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I. Introduction

During the last fifteen years or so, the role of population
growth in the development process has received increasing attention.
This has been manifested in the literature in three broad areas. In the
first, the effects of rapid population growth on the growth of income
have been studied with the use of simulation models (Enke (1971) (1974),
Simon (1976)) which sometimes include endogenous population growth (Suits
et al (1975), Hazledine and Moreland (1977)). 1In general these models
show that per capita income could be increased by reducing the birth
rate. However, they are often either unsophisticated in terms of the
demographic structure (Suits et al (1975)) or the coefficients are imposed
- apriori (Enke (1971)) or key demographic rates are imposed exogenously
(Simon (1976)) so that no feedback exists between the economy and demographic

variables.

The second strand of the literature is concerned with theoretical
and empirical studies of the economic determinants of various demographic
rates,most usually fertility, but also female labour force participation,
infant mortality, and life expectancy. While work is still continuing
in this area, it is fair to say that there is now a fairly well established
set of results here. For example, we know that fertility is normally
negatively associated with female education and labour force participation
and with urbanisation., This research may be seen as complementing the
first category to the extent that reducing the birth rate will be easier
if one understands the factors which influence it. One also might expect
this work to complement the development of simulation models by providing

an empirical basis for including endogenous rates in these models, but



unfortunately, few simulation models have their parameters estimated
1/
from a consistent set of data. As noted above, demographic rates have

2/

often been left exogenous in simulation and growth models.

The third population - development area which has received
attention is that of internal migration and dualism. Here again, the
focus has either been on the determinants of migration or its effects.
Dualism and the effects of migration have been examined in both analytical
models (Lewis (1954), Fei and Ranis (1964), Sato and Nimo (1971),

Niehans (1963)) as well as simulation models (Yap (1976), Kelley et al
(1972), Adelman and Robinson (1978)), but no other demographic considera-

tions are incorporated in these models.

In tﬁis paper we attempt to synthesize these three strands by
estimating from a consistent set of data a two sector economic-demographic
model in which the major demographic rates are endogenous. Since the
interactions between economic and demographic variables are non-linear
and complex, the indirect effects of changes in a particular variable
may well depend upon the balance of numerical coefficients and for this
reason it was felt that the model should be empirically grounded. In
the following section we provide a brief overview of the model and compare
it to some existing similar models. Then we discuss estimation of the
model's nine behavioural equations. A "base run" simulation of a
developing country "stereotype" is then described and a number of policy

experiments are reported. Some sensitivity analysis of the model to

1/ Exceptions are Suits et al (1975) and Hazledine and Moreland (1977).

- 2/ 1In fairness, some models (Enke (1971)) predate this empirical work.



the estimated parameters is also described in Appendix B.

II. An Overview of the Model and a Brief Comparison with Other Models

Since the pioneering work of Coale and Hoover (1958), a number
of increasingly complicated and sophisticated economic-demographic
models have been built culminating in the ambitious BACHUE series of
the I.L.O.%/ Any model is a simplication and abstraction of the real
world and is necessarily limited to focus on areas of particular interest
to the investigator-model builder. Hence the BACHUE-Philippines model
was built to investigate the inter-actions between employﬁent, income
distribution and population. Simon's model focuses on the long-run
effects of population growth on per—worker output, a feature shared with
the early Enke-TEMPO models.z/ To the extent that models are limited in
scope they will necessarily handle certain relationships more simply than
if they were to focus explicitly on those relationships. In many cases
this may involve not including a relationship or specifying it as an
exogenous variable. For example, most models assume an exogenous rate
of technical progress. However in Simon's "MDC" model,éj he explicitly
sets out to explore the implications of the hypothesis that technical
progress may be positively influenced by the size of the population and
so in his model technical progress is endogenous. We mention this aspect
of model-building here to emphasize that in the brief comparison of

our model's structure with that of a selection of existing models, the

presence of a variable or relatiom in one model should not be viewed

1/ See, for example, Rodgers et al (1978).

—

2/ Simon (1976), Enke (1963) (1966), for TEMPO, see McFarland et al (1973).

2/ Simon (1977).



as necessarily meaning it should be in another model.

The purpcse of this paper is to estimate the parameters of a
growth model from a consistent data set using econometric techniques
with explicit focus on the demographic aspects of development. As such,
four of the nine estimated behavioural equations are demographic. The
model’s structure is presented below in equations 1 - 9. Accounting

identities are omitted here for simplicity:

(1) FR = £ (FPR, YP, Illit, LF)  (Fertility)
(2 FPR = fz(FR, Pa/PT, CHED) (Female Labour
Force Participation)
(3) LF = f3(YP, I11it) (Life Expectancy)
(4) RUM = f4(YA/Pa, YNA/Pna, Pa/P,, Illit) (Migration)
(5) YA = fs(Pa, TRACT, 1) (Agricultural
Output)
(6) YNA = f6(Pgé, ENERGY, 1) "~ (Non-agricultural
Qutput)
15 15
(7 SP = f7(YA/Pa, YNA/Pna, I Pai/Pa, I Pnai/Pna, Pa/PT) (Savings
i=1" i=1 " per head)
(8) ATRACT = fs(S) (Agricultural
Investment)
(9) AENERGY = 'fg(S) (Non-Agricultural
Investment)

The model has two economic sections - agricultural and non-agricultural.
These are taken to correspond roughly with the two demograﬁhic sectors

in rural and urban areas. Fertility and femalée labour force participation
rates are simultaneously determined. Rural fertility is a constant times
urban fertility. Life expectancy at birth is endogenous and survival
rates are determined from Coale-Demeny model life tables. Inter-sector

migration is also endogenous. Output in the two economic sectors is



seen as Cobb~Douglas funtions of labour and capital terms and exogenous
technical progress. As discussed later, constant returns to scale are
assumed. Savings per head is endogenous and is the weighted average

of sectoral savings. Investment in each sector is a function of over-

all savings. Education growth is also endogenous. Hence the model is

a supply-based model with no labour market, no foreign trade or investment,
no sectoral demand, and no govermment. Implicitly it reaches an equili-
brium in each period, except that the existence of a migration function
implies less than perfect adjustment of sectoral labour supplies to

inter-sectoral differences in living standards.

‘ Of all the existing models, perhaps those of Yap (1976),
Kelley-Williamson—Cheetham (1972), Simon (1976) and Suits et al (1975)
are closest to the present model in scope and structure and so we shall
briefly compare these to it. We should also mention here, Casetti'sl/
study in which he similarly simulates the behaviour of a stereotype less
developed country with a model in which population growth is endogenous.
The present model, however, is much more sophisticated in terms of
structure (two sectors versus one , endogenous labour force participation)

and is more empirically based than Casetti, which has some coefficients

set by 'guestimates’'.

The main difference between the present model and the four
other ones is that the demographic side is more highly developed. The
Suits et al model has endogenous birth and death rates as well as labour
force participation, but as it is only a one-sector model it contains

no migration. Furthermore, the Suits model does not disaggregate the

1/ See Casetti (1977).



population by age and so fails to capture one of the\méin facits of
economic—demégraphic ihteraction. The Simon model has endogenous life
expectancy,but fertility rates are set exogenously and while the model
has two sectors, no migration exists in the sense that it is a dis-
equilibrium phenomenom. In the two other models, those of Yap and
Kelley EE_EL,-migration functions are present but the demographic side

is otherwise undeveloped.

On the economic side, the Kelley et al and Yap models are
‘strongly neo-classical in flavour with, for example, labour receiving
1/ .
its marginal product and capital flows responsive to differential

intersectoral rates of return. The Kelley et al model is the only one

to contain prices and a demand side.

All thg others, as well as the present model, are supply
driven. Kelley et al and Yap have CES production functions while
Simon's,like the present one, has Cobb-Douglas functions. Suits et al
generates output via a labour productivity function so that there is

only one factor of production and no capital or investment in that model.

The supply of investment funds in the present model and Yap,
Kelley éE;gl, and Simon is provided by private savings. In Yap,‘govern-
ment investment is also present. In both Yap and Kelley et al, savings
functions exist for workers and entrepreneurs, although in Kelley et al
no saving out of labour income exists. In Simon, investment behaviour

differs between sectors and does not depend on the functional distribution

1/ In Yap, a minimum wage is assumed.



of income. In this sense, Simon's model is similar to the present model,
He also includes an age-structure effect in the industrial investment
equation but imposes a priori a negative effect. However none of the
four other models contains a Keynesian savings function modified to have

an age structure term and defined at the sectoral level as does the

present model,

Simon's model is the only one to contain social overhead capi-
tal and endogenous technical progress in the industrial sector. The
other models, the present one included, assume exogenous rates of

technical progress,

The Yap model contains skilled urban workers and unskilled
rural and urban workers. Apart from this none of the other models
except the present one, contain education.l/ In Yap, the supply of skilled
workers feeds through the labour market and affects output. In the

present model no such effects exist and education's main effects are

felt in the demographic sphere.

Finally in terms of the parameter estimates, the Suits et al
model is similar to the present model in that the behavioural equations
were estimated from an international cross-section. However, that model
is very simple and is unable to pick up any age structure effects. It
also, as noted, contains no investment and has only one sector. It is
furthermore unclear if the model is based on developed or less developed

countries. The Yap model is based on Brazilian data and a priori

1/ It could be argued that Simon's social overhead capital impliecitly
contains the stock of human capital.



estimates, -Simon's parameters are based on "educated guesses" as to

what they should be as are these in Kelley et al.

In summary, it is clear that the present model does not contain
features which one: might have included in the light of existing models.
Notably, there is no explicit labour market and no distinction between
workers and capitalists. However, like Kelley et al and Simon we
.also assume constant returns to scale, a subject which we come back to
later. While we have chosen the Cobb-Douglas over the CES production func-
tion, this is not too serious given that no labour market exists in the
model and all available labour is employed. This is consistent with the
long run focus of the model. Where the present model has strength,
however, is on the demographic side and the fact that it is estimated from
a consistent data base. Since we are primarily concerned here with the
interactions of demographic and economic phenomena the demographic
behavioural relations and accounting system, it was felt, should be
properly modelled. Moreover since the behaviour of the system depends
upon the parameters it is important that these be based on actual data

rather than one's ''feel" for it.

ITI, Data and Model Estimation

Many of the existing simulation models were specified with
parameter estimates which were not based directly on empirical data.
This was, for example the case with the models of Simon (1976), (1977)
and the early Enke-TEMPO models., Although authors usually claim that
they take 'reasonable' estimates of parameter values, in many cases the
a priori theory is often not sufficiently strong to uﬁambiguously pre-

dict the sign of a coefficient not to mention the magnitude. Furthermore,



assumptions such as constant returns to scale often bias the results

of the model from the very start in terms of the efficacy of certain
policies in say, raising per capita income. Also, the whole pattern

of coefficients may influence the growth path of a model. On the other
hand it is easy to exagerate the sensitivity of a model to certain
parameters and:it is thus essential that any model be tested for its

sensitivity to all of its parameters and we do this in a separate section

below.

We feel in light of the points made above that
it is important that the coefficients of the behavioural equations be
based on empirical evidence rather than an investigator's "feel" for
the data. Hence all the parameters in the present growth model were
empirically estimated. Ideally, of course, one would like to have as
many observations as possible in estimating parameters. We adopted the
philosophy that all parameters should be estimated from observations
corresponding to the same countries on country at roughly the same dates.
Alternative approaches include use of (a) time series data from a
particular country, (b) international-cross—section data or (c) some
combination of the two. The first alternative was not considered
because we wanted a more general analysis than could be drawn from
estimating a model of a particular country. Modelling a specific country
inevitably involves taking account of individual characteristics of
that country with a subsequent loss of generality. Pooling of time~
series and cross-section data, such as the data base for the Chenery
and Syfquin (1975) study would have been ideal but unfortunately for
many of the demographic data we needed, the series do not exist or

are of highly dubious quality. Thus we chose to use international



10.

cross-section data most of which are for the year 1968 and are drawn from
UN sources. A list of countries, all of which were less developed coun=
tries, appears in tﬁe appendix as well as the data sources. Our sample
contains only thirty-nine countries despite the fact that demographic data
exist for over sixty less developed countries. The reason the sample

is not larger is that, unlike other empirically based medals, notably
Suits et al (1975), our model explicitly takes account of the age
distribution of the population in urban and rural areas and not merely
the total size of the population. Thus the common denominator for all
the countries in our sample was that they had reliable age distribution
data for rural and urban populations. As will be evident in discussion

of the empirical estimates, this data was essential in some of the equatioms.

A brief discussion of the philosophy of cross-section estimation
is called for here. It is often alleged that cross-section estimation is
a "snap-shot" at a point in time or a'point estimate'" and as such the
dynamic implications are limited so that the use of cross-section estimates
of the parameters of a dynamic computer simulation model would be
inappropriéte. It is my contention that the philosophy of cross=-section
estimates implies a dynamic interpretation and that if one does not
accept that interpretation it is difficult to accept a cross—section as
a valid data base for anything, The theory of cross—section.estimation
is that there is an underlying structure, defined by the relation to be
estimated, to which the countries (or whatever observations one is
using) belong. If one has correctly specified the relation and included
all of the relevant variables then as the independent variables change,
the estimated equation will predict a change in the dependent variable.

Since changes take place over time, the cross-section equations have



dynamic implications. In terms of the present model, we are assuming
that each country in the sample is at a particular stage in the
development process vis 2 vis the variables concerned. As a country

develops, so the variables are seen to change.

Of course it is possible that the structure changes over
time and that this change can more easily be captured by time series
analysis. One way around this problem would be to take the cross-
section at various points in time and then test for a structural change.
Howevér, this would have required enlarging the data base and as indi-
cated this proved inpracticable. Secondly, even if one does discover
a structural change one still has the problem of explaining that change.
For these reasons where structural changes are known to exist, for
example, shifts in the production function due to technical progress,
these were included as exogenous variables in the model. In any case,
we can test the sensitivity of the model to changes in the structural
parameters by running simulations with alternate parameter estimates

as we indeed do later on in the paper.

It should also be emphasised that a simulation exercise
of this sort is more interested in orders of magnitudes and the signs
of the rates of change of variables than in pin-point accuracy of

predictions; hence the exercise is largely qualitative in nature.

11.
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IV. The Estimated Equations

1. Fertility and Female Labour Force Participation

In the classical Malthusian model, as well as in those of
Nelson (1956) and Enke (1963) the death rate is assumed to vary directly
with living standards while the birth rate is assumed constant. However
recently there has been considerable theoretical and empirical work
linking economic and fertility variables and even as early as 1954
Leibenstein assumed that as development took place the birth rate would
drop. It is well known that a simple cross-section of countries
with fertility on one axis and per capita income on the other will yield
a negative relationship. Yet, when other relevant variables are included
the relationship is not so clear.l/ There have been several papers
recently where population growth was assumed to be endogenous through
fertility changeszjwithin the context of a growth model. Hence, a long

term economic-demographic model would be incomplete without an endogenous

fertility equation,

The dependent variable used to measure fertility in this study
is a fertility rate defined as total births divided by the total population
aged 15-45 years old, the so—called fertile age group. Other measures
sometimes useﬁ include the net or gross reproduction rates, various age-

specific fertility rates, children—ever-born or just the crude birth rate.

1/ See Hazledine and Moreland (1977), Weintraub (1962), as well as
Simon (1974) and Leibenstein (1974) for good reviews.

2/ See for example, Sato and Niho (1971), Kelley et al (1972), Hazledine
and Moreland (1977), Suits et al (1975),



13.

. . JUSWI 89A
AZLE s oomw.wmw Hmww.wuv = louaNay —>-L TP
-INOTI3y-uoN g
(0o°01) (€€°0-)
€L°0 . . jusmlsaAaul
S L9T1°T + 8L°%¥9—- = ILIOVIIV mmmmmmmmmmwﬂ ‘g
o (6° mv 0= Aq )
L6°0 (Md/ed)s 62T + ( m\mamv Amcm\ BUJ I )Z°I8T +
L G (9°€2) T (6ev) peoq
(Ma/eda)- (ed/"®d m‘v 61 - A m\mamv Amam\<zwvwwu 0+ ( m\mmv.ﬁmm\<wvaH.o + 912°6€T- = dS I9J sjuramg °y
. . . . Udv
. (¥1°6) (€¥'9)  (8°€6) —_ZOTIoNp
£69°'0 . 'u . . _ . -01g [eanl
(20¥AN)UY L8570 + ()Y E€17°0 + LS8°9 = (VNA)UY ~TnotaBv_uoN ‘g
. (Z1° L) | Amm.¢uv (Se*%1)
8.6°0 : . . . _ uotlonpoad
(IOVML)UY £ZZ°0 + (BA)U¥ €/1°0 + 661°€ = Adawvﬂa_ﬂ% ‘q
(8°%-) (8°0) (¥8°1) (9°6) (s10)
0S°0 (Ya/ed) 16°8%7 - ITITI 950°0 + Amm\<wv\ﬁmm\<w ~- UUd/VYNX)G98°0 + 6€°8¢ = RO¥ (Q)
1 (€9°2-) (€°0-) 1) (9°¢) 11s2) X318usdoag
(*a \mmv £9°0L - 3ITTITII 290°0 - (Bd/VX)/(Bd/VK - BUJ/VNX)6LL'S + LS'LE = W9 (®) UOIIBABIN *H
(s*9-) (€°¢-) (0°¢h)
08°0 ITITL §22°0 - (d&/DET'699 - SH1'89 = a1 oo tooid
JTT °¢
se°0 (65°1-) (08°1-) (ST°€-) (95°'¥%) (s'10)
(QEHD)UY #82°0 - (dX)U¥ 86€°0 - (WA)UY %Z8'T - %91°%1 = (¥dI)uy (q) uvorzedioIl
-leJ 20103
(Ls°1-) (%8°1-) (sL°2-) (26°€) 0182) inoqe]
(QEHD)UY L6Z°0 - (dX)U¥ LI¥°0 - (MA)u¥ £66°T - 190°ST = (Jdd)uy (®) aTrWay '
99°0 (16°0) (L°1-) (°2) (29°1-) (8€'9) (s10)
(®byuy ggo°0 + (dX)u¥ 960°0 - (ITTITII)UY G9Z1°0 + (Wdd) U¥ 190°0 - LSE€'% = (AI)uy (q)
0 (9°0) (99°1-) (LS°1) (T 1-) (L9°%) (b1sz)
("b)uy 950°0 + (dX)U¥ 6€€1°0 - (ITTTIIUY €T0T°0 + (WAA)U¥ 8EZI'O - €/8°% = (WI)uy (B) £3773334

sIsoyjuaaed ur sanieA-] ‘SUOTIBAIISCO {E
Isoy ! 1 . 6

suotjenby pejewiisy : 1 a1qel




FR :

FR_, FR :
u

FPR :
Pa :

Pna :

Pa 5

Pa,, Pna,
i i

LF :

I11lit :
CHED :
RUM :
YA :
YNA :
TRACT :
ENERGY :
S :

SP :

YP :
ATRACT :

AENERGY :

14,

List of Variables

Fertility Rate (Births /Population between 15 and 45 years old)

rural and urban fertility rates

Female labour force participation rate for ages 15-45
total agricultural population

tdtal non-agricultural population

non-agricultural labour force

total population

agricultural or non-agricultural population at age i
male life expectancy at birth

probability of dying before age 1 (value corresponding to LF
calculated from Coale-Demeny model life Tables)

adult illiteracy rates

secondary school enrolment rate

net rural-urban (agricultural-non-agricultural) migration rate
agricultural output

non-agricultural output

tractors in use

energy consumption

total savings

savings per capita

per capita GDP

average yearly change in tractors in use (during a 5 year period)

average yearly change (during a 5 year period)
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Any measure which avoids pitfalls caused by differences in age structure

between countries is preferable to the crude birth rate. Our measure,

calculated using age distribution data and the crude birth rate, was :

45
( £ Pna.+ Pa,)
j=15 - !

Pr

FR = CBR *

In the simulation model, all age groups were assumed to have the same
fertility rate, although as indicated below rural and urban rates differ.
Hence whilelthe CBR will be affected by the whole of the fertile age
group, smaller cbhorts within that group will have less effect.
1/

The economic theory of fertility, as expounded in the literature,
has produced five main explanatory variables. These are: education,
percentage qf the population rural or agricultural, iﬁfant mortality
rate, female labour force participation rate and inéome levels. As the
theoretical and empirical significance of these variables are adequately

covered elsewhere, we do not propose to discuss them in any detail here.

Education, measured here by adult illiteracy (I1lit) is, both
émpirically and theoretically, one of the strongest variables in explaining
fertility differentials. Educational level is almost always significantly

2/

negatively related to fertility. It is also of interest to include it

in a model of this sort because education is alleged to be an important

1/ cf. Leibenstein (1974) for a review and critique of this literature.

2/ cf. T.P. Shultz (1974) for a good review of empirical results of
explaining fertility. ’



policy tool in achieving a more equitable society. Hence, the expected

sign on Illit is positive.

The infant mortality rate is often included as an explanatory
variable with an expected positive coefficient as parents seek to
replace inf#nts lost through deaths. On the other hand, one may argue
that the pyschological shock of an infant death implicitly raises the
costs of pregnancy and thus works in the other direction. Furthermore
the health of parents on the population as a whole may biologically
influence feéundity, although empirical confirmation of this link is
less clear.l/ In an effort to capture the general link between health
and fertility - particularly infant health - we took as an independent
health variable the 1life table value of the probability of dying in the
first year of life (qo) corresponding to the life expectancy in the
country.gj It should be noted, however, that this is not strictly

speaking equivalent to using infant mortality rates, since life table

values assume a stable population. The expected sign here is ambiguous.

The third variable which we included was the level of overall
per capita income, It is widely acknowledged that a long run negative
relationship exists between income and fertility although the strength
of the relation is not so strong a;/tha: indicated by zero-order corre-

lation coefficients might suggest, Also, according to the strict house-

hold decision making models of fertility, when both female labour force

1/ See Anker (1978) who found a significant quadratic relationship between
life expectancy and the GRR.

2/ We used male life expectancies and then computed the Coale-Demeny
model (West) life table to get q,- In the simulation model, we thus
compute the contemporaness q, corresponding to the current LF value.

é/ See Simon (1974) and Hazledine and Moreland (1977). The zero order
correlation between FR and YP was -0.69.
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participation aﬁd an opportunity cost of time (here, Illit) variable
are included, income is not needed in the equation. However, this
theoretical point is only valid if we do not allow for the effects of
the husband's income, unearned income and wealth. To the extent that
these influence fertility and are proxied by YP, an income term is

justified in the equation. We expect a negative sign here.

The fourth variable we included was the female labour force
participation rate for women in the fertile age group (15—44).1/ The
rationale for inclusion of this variable need not detain us long here.
Numerous theoretical and empirical studies have pointed tozits relevance
and the obvious simultanaeity between these two variables.—j The expected
sign is negative given the time-intensive demands of child bearing and
rearing by women who almost universally are given this role in all
societies. Indeed for certain age groups we might expect one variable
to be the one minus the other. As discussed below we ran both ordinary

and two stage least squares regressions because of the simultanaeity

problem between these two variables.

A potentially important influence on the overall level of
fertility is the extent of urbanisation. For various reasons to do with
the opportunity costs of a mother's time and the economic value of
children to parents one expects rural areas to have higher fertility

patterns than urban areas. However, rarely are these differentials more

1/ It is important not to use the overall participation rate which is
based on the total population and which in high fertility countries
would just be a bad measure of the age distribution of the country.
This would then be negatively related to fertility tautologically
since high fertility implies a young population or a smaller per-
centage in the 15-44 age group.

2/ See Anker (1978) for a recent simultaneous model and Standing (1978)
for a good review of the arguments in both directions.



1/

than 15 or 25 per cent. We originally attempted to include the percen-
tage of the population in agriculture as an explanatory variable by con-
sidering the fertility rate to be the sum of rural and urban rates weighted
by the proportion of the total population in each area in much the same
way as in the savings functions discussed below. This would have allowed
us to disaggregate the function into separate rural and urban fertility
functions for use in the simulation model. However the résults were un-
satisfactory and the estimated coefficients gave unrealistic predictions

of the rural-urban fertility differential. This technique was then aban-
doned in favour of the assumption that the rural rates is a constant, p,

times the urban rate:

p = FRr/FRu r = rural
u = urban
1/
Thevit follows that,
45 45 45 45
FR = FR:( £ P./ T P, +(l/p) T P ./ I P,
r i=15 2t j=15 1 i=15 281 j-15 1

where FR is calculated from the estimated behavioural equation.

p 1is calculated by taking as a proxy for the fertility rate
in each sector the ratio of the population under one year to that in the
fertile age group. This assume that infant mortality patterns are tﬁe
same in each sector. The mean value of p for the sample and the

value used in the simulations was 1.25.

1/ See Kuznets (1974).

2/ Pai and Pnai are the agricultural and non-agricultural populations

at age i. As explained, "rural" and "urban" are in this paper taken
to mean agricultural and non-agricultural.



Hence, while we do not include the percentage of the population
in agriculture directly in the regression equation, the sectoral split

of the population is not omitted from the model.

In summary then our fertility equation has as independent
variables, illiteracy, female labour force participation, income per
capita and the probability of dying at age less than one. The expected

signs are respectively positive, negative, negative and ambiguous.

We turn now to the labour force participation variable. This
will play a role as a simultaneous variable in the fertility equation as
well as feeding into the labour force determination in the economic
sphere. This aspect will be discussed in more detail below. As indi-
cated this variable (FPR) is the participation rate for females aged

15-45 years old.

FPR is hypothesized to be a function of (a) fertility,
(b) YP'/PT and (c) the secondary school enrolment rate%! Fertility
should, through the child care burden, act as a depressant on FPR, as
alluded to above. Hence, a negative sign is expected. The expected

relationship between YP and FPR is negative since as development takes

place, ceteris paribus, the need for women to work and supplement family

ineome declines, However, if female wages increase with YP, more

women may be tempted into the labour force.

1/ In the simulation model in determining rural and urban labour forces,
FPR is assumed to be the urban rate with rural rates for both
sexes over 15 assumed to be 100, Hence we implicitly assume that
Pa/PT will positively affect the countrywide FPR.
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The effect of education on FPR is less clear from the empirical
and theoretical literature.l/ On the one hand, education -~ particularly
female - may faise a women's propensity to enter the labour force as her
skills allow her to compete more successfully with men. She may also
seek a return on her (or the state's) investment in her‘human capitali
There may also be an accompanying change in tastes away from domestic
work in favour of market work. On the other hand more education wiil
delay entry into the labour force thereby depressing, ceteris paribus,
the FPR, Also, in low income countries the 'human-capital' approach
may be less applicable as the choice facing a woman about entering the
labour force may be equivalent to the choice of how much food will be

on her plate. In fact there may be a negative relationship, particularly

if increases in education are unequally distributed in favour of the

better-off and if not-working becomes a status symbol. On balance, although

no strong a priori expectations exist given that our independent variable
here is the secondary school enrolment rate, increases in which may delay
entry into the labour force, we will predict a negative sign on this

variable.

Turning now to the empirical results of the FR and FPR equations,
we present ip Table I both ordinary and two stage least squares results
for log-linear specifications of these equations. All coefficients with
unambiguous ; priori sign expectations have the correct signs and are
significant in both sets of equations with the exception of FPR in the

2SLQ FR equation, However it is quite common, particularly with small

1/ See Standing (1978) Chapter 6 for a good review of this variable's
~  relation to FPR.
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samples, for fhe standard errors of the coefficients in simultaneous
estimations to increase over the OLS estimates. The education term

in the FPR equation is negative and significant and 4 in the FR
equation is positive but na significant. The main difference in coeffi-
cients between OLS and 2SLQ appears on the endogenous variables which is
expecteda The overall level of
significance as measured by the R2 in the OLS equations is 0.6 for the
fertility and 0.35 for the FPR equations. The latter is not particularly

low for such a relation.

2, Life Expectancy

Mortality is handled in the model by endogenously predicting
female life expectancy at birth and then with the use of Coale-Demeny
Regional Model Life Tables,ljage specific survivor rates can be obtained.
These survivor rates can then be used with the fertility rates and

migration rates to project the population by age, and location one period

forward.

We do not assume here any difference in rural and urban mortality
patterns. This is because firstly, it is not clear a priori whether
health conditions are better or worse in urban areas. Certainly access
to hospitals and doctors is likely to be better in urban than in rural
areas, On the other hand, communicable diseases will spread faster and the
lack of sanitation facilities such as flush toilets and running water are

likely to be more serious health hazards in urban than in rural areas.

1/ Coale and Demeny (1966); Model West was used. This eguation is a
~—  variant of one used in Rodgers et al (1978).



Empirically, too, there is no clear cut pattern of rural versus urban
1/ 2/

mortality.” Since it is well known that the age distribution of a

population is affected more by fertility than by mortality, we assume

that mortality patterns in rural and urban areas are identical.

A truly satisfactory explanation of life expectancy or mortality
patterns would involve a model of health with "inputs" such as access
to public and private health and medical facilities, nutrition, etc.
Such a model is beyond the scope of the present study. However it is
clear that as a country develops, not only will individuals have increasing
access to commonly available health services, but the rise in their own
standards of living will allow them to purchase more and better quality
food, shelter etc. Hence, as a proxy for all of these variables we in-
cluded per capité income as an explanatory variable.gj This was entered
as the reciprocal of YP in order to give a function which hasan asymptote
or upper bound on the dependent variable. One would expect, looking

at world-wide life expectancies, that this asymptote would be around

75 on perhaps 70 given our restricted sample of only developing countries.

Education may also affect life expectancy at birth, particularly
since it is likely that as the educational level increases infant morta-
iity will decrease. Also education may affect people's knowledge and use
of public health and medical facilities as well as the choice of theif
diet and hence nutrition. We would then expect a negative sign on the

coefficient of the illiteracy variable.

1/ A look at the available UN data on rural and urban crude death rates

T revealed that about half the time rural rates were higher and half the
time urban rates were higher. In an earlier study (Hazledine and More-
land (1977)) no significant link for developing countries could be
found between the percentage of the population in agriculture and the
adult crude death rate.

2/ See Coale (1957).
3/ The formulation here follows Rodgers (1977).
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Turning to the empirical results we first see that the con-
stant, which is the asymptotic (ignoring the Illit term), is 68.15 or
in the neighbourhood of 70 years as expected. The coefficient on the
reciprocal of per capita income is negative as expected and significant.
I1lit is also negative and significant., The overall explanatory power

of the equation, as expressed in the R2, is good at 0.80.

3. Inter-—-sector Migration

One of the most striking demographic features of developing
countries is their high rate of urbanisation. Urban population growth
rates in virtually every country are higher than rural rates and some-
times approach 6% per year. Such differential growth rates can only
be explained by high rates of migration., While such migration is a
normal consequence of the transformation of an agrarian to an industrial
economy, the implied migration rates in developing countries are unpreci-
dented by the experience of present day developed countries during their
period of industrialisation. Hence an essential feature of any economic-
demographic model of a developing country, perhaps more important even

than endogenous fertility, is migration.

Strictly speaking, rural to urban migration is not the same
as agricultural to non-agricultural migration. In measuring rural-urban
migration, there is a question of what constitutes an "urban'" and what
constitutes a "rural" area. With enough migration, any small rural town

1/

will eventually become a city and hence become urban.” In the meantime

1/ This of course is just a consequence of defining 'urban' as some
arbitrary number of inhabitants.
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workers who transfer out of agriculture to work in 'rural' towns would

be classifiéd as "rural-rural" migrants rather than "rural-urban" mi-
grants, Hence, one cannot always make strict associations between
economic and geographic locations. In fact, in our model, only inter-
sector migrgtion is used although as already indicated, natural increase
components are taken as rural and urban so that there is really no dis-
tinction. The only way around this problem would be to have some kind

of sectoral location mechanism in the model which would allow a sectoral-
geographical maéping. It was decided that this was an unnecessary compli-

cation which would also involve serious data problems.

In addition, the more important distinction may not be so much
the rural-urban vs. agricultural-non-agriculture as the traditional employment-
modern employment distinction.l/ Many migrants to the non-agricultural
sector have few marketable skills and wind up in the organised informal
subsistence service sector as street vendors, porters and day labourers;
from the point of view of a realistic dual-economy model, such workers
may have only migrated from one low productivity sector to another. In-
deed, this is often the aspect of migration which is so politically sensi-
tive in developing countries. Inclusion of this aspect into the model
would essentially involve disaggregation of the non-agricultural sectér
into modern and traditional industries. Again this would involve formi-
dable data aﬁd modelling efforts which were judged beyond the scope of
the present study. However, recognition of this simplification should be

borne in mind in interpreting the results of some of the simulations

described later.

l/ See McNicoll in Tabah, Population Growth and Economic Development in
the Third World.




While there have been many studies at the micro-level on
factors influencing the probability of an individual migrating from one
area to another,;/comparatively few studies at the macro-level exist.

Of those at the macro-level which do exist, even fewer use international
cross—section data.gj Undoubtedly, the main reason for this lack of
macro-level analysis is the dearth of comparable data on migration rates
across countries. While data on practically all other demographic
concepts exist in varying quantities and qualities in UN and UN-agency
publications,none are published on migration. Hence, we were forced,

given the potential importance of migration in the model, to construct

a measure of inter-sector, or rural-urban migration rates.

We are able to observe the agricultural and non-agricultural
population in different years so we know the overall growth rates. We
also know something about the natural growth rates from the fertility

and death rates and from the rural and urban age distributions. With

this information, we were able to construct our measure of the propensity

to migrate as follows.

The rural-urban fertility ratio is approximated by the ratio

of the proportibn of the rural population under 1 year old to the pro-
' ' 3/

portion of the urban population under 1 year old.”

1/ See Yap (1977) and Todaro (1976) for recent reviews.
2/ See Annable (1972) and Preston (1978).

3/ The observed number of infants (Por and Pou) actually should be

adjusted for infant mortality to arrive at births, but since we are
assuming the same mortality pattern in rural and urban locations

we can ignore this.
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With this and given the crude birth rate, total population and proportion

in agriculture we get rural births:
RBIRTHS = (CBR/1000) ¢ {(Pa/;) + (L - Pa/Pp) & } 2o+ 32

Rural deaths are derived directly from the death rate under our assump-

tion of the same mortality pattern in rural and urban areas:

RDEATHS = (CDR/1000)-(§3)-P

T T

The change in the rural population in the mid 1960's ZPa is calculated
from the average overall growth rate of the rural population between

1960 and 1970,

]
]

' '{ln(Pa7o) - 2n(Pa6o)} %6

This together with the births and deaths allows calculation of the

migration propensity,

ZF; - RBIRTHS + RDEATHS

RUM = B + (-1000)
a

This measure differs from the one used by Annable in that we assume
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rural-urban &ifferences in fertility where as he did.not. Preston (1978)
has recently calculated rural-urban migration rates using inter=censal
data. His rates are somewhat lower than ours, although the ranking and
Correlation between our two series are close, The mean and standard
deviations for our estimates was 18.76 and 11.61 whereas for Preston's
calculations they were 14.05 and 9.65 for the same sample of 18 countries.
The somewhat lower.estimates by Preston are expected since he is measuring
rural-urban migration whergas I have primarily measured agricultural-
non-agricultural migration. Given our observation above that some movement
out of agriéuiture may not involve movement ocut of rurally defined areas,
we would expect higher rates on our definition. For the full sample of

39 countries, the mean value of RUM was lower, howevér, at 16.45 with a
standard deviation of 10.93. The country with the highest rate was

Puerto Rico with a rate of 59.82 and Columbia was the lowest with 4.48,

We turﬁ now to the determinants of the migration rate and the
specification of the migration function in the present model. The migra-
tion literature, particularly the micro-level studies, suggest a number
of variables as determinants of migration trends. Since the prime
reason for anyone moving is to presumably be better-off, an important
potential variable is the non-agricultural-agricultural income differential.
This might have been written alternatively as the difference in marginal
producté between the two sectors where these are taken as the wage rates,
This formulation ﬁas rejected on two grounds. First; it assumes profit
maximising behaviour which is a strong assumption in the context of the
present model, Secondly, the relative living‘standard may be better
reflected in tﬁe average level of income irn the two sectors than in

the marginal product-cum-wage rate; given that urban areas offer many



28.

common facility amenities such as schools, hospitals and transport
facilities not available in rural areas, these will be taken into
account in the méasure of non—-agricultural per-capita product. Hence,
our relative incéme term is given by the proportional gain in average

income between non-agriculture and agriculture:

YNA YA YA
(552 - 5;9 + (539

1/

A variant on this theme as suggested by Todaro and Harris and Todaro

and incorporated in Annable's study is that the expected wage differential
(which reflects the proability of getting a job)is the relevant variable.
However incorporating unemployment or tightness of the labour market

into this equation would have necessitated adding a labour market to the
model. Given the poor quality of unemployment data by sector and the
complications for model structure, it was decided not to incorporate

the Todaro hypothesis here. In any case, the inter-sectoral income differ- -
.ential for the'sample was so high, -~ on average about 4007 - that

even at very high rates of urban unemployment the differenmtial would still

oy

remain high.

While the expected sign on the relative income term in this
equation is positive, causality will run in both directions. The trans-
fer of labour from low productivity agriculture to higher productivity
non-agriculture will increase the marginal and hence average income

level in rural areas while lowering the marginal, and hence

l/ See Harris and Todaro (1970).

'2/ Of course at the margin such differences may matter.



average, product in urban areas thus tending to lower this term. While
this is undqubtedly a recursive process subject to lags, it would be
inappropriatg to ignore this problem given the bias whiﬁh could be
produced. Aécordingly, as reported below, we ran both ordinary and
two-stage least squares where the income term is "purged"'of its rela-
tionship with the RUM error term by specifying it to be a function of

RUM and the variables discussed below.

A second variable which may influence migration is education.
The usual human capital theory approach would hypothesize a posifive
association between education and migration as those with ﬁore skills
move to areas where their skills are more marketable. Secondly, the

better educated may have better information on jpb‘pfospects and be better
searchers. On the other hand, less educated migrants may have poteqtially
higher gains - at least in their minds - so that a negative association

of education and migration may result. Standing (1975) has furthermore
suggested tﬁat the aspirations of migrants in‘ferms of the jobs and wages
they would accept may be lower than is commonly assumed. This would
suggest that the uneducated would migrate fairly easily and that'the

human capital érgument is weakened. Hence, a priori expectation on the

1/

sign of our measure of education - adult illiteracy - is ambiguous.

1/ There is a unresolved data problem here as well as a potential simul-
taneity problem. The data problem arises because education data are
not given by sector so we are forced to assume an equal distribution
of educational attainment by sector. The simultaneity problem is that
even if we could observe the intersector distribution,if the country
were not in steady - state equilibrium, the observation of a relatively
low level of education in rural areas may simply reflect the fact that
the educated have migrated - this could be overcome somewhat by taking
lagged values.

29,
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The proportion of the population in the destination (or con~
versely the originating) sector may also be important. Micfo—level studies
suggest that the existence of friends and relatives in destination areas
are important attractions to potential migrants as well as sources of
information. Urban biases also exist in the provision of government
health and educational services so that the relative size of this attrac-
tion may increase with city size given certain economies of scale in

1
provision.—/ Moreover, Collier and Green (1978) confirm the phenomenon

of "allometric growth" whereby city size and city growth rates are posi-

tively correlated in many parts of the Third World.

We also expect a significant correlation between the percentage
of the total population in urban (or rural) areas and net migration rates
for the reason that high rates of urbanisation are caused by high migra-

tion rates., Hence, there is a potential simultaneity problem. Accordingly

2/

we also ran the instrumental variable equation with Pa/PT as endogenous
with an expected negative sign. However, in the growth model, since the
relationship between RUM and I;a/PT is essentially a recursive one working
through the population projection accounting, the equation relating RUM
to Pa/PT is not used in the model. We also experimented with entering

a lagged value of Pa/PT, the value for 1960 (approximately a 6 year lag).

The results were not dissimilar to those reported here.

l/ See Lipton (1977) for an exposition of urban bias.

2/ The instruments were YP and SP. YP is justified on the grounds that

T as an economy develops rural-urban inequality may be reduced for
reasons additional to those already mentioned - e.g. income in food
prices. $SP, savings may to the extent that they influence the finance
of investment, influence non-agricultural job prospects if investment
has an urban bias,
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. Another variable which may potentially influence migration is
age. Micro-level studies suggest that migrants are often young adults -
particularly single males - who have few family ties and thus have low
costs of moving. Experimentation with incorporating various age variables
were not encouraging and therefore in this equation age does not enter.

However, in the simulation model an age pattern of migration is assumed.

Tﬁe empirical results on migration are encouraging. Both the
relative income variable and the proportion in agriculture had coefficients
with the expected signs and which are significantrat»the 5% level or
better in the two stage estimation. Illiteracy had a small negative
coefficient which, however, was not significant. The R2 of 0.50 in
the OLS equation, while low, is not too disappointing given the relative
crudeness of the data here. It is to be noted that the bias present in

the OLS estimates particularly on the relative income term is substantially

reduced in the two stage estimate.

Finally, as a further check on the results we ran the migration
equation using the 18 observations calculated by Preston for the dependent
variable. The results were largely similar to those of our own with all

1/
variables having the same signs and levels of significance.

1/ The OLS equation was:

RUM = 18,164 + 3,.40(Yna/Pna - YA/Pa) /(YA/Pa)
(2.81) (3.17)

- 0.05 I1lit - 23.16(Pa fp,) R” = 0.62
(-0.6) (-1.67)
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4, Production

As iﬁdieated'previously, the model has two sectors - agficultural
production.én&fnon-agricultural production - which, notwithst;nding the
caveats made iﬁ the migration discussion, cérrespond roughly to rural
and urban sectors. No urban dual structure with traditional and modern
sectors is assumed; this is a simplifying assumption caused primarily by

data constraints.

Agricultural output (YA) was estimated as a Cobb-Douglas function
of the agricultural population and stock of tractors. Agricultural pop-
ulation (Pa) was taken as fhe iabour force here because there are serious
p?oblems in defining the working population in agricultu{al economies
where the extended family and family farm are prevalent._/ Obviously,
this is not the case with all developing countries where agriculture‘ié
often organised in large capitalist estates for some products. The
capital term iﬁ this equation was proxied by the stock of tractors (TRACT)

measured in physical units, Agricultural land was not explicitly

included since the data were of poor quality with substantial problems

1/ Also, no account is taken of the quality of the labour force on its

" productivity as affected particularly by health and nutrition. It
was felt that the level of aggregation was too high to justify any
quality variable here.
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of inter-country comparability. In any case for most countries, land
may be considered a fixed factor as it in fact was in the simulation

1/
model,

The non-agricultural production function (YNA) was similarly

estimatéd as a Coﬂb—Douglas function with labour aﬁd capital terms.

The capital term is.proxied here by total energy congumption in the
country (ENERGY).EJ Capital stock data do not exist éxcept for very

few countries and in any case are subject to serious conceptual and
measurement problems, Labour force was calculated from the working aged
non-agricultural population (15-64 years), the female participation rate
and.a constant male rate of 0.89 for this age group. This figure is

the mean value for a subsample of the countries and the constancy assump-

tion is not too serious since there is very little variation across

3/
countries for male rates.,  Thus the non-agricultural labour force was
4/
calculated by :
W 1 64
P = —~ (0.89+ FPR/100). £ P .
na 2 ;=15 nai

No technical progress was assumed in either sector, in estimating the

equations. However, in the simulation model, technical progress is

1/ This may, of course, be a dubious assumption for a country like
Brazil. A regression with arable land included yielded a negative
but insignificant term on the land variable.

* 2/ Measured in Coal —equivalents.
3/ The standard error is less than one tenth the mean.

4/ A further sophistication here would be to disaggregate the labour
force into skilled and unskilled workers, thus implicitly taking
account of variations in the stock of human capital. Experimentation
here with various measures of the skilled and unskilled workforce

did not justify this alternative specification as estimated coeffi-
cients often had the wrong a priori sign or were not statistically.
significant.
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introduced exogenously. We report below the effects
on the model's outcomes of changing technical progress terms in the

two sectors.

The empirical results are reported in Table.I. It can be
seen that in both cases the over-level of significance as measured by
st and t-values is high,
1/
Following several other papers we constrained the coefficients
{
on the labour and capital terms to sum to one. In the section on sensi-

‘tivity we report the results of an unconstrained estimate of the pro-

duction functions and the model's behaviour with these.

Transforming the production function from its estimated per-
worker form allows us to get the output elasticities on the labour terms.
These are 0.773 in agriculture and 0.413 in non-agriculture. It will
‘be seen that the size of the labour coefficient.is greater in the agri-
cultural than in the non-agricultural sector suggesting that under strong
neo~classical assumptioné, labour's "share" would be greater in agricul-
ture than in industry, which is not an unreasonable assumption. However,
what is more important in terms of the present model is that the relative
contribution to the growth of output by the agricultural labour force is
substantially more important in that sector than the corresponding rela-
tionship in the non-agricultural sector. Conversely, the relative im-

portance of the respective labour force growth rates in terms of affecting

lj For example, Kelley et al (1972), Yap (1976) and Simon (1976) all
assume constant returns to scale.



ceterbis paribus per capita incomes will be higher in non-agricultural

than in agricultural areas. Letting lower case letters represent rates
of growth (e.g. e = rate of growth of energy, ya = rate of growth agri-
cultural output etc.) it can be seen that with no technical progress

income per head in each sector grows according to

ya - tr = a; tr - o;pa

dp/dt

yna - pna = oge + (1—a2) - o,pna

where p 1is the overall labour force participation rate in non-agricul-
1/
ture. If we ignore the dp/dt term, which is likely to be small in any

one period and ignore other interactions in the whole model then,

ya ~ pa = 0.227tr - 0.227pa

yna — pna = 0.587e -~ 0.587pna

Hence, high rates of urban population are relatively more harmful for
average urban incomes than for agricultural incomes. Also, using sample

means we can calculate that the marginal product of labour in agriculture

is $112 whereas in the non-agricultural sector it is $668. Hence movement

of labour from agriculture to industry would result in a net increase in

nationwide per capita income. Of course ceteris paribus, rural incomes

will increase and urban incomes fall. We will return to these aspects

further on when we discuss the simulation model in more detail.

1/ a, and a, are the output elasticities on capital in the respective

production functions.
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5. Savings and Investment

A

One of the potentially more important interactions between
economic and demographic variables is between the age distribution of the
population and savings behaviour. The usual assumption is that an
increase in the relative number of (non-working) young dependents will
depress savings.and hence have a long run dynamic impact on the growth
rate of the economy. Indeed one of the major linkages in the pioneering
study by Coale and Hoover (1958) was this assumed negative relationship.
More recently in the models of Enke (1966, 1971, 1974) and GE's TEMPO model
(1973) as well as  Suits et al (1975), and Simon (1976), depressing

effects of dependency have been assumed.

Yet the theoretical and empirical justification for this
analysis is far from clear. Theoretically, the analygis of the impact
of children on saving is based on the idea that while children consume
they yield relatively little income so that consumption is increased at
the expense of savings. A subsidiary argument runs that what savings
they might stimulate is in the form of social overhead capital,parti-
cularly schools and health facilities which are regarded as "unproductive"
relative to "pro&uctive" capital such as machines. This, of course,
ignores any notion that human capital is productive. Yet as Kelley
(1973, 1976) and Simon (1975), (1977) have argued the negativity assump-
tion is far from unambiguous. First of all, the introduction of more
children int§ a household may be at the expense of other forms of con-

1/

sumption or leisure not necessarily savings. Depending on how this

]
1/ This, indeed, is at the heart of the ChicagJ economic theory of
fertility.



reallocation takes place, the impact of an additiohal child may be
positive, negative or zero. Secondly, the impact of more children

may be to induce more work by parents or if the chiid works, he may
contribute directly to family income and hence family savings. Moreover
we might expect the impact of children on savings to vary with the level of
income. As Gupta (1971) has noted, for a family at the subsistence

level with little margin left for savings, an extra child means only

more people sharing poverty. In higher income countries one may find
mothers going to work specifically to finance their childrens' college
education and other expenses., To the extent that this income will be

largely earned during a period, it will register as savings.

Also when we take account of the underlying issue - whether
high birth rates impair savings, the issue is even less clearcut. Changes
in the birth rate effect not only the relative size of the young
_ 'dependent"pépulation, but also of the old dependent population and
any statement that reducing the birth rate will increase savings must
be qualified to Qccount for the possible differential resource costs of
these two groups.l/ Introdﬁcing two sectors into the picture - a rural ag-

rarian sector and an urban industrial sector - will obscure the rela-

tionship even more.

Empirically, there has been conflicting evidence here as well.
The most often quoted reference in support of the negative impact

hypothesis is that of Leff (1969) who found a negative relationship between

1/  See Kelley (1973).
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dependery rates (particularly child rates) and savings per head on the
savings ratio. However, Simon (1975) found a positive relationship be-
tween agricultural irrigation investment and population density, wﬁich
indirectly points in the other direction, at least as far as the rural
sector is concerned. But as regards the impact of population growth on
total savings in LDCs,Simon concludes that "much additional fesearch is
necessary before it is possible to determine whether the overall effect
of population growth on saving is positive or negative";l/ In another
study Hazlediné and Moreland (1977) using the average change in energy
consumption as a proxy for investment per head found either no or a
positive relationship with the percentage of the population less than
15 years old. In Relley's (1976) study of US families, he was only able
to "conclude that the association between family size and savings

2/

in our sample is ambiguous'’,

Because of the ambiguity, then, of age structure on savings
we adopt an agnostic approach to this variable which we shall measure
here by the proportion of the population under 15 years old. The other

variable - income per head - need hardly detain us.

‘We used as a dependent variable the World Bank's concept of
gross national savings per head. It is well known that the measurement
of savings is often subject to error since it is often calculated as a
residual. This is particularly true of household or private savings

3/

where these are calculated often by taking several residuals.” Also,

1/ Simon (1977) page 260.

2/ Italics original. His study involved a simultaneous system, however,
and the partial effect of family size on saving was negative.

3/ For further elaboration here see Mikesell and Zinser (1973) and
Yotopoulos and Nugent (1976) page 169.



since we wish our model to contain not only private but public savings
the World Bank concept seemed appropriate since it shows the amount of
gross domestic investment financed from a nation's output and hence

1/
is composed of public and private savings.

The savings function was estimated as the weighted average of
two similarly specified savings functions for the two sectors, where
the weights were the proportion of the population in each sector. This
specification allows us to estimate separate marginal propensities to
save for'eacﬁ sector as well as see whether the age structure variable
has different impécts in each sector. The structure estimated was a

Keynesian function in each sector with an added age distribution

term:
YA 15
agriculture: Sa = a, + b1(§;9 + cl(ii0 Pai/Pa)
YNA 15
non-agriculture: Spa = 3, * b2(§E§) + c2( I Pnai/Pna).
i=0 ,

where Sa and Snma are agricultural and non-agricultural savings per head.

Then aggregate savings per head are

S = -Sa'£§-+ Sna %Ei
T T

1/ It is calculated as the difference between gross domestic investment
and the deficit on current account. See World Bank, World Tables
1976.
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: Pa YA Pa YNA PNa
25 § = ay*+ (g —a)g + by 5) Y Gy 5
. T T T
15 Pa 15 Pna
+ cl( b Pai/PT)'F_ + c2( % Pna i/PT)F__
i=0 T i=0 T

which was estimated.

The empirical results are reported in Table I. All t-values
are significant and the R2 is high. As can be seen, both agricultural
and non-agricultural age structure variables are significant but with
opposite signs. Hence the equations suggest that iﬁ rural areas increases
in the number of children compete with savings whereas in the non-
agricultural urban areas their impact is to increase savings perhaps
through increased work efforts. This difference may perhaps be explained
by the fact that children in agricultural areas may be regarded as an
asset and therefore are substituable for other income bearing assets
which would be financed from savings. In the non-agricultural sector
where wage employment is more prevalent fewer substitution possibilities
may exist. Also, in as much as our savings variable includes public
savings and to the extent that govermments have an urban bias, we would
expect incremental investments in schoecls and hospitals to be directed

in an urban direction.

As regards the marginal propensities to save, note that in the
non—agricultural sector this is higher, at 0.268 than in agricultural
areas where it is only 0.138. The range of the marginal propensities

1/
are reasonable, given other time-series and cross—section estimates.

1/ See Mikesell and Zinser (1973) for a good review.
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Also, the higher urban than rural marginal savings propensity is consis-—
tent with the Keynesian hypothesis that it increases with the level of
incomes in as much as non-agricultural incomes are higher than agricultural.

This implies that, ceteris paribus, a redistribution of income from rural

to urban aréas will raise the aggregate savings ratio in the economy.
This.finding is consistent with an earlier study by Gupta (1970) who

found that the marginal savings propensity for rural Indian households
was less tha#,that for urban households although the difference was not

as great (0;30 and 0.39 respectively). This may perhaps be explained

by the fact that he was using household data whereas we are using both
public and privaﬁe savings as well as the fact that our savings functions
are agricultural and non-agricultural functions not rural and urban.
Hence, institutional differences, particularly the inclusion of government
as a non—agricﬁltural sector may be responsible for this difference. The
implied constant terms for the disaggregated functions are =197 for
industry and 90 (229 - 139 = 90) for agriculture.l/A Gupta's study also
found this sign pattern. Alternatively stated, in urban areas, below a
certain income level dissaving occurs whereas in rural areas perhaps because of

the support of the extended family and other traditional institutions

low levels of income do not induce dissaving.
Investment

In the agricultural and non-agricultural production functions

the "capital" terms are measured by tractors and energy consumption

1/ Or in abstracting from the age distribution terms, the agricultural
intercept is 13.17 and the non-agricultural -75.
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respectively. These are measured in physical units. We therefore need

a mechanism for converting savings, measured in dollars into investment
in capital formation, measured in physical units. In principal this

could be done by specifying investment demand functions for each industry,
having some saving-investment allocative mechanism and ;hen‘with the
prices of tractors and various Forms of energy, convert dollars into physical
capital units. This would have involved a substantially:more complicated
framework than originally envisaged as well as encountered substantial
data probleﬁs, particularly on the price side. As an alternative we
specified a simple mechanism for implicitly allocating and converting
savings into increments in physical capital units for use in the pro-

duction functions.

We took as our measure of agricultural investment, the average
yearly change (1965-70) in the stock of tractors (ATRACT) and in the non-
agricultural sector the investment variable is the average yearly change
in total energy consumption (AENERGY). Each of these was then rup as
functions of total savings in the economy in an attempt to capture the
inter- as well as intra-sector investment patterns. The.results of these
linear regressions are reported in Table I which, judging by t-values

2 .
and R"'s were satisfactory.

V. The Base Run Simulations

While the regression results described above shed some light
on interactions between economic and demographic variables, the inter-
relationships are ultimately dynamic and complex. Hence the appropriate

framework for analysis is to view the equations as part of a system. We
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accordingly incorporated them into a growth model. Because of non-
 linearities and lags in the system this could not be solved analytically
so we simulated the system on the computer. The only ‘two exogenous
variables were the rate of growth of secondary education and the rate

of technical progress in bofh sectors. The former is set at 47 and the
latter was assumed the same in both sectors at 1%Z. The adult illiteracy
rate in each period is calculated through the population accounting
structure by assuming that the stock of "literate" people grows at r
times the rate of growth of secondary education weighted by the population
in the appropriate age secondary school age group (taken as 15-19) as

a proportion of the population under 15 years. The formula used was:

19
( iils(Pai + Pnai)

1111tt = Illltt_l- 1—rg 75
¥ (Pa., + Pna.)
i=1 * *

)
)
)

1/

Apart from this, the model is closed and is solved recursively.

Given an initial rural and urban age distribution and levels
of education and LF, FPR is calculated then 9, from the Coale-Demeny
life tables and hence FR, With initial levels of income in each
sector RUM can then be calculated and hence knowing fertility, mortality
rates (from the model life tables, given LF) and migration the age
distributions in non-agricultural and agricultural areas are known for

the next time period, as are the labour forces in each sector. Investment

1/ With the exception of fertility and female labour force participation
which are solved simultaneously.
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is known after determining savings and hence capital and thus sectoral

output. Hence next period's sectoral per capita incomes are known and the

simulation can be repeated for another year.

The model is "initialised" on the averagé values of the
variables for the sample of countries underlying the régression results.
Hence we hypothesize a "stereotype' country. One year simulations were
run for a 30 year period during which it is assumed that the structural
parameters of the model do not change. This, of course, is a strong

assumption so that the ceteris paribus aspects of these exercises can

not be over-—emphasised.

Longer simulations say 75 or 100 periods were not_considered
meaningful since the values of most variables would be far out of the
range of the ofiginal sample underlying the model. The model is
forced to give the exogenously specified first period values of the
.éndogenous behavioural variables by adjusting the constant term in eacﬁ

1/

equation,

In considering the simulations which follow it is helpful to
bear in mind the following relationships regarding sector income growth.

Let us first write down the behavioural equations in algebraic form :

1/ The exception was the life expectancy equation constant which we
recall is an asymptote, The initial sectoral savings rates were
imposed & priori at 0.15 in each sector since the rates

predicted by the estimated functions were deemed unreasonable

at 0.026 and 0.22 for non-agriculture and agriculture respectively,
constant terms were again adjusted.



(1) tn(FR) = Al + Bl 2n(FPR) + Cl ln(YP)O + D1 an(Illit) + E1 #n(LF)
(2) 2n{FPR) = 42 + B2 4n(FR) + C2 fn (Pa/PT), + D2 in (CHED)
3) FLF = A4 + B4(1/YP) + C4 Illit
(3] RUM = A3 + B3(YNA/Pna - YA/Pa)/(YA/Pa) + C3(Pa/PT) + D3(Illit)
(5) YA = A9 PAO1. TRACT®l o**
(6) YNA = A10(PHa) 92 (ENERGY)®2 ot
n (a) SPA = A6 + B5(YA/Pa) + C5 (;;5 Péi/Pa)
' 1=0 s

(b) SPNA = 46 + B6(YNA/Pna) + C6 (iio Pnai/Pna)

(c) sp = SPA'(Pa/PT) + SPNA'(Pna/PT)
(8) ATRACT = A7 + B7 - SP PT
(9) AENERGY = 48 + B8 - SP « P,

Letting lower case letter represent rates of growth (e.g.
e = rate of growth of energy, tr = rate of growth of tractors, etc.)
recall from our discussion of the production functions that income per

head in each sector grows according to

ya = pa = o tr - a, pa + A

dp/dt
P

yna - pna = a, e - a, pna + 1 - az) + A

where p = Pha/Pna. If we ignore dp/dt which is likely to be small

in any single period, then it will be seen that income per head in each
sector is an increasing function of capital growth but a decreasing

function of population growth. This is the familiar ceteris paribus

effect present in all models. However, since the coefficient on the
population growth terms are negative and those on the capital and

technical progress terms positive, whether ya - pa > 0 and yna - pna > O



depends on the relafive siie of all three terms. While we cannot say
a priori how these terms will weigh up, we normally observe positive
growth, albeit very low in many LDCs. More interesting, however, is not
if income per head growth is positive but whether it is increasing or
decreasing overtime. We will expect that in both sectors population
growth rates will be declining since FR normally declines with develop-
ment. However, this will be offset somewhat by increases in life
expectancy and particularly in urban areas where in-migration rates may
be increased with development. Again, the size of these growth terms
must remain an empirical question particularly when it is remembered
that our populations are defined in terms of economic sectors rather
than geographic location. Hence, it may not be surprising to find low

rates of population growth in agriculture.

The growth in the capital terms is even less straightforward.
Since the model is largely symmetric as regards tr and e we only present

analysis here for tr. Since,

ATRACT
TRACT

by inverting the production function and solving for TRACT, this can be

re-written as,

-1/a _
tr = ATRACT - G (%%) ) Pa1

and introducing the savings and investment functions (incorporating the

age structure variables in the constants) gives:

46.



-1/a

tr = {C+ B7-[B5-12 + B6 - 2o]-P} G(ID) Lpgt
1/
and differentiating with respect to time yields:
4 _ 5 [ps. <dYA/Pa By, po. dYNA/Pnay | d_P)]G(S_{é)—l/ 1 -1
dt at dt
b (o} (- Ly d¥A/Pa o1
o dt
1
-l/a
+ ) o) -1 2

It can be seen that the.first term is positive if per capita income growth
in both sectors is positive and if the total population growth rate is
positive. However, under the same assumptions the second two terms are
negative so a priori we cannot predict a sign here unless we know the
parameter values, As it turns out, the base run simulations show

that both e and tr initially increase and then start to decrease

during the simulation period.

As indicated above, the base run model was initialised on
the mean values of the sample underlying the parameter estimates. Our
stereotype country is one of 31 million people with an overall per capita
income of $317. Average agricultural income is $146 and average non—
agricultural income is $551. Forty-two per cent of the population live
in non-agricultural areas. The crude birth rate is 36.8 and the crude
death rate is 12.9 with a life expectancy of 54 years. The propensity
for the agricultural population to migrate to the non-agricultural

sector is 16.46 per thousand.

47.

1/ Where {A} represents the term in brackets in the tr equation.
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We turn now to the behaviour of the model during the base
run. This is represented in Table II where the time paths of all the
model's major variables are presented. On the demographic side, it
can be seen that the '"stereotype' country continues through the second

phase of a demographic transition with a fall in the crude birth rate

of about four per thousand and two per thousand in the crude death

rate. The CBR in the end period is high relative to what one might
expect from a simple cross-section tabulation of present-day birth rates
with per capita income, (32.6 at $943). This is partly because we have
only included developing countries in our sample so that the very high
income, low birth rate countries were not included. If they had been
included the income elasticity in the fertility equation would almost
certainly have been larger. Secondly, as indicated earlier, the
inclusion of variables other than income in the fertility equation
reduces the income coefficient. Hence, simple models in which fertility
is only a function of income may overstate the tendency for it to fall
with development and we should be reluctant to accept the argument that
efforts to reduce the birth rate exogenously are misdirected because
with 'enough' development the birth rate will look after itself. Con-
comitant with the tendency for fertility to fall is a fall in the

rate of female labour force participation.

The inter-sector migration rate doubles during the base run
from 1.6% to 3.57 with the result that the gfowth rate of the
agricultural population is nearly zero by the thirtieth period. The
increase in the migration rate is caused by a worsening in the
agricultural - non-agricultural income disparity, the decrease in
illiteracy and the increasing importance of the 'pull' factor

(Pa/PT) in this equation. The result of the migration
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_pattern is to keep the growth rate of the non-agricultural population
at fairly high levels despite the tendency for the fertility rate to
fall. The proportion of the population in urban areas increases from

forty—-two to sixty-two per cent in the thirty years.

On the economic side, we see that the growth rates of both
agricultural and non—agricultural products first increase and then
decrease, although the decrease of yna comes only in the last five
yeare of the éimulation. Throughout, yna > ya. This inverted-U shape
of the time paths is due to firstly the tendencies for pna and p;
to fall and secondly to the inverted U-shaped time paths of tr and
e. Recall our discussion above about the possibility that tr and e can
either increase or decrease over time depending on the relative sizes

of the terms.

Inltéfms of per capita incomes, the growth rate of agricultural
per capita prbduct increases from 1.8%7 to 2.87 while fhat in non-agricul-
ture starts at 27 and winds up at 3.8%. Hence the increase in inter-
sector disparity noted eﬁrlier. While the percentage differencézin -
average incomes is the relevant measure of income disparity for the
‘migration equation, a somewhat better statistic to measure rural-urban
inequality was first proposed by Kuznets (1955) and later used By.

Bhattacharyya (1975). This we calculate by:
INEQ = (YNA/Pna - YA/Pa) : YP

Using this number we see that INEQ falls from 1.278 to 1.1036 a decrease

of nearly 147. This pattern contrasts with that of the simple percentage
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difference in sectoral incomes used in the migration equation because the
movement of ﬁeople to the non-agricultural areas means that fewer are
poorer and more are better off so that overall inequality declines. Of
course, our measure of inequality, as indeed the model, does not take
account of any inequality which takes place within the two sectoré.
Furthermore, we neglect three potential influences on inequélity. All
migrants to the non=-agricultural sector are assumed to be employed since
we have no labour market as such. Secondly there is no price mechanism
éo that there is mno possibility for the terms of trade between the
primary and industrial sectors to turn against the pfimary sector reducing
the real income of agricultural workers. Thirdly, there is no improve-
ment in the éuality of the labour force through education. Nevertheless,
as Adelman and Morris (1973) report, economic dualism is an important

correlative of income inequality in developing countries.

Looking next at savings behaviour it can be seen that while
the éverage_propensity to save in agriculture stays pretty even at around
15Z, that in non-agriculture grows from 157 to 21.87 in the final year.l/
This pattern is easily explained by the fact that in agriculture the

initial average and marginal propensities were similar whereas in the

other sector the marginal propensity was substantially above the average.

Lastly, looking at the economy as a whole, we note that GDP
growth rises from around 57 to 6.77 while the growth rate of the popula-

tion falls from 2.47 to 2.27%. This means that the growth rate of per

1/ Recall that the initial period we assumed saving rates of 0.15
in each sector.
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capita income‘rises;from 2.6% to 4.5% during the thirty year simulationm.

Hence, YP increases from $317 to $944.

We turn in this section to the examination of a number of
policy questioné by means of experiments with the model by imposing exo-
genous changeslon some variables. These simulations are meant to capture
the effecté.of successful implementation of the various policies. 1In
all of them, no costs of implementation have been included. This is not
an unusuﬁl'procedure for experiments with models of this kind, but
nevertheless one must bear this in mind when making comparisons between
different experiments, We report in Tab1e~III the percentage changes
from the base rﬁn in selected variables in the final year of the
simulation. where a variable's time pattern througﬁout the simulation
differed quanlitatively from the final year value this is noted in the

text.

1. Educdtivnal TInvestment (CHED)

For a number of reasons, education has long been considered
a potential tool for improving inequality. 'The usual mechanisms by
which this operates (e.g. increasing the skills of individuals in the
labour markef)”and the impact education may have on the size distribution
of income do not fall within the scope of this model. On the other
hand the illiteracy rate is an independent variable which affects
fertility, lifg expectancy and migration in the model, and the secondary

school enrolment rate affects female labour force participation rates.
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In this éxperiment we raised the growth rate of secondg;y school enrol-
ment by two percentage points so that by model year 1988,98% of the
relevant pop#iation was attending secondary school. In contrast, in
the base year only 38% attend secondary school in 1988 and only 467 in
the thirtieth year. The effects on illiteracy are similar, in the

" base run 45% of the adult population are still illitetaté after twenty

years while in this experiment that figure is reduced to 347,

The -effects of this policy work mainly through the demographic
rates where life expectancy and hence the death rate are affected rela-

tively more than fertility and the birth rate which is virtually unchanged.

The fall in the CDR means that population growth increases and
with it overali‘and sectoral per capita incomes. This is éompounded by
a decrease in the migration rate as inter-sectoral incomes equalise .
This félluin YP is responsible for the lack of decline in fertility
despite the fall in illiteracy. Since non-agricultural incomes are
affected relétivgly hore than agricultural incomes, there is a slight
tendency for the migration rate to decrease. Inequality, however, as

measured here by INEQ, falls by 1.47 in the last period.

While the fall in per capita income due to this policy may
have been offset if the model contained more positive feedbacks between
education and, say, productivity, the experiment nevertheless points to
tendencies which may be relevant, particularly in the medium term.
After all, any improvement in the quality of the labour force will not

affect output for five or ten years at least and certainly the-



55.

eradication of adult illiteracy is a matter of a generation.

2. Tmprovemerit in Health (LF)

An improvement in the health of the population due to the
eradication of communicable diseases, better access to health facilities
and bettgr sanitation will be reflected in an increase in longevity.
Indeed, the start of the demographic transition in many less developed
countries today, and the consequent increase in tﬁe growth rate of the
population, it is said, can be traced to the rapid introduction of western
medical technology. A decrease in mortality may pose a policy dilemma,
since.the increase in population growth may, at least in the short
run, lead to a decrease in the overall standard of living as measured

by per capita income,

As a proxy for a successful communit& health campaign we
‘exogenously imposed a one per cent growth rate in life expectancy over

1/

and above the endogenously predicted value.

The result of this was that in the final year, life expec-
tancy was 217 higher than in the base run (70 as opposed to 58 years).
However, the teduction in mortality had a compensatory effect on fertility
with the result that there was only a small increase in the growth rate
of the population, For example in the final year the population growth

rate was 2.467% versus 2.237 in the base run.

1/ However, LF was not allowed to exceed 70 years.
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Moreover the age structure of the population was only marginally
effected so that savings were ﬁardly changed. 1In general the economic
impact of an improvement in health was negligable with per capita products
in agriculture and non-agriculture hardly effected at all. Similarly
there was very little effect on migration rates. Hence, the simulations
suggest that the policy dilemma suggested above may be non-existent.
Indeed, theré is even a very small increase in YP of a one half of one
per cent., Added to this, must be the savings in health costs not only"
as a result'bf decreased morbidity but also due to lower fertility and

hence fewer pregnancies.

3. Family Planning (FR, RFR, UFR)

Oﬁe of the most important questions involvesthe impact of
family planning programmes on the economy, and many previous papers,
notably Enke (1971) (1974), have attempted to demonstrate that fertility
reductions result in increased income. A potentially ﬁore interesting
' question, which is rarely explored, is whether familj ﬁlanning:resources
are better directed at rural than at urban areas. In order to simulate
the effects éf an effective family planning policy we ran experiments
in which for the first twenty periods of the simulation the endogenous
fertility rate was reduced by one per cent per year over and above
what it would otherwise have been. This was performed for the overall,
the rural, and the urban rates, Since feedbacks exist between the
fertility rates‘and the economy, the percentage reductions are

somewhat greater than 1% with respect to base run values.

Looking first at the reduction in overall fertility, we see
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that the non—-agricultural sector benefits more than the agricultural
sector. Per capita income in the former is up 18Z over the base run
while in the latter it is up slightly less than 6%. As a result,

INEQ increases as does the migration propemsity. With a reduction in
the CBR of about 177 and an increase in YP of 18.5% the model suggests
an'elasticity'of approximately minus one between birth rate and per

capita income reductions.

Turning now to the sectoral reductions, our simulations sﬁggest
that rural family planning is not only more equitable but also has more
impact on overall per capita income than urban oriented family planning.
On the other hand, urban fertility reductions increasg urban incomes
relatively more than rural reductions increase rural incomes. This is
because in the agricultural sector, the workforce is taken to be the
entire population whereas in the non-agricultural areas the working
population s'over 15 years old so that it takes 15 years for reductions

in a .cohort to work through to the production function.

The rural oriented policy raises not only agricultural but
also non-agricultural income whereas the urban policy actually slightly
decreases agricultural incomes relative to the base run. This is
because the rural policy decreases the dependent rural population thereby
stimulating savings which are chanelled into both sectors in the form |
of higher investment. By contrast, the urban policy mitigates against
savings since a lower percentage of young people discourages savings
in that sector. Hence the‘rural policy raises YP by some 5% over the
base run whereas the urban policy increases it by a lower figure of

3.8%Z. As mentioned, the rural policy is also more equitable and INEQ
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declines by 3.77 versus an increase of over 5% relative to the base run

with the urban policy.

4. Investment in Agriculture vs. Investment in the Non-Agriculture (tr)(e)

T@é question of whether industrialisation should be necessarily
'encouraged as a development goal is sometimes raised, particularly in
view of equitylconsiderations. In an effort to cast light on this we
introduced a 10% increase in agricultura} or non-agricultural investment
1

over and above what it would have been. Again, this is assumed to be

costless,

The results.§f these two policies are intgresting. As the
marginal product of investment in non-agriculture is greater than in
agriculture, the raising of AENERGY has a larger own-sectoral level
effect than the raising of ATRACT. In addition to thi$, the urban
strategy spills over into rural areas since with a higher marginal pro-
pensity to save, the rise in YNA/Pna stimulates savings and hence in-
vestment in rural areas. In fact the non-agricultural policy turns
out to be more efficacious in raising agricultural incomes than the
agricultural investment policy! This result came about despite the
lack of a prite mechanism in the model which may have generated this
result. By contrast, the agricultural strategy has oniy a very small
effect on saviﬁgs and in the non-agricultural area iﬁ terms of income.

On the other hand, the industrial strategy is inequitable in terms of

N A

\JJ Hence, ATRACT£'= ATRACTt'(l.IO) or AENERGYr = AENERGYt-(l.lo)
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INEQ and migration is stimulated so that by the end of the run the pro-

pensity to migrate is 6.6% up on the base run.

Partly to test the sensitivity of the model to the exogenously
imposed technical progress rates and partly to see the differential
effects this variable has in the different sectors of the model, we in-
crease )\ by one percentage point in both sectors. The results here are,
again, not surprising. Non-agriculture benefits relatively more than
agriculture so that per capita income in the former is up nearly 657
versus only 477 in the latter. These increases, over a 30 year period
illustrate the feedback between the economic and demographic variables
because the fertility rate falls by 5.47 and the death rate by 1.5%.

The resultant decrease in population growth stimulates, in turn, the
growth in incomes. The different effect on incomes in rural and urban
areas results in an increase in INEQ and a concomitant increase in the

migration propensity of 10Z over the base run value for the final year.

6. The Rate "of Migration (RUM=0)(RUMxO.5)(RUMx1.5)

In the standard dualism literature, as indicated earlier,
migration from the low (or zero) productivity agricultural to the
higher productivity "modern" sector is seen as a mechanism by which
overall living standards can be raised. To see the effects of migration
we ran three experiments. In the first one, all migration was stepped.
In the second, the migration rate was reduced by 507 and in the last,

it was increased by 507 over and above the endogenous value for the
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run. The results of the two migration reduction experiments are quali-
tatively similar and symmetric in terms of sign pattern with the migration
increase experiment. Accordingly we shall focus here only on the migra-

tion increase experiment,

As predicted by the dualism literatures, and consistent with
the fesults'of Yap (1976) and Adelman and Robinson (1975), migration has
a_beneficialzeffect on YP and on rural-urban quity. . The influx of
workers to phe ﬁon—agricultural sector decreases the marginal product
of labour in that sector and correspondingly increases it in agriculture.
Hénce average incomes move in the same directions. With more people
now in the better—off sector, YP increases and ovefall equity with itf
However, the mégnitude of tﬁe effect of increasing the migration rate
on per capita income is not very large. YP is only 2.7% up on the final
year base run value. This is consistent with the findings of Yap and

suggests that migration can hardly be considered an "engine of growth".

Set against this, of course, in any total analysis of-migration
must be its possible contribution to urban uneﬁploymenf and hence
inequality.l/ However, within the context of this ﬁ;del this may not be
that serious a prob1em. For example if employment,épportunities were
related to investment then job market pressure might be approximated
by the difference between the growth rate of capital and the growth rate

of the working population. In the Base Run this starts at 1.21% and

‘rises to 4.97% in year 30. In the migration experiment the first year

[

l] See Harris and Todaro (1970).
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difference is 0.5% but the final year difference is 4.99%. Hehce such
an increase in migration may have a negligible effect on unemployment

in the long term.

Finally, it should be pointed out that the migration experi-
ments do not-suggest tﬁat the transfer of people from high to low
fertility areas has much impact on the size of the total populatidn.

In the experiment reported here, the change in the final year population
was less than one tenth of one per cent and the birth rate down by
only 0.25%. Of course in areas where the rural/urﬁan fertility diffe-

rential is higher, this effect, will be more important.

~ VII. Summary “and Concluding Remarks

The basic philosophy behind the methods employed in this paper
are that the study of population growth and movement and its inter-
actions with the economy must be studied within a general equilibrium
framework. Furthermore, the parameters and indeed variables included,
must be Empiricaliy based if the model is to have any relevance at all
to reality. At the same time, we recognise‘the limitations of econometric
model building and do not attempt to forecast events. The model employed
here is much too simple to attempt that if, indeed, such an attempt
is worthwhile. The simulations are merely mechanical solutions to the
growth model; had analytical solutions been possible, they could have
been used instead. However, we feel that, within the limitations and

scope of the model, as noted in the text, a number of ceteris paribus

exercises can be carried out and can cast light on the issues raised

in the paper.
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While the estimated model presented here is relatively simple,
the parameter estimates have been estimated from a consistent data base.
Moreover, we have drawn upon the relatively new field of economic deter-
minants of demographic variables in estimating equations to endogenise
demographicipﬁenomega which are often left exogenous in siﬁulation
models., .While,ourfertility and labour force participatioﬁ rate
functions arelfairly standard, we have gone beyond the existing litera-
ture in our life expectancy and inter-sectoral migrafion equations. On
the economic siﬁe*we'have estimated sectoral savings functions and found
that the marginal propensity to save is lower in agriculture than in
non-agriculture. We also tested to see the effect of a population's age
structure on savings rather than assuming a particul#r direction as,
Coale-Hoover and Simon do in their models. We found that a higher
proportion of children compete with savings in agriculture but complement
savings in industrial areas. This is consistent with the econgmic
value of children in-agricultural and non-agricultural regions of less
developed cogqﬁries. Lastly our estimated production functions showed
that margin#l products of labour were considerably higher in agriculture

than in non-agriculture.

Simﬁlations with the model answered a number of questions. As
with other simulation models, the effect of reducing fértility is to
accelerate igcome_growth but we also saw that reductions in rural fertility
were more gquitabie and raised the overall level of per cabita income
more than similar efforts directed to urban areas only. Migration was
shown to play a role in bringing about a more équitable inter-sectoral
distributioﬁ'of income, but could hardly be called an "engine of growth"

since a fifty per cent increase in the migration rate results in
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increasing overall YP by less than three per cent after thirty years.
The direction of investment according to this model, may pose something
of a problem to policy makers. Increases in industrial investment are
inequitablelﬁuf succeed in raising-agricultural incomes more than equal

percentage increases in agricultural investment. Overall income per

head is also benefitted more by non-agricultural than by agricultural
investment. - Educational investment comes out equitable but at the

cost of lowering over alllincome per head. This is due partly to the
impact this policy change had on the death rate and because the model
céntains no positive effect of education on the quality of the labour
force. Finally, an increase in health as measured by an increase in
life expectancy was shown to have neutral effects on the economy-and

incomes suggesting that one supposed policy dilemma may not exist.
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Appendix A : The Sample and Data Sources

The sample of thirty-nine countries is listed below. Most
data were for 1968: Argentina, Bolivia, Brazil, Chile, Columbia, Costa
Rica, Dominic;n Republic, Ecuador, El Salvador, Guatamala, Honduras,
Jamaica, Mexico,'Nicanagpa, Panama, Paraguay, Peru, Uruguay, Venezuela,
Algeria, Burﬁﬁdi; Morocco, Rwanda , Tunisia, Uganda, Tanz#nia, Nigeria,

India, Indonesia, Iran, Pakistan, Philippines, Thailand, South Korea,

' Chad, Dhahomy, Ghana, Mali, Puerto Rico.

The sources of the data were as follows:

(a) Population by age and rural urban location; crude birth rate, crude

death rate, life expectancy, total population: U.N. Demographic

Yearbooks, various issues.

(b) Secondary School Enrolment rate, Illiteracy; UNESCO, Statistical

Yearbqok, various issues, and UNESCO, Statistics of Illiteracy, 1965.

(c) Gross National Savings: World Bank, World Tables 1976.

(d) Tractors and changes in tractors, population in agricultural sector,

F.A.0., Production Yearbooks, various issues.

(e) GDP and the share of agriculture in GDP: U.N. Statistical Yearbooks,

various issues.

(f) Energy consumption and changes in energy consumption: U.N. World

Energy Supplies, 1961-70.



Appendix B : Sensitivity Analysis

Since.the behaviour for non-linear simulation model of the
kind described in this paper depends upon the balance of the coefficient
it is interesting to know how sensitive the model is to changes in the
parameters. As the model contains twenty-two estimated COefficienfs
(ignoring the cbﬁstant terms and exogenous parameters such as A) there
are obviously a great many experiments one could carry out to see the

effects of changing coefficients.

We accordingly limited out experiments to increasing and

decreasing each of the twenty-two coefficients by 50% one at a time.
The results of this in terms of the percentage charge in selected
variableé'over.thé base run figure for the thirtieth period are reported
in Table IV. It will be seen from this table that in general the ﬁodel

is relatively stable with respect to changes in the parameters. Most
of the percentage changes from the base run are no more than ¥10% and
more often éhe changes in terms of the income variables is around 5%
or less. The exception to this pattern is the runs where the parameters
in the production functions were changed, particularly in the non-
agricultural function where increasing the coefficient on energy from
0.587 to 0,8805 results in a more than five-fold increase in per
capita GDP. Of course such a change results in a production function
with unrealistic‘coefficients and returns to scale well in excess of
one (1.29) so that this result is not surprising.' However, it does

illustrate the potential importance of scale economies in the model.

In light of this, we re-estimated the production function

65.
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-without consfraining'the coefficients to sum to one. The results are
reported below. .The largest change in a coefficient occurs on the

labour term in the non-agricultural production which is now 0.147 versus
0.413 in the constrained version. The size of this coefficient, however,
must be regarded as low on a priori grounds. The léﬁour coefficient

in agriculture is also reduced from 0.773 to 0.695. Estimated returns

to scale in agriculture are now 0.901 and in non-agriculture are 0.812.
A t-test in the null hypothesis that the coefficients in each equation'
summed to one was performed and was rejected at the 1% level in non-

1/

agriculture but not in agriculture.

Re-estimated Production Functions
gn(YA) = 3.492 + 0.695 fn(Pa) + 0.206 %n(TRACT)  r%= 0.89
(13.08) (13.4) (6.3)
In(YNA) = 6.834 + 0,147 gn(B" ) + 0.665 in(ENERGY) R%= 0.97
(13.8)  (2.5) " (14.9)

In order to see the effects on the model bf‘replacing the
production functions with these unconstrained ones, we re-ran the base
run and the policy experiments discussed in the text. The main effect
on the new base run is that income growth in both sectors is down
relative to the old baseArun. Agricultural per capita.product reaches
just over $270 now as opposed to $300 and in non-agriculture per capita

product is more than $200 below the original base run value in year 30.

~

~1/ The following t-values were computed where o and B are the esti-
mated labour and capital coefficients respectively.

(&* B-1)

t - r X 3 X x —
/%ar(a) + var(B) - 2Ceév(a,B)

which was -1.87 and -6.7 for agriculture and industry respectively.
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In terms of the policy experiments, we re-run the policy experiments and
then, as before, compared these to the values of selected variables in

the final year of the new base run. In all cases except the health

and migration experiments the results were qualitatively the same but the

percentage changes were slightly less,

In the health improvement experiment (reported below) the
increase in populétion now means that per capita incomes in each sector
fall faster with faster population growth. This effect is compounded
by the deliterious effects of lower incomes on savings which in turn
results in less capital formation, less income growth etc. Similarly
in fhe migration experiments, two of which we report below, we now get
the result that a decrease in migration increases overall income per
head while an increase in migration decreases overall YP. This is because
with the new coefficient on labour in non-agriculture aﬁd the substantial
diseconomies of écale, a reduction in population growth (such as cutting

migration by a half) increases average product more now than previously,

1/

so that the net result is an increase in overall per capita product.

Whilé we would argue that the re-estimated coefficients are
not acceptable on a priori grounds - particularly tﬁe labour coefficient
in non-agriculture - these results nevertheless support the view that migration
may not always provide the overall growth effects suggésted by some authors
Indeed, whilé migration was shown to play a stimulating role to overall
income growth in the usual base run, we were unable to state that it

was an "engine of growth".

1/ For example the new equation relating per capita income growth and
growth in energy and population is (ignoring age-structure and
technical progress) o

yna - pna = 0.665e - 0.853pna



Percentage Changes in Selected Variables from "New'" Base Run
Values with Three Policies Year 30.

Policy YA/Pa YNA/Pna YP SP INEQ
LF - =2.37 -4,61 -4.59 -5.87 -0.75
RUMx0.5 -7.15 23.67 4.11 7.58 28.02

RUMx1.5 8.47 15.05 -4.73 . 7.62 -18.52
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