 to 1960 while crime
 

the model will not give satisfactoryrate increased, it is likely that 

results. 

A possible criticism of the references above is that they do not take 

theinto consideration all the determinants of social interaction, or 

reasons why such interactions might have criminal outcomes. 

More specifically, equation VIII-2-1 does not explain the fact that
 

the use of automobile transportation is likely to increase the number
 

of interactions, even if density remains constant or even decreases. 

In reference (1) a more detailed study is made of the reasons why 

interactions might have a criminal outcome. For this purpose, an analysis
 

is made of crime rates in a small city, first in a period of increasing
 

and second, during a period of decreasingpopulation and (likely) density, 

population. During both periods, the crime rate increased. The author
 

states that this phenomenon is due to the influence of socio-cultural
 

factors, but unfortunately, he leaves these unspecified.
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VIII-3 HEALTH AND CRIME 

An 'attempt will be made here t-o- s-itnarize the 'planations''available 

of crime rates based on interenerational and genetic" aspects of physical 

and mental health and conditions in the different stages of life. 

It is worthwhile to notice that criminology is among the first 

sciences in which attempts have been made to relate physical characteristics 

with personal behavior, as in the case in the classical studies of Lombroso. 

VIII-3-1 Hereditary and Genetic Determinants of Crime 

A distinction will be made here between hereditary influences, on 

the one hand, and genetic on the other, even though such a distinction
 

might not be accepted by biologists. Under the heading of genetic 

influence, some observations with respect to abnormalities in the 

chromosomes will be presented. These abnormalities are not, in a strict 

sense, determined by the characteristics of the parents. On the other 

hand, the hypothesis has been formulated that a p opensity to crime 

is inherited from the parents. 

The physical and mental characteristics - as far asof -son, 

heredity is concerned, are determined by the chromosomes he receives from 

his parents. The normal number of chromosomes is 46 in each cell except 

those directly involved in reproduction. These have only 23 chromosomes. 

In this way the descendants receive 23 chromosomes from the father and 

23 from the mother. 

The sex characteristics of a person are determined by two chromosomes, 

designated X and Y. A woman has two X chromosomes and a man one X and one Y. 

In 1961 an abnormality was observed with respect to these chromosomes. 

A few persons have more than two sex chromosomes, in combinatibns XXY, 
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XYY, XXXY, XXYY, with totals of 47 or 48 chromosomes., These abnormalities 

mongolism, extraordinaryhavesbeeu1.assocated wth hih mortality in infancy, 

he~.ght, etc., heyhave ,;also been associated with a propensity to crime. 

However. according to references (2) and (3), the evidence collected so far 

and might even be false,indicates that such conclusions are at least premature, 

!+ ,So+gfar, genetic abnormalities have been considered. These abnormalities 

not hereditary in the sense of transmission from the parents. 

Evidence of hereditary transmission of criminal tendencies has been 

sought in studies of identical twins. A survey of these studies is found 

results obtained show that a higher proportionin reference (1). The 

of identical twins than of non-identical twins and other siblings become 

twinscriminals. However, no studies seem to be available of identical 

reared apart. As a consequence, the studies made show at best that 

hereditary plus environmental influence bring about a propensity to 

crIstu. 

Y!U-3-2 Health Conditions in Infancy and Childhood and Their Relationship 

to Crime 

According to Reference (4), a .64 significant correlation coefficient 

was found between infant mortality and delinquency rates in Chicago. 

:In reference (1) it is observed that the areas of American cities where 

crime is most serious also have the highest incidence of childhood 

diseases such as measles and mumps, sometimes 50% higher than that of 

the city as a whole. 

These studies do not show that health conditions during the early 

life of a person influence his or her criminal behavior late in life. 

This point is directly studied in reference (2) and (3). The.results
 

of these studies are presented in Table VIII-3-1.
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Table VIII-3-1 

Health Conditions in Infancy of Delinquents and Non-Delinquents
 

Percentae Percentage 

amon among Non-

Health Conditions Delinquents Delinquents 

General poor health 14.7(1) 9.3(1) 

25.0(2) 18.0(2) 

Susceptibility to contagion 
 27.0(1) 
 20.0(1)
 

All differences between percentages are significant at least at a .05 confidence
 

level 

Sources: 	 (1), Reference (3) 

(2). Reference (2) 
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VIID-3-3 PhysicalHeailth and Delinquency 

this case are similar to those described in theConditions in 

conditions during infancy and delinquency.relationship between health 

In rererence (3) a .93 significant correlation is found between incidence 

of tuberculosis and crime rates. In reference (1) it is stated that the 

cities where crime is most serious have a lower life areas in American 

expectancy, and sometimes a death rate 25% higher than for the city as
 

a whole. However, these observations only show the connection between
 

iaveral social problems. In reference (4), a summary of 21 studies in 

England and the USA concludes as follows (p. 128): "The evidence of 

these studies thus does not support the view that delinquents are 

Any suggestion to the contrary seem
characterized by their poor health. 


to be the result of the relatively crude methods of investigation formerly
 

employed. In more recent work, as definitions have become more precise,
 

and comparisons are made with appropriately selected control groups,
 

differences between the health records of delinquents and non-delinquents
 

have tended to disappear."
 

In Reference (2) the influence of more specific aspects of health 

and crime are studied. In this reference, mention is made of analysis
 

of the brain and nervous sytem of delinquents andof characteristics 

non-delinquents. The results obtained show evidence that some brain
 

injuries produce criminal tendencies. Also, some studies show that a 

high percentage of delinquents have abnormal electro-encephalograms.
 

Finally, some investigators have observed that signs of neural disorders 

such as ticks, tremors, and irregular reflexes appear frequently among 

delinquents. 
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VIII-3-4 Mental Health and Crime
 

and in 	 trequentlyVericiencies in mental capacities mental health have 

The fact that as much as 25%been assumed to be associated with crime. 

of some prison populations are mentally retarded has been used as evidence
 

to support this hypothesis (1). However, more detailed studies have not 

(3). It has been suggested thatbeen able to sustain this result (2), 

in prison is a consequencethe larger proportion of mentally defective 

of the fact that criminals having these characteristics are more easily 

apprehended.
 

VIII-4 NUTRITIONAL CONDITIONS AND CRIME 

Information on nutritional conditions of delinquents during their 

lives and at the time of the criminal offense is extremely scarce.early 

observed that 14.1 percent of the delinquent andIn reference (1)it is 

10.6 percent of the controls said that they had gone "short of food 

through 	 (their) mothers' finding it difficult to make both ends meet". 

the delinquentsIn the same reference it is observed that about 25% of 

showed signs of deficient nutrition. 

VIII-5 EDUCATION AND CRIME
 

VIII-5-1 Introduction
 

As the concept of education used in this Section is an extended one,
 

it should include not only formal schooling, but also the socialization
 

To outline a complete study
process in the family and in peer groups. 


let us assume that the conditions in family, formal schools and peer groups
 

could be classified as favorable and unfavorable to crime. For instance,
 

Similar examples can
a broken home is one condition favorable to crime. 

be given for the school and peer groups. 

Eight combinations of these conditions with respect to crime can
 

be formed. An example would be the following: favorable in the familyp
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unfavorable in school, unfavorable in the peer group. A complete study 

on a of delinquentsof the influence of education crime would require sample 

and non-delinquents in each of the eight combinations described. In 

this way it would be possible to discover, for instance, whether family 

conditions have an overwhelming influence, or if they can be reversed 

by - say - school conditions. 

Several drastic simplifications included in this outline should be 

One of these is that no mention has been made of the differencesmentioned. 

in physical and intellectual conditions of the students, or of their
 

family background, etc. Another aspect is that formal education can take 

place before, at the same time, or after a person has been involved in 

criminal activities, whether or not he or she has been apprehended. If 

the criminal is apprehended, the education can take place in correctional 

These aspects are only examples of the many questions not
institutions. 


included in the outline described for a study of the relationship between 

education and crime.
 

A systematic analysis like the one described does not seem to be
 

available, although fragments have been covered by different authors. 

The basic problem with partial studies is that the information excluded 

might be that which leads to the conclusions reached. For instance, 

most sociologists would be willing to agree that a low level of education 

is not a determinant of a criminal career, but rather that these two 

-characteristics are a consequence of deficient family background including 

say - a broken home. This hypothesis cannot be tested on the basis of 

data now available. 

Below, attention will be concentrated on formal education in the 

schools. The reader interested in the impact of family education should 
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consult, for instance, references (3), (4), (5), (6), (7), (8). The impact
 

of peer groups is studied in references (1), (2), (3), (4), (8).
 

VIII-5-2 Formal Education and Crime
 

In this section only two topics will be considered: the delinquent 

activities of students and drop-outs, and the school achievement of the 

delinquent. Other topics of interest such as the role of the school 

in identifying children with incipient behavior problems in order that 

they might be referred to the proper agencies for early treatment (see
 

references (3) and (4) ) will not be considered. 

Delinquent Activities of Students and Dropouts
 

In reference (1)a study is made of the delinquent activities of 

743 tenth grade boys in two high schools in an American city. The basic 

hypotheses are that 1) the rate of delinquency is greater for boys while 

out of school than while in school, regardless of whether they leave
 

school as dropouts or as graduates; and 2) delinquents who drop out have
 

a higher delinquency rate while in than while out of school.
 

The results inTable VIII-5-1 show that offense rates are reduced
 

substantially when the person changes from student to non-student status.
 

This result contradicts, to a large extent, the expected one that school
 

attendance will reduce criminal behavior, and sustains the idea that
 

youths attempt to achieve specific objectives, either with delinquent
 

behavior or by dropping out of school. The specific objective attempted
 

could be the avoidance of frustration provoked by unfair eompetition.
 

A limitation of the study commented on here is that it does not give 

any indication of the relative importance of the offenses of d.ropouts 

before and after leaving school, nor does it compare the delinquent 

behavior cL gradvates vs. that of dropouts. It might be that boys 

with a higher number of offenses who remained in school have a lower crime 
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TABLE VIII-5-1 

Offense Rates Among Boys In and Out of School 

School Status 	 Offense rates 

I In School 

I 	- 1 Future graduates 4.34
 

I - 2 Future dropouts 
1-2-1 Delinquents while 

in school 60.78 
1-2-2 All dropouts 8.03 

II Out of School Dropouts
 

II - 1 Delinquents while 
in school 31.01 

11 - 2 All dropouts 2.75 

* 	Number of official contracts reported by law enforcement 
agencies per 10,000 days 

Source: Reference (1)
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TABLE VIII-5-2
 

Percentage of Delinquents and Controls with Below Normal
 
Educational Achievement
 

Studies in 	 Percentages for Percentages for
 
Delinquents Non-Delinquents
 

England* 42.3 18.3
 

U.S.A.** 79.2 43.9
 

*Average of 3 studies quoted in reference (5).
 

**Average of 3 studies, 2 quoted in reference (5)and 1 in reference (2).
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a saui.Iar number. 'offenses who droppedrate' s adults4 than boys witn 

out. 

Educational Achievement of Criminals
 

In Table VIII-5-2 a summary of statistical data from numerous
 

These data show the reason why "there is fairly
studies is presented. 


good agreement that those who are found guilty of offenses tend to have
 

poor school records" (5). All the different authors emphasize that the
 

delinquents seem to perform below capacity.
 

VIII-6 ECONOMIC CONDITIONS AND CRIME
 

In this Section the methods of economic theory are applied to the
 

study of criminal behavior. In Subsection VIII-6-1, an economic model
 

of criminal behavior is presented, and in VIII-6-2 the scarce evidence
 

available is used to verify whether the results of the model are reasonable.
 

VIII-6-1 An Economic Model of Rational Choice Between Criminal and
 

Non-Criminal Activities
 

Economic Theory is a collection of models describing how a perfectly
 

rational economic unit would behave. Rationality is defined in this case
 

as the use of the means under the control of the economic unit in such
 

a way as to optimize the objective it wishes to achieve. For instance,
 

in the economic theory of consumer behavior, the question of how a consumer
 

unit would allocate its income in order to maximize its well-being is
 

studied.
 

Similar problems of allocation of scarce resources can be considered
 

in the study of crime. Reference (1) studies the problem of using the
 

The possibility
resources available in such a way as to minimize crime. 


to be studied in this chapter deals with the allocation of the time
 

available to a "typical person" between criminal and legal activities,
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assuming cthat this objective is -to maximize the retrnkqhe receives. 
The first step in this analysis is the specification of the retus 

anoindividual receives from his activities.
 

Itwill be assumed that the return per unit of time in criminal
 

behavior is r1 ,where r1 is a finite positive number, i.e. 0 (<,1 

A criminal would enjoy this return if he is not apprehended and punished. 

This meansthat if p denotes the probability of apprehension and punishment, 

the expected return per unit of time is (1- p) rl. In addition, it 

will be assumed that the penalty suffered by those criminals that are 

apprehended can be represented by a monetary value. This cost of 

apprehension and punishment for the criminal per unit of criminal
 

activities will be denoted with c,where c is also a finite positive
 

number. As a consequence, the expected cost of apprhension and punishment
 

is pc. From the observations above it.follows that the expected total
 

return per unit of time devoted to criminal activities is
 

- - pc + (1 - p)ri 	 VIII-6-1
 

It will be assumed that the expected return per unit of time-used
 

in legal activities (to be denoted with R2) is received with certainty,
 

and that R2 is also a positive finite number.
 

Finally, if x1 is the number of units of time used in criminal
 

activities, and x2 is the number of units used in legal activities, the
 

total return that a person receives from the use of his time is
 

Z 0 RlxI + R2 x2 	 VIII-6-2 

Below it will be assumed that the objective of a 	typical person is to
 

in such a
distribute his time, i.e., to specify x1 and x2, way as to 

maximize Z. 

The objective function in VIII-6-2 includes the implicit assumption 

that the person evaluates correctly the probability p of detection, 
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not bring him any satisfaction or-dissatipfactio.and that-risk'itself~dOe8 
However, 'p,will-besubjectiveiy:evaiuated, and this evaluation can be 

above or below its actual value. Alsoia risk taker will enjoy the risk
 

itself, while the opposite is true forla risk avoider. These assumptions
 

For the timelbeing the assumptions in VIII,6-2will be modified, later. 

will be maintained.' 

The next step is the determination of the constraints that a person 

Three constraints will befaces in assigning values to x1 and x2 , 


First it will be assumed that moral principles restrict
considered here. 


the amount of time a person devotes to criminal activities, i.e.
 

O_<xl<_al VIII-6-3
 

It will also be assumed that conditions of un and underemployment
 

bound a2 to the time that a person can give to legal activities.
set a 


These observations
If full employment prevails, a2 would be infinity. 


show that x2 must satisfy the constraint
 

VIII-6-4
O_<x2a 2 


Finally, the constraint of total time available to a person should
 

be considered. Denoting this time with a3 , the constraint takes the form 

Ocx1 + xb!a 3 VIII-6-5 

In summary, the problem of distribution of time between legal
 

and illegal activities has been reduced to that of optimizing VIII-6-2
 

subject to the constraints in VIII-6-1 and VIII-6-3 to VIII-6-5.
 

An advantage of the problem presented above is that it can be
 

This will be done below with the aid of Figures
studied graphically. 


The shaded area of these figures represents the sets
VIII-6-la and lb. 


in which constraints VIII-6-3 to VIII-6-5 are satisfied. Fig. la
 

corresponds to the case in which under and unemployment are assumed,
 

while Figure lb represents the case in which full employment is assumed.
 

In Figure la it is also assumed that the point F1 lies to the right of
 

the line determined by the upper boundary of constraint VIII-6-5. This
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tnat, despite the employment and moral constraints, a person can 
means 

it is also possible that 
.,H1owever,time available ,to him.usei all the 

will force him to waste some of his time. In 
the values of a1 and a2 

a3 , and the 
this case P will' be at the left of the line x1 + x2 

of time will be reduced from theusesboundary of the set of feasible 

Fig. la 
to the point F1 . The analysis below will refer to 

segment C1D1 

is at the
 
as it stands now. Its adaptation to the case in which F1 

left of the line x1 + x2 a3 presents no problem and will be 
left to 

the reader.
 

x, and x2 that maximize the objective
To determine' the values of 

that are
function in VIII-6-2, it is necessary to specify the points 

the locus of the function in VIII-6-2 and the shaded 
common to both 

areas in Fig. 1, with th, added condition that the locus of the function
 

in VIII-6-2 should not have any common points with the 
interior of the
 

shaded areas in Fig 1. In mathematical terms this can be expressed by
 

saying that the values of x1 and x2 are determined from 
the "intersection'
 

of the locus of the objective function with the set 
formed only by the
 

boundary points of the shaded areas in Fig 1. The term "intersection"
 

will be used frequently below with the meaning just given. 

The precise location of the intersections of the locus of 
the
 

depend on the values
 function in VIII-6-2 with the shaded areas in Fig. 1 


of the slope -R1/R2 of the line
 

x2 - Z/R2 - Rlxl/R2 VII-6-6 

of the slope on VIII-6-6 each of
obtained from VIII-6-2. With changes 


can be the one that determines
the boundary points of the shaded areas 

the maximum of VIII-6-2. All the existing possibilities are classified 

in five sets below. 



-1. 3ince'the possibility.of ,having the line in..VIII-6-6 parallel to 

the x2 axis is excluded with 'the assumption that R2 :
is a positive numb*er, 

the first possible intersections, moving clockwise, are in the points 

B1 or B2 depending on whether or not un and underemployment is assumed.
 

Intersections at these points mean that a rational person would devote
 

as much time as possible to legal activities and none to illegal ones,
 

even though with un and underemployment he will have to waste some time.
 

This result would be achieved if the slope -R1 /R2 is positive, i.e.,
 

with R2 > 0 if R 
< 0 meaning that crime should have a negative return.
 

According to VIII-6-1 this is possible if
 

r1/(r + c) < p <.1 VIII-6-7
 

Formula VIII-6-7 established a relationship between the cost c for a criminal
 
of being detected and the probability p of detection, with the assumption
 

that rI is a constant. According to this formula, with low values of c,
 

only high probabilities of detection will make points of B1 and B2
 

the determinants of the values of x, 
and x2o With high values of c, even
 

low values of p are sufficient to deter crime.
 

2. Moving clockwise, the second possible intersections are at the
 

points in the segment B1 to C1 in Fig. la and still in point B2 in
 

Fig. lb. 
 This means that a rational person, in conditions of un and
 

underemployment, could devote some time to criminal activities, but this
 

will not increase his return Z. On the other hand, with full employment
 

the optimum choice is still to devote all the time available to legal
 

activities. 
 These results are possible if the slope of VIII-6-2 is
 

determined by R2> 0, and R,-
 0, i.e., with equality in the left hand
 

side of VIII-6-7. As a consequence, the relationship b~tween p.and a
 

noted.in 1 still holds.
 

http:possibility.of
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3.- Thdfnext possibility consists of intersections at(pointsC-Iand B2 . 

This means that with un and underemployment, the optimum choice for a 

rational person includes some criminal activities. However, withzfull 

employment, the choice would still be legal activities only. For the 

intersections to be in C1 or B2 , it is necessary that -1 < -R,/RyC 0. 

These conditions are satisfied if 

(r1 - R2)/(r1 + c) <p <rl/(t1 + c) VIII-6-8 

Since the right hand boundary of the inequality in VIII-6-8 has already 

been commented on in 2, only the left hand side will be discussed 

below. This side shows that, with fixed r1 and c, the range of p 

increases with R2 . With 2 > rl, values of p - 0 are admissible. This 

shows that a rational person will choose the distribution of time implied 

by C1 or B2 , even without any probability of detection, if the returns 

of legal activities are sufficiently higher than those of illegal ones. 

It should be emphasized that, in the present case, with the values of 

and x2 determined in conditions of full employment, no time is
 

allocated to illegal activities. It should also be observed that
 

r1 > R2 is possible only if the person victimized others whose income
 

and wealth are greater than his own. In this sense the difference
 

- R2 can be considered an index of concentration of the distributionr1 

of income. The inequality in VIII-6-8 shows that to maintain the distribution 

of time implied by intersections at the points C1 or B2- the probability 

of detection should increase with the concentration in the distribution 

of income.
 

4. The next possibility is that of intersection along the segments
 

C1 to D1 or B2 to D2 . In this case, the returns recei ved will maintain
 

the value reached with the distribution of time implied by the intersection
 

at C1 or B2. However, some time could be devoted to criminal activities.
 

This result is obtained with p - (r1 - R2)/(r1 + c), i.e., with the 
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left hand side of 'VII-6-8 transformed to anequality. or. this -reason. 

most of the*comments in 3 are also valid lin the present case, and will 

not be repeated. 

5. 	A final possibility is the distribution of time implied by inter-


In this case, as much time as permitted
sections at points D1 and D2 . 

by moral constraints is devoted to criminal activities. For this, the 

probability of detection must satisfy 0 < p <(r 1 - R2)/(rI + c). This 

shows that moral constraints play a role in restricting criminal activities 

only when the probability of detection is low. However, even in this 

case, these activities will be continued as far as the moral constraints 

permit. Only particularly strong moral convictions would eliminate crime 

entirely. 

The following conclusions can be presented as a summary of the previous 

results: a high probability of detection, severe punishment, full 

employment and equality of income distribution seem to play a more important 

role than moral convictions as deterents of criminal activities. 

Brief mention will be made below of the consequences of removing 

the assumptions included in VIII-6-2. First consideration will be given
 

to the assumption that the typical person evaluates correctly the probability 

of being apprehended and punished for criminal activities. For this it
 

should be observed that the subjectively evaluated p, rather than the 

actual one, is the determinant of the expected return Z. As a consequence, 

a subjectively high p is as effective a deterent as one that is actually 

high. The opposite is true for a subjectively low p. 

The other assumption to be considered deals with the preference for 

risk. This preference modifies psychologically the real values of r, 

and c. A risk taker will act as if r1 were higher and c lower than they 

actually are. The opposite is true for a risk avoider. 



VIIIW-6-2,Economic conditions and crime: empirical, evidence' 

The conclusions of the model in Section VIII-6-1 can be,summarixed 

in the following equation: 

y2,x,~c- ~x1 ,4 x5)V1II-6-9
 

wnere
 

,y index of.crime
 

x, probability of detection
 

,xi index of cost of detection for criminal 

x3 employment conditions 

x4 index of income concentration 

x5 index of moral values or some proxy for then, such as level 
of education 

and statements made with respect to the derivatives 6y/6x i, i -= ...5. 

Once the form of the function in VIII-6-9 is specified and data for the 

variables collected, the conclusions of Section VIII-6-1 with respect 

to the signs of the derivatives 6y/6xi could be tested, using, for 

example, the technique of regression analysis. 

The systematic analysis just described does not appear to be available.
 

Reference will be made below to several partial studies.
 

Host, if not all, the studies on the influence of economic conditions
 

on crime analyse the hypothesis that crime is associated with poverty.
 

A first problem of this hypothesis is the lack of a uniformly accepted
 

definition of poverty. As a consequence, it is difficult to integrate
 

this hypothesis with any scientific explanation of criminal behavior. 

There are also serious problems in testing it,because it is difficult, 

if not impossible, to select samples of delinquents and controls with 

similar characteristics, except for the amount of income and wealth 

available to them. An overview of the results obtained in several 

investigations (1), (5), (8), (9)does not provide a basis for either 
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acceptance or rejection of the hypothesis, but,, suggests that an, eventual 

rejection is more likely.
 

In some theories, deviant behavior is presented as a consequence of
 

the frustration felt by some members of a society. This frustration is 

attributed to their inability to achieve desired goals (3), (6). The 

source of these goals is not clearly specified. However, a hypothesis 

valid in sociology and economics (2), (7) is that the standard of living 

of the upper classes of a society is among the main determinants of the 

of the lower classes. The standard of living is determined,aspirations 

to a large extent, by the income and wealth available to an economic
 

unit. From this observation it follows that the larger the difference
 

between the economic resources avaiable to "rich" and "poor", the larger
 

the discrepancy between the standards of living, the larger the discrepancy 

between actual and desired consumption patterns for the poor, and finally,
 

the larger the likelihood of frustration in the poor.
 

Several regression analyses that confirm the hypothesis described
 

above appear inreference (4). In these regressions, crime rates appear
 

as explained variables, and among the explanatory ones mean incomes in
 

the lowest and highest quartiles of families are included. In most of
 

the regressions the average income of the lowest quartile has a coefficient
 

with a negative sign, while the mean income of the highest quartile has 

one with a positive sign. This means that an increase in the income of
 

the first group of families will reduce the crime rate, while a reduction
 

of the income of the second group of families will have the same effect.
 

These reactions are in agreement with the conclusions of section VIII-6-1.
 

So far, only the difference in resources available to "rich" and 

"poor" has been considered. However, the likelihood of persons with
 

criminal behavior increases with the number of poor people. The indices 

of income distribution take into consideration both different levels 
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receiving, Income. As a consequence.of fincome, and the number of persons 

the studies
these indices would be more appropriate than those used in 

mentioned above.
 

Employment Conditions and Crime 

conditions and crime can beThe relationship between employment 

studied from several points of view. First is the employment status of 

a person when he or she commits a crime. The information available is 

contradictory. The analysis of cross-section data suggests that unemployment
 

studies performedis closely associated with crime. In reference (9) three 

The average proportion of unemployment amongin England are summarized. 

delinquents derived from these studies is 41.41%, while among non-


Several regressions with crime rates as
delinquents it is only 8.25%. 


dependent variable and unemployment rates among the explanatory variables
 

appear in reference (4). In most of these regressions, the coefficient
 

of unemployment is positive, showing that as unemployment increases crime
 

author concludes that a 1% change in unemployment willincreases. The 

cause a .15% change in the delinquency rate in the same direction.
 

In
These results are contradicted in the following references. 

reference (8), cross-section data for several geographical areas is used 

to show that no statistical relationship exists between crime incidence 

and unemployment. In reference (5) the number of delinquents in the USA 

from 1940 to 1965 are compared with the number of persons employed over
 

the same period. This comparison shows that the two time series move in 

a parallel fashion: when employment increases, so does the number of
 

offenses.
 

It is interesting to observe that a similar phenomenon has been
 

noted in the relationship between consumption and income. Cross section
 

studies show that the higher the income of an economic unit, the lower the
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proportion used for consumption. As a consequence, it can be assumed 

that when income increases in time, the proportion of income consumed 

tends to decrease. However, time series data fail to verify this point. 

The proportion of income consumed remained approximately constant despite 

the fact that income per economic unit has increased more than two fold 

in less than 70 years. 

Another question that can be studied with respect to employment and 

crime deals with the employment record of delinquents and non-delinquents. 

As a summary of several studies, the following conclusion is presented 

in reference (9): "All investigators (among those considered in the 

reference) British or American, who have explored the subject are agreed 

that their subjects tend to be characterized by poor work records", 

i.e., poor job performance and high mobility. 

VIII-7 HEALTH AND GROUP VIOLENCE 

In this section the analysis made in reference (1)with respect to
 

the relationship between group violence and health conditions will be
 

presented. 

The index of group violence used is the number of people killed per 

1,000,000 population in all forms of domestic violence of an intergroup
 

nature, thus excluding murder and execution. The period covered is from
 

1950 to 1962. In Table VIII-7-1 the correlation coefficients relating 

this index with several indices of health is presented and compared with
 

the correlation with GNP per capita. These correlations show that there
 

is a closer association between health and group violence indicators
 

that between GNP and group violence indicators. This suggests. that
 

deficient health conditions could have a larger influence on group violence
 

than purely economic conditions. Further analyses of the topic are needed.
 

In them, attempts should be made to eliminate the statistical relationship
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TABLE VIII-7-1 

and Nutrition Indicators and an Index of Group
Correlations Between Health 

Violence
 

Health and Nutrition Indicators Correlations with an Index of Group Violence
 

Sample Size Correlation
 

.42*
42
1. Death 	Rate 


2. Life Expectancy females
 
55 	 -,56"
age 0 


.47*
36
3. Infant mortality, rates 


4. 	 Inhabitants per physician 71 .36* 

.36*745. Inhabitants per hospital bed 

-.13
62
6. Calories per day 


-. 15
7. Protein grins. per day 62 


-.43"
74
8. GNP per capita 


Sources: 	 Correlations 1 to 5 and 8, reference (1).
 

Correlations 6 and 7 elicited from data in reference (1)and 
(2).
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caused by the influence of GNP on both'group violence and health. 
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CHAPTER IX
 

SIMULATION MODELS FOR POPULATION PLANNING 

IX-1 INTRODUCTION 

As has been observed, the final objective of population planning is to im

prove the welfare of the population, whether of the world as a whole or of specific 

country. If migration policies are ignored, the only way to improve welfare by 

changes in population size and structure is through changes in the birth and death 

rates. 

The models for forecasting future population make it possible to project the 

size and structure of the future population on the basis of present conditions.
 

From the study of the influence of the forecasted population on the levels of
 

welfare, it is possible to specify what population size and structure is advisable.
 

This information can be used to determine what modifications are needed in birth
 

rates, death rates etc., in order to achieve a desirable size and structure for
 

the population. Once the required changes in the determinants of future popula

tion have been specified, it is possible to compute the costs associated with
 

achieving them, such as the cost of reducing the number of births.
 

The simplest models used for population forecast will be presented in this
 

Chapter.
 

IX-2 A MODEL FOR FORECASTING TOTAL POPULATION AND ITS USE IN POPULATION PLANNING 

It is useful to present a model for forecasting total population because 

in this way it is possible to emphasize the main elements involved.
 

First it is assumed that P0 , total population at date t=O, is known. This
 

basic information is used to estimate births, deaths and (if needed) migrations.
 

The birth rates observed in the past are used to estimate the number of
 

births. These rates are defined by
 

Number of births between t and t+l
 
t Total population date t
 

.Asimplifying assumption is that 8t will remain constant. As a consequence,
 

the esti .ated number of births between dates zero and one will be 
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wnerm. 

B births between t=0 and t=l 

*birth rate (assumed to be constant and, as a consequence, 

without subscript)
 

More refined projections can be obtained by making valid assumptions about 

the way birth rates will change over a period of time. For example, it can be 

assumed that there is an overall tendency toward a decrease in birth rates with
 

the passage of time.
 

Other factors besides total population might be considered in projecting
 

births, such as the tendency of education to reduce natality. The effects of
 

contraception on the birth rate will be explored extensively in later sections.
 

The inclusion of such factors would give rise to new methods of projection and
 

lead to different results.
 

Death rates or survival rates are used to estimate the number of deaths.
 

The death rates are defined by
 

Number of deaths between t and t+l
 

t Total population date t
 

The definition of the survival rates at is similar. It should be clear
 

that
 

t (- 6 t)
 

Assuming that 6 and a remain constant, the projection of deaths is
 

D1 = PD a
 

and of survivals 

S1 o 

where 

D1 number of deaths between tmo and t=l
 

S1 number of survivals at date t=l 
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In preparing projections of deaths, it'may be useful to assume different 

death rates, in order to provide for various unforeseen contingencies. This 

technique is frequently employed to allow for changes in the factors determining 

the death rates, even though such factors could be explicitly considered. For 

more refined projections, it is essential to give explicit consideration to these 

factors; for example, mortality tends to decrease with an increase in income. 

When projecting the rates of more or less closed groups, such as the popula

tion of a country, no attention is paid to the effects of migration. This approach
 

will be used below. 

Given projections of births and deaths, do we have enough information to
 

make population projections? Not altogether. An important factor is still
 

missing: the order in which the components must be combined. In order to project
 

the population, we must proceed by stages, and, for each stage, we must project
 

the whole population. Beginning with the year 0, we can obtain births and deaths
 

up to date 1 so that we can construct the population at that date. Once all the
 

figures for date 1 are available, it is possible to go to date 2, and so on. In
 

this process the following formula is used:
 

=
P P + tPt (a + a )P IX-2-1
 

In the methods described above for computing birth, death and survival rates,
 

only first rough approximations were used. The methods used by demographers
 

expand upon these basic elements in order to eliminate sources of error not con

sidered here.
 

From the repeated application of formula IX-2-1 it is clear that
 

PPt = + )t 0c+8)~
 

To apply the model described to demographic planning, assume that the tar

get population for year t is Pt, such that Pt < Pt and that the only instrument 

that can be used is the birth rate. The first problem is to find the birth rate 

needed to reduce the population size in year t from Pt to Pt . This can easily 

be done with the logarithmic equation
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A 

log Ptolog ' 
t 

where 

is the required birth rate to be determined. 

Once is known, the next problem is to evaluate the human and physical re

sources needed to achieve the reduction from 8 to . For this determination, let 

us denote with 

Ll population that does not use any contraception method 

population that ued some contraceptive method
L2 


the birth rate in populations 1 and 2 above.
0i 


Observe that
 

L1 + L2 
= Po
 

i.e., the total population is equal to the sum of those who use contraceptive
 

methods plus those who use none.
 

This means that
 

81L1 + 82L2
 

L1 + L2
 

i.e., the birth rate in the total population is the vleighted average of the births
 

in population L1 and L2.
 

Assuming that
 

82 < a < a1
 

i.e., that the birth rate of the population using contraception techniques is
 

higher than that desired for the population as a whole, the problem is how to
 

increase L2 and reduce L1 so that the average birth rate is reduced to A.
 

With P known, the formula to deteinine the required size of the population
 

that uses contraceptives to be denoted with L2 becomes
 

8-)P
 
B2 - 01
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The proportion t 2 P0 can be.used to compute the number of persons in the 

population that should use contraceptive techniques during each of the periods 

during which the demographic plan is in progress. 

Once the number of persons that should use contraceptive techniques is
 

known, it is possible to determine the number of doctors needed to attend them,
 

the number of contraceptive implements to be used, and finally, the total finan

cial cost. For these computations, doctor/population, implement/population ratios
 

should be used. Once the numbers of doctors and implements are determined, it
 

is possible to compute costs.
 

IX-3 	 A MODEL FOR FORECASTING POPULATION BY SEX, WITH CONSTANT RATES - ITS USE
 

IN POPULATION PLANNING
 

The model in IX-2 has important .limitations, both from the point of view of
 

theory and that of applications.
 

A theoretical limitation of the model in Section IX-2 is that no attention
 

is paid to the relationships between changes in total population, changes inthe
 

age and sex structure of the population, and changes in the birth and death rates.
 

This can be explained in some detail as follows: in a growing population, not
 

only will the total size tend to increase, but also the proportion of young people
 

as compared with old. This means that the proportion of persous at ages of high
 

fertility is also changing, and, as a consequence, so are thc birth rates. The
 

death rate will also tend to change, because mortality affects the different age
 

groups of the population in different ways. The error introduced if these inter

relations are ignored might not be large. However, other limitations of the
 

model in Section IX-2 suggest that its results should be complemented with a more
 

complete analysis.
 

In order to evaluate future population growth and the measures required to
 

influence it in desired directions, birth and death rates must be modified. How

ever, these modifications cannot be the same for all age groups. The number of
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births to women at ages of high fertility can be substantially reduced, while for
 

ages of low fertility only a small modification means that the number of births
 

in the model would fall below the natural minimum of zero. Similarly, the number
 

of deaths for different: ages cannot be modified according to a scale that affects
 

all ages in the same way. For these reasons, the model in Section IX-2 is extended
 

below to include a more detailed consideration of the age and sex structure of
 

the population. 

To begin, attention will be paid only to the sex structure of the population. 

Itwill be assumed that the number of births in the population depends only on 

the number of women. The method to be used is the following, Let 

a Population sex a, moment t 

st 0Population sex a,moment t-l 

be the survival rate for population sex s at moment t; 

0 Number of children born between t-l and t 

t Number of women at date t-l 

i.e., the Ot 'sare now computed with respect to the number of women in the 

population, instead of with respect to total population. Finally, 

X Number of males born 
X "Total number of children born 

With the definitions just introduced, the following equations can be written 

Mt oM X 8 Ft_amr_ + am 

Ft aaF [1 + (1 - X) 8] Ft_ 1 

where
 

Mt denotes number of males; and
 

Ft denotes number of females
 

These equations, with matrix notations, take the form
 

0 0r (+ (l-x) r F -1LFt 

The method used to evaluate the proportion of persona in the population
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the case where it is assumed that only the number of women determines the 

number of births. For this reason, the method will not be explained again. 

In the 	model presented in this section it is assumed that only the 

number 	of women determines the number of births. This assumption could be 

moAifid in several ways. Perhaps the simplest one is to assume that 
B : 	 817Mt + (l-Y)r t ] 

where the definition of 8 has to be modified in an obvious way, and y ranges 

between zero and one. 

There is no simple answer to the question of how many men and women should 

adopt 	contraception in order to reduce the birth rate to a desired target when
 

it is assumed that the number of births depends both on the number of men and on 

the number of women.
 

IX-4 	 A MODEL FOR FORECASTING POPULATION BY SEX AND AGE WITH CONSTANT RATES -


ITS USES IN POPULATION PLANNING
 

An immediate extension of the models discussed in IX-3 is to consider not 

only the sex structure of the population, but also its age structure. The 

modifications needed for this purpose are based on the following considerations: 

(1) The number of births affects the size of the youngest
 
age group of the population;
 

(2) It is necessary to keep track of the changes in age
 
of the population.
 

As before, the number of women is considered to be the main determinant of 

the number of births. 

In order to take into consideration These observations, the following
 

elements will be used:
 

(a) Survival rates by age and sex, defined by
 
0 sh Population sex s, age h+l, date t
 

sh "Population sex s, age h, date t-l
 

It should be observed that the date of reference, t-i and t, are not ex

plicitly indicated in the ash. Only occasionally will this be necessary, and in
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this dike the symbol %sht will be used.
 

(b) Fertility rate defined by
 

of age h between t-l and t 
on Number of children born to women 
-h Number of women of age h date t-l 

Aa in the case of the survival rates, the dates of reference do not appear 

explicitly in the symbol 0h. 

(c) Sex ratios defined by
 

X Number of males of age h date t
 
Xh Total population of age h date t 

Table IX-4-1 presents a series of equations relating the size of each 

segment of the total population at time t+l to a segment of the total population 

at time t. The first equation in the table states: 

M ntk CIX-4-119t+ in aHO Xo 81 Fit 

This equation indicates that the number of males age 1 at time t+l equals the
 

number of surviving males born to women of all fertile age groups between
 

t and t+l. The right hand side of the equation is formed in the following
 

manner:
 

a) The number of births between t and t+l to women age i at date t is 

01F it i = n,n+l,...,n+k 

It is assumed that fertility begins at age n and ends at age n+k 
The exact values of n, n+l,..., differ from case to case. 

b) Tha number of males among the children born between t and t+l is 

XoiFit 

c) The number of males surviving at date t+l from those born between 
t and t+l:
 

aMO Xo0 8 Fit 

The total number of males age one at date t+1 is obtained by adding
 

this number for all women ages n,n+l,..., n+x, i.e., equation IX-4-1
 

The second equation in Table IX-4-i states:
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Table IX-4-1 

Equations Relating Population by sex and age In year t 

to Population in year t+l 

n+k
1t 1 aL., FX010 01 "it 

2t+l 0mH1Hit
 

3t+l a OK2F2 t 

M U1, aM- 1 i 

n$Jc
 

Fit~i = !Oo*(- )0ii 

"2t~ ' ~l2t 

Fzt I 8 OFA.1 ' FI-It 

where
 

Mht number of males of age h, moment t
 

Fht number of females of age h at moment t
 

last age interval considered 

The other symbols were defined on the preceding pages. 

I 




This indicates that the number of"males age 2'at time t+l equalsthe number of
 

at time t and survived until tir
Iet+l4."'The other equations
males who were age i 


'inthe upper part of Table IX-4-1 have a similar form, that is, each one gives
 

the number of males of age h+l at date t+1 as the proportion surviving of 
those
 

of age h at date t. In Table IX-4-1 it is assumed that I is the oldest
 

age achieved by any member of the population.
 

The lower part of Table IX-4-1 is similar to the upper part, except that
 

it refers to women. The first equation of this part gives the number of girls
 

born between t and t+l and surviving at date t+l. The other equations give
 

the number of women of age h+l at date t+l as a proportion of those of age
 

h at date t,
 

One of the advantages of these equations is that they can be summarized
 

in the following matrix equation:
 

1 
where 

M" is a column vector denoting the number of males 

t and females in each age group, time t. The dimensions of 

the vector are determined by the number of age groups: 

males i -1,2, so• 

females I - Z+1, r2p..,2#e*j 



Sm 	 Is the fodl1ing 0xi oatri,oX 

0 	 0 0 . . 0 

o 	 0 0F 0.... 0 

_1d'0 0 0 

0 	 0 0 00 

DH 	is the t x1 matrix in the upper right hand quadrant of the matrix 

In IX-4-3 that has as the only non-zero components those in the 

first row giving the products of the survival ratio for boys of 

ages between 0 and 1 times the sex ratio for the same age and 

times the fertility rates, i.e.
 

0 0 ... 0 0 .OXo On 4'..0k X0 On+k 0...0 0 

0 0.4 0 0 0 0.. 0 0..0 0
 

BH" 	 0 0... 0 0 0 ... 0 0...0 0 
.00 .. 00.0. .:'0 

0 0 0 0 00 0 600 0 

00 0 0 0 00. 0 0 ... 0 0
 

0 	 is a i x t matrix in the lover left hand corner quadrant of the 

matrix I.n equation IX-4-3 and it is formed only with zeros. 

Finally
 

SP + BF is he Ix Imatrix in the lover right hand quadrant of the 

matrix in IX-4-3 that combines the components of matrices SM and 

BM with'the modifications required to describe births and survival 

by ages for women. 

Prom 	equation IX-4-3 it follows that:
 

M #S M BM --n	 1B 

rNm+B 
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Thlus, 	 the vize, sex and age struoture'of the Doloulation At i enr. hAatimA 

forecasted.
 

Equation IX-4-4 shows that it is possible 'to foreastthe sike, age and
 

sex structure of a population when:
 

(a) 	the age and sex structure at year t is known
 

(b) the matrices of survivai rates SM and SF and those of: birth,
 

sex and survival rates B and BF are known
 

(c) 	one is willing to assume that these rates do not change in
 

time.
 

This assumption will be modified in Section IX-5.
 

One of the main advantages of the model in equation IX-4-4 is that the age 

and sex structure of the population in year t+n for -any'"n"can be'obtained with 

the use of a very simple computer program. 

No clear link can be established between population planning and growth with
 

the model as stated. To do this, the following approach will be used: it will
 

be assumed that women are classified not only by age, but also by participation
 

in a family planning program. This determines first the fertility rate, and
 

second the cost of the family planning program. In passing from one date t to
 

the next t+l women in each class have two possibilities: to participate or not.
 

in the program from t+l to t+2. This means that the transformation matrix has
 

the form in Table IX-4-2, where the following notation is used:
 

Mi Males age group i, ii,...,L 

Fij Females age group 1, i=i,...,L 

j=l not participating in population progran 

J:2 participating in program 

The meaning of a,X,O, remains as before. 

The meaning of p is explained below. Comparing the matrix in Table IX-4-2
 

to the one in equation IX-4-3, the following observations can be made:
 

(a) The general structure of the'matrix remains the same. In
 

both cases, the transformation matrix can be partitioned
 



TABLE IX-4-2 

TRANSITION MATRIX FOR FORECASTING 
WOMEN PARTICIPATING IN POPULATION 

POPULATION WITH 
CONTROL PROGRAM 

Vector 
ve7o 't M1 

0 

0 
F 1 "'3 

1"2 
0 
0 

a M3""00 

0 
0 

0 
0 

"'" 
... 0 

0 

0 

F 

0 

0 

F1 2 
0 
0 

0 
0 

"21 
amlxB 21 

B 

0 
0 

r22 
aMlXB22 

0 
0 

r3, 
oMlXB3z 

0 
0 

F3 2  
OMl1832 

0 
0 

.Z, 

... 

... 

... 

0 
0 

0 

0 
0 

0 

rI1 
F2 

12 

Ft2 

F"3 1 . 

*jLe 

0 
0. 

0 

0 

0 
0'2 

0 
0 

0 

U 
0 

0 
90 

0 
0 

0 

0 

... 

... 

... 

. 

•...oll 

0 
0 

0 

0 

0 
0 

o 

021P1 
0 

C 

0 

0 
". 

0 

0 

0 

0 

0° 

0 

0 
0 

F1~~~P21 
0 

0 

311 

P32l 

0~l1XB1~~')2oI1)B3 
0 0 

t 

.322 FA~1 
0 0 

0 0 

"312 000

;322 0 

f 

0~(-)3 
0 

0 

~ 
0 

00 
0 

* 

... 
-... 

. 

... 

0 
0 

C. 

10 

S o 0 0 ... 0 0 0 0 0 0 0 .. 0. 
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into ifour submatriOes: male .survivall male birtns, zero 

matrix, and female survival and births. 

(b) The male survival matrix does not have any change. 

(c) The male births presents now 2 columns for each age 

group, the first corresponding to women not practicing
 

birth control, the second to women practicing it.
 

(d) The zero matrix remains the same except that it has
 

twice as many rows as columns.
 

(e) The row corresponding to female births in the fourth
 

submatrix has the same modifications as that corresponding
 

to male births. No additional comments on them will be
 

made. Important changes are made in the female survival
 

part of the matrix. Each survival rate aFi has been 

changed into the following four parameters:
 

Pi+l,191 	 is the proportion of women of age i not in the program who 

reach age i+l, and remain out of the program; 

Pi+1112 	 is the proportion of women of age i in the program who reach 

age i+l and leave the program; 

Pi+192.,l 	 is the proportion of women of age i not in the program who
 

reach age i+l and enter the prcgram;
 

Pi+l,212 is the proportion of women of age i in the program who reach
 

age i+l and remain in the program.
 

Since the women not in the program have only two alternatives, to remain out
 

or to enter the program, it follows that:
 

0 Fi+l M Pi+ll,l + P1+1121 

A similar equation is valid for the proportion of women in the program, .is., 

UFi+l , Pi+l,l,2 + P1+19292. 
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Thse parameters ,.p , just described can bei, onsidered: ,aspolicy variables. Their 

value ca be changed to find out ,-the impact on population growth and costs' of,dif

ferent levels of participation inpopulation control programs. 

The total cost of the program can be computed as follows: 

C. C?*P
 

C 'Total cost
 

c Vector with the following characteristics
 

S4 I components 

C c 
0
 
c 

* 21 components 

0
 
C 

where the component c is the cost per year per woman
 

P Population vector
 

IX-5 FORECASTING POPULATION BY SEX AND AGE WITH CHANGING RATES
 

In the model in Section IX-4 the full impact of the changing age and sex
 

distribution in birth and death is taken into consideration. However, the fac

tors changing the birth and death rates themselves are ignored. This question
 

will be considered briefly below.
 

The first step is to specify the factors influencing age and sex specific
 

birth and death rates. Several come to mind, such as average level of education
 

of the population, level of nutrition, health facilities available, participation
 

of women in the labor force, etc. An index that can frequently be used to reflect
 

the impact of all these factors is per capita income. Whatever the factor con

sidered, the influence on the specific birth and death rates can be evaluated by
 

means of regression analysis.
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The parameters of the regression equations make it possible to evaluate the
 

:birth and death rates corresponding to any vdlues of the determining factors
 

t+l, 	t+2,... ,t+n is desired,As a 	consequence, if a population forecast for years 

the 	following procedure can be used:
 

(a) 	Forecasts for year t+l,...,t+n for all the determining
 

factors of the birth and death rates must be obtained
 

(b) 	With the forecasts in (a) it is possible to estimate the
 

values of all the age and sex specific birth and death
 

rates for dates t+l to t+n
 

(c) 	These values should be used in the matrix in equation
 

IX-4-3. A simple change in the computer program used
 

makes it possible to include the new values of the
 

rates. 

IX-6 LIMITATIONS OF THE MODELS IN SECTIONS IX-2 AND IX-3 AS PLANNING MODELS
 

In the previous sections it was observed that simulatlin models permit the
 

determination of changes required in the birth, death and migration rates in order
 

to achieve the size and structure of the population desired for a future date.
 

It is also possible to estimate the human and financial resources needed to bring
 

auout the changes in the birth, death and migration processes. To estimate
 

these resources, average figures of the fertility rate with and without the use
 

However,.
of contraceptives, and the average resources needed are required. 


it is clear that some population groups are much more receptive to contraception
 

methods than others, so that the use of resources in these groups might bring
 

It is also clear that there are contraabout larger reductions in fertility. 


ceptive methods that bring about greater reductions in fertility, or have 
lower
 

The question that immediately comes to mind is why not identify these
 

population groups, or these contraceptive methods, and obtain the same results
 

with lower costs, or vice versa, why not use the resources available to reduce
 

births as much as possible. This is the question optimization models solve.
 

costs. 




CHAPTER X
 

POPULATION PLANNING: OPTIM DETERMINATION
 

OF A TARGET POPULATION
 

X-1 INTRODUCTION
 

As mentioned before, optimization models seek to increase efficiency in
 

the utilization of the resources available for population planning. In the
 

present chapter, the question to be considered is -hat of selecting from among
 

all the women who have reached the age of fertility those should receive contra

ceptive advice and service. This selection should take into consideration the
 

fertility rates of the women of different ages and social strata, both with and
 

without the use of contraceptives, their motivation to use contraceptives, their
 

personal and financial ability to do so, and the cost of providing contraceptive
 

advice.
 

The intuitive solution of the problem is quite obvious. The human and
 

financial resources available should be used to provide advice to women for whom
 

the reduction in fertility is the highest per unit of cost. To actually specify
 

this group without a systematic procedure might be impossible in practice.
 

The object of this Chapter is to present several mathematical models that
 

provide such procedures. The simplest case is considered, in Section X-2, and
 

in the following sections more complex and realistic cases are studied. How

ever, all the models in this Chapter are intended only as examples that should be
 

adapted and modified to the needs of each specific program.
 

From the previous Chapter it should be clear that the basic parameters to
 

consider are the fertility rates of women with and without the use of contracep

tives. They will be denoted by 

ah fertility rate of women of age h without 

contraceptive 

and 

Oh fertility rate of women of age h with contraceptives. 

250 
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To begin

The precise definition of these rates will be discussed 

below. 


with, it should be stated that a non-critical application 
of the definitions
 

This is a consequence of the fact
 in Chapter IX would give unreasonable results. 


that some women are likely to be using contraceptives 
before the initiation of
 

Thus it is necessary to determine, from the point 
of view
 

a population program. 


of the program, what is the fertility rate of these 
women with and without con

traceptives. It seems reasonable to assume that the fertility 
rate without con

traception of women who used contraceptives before 
the initiation of the program
 

However, for the
 
is that of other women in the population who do 

not use them. 


For the administrators of
 
purposes of a population program, this is incorrect. 


a population program, the correct question is, what 
is the fertitily rate with-


The emphasis
 
out contraceptive services and implements provided 

by the program. 


on the fertility rates with or without contraceptives 
provided by the
 

here is 


program, and not those with or without any contraceptives. 
The resources of
 

the program can be allocated more effectively on this 
basis. For a group of
 

women who were using contraception before the initiation 
of a population pro

gram, and from the point of view of the administrators 
of the program, their
 

ah rates will be those with the use of contraception 
not provided by the program
 

and their 8h rates will be those with the use of contraceptives 
provided by the
 

program.
 

Another example of the same problem occurs in the case of 
women who do
 

The medical or
 
not use contraceptives properly or who want more children. 


biological fertility rate with contraceptives might be low, 
but the rate meaning

ful from the point of view of the program is high. That is, the expenditures on
 

contraceptive advice and services for these women do not bring 
about any reduc

tion in their fertility rate.
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X-2 	 CHOICE OF TARGET POPULATION WHEN ONLY DIFFERENCES IN FERTILITY DUE TO
 

AGE ARE CONSIDERED
 

X-2-1 	Minimization of Births with Costs of Prenatal and Delivery Care Excluded
 

The simplest model will be introduced in this Section. Since it is assumed
 

that the objective desired is to minimize the number of births, women in dif

ferent age groups should be induced to adopt contraceptive techniques. The basic
 

question is how to select these women. Two restrictions have to be considered.
 

The first is the obvious one that the number of women participating in the pro

gram for each age group cannot be larger than the total number of women in the
 

same age group. The second constraint is that the cost should not exceed the
 

financial resources available.
 

In the formulation of this model it will be assumed that the time horizon
 

of the program goes from date 0 to date T, i.e., the subscript t that will denote
 

time, ranges from t=o to t=T. The time unit between two consecutive values of t
 

will be designated below as one year, in order to simplify presentation. In the
 

numerical example, the time period between t and t+l will be five years.
 

In this Section it will be assumed that T is small enough so that the changes
 

in fertility during the program will not affect the number of women in the new
 

generations who reach the age of fertility during the duration of the program.
 

This means that the time horizon is fifteen years at most. With a longer time
 

horizon, the births avoided at the beginning of the program would modify the
 

number of women who reach the age of fertility and enter the program fifteen 

years later--assuming that this is the age when fertility begins. The problems 

brought about by an extension of the time horizon will be considered later. 

To simplify the notation, the age at which a women becomes fertile will
 

be denoted with 0, and the age at which her fertility ends, with H. The age
 

specific fertility rates without contraception will be denoted with ah and
 

the same with contraception will be denoted with 8h . These rates are assumed
 

to be known. It should be clear that ah and 8h are both zero for all women younger
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and, older than ,the azes.offertIlitY; ,i,e. 
ah 8h =0 for: h <0 

h>H 

Withwill be denoted with Ph,t'
The number of women of age h in year t 


tnis notation, groups of women below the age of 
fertility have a negative age
 

at the beginning of fertility, say fifteen years, the 
and for womensubscript, 

of women in all age groups in all time periods is 
subscript h=0. The number 

assumed to be known. 
of womenare those representing the number

The main unknowns in the model 

of the years thatand service in each
that should receive contraceptive advice 

The solution
 
the program is active. These variables will be denoted with mh,t. 

of m that minimize births.
is to determine admissible valuesof the problem 

must satisfy in order to
 tA first characteristic that the values of the mh 

be admissible is that 

X-2-1
mh, t > 0, 	 h o,...,H 
t =o,...,T 

i.e., the number of women participating in the program cannot fall below zero. 

A natural constraint is that the number of women in the program must be 

equal to the total number of women in the participating age groups,
less than or 

i.e., 

ht - Mh,t X-2-2 
t = o,...,T 

Next the constraint imposed by the resources available 
can be considered. 

To begin with, attention will be paid only to the 
financial resources needed for 

Cost of prenatal and delivery care current expenditures in population control. 


To consider re
will be excluded from the formulation up to Section 

X-2-2. 


Then the total
 
sources, let y denote the current expenditures/patient 

ratio. 


will be
expenditures require in year t 

H 

Y ' mht
 
h-o 
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One of two assumptions can be made with respect to the resources available.
 

One is that a lump sum is available for all the periods of the program. The
 

other is that new resources become available each year. To simplify, the first
 

assumption will be adopted here, and again for simplification, it will be assumed
 

that the part of the funds that remain idle during the program do not accrue any
 

interest. Under these assumptions, if R is the total value of the resources
 

available for the whole period, the resource constraint is
 

T H
 
R >E y E mh,t X-2-3
 

t=o h=o
 

The equations presented so far give the basic frame of reference for the
 

model. They show: (a)the number of women in the population; (b)the number
 

of participants in the program; (c)the relationship between (a)and (b); and
 

(d)the relationship between participants and expenditures. The next step is
 

to evaluate the number of births, taking into consideration the number of women
 

participating in the program (mh,t h = 0,...,H and t = 0,...T).
 

In any period between t and t+l, the number of births will be
 

H 
Bt = E ah(Pht - mht) + ehmht)h=0 t , hht X-2-4
 

The first term on the right side of X-2-4 refers to the women not parti

cipating in the population program, while the second refers to the women who
 

are participating.
 

The total number of births during the period of duration of the propam
 

will be
 

T H
 
B = E E [ahPhL + (0h - )m, t ]  X-2-5
 

t=O h=O ,t
 

The objective of a population control program is assumed to be the minimiza

tion of B by the proper selection of %h ,t. The optimal target population for
 

demographic planning will be formed with those mh, t that minimize B. The selec

tion should be made under the constraints in equations (X-2-1) and (X-2-2) with
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respecr to the number of women and'(X-2-3) with respect to the financial re

sources available.
 

To complete the presentation of the model in equations (X-2-l , (X-2-2),
 

X-2-3) and (X-2-5), a simple numerical example is included below. In this
 

example it will be assumed that the period of time between two consecutive values
 

A total interval of fifteen years will be considered; i.e.,
of t is five years. 


T=2.
 

The data required for the application of this model are:
 

(a) The number of fertile women in age groups of five years in
 

These data appear in Table X-2-1. These figures
dates t = 0,1,2. 


are used in the objective function (X-2-5) and constraints (X-2-2).
 

(b) The fertility rates ah and 0h with and without contraceptives.
 

They appear in Table X-2-2. These rates are also used in the
 

objective function (X-2-5).
 

(c) The cost per patient y is assumed to be $10.00 per year.
 

The total resources available R are assumed to equal $10,000,000.00.
 

Useful information that can be derived from the data in Tables X-2-1 and X-2-2
 

is that the number of births without the use of contraceptives would be 457,000.
 

The values of the mh ,t that minimize the number of births in equation
 

(X-2-5), according to the data in Tables X-2-1 and X-2-2 appear in Table X-2-3.
 

With these values, the number of births is 200,000. This is the minimum that
 

can be achieved with the resources available, taking into consideration the
 

total number of women, their age distribution, and fertility rates.
 

It should be observed that the solution in Table X-2-3 not only has a
 

clear intuitive meaning, but also that it could be obtained without lengthy
 

follows. Since the cost of participation
computations. Tis can be seen as 


to provide
for women is constant for all ages, the way to minimize births is 


contraceptive services to those women for whom the difference in fertility rates
 

- 8h is the largest.
with and without contraceptives is the largest, ie., when eah 


http:10,000,000.00
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Table X-2-1 

Population of Women from which the target population for, 
a demographic plan should be selected
 

(in thousands)
 

Age Groups h Year 0 
t-o 

Year 5 
tl 

Year 10 
t=2 

15-19 0 158 175 211 

20-24 1 145 153 170 

25-29 2 122 140 148 

100 118 	 -135
30-34 3 


96 113
35-39 4 88 


40-44 5 74 84 92
 

81
45-49 6 60 	 70 


50-54 7 49 56 	 66 

5255-59 8 38 	 45 
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Table X-2-2 

Fertility ratescfor 5-year periods with and without contraceptives
 

Age Groups h Without Contraceptives With Contraceutives 

15-19 0 .134 .005 

20-24 1 .280 .015 

25-29 2 .280 .018 

30-34 3 .224 .016 

35-39 4 .124 .016 

40-44 5 .059 .010 

45-49 6 .025 .010 

50-54 7 .010 .005 

55-59 8 .005 .000 
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TABLE X-2-3 

Number of women that should participate in 
t1he program ro
 

Section XV-2-1
of births according to the model in

minimize the number 
.(Thousands)
 

Year 5 Year'10Year 0 

t=l
h tO
Age Group 


mo '%l,2 

0 0
15-11 0 0 

170
153
1 145
20-24 

148
140
2 122
25-29 


3 100 22 0
30-34 

004 035-39 

0 0 
40-44 5 0 


0 0

45-49 6 0 

0
0
7 0
50-54 


0
0
3 0
55-SO9 


318
315
367
TOTAL6 
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This clearly occurs in the case of women in the 20-24 age group, and as a con

sequence, as many women of age 20-24 for t 0,1,2 should be included. The actual
 

period chosen from the three available does not make any difference, as long as
 

re are concerned with a time horizon of only fifteen years. (Obviously, if the
 

time horizon were longer, th. resources should be applied In t.e earlier years
 

of the prmgram in order to reduce the number of women entering the fertile age
 

groups in later years). If funds remain after all women between the ages of 20-24
 

in all the years have been included in the program, members of the age group with
 

the next highest fertility rate (i.e., 25-29) should be included. If several
 

age groups have the same fertility rates, it makes no difference which receives
 

attentior first.
 

This procedure for choosing target groups should continue as long as funds
 

are available.
 

The importance of the model in this section is that it provides a point of
 

departure for the construction of more complex models.
 

X-2-2 Minimization of Births With Costs of Prenatal and Delivery Care Included
 

The question of whether to include prenatal and delivcry costs as part of
 

the costs of a population program depends upon the point of view adopted. An
 

agency in charge only of advice and service with respect to methods of birth
 

control would not be interested in prenatal and delivery costs. However, in
 

many cases, both contraception and prenatal and delivery services are provided
 

by the same agency. To consider this case, equation X-2-3 must be modified.
 

To do this, let d denote cost per patient of prena:tal and delivery care.
 

Then the total cost of this service would be
 

T H 
d * E E [ahPh, t + (0h - ah ) mh, t ] 

tuo h:o 

This cost should be added to that of contraceptive s6rvices to obtain the total 

costs of the services. These total costs should be less than or equal to the 

resources R available. The remaining equations in the model do not change. 
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Xt-Js obvious that the number of patients that can be served with a fixed 

amount 	of resources is larger when the program has only contraception expenditures,
 

instead of expenditures for both contraception and prenatal and delivery care.
 

In other words, the costs when only contraception services are provided is lower 

than 	those in the case inwhich both contraceptive services and prenatal and
 

delivery care are provided. This conclusion brings up a problem.
 

Since the cost per birth avoided is lower without prenatal and delivery care,
 

why are these services provided? This simply shows that all population and family
 

plans 	have implicit objectives that override the explicit one of minimizing
 

births.
 

Another point is that in actual practice, the cost per patient of contracep

tive 	techniques usually is lower if these services are provided together with
 

prenatal and delivery care. This seem to contradict the conclusion reached be

fore. The reason is that the question studied with the model and the pr-ictical
 

situation mentioned are not identical. In the model, the question is whether to
 

provide prenatal and delivery care at all. The practical situation is whether to
 

estaiblish one service to be in charge of both contraception and prenatal and
 

delivery care, or to operate two separate services. When these are the alter

natives considered, it will be found that frequently one service will provide
 

contraception and prenatal and delivery care at a lower cost than two specialized
 

services. However, the rule stated can have exceptions, and every case should
 

be solved on its own merits.
 

X-3 	 CHOICE OF A TARGET POPULATION WHEN WITHDRAWAL FROM THE PROGRAM IS NOT 

CONTROLLED BY THE PLANNER 

The analysis of the results in Table 2-3 shows that in the model in Section 

X-2 it is assumed that women enter and leave the population control program at
 

the will of the planners. For instance, none of the 140,000 women of age 25-29
 

in year 5 remain in the program in year 10. This assumption might or might not
 

be reusonable. One possible alternative that will be considered inthis section
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the women remain in the program as long as they wish..As a consequence, 

the program has to provide services to all the women remaining in it from pre

vious years, and also take into consideration those that abandon the program by 

their own will. To consider these aspects in a mathematical model, the formation
 

of any mh t has to be considered, as well as its final distribution.
 

The formation of any h t is given by the equation: 

S nh+,t+l .h,t for h 0,..., H
 

where
 

is the number of wamen of age h entering the
n ,i-


program between t and t+l 

is the number of women of age h+l remaining in the
 

program at time t+l from those of age h who were in
 

the program at time t.
 

This permitsIt should be observed that in X-3-1, t ranges from -1 to T. 


us to assume that some women were using contraceptives before the initiation of
 

the program, and that once the program was initiated, they became a part of it.
 

The values of rh,-l for h=o,... ,H are assumed to be known.
 

Alternative fons of behavior for the women in the program at date t are
 

described in the following formula:
 

mht = rh,t + bh,t + dh,t X-3-2
 

where
 

bht denotes the number of women that abandon the program
 

between t and t+l
 

dht denotes the number of deaths between t and t+l among
 

the women of age h in the'program at date t.
 

To introduce the elements in formulas (X-3-1) and (X-3-2) into the model
 

SnSection X-2, several assumptions are required.
 

It will be assumed that
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where 

"h is the survival rate for women of age h, that 

where
 

Ph isthe probability that a woman in the program at

date t will remain in it up to date t+l.
 

The probabilities Ph of remaining in the program are formed by the product 

of the probability ah of surviving from one age to the next and the probability 

that a survivor remains in the program. If this latter probability is denoted 

with Ph., then
 

Ph X Oyh Uh 

In the formulation above, several reasons for leaving a population control
 

program are excluded. It might be more reasonable to assume that the probability 

of leaving a program depends not on the age of the patient, but of the number of
 

years that she has participated in the program. To include this assumption in
 

the model complicates its formulation substantially, because it adds a third
 

dimension to all the variables (the number of years in the program is added to
 

age and time). For this reason, this possibility will not be explored here.
 

Finally it follows that
 

bht mh,t X

=where nh (1 - h) oh 

To consider the number of women that abandon the program, their total for
 

a fixed age has to be evaluated. The total number of women of age h that have
 

abandoned the program at date t is the total of those that abandon the program 

between t-l and t, plus those who abandoned it before and survived up to date 

t-l, i.e., 

ahot bh-llt-I + Oh-i h-l,t-i X-3-5 

where
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ah~ot is the total number of women of age h that have abandoned
 

=
the program up to date t, and %h, 0 0 for all h's, i.e.. 

no one abandoned the program at its beginning. 

The formulas above make it possible to modify the model in equations X-2-1, 

X-2-2, X-2-3 and X-2-5 to consider: 

(a) 	That a proportion of the women in the program at date t will 

remain in it at date t+l, and some dropouts of previous years 

might re-enter the program. 

(b) 	 That a proportion of the women in the program will abandon it 

and never return. 

(c) A combination of the alternatives (a)and (b)above.
 

The introduction of alternative (a)does not imply any explicit modification
 

of formulas X-2-1 to X-2-3 and X-2-5. However, in the solution of the problem,
 

equations X-3-1 to X-3-5 must be considered explicitly. One possible way to do
 

this 	is to express all the formulas in the model in terms of the nh,t. The re

sults obtained using this approach are presented in the example below. 

In addition to the data presented for the example in Section X-2, data on 

the rate Vh are needed.for the model in this section. They are presented in 

Table X-3-1. To simplify, the values of mhl are assumed to be zero. The re

sults obtained are presented in Table X-3-2 in terms of nh t using formula 

X-3-1 and in Table X-3-3 in terms of mh, t. A comparison of Tables X-2-3 and X-3-3 

shows the impact of the different assumptions. In the second case, the program
 

grows from one year to the next. In the first case, the program remains stable
 

with respect to the number of participants. The minimum number of births in the
 

second case is 207,000, i.e., fewer births are avoided. This is a consequence of
 

the additional restrictions imposed.
 

In order to consider possibility (b)above (i.e., that a proportion of women 

leaves the program and never returns to it), constraint X-2-2 in the earlier 

model must be modified with the explicit use of ah t . In this case itbecomnis: 

Ph,tt -%,t -. nht 	 huO,...,H X-3-6 

4.mA 'P 



Survival 

Table X-3-1 

rates and probability that wonnl remain in the program. 

Age Groups 

15-19 

20-24 

25-29 

h 

0 

1 

2 

Survival Rates 

a-. 

.97 

.97 

.97 

Probability of 

Remaining 

.93 

.88 

.82 

.go 

.85 

.80 

80-34 

35-39 

40-44 

3 

4 

5 

.96 

.95 

.94 

.78 

.74 

.69 

.75 

.70 

.65 

45-49 

50-54 

55-59 

6 

7 

8 

.93 

.92 

.89 

.65 

.60 

.56 

060 

.55 

.50 
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Table X-3-2 

Number of women by age and year of entrance that should enter 

in the population control program to minimize the number of births. 

(Thousands) 

Age Groups Year 0 
t o 

Year 
t.l 

5 Year 10 
tu2 

h h,0 h,1 "h2 

15-19 0 0 0 0 

20-24 1 145 153 170 

25-29 2 45 17 19 

30-34 3 0 0 23 

35-39 4 0 0 0 

40-44 5 0 0 0 

45-49 6 0 0 0 

50-54 7 0 0 0 

55-59 8 0 0 0 
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Table X-3-3 

Number of Women that should participate in the program to minimize
 
the number of births, according to the model in Section VII-3
 

(Thousands) 

Age Groups Year 0 Year 5 Year 10 

t=o t.l t=2 

15-19 0 0 0 0
 

20-24 1 145 153 170
 

25-29 2 45 140 148
 

30-34 3 0 36 135
 

35-39 4 0 0 27
 

40-44 5 0 0 0
 

45-49 6 0 0 0
 

50-54 7 0 0 0
 

55-59 8 0 0 0
 

Total 190 329 480
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The other equations in the model do not need to be modified. The problem
 

now is to minimize the objective function in X-2-5 subject to the constraints
 

in equations X-2-1, X-2-3, and X-3-1 to X-3-6.
 

X-4 	 CHOICE OF TARGET POPULATION WHEN THE PLANNERS CAN INFLUENCE THE PROPORTION 

OF WOMEN WITHDRAWING FROM THE PROGRAM 

In the model in Section X-3 it is assumed that the proportion of women 

abandoning a population program in a given period is fixed. In reality this is 

not the case. That proportion would vary, depending on the efforts made to re

tain the women. Several actual programs employ social workers who telephone or 

visit patients who have missed appointments, whether for a medical check up or 

to recel.- contraceptive materials. These efforts reduce the number of women
 

abandoning a program, but naturally they add some cost. As a consequence, a
 

choice can be made between using resources to retain women in the program, or to
 

increase the number that begin to participate in the program, even if a large 

proportion of them drop out. In this Section the model in Sections X-2 and X-3
 

will be extended to include the problem described above.
 

In the model in Section X-3 it is assumed that the patients in a family 

planning program will abandon it in fixed and known proportions. In the pre

sent case, several alternative dropout possibilities will be assumed. To do
 

so, equations X-3-1 and X-3-2 are modified as follows:
 

= mih+l,t+l ni ,h+l,t+l + ri ,h,t 	 X-4-1 

and
 

+mi,h $t = rlh~ + bih,t i ,h+t X-4-2 

where the subscript i denotes that the women will be treated in the manner i. 

For instance, i=l could mean that a woman does not receive reminders of her 

appointment when she misses one; i=2, that she receives one telephone reminder; 

i=3, one telephone reminder and a personal visit, etc. It will be assumed that 

i ranges from 1 to I. 
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Following equations X-4-1 and X-4-2, equations X-3-3 and X-3-4 should also 

be modified to consider the alternatives iul,...,I.
 

To relate the new variables with those in the models in Section X-3, the 

following definitions 	will be used:
 

I
 

mh,t i=1
m ,ht 

I
 

bh,t = biht
 

With these definitions, the objective in X-2-5, equation X-2-1, and the 

constraint X-3-6 are not modified and can be used in determining programs for 

minimizing births that involve different drop out rates for participating women.
 

In the model in X-3 the cost per participant in the program remains the
 

same as in Section X-2. In the present section, there is a different cost for 

each alternative i. As a consequence, the cost of mi h t women participating 

would be Yimisht. The total cost for a fixed age and date is: 

I 
Ch,t : £ Yiht X-4-3 

and the total cost of 	the program is: 

T H 
C - E Ch,t X-4-4 

t=o h=O 

In consequence, the financial resources constraint in equation X-2-13beoomes 

I T H
 
R ) £ E E Yimi,h,t 
 X-4-5 

i=l t=o h=o
 

In summary, the problem of minimizing births, when resources can be used 

both to provide contraceptive advice and services to women in the program and to 

attempt to retain them in the program whenever convenient, reduces to the minimi

zation of equation X-2-5 subject to constraints, X-2-1, X-3-3, and X-4-5, and 

taking into consideration the definitions in X-4-1 and X-4-2. 
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X-5 	 EXTENSION OF THE PLANNING PERIOD SO THAT BIRTHS AVOIDED' INFLUENCE THE
 

NUMBER OF WOMEN IN THE POPULATION
 

One of the assumptions of the models described is that the planning period
 

cannot extend beyond the time when the reduction of births affect the number of 

women of the age of fertility. This assumption will be discarded in this Section. 

parts. the first, fromTo do so, the planning period is divided into two In 

to t=T', the number of women in the population is determined by births bet=ot 

In this case the values of Ph,t are not influenced by the populafore date t=O. 


In the second period, covering
tion control program and are assumed to be known. 


from t=T' +1 to t+T, the number of women in the population is determined by the
 

number of births in years t=O,...,T' or years following them. In this case the
 

number of women reaching fertile age would be:
 

-1 
Pot ( H ah) Bt j t=T' +1,T X-5-1 

h=-j 

where 

denotes the number of years between birth and the
 

beginning of fertility
 

B is the number of births in years between t-j and
 

t-j+l 
-3.
 

n ah is the probability of surviving between t-j and
 

0 

6 	is the proportion of women with respect to total
 

number of births.
 

Formula X-2-5 provides the information required to compute the Bt in
 

formula X-5-1, and as a consequence, the values of Pot for t=T' + l,...,T.
 

Apart from the explicit consideration of equation X-5-1, no other.modification
 

is introduced in the models in Sectionq X-2, X-3 or X-4.
 

X-6 ADDITIONAL GENERALIZATIONS
 

The models in Sections X-2 to X-5 constitute a basic framework for the
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dete'rmination of an optimum target population in demographic planning. They can
 

be expanded to include several other aspects. Some of them will be mentioned
 

here; however, their mathematical formulation will not be presented.
 

A first set of possible expansions is related to the possibility of con

sidering criteria in addition to age for subdividing the population. These
 

criteria should be chosen by their impact on fertility rates. Examples could
 

be the subdivision of the population by social class, education, level of in

come, family size, etc.
 

Another set of possible expansions is related to the possibility of a more
 

detailed consideration of the costs of a family planning program. In the models
 

above, only the current financial expenditures are included. A first extension
 

would also include capital expenditures. Explicit consideration can be made of
 

other forms of cost, such as costs in human resources and in physical facilities.
 

Another possibility is to modify the objective functions. Several alter

natives are discussed in later chapters. Finally, the different contraceptive
 

methods could be explicitly considered. This question will be studied in Chapter
 

XI.
 



CHAPTER XI 

POPULATION PLANNING: OPTIMUM USE OF CONTRACEPTIVE METHODS 

XI-l INTRODUCTION 

In Chapter X models to determine population targets for demographic planning
 

are presented. An obvieus limitation of these models is that they do not take
 

In this
into consideration the different contraceptive techniques available. 


Chapter, attention will be focused on the question of choosing among various con

traceptive methods.
 

It is useful to classify contraceptive methods in two distinct categories.
 

Direct contraceptive methods include the "rhythm method", oral contraceptives,
 

or other devices designed to avoid pregnancies. An indirect contraceptive method
 

can be classified as any factor that affects the motivation or ability to use
 

a direct method. The education and employment of women can be included in this
 

to be made here, only direct methods are considered.category. in the analysis 

However, it is possible to use part of the resources of a population and family 

planning program to improve education or to create employment opportunities for 

women, rather than for providing direct ms.Lods. There are no theoretical dif

ficulties in modifying the models to be presented in order to take into considera

tion the effects of increased education or additional employment opportunities, 

either on pregnancy rates or on the expenditures required. The modifications 

required in order to include these indirect tectiniques do not affect their
 

basic structure. Only a change in the meaning of the symbols is necessary.
 

This Chapter will not consider models for choosing indirect contraceptive methods,
 

because serious problems exist in the estimation of the required parameters. This
 

is due to the fact that only a part of the costs of education or of increased
 

employment opportunities should be assigned to a population and family planning
 

program. Most of the costs should be assigned to the other benefits of education
 

and employment. Any determination of these parts of the costs will be somewhat
 

arbitrary. 271
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The definition and estimation of the fertility rates which are meaningful
 

from the point of view of a population program presents problems even when only
 

direct contraceptive methods are considered. Some of these problems were already
 

observed in Section X-l. In addition, a distinction should be made between the
 

reduction of fertility obtained using a method under experimental conditions and
 

that obtained in actual practice. Some reasons for this possible difference will
 

be explained below.
 

First, it should be remembered that the fertility rate for couples using a
 

contraceptive method is computed by dividing the number of pregnancies for women
 

using a contraceptive method during a specific period of time by the total number
 

of women using that method during the same period. In experimental studies the
 

total number of women remains constant. In actual practice, some women within
 

the tested population may wish to discontinue the use of the contraceptive method.
 

There are several reasons for this, ranging from the appearance of detrimental
 

side effects to simple lack of interest and even a change of mind and desire to
 

have children. This poses the question of who are the couples using contracep

tive method i. Should the test group include all the couples that begin using
 

the method, or should it include only the couples that use the method for a cer

tain period, or finally, only the couples that use it during the entire period.
 

To answer this question and choose among the alternatives, the final purpose of
 

the information obtained should be considered Here it will be assLmed that the
 

final purpose is to plan population growth and family size in large population
 

groups, and that a "natural" phenomenon in these groups is that some couples who
 

begin using a contraceptive method stop doing so before the end of the reference
 

period, regardless of reason. As a consequence, in evaluatin, the fertility rates
 

when using contraceptive i, to be denoted with 0,, the important question is not
 

the proportion of pregnancies. that could have been avoided if couples had used
 

the method under experimental conditions during the entire period tinder investi

gation. On the contrary, in evaluating the Oil it should be taken into consideration
 

that some contraceptive methods have characteristics that tend to reduce the
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length of time during which couples continue to use them, or the proportion of
 

couples who use the method over the whole period.
 

These observations also apply to the second reason for differences between
 

fertility rates evaluated under experimental and actual conditions. This reason 

is that contraceptive methods might be used incorrectly, and pregnancy result. 

If a method, due to its characteristics, is easier to use, and for this reason 

the couples using it have fewer pregnancies, ithas an advantage over the other
 

methods that should be included in the computation of the 81. In other words, 

it is possible to devise experimental conditions under which most if not all
 

methods of contraception are 100% effective. The question is whether these ex

perimental conditions will hold up in actual practice.
 

In summary, all the couples who begin using or declare that they will use
 

a contraceptive method should be included in the evaluation of the 8i, regardless
 

of whether they continue to do so during the whole reference period, or whether 

they use it correctly.
 

A problem that is more technical than conceptual appears in the case of 

couples who begin using one contraceptive method, say method i, and shift to
 

another, say h, during the period covered by the investigation. In this case,
 

the educational efforts used to induce couples to use contraceptives cannot be
 

considered lost. However, from the point of view of method i, the couples stopped
 

using it,and thereafter the risk of pregnancy would be the same as that for non

protected couples. The computation of B. should take this assumption into con

sideration, despite the fact that the actual risk of pregnancy is that of couples 

using method h. On the other hand, these couples may or may not be included in
 

the computation of 0h . If they are not included, the computation of 8h with the
 

initial group is correct. If they are included, it should be assumed that they
 

have already initiated contraceptive practice using method h, and at that moment
 

they are included in the test group. That Is,their previous use of method i 

should not be considered. 
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These observations show that in the computations of the $i, two elements should
 

be considered: one is the risk of pregnancy when a contraceptive method is used,
 

and the other is the risk of discontinuing the use of the method or of misusing
 

it. These two aspects should be considered when the 8i coefficients for several
 

periods are estimated from the data in one period. Any estimation based only on
 

the risk of pregnancy is seriously biased.
 

XI-2 	 CHOOSING A CONTRACEPTIVE METHOD WHEN ONLY TOTAL COST IS CONSIDERED
 

XI-2-1 	Minimization of Pregnancies
 

In the model to be presented, it is assumed, as in Chapter X,.that the objec

tive of population planning is to minimize the number of pregnancies through the
 

use of direct contraceptive techniques, such as condoms, pills, foams, etc. It 

will be assumed that there are "n" direct methods of contraception, where 'n" is 

any positive number. The methods will be designated with a number that ranges 

from 1 to n. Only the mean effect of each method on the rate of pregnancy is
 

considered. That is, the differences in effectiveness of the methods of contra

ception, for example, when couples having different socio-economic status use
 

them, are not considered. Finally, only the financial costs of using contracep

tive techniques are considered. The final conclusion reached with the model is
 

the one that could be logically expected: the method having the lowest cost per
 

pregnancy avoided is the one that should be used.
 

The following notation will be used below:
 

a = normal yearly rate of pregnancy
 

= rate of pregnancy among women in couples using contraceptive
8i 


method i; i=l,...,n, during one year. By definition, these
 

parameters 8i are obtained by dividing the number of preg

nancies occurring among women in couples using contraceptive
 

method i during one year, by the number of couples. Problems
 

in applying this definition were mentioned in Section XI-I.
 

c 	 cost per couple using contraceptive method i, i=l,...,n during
 

one year.
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N= number of couples that should use contraceptive method i in
 

order to maximize the number of pregnancies avoided.
 

R total resources available. 

The number of pregnancies in the group of women using contraceptive method
 

i would be
 

aN. ~ ,.,
1 

if they had used no contraceptives at all. 

From the definition of 0 and Ni it follows that the total number of pregnan

cies among women in couples using method i is 

01iNi; i=l,..,n. 

As a consequence, the number of pregnancies avoided among women in couples using
 

the ith method would be
 

(a - 8i)Ni; i=l,...,n 

and the total number of pregnancies avoided would be
 

n 
B E (a -8.)N XI-2-1
 

i=l
 

It is assumed in this section that the maximization of this total is the objec

tive of a population or family planning program. The procedure for maximizing the
 

total number of pregnancies avoided isthe modification of the size Ni of the
 

groups of women using contraceptive method i. In determining the values that the
 

Ni should have, attention should be paid not only to the effectiveness of the
 

contraceptive method, i.e., to the yearly number of pregnancies avoided; but
 

also to the cost of using the different contraceptive methods. For this, with
 

the notation above, the total cost of using method i during one year will :be equal
 

to
 

ciiN
 

and the total cost of a population plan would be
 

n 
E ciN i
 

i=l
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This total cost should be less than or equal to the resources available, i.e.,
 

n 
R > c.i XI-2-2
Ni 


In summary, the problem reduces to the maximization of the number of
 

pregnancies avoided, i.e., (XI-2-1), subject to the resource constraint XI-2-2 

and to 

Ni> 0. 1 = 1, ... , n. XI-2-3 

Condition XI-2-3, that the number of women using contraceptive method i
 

cannot have a negative value, does not need any justification.
 

In order to solve explicitly the problem in equations XI-2-1 through XI-2-3
 

two simplifying assumptions will be made: 

(a) only two direct contraceptive methods will be considered, and
 

(b) all available resources will be utilized
 

With these assumptions, the problem reduces to the maximization of 

B (a - ) N1 + (a - 82 )N2 XI-2-4 

subject to 

R c1N1 + c2 N2 XI-2-5 

and to 

>0 1 =i, 2. XI-2-6Ni 

To solve explicitly the problem in equations XI-2-4 through XI-2-6, let
 

N= - '2 N XI-2-7 

1 2 

and ffom XI-2-4 and XI-2-7, it follows that 

B = R + ( 2)2 - 2-c 1 )IN2 XI-2-8 

According to equation XI-2-8, the number of pregnancies avoided will
 

increase when N2 increases, if
 

2C 2 

(ai-02 c > 0, 
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otherwise it will decrease. This means that contraceptive method two should
 

be used as often as possible, if
 

C1 C2 XI-2-9
 

c - a1 c -8 2 

If the inequality in XI-2-9 isreversed, contraceptive method one should be 

utilized. 

To interpret inequality XI-2-9, observe that the cost of avoiding ( - 1)Ni 

pregnancies is ciN i . As a consequence, the cost of avoiding one pregnancy is 

ciNi c 

(a- 8)N a 

thus, inequality XI-2-9 clearly demonstrates that in order to maximize the number
 

of pregnancies avoided, method two should be used if it has the lowest cost per
 

pregnancy avoided.
 

Assuming that method 1 brings about the greatest reduction in the number of
 

pregnancies, the formula for the actual number of pregnancies avoided can be
R 

obtained. For this, from equation XI-2-2, the value of N1 would be N - and 

N2 = 0 and from equation XI-2-1, the number of pregnancies avoided would be 

a - 81 
B = c R XI-2-10 

therefore, if c is the cost of reducing the total by one pregnancy, then

ci-81-


the total number of pregnancies that can be avoided with a total amount R of
 

resources is 

c - 81 
R
 

c1
 

To avoid unnecessary algebraic manipulation, the method of solution of the
 

model in equations XI-2-1 through XI-2-3 will not be discussed here. However,
 

the conclusion derived from it can be presented. It is that the contraceptive
 

method that keeps
 

C XI-2-11 
c - 8i 
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to a minimum should be used. With this method, the number of pregnancies avoided
 

will be maximized, when using a fixed amount R of resources.
 

A numerical example of the previous model will be presented below. The
 

information required appears in Table XI-2-1. The value of a is found in column
 

3, corresponding to no contraceptive method. The values of $i s i.e., pregnancy
 

rates per 100 women also appear in column 3. The total cost in dollars, ci, ap

pear in column 7. These figures reflect the information which is available.
 

However, they have strong limitations, and should not be taken as real data.
 

The results in Table XI-2-2 are obtained by applying formula XI-2-11. They
 

show that the intrauterine devices are the most effective contraceptive method.
 

Since the values in Table XI-2-1 are only examples, the same is true for the re

sults in Table XI-2-2. These results could be altered if any of the values used
 

in formula XI-2-11 are changed. 

XI-2-2 Minimization of Births
 

An immediate extension of the model in Section XI-2-1 is that which con

siders the objective to be the minimization of the number of births, rather
 

than the minimization of the number cf pregnancies. It is useful to consider
 

this case because it permits us to consider the costs of prenatal and delivery
 

care, as well as including abortion as one of the methods of avoiding births.
 

As in the case of Chapter X, it will be assumed that all pregnant women who do
 

not choose abortion will receive prenatal and delivery care.
 

The first step in the extension of the model in Section XI-2-1 is to con

sider the rate of live births by pregnant women. This ratio will be denoted by
 

T.
 

Using the notation in section XI-2-1, the number of live births in aN.
 

pregnant women would be
 

TNi 
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Table XI-2-1 

Information required to apply the model in sections I-1 and 11-3 
Costs
 

I Contraceptive Pregnancy Doctor's Implements Total
 

Method rate Visits Dollars Dollars Dollars
 
per 100 women
 

£1) (2) , (3) (4) ()L. (7) .,
.5. 	 (6)
-

None 	 30 .........
 

11 .- - 40.0 40.01 Condom 


2 Diaphragm with cream 15 1 10.0 20.0 30.0 

3 Foam 	Tablets 15 ---.. 14.0 14.0 

4 I.U.D. 	 6 2 20.0 .5 20.5
 

5 Oral 	 3 3 30.0 25 55.0 

Source: 	 The figures in this Table reflect actual conditions but cannot be
 

considered real data. Elaborated from:
 

(1) Searly, G.D. and Co.
 
A prescription for family planning
 

(2) The 	Consumers Union Report on
 
Family Planning 
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Table XI-2-2 

Determination of the most effective contraceptive method
 

Contraceptive cc- ai ci 
 rank
 
method a - 0 1 

1 Condom 
 19 2.11 5 

2 Diaphragm 
415 2.0 

3 Foam Tablets 15 .93 
 2 

4 I.U.D. 24 .83 1
 

5 Oral 
 27 1.95 3
 

SOURCE: Explained in the text
 



This number, due to the use of contraceptive technique I, would be reduced to 

TBINi 

As a consequence, the reduction In the number of births due to the use of con

traceptive method I is 

T(a - Oi)Ni
 
and the total reduction in number of births is
 

n
T 4 E T(a - Oi)Ni XI-2-12
 

i-I 

The objective of population and family planning is assumed to be the maximization
 

of this reduction.
 

To introduce prenatal and delivery costs, let
 

d - cost per patient of prenatal and delivery care.
 

Then the total cost of these services, assuming that all pregnant women receive
 

them, and without a population program, will be
 
n 
E daNi
 

i-1 

The reduction of this cost when a population program is in effect is
 
n 
E d(a - D)N; 
i-1
 

as a consequence, the total cost of prenatal and delivery care with a population
 

program will be
 
n 
E dB1Ni " 

i-i
 

This prenatal and delivery cost should be added to that of contraception
 

to obtain the total cost of the plan. This total cost must be less than or
 

equal to the resources available, i.e.,
 
n 

R > E (c, + d8i)Ni XI-2-13 
1+1 

Finally, condition XI-2-3 above must also be satisfied in the present case. 

Before discussing the solution of the problem in equations XI-2-3, XI-2-12 

and XI-2-13 the inclusion of abortion will be considered. It can be assumed that 

abortion simply reduces the number of births to zero, i.e., the number of births 



avoided would be 

a".+l
 

where n+l is the identification assigned to abortion as a method of reducing
 

number of births.
 

The cost of abortions would be
 

Cn+l.n+l
 

where 

cn+l is the cost per abortion. 

The two expressions dealing with abortion can be introduced in equations 

XI-2-3, XI-2-12 and XI-2-13. The same result is obtained, making 

0n+1 - 0 

and extending the range of variation of i up to n+1. 

Comparing the problem in equations XI-2-3, XI-2-12 and XI-2-13 with that 

in equations XI-2-1 to XI-2-3 it should be clear that the optimum technique, in

cluding contraception and abortion
 

ci + d~i XI-2-14 
a - 0, 

Comparing costs XI-2-11 and XI-2-14 it is clear that 

c i + d~i ci XI-2-15 
aL- f01 > a - 01 , 

meaning that the cost per patient of contraceptive techniques is always lower
 

than that for both contraception and prenatal and delivery services. Some obser

vations with respect to these results were made in Section X-2-2.
 

XI-3 	CHOOSING A CONTRACEPTIVE METHOD WHEN THE COSTS OF "SIDE EFFECTS" ARE
 

CONSIDERED
 

The treatment of costs in the models presented in the previous sections of
 

this Chapter and of Chapter X has two obvious limitations: (a)only costs directly
 

related to contraception and pregnancy are considered; and (b)it is assumed
 

that all the costs of using a contraceptive method can be expressed in terms of
 

money, and that only financial resources are limited. In this section the fact
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that 	a population program might have costs not directly related to pregnancy will
 

be considered. Among these, explicit attention will be paid only to the
 

medical costs associated with the side effects caused in some cases by the use
 

of contraceptives. The modification required in the models to include this case
 

is quite simple. The following information is required. First, the proportion
 

of persons in couples using contraceptive method i who will suffer side effects
 

must be known. This proportion will be called wi".Second, the cost of treating
 

these side effects, denoted with ki must be known. With this notationi, the num

ber of persons in couples using contraceptive i who suffer side effects will be
 

ir.N.
 

and the cost of treating these persons will be:
 

k.,r.N. 
113. 

as a 	consequence, the total cost of the population and family planning will be
 

n 
S(c i 	+ ki7i)N.
 

i=l
 

and this value should replace the total cost in condition XI-2-2. The modifica

tion needed to consider t1±e minimization of births instead of that of pregnancies
 

should be quite clear and will not be explained here.
 

XI-4 	 CHOOSING A CONTRACEPTIVE METHOD WHEN A DETAILED BREAKDOWN OF COSTS IS
 

CONSIDERED
 

It was observed in Section XI-3 that one of the limitations of the treatment
 

of costs in the previous sections is the assumption that all costs of using a
 

contraceptive method can be expressed in terms of money and that only financial
 

resources are limited.
 

The real costs--as opposed to the financial costs--of using a contraceptive
 

method are the human and physical resources employed. In this sense, the costs
 

should be measured in the time of physicians, nurses, and other auxiliary personnel
 

employed; in the depreciation of buildings and other implements, and'in the amount
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of pills, foams or other contraceptive devices utilized. For instance, the cost
 

in doctor's time for one patient over a period of a year could be 3 hours; of
 

nurses' time, 5 hours, and so on. In this example it can be seen that the real
 

costs per patient can be measured in their natural units, for example, in hours
 

of time spent by a doctor.
 

Even when the disaggregated real costs are explicitly considered, it is
 

still necessary to take the financial costs into consideration.
 

It might seem that to consider both the real and the financial constraints 

is a misleading duplication. However, when only the financial constraints are 

considered, it is assumed that it is possible to obtain at a fixed monetary 

cost additional units of all the resources required. If more doctors' time is 

needed, it can be obtained; the same for nurses' time, and the same for any 

physical resources needed. However, in many cases it might happen that finan

cial resources are not the actual constraint. Money might be available; however,
 

it might not be possible to obtain any additional well-trained physicians. In
 

this case, if only the financial constraints are considered, the solution ob

tained with the model will not be feasible. Lack of doctors, or nurses, or
 

implements, will make its implementation impossible. Ifnone of these limitations
 

appear, financial resources become the binding constraint.
 

Inorder to consider real and financial constraints in the model in equations
 

XI-2-1 through XI-2-3, the inequality XI-2-2 should be replaced by two sets of
 

inequalities. In the first one, those referring to real resources are included, 

i.e.,
 

n 
£ ChN
Li 

1 h w 1, ..... p XI-4-1 

where 

Chi 0 use of resource h per couple using contraceptive .method i 

Rh a total availability of resource h 

p - nmber of cost elements considered. 

The second set includes the Inequalities dealing with financial resources. 



To construct it, the monetary cost per unit of dodtor' time, nursa, etc. has 

to be known. Let 

ah - monetary cost per unit of resource h used 

then 
n 

ah E tN1 h - 1, ..... p XI-4-2
i-1 

In the monetary aost of using resources h. The total monetary coot of using 

all the resources is obtained by adding XI-4-2 over h. This total should be less 

than or equal to R. the total financial resources available, i.e.,
 

E ahchiNi <R XI-4-3 
h=l i=l
 

In the model formed by equations XI-2-1, XI-2-3, XI-4-l and XI-4-3, the
 

limitations of real and financial resources are considered. This model can be
 

modified to consider the case when births are minimized. In these modifications,
 

the principles already used are the only ones employed. For this reason, these
 

modifications will not be presented in detail.
 

XI-5 CHOOSING A TARGET POPULATION AND A CONTRACEPTIVE METHOD
 

In Chapter X, the problem of choosing a target population is studied without
 

considering the availability of several contraceptive techniques. This means that
 

it is assumed that only one method or combination of methods can be used. So far
 

in the present Chapter, only the different methods of contraception have received
 

attention. This implies that any method of contraception produces the same ef

fect on any person in the population. However, this is not the case. Different
 

methods produce different results due not only to the age of the persons using
 

them, but also to their motivation to reduce pregnancies and to their ability to
 

use a method in the appropriate way. In this section the influence of Totivation
 

and ability of the population will be considered. Ile impact of age will not be
 

included in the analysis.
 

Inorder to consider the influence of motivation and ability, the first
 

step iS to classify the couples according to the criteria considered to have
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most influence on the effectiveness of the contraceptive methods. Couples could
 

be classified by social class, employment status of the wife, etc. If needed,
 

the classification could consider several of the criteria mentioned. It will be
 

assumed here that couples are classified in j=l,...,m groups according to the
 

criteria above. This will be called classification by effectiveness.
 

When this classification is considered, the problem in equations XI-2-1
 

through XI-2-3 becomes that of maximizing
 

m n
 
BE j-i i-il ( - )Nij XI-5-1
 

subject to
 

m n 
R > E Z c..N.. XI-5-2 

j=l i=l 1) 1) 

to
 

n
 
>. E N. j-1,... ,m XI-5-3

3-i=l '3
 

and to
 

N.. > 0 i-l,...,n; j=l,...,m XI-5-4
1J 

where
 

B - as before, number of pregnancies avoided; 

a 'normal" pregnancy rate among women in effectiveness group . 

Oij pregnancy rates among women in effectiveness group J using contra
ceptive method 1. 

Vii - number of women who should use contraceptive method I amiong those 
in effectiveness group J. 

R- as before, total resources available. 

cij - cost per patient in effectiveness group J of using contraceptive 
method I.
 

Nj a total number of women in effectiveness group J.
 

The model in equations XI-5-1 through XI-5-4 is not very different from that
 

in equations XI-2-1 through XI-2-3. Actually, to obtain the model in equations
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XI-5-1 through XI-5-4 it is only necessary to introduce in equations XI-2-1
 

through XI-2-3 the subdivisions of couples into effectiveness groups. Only in
 

equation XI-5-3 does a.new element appear: that of number of women in effective

ness group J.
 

The results that can be obtained with the model in equations XI-5-1 through
 

XI-5-4 do not refer only to contraceptive technique, but also to effectiveness
 

groups. They indicate that the resources available for a population and family
 

planning program should be used to provide the contraceptive method and in the
 

effectiveness group where the cost per pregnancy avoided is minimum. This re

sult could be interpreted to mean that the resources for a population and family
 

plan should be used in those socio-economic groups having higher income and
 

education, because there the contraceptive techniques will be better utilized,
 

and in this way the number of pregnancies avoided will be maximized. Such a
 

result is unacceptable on two grounds. First, it would not be reasonable to use
 

the resources of a population or family planning program on those socio-economic
 

groups that already have low pregnancy rates, in part due to the use of contra

ceptive methods that they obtain with their own resources. Second, many of the
 

social and economic benefits of a population and family planning program are
 

derived from the reduction of pregnancies in socio-economic groups having low
 

levels of income and education.
 

Fortunately, these two points do not effect the model in equations XI-5-1
 

through XI-5-4. Its results would favor expenditures in socio-economic groups
 

having high levels of income and education only when it is wrongly applied, in
 

the sense that the values of the parameters ct, 8ij and cij are not the appropriate
 

ones. These parameters should reflect the impact of the use of the resources on
 

a population and family planning program, and not simply the impact of contracep

tive methods on biological processes. More specifically, due to the use of
 

contraceptive methods obtained with their own resources, socio-economic groups
 

with high levels of income and education have a low "normal" pregnancy rate aj.
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Little or no modification of this aj would be obtained with the use of the re

sources of a population and family planning program. Actually, 0j and Oij might 

be quite similar. The opposite is true in socio-economic groups with low levels 

of income and education. There, the "normal" rate of pregnancy will be high, and 

it can be reduced substantially by using the resources of a population or family
 

planning program. When these correctly computed parameters are used in the model 

of equations XI-5-1 through XI-5-4, it is highly unlikely that the model will 

advise the use of resources in socio-economic groups with high levels of income 

and education while ignoring those with low levels. 

XI-6 CHOOSING A METHOD TO ACHIEVE OPTIMUM FAMILY SIZE
 

XI-6-1 Optimum Family Size: Minimization of Number of Excess Children
 

In the analysis above attention has not been given to the right of parents
 

to determine the size of their families. This can be considered as a particular
 

case within thn context of the problem in discussion, because as a first step,
 

it simply introduces a classification of the fertile women in the population into
 

two distinct categories: Those who would like to have additional children, and
 

those who would not like to have them. When this classification is introduced,
 

it is clear that the target population for a demographic plan should include only
 

those women who do not desire additional children. It can be assumed that only
 

they will use the contraceptive advise and service provided by the programs. Once
 

this point of view is adopted, any of the models in this or the previous chapters
 

can be applied. Actually, the most effective application of the models should
 

begin with the classification of the women in the two categories mentioned above,
 

and the analysis should be applied only to those who do not desire more children.
 

Inthe application of the previous models to women who do not desire more
 

children, the fact that women can exceed their desired number of children by
 

varying amounts has not been taken into account. This point will be considered 

below. First, it can be assumed that the disutility of one excess child is the
 

same for all women, regardless of whether excess already exists. This means that
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one more child brings as much disutility for a woman, whether she has zero ex

cess children or five excess children. In this case very little modification of
 

the model in Section XI-5 is required. Basically, all that is required is to
 

change ti., meaning of the symbols in formula XI-5-2 so that Ni, becomes the num

ber of women with excess number of children j that should use contraceptives i,
 

and the meaning of aj, 8ij, etc. is modified accordingly. With this modification
 

XI-5-2 becomes the maximization of pregnancies avoided for those women who do not
 

desire more children.
 

The modification of the model in Section XI-5 just described can be used as
 

a basis for studying the case where the disutility of one additional child in

creases with the number of excess children.
 

To consider this case, it will be assumed that the time horizon for the
 

demographic plan is just one year. The usefulness of this assumption derives from
 

the fact that the number of women who have j children does not change. If more
 

than one year is condidered, that number will change, mainly because some women
 

with J-1 children had an additional child between dates t and t+l.
 

By limiting the time horizon of the population plan to just one year, only
 

the objective function of the model in Section XI-5 and above has to be changed.
 

In the present case, it becomes necessary to maximize
 

m n 
B E E W(j) (j - 8ij )Nij XI-6-1

j~l i~l i
 

where
 

W(j) reflects the change in disutility and is an increasing
 

function of j.
 

The simplest assumption would be to set
 

W(j) = j J=1,...,m 

The basic problem in this case is that of specifying W(J) ina reasonable
 

way, keeping inmind that any specification is only a more or less acceptable ap

proximation. The method in Chapter IImight be applied to solving this problem.
 

When the time horizon of the population plan is more than one year, the
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possibility that some women who had j children in year t will have j+l children
 

in year t+l must be considered. The method for doing this is quite similar to
 

that used in Chapter X to deal with women who change from one category in the pro

gram to 	another. For this reason, a full presentation of the formulas will not
 

be 	included here.
 

XI-6-2 	Optimum Family Size Considering Disutility of Excess and Defect in the
 

Number of Children Within a One Year Planning Horizon
 

In Section XI-6-1 only to the case where utility is attached to avoiding
 

excess children is considered. However, disutility can also mean having less
 

than the desired number of children. Thus, any deviation from the desired family
 

size brings about disutility.
 

To consider the simplest case first, itwill be assumed that the time
 

In this case, the women can
horizon of the demographic plan is just one year. 


be classified in two groups, those who desire one child more, and those who do
 

For the first group, the objective is to
not desire any additional children. 


avoid an additional child,,while for the second group, it is to have an additional
 

child.
 

To state the objective function just described in mathematical terms, the
 

following notation will be used
 

a. 	normal fertility rates for women in group i
 
1 

i=l women who do not want an additional child
 

i=2 women who want an additional child
 

8i 	fertility rates for women using methods to decrease
 

(i=l) or increase (i=2) their fertility
 

Ni 	 number of women who should use method (i=l) to de

crease and (i=2) to increase fertility.
 

With these notations it is clear that 

(a - ) N1 

is the number of children that can be avoided if N1 women use contraceptive methods 



to decrease fertility, and
 

(82 -2 ) N2 

isthe number of children that can be added, using methods for increasing fer

tility. Considering the objective to be the maximization of children avoided for
 

women who do not want them, and children added for those who do want them, the
 

object will be to maximize 

B = (a1 - 81) N1 + (82 - a2 ) N2 XI-6-2 

A basic assumption implicit in the objective function in XI-6-2 is that the
 

utility of avoiding one child, for women who do not desire them, is equal to the
 

utility of having a child, for women desiring one. This assumption could be
 

modified by attaching weights to the right-hand terms of XI-6-2. For instance, 

if 

B = (a - 81)N1 + .5(82 - a2)N2 

then the utility of having one additional child is assumed to be half of the
 

utility of avoiding one. As in the case of the weights (j) in XI-6-1, it might
 

be useful to apply the method in Chapter II to the problem of specifying a value
 

for these weights.
 

This objective in XI-6-2 should be obtained within the constraints
 

0 < N. < i=1,2 XI-6-3 

that is,that the number of women N. should be non-negative, less than or equal1 

to the total number Ni of women in the population who do not wish or who do wish
 

more children, and the financial constraint
 

R = c1N 1 + c2N 2 XI-6-4
 

where R is the amount of resources available and ci is cost per woman of method i.
 

To study the solution of the problem in equation XI-6-2 through XI-6-4, it
 

will be assumed that in no case do the resources permit the Ni to become equal
 

to the Nis i.e., that the constraint in XI-6-3 is not binding. In this case,
 

N2 should be increased up to the point where Ni = c2/R and Ni should be made
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equal to zero if
 

C I 81) c2 /(8 2 - 2)
-/(a
 

i.e., if 	the cost of having an additional child is less than the cost of avoiding
 

one. This result is the direct consequence of the assumption in XI-6-3 that the
 

utility 	of avoiding a child, for women who do not desire one, is equal to the
 

utility 	of having a child for those who do desire one.
 

The result just presented can be modified in much the same way as in Section
 

XI-6-1 	so as to take into consideration the fact that the women who do not desire
 

one additional child might already have 0,1,2,... excess children and also that
 

the women who do desire one additional child might wish to have 0,1,2,... additional
 

children. Only minor modifications are needed in the basic model, and they will
 

not be 	discussed in detail here.
 

XI-6-3 	Optimum Family Size Considering Disutility of Excess and Defect in Number
 

of Children With a Planning Horizon of Several Years
 

A serious limitation of the model in Section XI-6-2 is that the planning
 

horizon is only one year, while desired family size refers to the entire fertile
 

period of a woman. This point will be considered in this Section.
 

To begin the analysis of this problem, it will be assumed that the desired
 

number of children is the same for all women. This assumption will be eliminated
 

later. This uniform number of children desired will be designated T.
 

In the analysis it is useful to consider the women classified by number of 

children on each of the dates to which the problem refers. Let 

Ntj denotes the number of women in the population at date 

t with j children, and 

Ntj number of women who should use a method to aid (for j=l
 

to T) or 	prevent (for j=T+l to J) conception between t-l
 

and t among those with j children.
 

The time horizon of the program will be from tro to t=T. It will be assumed
 

that births avoided at the beginning of the program do not reduce the number of
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the women in the population. This means that T < 15 years. 

The difference between desired and actual family size is at any date t 

T J 
Dt (T - j). + E Qj - T7 XI-6-5j= VI j=T+l
 

The first term on the right hand side of XI-6-5 is the total of differences
 

for women who have less than the desired number vf children. The second term
 

refers to women who have more than the desired number.
 

Using equation XI-6-5 as a starting point, several objective functions for
 

the problem at hand can be defined. Perhaps the simplest one is to minimize DT
 

by the appropriate choice of the number Nt, of women with j children, i.e., the
 

differences between desired and actual children for t=T. Another possibility is
 

to minimize
 

T 
D E Dt
 

t=o
 

i.e., the differences over the entire period.
 

The next question is to determine the relation between the Nt, and the
 

instrument variable Nt,. In general it can be said that Nt, is equal to the
 

number of women who remained in the group from year t-l plus those who enter the 

group between t-l and t. To find how many left the group, the number of births 

and deaths among the Ntj women have to be considered with
 

a. birth rate without any method of changing preg

nancy rates among women with j children
 

aJ birth rate using some method to change pregnancy
 

rates among women with j children
 

a survival rate per women.
 

The number of births among the Nt women is
 

c. Ntj + (8 - ai)!tJ XI-6-6 

this means that the number of women who remain in the groUp with j children is 
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a(l-c N.XI-6-7
( t) j tj XI-6-7 

In the same way, the number of women added is
 

+a aj-l Nt-l j-l a (Bj-l - 'j- ) Nt-l j-1 XI-6-8 

Using equation XI-6-7 and XI-6-8 it is possible to write 

N~~ a (W.- x. - a (I. - "j.) 

XI-6-9 
+ a j- 1 Nt j-1 + a (B -c _1). tl 

Finally, the resources available and the costs of the methods to modify
 

fertility should be considered. To do so, let
 

c1 cost per patient to increase fertility
 

c2 cost per patient to decrease fertility
 

R resources available over the whole period
 

With these elements, the resources constraint becomes
 

T T J
 
R > E E cI N. + E c2 N.]


t=o j=l 1 j j=T+l 2t
 

These results can be generalized in many ways. Perhaps the two most impor

tant are the consideration of different methods of increasing or decreasing fer

tility, and the fact that a woman's age affects her fertility. All the questions
 

discussed in previous Sections could also be used in a model like the one described.
 

No attempt will be made here to explain these possibilities.
 



CHAPTER XII
 

HEALTH PLANNING: SIMULATION MODELS
 

XII-1 INTRODUCTION
 

The methods now available for the purpose of forecasting population growth
 

(see Chapter IX)usually take into consideration only mortality and fertility.
 

The vector of the population by age and sex at date t is transformed into the
 

corresponding vector for date t+l by means of multiplication by a matrix that
 

includes among its components survival and fertility rates.
 

An important limitation of this approach is that it does not allow a study
 

to be made of the effect of population growth on morbidity, or of the influence
 

of changes in morbidity on population growth. This limitation is particularly
 

important when the models used for population forecasting are to be used for
 

health planning.
 

XII-2 A MODEL FOR FORECASTING POPULATION GROWTH IN WHICH THE INFLUENCE OF
 

MORBIDITY IS CONSIDERED
 

As mentioned before, the principal element in the models used to forecast
 

population by sex and age is a matrix that includes as its components survival
 

and fertility rates. In this section the effect on survival rates of numbers
 

of cases by disease, and number of deaths among these cases will be considered.
 

This breakdown will be presented as a series of steps which will be used to
 

compute: (a)the populations used as a term of reference; (b)the number of
 

cases by age, sex and type of disease; (c)the number of deaths by age, sex
 

and type of disease; and, (d)combining all the previous results, the method
 

of forecasting population by sex and age from date t to date t+l.
 

XII-2-1 The Population to be Used as a Term of Reference
 

As the starting point for the forecast, it is assumed here that a
 

vector
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t 

is available. The components of this vector are the number of persons in the
 

population classified by sex and age. It will be assumed that the vector
 

has 2 n rows, where n is the greatest age a person can reach. The first n
 

rows have as components the number of males by age group, and are denoted by
 

M; the components of the last n rows are the number of females by age group,
 

and are denoted by F.
 

To compute the population to be used as a term of reference, the 

following equation will beI used: 

EP It = [R] [P]t
where
 

is a vector of 2 (n+l) rows, having as its first
 

component the number of boys born between t and t+l;
 

the following n components are the first n components
 

of vector P, the n+2 component is the number of
 

girls born between t and t+l, and the last n com

ponents are the last n components of vector P. 

From this description it is clear that: P'] t includes 

all the population susceptible to disease and death 

between t and t+l. 

R 	 is a matrix of 2 (n+l) rows and 2n columns. In

stead of fully describing it, an example will be
 

presented assuming that n=2. In this case
 
MH1 

N2
 

F1
 
F

2
 

It will also be assumed that women in the age group FI are fertile. 



With these assumptions the matrix R is 297 

0 0 X0 0 

1 0 0 0 

[R] 	 = 0 1 0 0 XII-2-1 

o 0 (1-x)a 0 

0 0.1 0 

0 010 1 

Where 	X denotes the ratio (boys)/(total number of children born) 

and 0 is the fertility rate for women in age group F The 

general form of matrix R can be subdivided into four submatrices 

of (n+l) rows and n columns R1 to R4 as follows 

R1 	 R2
 

R=
 
R3 	 R4
 

R 	 The first row of R1 is composed only of zeros. The 

rest is a matrix with ones in the diagonal from the second 

row, first column to (n+1) th row, nth column; 

The first row of R2 has the appropriate fertilityR2 


coefficients multiplied by the ratio (boys)/(total number
 

of births).- The rest of the matrix is only zeros;
 

Has only zeros as its components;
R3 


Has in the first row the fertility rates multiplied by
R4 


the ratio (girls)/(total number of births) and the rest of
 

the matrix has ones in the diagonal going from the 2nd row,
 

and .1Leoluinnto the (nii) th row, nth column.
 

With thu HaLi ix in (XTI-2-1) and the vector [ P I with
 

n=2 the vector [P']t takes the following forn: 
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Mo0
 
M
1 

M2 XII -2-2 

r P I = Fo 
F1
 

F2 

XII-2-2 Number of Cases by Disease, Age and Sex
 

The method to be presented below is completely general. It permits,
 

in principle, computation of the number of cases by disease, age and sex for
 

all known diseases. However, when we consider that the listing of known
 

diseases fills several volumes, we conclude that such detail is not likely
 

to be useful, that the computational facilities available would 1tot permit
 

the required mathematical operations to be made, and the statistical data
 

vailable would not be sufficient. For these reasons, the first problem to
 

be solved is that of classifying all these diseases in groups. Below it
 

will be assumed that m disease groups will be considered.
 

To compute the number of cases of each of the m disease groups in the
 

period between t and t+l, the following procedure will be used:
 

=
[bsij It c *sij[P Xrl-2-3
 

where 
I b is a vector of 2m(n+l) rows and 1 colmn. The 

components of this vector are the number of cases
 

of disease i, i=l,...,m among persons of sex s;
 

s=l male, s=2 female, and age j=0,...,n with
 

j=0 for persons born between t and t+l. Any set 

of components for i=l,...,m and fixed s and j is 

the number of cases of the different diseases 

for persons of sex s and age j. 

[a *.. is a matrix of 2m (n.l) rows and 2(n+l) colui nr;.s1)
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For the case of s=2, m=2, n=2, the matrix[a] takes the following form: 

000 01 0 

0 00 00 0 

00 a121 0 0 0 

0 - - - - - - -0-0 0 - 0 -XII-2

00 0 a112 0 0 

[a.~0[%ij] -- -0----- a 2 
--- . - 0 - - - *0 - - - -- 0 - -

0 0 0 0 0 

0 0 0 a2 20 0 0 
-----------------------------------------------
0 0 .0 0 021 0 

0 0 0 0 a0 

--------------- ----------------Y--------6221--
0 0 0 0 0 $12 

0 0 0 0 0 a22 2 

The components of the matrix asi j are the morbidity rates by sex, 

disease and age. These components are arranged in 2(n+l) submatrices of m 

2 (n+l) columns each. The hth matrix for h=l,...(n+l) has as its hth rows and 

for men of age h; for h=(n+2),...2(n+l)column the vector of morbidity rates 

has as its hth column the morbidity rates for women of age h. All other 

components of these matrices are zero.
 

From equation XII-.2-3 and the definitions above, it is clear that 

blij = a.- . M 

XII-2-5 
b2ij aij Fj
2 

the definitions
These equations are important because they can be taken as 


For instanceali j is theof morbidity rates by disease, age and sex. 


cases j bet;een t and t-11 for males; agequotient of the number of of disease 

j, divided by total number of males age j at date t. 

is possible to compute the following
Starting with the vector [bsi j ] it 

total numbers of cases: 

the total by age and disease.a) summing over sex, to compute 

has m(n+l) rows, and is obtainedThe vector [b .. ] obtained 
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b.i j ]  As ] [si j ] 

The matrix A has m(m+l) rows and 2m(n~l) columns. It can be broken
 
s 

down into two matrices of dimensions [m(n+l)] [m(n+l)]. Each of these two
 

matrices is equal to the identity matrix, i.e., its only non-zero components
 

are equal to one and are in its main diagonal.
 
4
 

b) summing over age to compute totals by sex and disease, the 

vector [bs . ] is obtained. It has 21n components. If 

[bsi = [Aj] [bsij] 

the matrix [A.)]has 2m rows and 2m(n+l) columns. A typical
 

matrix [A.) for the case where s=2, m=2, n=2 is
 
111000
 

1 0 1 0 1 010 0 0 0 0 0 

0 1 0 1 0 10 0 0 0 0 0 

0 0 0 0 0 0 1 0 1 0 1 0 XII-2-6 

0 0 0 0 0 0 0 1 0. i 0 1 

From (XII-2-6) it is clear that [A.] and be broken down into four 

matrices of dimensions (m) [m(n+l)J • The first and fourth of these 

matrices breaks down into (n+l) unit matrices of dimension m x m. 

The third and fourth matrices have all their components equal to 

zero. 

c) 	summing over conditions to compute number of cases by age
 

and sex, the vector [bs. is obtained. It has 2(n+l)
 

components.
 

The Matrix [Ai ], from 

[s.j ] = -] sij1[b SJ3= 17 .) Eb i 

has 2(n+l) rows and 2m(n+l) columns. For the case s-n=m=2,
 

this matrix is
 



1 1 0 0 of0 01 0 0 110 0 it0 0 
1110 1 

0 0 1 1 0 0 0 0 10 0 0 0 

[Ai ] = 0 01 0 0 1 1 0 0 0 0 0 0 
1 1XII-2-7 

0 0 10 0 10 0 1 11 0 0 10 0 

0 0 10 0 0 01 0 0 1 1 0 0 

0 010 010 010 610 0 11 1 

The expression in (XII-2-7) shows that [A.) can be subdivided1 

into 2(n+l) matrices of dimension.' [2(n+l)] [m]. The h 1th matrix has ones 

in its h'th row, and zeros everywhere else.
 

d) summing over sex and age to compute total number of cases
 

by disease, the vector [b.i . ] has m rows. It is obtained 

with the product 

[b ERE . I Eb I.1. sj sij 

The matrix [As ] of m rows and 2m(n+l) columns is formed by 2(n+l) 
5) 

unit matrices of dimensions m x m. 

e) summing over sex and conditions to obtain totals by age, 

the vector [b. has (n+l) rows. If 

[b.. i 3 = [A.J Ebsi j 

then [A si is a matrix of (n+l) rows and (2m) (n+1) columns. The charac

teristics of this matrix can be easily derived from those of the matrix 

[Ad and the expression in (XII-2-.7). The matrix [As.) breaks down into 

two matrices of (n+l) rows and m(n+l) columns. The first of these matrices 

is equal to the first matrix in [A., and the second to the fourth matrix in 

[A i ]. 

f) 	summing over condition and age to obtain totals by sex, the
 

vector bs. . hWas two components. The matrix [AiJ] has two
 

rows and 2m (n+l) columns. The first row has ones in the 

m(n+]l) first po3itioL and zeros everywhere else, and the 

second row has zeros in the first m(n+l) position and ones 
,oae,, -4/"E" jje. 
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The mortality rates of persons affected by condition i and specific of age,
 

sex and condition will be used to compute the number of deaths between t and
 

t+l. With the number of deaths, a vector Edsi j of 2m(n+l) rows will be formed.
 

Its components d ..are the number of deaths among persons of sex s, affected
 

by condition i, and of age j. Since 

d = sij b sij XII-2-8 

it is clear that the matrix [6 s*.] which transforms the vector [b .) into the 

vector Edsi j ] is a 2m (n+l) diagonal matrix with the mortality rates 6si j
 

in the main diagonal. From equations (XII-2-5) and (XII-2-8) it follows
 

that
 

dlij = lij Mj 

d2ij 
 62ij c2ij Fj 

From the vector Edsi j it is also possible to obtain the totals of 

deaths by age and condition, by sex and condition, etc., using methods
 

similar to those used to obtain totals of number of cases. For instance,
 

the total number of deaths by age and sex can be obtained with the matrix 

product
 

[ds. j = Edsi j ] 

where 

[A.] is the matrix defined in (XII-2-7)

3. 

XII-2-4 A Model for Forecasting Population by Age and Sex 

Assuming that the vector [P]t of population by age and sex at date 

t is knowm, the problem is to transform it into the vector [P] V To
 
t-'.+
1
 

do this, observe that to obtain [P I it is necessary to subtract from 
t+l 

[P']t the number of death3 by age and sex, and to eliminate the components 

in rows n+ and 2(n+l). This is obtained with the product 

[P1t+ - [B] ([P')t - Eds.j) XI.I-2-9 
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where [B] is a (2n) [2(n+l) 3 matrix that has its n+l and 2(n+l) columns of 

zeros, while its first (n x n) rows and columns, its rows n+l to 2n, and 

its columns n+2 to 2n+l form identity matrices.
 

Replacing in equation (XII-2-9) the values of its elements in
 

terms of [P]t we obtain
 

[P[B ([I] - [A.) [6IsI [Rsi ]] JR) [P]t XII-2-10 

From equation (XII-l-10) it is clear that the usual recursive 

relation used to forecast [Pit to [Pjt+h for any h=l,.... , assuming 

constunt coefficients, can be obtained. 

XII-3 DEMAND FOR MEDICAL SERVICES 

One of the advantages of the model in Section XII-2 is that it 

can be used to obtain estimates of the demand for medical materials and
 

services, consistent with the morbidity, mortality and population forecasts.
 

Actually, the method for estimating the demand for medical services
 

to be presented below is based on the assumption that the morbidity and
 

mortality rates can be maintained constant only if the rates of medical
 

services (to be defined below) are also maintained constant. In this
 

sense, the estimated demand for medical services is the demand required 

so that the population forecast is actually realized. If the actual
 

availability of medical services exceeds the estimated demand, the 

morbidity and mortality rates will be reduced. If the available services 

fall below the estimated demand, the morbidity and mortality rates will 

increase. In either case, the actual population will differ from that fore

casted. 

The methods for estimating the demand for medical services will 

he explained below with reference to the services of physicians and
 

hospitals. Similar techniques could be applied to the demand for any 

other type of services of implemients say, that of pharmaceutical products. 

The presentation of a detailed description of the methods 'used to estimate 



the d~mand for doctors and for hospitals should make it possible for the
 

reader to apply the same techniques to any other type of service or
 

implement.
 

XII-3-1 Demand for Doctor Services and Number of Doctors Demanded
 

The demand for doctor services can be subdivided into two main
 

types: (1) the demand for curative services made by the patients counted
 

in the 	vector [bsi ) and (2) the demand for preventive service, i.e., for 

These two
medical examinations, vaccinations, etc., by healthy persons. 


types of demand will be considered below.
 

The "visit" will be taken here as the unit element of the demand
 

for doctor services. A method for estimating the number of visits due
 

to the number of cases considered in the vector Ebsi ]will be presented
 

below as well as one for estimating the number of preventive visits.
 

XII-3-2 Demand for Curative Services
 

The number of visits for curative purposes is estimated with the
 

following product: 

Ivsij I = [ sij I [bsij] XII-3-1 

where 

Ssij] 	 is a vector of 2m(n+l) rows with components v5s.
 

the number of visits by sex s=1,2, condition
 

i=l,...,m and age j=l,...,n.
 

[Wsij] 	 is a 2m(n+l) diagonal matrix. The elements 

in the main diagonal are the visit rates, defined 

by the quotient 

sij bsi j 

i.e., the number of visits by sex, condition and age between t and t+l 

divided by the number of cases over the same period. 

It should be clear that, starting with the vector [ vsi j ] , it is 

possible to compute the number of visits by sex, condition, age, etc. 
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Several of these estimates can be useful in estimating which specializations
 

wi~l be needed in the doctors. A total to be used below is that of the 

number of visits by sex and age, i.e.
 

[vs.j [A.J [V si j xII-3-2 

where 

[vs.jJ is a vector of 2(n+l) rows with components 

the number of visits by sex and age; 

and 

[Ai is the matrix introduced in (XII-2-7) 

XII-3-3 Demand for Preventive Services
 

It is assumed here that the number of visits for preventive 

services cannot be classified by condition. That is, it is not possible 

to determine which condition or conditions the persons visiting the 

doctor are trying to avoid. As a consequence, the number of preventive 

visits will be classified only by sex arid age. Their number is obtained 

from the product
 

[Wsj I =[esj I [IP]t XII-3-3 

where 

EWsj I is a vector of 2(n+l) rows with components wsj 

the number of preventive visits by age and sex. 

Ie sj is a [2(n+l ] [2(n -)1 diagonal matrix. Its 

components 8sj are the number of preventive
 

visits per person of sex s and age j.
 

XII-3-4 Total Demand for Doctors' Servicenr! and flumbar of Doctors Needed
 

The total demand for doctor visits by sex and age is obtained 

with the sum 

[ ksj ] vs.j] +[wsj XII-3-4 

Replacing in XII-3-1i [vSJ and [ sjI one obtains 
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[ksj] { [A[ I [7sij ] [otsij] sj 3) [R] EPj 1.30 

The data required to estimate the total number of doctors needed
 

ara th3 number of visits a doctor receives per year. This information could
 

b: classified by the sex and age of the patients, or, in the case of cura

tive visits, by type of condition. It will be assumed that the number of
 

visits a doctor receives per year is the same regardless of sex, age or
 

This number will be denoted by E. As a concondition of the patient. 


sequence, the number of doctors needed is
 

D = 1i ] [ksj] 

where 

[1] is a row vector of 2(n+l) rows with only one as components 

or a more refined
be observed that cithtr coefficientIt should 

make it possible to forecast the number of doc
coefficient, if required, 


tors ne-eded for preventive and for curative services by type of condition,
 

and age of the patients, or number of doctors number classified by
sex 

the condition in which they should specialize. These forecasts can be 

used to plan medical education. 

XII-4 DEMAND FOR HOSPITAL.SERVICES 

Using an approach similar to that used to estimate the demand for
 

doctors' services, it is possible to estimate the demand for hospital
 

services. A detailed presentation of this method is made below.
 

XII-4-1 Number of Hospital Dischirges by Sex, Condition and age
 

The number of hospital discharges by sex, condition and age is
 

[h .. 3 =. Cy . .J [b IX I4
 

sij sij sij 


where
 

[hsij] is a vector of 2m(n+l) rows. The number of dis

charges by sex, condition and age are denoted by
 

h siV' 

XII-4-1 



rvY ]* is a diagonal matrix of dimension [2m (n+l)] [2m(n+l)]f. 
iJ 

the components in its main diagonal are the numbers 

Ys5 j of discharges by sex, condition and age 
by case.
 

These rates are defined by
 

hsij 
Si:j - bsij 

Again in the present case, it is possible to obtain total by sex,
 

condition, age, etc.
 

XII-4-2 Number of Hospital Days Demanded Per Year
 

demanded by sex,In order to estimate the number of hospital days 

condition and age of the patients, the following equations will be used: 

EPsij ] = Xsij] [hsij 3 XII-4-2 

wh,.re 

[£sij is a vector of 2m(nl) rows, and its components Isij 

denote the number of days spent in a hospital per 

patient of sex s, condition i and age j. 

[ si j ]  is a diagonal matrix with components A in the 

main diagonal defined by 

A..= S_-I. 
h siSij 

XII-4-3 Number of Hospital Rooms Demarided 

The next step is to compute the number of hospital rooms demanded. 

As in the case of doctors, the method to be presented could be used to 

estimate rooms classified by sex, condition and age of the patients. Here
 

only the method for estimating total number will be presented. This method 

is summarized in the following equation:
 

El] E9.si j 

where 
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The product [] [.sij] gives the total number of hospital days 

demanded. This total is divided by 365, the number of days that a hospital 

room is 	 available. 

It should be observed that the previous computation gives only a
 

lirst approximation of the number of hospitals rooms needed, since seasonal 

variations in number of cases are not considered. These seasonal varia

tions would increase the demand for hospital rooms during certain periods 

of the year. In these periods, the number of rooms computed would not 

be sufficient. However, if the rooms available satisfy the peak demands, 

some of the rooms would not be used in the remaining periods. 

Xi1-5 	 INFLUENCE ON POPULATION GRC,'TH 0" CHANGES IN SOCIO-ECONOMIC 

CONDITIONS IN CENERAL AND IN HEALTH CONDITIONS IN PARTICUIAR 

The model in equation (XII-2-10) can be used to study the influenre 

of changes in socio-economic conditions in general, and in particular 

changes 	 in health conditions, on pQpulation growth. These changes might 

or might not be the final result of socio-economic or hea!th planning. 

However, the method to be presented below can be used to study the impact 

of planned socio-economic and health changes on popu' ition growth. 

Pnr this 	analysis, the coefficients of the matrices [6 si j and [asij 

must be expressed as functions of indices of these socio-economic processes. 

For instance, it can be assumed that 6si j and a sij depend upon per capita 

income, percentage of the population with access to water supply, number of 

doctors per person in the population, etc. These relationships can be 

estimated by regression methods and used to forecast the values of 6 sij 

s j' These forecasted values, replaced in equation(XII-2.-10), will 

make it possible to forecast the population, taking into consideration the 

influence on health of changes in per capita income, etc. 



CHAPTER XIII 

HEALTH PLANNING: OPTIMIZATION MODELS 

XIII-1 INTRODUCTION 

In optimization models for health planning, as in any other type 

of optimization models, the problem is to choose among several alternative 

means to optimize an objective function. In Section XTII-2 the specification
 

of the objective function will be studied. Several optimization models
 

will be discussed in later sections. The technical planner would have 

to adapt general models to the specific situation he confronts, constructing 

in this process new models.
 

XIII-2 THE OBJECTIVE FUNCTION FOR HEALTH PLANNING 

Several objective functions for evaluating the efficiency of health 

services have been proposed in references (1 to 5). Comments on these 

approaches will be presented below. 

The minimization of the number of deaths can be considered a first
 

approximation to the objective of health services. The number of deaths
 

as a decreasing index of the efficiency of health services has several
 

advantages and disadvantages.
 

The main advantage -- in addition to its clear intuitive meaning 

and appeal ---is the ready availability of some of the statistical data 

needed.
 

One of the disadvantages is that not all deaths are equally important. 

For instance, the death of the father of a family represents a larger 

social loss than the death of an infant. However, this type of limitation 

can be avoided with an appropriate system of weights. Another limitation 

is that such an index excludes the losses due to morbidity alone. It 

appears difficult to find a system of weights that would introduce the 

309
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effects of morbidity in an index based on the number of deaths.
 

All that has been said with respect to an index based on the number
 

of deaths also applies to indexes closely related to that number, such
 

as death rate, life expectancy, etc.
 

An index that would include losses due to both mortality and
 

morbidity is the number of days of health. The construction of such an
 

index is not too difficult if only one disease is considered, but it
 

might become extremely complex if we consider the increase in number of 

days of health brought about by prevention or cure of several diseases. 

This index would also fail to take into consideration the differences
 

in the losses brought about by diseases, depending upon whether they are
 

suffered by adults or by children.
 

Finally, the objective of health services is to minimize the economic 

losses brought about by disease and death. In a direct approach, the 

losses caused by one disease are evaluated, using its incidence on people
 

of several different ages. As in the case of the number of days of health, 

this approach might become quite complex if several diseases are considered
 

simultaneously. Another approach is to evaluate the increases in the 

productivity of the labor force brought about by improvements in health.
 

The techniques employed to disaggregate the residual factor of economic
 

growth are used in this case. A limitation of these two methods is that
 

the economic losses brought about by disease or death depend also on the 

level of employment. As a consequence, itwould be meaningful to introduce
 

such an index only when planning of health and employment are integrated.
 

In addition, it is intuitively clear that the value given to health is
 

independent of any of its economic consequences.
 

Despite the observations above, we will use number of deaths as the 

index of thc efficiency of health services. The mathematical models to 

be introduced below would need some modifications ifwe attempted to use 
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them with some other type of index, but the basic ideas could be applied 

without alteration. 

XIII-3 PREVENTION VERSUS CURE FOR ONE DISEASE, ONE PERIOD MODEL 

XIII-3-1 Content of this Section
 

At the risk of some repetition, three forms of the problem to be
 

studied in this section will be considered below. In section XIII-3-2,
 

the basic approach will be introduced. Some of the simplifications used
 

in this approach are removed in sections XIII-3-3 and XIII-3-4, but
 

linear relationships are maintained, and a numerical example is presented.
 

Finally, in section XIII-3-6, the assumption of linearity is removed.
 

With this step it is possible to see more clearly the principles of economic
 

theory that are being applied. No consideration will be given in any
 

of these cases to the problems caused by the passage of time. A dynamic 

model is studied in section XIII-4.
 

XIII-3-2 The Basic Model
 

The problem to be studied in this section is the influence on number 

of deaths caused by a given disease of expenditures on preventive and
 

curative measures.
 

The basic model to be introduced in this section demonstrates
 

the relationships among the main variables in a rather simple way. Although
 

this model has no practical application, its modification in the following
 

section can be usad in actual planning.
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The following notations will be used: 

P - population susceptible (Datum). 

S - total number of people affected by the disease, i.e., who become sick. 

D - total number of deaths. 

B1 - total expenditure on preventive measures.
 

E2 - total expenditure on treatment of sick people.
 

R - total resources available (Datum).
 

R - E1 + E2 XIII-3-1 

Itwill be assumed that the total number of people who become sick is a 

decreasing function of the total expenditures on prevention. 

S - P - a1E XIII-3-2 

where a1 is a parameter that can be designated as the number of cases 

that can be avoided with an expenditure of one dollar. In section XIII-3-3 

the method to evaluate al. starting with actual data, will be presented, 

and the assumption in equation XIII-3-2 that every person in the population 

who has not been protected with a preventive measure will become sick 

will be removed. 

Next we will assume that the number of deaths is the following
 

linear function of the number of people sick and the expenditures on
 

treatment:
 

D - S - a2E2 XIII-3-3
 

where a2 is a parameter that denotes the number of deaths that can be
 

avoided with the expenditure of one dollar. In section XIII-3-3 a more
 

detailed analysis of this equation is made along lines similar to those
 

explained with respect to equation XIII-3-2.
 

With equations XIII-3-1, XIII-3-2, and XIII-3-3, the problem of
 

minimizing the number of deaths takes the following form:
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Minimize
 

D P - 1
a1E1 2E2 XIII-3-4 

Subject to 

R - E + E XIII-3-5 

and 

D> 0 

Since in practice the amount of resources available will not usually 

be enough to make D > 0, we will ignore this condition in the analysis 

below.
 

From XIII-3-4 and XIII-3-5 it follows that 

D - P - (a1 - a2)E 1 - 2R XIII-3-6 

and
 

0<E <R
 

Hence D will be a minimum if
 

E1 -Rwhen a1 >2
 
S R 2
,1 XIII-3-7 

E2 - R when a1 < a2 

The result obtained, i.e., spend everything on the measures giving higher
 

returns per dollar spent, makes perfect intuitive sense.
 

XIII-3-3 A More Realistic Approach -- Model and Numerical Example
 

The main limitation of the model in section XIII-3-2 is that it
 

does not include any indication of tho method that should be used to
 

evaluate the parameters a1 and a2 using statistical data. This limitation
 

is removed in the present section. The following notations and equations
 

will be used for this purpose.
 

P - susceptible population (Datum).
 

N1 = number of people that should be protected with preventive
 

measures such as vaccinations, in order to minimize deaths. 
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N2 - number 	of people that should not be protected. 

P - N1 + N2 XIII-3-8 
T - morbidity rate among the people protected (Datum).
 

T - morbidity rate among the people not protected (Datum). 

S - total number of cases, i.e., of people affected by the disease. 

S - TIN1 + T2N2 XIII-3-9 

number of sick people that should be treated with curative techniques-H1 


in order to minimize dcaths.
 

H2 - number of sick people that should net be treated with curative 

techniques. 

S -	 XIII-3-10M1 + M2 

61 - mortality rate among people treated (Datum). 

62 - mortality rate among people not treated (Datum). 

D - total number of deaths. 

D" 61M1 + 62 M2 	 XIII-3-11 

c M cost of protecting one person (Datum). 

c2 - cost of treating one person (Datum). 

- amount that should be spent on prevention in order to minimizeE1 

deaths.
 

- amount that 	should be spent on treatment.E2 


R - total resources available (Datum). 

R -E 1 	 XIII-3-12
+ E2 


XIII-3-13E1 c1lN 1 

" c2A 	 XIII-3-14
 

The problem is to determine E1 and E2 in such a way as to minimize D.
 

A comparison of the problems in sections XIII-3-2 and XIII-3-3 shows 

that they are er entially identical. However, the numbers of variables 

and parameters needed in section XIII-3-3 makes it difficult to understand 
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the basic principles introduced in Section XII-3-2.
 

In order to reduce the problem in this section to the one in section
 

XIII-3-2, the following transformations are required:
 

From XIII-3-10 and XIII-3-11
 

D - (61 - 62)1 + 62 S XIII-3-15
 

From XIII-3-8 and XIII-3-9
 

S - (T1 -T 2)N1 + T2P XIII-3-16
 

From XIII-3-15 and XIII-3-16
 

D = 62T2P + 62 (T1 - T2)N1 + (61 - 62)M1 XIII-3-17 

And from XIII-3-13, XIII-3-14 and XIII-3-17
 

DE1 E2 XIII-3-182 T2 P 62( 1 l 1 2
 
The problem reduces to that of minimizing D in XIII-3-18 subject to condition
 

XIII-3-12. The problem is equivalent to the one in equations XIII-3-5
 

and XIII-3-6, with
 

- 62 (T 1 - T 2 ) 

Cl1 XIII-3-19 

- a2 
2 ~ C2
 

With XIII-3-19, the solution in XIII-3-7, can be applied to this case.
 

From equation XIII-3-18 it should be clear that a2, as defined in
 

XIII-3-19, is the number of deaths that can be avoided with the expenditure
 

of one dollar on treatment, while a1 is the number of deaths that can
 

be avoided with the expenditure of one dollar on prevention of the
 

disease, but without treating those who fall sick. It is possible to
 

verify directly the meanings just given to a1 and a2 with the following
 

approach.
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First, let us observe that from XIII-3-11 we have 

AD - 61 AM1 + 62AM2 XIII-3-20
 

and from XIII-3-9, since S is assumed to remain constant, we have
 

0 - AM1 + AM2 XIII-3-21 

Hence, from XIII-3-10 and XIII-3-21 

AD - ( 61 - 62) AM, XIII-3-22 

From XIII-3-22 with AD  1, we obtain that 

- AM 1 -

12 

is the number of people to be treated to avoid one death. Since c2
 

is the cost per person treated, the cost of avoiding one death with
 

treatment is
 
c2
 

61261-62


and its inverse, i.e., a2 is the number of deaths that can be avoided
 

with the expenditure of one unit. A similar analysis is valid for the
 

case of al.
 

To complete this section, a numerical example will be presented
 

below.
 

The basic statistical data needed is presented in Table XIII-3-1
 

These data, referring to whooping cough in Northern Santiago, Chile, 

in 1963, are taken from reference (1). 
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Table XIII-3-1 

Basic data needed to apply the model in this section, referring
 
to whooping cough in Northern Santiago, Chile, 1963
 

Symbol Definition Value
 

T1 Morbidity rate in protected population 0.45 

T2 Morbidity rate in non-protected population 0.60 

61 Mortality rate with treatment 0.01 

62 Mortality rate without treatment 0.03 

c Cost of protecting one person 0.30 

c2 Cost of treating one person 28.86 

R Total resources available (Escudos) 31,317.00 

Source: Reference (1)
 

With the data in Table XIII-3-1, formula XIII-3-18 becomes
 

D - 0.018P - 0.015E - 0.00069E2 

with a - 0.015 and a2 - 0.00069 

Since a1 > a2 ' the maximum reduction of deaths will be obtained with 

E1 0 R - 31,317 and E- 0. In this case, the total number of deaths 

that could be avoided is a1R = 470. 

It is worthwhile to observe that, according to the information 

in reference (1), the distribution of resources was E1 - 7,158, E2 24,159, 

and the number of deaths prevented was 124. That is, with a planning 

approach, a total of 346 deaths could have been avoided.
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XIII-3-4 Minimization of the Number of Deaths When Several Diseases are
 

Considered*
 

In the model in XIII-3-3 only one disease is considered. An
 

immediate generalization is to consider several diseases.
 

The main difference between the case of one disease and that of
 

several or all diseases is that in the latter the interdependences of the 

diseases must be considered. The main forms of interdependence are
 

as follows.
 

The first form refers to the assumption made in the case of one
 

disease that the amount of resources available might not be enough to 

reduce to zero or less than zero the minimum number of deaths brought 

about by the disease. When dealing with all the resources available 

for the health services, it might happen that the minimum number of deaths, 

as determined by this model, will be negative. Since in actual practice
 

this minimum cannot be less than zero, the result obtained with the model 

would simply mean that some resources are wasted. For this reason, in 

the actual computations, one should include the condition that the number
 

of deaths brought about by any disease should be larger than or equal 

to zero. 

The second interdependence appears because of the fact that one
 

person might be susceptible to several diseases. For this reason, it
 

is impossible to define the population susceptible to one disease
 

without knowing the measures taken against all the other diseases. For
 

instance, if malaria is not controlled, the number of persons who
 

become sick and die from, say, cancer might be substantially reduced.
 

Fortunately, when the plan refers to short time periods this interdependence
 

is not likely to be important. As a first approximation, this inter

dependence of susceptible population will be ignored below.
 

*This section is a summary of: H. Correa and W. A. Hassouna, Planning 
for Health of Infants and Children in Egypt. UNICEF Document 1972. 



Finally, there is an interdependence of preventive measures, i.e.,
 

some preventive measures (to be called "general" here) that reduce the
 

The most common example
incidence of several diseases at the same time. 


of such measures is a hygienic water supply. Education and nutrition
 

could also be considered among the preventive measures that reduce the
 

This fact forces us to consider in the
incidence of several diseases. 


model both general and specific preventive measures for each disease,
 

and to modify the model in section XIII-3-3 accordingly. To understand
 

this modification it is necessary to remember the role of equation XIII-3-9
 

in the model in section XIII-3-3. In this equation the total number of
 

sick people is the sum of those who became sick after having enjoyed
 

preventive measures, and those who became sick but had not enjoyed
 

preventive measures. In this case it is necessary to define the total
 

number of people who became sick, taking into consideration that the 

It appears
preventive measures could be both the general and specific. 


that the only way to do this is to consider the four alternatives combining
 

general and specific measures, i.e., total number of sick persons should
 

be equal to number of sick persons among those who enjoyed both types of
 

preventive measures, plus those who enjoyed general but not specific
 

measures, plus those who enjoyed specific but not general measures,
 

plus those who did not enjoy any measures at all. It is necessary to
 

have information with similar detail about morbidity rates, costs per 

person, different types of expenditures, etc. Only specific prevention 

measures will be considered below. 

In addition, despite that the model is completely general, it will 

refer here only to children, and only to three diseases, to be designated 

1, 2, and 3. 

Itwill also be assumed that there are a total of three specific
 

methods that reduce morbidity almost exclusively
prevention methods, i.e., 

in one disease. 
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The first decision that a planner has to make is to determine the 

number of children that should receive: 

a) No protection (N ); 
b) Only specific protection against disease I (N1 ) 

c) Only specific protection against disease 2 (N) ; 

d) Only specific protection against disease 3 (N3) ; 

e) Specific protection against 1 and 2 (N4) ; 

f) Specific protection against 1 and 3 (N); 

f) Specific protection against 2 and 3 (N6 ) ; 

h) Specific protection against 1, 2, and 3 (N
7)
 

It is clear that:
 

7 
N - E N1 XIII-3-23 

i-o 

The number of cases of disease 1 will be equal to the number of 

cases in each of the eight groups defined above, i.e.: 

B1 I acii Ni 	 XIII-3-24 

where 

B1 - number of cases of disease 1 

a 	proportion of persons with protection i 
sick with disease 1. 

In the same way, for disease 2 the number of cases is: 

-li 	 that becomes
 

7 
2 E 2i 
 XIII-3-25
 

Finally, the number of persons affected by disease 3 will be: 
7 

B3 aE a 31 Ni 	 XIII-3-26 

A second decision that the planner has to make is to specify the 

number of cases in each of the three possibilities above that should be 

treated. This means that he has to divide the patients of each of the 
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three diseases above into two sub-groups: those that should be treated, 

and those that should not be treated. In formulas, this can be stated 

as follows: 

Bi = T + Tl i - l,...,3 XIII-3-27 

where 

B number of cases with disease i 
Toi number of patients of disease i who do not receive treatment 

Tl number of patients who receive treatment. 

It should be observed that several methods of treatment could be 

considered, if desired.
 

The total number of deaths will be
 
3 

D - E ( 6oi To + 6 11. Ti) XIII-3-28 
i-1 

where 

D Total number of deaths 

6oi mortality rate among untreated patients of disease i - 1,...,3 

61 mortality rate among treated patients of disease i m 1,...,3 

In recapitulation, it can be said that the problem of the planner 

is to specify the numbers Ni i - l,...,7,Toi and Tii - i,...,3 

in such a way as to minimize D. In this minization, the fact that human, 

physical and financial resources are limited has to be considered. 

To do so, let H be the total number of doctor hours available for the 

period under consideration--say one year. Itwill be assumed here that 

the usefulness of the specific methods of prevention does not change 

when its application is somewhat postponed. This means that a child
 

is equally protected whether he is vaccinated at the beginning or at the
 

end of the year. This highly artificial assumption simplifies the
 

estimation of the parameters and reduces the impact of the limited number
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of doctors. More specifically, in the case of an epidemic it might be 

required to consider that the doctor's time available is--say--only
 

one month, because after that period the epidemic has already affected
 

all susceptible children. In this case, the doctor constraint is
 

stronger.
 

The time needed to apply prevention of type i will be denoted with 

Toi. This means that the total time used in prevention--to be denoted 

with Po- is: 
3 

P0 £ Toi Ni + (Tol + Co2)N 4 + (T 1 + T0 3 )N5 + 

(To2 + ro3)N6 + (ol + To2 + To3)N7 XIII-3-29
 

The time needed for treatment -- to be denoted with P1 - is:
3 

P1 i"l Tli Tli X1113-30
 

The total time used must satisfy the constraint
 

H_> P + P1 XIII-3-31 

The time of nurses and other personnel required for prevention and/or
 

treatment is analysed using relationships similar to those in XIII-3-29
 

In the application
to XIII-3-31. The details will not be presented here. 


to be presented below, the constraints imposed by doctors and nurses
 

are considered.
 

Another constraint that must be considered is that imposed by the
 

financial resources available. To study this constraint, let coi be
 

cost per child of prevention method i - l,...,3. This cost should
 

cover doctors' and nurses' time, and implements used. With this, the
 

total cost of prevention is:
 
3
 

C0 E, coiNi + (c0 + co2)N4

i-l0
 

+ (Col + co3)N 5 + (%o2 + c 3 )N6 XIII-3-32 

+ (Col + C02 + Co3)N7 
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The cost of treatment of condition i - 1,3 will be denoted 

with c 1 i° As a consequence, the total cost of treatment is 
3 

c XIII-3-33
C1 Z T 

i l 

The total cost must be less than or equal to the resources 

available, i.e. 

R > C C1 XIII-3-34 

This completes the statement of the problem faced by a planner. 

It is to minimize the number of deaths through protecting specified
 

numbers of children by means of prevention methods, and also by curing
 

specific numbers of those who become sick. In the application of both 

prevention and treatment methods, the constraints imposed by doctors' and
 

nurses' time, implements, and financial resources available must be taken 

into consideration.
 

The problem has been put as a linear programming problem. This 

means that once the values of the parameters c1,y, 6, T, and c, and of the 

constraints N, H, and R are available, the determination of the optimum 

allocation of resources is a routine exercise in computation. 

The model below will be applied to the minimization of the number 

of deaths of infants and children in the United Arab Republic. The 

diseases to be considered are Bronchitis, all forms of Diarrhea and Measles. 

The first problem is that the three diseases mentioned present an
 

infinite number of variations. As medical doctors say, there are no
 

diseases, there are only patients. Each patient is a different problem.
 

Despite this, it was assumed that each of the three diseases can be 

treated as an entity. The estimated proportion of minor and major, or 

light and serious cases was used to evaluate total number of cases, costs, 

etc. 



It was assumed that there is one prevention and one treatment method 

for each disease. The main reason for this assumption is that there are 

no data for a more detailed study. The prevention method for Bronchitis 

is better housing and clothing; for Diarrhea, more hygienic water supply, 

and for Measles, vaccination. The mortality rate for populations age
 

0-4, protected and not protected, were estimated using data from different 

countries, and from different govenorates of the UAR. The costs of using 

the three methods were obtained from different departments of the UAR. 

Two types of treatment were assumed for each of the three diseases: 

one for the light and one for the serious cases. The main difference 

between them is the assumption that the light cases can be treated at 

home, while the serious ones require hospitalization. The cost in doctors
 

nurses and hospital time and in financial resources was estimated for
 

each type of treatment, using the medical records in the UAR and experts'
 

opinions. As observed above, for the final analysis weighted averages
 

per disease were computed for three types of resources: doctors, nurses,
 

and financial, the weights being the proportions of light and serious
 

cases. The data used are presented in Table XIII-3-2.
 

The results of the application of the model appear in Table XIII-3-3
 

and Figure XIII-3-1. The table shows that with up to 5,000 Egyptian
 

Pounds, the optimum allocation is in vaccination against Measles and in
 

treatment of Diarrhea. With resources of 10,000 Egyptian Pounds, 

optimum allocation shifts mainly to prevention of Diarrhea and Measles,
 

and treatment of all three diseases. Further increments of resources
 

should be used in simultaneous prevention of Bronchitis, Diarrhea, and
 

Measles.
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TABLE XIII-3-2 

Data Used to Dotenrine tho Allocation of 1b3ources that minimize Infants 

and Children licaths
 

bascription 	 Value
 

Morbidity Disease 1 Persons Not Protected 	 5.1 
U " 2 Pertuons I;ot 1rotected 85.0 
It It 3 Persons hot Protected 70.0 

Morbidity Disease 1 Persons Protected from 1 	 1.7 
W 	 * 2 Persons Protected from 1 75.O 

" 3 Persons Protected from 1 65.0 

MorbiU.ty Uisease 1 Persons Protected from 2 	 4,5
 
" 	 " 2 Personis Protected from 2 40.0 

UU 3 P.rsons Protected from 2 68.o 

14orhidity Disease 1 Persons 1±rotected from 3 5.1
 
" 2 Persons Protected from 3 85.0
 

S " 3 Person:; Protected from 3 9.0
 

Morbidity Disease 1 Persons Protected f rin 1 and 2 1.5 
" 2 Personn Protected from 1 and 2 40,0 

S S 0 Persons Protected frou 1 and 2 63.0 

HJorbidlty isease 1 Persons Protected from 1 and 3 	 1.7 
it a 2 Persons ProLected frr 1 and 3 75.0 
S " 3 Persons Protected from 1 and 3 8-5 

Morbidity Disease 1 Persons Protected from 2 and 3 	 4.5 
U 	 " 2 Persons Protected from 2 and 3 40. 0 

Ua 3 Persons Protected from 2 and 3 9,0 

Morbidtty Disease 1 Persons Protected from 1, 2, and 3 	 1.5 
S2 Persons Protected from 1, 2, and 30 

* 	 " 3 Persons Protected from 1, 2, and 3 8.5 

Mortality Disease 1 Not Treated Patients 	 40.0 
SU 2 Not 'Irnated Patiento 9.59 
it 3 Not Treated Patients -34 

Mortality Diaease 1 Treatud Patients 	 20,0 
II I 2 Treated Patients .8 
f" 3 Treated Patientz 22 

Doctor's Time Used (Minutes per Pationt) 
.'rvention Diseane 3 2,0 
Treatment " 1 25.0 

* " 2 	 10.0 
* " 3 	 20.0 

All Uther 	 0 

http:MorbiU.ty
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TABLE XIZI-3-2 (Concinuation) 

Description Value 

bures Tim Used (Minutes per Patient) 
Prevention Disease 1 3.0 

* 2 3.0 
S , 3 2.0 

"and I 2 5.0 
S1 and 3 5.0 

2 nd 3 5.0 
S 1,2, and 3 7.0 

Treatment Dicease 1 32.5 
* 2 13.0 
N 3 31.0 

Financial Cost (Egyptian Pounds per Child)
 
7.15Prevention Disease 1 


2 1.0
 
0.183 

N I and 2 
 8.15
 
Treatment Disease 1 6.15 

* 5 2 1.13 
.99
* 3 3 

Total Humber of Mkuldren 5000 
Doctors' Tie Available per Year (Minutes) 504000 
Rursea' Time Available per Year (Minutes) 504000 

Financial Resources Available (Egyptian Pounds) 
Case I 2000 

* II 5000 
* III 10000 
a IV 15000 
a V 20000 
I V* 25000 

Disease 1 Bronchitis
 
Disease 2 Gastritis, Duodenitis, Enteritis and Colitis, except Diarrahosa
 

of the New Born
 
Disease 3 18.ales
 

Bource' Explained In Text
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TABLE XIII. 3-3 

Number of Children that Should Receive Preventivo t.oasuros
and Number of Aatients that Should Be Treated to Minimize 

Children Death. 

Case Case Case Case Case Case 
I III IV V VI 

Children in the Population 5000 5000 5000 5000 50O0 5000Financial Resources Available (Egyptian Pounds) 5000 150002000 10000 20000 250001inimim Numbhr of Deaths 362 134 61 57 52 107Number Should rloceive No Protection 0 0 0 0 0 0
" Protection from I 0 0 0 0" " 0 0" " 2 0 0 00 0 0" 3" 5000 5000 0 00 0
 

W U S " 3 and 2 0 0 0 0 0 0 
U Iland3 0 0 0 00 0S " " " 2 and 3 0 0 4880 4156 A32 270& .
 m l,2,oad3a 
 0 0 120 844 1568 2292
Pationta of 1 that should not be Treated 255 237 00 0 0
"2" 
 U " 2559 0 00 0 0
"3" " " 1450 04 45J0 0 0 0Patients of 1 that Should Be Treated 


a u 2 " 
0 18 221 199 178 156" " 1691 4250 1994 1958 1922 1885
WU H3 00 0 449 446 14239 

Suc.......Te
 

Source UIxpl.and in Text 
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Figure XIII-3-1 

Minimum Number of Deaths As 

Function of Expenditures 

Deaths 
400 

300 

200 

100 

5000 10000 15000 20000 25000 

Expenditures 



XIII-3-5 Further Refinements of the Linear Model 

The model presented in Section XIII-3-2 and refined in Sections
 

XIII-3-3 and XIII-3-4, like any scientific model, can be improved ad
 

infinitum. Several possible refinements will be mentioned below. 

First, a more detailed classification of the mortality rates, taking 

into consideration the influence of preventive measures could be made. 

Four mortality rates would then have to be considered instead of two: 

two for the population protected, and two for the population not-protected 

by preventive measures.
 

Another improvement would be to make a more detailed classification
 

of costs. For instance, a sub-division of the costs of treatment could 

be made, based on whether the patients did or did not receive any protective
 

measures.
 

XIII-3-6 A Non-Linear Model
 

Non-linear elaborations of the model in XIII-3-3 would be useful 

for the purpose of pointing out some of the limitations of the linear 

case, and also because they make it possible to explore more easily some 

of its characteristics. In this section, the problem in equations 

XIII-3-4 and XIII-3-5, or its equivalent in equations XIII-3-12 and 

XIII-3-18 will be replaced by the following: 

Minimize:
 

D - P - f(E1 g(E2) XIII-3-35
 

subject to
 

XIII-3-36
R a E1 + E2 

In formula XIII-3-35, f and g are increasing functions of their 

arguments, i.e. 

f'(E 1) > 0; g'(E 2) > 0 
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in addition, we will assume that 

f"f(E)< 0 and g"(E2 )< 0 

It is easy to verify that for minimum the following conditions must 

be satisfied: 

f'(E)- g'(R - E1) XIII-3-37 

- f"(EI ) - g"(R - E2 ) >0 

Condition XIII-3-37 is a well-known condition for optimum use of resources. 

This condition, when expressed in terms appropriate to our problem,
 

states that for a minimum number of deaths, the marginal returns of money 

used in the prevention of a disease must be equal to the marginal returns 

of money used in its treatment.
 

XIII-4 AN INTEGRATED MODEL OF HEALTH PLANNING AND POPULATION GROWTH 

An important limitation of the models in section XIII-3 is that they
 

refer to only one time period. This limitation will be removed below.
 

The principal consequence of considering several time periods is
 

that health programs in one period influence the size of the population 

in the next period. This is particularly true when all the diseases
 

that could affect a population are considered in a model.
 

It will be assumed below that the time horizon extends from t - 0 

to t - T, and that the number of diseases is I. 

The objective function in the present case takes the following form:
 

Minimize
 
I T 

D E E Dit XIII-4-1 
i=l t:0 

as before, D equals total number of deaths
 

where
 

Dit Number of deaths by disease i between dates t and t + 1 
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The number of deaths caused by one disease during one period is 

XIII-4-2
Dit = 6 iMlit + 62iM21t 

where 

disease i among people treated h - 1,6hi Mortality rate of 


hiand not treated h - 2
 

Xhit 	Number of cases of disease i that h - 1 should be treated 

and h - 2 should not be treated in the period between t and 

t+l 

Equations XIII-4-1 and XIII-4-2 are the counterpart of equations 

XIII-3-1 in the one period, one disease model.
 

Two equations dealing with population are also needed. The first
 

one gives the growth of population in time.
 

Pt + M (l + O)Pt- Dt XIII-4-3
 

In this equation use is made of the assumption that all causes of death
 

are identified among the I considered. The second is the counterpart
 

of XIII-3-8: 

Pt l XIII-4-4Nlit + N21t 


where: 

Nhit 	number of persons who should receive preventive
 

measures h - 1, and should not receive preventive
 

measures h - 2, for disease h at date t. 

In equation XIII-4-4 use is made of the assumption of independent 

effect 	of the different diseases, and, as in section XIII-3, it is
 

assumed that the preventive measures have, at most, a one-period effect. 

The total number of cases of disease i between t and t + 1 is given 

by 

- T i Nlit + 21N2 it 	 XIII-4-5Sit 

where the meaning of the new subscripted symbols should be clear. This 

equation is equivalent to XIII-3-9. 
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The constraint of the number of cases that should be treated and 

should not be treated in equation XIII-3-10 takes the form
 

sit-Mlit + M 21t XIII-4-6
 

Finally$ the resources constraint is
 

R > IE TE (cliNli t + c 21Mli t )  XIII-4-7
 

i'l t-0
 

The problem now is to minimize the objective function in XIII-4-1
 

subject to constraints XIII-4-2 to XIII-4-7.
 

To apply the standard techniques of Linear Programming to this 

problem, all the variables should be expressed in terms of the Mhit and 

Nhit control variables. The steps needed are closely parallel to those 

used in XIII-3.
 

For a simplified example, it will be assumed that I - 2 and that 

T - 2. The coefficients used appear in Table XIII-4-1; the matrix of 

constraints in terms of the Hhit and Nhit in Table XIII-4-2, and the 

results in Table XIII-4-3.* Perhaps the only aspect of these tables 

that needs explanation is the value of some of the coefficients in XIII-4-1.
 

In this Table some of the morbidity rates are larger than one, meaning
 

that some persons become sick more than once a year. Similar values
 

of the coefficients are likely to appear in highly aggregated models.
 

*The computations for this example were made by Mr. D. Cummings, former
 
,11da, nf Ph& Oi, hnv. 0 
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TABLE XIII-4-1
 

HYPOTHETICAL DATA USED FOR NUMERICAL EXAMPLE OF
 

MODEL IN SECTION XIII-4, I=2, T=2
 

Symbol Definition Value
 

611 mortality rate disease 1 with treatment .040
 

612 mortality rate disease 1 without treatment .050
 

621 mortality rate di,,easc 2 with treatment .045
 

622 morta]ity rate disease 2 without treatment .055
 

8 birth rate .016
 

T morbidity with disease 1 with prevention .5
 

TI12 morbidity r,t,. disease 1 without prevention 1.0 

T 2 1  morbidity rate disease 2 with prevention .6 

T22 morbidity rate disease 2 without prevention 1.1 

Cil cost of protecting one prrson disease 1 $ .31
 

c12 cost of protecting one person disease 2 $ .50
 

C21 cost of treating one pcrson disease 1 $ 20.00
 

c 22 cost of treating one person disease 2 $ 100.00
 

P total initial population 100,00C
 

R total resources available $2,000,00C
 



TABLE XIII-4-2
 

OBJECTIVE AND CONSTRAINTS OF MODEL IN SECTION XIII-4
 

EXPRESSED IN TERMS OF Mhit AND hit
 

x..:2: : -'2-'.21 ' M..122 .11 "i2::i :;21 "ii? ::22 1 . 2.1-2 . - D .09 
-0

., .. :0 ' -. -- ,5 !.5! C,-.:s -.-. -5 
1 2^ 220 N211 N221 r-"t a 

75 - -

1. 1. I _ _ ,_ 

oE -CE . . .a 

C24 .025 .: 05i .02 .033 " : ?5 

. .. 0 

_ _ - - - . 

____ .___.0:7 __ A -
13,225 

.13 ,2 

1 -"__, _, 
"~-- ____ 

1. i . _ _ 

.4 .05- .:4 .0 5. .1 . 03C6 3 . 

.0 5- .:2.0 C. 1.I ..31 .53 ..37 •53.311 
L2 io. 2. loc -

I .1 
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TABLE XIII-4-3 

Number' of persons that should participate 
in the program to minimize the number 

of deaths* 

Year Disease 

Treated 

1 

Protected 

Disease 

Treat-,d 

2 

Protected 

0 0 100,000 0 100,000 

1 44,341 93,850 0 99,350 

2 44,094 88,308 0 88,308 

:14infinLurI1 number of deaths = 19,168 
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CHAPTER XIV 

INTEGRATION OF POPULATION AND HEALTH PLANNING 

XIV-l INTRODUCTION
 

The starting point for the integration of population and health planning
 

is the delimitation of the two areas. As mentioned before, population planning
 

is identified here with the control of births or fertility, whether the inten

tion is to increase or decrease them. Health planning, using one of the possible
 

alternatives available, was identified in Chapters XII and XIII with the planning
 

of the medical control of disease oriented toward the postponement of death.
 

The only points that should be added to these delimitations are, first, that any
 

delimitation is arbitrary and restrictive, and second, there is no reason why
 

the definitions adopted could not be modified if desired.
 

The question of the integration of population and health planning can be
 

seen from several points of view. The first one is that of the interaction
 

between morbidity and mortality control with population growth. A model dealing
 

with this problem is presented in Section XIII-4 and will not be repeated here.
 

Another problem deals with the influence of fertility control on mortality, i.e.,
 

it can be assumed that the final objective of fertility control is to reduce
 

mortality. In the present chapter, attention will be paid to the control of
 

fertility in order to reduce the mortality of infants and mothers. Since the
 

direct affect of fertility control on deaths produced by other causes is rather
 

remote, this aspect will not be studied here. Second is the influence of the
 

control of mortality on fertility. For this, a cause-effect relationship between
 

the two aspects is needed. One that could be used is that a child living up
 

to the age of two increases the motivation to avoid having other children. In
 

the same line of reasoning, if, say, 80% of all children live to be 40 years
 

of age, then parents do not need to have many children in order to be sure that
 

some of them will live to help them in their old age.
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XIV-2 MINIMIZATION OF INFANT DEATHS
 

The basic ideas of the model to be presented is that infant deaths can be
 

avoided by either one or two approaches, or a combination of them. The first
 

approach is limiting the number of children born, and the second, providing care
 

to those born. Either of these two methods uses the limited resources available
 

for the program. The question is how to use them in such a way as to minimize
 

the number of deaths.
 

To simplify the analysis, a time horizon of one year will be adopted, and
 

the only medical care considered will be that related to pre- and post- natal
 

care for mothers and children.
 

The number of children born is, as explained before,
 

B = c F + (8 - )N XIV-2-1 

where 

B = number of births 

F = number of women in the population 

a fertility rate without contraception 

8 fertility rate with contraception 

N = number of women that should receive contraception 
advice and service 

These children can be divided into two groups
 

B = M1 + M2 XIV-2-2 

where 

M = number of children that should receive care 
for i=l, and should not receive care for i=2.
 

The total ijumber of deaths among the children born is
 

D = 61M1 + 62M2 XIV-2-3
 

where
 

D m number of deaths 

6 1 mortality rate among children in group i.
 

Finally, the costs of the program are
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R = c1N + c2 XIV-2-4
1 


where
 

for i=1 is cost of providing contraceptive advise and
 
services to one woman, and for i=2 is cost of child care.
 

The problem of minimizing deaths is that of minimizing XIV-2-3 subject to
 

XIV-2-1, XIV-2-2, XIV-2-4 and
 

0< N < F
 

ci 


XIV-2-5 
0< Mi < B 

To study the solution of this problem it will be assumed that the resources 

available are not sufficient to provide contraceptive advice and service to all
 

the F women in the population, nor to provide care to all the B children born.
 

This means that N and M1 can be as large as the resources available permit with

out violating conditions XIV-2-5.
 

From equations XIV-2-1 to XIV-2-4 it is possible to obtain
 
61 - 2 1 - 2
 

Dc 2+ 2 c2 N
]a XIV-2-6
 

Equation XIV-2-6 means that D will increase with N if the coefficient of N is
 

positive, and will decrease if that coefficient is negative. That is, N should
 

increase if
 

> XIV-2-7
 

62-616 2(a - 8
 

2 1 

i.e., if the cost of reducing one death with health care is larger than the
 

cost of reducing one death by avoiding one birth. This interpretation will be
 

explained in detail below, since it might not be evident. Observe that, from
 

XIV-2-2 and XIV-2-3, it is possible to write
 

D a 62B + (61 - 62)M 1
 

As a consequence, it follows that
 

-1 = (61 - 62)AM 1
 

i.e.
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C2 
2 
 c AM 

2 1 2 

is the cost of avoiding one death by treating AM1 children. A similar analysis 

can be made with respect to the right hand side of XIV-2-7. 

XIV-3 MINIMIZATION OF MOTHERS' AND INFANTS' DEATHS
 

An immediate extension of the model in Section XIV-2 is to consider as an
 

objective function the minimization of not only infant deaths, but of the total
 

of infant plus mothers' deaths.
 

The simplest way to consider this objective function is to assume that
 

there is one child per mother. In this case, the number of mothers can be written
 

B = XIV-3-1
T1 + T2 


where
 

is number of mothers who should receive care for
Ti 


i=l, and who should not receive care for i=2.
 

The total number of deaths becomes
 

D = 61M1 + 62M2 + Y1TI + Y2T2 XIV-3-2
 

where 

yi mortality rate among mothers in group i. 

The costs of the program becomes
 

R = c1N + c2M1 + c3 T1 

where
 

c3 cost of providing care to one woman.
 

The algebraic solution of this problem can be obtained by the method used
 

in XIV-2. It will not be presented here.
 

Several modifications could be mentioned. Perhaps a more realistic assump

tion than the one discussed in the text is that mother and child receive simul

taneous care. The modifications needed to consider this case need no explanation.
 



341 

XIV-4 ANALYSIS OF THE INFLUENCE OF NUMBER OF CHILDREN SURVIVING ON ACCEPTANCE
 

OF CONTRACEPTION
 

In the previous section, no attention was given to the fact that the number
 

of infant deaths, or more specifically, the provision of post partum care for
 

children, might be one of the determinants of the acceptance of contraceptives.
 

a contracep-
A first possibility is to assume that the number of women in 


tion program is completely determined by the number of children that receive post
 

partum care. Then the equation
 

XIV-4-1
N = e + f M1 


where e and f are known parameters should be added to the model.
 

In this case, all the variables in the model, including number of deaths,
 

have a unique value.
 

A more reasonable possibility is to assume that only part of the women
 

using contraceptives do so because their children receive post natal care, while
 

number of women not doing so can be determined in order to minimize deaths. This
 

means that instead of equation XIV-4-1, the following should be used:
 

N = N1 + fM XIV-4-2
 

where 

N = as before, total number of women using contraceptives 

N = number of women who should use contraceptive, but do 

not do so as a consequence of the post natal care 

given to children; 

= number of children receiving post natal care.M1 


With the use of equation XIV-4-2, the problem becomes that of minimizing
 

deaths in equation XIV-2-3, subject to equations XIV-2-1, XIV-2-2, XIV-2-4 and
 

XIV-4-3.
 

can he shown
With a process similar to the one used in Section XIV-2, it 

that N1 should be made as large as possible, i.e., 

cRNI 



XIV-4-3 

andM = 0 if 

1 2 

62 (a- 0) f + (62 - 61) a2 (a - 8R
 

Comparing formulas XIV-2-7 with XIV-4-3, it follows that the left hand side
 

of XIV-4-3 is the cost of avoiding one death with health care. It has two com

ponents: the cost of avoiding death with medical post natal care, and the cost
 

of avoiding deaths because post natal care 
induces women td use contraceptives.
 

From additional comparisons of equations XIV-2-1 and XIV-4-3 it can be
 

concluded that the influence of post natal care on the number of women accepting
 

contraceptive use is irrelevant in the sense that if N1 
= R/c according to the 

model in Section XIV-4, then N=R/c1 in the model in Section XIV-2 and vice versa. 

This means that if the model in Section XIV-2 is used, and according to it--without 

explicit consideration of the influence of M1 on N--it is prescribed that N=R/c1
 

ind M1=0, then also according to the model in Section XIV-4 one would reach the
 

conclusion that M =0. 
 To verify this point observe that if NI=R/cl, i.e., if 

formula XIV-4-3 holds, then 

(c 1 f + c2 ) 62 (a - > c1 [62 (a - B) f + (62 - 61)] XIV-4-4 

and this equation implies XIV-2-7, i.e., that N=R/cI . On the other hand starting
 

with N=R/c1 with algebraic transformations it is possible to reach XIV-4-4, and
 

from it XIV-4-3, i.e., the conclusion that Nl=R/cI .
 

XIV-5 EXTENSIONS
 

The models presented in Sections XIV-2 and XIV-4 are greatly simplified in
 

order to bring out the main issues. They need several extension, to become more
 

realistic, and, as a consequence, more useful in practice.
 

All the problems associated with time have been eliminated with the assump

tion that the time horizon of the plan is 
one year. Although a first impression
 

is that the consideration of several years will not bring about any major modifi

cations in the models, this topic should be studied.
 

Another very useful simplifying assumption is that all the medical services
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zonsidered are those associated with pre- and post natal care for mothers and
 

children. All other possible medical services cculd also be considered. To do
 

so, the medical services provided for control of each of the possible diseases
 

should be considered by itself, and not aggregated in one entry.
 

In the same line of approach, there is no reason why only one method of
 

contraception should be considered. The same is valid for all the different models
 

of prevention and treatment of disease that could be included in the model.
 

Finally, a more detailed description of the resources needed in a demographic
 

and health program could be included in the model. In this case, the availability
 

of doctors, nurses, hospitals, etc. could be considered. This step is useful in
 

cases where it is not possible to purchase the services of personnel, physical
 

resources, etc., even if the financial resources are available.
 



CHAPTER XV
 

AN OPTIMT6ATICN MODEL FOR NUTRITIONAL PLANNING
 

XV-l REVIEW OF EXISTING STUDIES
 

In this Section the work already done in two areas closely related lr opti

mization models in nutritional planning will be consider d. First, referpnce
 

will be made to the use of mathematical models in diet .ad menu planning, and
 

second, the work done on conceptual and on simulation models for nutritional p'ar.

ning will be briefly mentioned.
 

XV-1-1 Mathematical Models in Diet and Menu Planning
 

Diet planning has a special place in the history of Linear Programming. A
 

problem of diet planning was proposed and 	partially solved in reference (') evpn
 

before the first formal method of solution of linear programming probler 	 %,s
 

or menos
developed (1). At present, the application of linear programming to dii' 


a standard example in textbooks of operations research. The object
planning is 


of these examples is to specify the menu that minimizes costs while sati';fving
 

nutritional requirements. A major limitation of these elementary uses of linear
 

ideration the prt-ferenr, s
programming techniques is that they do not take into cons 

of the consumers, and, as a consequence, the diets recommended are limito I I-) a 

few foods without any variety. These same 	foods must be repeated day after dai,
 

or not. In more advanced applicati ns,

whether the persons consuming them like it 


for example, in diet or menu planning for hospitals, schools, army camps, etc.,
 

or

sufficient constraints can be included in the linear programming problem (2), 


a quadratic programming problem (4), 
to
disutility indices can be introduced in 


ensure day-to-day variations, and even, when appropriate, daily choices 
from Rmong
 

a limited number of alternatives.
 

However, even the most sophisticated applications of menu and diet planning
 

would not produce acceptable results if used for nulritional planning. The rea

son for this is that in nutritional planning thc population for whom the nlan
 

'44
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is made does not reside in the type of institutions for which the methods for
 

diet and menu planning were devised. The most important consequence of this fact
 

is that the population for whom a nutritional plan is made cannot be presented
 

day after day with a limited set of food choices, combined and cooked in such a
 

way as to satisfy nutritional requirements. In addition, it is not possible to
 

contrnl the health conditions of this population so that the nutrients taken with
 

the foods are actually used by the organism. In summary, the basic problem of a
 

nutritional plan is the simultaneous determination of the foods a population should
 

buy, the way they should be cooked, the health conditions that the population
 

should enjoy, and the methods that should be used to induce the population to
 

actually buy the required foods, cook them in the appropriate way, and maintain
 

appropriate health conditions. A model that includes all these elements and has
 

as its objective the minimization of costs is presented in Section XV-2. As
 

frequently is the case when initial steps are taken, no data are available to
 

estimate the parameters needed to apply such a model. However, as is also fre

quently the case, the major limitation does not seem to be the cost or difficulty
 

of obtaining the required data. Extensive nutritional surveys are frequently
 

conducted, such as those made by the U.S. Interdepartmental Committee on Nutri

tion for National Defense in 11 countries. However, most of the data required
 

for policy-making on nutrition are not collected in these or similar surveys,
 

because such data have not been clearly specified.
 

XV-1-2 Conceptual Models in Nutritional Planning
 

The studies in references (1) to (5) specify the main elements that should
 

be considered in nutritional planning. They will be mentioned briefly in this
 

Section.
 

Nutritionists and economists have pointed out that nutritional planning covers
 

all the medical, educational, technical and economic aspects associated with the
 

production, distribution, demand, and utilization of foods and nutrients. In
 

the conceptual models of nutritional planning that are available, all these
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elements are interrelated.
 

In Section XV-l-3, brief mention will be made of the use of the conceptual
 

models in the simulation models for nutritional planning. In Section XV-?, 
1n
 

optimization model that takes into consideration the health, education an, lomanr
 

aspects of the conceptual models will be presented.
 

XV-1-3 Simulation Models in Nutritional Planning
 

The simulation models for nutritional planning are direct extensions of 

models for agricultural planning. The main thrust of the latter type of mo-Ir '; 

to estimate the future demand for agvicultural products, the supply needrH to 

satisfy that demand, and the investment and labor force needed to produc_ -.a
 

supply. 
This estimation process is usually made by successive approximatlrr'.-.
 

The successive steps are needed to achieve coherence betwen the forecast. 

demand and supply. The.3e successive approximations also make it possible for
 

the planner to take into considerat'on constraints not included in the init'al
 

forecasts, such as, the impact on employment of the agricultural plan. 

Obviously, a great deal of attention is given to demand and supply o-F 
food
 

in agricultural plans. As a consequence, only minor extensions are need( 
 in 

order to include a nutritional component in an agricultural plan. The ba *-elnr,,nt 

in this case is a transfornation that makes it possible to estimate demar' an,' 

supply of nutrients on the basis of demand and supply of foods. Once thi: i:s 

done, the process of successive approximations can be used to produce forocast.
 

of supply and demand of agricultural products that also satisfy nutritional 
con

straints. 

Perhaps the best example of this method is found in reference (1). 

XV-2 A MATHEMATICAL MODEL FOR NUTRITIONAL PLANNING
 

XV-2-1 The Model
 

As a first step in the presentation of the model, a formal characterlwirn
 

of the nutritional constraints will be made. 
 To a large extent, this fol h,n: 
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Let j=l,...,J denote the
approach used in diet and menu planning models. 


quality of good or service j that a consumer uses. These J goods and services
 

are not limited to foods, for the reason that a consumer uses his income not 
only
 

for food, but for all the other goods and services 1,e uses, as well. This means
 

that hid decisions about food are made taking into consideration the total of
 

goods and services he can purchase. As a consequence, when planning nutrition,
 

all the goods and services competing for the consumer's income must be considered.
 

In the analysis below the subindex j=l,...,h-i will denote foods, the subindex 

j=h will denote health services, juh+l=e educational services, and subindices 

j=h+2,...,J will denote other non-food goods and services. 

The amount of nutrients in the foods available to a consumer will be 

[ni] [q.] = [n.]l 
XV-2-1


j=l,. • • ,h-1 

where 

ni is the quality of nutrient i per unit good or 

service j used by the consumer. Itwill be assumed 

that there are I nutrients, i.e., il,...,I. 

ni total amount of nutrient i in the combination of 

foods Eq.] j-l,...,h-l. 

A point that must be considered in nutritional planning is that the quantities
 

nij of nutrient i contained in food j are not fixed. Actually, the values of
 

nil vary according to the different processes of industrialization, but in par

ticular with the "fortification" of foods. The simplest way to take this into
 

consideration is to treat the fortified and non-fortified types of the same good
 

as different foods. For example, non-fortified rice can be given subindex 3,
 

while fortified rice has subindex 4. This subdivision can proceed without limits.
 

Another problem is the possibility that the nutrients contained in certain
 

foods might not be fully utilized by a consumer because they are partially destroyed
 

in storage at his home or during preparation. Denoting with g(qe)--whbre 0 4 g 1 1-
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the proportion of nutrients available in the food that remains after home :toragr
 

and cooking, the total intake of nutrient i eaten is n qg(4e).
The index F!(;,)
 

above is assumed to depend on the educational status qe achieved by the cnnsumer.
 

Since the educational characteristics of a consumer play an importir t role
 

in what follows, it is useful to digress here in order to examine this aT;,e-t w'tl
 

some attention. Educational characteristics are assumed here to be determinc I i
 

at least three elements. The first is formal general education, frequentl' in

cluding some education with regard to what constitutes good nutrition. The sorond
 

is specific nutritional education, such as that obtained in mother and child con

,

Finally, there is education through advertising and mass media. All tho

forms of educatior can be considered in principle in a nutritional plan. In
 

practice, some of them could be excluded if the time horizon of the plan i. nol
 

long enough. For instance, a nutritional plan for 2 or 3 yearri cannot ur m.l
 

education to change the behavior of the consumers.
 

Next, the nutritional planner has to take into consideration the fact 1

11,alh
 

ters. 


the utilization of the nutrients ingested by an individual depends upon hi 


conditions. These conditions in turn depend upon the health services availa' Ie
 

to him. An index of the health conditions that influence the use of the nutri!nis
 

taken in a person's food will be denoted with h( ). This index also ranr, frTv,,,
 

0 to 1. The amount of nutrients a person would be able to use becomes n.;i. 

This quantity must satisfy the constraint
 

, Y'l- -2nigh > n1 


where n.1 denote- required intake of nutrient i.
 

between dir'iThe form of constraint XV-2-2 shows an important difference 

and menu planning and nutritional planning. In the former, the components R an'1
 

h of the constraints XV-2-2 are not considered, perhaps with the exceptio." (f
 

the health index in menu planning for hospitals. On the other hand, these two
 

elements play an important role in nutritional planning.
 

n
So far, the nutritional and health aspects of nutritional planning havo 1-
,


It is also necessary to consider the determinants of the quantfltitconsidered. 
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qj l,...,J of goods and services a consumer uses, in order to study the pos

sibility of inducing him to satisfy his nutritional requirements in XV-2-2. For
 

this it is useful to distinguish between the goods and services a consumer buys
 

and those he receives gratis. For this purpose, it will be assumed that
 

qj q1 + k1 

where
 

qj amount of good j purchased by the consumer
 

k. amount of good j received gratis by the consumer
)
 

The distinction between q. and kj makes it possible to consider special
 

feeding health or educational programs that can be used in a nutritional plan
 

without direct costs to the consumer. It will be assumed that all the goods re

ceived gratis by a consumer are used by him.
 

To study the possibility of inducing a consumer to buy the appropriate
 

quantities of foods, the economic theory of consumer behavior will be used.
 

According to this theory, the consumer determines the quantities qj of the good-.
 

and services he uses in such a way as to maximize his utility function subject
 

to the constraints imposed by his income and the market prices. This suggests
 

that there are three avenues open to the nutritional planner. The first is to
 

modify through education the preferences of the consumer; the second is to modify
 

his income; and the third is to modify the market prices. These three possibilities
 

will be considered below.
 

It will be assumed that the preferences of a consumer are described by the
 

frequently used Klein-Pubin utility function (l), (2), (3). The parameters of
 

this function will be assumed to depend on the educational characteristics of
 

the consumer, as determined in the nutritional plan. With this, the utility
 

function takes the form:
 

J 

u E 
jwl 

P (e)log [qj 
" 

- aj(e)] XV-2-3 

where 
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u utility index
 

1(e), 	aJ(e) parameters that characterize the utility function.
 

It is assumed that these parameters are functions of the
 

education of the consumer. These parameters must satisfy
 

the conditions Pi. > 0 and q, > a > 0. 

The income constraint that restricts the expenditures of the consumer to
 

the level of his income makes it impossible for him to increase his utility with

out bounds. In economic theory two elements of this constraint are considered
 

fixed, namely, the income of the consumer and the prices of the goods he buys.
 

However, in a nutritional plan, these two elements can be modified to satisfy
 

the constraints in XV-2-2. As a consequence, the income constraint takes the
 

form 

J 
(m + 8o ) r (pj - 8j)qj XV-2-4 

j~l 

where
 

m consumer's income in the absence of a nutritional plan;
 

80 income supplement as specified by the nutritional plan;
 

pj prices of goods j=l,...,J in the absence of a nutritional
 

plan; 

8 supplement to price j, j~l,...,J as determined for the 

nutritional plan. 

The following demand functions are obtained from the maximization of the 

utility function in XV-2-3 subject to the income constraint in XV-2-4: 

(pj - 81j)qj = (p1 - 8,)a.(e) + 

XV-2-5 
J 

p (e) ((m + 80) - (Pk - 8k)ak(e)]
k=l 

In the derivation of the demand function in XV-2-5 it has been assumed that
 

the parameters P, and a, of the utility function are independent of the quantities
 

q, purchased. For this it is necessary to assume that the educational characteristics
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Without this assumption, the demand
of the consumers depend on ke but not on qe" 


In spite of this, it will be assumed befunctions would not be those in XV-2-5. 


lo safncino e e This deviation from the
hte a function of q and not only of k .
 

theoretical result has some advantages in terms of computational convenience.
 

low that e is 


The costs of a program like the one described above would be the following:
 

First, the cost of the income supplements per consumer, i.e., B0; second, the
 

cost of the price subsidies, i.e., 8.q.; and finally, the cost of the goods and
 

services provided gratis, i.e., pjk.. The total cost will be
 

J 
XV-2-6
C = a + E (jqj + pjk.)

j=l
 

This model can be used for nutritional planning, assuming that the objec

tive of the plan is to minimize the cost C in XV-2-6. The minimization -;hould
 

be performed under the nutritional constraints in XV-2-1 and XV-2-2, the income
 

constraint in XV-2-4, the demand functions consti-aint in XV-2-5, the constraint7
 

, h( h) 'j(qe), aj(ie ) and the appropriate
determined by the functions g(qe 
)


In practical applicaconstraints requiring non-negativitV of some variables. 


tions this should be interpreted as minimizing the average cost to be paid 
in
 

order to induce a typical consumer in a homogeneous population to buy, store and
 

cook the required foods, while maintaining the health conditions needed to
 

utilize the nutrients ingested.
 

XV-2-2 Computational Aspects of the Model
 

The computational aspects of the model appear to be rather formidable.
 

and a. are linear, the
Even with the assumption that the functions for g, h, w,, 


problem is to minimize a quadratic function subject to up to cubic constraints.
 

The only possibilities open are the Kuhn-Tucker method and numerical approximations.
 

Additional difficulties are a result of the dimensions of the problem. The
 

number of variables is at least 5J + 3, and that of constraints is 3J + I + 7.
 

A substantial simplification of both the structure and the size of the
 

problem is obtained if it is assumed that the practices that determine storage
 



,
and preparation of food at home (g), the health conditions of the consum 'r (h),
 

and his preferences ('s and a's) are fixed. The problem then becomes one of
 

minimizing a quadratic function subject to quadratic constraints. Howevr,, even
 

in this simplified form, the computational problems are rather difficult.
 

On the other hand, it does not seem feasible to eliminate the quadr i-c
 

constraints of the model, as would be necessary in order to put it in the -landa-1
 

quadratic programming form. This is because the quadratic constraints reflect
 

the interaction between price subsidies and quantities purchased, and thil is
 

the basic modification needed in a diet or menu-planning model in order to con

struct one for nutritional planning.
 

From these brief comments it appears that the only solution might be to
 

experiment with simple examples while work is done on the development of -i]wor'th

specifically adapted to the characteristics of the model. The analysis o sim

ple examples is important because it might suggest simplifications of the model.
 

In particular, it might show that some of the variables appearing in the objertive
 

function or constraints can be treated as constants. This would reduce non

linearities in the model.
 

XV-2-3 Extensions of the Model
 

As observed, the objective of the model in Section XV-2-1 is to minimize
 

the average expenditure necded to induce an average consumer in a homogenous
 

population to satisfy his nutritional requirements.
 

For practical applications, it is useful to extend the model in order to
 

consider several groups of consumers, for instance, groups defined by income
 

intervals, by level of education, by age, etc. In principle there is no problr'.


in doing this. To write such a generalized model, only changes in notation hive
 

to be introduced in the model in Section XV-2-1. Of course, the computational
 

problems become much more difficult.
 

It is useful to observe that with the Inclusion in the model of several
 

population groups, the distinction between q, and k,, i.e., between purchased
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goods and services and those received gratis, becomes particularly 
relevant.
 

< 0,, and in this case all good of With only one group, q, would be zero if pj 

type j should be provided gratis. However, with several groups, it might be con

to make 6. < 0, while distributing
venient to raise the price of one good, i.e., 


it free to some specific groups of the population.
 

The model can also be extended in order to make it dynamic. 
Again in prin

ciple, it is likely that only notational changes are needed 
in order to extend
 

However, there is little advantage
the model to consider several time periods. 


in doing so, if the computational problems are not solved.
 

simple, extension of the model
Perhaps the most important, and by no means 


in Section XV-2-1 is the inclusion of the processes of production 
and distribution
 

of foods. In the model as it now stands, attention is paid only to the demand for 

goods and services. It includes the implic<t a'7 sumption that, whatever the demand, 

the goods and services required will be ;upplied at constant prices. However, 

Substantial modifications of demand are likely to
 this is clearly not the case. 


bring about changes in prices and supply conditions. To avoid them if undesirable,
 

to foment them if useful, it is necessary to plan the production 
and distribu

or 

tion of goods and services.
 

However, it
No attempt will be made here to proceed along these lines. 


should be observed that it is advisable to develop such models, despite 
that at
 

present their main contribution will be to clarity of the definition 
of the problems
 

involved. Computational problems are likely to limit the practical utilization
 

of these models when developed.
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Chapter XVI 

THE INTEGRATION OF POPULATION AND EDUCATIONAL PLANNING 

XVI-1 SIMULATION MODELS 

Two questions must be considered in constructing simulation models 

for the integration of population and educational planning: a) the 

influence of population growth on the size of the educational system, 

and b) the influence of educational achievement on the rate of growth 

of the population. To do this, only minor modifications of the simulation 

models for population planning presented in Chapter IX are needed. These 

extended models are described in detail in reference (1), and will not 

be presented here.
 

XVI-2 OPTIMIZATION MODELS
 

In this Section a conceptually interesting question of population
 

and educational planning will be studied: the specification of the
 

best method to reduce the number of children without education.
 

The problem presents different characteristics, depending on whether
 

the analysis is made for children not yet born, and whose birth could be 

avoided with population control measures, or children already living, 

or, finally, to both. These three cases wlll be considered below. 

XVI-2-1 Optimum choice between educational and birth control expenditures 

to minimize number of children without education
 

The first step in the solution of the problem of choosing between 

expenditures on education or on birth concrol in order to minimize 

the number of children without education is to specify clearly the periods 

of time and the educational levels involved. It will be assumed here 

that the decision with respect to the use of resoulces has to be made 

at date t. This decision will affect births between t and t+l. If the 
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resources are not used at date t they can be saved with interest r between t
 

and t+e. At date t+e all the children surviving from those born between t anc
 

t+l begin school and all the costs of their schooling are paid.
 

As in chapters X to XI the number of births between t and t+l
 

is B - aF + (0 - a)N
 

where
 

B number of births 

F total number of women
 

N number of women that should use contraceptive methods
 

a fertility rate without contraceptives
 

B fertility rate with contraceptives
 

The number of children surviving at age e will be denoted by
 

oB
 

where a is the survival rate over, say, six years.
 

The total cost of the population control program is
 

C1N
 

where c1 is the cost per woman per year of advise and services.
 

The number of children that can enter the educational system at
 

age e will be denoted with S. If the cost of one student at date t+e
 

is c2 the equivalent cost at date t will be the discounted value of
 

c i.e.
 

c2 2 

(l+r)e
 

As a consequence, the total coot of S students entering the educational
 

system at date t+e is, on date t, equal to c2 S. 

With the concepts Lntroduced, the problem discussed above is that 

of minimizing the difference
 

D oB - S XVI-2-1 

O< S < CB XVI-2-2 

B aF + ( - a)N XVI-3-2 

R c N + c28 XVI-2-4 



To simplify the solution of this problem, it will be assumed that
 

constraint XVI-2-2 is not binding, i.e., that not enough resources are
 

available to give education to all the children born. With this assumption, 

and the use of constraints XVI-2-3 ad XVI-2-4 in the objective function 

XVI-2-1, one obtains 

D oaF + a0 -a) R - [I - - S 

This means that S should be increased if its coefficients are positive, 

and decreased otherwise. The coefficient of S is positive if 

c_1 

o(7a -B) 

c2 

i.e., if the cost of reducing by one the number of children surviving 

to age e ia larger than the cost of the education of one child. 

XVI-2-2 Minimum investment required in order to open schools for all 

the school-age population 

One problem that developing countries face is the lack of adequate 

school facilities. The problem takes many forms. One of these is 

the existence of a large group of persons of school age who have never
 

enrolled in the educational system. Another form is the half-time 

schools created in order to permit twice as many children to use the same 

school facilities.
 

A country in which these conditions exist must provide schools not
 

only for children reaching the minimum school age, but also for the
 

backlog of persons who are still of school age but who have never enrolled,
 

and for half the children in schools with double enrollment. 

In this oection, the method for minimizing the investment necessary 

to achieve this goal, presented in reference (1) is summarized. In the 



example included, it will be seen ,that this method can result in a
 

substantial reduction of expenses.
 

The basic idea of the method is that if a country in any one year 

manages to open schools that will take care of all the backlog of school

age population not previously enrolled, or all the part-time students, 

it will be wusting its resources. The school facilities made available 

for the backlog of aon-enrolled and part-time students will be under

utilized when, in the following years, only those reaching six years of 

age enroll in the educational system. If the enrollment of the backlog 

of non-enrolled and part-time students is spread over several years, 

it is possible to reduce the wastage of some resources.
 

Below, the question of the minimum amount of investment needed to
 

enroll the backlog of non-enrolled, plus population reaching six years
 

of age, is put in the form of a linear programming problem. 

Let us suppose that in the year t-O a country has a backlog of 

non-enrolled persons of
 

HZ H 0 XVI-2-5 
P J

J=WO 

where p is the number of non-enrolled persons of age j in year t, 

and H is the maximum age at which a person can begin his schooling. Let 

us suppose that the country wants to open schools for the entire backlog 

in the period between t-O and t-T. 

If the problem is not the existence of a backlog of non-enrolled 

persons, but rather that of part-time students, p should equal half 

the number of half-time students having age j in year t. The definitions 

of p can be modified if the country has both a backlog of non-enrolled 

persons and part-time students. Since the formal treatment does not 
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change the meaning of the p , for the sake of simplicity we will refer
 

only to the backlog of non-enrolled persons.
 

Let nh denote the number of new entrants in the school system in
 

year t having age h. It is assumed that schools must be open for all
 

the backlog of non-enrolled persons before they reach age H+l, and during
 

the period between t-0 and t-T; i.e., the total number of new entrants
 

must satisfy
 

0 J 
P E J h*0,...,H XVI-2-6j -l
 

wi_ if T< H - h
 
with J i
 

- h otherwise
 

In addition, schools must be available for all persons reaching
 

school age betwen t-l and t-T. However, it will be assumed here that
 

these persons might not begin their education at the minimum school
 

age, but rather at some time before they reach the maximum permissible
 

age. Let denote the total number of persons reaching age h at year
 

t. According to the observations above, the number of new entrants must
 

satisfy the following conditions:
 

t = J t+j

P 0 E nt; t1l,...,T XVI-2-7 

0 -0 

j H if T-t >Hwith 


-t otherwise 

Equations XVI-2-6 and XVI-2-7 refer to all the backlog and all the
 

persons reaching school age during the periods. However, if required,
 

they can be modified to include only a known part of either or both of
 

these quantities.
 

At any time t the total of new entrants in the educationil system
 

will be H 
-
N1 E n t-l,.....T. XVI-2-8 
J=
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The school facilities should make possible the attendance not only of
 

the new entrants in the educational system, but also of all the students 

already in it. For this let us assume that there are G grades in the 

system, and denote with Nt the number of students in grade g, year t. 
g 

The values of N0 for g-1,...,G will be assumed to be known. The same 
g 

is true for Wg the probability of passing from grade g to g+l and 

remaining in the educational system. It is assumed that a student cannot 

remain in the same grade for more than one year; i.e., the possibility 

of repeating a grade is excluded. From the previous observations, the 

following equation may be written:
 

Nt W Ntl XVI-2-9 
g g-i g-l 

for g-2,,*,G. For g-1, Nt is given by equation XVI-2-8.
 

Finally, the total number of students in the educational system 

in year t is 
G 

Nt - E Nt t-O...,T XVI-2-10 
g-1 g 

The investment required to provide schools for the Nt students is 
tt
 

NtK + I - v t-l,...,T XVI-2-11 

where 

K0 - capital available in year 0 

I - investment in year j 

- capital/student ratio 

The problem here is to minimize the investment required to enroll 

the backlog in equation XVI-2-5 plus all those reaching school age, i.e., 

Pt t'l,...,T. This means that 
0 T 

I W E I XVI-2-12 
J-1 

v 
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From equations XVI-2-8. XVI-2-9 and XVI-2-10, and column 4 in
 

Table XVI-2-1 we have
 

t 2 
j=0
 

1t 90N - XVI-2-14
 
2 
t .95 H1 t-1
 

3 2 
Nt 3 tgsl Ng 

Whe next step is to eliminate constraints XVI-2-8, XVI-2-9 and XVI-2-10
 

in which Nt and Nt appear as variables. For this, the N variables are
 
8
 

expressed as functions of the n and the values assumed to be known. Fcr 

instance, with the data in Table XVI-2-1 and equations XVI-2-14, it is 

possible to write 

2 2N IJ-0 
2 n 

2 XVI-2-15 
t,1- .90 1.0 

t? 195,316 

223 2 2N , n+.901 n +195,316 
j=0
j=0 


Once the N's are replaced by their values in terms of the n's,
 

equations XVI-2-11 divided by 1,000 and with the n as defined in equation
 

XVI-2-13, take the following form:
 

2
 

371.3 2.837, n1 - I 

?22.2.~ 2.553 z + 2Ji37 I - - 2 XVI-2-16 

1'j0 juo IV-21 
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and the problem is to minimize
 

I 1U1 + 12 + 13 XVI-2-17 

subject to conditions XVI-2-13 and XVI-2-16. 

The characteristics of the computer programs available forced us 

to take another detour and to maximize the expression in parenthesis 

in equations XVI-2-16, instead of minimizing XVI-2-17, and to obtain 

the values of I j - 1,...,3 as slack variables. 

In Table XVI-2-2, the pattern of enrollment as well as the investment
 

required, as determined by the method described above, are compared
 

with the conditions that would exist if the backlog problem were solved
 

completely in year 1 and if, from then on, all school-age children were
 

admitted to the educational system.
 

The pattern of enrollment in Column 2 of Table XVI-2-2 is completely 

different from that of Column XVI-2-3. In Column 2, the persons close 

tc the maximum age for enrollment are those admitted to the educational 

system. The contrary is true in Column 3. The implicatiu..3 for investment 

of these two policies appear in the last row of Table XVI-2-2. The 

negative signs for investment 12 and 13 in Column 3 denote over-capacity. 

It can be observed that the minimum total investment in the period --

Column 2 -- is only 60% of that needed to implement the policy in 

Column 3. This shows that the method developed in this paper has very 

important practical implications. 

In conclusion, another problem should be mentioned: the optimization 

of the length T of the period in which the backlog problem should be 

solved. This problem appears because it is clear that the optimum 

investment determinedl oy the metlod described above is a decreasing 

function of T. However, to increabe T also means to postpone the education 

of a part of the population. This postponement has a social and econmic 
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TABLE XVI-2-2 
CO(lOITIONSENROLLIENT AND IIVESTMEN T UNDER OPTIMUM 

AND WHEN THE BACKLOG PROBLEN IS SOLVED IN YEAR I 

Optimum Conditions Backloj problem solved
 
inyear I
 

103x nl 78.699 81.133
 

0.0
103x n 2.434 


10x nl 52.229
3 52.229
 

3 1 141.900
10x n 0.0 


0
 

10x n2 0.0
3 0.0
 

0.0
103x n 141.900 


10x n2 134.309
3 145.170
 

103x n 10.861
3 0.0
 

3 3 148.400
10x n 148.400 


0
 

409.475
6x I 0.0
10 1 


6 17.081
10x 12 0.0 


10 x 13 244.690
6 . 112.831 

409.47f,
106x I 244.690 




366 

cost. The economic cost, at least, can be roughly estimated. The value 

of T will be optimum when the marginal gain in investment is equal to
 

the marginal cost.
 

XVI-2-3 Integration of the models in sections XVI-2-1 and XVI-2-2 

In order to link the models in the two previous section, it is 

only necessary to relate the number of persons reaching age 0 at date 
t 

t, i.e., Poo to the number of births e years previously. This is done 

by means of the formula 

t . oB 
0 t-e 

Number of births in formula XVI-2-3 does not change, and expenditures 

on birth control become 

-Ct c 1 Nt 

Finally, the objective to be minimized obtained by introducing 

the expenditures on birth control in XVI-2-12 is
 
T 

I -E (I + C). 
j l 
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CHAPTER XVII
 

INTEGRATED PLANNING OF POPULATION GROWTH, HEALTH,
 

NUTRITION, EDUCATION AND ECONOMIC DEVELOPMENT
 

XVII-l 	 INTRODUCTION
 

Two types of planning models are presented in this Chapter. In Section
 

XVII-2, a large simulation model integrating population growth, health, nutrition,
 

education and economic development is presented. This model is a direct exten

sion of those first suggested in references (1), (2) and (4) and discussed from
 

a theoretical point of view in Chapter VII. In Section XVII-3, a mathematical
 

analysis is made of the problem of optimum investment in population control
 

programs. This Section incorporates the ideas first introduced by Enke (3) in
 

the neo-classic model of economic growth discussed in Chapter VII.
 

XVII-2 	 A SIMULATION MODEL FOR PLANNING POPULATION GROWTH, HEALTH, NUTRITION,
 

EDUCATION AND ECONOMIC DEVELOPMENT
 

XVII-2-1 	General Statement of the Model
 

As a first step, a summary of the complete model will be presented. Tn
 

Sections 	XVII-2-2 and XVII-2-3 each of the main components of the model will be
 

studied 	in detail, and in Section XVII-2-4, the results of the applicatiom,of
 

the model 	to Mexico will be discussed.
 

In the actual model, a society with three classes and an open economy in
 

considered. However, since these refinements would only complicate the presentation
 

of the main ideas, the summary to be presented below will refer to a one-class
 

society in a closed economy.
 

The model is basically a system of first-order difference equations. Thir,
 

means that the values of the variables on date t-l determine the values for date
 

t.
 

In some particularly simple cases, it is possible to solve a system of
 

different equations, i.e., to express all the variables as functions only of t.
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This method is not used in the model to be presented below. The general solution
 

of the model is not presented here. It is only used sequentially, i.e., assuming
 

that the values of the variables for t-l are known, those for t are obtained
 

with the aid of a computer. Once the values for t are known it is possible to
 

compute t+l, and so on.
 

The information for year t-l needed is:
 

al) Population classified by age, educational structure, and participation in
 

the labor force;
 

bl) 	 Distribution of public and private income on consumption expenditures, and
 

on investment. Consumption expenditures are subdivided into expenditures
 

on food, health, population control, education and others.
 

cl) 	 Total capital and its distribution between the public and private sectors.
 

This information is used in the following way:
 

a2) 	To specify for year t the fertility and mortality of the population and
 

its capacity for educational achievemen- and work as determined by health
 

and nutritional conditions;
 

b2) 	 The variables specified in (a2) together with the information in (al) are
 

used to determine for year t size and age structure of the population,
 

number of students in the different levels of the educational system,
 

educational achievement of the population outside the system, and size and
 

quality of the labor force;
 

c2) The size and quality of the labor force specified in (b2) and the quantity 

and quality of capital as specified with the infornatlon in (cl) are used 

to determine total production in year t and its distribution, whether public 

or private. Next, the estimated public and private income is distributed 

among different types of consumption expenditures and investment. The 

values obtained for investment are used to update the information on capital. 

With the results in (a2), (b2), and (c2) it is possible to reinitiate the 

process, i.e., to estimate the values of the variables for year t+l, using those 

for year t. 



From the summary it follows that the model can be subdivided into two main
 

parts, the first dealing with population, education and labor force; and the
 

second with production. Both parts will be studied below.
 

XVII-2-2 Part of the Model Dealing with Population, Education and Labor Force
 

In the model being presented, population size and growth and the size of
 

the educational system are integrated, while the analysis of the labor force it
 

treated apart. These subdivisions are maintained in the presentation below.
 

Population and Education
 

Three main determinants of population size and educational or class structure
 

are considered in the model: fertility, mortality and the entrance, transition,
 

drop-out and graduation rates for the educational system. The way that these
 

elements are included in the model and the procedures used to modify th'"i will
 

be explained below.
 

The population is assurmed to be divided into three social classes, based
 

entirely on educational achievement. Six subdivisions of each class are con

sidered. As a consequence, a vector A of dimengion (18,1) and components A. is
 

formed. The components of this vector are:
 

(a) children 0-6 and 7-12 	who have not entered school (2 subdivisions)
 

j=l,to 2, class 1 

j=3, to 4, class 2 

J=5,to 6, class 3 

(b) 	 students in the elementary school, high school and college (three subdivisions) 

j=7 to 9, class 1 

J:l0 to 12, class 2 

j=13 to 15, class 3 

(c) population 6 years and 	older who have completed their education
 

J=16, class 1
 

J=17, class 2
 

jc18, class 3.
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The vector A for vear t-l, to be denoted with At_ 1 is transformed into the
 

vector for year t by means of the equation
 

At = [a]At_ 1 XVII-2-1 

where 

A = vector of dimension (18, t) that has as components the 

population by class and dubdivisions of class date t; 

[a] = (18 x 18) transition matrix presented in Table XVII-2-1. 

It should be observed that the sum of the components of columns 1 to 15 

is qqual to the survival rate of the population group to which the column refers. 

In symbols, this statement is 
= 
ri lj aj i .. 1 XVII-2-2
 

where 

a survival rate in population group j. 

In columns 16 to 18, the components a1 ,16 ' a3, 17 ' a5,18 represent the birth
 

rates of the population in classes 1 to 3. As a consequence, they should not
 

be included in the sum of the elements of a column that has as total aj, j=16,...,18.
 

From the observations on matrix [a], it follows that
 

a. . = a. j=16,...,18 XVII-2-3 

It follows from the observation above that the matrix [a] determines changes 

in the structure of the population. In the model, the values of the a's are 

changed from year to year to reflect the influence of public and private expendi

tures on food, health, family planning, education and other. 

The coefficients a1 ,16 , a3 ,1 7 , a5 ,1 8, reflecting birth rates, are modified 

using the formula: 
6 

log a = const + x1 log CAL + X2log PROT + E xilog PCMUi_1 + X71og DDY XVII-2-4 
i=3 

where
 

OAL = intake of calories per person
 

PROT = intake of proteins per person
 

PCMU. = per consumer expenditures in

1 i=2 health 



TABLE XVII-2-1
 

Transition Matrix [a]
 

o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

1 al,1 
 1,16
 
2 '2,1 
 a2,2
 

3 "3,3 

a3,17
 

4 a4,3 a4,4 
a5 ,5 
 a5 ,1 1
 

6 
a6,5 a6,6
 

7 a7,1 a7,2 a7,7
 

8 
 8,7 a8 ,8 

a9,8 
 a9,9 
10 a1 0 , 3 a10,4 a1 0, 1 0 

11 
 all1 all 
a11,10 aU1,11 

12 
a12,11 a12,12

13 a1 3 ,5 a1 3 , 6 a1 3 , 1 3 

414,13 

a14,14
 

15 
 a15 ,14a1 5 , 1 5 

16 a16,2 a16,4 
 a16,6 a16,7 
 a1 6 ,1 0 a16 ,1 3 C'16,16
 

17,8 !7,17,
18 a18 ,9 a18,12 a1 8 ,15 ai, 

in this Table only the a.. A 3 are written.1) c 



i=3 population control
 

i=4 education
 

i=5 other
 

DDY = per consumer income
 

Xi i=l,...,7 coefficients
 

To simplify the notation in formula XVII-2-4, the subscripts of the variables 

and coefficients referring to the specific a being modified and to social class 

have been eliminated. For the actual computation, the equivalent of formula 

XVII-2-4 relating da/a to the growth rates of the explanatory variables is used. 

It is assumed that dz/z = 0 whenever z=O. 

The expenditures on health, nutrition, education, etc., are assumed to af

fect the reamining a's in two ways: first, through the modification of the sur

vival rates; and second, through the reduction of the a's representing late en

trance in the school system, repetition or dropping out. Since the total of the
 

a's in each column is equal to a a, the reductions just mentioned mean that the
 

a's representing entrance in the educational system at the correct age, promotion
 

and graduation are increased.
 

The actual formulas used to modify the survival rates--are basically identical
 

with XVII-2-4, and will not be presented here. The changes in the survival rates
 

obtained with those formulas are assumed to modify the corresponding a's in pro

portion to their initial values, i.e., according to the formula
 

t t 1 a t_1a aat XVII-2-5
 

where the subscripts denoting row and column have been eliminated. The sum of the 

a's refers to all the a's in the column corresponding to the a. 

The a's (2,1), (16,7), (16,10), (16,13), (17,8), (17,11), (17,14), (18,9),
 

(18,12) and (18,15) represent the proportions of students not entering school
 

at the proper age or dropping out before graduation. The equation to modify these
 

a's again has the same form and arguments as XVII-2-4. The a's in columns 1 to
 

15 not enumerated above represent the proportions of students remaining in the
 

system, whether at the same level if appropriate or in the next higher one. The
 



values of these increasing a's are computed with a formula similar to XVII-2-5, 

inwhich the difference a minus the decreased a's is distributed among tho a's 

to be increased. 

Size and Quality of the Labor Force
 

The number of workers by social class at date t is estimated with the
 

equation
 

L.t = 0i*t Al5+i,t i~l,...,3 XVII-2-6 

where
 

L.t = number of workers in class i, year t
 

8i' t = labor force participation ratio class i, year t
 

A15+i,t = number of persons who have completed their education,
 

class i, year t.
 

It should be observed that a slight modification of the definition of the
 

vectors A and of the matrix [a] would make it possible to compute the L using
 

equation XVII-2-1.
 

The next step is to estimate the size of the labor force in number of full
 

workers quality equivalents. The number of full workers quality equivalents
 

class i, year j is denoted with Ni. It is assumed that
 

1] L..N.. -< 13 

with the difference being explained by the nutrition and health conditions of 

the workers. The relationship used is 

N.ij , $ L. . i=l,...,3 XVTI-2-7 

where 

ci,3,j - index of quality of the labor force class i, year j. 

The index of quality is evaluated with
 

XVII -2-8ci,3,j = i,l , ' * i,2,j 

where the subindex 1 means quality as determined by nutritional conditions, and 

subindex 2 as determined by health conditions. The values of Ci,jk i=1,3, 

J=1,2 are computed with formulas similar to XVII-2-4. Once this is done, formnla 



•(6)is applied to compute the N
 

XVII-2-3 Parts of the Model Dealing with Economic Aspects
 

Total Production
 

To estimate total production, including imported raw materials, the following 

production function is used: 

log TY = Const + rt + 61n1 + 62n2 + 63n3 + 64klt + 65k2t-l XVII-2-9 

where 

TY = total production, including imported raw materials 

Const = constant 

r = rate of growth of labor and capital augmenting technological 

change 

ni = logarithm of the number of full quality equivalent workers 

in social class i, i=l,...,3 

k.i = logarithm of value of capital measured in productivity units
 

i=l national, i=2 imported
 

6. =ii,...,5 variable elasticity of TY with respect to the cor1 

responding factor of production
 

To change the coefficients 6. it is assumed that the total 64 + 65, i.e.,
 

the sum of the elasticities of TY with respect to capital, is a decreasing func

tion of capital per worker. The changes in the total are distributed between
 

64 and 65 in proportion to the initial values of these variables. The change of
 

1 - 6 4 - 65 is distributed proportionally to the initial values of 6. i=I,...,3.
 

To estimate value added, or Gross National Product, two steps are needed.
 

Fixst, the value of imported raw materials is estimated as a constant proportion
 

of TY, plus a factor that reflects the influence of the conditions of the foreign
 

trade balance. Next, value added is computed by subtracting imported raw
 

materials from TY.
 

Equation XVII-2-9 is also used as starting point to estimate the contribution
 

of health, nutrition, education, size of the labor force, and capital to the
 



growth of GNP. The method used is presented in Chapter VI, in particular in
 

formula VI-4-3, and will not be repeated here.
 

Distribution of Income Among "he Social Classes
 

It is assumed that the income of each social class in year t, to be 

denoted with Y¥t, is the total of labor income, income obtained through
 

capital owned by members of the class, and part of the income produced by 

publicly-owned capital, i.e., capital formed by government investments
 

depreciated in the accounts to a zero value, and used free by the public. 

(An example of this type of capital can be found in toll-free highways.) 

The computation of income by class ismade using the homogeneity proper

ties of the production function in XVII-2-9. Special care is taken in the
 

computer program that the sum of income by class plus the income produced
 

by government-owned capital, is equal to total value added.
 

Private Disposable Income 

Disposable income by class is estimated by subtracting from total income 

by class Y. i=l,...,3 that part received by the government through taxes.
1 

Tax rates are assumed to be constant by class. Per capita disposable income
 

is obtained from figures of disposable income by class and population by
 

class.
 

Government Income 

Government income is equal to that part of the income produced by
 

government-owned capital that is retained by the government, plus tax income. 

To simplify, it is assumed that budget equilibrium always exists. This
 

means that government expenditures are always equal to government income.
 

Allocation of Income Among Different Uses: the Frame of Reference
 

To explain the distribution of income among consumption, investment,
 

imports and exports, two steps will be used. First, the distribution will be
 

explained using a simplified model where no distinction among social classes
 



or time periods is included. Then the modifications needed to consider social
 

classes and government will be discussed. The modifications needed to con

sider time periods are quite obvious and will be left to the reader.
 

The accounting identities and variables used in the simplified model
 

are:
 

XVII-2-10
TY = Y + AMP(3) 


XVII-2-11
TY = CN + AIN + X 


XVII-2-12
Y e C + AI + X - AMP(4) 


XVII-2-13
C CN + AMP(l) 


XVII-2-14
AI AIN + AMP(2) 


3
 
XVII-2-15
AMP(4) E AMP(I)


1=1
 

XVII-2-16
AMP(3) = f(TY) 


XVII-2-17
C X f(Y) 


XVII-2-18
AI = f(Y) 


XVII-2-19
Xt = rax*Xt-l 


XVII-2-20
AMP(l) = f(C) 


The meanings of the symbols are as follows:
 

TY = total production, including imported raw materials
 

Y = value added
 

AMP(I) = imports of I=l consumer goods
 

I=2 investment goods
 

I=3 raw materials
 

I=4 total imports
 

C = consumption goods
 

CN = consumption of national goods
 

Al = investment goods
 

AIN = investment of national goods
 

X = exports.
 



There is a total of 11 variables. Of these, TY will be considered
 

exogenous, i.e., determined outside the system, of equations XVII-2-1n to
 

XVII-2-20, in this case, by equation XVII-2-9. The number of equations in the
 

system is 11. However, equation XVII-2-11 can be obtained from equations
 

XVII-2-10 and XVII-2-11 to XVII-2-15.
 

This means that equations XVII-2-10 to XVII-2-20 can be used to specify
 

the values of Y, AMP(I), 1=1,...,4, C, CN, AI, AIN and X.
 

Allocation of Private and Government Income Among Expenditures on Foo4, Health,
 

Population Control, Education, Other and Investment
 

As observed before, equations XVII-2-10 to XVII-2-20 outline tho method
 

used in the simulation model being described, but they are not actually uso'd
 

in it. In the simulation model a detailed analysis of consumption and inve,' ment
 

replaces equations XVII-2-17 and XVII-2-18.
 

In this analysis, total private and government income is subdivided
 

between expenditures on food, health, population control, education, other and
 

investment.
 

With respect to the allocation of government inceme, it is also taken
 

into consideration that only a part of the expenditures actually reanhes 1:h:
 

public, while the rest appear only as administrative expenditures. Adminiltra

tive expenditures are included in the class of "other" expenditures. It i
 

assumed that the government income allocated to food, health, population con

trol and education, and that actually reaches the public, is added to the
 

private expenditures for these items. Finally, it is assumed that all gov-.rn

ment income used in investment increases publicly-owned capital.
 

The actual estimations are obtained assuming that a known proportion of
 

total government income is allocated to the different uses. The values of
 

these proportions are exogenously determined by the "decision makers". In the
 

model they can be changed at will to study through simulation the impact of
 

several government policies.
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Next~,the government expenditures on consumption are distributed among the 

three social classes into which the population is divided. The distribution
 

of consumption expenditures among the social classes is made, again assuming
 

that a known proportion of the total goes to each class. These Irnown propor

tions are also policy instruments. The parts of the expenditure per class
 

covered with government income are estimated by means of the method just described.
 

Private per capita investment and consumption expenditures--classified in
 

the five groups being considered--are estimated on the assumption that they are
 

functions of per capita disposable income. Controls are introduced to avoid
 

the sum of the values assigned to the different uses of income becoming larger
 

than disposable income per capita in each class.
 

Total per capita expenditures in each of the five alternative consump

tion uses are obtained by adding private and government supported private
 

expenditures. Per capita expenditures on food are used to estimate calorie
 

and protein intake.
 

Total expenditures per class on each of the five alternative uses are
 

computed by multiplying per capita values by the population per ciacs.
 

Total expenditures on consumption by class are obtained by adding con

sumption per class of each of the five items considered above. Total ex

penditures on consumption is obtained by adding the totals by class. Since
 

government expenditures are assumed to be distributed among the members of
 

each class, the totals described above are the total consumption C in equation
 

XVII-2-17.
 

The computation of investment, first by class and then the total for the
 

country, follows closely the explanation above. With this, AI in equation
 

XVII-2-18 is obtained.
 

Estimation of Value and Composition of Imports
 

The comptitation of total imports is made with formula XVII-2-12. Since
 

the method used does not guarantee that the value obtained for AMP(4) will be
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positive, a control appears in the model to modify it, if needed, to an
 

acceptable one, and if this modification is performed, to also change total
 

consumption, total investment, and all the quantities that were used to ob

tain these totals.
 

For the purpose of the model, there is no need to subdivide the expen

ditures on food, health, population control, education, and other between
 

national and imported goods. However, it is useful to do so with total con

sumption by class. This is done using formula XVII-2-20 for each social class,
 

i.e., assuming that imports of consumer goods are a function of total expen

ditures on consumption. Imports of consumption goods by class are used to
 

compute total imports of consumption goods. Using formula XVII-2-13 by class,
 

consumption of national goods by class is evaluated. These results are used
 

to compute total consumption of national goods.
 

The last step is to use formula XVII-2-15 to estimate imports of invest

ment goods. This total is then subdivided by class. The object is to compute
 

investment by class in national and imported goods. These figures are used
 

to estimate national capital and imported capital owned by class. The dis

tinction is maintained because it is assumed that the productivity of
 

national and imported capital grow at different rates. After a detailed
 

verification that the different types of investment estimated have reasonable-

i.e., non-negative--values, the values of capital by class and total invest

ment and capital are computed.
 

Reinitiation of the Sequence
 

With the estimated allocation of income among the different uses, the
 

computation of the values of all the variables for year t is completed, and it
 

is possible to reinitiate the sequence, i.e., to begin computing the values
 

for year t+l
 

XVII-2-4 Application of the Model
 

General Observations on the Data Needed
 

Before presenting a list of the data needed, it should be observed that
 

onlv the data that seem to be easier to obtain, or that more directly satisfy
 



the requirements of the model, will be mentioned below. This list does not
 

imply that the lack of some of the data mentioned will make it impossible to
 

apply the model. Actually, the opposite is the case. It is not expected
 

that all the data to be mentioned will be immediately available. The infor

mation that is not available could be replaced with other data bearing on the
 

same point, since a large degree of substitutability exists. Finally, if
 

everything else fails, some data could be obtained by pooling information from
 

well-informed persons in the country to be studied (Delphi surveys), and
 

using international comparisons.
 

Another point that should be considered is that, in addition to national
 

totals on some recent date, it is useful to obtain information for as many
 

years as possible, and for as many subnational subdivisions, such as urban
 

and rural regions, provinces and states, etc., as possible. When these data
 

are available, many of the parameters of the model may be estimated using
 

standard statistical techniques.
 

Data 	Needed
 

(a) Population classified by age, sex, and educational achievement. The
 

classification by educational achievement is used to define social
 

classes.
 

(b) Fertility and mortality rates for the population classified by age,
 

sex, and educational achievement (i.e., social class).
 

(c) Transition rates in the educational system for students classified
 

by the social class of their parentz.
 

(d) 	 Intake of calories and proteins per person in each of the social 

classes. 

(e) Number of school and work days lost due to disease per person in
 

each of the social classes.
 

(f) 	Number of workers in the labor force, classified by social class.
 

(g) National and imported capital owned by the government and by persons
 

in each of the social classes. Also, value of national and imported
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public capital. (Public capital is that used by the public at no
 

cost, such as, say, capital in highways, ports, etc.)
 

(h) 	Depreciation rates for capital.
 

(i) 	Total GNP (or similar information on total production), labor and
 

capital income received by each social class, income produced by
 

government owned capital, and by public capital.
 

(j) 	 Part of income paid as direct and indirect taxes per person in
 

each social class.
 

(k) 	 Distribution of government and per capita income in each social 

class among expenditures in food, health, population control, educa

tion, other, and investment.
 

(1) 	Part of the government expenditures that directly benefit personn in
 

each social class, for instance, the part of government expendi-ures
 

on health that benefits persons in classes 1,2, and 3.
 

Once the data described above are available, they can be used to estimate
 

the 	parameters of the equations appearing in the model.
 

Data 	Used in the Computation to be Presented Below
 

For the application of the model described in Sections XVII-2-2 and XVTIT-2-3,
 

readily available information for Mexico was used. However, it cannot be 2aid
 

that the application below actually forecasts Mexican conditions, or ,imgestF
 

policy alternatives for that country. The reason for this is that when actual
 

data were not immediately available, figures were obtained by comparison with
 

other countries, by guesswork, or finally, after running the model, by
 

modifying the parameters so as to eliminate inconsistencies in the results.
 

As a consequence, the results below show that the model can provide useful
 

insights for policy making, but they must be considered hypothetical.
 

Results Obtained with the Model
 

No attempt will be made here to present all the results obtained with
 

the model. The computer output for a forecast for 20 years consists of
 



apprbximately'l50 tables showing the yearly values of all the variables and 

their rates of gvTowth. In addition, the simplest policy alternative, that of 

reducing one type of government expenditures and increasing another, is con

sidered. With this, the total output comes out to be roughly 6,000 pages of 

computer print-out. Only summaries dealing with per capita income and total
 

population at the end of a 20-year period will be presented below.
 

For analysis, it is convenient to use as a term of reference the forecast
 

of past conditions. According to these conditions, government income was
 

allocated only to health, education, other and investment. In this case, the
 

results in Table XVII-2-2 are obtained.
 

Table XVII-2-3 shows the results obtained by reducing, say, expenditures
 

on health, while increasing expenditures on each of the other alternatives,
 

i.e., food, population control, education, other and investment. The results
 

obtained show that the highest return is obtained using resources on popula

tion control. With this, income per capita could be substantially higher than
 

with any other allocation of government resources. These results are con

firmed in Table XVII-2-4 that shows GNP/Pop and Total Population under the
 

assumption that population control programs are as effective as those in supervised
 

programs. An example of this type of program is the Louisiana Family Planning
 

Program.(1)
 

XVII-3 OPTIMUM POPULATION CONTROL PROGRAMS
 

XVII-3-1 Introduction
 

In Section VII-2-2 the interaction between the growth of the population,
 

and of the economy was studied, within the framework of the neo-classic model
 

of economic growth. In this analysis it was assumed that the rate of popula

tion growth is a function of per capita income. The model was closed, and its
 

time path could not be changed once the initial values of the variables and
 

the parameters were chosen.
 

Population planning attempts to modify the rate of population growth by
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TABLE XVII-2-2
 

Results for Year 20 Obtained with Simulation
 

Model When Past Trends are Forecasted
 

Percentage of Government
 

Income Used In
 

Food 


Health 


Population Control 


Education 


Other 


Investment 


GNP/Population 

(Pesos) 

0.0
 

21.25
 

0.0
 

12.28
 

28.32
 

38.14
 

13.131
 

Population (10 ) 94.336 



TABLE XVII-2-3 

GNP/Pop and Total Population for Year 20 Estimated With Simulation
 

Model Assuming that Governments Expenditures are Relocated
 

(Results as Percentages of Estimates with Past Trends)
 

INCREASED 

EXPENDITURES REDUCED EXPENDITURES 

Health to 13% Education to 7.5% Other to 17.5% 

GNP/Pop Pop GNP/Pop Pop GNP/Pop Pop 

Food 99.35 99.87 99.92 99.87 100.50 100.11 

Health -- -- 100.10 99.93 100.40 100.23 

Population Control 104.82 93.41 105.65 93.45 105.89 93.57 

Education 99.69 100.05 .... 100.25 100.34 

Other 98.64 99.79 99.50 99.82 -- --

Investment 102.83 99.90 101.90 99.89 104.80 100.14 

Investment to 23.5%
 

GNP/Pop 

93.72 

93.99 

Pop 

99.95 

100.11 

98.32 93.44 * 

93.72 100.23 

92.54 100.001i 

--

CA)C;' 
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TABLE XVII-2-4
 

GNP/POP and Total Population for Year 20 Estimated With
 
Simulation Model Assuming that Government Expenditures
 

in Population Control are Increased, and that Programs
 

are Very Effective
 

(Results as Percentage of Estimate With Past Trends)
 

EXPENDITURES EXPENDITURES GNP/POP POPULATION 
REDUCED AS % OF TOTAL 

Health 13.0 128.15 75.63 

Education 7.5 128.51 75.62
 

Other 17.5 128.74 75.68
 

Investment 23.5 120.06 75.74
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destroying the relationship between it'and per capita income. However, there 

is a cost attached to changing the rate, of population growth from its normal 

value..
 

The explicit consideration of the possibility of influencing--at a
 

cost--the rate of population growth separates the analysis below from that
 

made in Section VII-2-2 in the neo-classic model of economic growth, and also
 

from studies of optimum population (2), (8), or of optimum population growth
 

(1), in which the cost of bringing population to the desired levels is not
 

considered.
 

The dynamic optimization models to be presented are an extension of
 

Enke's work (3). He showed that under the conditions existing in most
 

developing countries, it is financially advisable to "invest" in population
 

control, rather than in more traditional types of physical or human capital.
 

In more recent studies (4) Enke has used a simulation model to show that his
 

results are also valid when dynamic factors are taken into consideration.
 

The observations of Leibenstein (6), perhaps the most serious challenge to
 

the theoretical basis of Enke's work, will also be considered here. Leiben

stein concludes that it is not possible to calculate a meaningful cost-benefit
 

ratio until a satisfactory set of social welfare criteria for birth preven

tion is available. Enke (5) does not give a satisfactory answer to this objec

tion. In the present section it is shown that, under reasonable assumptions,
 

Enke's model gives the same decision rule as a dynamic model of welfare
 

ontimization.
 

XVII-3-2 The Cost Function of a Population Control Program*
 

The rate of growth, n, achieved with a population control program is 

expressed in terms of the achieved birth ra,:e, B, by 

n = 8 - u (y) XVII-3-1 

The cost per capita of achieving this birth rate involves the cost of 

*The notation introduced in Section VII-2 will be used below.
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contraceptives, health personnel, facilities, and equipment expenditures, as
 

well as any educational programs aimed at encouraging a segment of the popula

tion to subscribe voluntarily to birth control techniques. Clearly this cost
 

is culture-dependent, since it is influenced by religious beliefs, :;ocial
 

attitudes, and the value systems of the individuals composing the population.
 

Thus, the characteristics of the cost function will probably differ from one
 

country to another even for the same per capita incomes. However, certain
 

general statements can be made concerning the cost function of any given
 

country.
 

The cost per capita of a population control program is assumed to 
depend
 

upon the difference 

a - c(y) XVII-3-2 

as well as on y directly, and can be written g(8-a(y), y). It will be assumod 

that it has the property that
 

XVII-3-3
 g (0,y) = 0 

zero.

for all y so that the cost of a population program in which 8=a(y) is 


The cost of achieving a zero birth rate or the maximum birth rate 
am biologically
 

possible is infinite, i.e.,
 

XVIT-3-4
lim g(8-a(y),Y) = a
80
 

= 	 XVII-3-5
lim g(O-0(y),y) a 

m 

In addition the cost function has the properties: 
(<0 if8 < (y) 
=0 if " (y) XVII-3-6 
0 if 8 > a (y) 

XVII-3-7
lim u - =, 	 lim - = 
a" 90+0 


XVII-3-8
& > 0 
982
 

The behavior of the cost function respect to per capita income 
is charac

terized by the following assumptions--consistent 
with VII-3-3 and VII-3-8:
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lim gt (8a'(y), Y) =0 for 0 <: a(y) XVII-3-9 

and 

lrm g(A-a(y), y) = 0 XVII-3-10 

Itwill be also assumed that 

lrm a g(B-O(y), y) -- for 0 < 8 < a(y) XVII-3-11 

Note that
 

:a _ + XVII-3-12 
By 3a y ay
 

where J/By is the derivative of g with respect to y holding a constant. From
 

XVII-3-6 it follows that
 

ag > 0 for 8 < a(y) XVII-3-13
Da
 

and it is assumed that
 

XVII-3-14
a > 0 for all 8 

ay 

Thus from VII-3-6 to VII-3-8 and XVII-3-13 and XVII-3-14 it follows that for
 

< a (y) 

a f :0 for small y 

ay / undetermined in sign for intermediate y XVII-3-15 

> 0 for large y (as y.o) 

The last statement in XVII-3-15 follows from VII-3-8 which implies that 

lim am= 0 

r-*' 17 

Finally it is assumed that
 

iim 2)3 for 8 < 0(y)Lim ~ Cj.- 00 
k 0 yB XVII-3-16 

: for
lrn 21L =0 B'< ay)
k -o DyaO 

In the analysis of the following sections, the marginal cost Bg/38 plays
 

It will be shown that this marginal cost for the population
an important role. 


as a whole is equal to the marginal cost of part of that population.
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=
The population is divided into two groups Pi, i=l, 2 with P P1 + P2, and 

normal birth rates ci(y,), and cost functions gi (ai, yi) for achieving birth 

rate ai . The birth rate for P when P2 grows at rate B2 is; 

8 = (al (l )P1 + 2P2)/P XV11-3-.7 

The cost per person for the population as a whole when the populatini con'..-(I
 

program is directed at P2 is:
 

= XVIT-3-18
g(0,Y) P2g2( 2 Y2)/P 


From XVII-3-17 and XVII-3-18 it follows that:
 

Yd g(0,Y) = 7102 92(21Y2 

Thus any statement in the following sections establishing conditions for
 

the marginal cost of the population as a whole is valid for some subp.oup having 

a cost function with the general properties given above.
 

With g(ay) expenditures per capita it is possible to divert the rate of
 

population growth from its normal path so that 0 can be considered a control
 

variable. Then equation XVIT-3-1 becomes: 

P [ a - P(y) I P XVTI-'i-2 

and equations 11-3-11 and VTT-3-]3 ,.t-,th the inclusion of g(a,y) becc, 

y - c - g(S;y) - - i(y)]: k ;,'TI-3 2' 

rtnd
 

fk-. (y - c - g(3.,y) - [a - u(y)] ,' k)- .'TT-

y
y 

The objective of e central a% .o.:ity iz to achieve inmum beneflt-. 1i 

natmizatlon mlu:;t 1. fi:'h , n t, ::en'i,. . 

(,(t) > 0 .'' , ' 

an'] 

yt) >c(t) + i(l) ".'rr-, 
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An additional constraint for the optimization of VII-3-22 follows from the
 

observation that at an equilibrium point:
 

XVII-3-25
(46) y = c + g (8,y) + r8 - j(y)] * k 

In this equation the coefficient of k could be negative so that y<c + g,
 

meaning that capital is being spent for population control. This use of capi

tal does not affect K because the population is also decreasing. Clearly, such
 

an equilibrium point, even ifmathematically stable, cannot be accepted. To
 

avoid this problem, XVII-3-23 should be replaced with
 

8(t) > V(Y) XVII-3-26
 

XVII-3-3 Maximization of the Rate of Growth of Per Capita Income
 

As stated by Enke (3), a first objective function that can be considered
 

for the determination of 8 is the rate of growth of per capita income.
 

From equation XVII-3-22 it is clear that an optimal policy for 0 is one
 

that minimizes g(B,y) + ks subject to constraint XVII-3-26. When an interior
 

solution exists, the use of calculus yields the necessary condition;
 

g (8,y) = k XVII-3-27
 

where 8(k) is the value of 8 satisfying XVII-3-27; from the assumptions with
 

respect to g it follows that W(k) is a single-valued function of k.
 

The sufficient condition for the optimization of XVII-3-22 is also
 

satisfied, since
 

a2 - k 2 g(Oy) < 0 XVII-3-28
 

2
 a2 y y
8


from VII-2-3 and XVII-3-8.
 

The function W(k) satisfies, the following properties:
 

0 < W(k) < a(k) XVII-3-29
 

This property follows from XVII-3-6 and XVII-3-27. As a consequence of
 

XVII-3-29 it follows that
 

lim 8(k) = lim a(k) a 0 XVII-3-30
 
k-,O k.O
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and from XVII-3-7 that
 

lim W(k) = 0 XVII-3-32.
 
k4 o 

Differentiating both sides of XVII-3-27 with respect to k, and after
 

some manipulation, it follows that
 

+ ki XVII-3-32 

This result and the assumptions in XVII-3-8 and XVII-3-16 yield
 

Bel' > 0 for small k
 
k( < 0 for large k XVII-3-33
 

The graphs of 0(k) and c(k) are compared in Figure XVII-3-1.
 

With (k) determined from equation XVII-3-27, equation XVII-3-20 deter

mines P, equation XVII-3-21, k and XVII-3-22, y.
 

Using (k) in XVII-3-21, it is possible to study the equilibrium point,"
 

of the system. From XVII-3-3 and XVII-3-30
 

lim g(W(k), k) = 0 XVII-3-34
 
k 0
 

and from XVII-3-11 

lim L g(W(k), k) -= XVII-3-35 
k-ow 

From VII-2-3, XVII-3-6, XVII-3-15, XVII-3-33 and XVII-3-35 it follows that
 

-_ g + _, y XVII-3-36
= La 


Dk 3k 3y ak
-3 


is positive for large k but undetermined for small and intermediate k..
 

From VII-3-17 and XVII-3-31 it follows that
 

lira [W(k) - v(k)] * k 4 -D * k XVII-3-37 

It cannot be concluded from the characteristics of y-c and g + (B - 1) = k
 

that an equilibrium point for equation XVII-3-21 exists, or, If it does exist,
 

whether it is stable. If an equilibrium point does not exist, k will approach
 

zero or infinity with the consequences from VII-3-3 and XVII-3-30 that
 

lim - -0 XVII-3-38
k+0
 

and from VII-3-7 and XVII-3-31 that 

lim (0 - i) -D XVII-3-39 
k-ca 



FIGURE XVII-3-1 

Comparison of a(k) and W(k) vs k 

a(k) 

A 

k 
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Thus the constraint XVII-3-26 becomes binding, and it follows that the analysis
 

of the stability of XVII-3-21 reduces to an analysis at the points where XVII-3-26
 

is binding. 

From the properties of W(k) and p(k), if W > v for some k, then there 

exist kL and kH such that 

0(k) > P(k) for kL < k < kH XVII-3-40 

The case when k < kL may be that of an underdeveloped country. The low
 

value of capital available implies that 8 and a(y) are close to zero while V(y)
 

has a large value. Making 8 = u(y) is likely to imply that 8 > a(y), i.e.,
 

that the population program should be directed to increase the birth rate.
 

Only highly developed countries are likely to have k > kH. For such large
 

k, the decision rule in XVII-3-27 calls for large expenditures on population
 

control, that forces W to values below p(y). However, the constraint XVII-3-26
 

forces = P(y)and XVII-3-21 becomes
 

y - c - g [(Y), Y] XVII-3-41
 

If
 

lim d g(V(y), y) XVII-3-42

y-10 dy
 

then equation XVII-3-41 will have at least one stable equilibrium point.
 

Finally, it is possible to derive the condition for the golden path of
 

accumulation. The necessary condition, a straightforward generalization of
 

VII-3-15, is
 

+ g(ak - jj) ' k + ( 8k - 'k) XVII-3-43 

XVII-3-4 Maximization of Per Capita Income Over an Infinite Time Horizon
 

Leibenstein's (6) criticism of the model in Section XVII-3-3 is that its
 

objective function, i.e., the rate of growth of per capita income, is not
 

appropriate. This criticism is partly answered in this section, where the
 

objective function adopted is not the rate of growth of per capita income, but
 

per capita income itself over an infinite time horizon. More specifically, the
 



objective assumed for a population program is to maximize
 

dt y(t) e Ct XVII-3-44
 

-
where e et is the discount function at an instantaneous rate c > 0.
 

To maximize XVII-3-44, the conditions assumed before are retained; in
 

particular, the maximization is done under the constraints in VII-2-3, VII-3-12,
 

XVII-3-20, XVII-3-21 and XVII-3-26.
 

It is shown below that the existence of a maximum attainable capital per
 

worker is enough to ensure the convergence of the integral in XVII-3-44.
 

Applying the Pontryagin principle, the necessary conditions for the
 

maximization of XVII-3-43 subject to the constraints mentioned above are:
 

e-Ct max [-g 
8 

(8,y) - itk] XVII-3-45 

d-(e-et ) e2et. 

dt 2 k 

-Aet (1 - c' - g')fy (8-) XVII-3-46 

2 y y 

If X2 $ 0, and XVII-3-45 has an interior solution, then it is equivalent to
 

condition XVII-3-27 obtained in Section XVII-3-3.
 

To obtain the functional forms of P, k, and y that will maximize XVII-3-44,
 

equations XVII-3-20, XVII-3-21 and XVII-3-22 must be solved. This shows that
 

the necessary cond~tions for the maximization of XVII-3-44 are the same as for
 

the maximization of /y in XVII-3-22.
 

At this point the assumption that A2 is not equal to zero is explored; X2
 

can be interpreted as the shadow price of capital, and, as a consequence, it
 

= 
can be considered different from zero. Also, X2 i2 = 0 in equation XVII-3-46
 

would imply that fl = 0, a result that is not acceptable.
 

Finally, the observations made with respect to the stability of the dif

ferential equation XVII-3-21--as already observed when dealing with the con

vergence of XVII-3-44--and the golden rule in Section XVII-3-3 also apply to
 

the case discussed in this section and will not be repeated.
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XVII-3-5 Maximization of Well-being Over an Infinite Time Horizon
 

The objective function XVII-3-44 is still not the one suggested by Leiben

stein. On intuitive grounds, it is more acceptable to maximize the discountn,!
 

value of utility over the planning horizon, i.e., the objective should be to
 

maximize
 

XVII- -47
1; U(c) e'Ctdt 

where U(c) is the utility derived from consumption c. 

It is assumed that U(c) is continous and 

U(c) > 0 for c > c 

where c is the consumption at a subsistence level; also 

U (c) > 0
 

U"(c) < 0
 

lim U'(c) a
 
c

lim U'(c) = 0
 
c:-

Again in the present case, the existence of a maximum attainable capital
 

per worker, observed in Section XVII-3-3, is enough to ensure the converrvnce
 

of integral XVII-3-46.
 

The functional XVII-3-47 is maximized subject to the constraints in equations
 

VII-2-3, VII-3-12, XVII-3-20, XVII-3-21 and XVII-3-26. Constraint equation
 

XVII-3-12 requires some explanation; in the Ramsey problem (7), per capita con

sumption c is taken as a control variable to be determined in such a way as to
 

optim.ze the discounted value of total utility. This assumption is basic to
 

the purpose that Ramsey had in mind, that of the cptimum distribution of re

sources between consumption and savings. However, for the objective of this
 

chapter, which is the specification of the optimum di3tribution of resources
 

between investment in physical capital and in population control, Ramsey's
 

assumption is not essential. Nevertheless, in Section XVII-3-6 the Pamsey
 

problem is considered.
 

http:optim.ze


Applying the Pontryagin principle, the following necessary conditions for
 

the maximization of XVII-3-7 are obtained:
 

X2e'tmgx 	(-g(8,y) - Ok) XVII-3-48
 

t
d (Xe'ee) = U' V'fe
2t c y k XVII-3-49 

-A2e-et(l - c' - f 

Where X 2 is the costate variable required for the problem. When A2 0 and an
 

interior solution exist, equation XVII-3-48 reduces to equation XVII-3-27. Once
 

the optimizing function 0(k) is obtained, P, k, and y are found from equations
 

XVII-3-20 to XVII-3-22 respectively. Thus the necessary conditions for the
 

optimization of XVII-3-47 are the same as those for the optimizations of
 

XVII-3-22 and XVII-3-44. This fact is particularly useful because the empirical
 

evidence on U(c) is at best questionable.
 

The observations made before with respect to the positivity of X2' the
 

stability conditions, and the golden rule are valid in this case.
 

XVII-3-6 	Maximization of Well-being When Both Levels of Consumption and of
 

Expenditures on Population Control are Control Variables
 

In this Section, the Ramsey problem (7) is extended with the assumption
 

that utility is maximized by the appropriate choice of the time pattern for
 

per capita consumption; thus the total resources for investment are determined,
 

and these resources are distributed optimally between investment in physical
 

capital and population control.
 

In more precise terms, the problem is the optimization of XVII-3-47 under
 

the constraints in Section XVII-3-5 except for the consumption function con

straint VII-3-12. Thus 8 and c are the control variables.
 

Assuming an interior solution, the necessary conditions for optimization
 

are:
 

U' = "X2e-Ct 

Uc (I + k) = 0 



OV0
 

and
 

dt
1 
C 

This last equation is the well-known Ramsey condition for the case when the 

population grows at rate 8 - P with expenditures of g(8,y). 

Again in this case, it can be shown that XVII-3-27 must be satisfied.
 

However, equations XVII-3-21 and XVII-3-27 are not sufficient to determine the
 

time path of k; the Ramsey condition must also be considered. As a consequence,
 

the time path in this section will be different from the time paths described in
 

the previous sections.
 

XVII-3-7 Conclusions
 

The basic conclusions of the Section are:
 

(a) The decision rule for the allocation of resources to
 

a population control program only is not affected by
 

any of the objective functions chosen in this chapter.
 

(b) The decision rule for choosing the optimal rate of
 

savings and for allocating investment between physical
 

capital and population control is affected by the type
 

of objective function adopted.
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