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1. Introduction
Population has occupied the attention of the statesmen and
philosophers since ancient times, but it is only recently that
scholars have attempted to investigate systeratically the factors
of pooulation growth or decline and the specific way in wvhich

population changes may influence social institutions and human
wvelfare.

The factors contributing to current interest in this field
include : _
1. The extension end improvement of fhe nethods of collecting
and analysing statistical data.

2. The contributions of other discplines such as, Economics,
Sociology, Psychology and Mathematics to the understanding
of population dynamics.

3. The continuous increase in the world population especially
in the developing countries which suffer from the lack of
adequate economic resources.

The definition of the population problems moved from one extreme
to another from ancient history to the present. According to ancient
Chinese ph@loldphcrs..the problem was how to increase the population
to the size at which the lociefy becanme econouiéally self-sufficient
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and capable of defending itself. v

The European merchantilists of the 17th and '18th centrles found that._
the problem was how to inzrease the population to the size at vhich
governments could meet the strong militery, political and economic
competition. Recently, however, the problem evolved into thet of
over-population and how to control the growth of pobulation'invofder

to achieve a better standard of living.

Most governments in developing societies now have, or are trying to
develop, a national populatien poliey, especialiy'after the observed
decline in the growth and birth rates in the developed countries.

' There is, however, a lack of syetematic theory as to how to bring
about the change in fertility'ievel, on vhich population policies in
the developing countries may’be‘beeed.’,The fact that all developed
societies have low fertility ie weil known, but the facto:s responsi-
ble for that are still subject to many quesﬁionsvand.confliCtioﬁs
interpretations.

One of the recommendatlons of the World Population Conference held
in Bucharest :n 197k, was that :

"The Governments of member of states, the United Nations and
its speciatised agencies intensify on the impact of different
combinations of components of socio-economic development
policies on demographic behaviour and trends as sugrested in
the report of the Cairo symposium on the consequences of
population trend on socio-economic: and environment verisbles.”

This paper presents a model'for‘demogrephic and soeio-economic develop-~

ment indiceators.
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2. Review of the Available Literature

The relation tetween vopulation growth and the socio-economic develop-
ment took a lot of the dcmographer's effortis as well as the economist's
efforts in tryinp to reconcile the demosraphic factors with the socio-

- economic factors by which they might have found the explanation or the
solution for that difficult problem, rmairly that 2 high population
crowth rate will obstruct the achievement of soeio-economic develonment,
yet at the séme time socio-economic develomment is the way by which

the population problem can be solved.

Weintraub (1962), comstructed a single equetion usin~ the Least
Squares Method with the artual rean birth rate (1953-105k) as a
dependant varisble and the mean per capita income (1953-195k), ratio
of pophlation classified as firm and mecan infant mortality rate
(1953-197!.) as three independant variables. HKe denended unon cross
section data ahout these variables from thirty countries, their crude
birth rate varied from LE.6 to 14.8 per thousand. Fis study attempts
to test empirically the hypothesis that economic rrowth will prevent
excessive population growth.

Adelnen (1963) constructed two models, one of them to explein the are
specific fertility rate by the real per capita netional income, per
cent of labour force employed outside of agriculture, education index
and the number of inhabitants per square mile. The other model
explained the age spécific‘mortality rate by pooulation density, ratio
of growth of per capita'income, physiciancé per thousand population,
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an education index and per cent of labour force outside agriculture.
Her model was a mutiple linear'regression model for the logarithms

of the variables. She depended upon data from thirty countries whose
annual per capita ranged from $.125 to $.1900.

Heer (196€) tested hoth additive and multiplication relationships
hetween male fertility as a dependant variasble and per capite net
product, newspaper circulation per thousand personnel aged Tifteen
and over, infant mortality réte, pobulation density and per cent
increase in per canita energy cénsumption as independent variadbles.
Te depended uron cross section data from L1 countries (24 developing
and 17 develoved) during the 1950 decade. Xe conclﬁde thaﬁ the
indirect effect of economic development 1s a decline in ferfility
and-that a reduction in fertility is a necessery condition for socio-

econonic develornment.

Friedlander and Silver (1967) tried to specify'independent variables

t- Separaté economic from soeial and politic&l variables, and to make
distinet compari oms of fertility responses in developed and develop-
iLg sountries usins regressional analysis. The& determined positive =
and statistically sifnificant relations between fertility and illiterecy,
child mortality, proportion of agricultural ﬁopulation, the proportion
of non-farm seli-emcloyment and over—ecrowded housing. They also found

a negative significant relationship between fgrtility and communisn
The_mast impertoant conclusion is that the signs of the regression

coefficient for the sevarate level of development are the same as:



(83)

those for all countries combined. They depended upon data from 112

countries (18 developed, 20 intermediate and Tli developing countries).

Exanem (1973) examined Heer's relationship between fertility levels

and socio-economic development. He depended upon dsts from develop-
ing countries but for two point in time. He found out that whether the
the analysis of that relation is restricted to developing countries

it is true that the increase in economic development implies a
decrease in illiteracy es well as a decrease in infant mortality rate.
He also concludes that a decrease in illiteracy as well as infant

mortality rate are a necessary condition of low fertility.

Amenke (1973), tested the depree of association hetveen socio-economic
indicators which are per capita income, rer cent urban, ver cent of
non- apriculturel workers, per cent of femele workers, ner centece of
literate females and family planning rerformence rate (sterilisation
rate, I.U.D. ;nsertion rate, conventional contraception use rate,
budret expenditure rate). He depended upon cross-section data from
sixteen Indian stetes during the 1960 decade.

Lanomitz (1973), depended upon Ekanem's data in order to determine
whether the variables that have the major impact in explaining
variation in fertility cross-section also pay the major role in
explaining trends over time. He found out that over time the only
variable that has had a significant impact of birth rate im per
capita income. The World Bank (197k), used the step wise multiple
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regression analysis to investignte the relation to size distribution of
of incone to fertility and its implication for development policy.

The main conclusion of that study is that direct population policies
and general development policies re-enforce each other in raising

per capit® income especially amongst the poor and reducing fertility.

Ferpany (1975) used the multiple regression analysis to test the

reletion between C.B.R. and some development indicatorql;

The above are only examples of the models studied done at this poiﬁt.
There are also some other models designed for specific countries like
Coale and Hoover (1985) for India, Hoover and Periman for Pakistan,
and llewman & Allen (1976) for Nicaragua.

The mentioned models and studies could be characterised by :-

1. The relation between the level of fertility and the socio-
economic development was explained by using either of the
following techniques :- ' '

a. The simple regression analysis
b. Multiple regression analysis:
c. Step wise regression analysis
2. The analysis assumed that the relation between the level of

fertility and the socio-economic development indicators 1is
linear.
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3. The inter-relationship between the ccoio-2conomic indicaicis
has been neglected.

L, The numdber of indicators vere limit: and does not represent
most of the effective factors in the socio-economic develop-
ment procecs.

S. The data used in constructing these models became out of date.

Construction of the Model

1. I'et -
I. Y be a variable represanting the level of fertility

II. X X o X e X; any n variables representing the
1 2 3 '

socio-economic development indicators.

2. Aasume'that Y is a function of those n variables

X ,X ,X seess X of the form :-
1 2 3 n

2
Y = F(X ,X ,X ....., X )+ .€ vhere ¢~ (0,6)
. § 2 3 n

3. The relation between Y and each variable could be as follows :

2
Y = ¢ (X )+ € vhere € =~ N (0, 6)
1 1 1 1 2
Y = £ (X ) € vhere ¢ - N (04 62)
2 2 2 2 2
Y = £ (X )+ ¢ vhere & ~ N (0,6 2)

3 3 3 3 3
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2
t111 ¥ = f (X )+ ¢ vhere ¢ ~ N(0, 6 )
n n n n n

where F (X ) coulé be one of the following functions :-

1 1

I) £ (X) = A+ BX

II) f (X) = A EXP (BX)
III) f (x) = AX

IV) £ (x) = A +B/X

V) €(x) = 1/ (A + BX)
VI) £ (x) = X/ (A + BY)

vhere A, R arc the pararmeters of the equation and the selection

of one of these releticn depend upon the value of R2 vhich

rives the percentere of the vaeriation explﬁined by the reletion.

Assume thet the relaetion between Y and the X's is as follows :-

y=a Y+taY +a Y + ... +a Y
1 2 3 n

= (& (x ) +¢ ) a (X )+ ) 4a (f (x ) +c
2 2 2

1 1 1 1 2 3 3 3 3
+ +ta (r (% ) +¢& )
n n n n
n
=y (g fr (x ) +g )
i i i
i-1

i.e. Y is the veinhted function of each of the above
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functional relations and the coefficients o ,a ,a ..., «a
- i 2 3 n

should satisfy the folloving relation :

n
z a = 1
1-1 b

v(Y) = a 02+a o +cs"‘,,‘va2,,2+...0202
3 3 L 4 n n
2
+p G c o a + 2 a @ oo + ...
12 1 2 1 2 13 1 31 3
+2 a a « R od fawnnssiahotsadnusassass sae s .
in 1 nln
® ® B &6 ® 6 & ® 6 8 8 9 9 & ¢ N s +2p ~a a. 0 G
) (p-1) n n-1 n n-1 n
vhere :-
2
g is the variance of ¢

1 i

p is the correlation coefficient between € E €
i,J i J
i, 7= 1,2,3, veeey .o n&i # J

To achieve the minirmum of the variance of Y under the condition
that ;u =1, ﬁhg Lagranre's multinlier method can be used

1 "
to determine the a's that minimise the function :
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2
1l

(n-1) n%n - 1% n n-1 n

> 2
V(YY) = (da g+ a ¢ + tieeens
1 2

op

+

+ )t (G + a + G + es e + u-l )
1l 2 3 n

vhere ) 1is the Lagranpe's multiplier.

. To determine the @'s, the following equetion should be

obtained :-

- 6 V (Y)/éa 0,1i= 1,2,3, ....n

i

- & V (Y) /68 0
which could be written in the matrix form :-
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The solution of the above system of equatlons gives the

1values of a's by which the constructlon of the model completes.
‘ , .

'Th. solution of the above systom of equations gives the

values of a's by Hhich the construction of the model

teopplqtqs,
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Definitior of the Model's Variables and Data Collection

The model consists of one dependent variable representing the
level of fertility and a dependent variables representing the
nost affecting factors in the socio-economic development |
process vhich acting together - and of course with other factors%

to produce a certain level of development.

The crude birth rate selected as en index of the level of ferti-
lity because it is affected with many factors such as the age-
sex cirurture, nuptiality condition and marital fertility which

are asgocicted with the level of the soclo-economic development.

The independent variables Table ( 1) selected according to :-

1. The gvrolute value of the correlation coefficient
between these indicators and the crude birth rate ahoul“

be more than 0.5. !

2. The avallability of the data about these indicators in
(1)

international data sources.

The dzin needed could be obtained by two approaches.

(1) In fact the availability of the data and the difficulty of
reasuring some factors constructed a major limitation to
variables to be included like 0ld social security systems,
the political system, political conflicts, individual free-
don and the degree of religiousity.
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The first one depends upon time series data for one country and
the other depends unon a cross-section data from a number of
countries at the same poih{ of time. The last alternative more
suitable for this study because it is very difficult to find e
reasonable time series data for most of the socio-economic
indicators even in some developed countries like the USA and if
it is found it would suffer from defection especially in the
develqping countfies; and the use of the cross-section approach
makes it feasible to consider the largest range of observed

variation on the variables considered.

) The.couhtrieé‘selectéd tables (2) with a way to satisfy the

following conditions :-
1. Representing different develbpinn stages

2. Cover-the five continents in the world
= (1)

3. The population of every country over 1.5 million
L. The missing values from the selected socic-economic

indicators for every country should be less than four

values.

————— - —

(1) In order to eliminate countries that may have svecial
conditions due to their size and the data about such
countries usually suffered from defections.
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The selected cocio-economic development indicators could be

classified according to their nature as follows :-

a. Economic Indicators

1.

Per Capita Gross ational Product

This indicator is commonly used as a proxy for
economic development, but it could not be used
elone because some countries may have high per
capite G.N.P. in spite of their economic develop-
nent ievel still low like some of the Petroleum
export countries. Data concerning this indicator
suffered Zfrom the difference between the systems

of national accounts.

The collected data (Europa Publications, 1973)
about these indicators shows the following results :-

1 The nean equal to 899.kL52

11 The standard deviation equal to 873.9L5
111 The correlation coefficient between this indicator

and. the level of fertility equal to -0.TL957
vhich is significant vith 0.95 confidence
coefficient. The scatter diagram showvn in
Figure (1) '

Per Capita Energy Consumption

Energy consumption is sometimes thought to be even



Figure ( 1)

The Scatter Diagram and The Fitted Curve 7or
the Relation Between the C.B.R. angd
Per Capita G.N.P.
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nore indicative of a country's level of development
than per capita 5.N.P. because it shows relative modern-
isation of power facilities. The data (U.N., 1973b)

obout this indicator shows :-

1l The mean equal to 2023.32

11 The standard deviation equal to 2354.5

111 The correlation coefficient between this indicator
and the previous indicator is hieh and positive
as expected 0.906L5, and the correlation with the
level of fertility is nepative and the correlation
coefficient equal - 0.751LT which is sirnificant
vith 0.0 confidence coefficient. The scatter

diapram shown in Fipure (2).

Fer Cepita Steel Consumption

St ~1 is the basic raterial for industrialisation and
construction, so this indicator could rive a rood idea

abcut the level of industrialization in any countrv.

The data (YJ.N., 1973b) collected from this indicator

shows thnt -

i The arithmatic cean equal to 167.2LE

- - -
i H ¢

)

standerd deviation equal to 195.LTE

1 T
-

o

correlation coefficicient between per canitn

ateel consumption and the level of fertility ecunl
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The Scatter Diagram and the Pitted Curva for
the Relation Betweea the C.B.R. and
Per Capita Energy Consumption
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to - 0.77617, and with the previous two indicators
are 0.8L4498 to 0.8L9596 respectively which are
gsignificant with 0.95 confidence coefficient. The
scatter diagram shcwn in Figure (3).

Hotor Vehicles in Use Per 1000 Population

This indicator is particularly relevant to the
transportation network and should show to sone
derrce the latent reopraphic mobility of vopulation,
rroods and services. Ideally road and rail network
fipures should be included but good data is lacking.
Data on numbers of bicycle - the prime method of
transport in many develoning areas - are impossible
to obtain. However motor vehicles in use show the
relative volume of transport which is an egssential
factor for the socio-economic development. The data
about rmotor vehicles in use is available from S.Y.B.
{(U.M., 1973b) and it can easily be computed from
wvhich the followving results could be deduced

1 The arithmatic nmean equal to 70.3111

11 The standard deviation equal to 101.191

111 The correlation coefficient between this
indicator and the level of fertility equal
to - 0.63165 vhich is signifieant wvith 0.95
confidence coefficient. The scatter diarrans

chown in Fipure (k).
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] rigure ( 3)
The Scatter Diagram and the Fitted Curve for
the Relation Between the C.B.R. and
Per Capita Steel Consumption
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The Scatter Diagram and the Fitted Curve for
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Number of Agricultural Tractors Per 1000 Hectares of
Agricultural Land

'Agriculture.represents an important sector in many

countries. The use of agricultural tractors means
that modern and technological ﬁethods are applied

in cultivating'thevland. It could reflect also that
there is a lack of agricultural workers because the
deveiopment in the other economic sectar gllures them.
The data (U.N., 1975) & (F.A.0., 1972) about this
indicator shows :- |

1 The arithmdtic mean equal to 12.807

11 The standard deviation equal to 22,6265

111 The correiation coefficient between thege
indicators and the level bf‘fertility equal
to - 0.59634 vhich is significant with 0.u>
confidence coefficient. The scatter diagram

shown in Figure (5).

b. Cultural Indicators

1. Number of Radio Broadcasting Receivers Fer

THoﬁsand,Pqpulation'

This is an indicator of community awareness,
and.it~shows.how many ears a government can

reach for~expoundihg its'developmént policies.



Figure ( 5)
The Scatter Niagram and the Fitted Curve for
the Relztion Between the C.B.R. and
the No. of Agricultural Tractors Per 1000
Hecters of Agricultural Land
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In many developing areas the radio is the most important
of adult education programmes. There are data available
for many countries over time (UNESCO, 1973) although

differences in measurement do exist because some measure
the number of licenses, and others the number of receivers.

In spite of that the following results could be deduced :-

1 The arithmetic mean equal to 212.25

11 The standard deviation equel to 213.82

111 The correlation coefficient between this indicator
and the level of fertility equal to - 0.52977 which
is significant with N0.95 confidence coefficient. The

scatter diagram shows in Figure (6).

‘Number of T.V. Receivers Per Thousand Population

T.V. has a stronger effect than the radio in formulating
the populetion attitude, and in promoting the government
policies. More important might be its relation with the
level of per capita G.N.P..since the wealthier the popu-

‘lation the more money there is available for nongubstence

items. The data (UNESCO, 1973) about this indicator is

available for most countries, but it suffered from the same

difficulty that the previous indicator suffered from, but

in spite of this it could be deduced that :

1  The arithm tic mean equal to 103.738

11 'The standard deviation equal‘to 106.L39

111 The correlation coefficient between this indicator



Figure (

6)

The Scatter Diagram and: the Fitted Curve for
the Relation Between the C.B. R. and
the No. of Radio Broadcasting Receiver
Per 1000 Populatxon
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and the level of fertility equal to - 0.83479 and with
per capita G.N.P, 0.94541 which are significant with
0.95 confidence coefficient. The scatter diagram shown
in Table (7).

Per Capita Newvaper Consumption

This indicator could be a good proxy for the awareness
of population with respect to curfent events and it
shows the ﬁctual level of reading ability, and also it
should be strongly related to literacy if the available
data is accurate enough. The following result could be
deduced from the available data (UNESCO, 1973).

.1 The arithaetic ‘mean equal to 8.17155

11  The standard deviation equal to 11.563

111 The,correlation coefficient between this indicator
and the level of fertility equal to -. 0.63Lk which
is significant with 0.95 confidence coef<icient.
The scatter diagram shown in Figure (8).

Per Cent of Illiterate Povulation of 15 Years Old and Over

Illiteracy is the most dangerous handicap that the develop-
ihg countries-suffer from. Literacy is the means of
'informiné people of thé need for change and for simulat-
ing acceptance of new ideas, so it is the way to improve
the quality of lifé,.and the pafticipation in the.world's

affairs.
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Figure ( 7)
The Scatter Diagram and the Fitted Curve for
the Relation Between the C.B.R. and
No. of T.V. Receivers Per 1000 Population
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Figurc ( 8)
The Scatter Diagram an: the Fitted Curve for
the Relation Between the C.B.R. and
Per Capita News Paper Consumption
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It should beyhighly associated with the socio-economic
development level and the level of fertility as well.
The data about this indicator is normally derived from
national censuses of special sample surveys of literacy;
so that they are not usually available for different
time periods. Definitions of literacy vray from country
w0 country and a high degree of incomvarability exists
amongst countries, and even for varticular coﬁntries
over time. | | o N |
Underestimation may also result when a literacy sufvey
self evaluation. The availahie data (UNESCO, 1965 &
1973) shows

1 The arithretic mean equal to 27.551 -

11  The standa-d deviation equal to'é6;565-

111 The correlation coefficient between this indicator
and the level of fertility is equal to 0.82967z
which is significant with 0.95 confidence coefficieht.

The scatter diagram shows in Figure (9).

c. Health end Nutrition Indicators

1. DNo. Population Per Physician

2. No. Population Per Hospital Bed | .
vThese are useful indicators for showing the‘health
sefvices avallable to the pooulation. ,
However, they have several limitations. The distribu-
tion of medical persoﬁnel.throﬁghoyt the country is




Figure ( 9)
The Scatter Diagram and the Fitted Curve for
the Relation Between the C.B.R. and
Per Cent of Illiterate Population Aged 15 Years
and Over
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uneven and the definitions of the qualifications of medical
personnel vary from country to»country. In addition
physicians and hospitals are usually clustered in urban
areas and therefore the ratio: may not give an accurate

picture. In spite of that the available data (U.N., 1973)

shows :-

1 The arithmetic means are 3698.9600 and 437.384
respectively. |

11 The standard deviations are 5257.681 and 553.530
respectively.

111 The correlation coefficient between the level of
fertility amd those indicators are 0.57968 and
0.58898k4 respectively, which is significant with
0.95 confidence coefficienﬁ. ' -

The scatter diagram are shown in Figures (19) and (11).

The importance of the health services in addiﬁidn to its
sociel effect is that in all countries vhere the fémily,
planning programme has been established'there is to some
degree of integration of family planning with health
services. The medical and health professions have usually

been the key agents in pioneering family planning efforts.

3. Dietary Energy Supp;z;(Kilo—Calories Per Person Per Day

Hutrition indicators are extremely useful for assessing the
health of the pooulation. This indicator should be highly

associated with the level of the socio-economic development,



The Scatter Diagram and the Fitted Curve for
the Relation Between the C.B.R. and
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and with the level of fertility also.

The

following results déduced from the available data

(Population Reference Bureau, 1975) :-

1l
11
111

The arithmatic mean equal to 2683.36

standard deviation equal to 509.99

The correlation coefficient between this indicator
and the level of fertility equal to - 0.8598L4 which
is significant with 0.95 confidence coefficient.
The scatter diagram shown in Figure (12).

Education Indicator '
School Enrolment Ratio for the First and Second Levels
of Education

School enrolment ratios are the most useful indicators

of the flow of human resources, they illustrate the
generating caﬁacity for future‘stock. There is a close
interrelation between this indicator and the exist-
ence of compulsory education law, but of course the
e;istence of such a law does not ensure that all
children within the sti pulated age range will be

found in the school. Developing countries caught
between a lack of resources and high birth-ratgs,
often_fiﬂd it difficult to provide free vublic educat-
ion to all children that are required by law to attend

the school, the same situaticn as in other services.



]
Figure ( 12)
The Scatter Diagram and the Fitted Curve for
the Relation Between the C.B.R. and
Per Capita Dietry Energy Supply
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‘Lack of homogeneity among countries'school systems make
it extremely difficult to achieve consistent indicators

of enrolment even of durational schooling, varies as does

the entrance age requirement.

The available data (UNESCO, 1972) about this indicator

shows the following results :-

1 The arithmetic mean equal to €7.3k

11 The standard deviation equal to 20;3109

111 The correlation coefficient between this indicator
and the level of fertility equal to - 0.789 which
is significanf with 0.95 confidence coefficient.
The scatter diagram shown in Figure (13).

2. umber of Students at the Third Level of Education
Per 100 Thousand Population

This indicator gives a good idea about that part of the

population who have joined in higher education (such as

universities, higher technical schoéls, teacher training
colleges and theological schools, etc.). This indicator
gives also an idea about the capabilities of the society
to make use of the modern technologies. Data about this
indicator suffered from most defictions that the previous

indicators suffered from.

The fbllo#ing results could be deduced from the availzble
data (UNESCO, 1972).



Tigure ( .13)

The Scatier Diagram and the Fittad Curve fox
the Relat.on Between the C.B.R. and
the School Enrolment Ratio for the First
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1 The arithmetic mean equal to 629,712

11 The standard deviation equal to €10.596

111 The correlation coefficient between this
indicator and the level of fertility equal to
- 0.62135 which is significant with 0.95
confidence coefficient. The scatter diagram
shown in Figure (1h).

3. Per Capita Consumptioﬁ of Printigg Paper Other

than Newsprint and Writing Pavner

This indicator could give an idea about the volume of
scientific material printed in the society, such
columes reflect the number of scientists who wrote
such material, and the number of'readers as yeli,.so
it could be highly associated with the previbus~. '
indicator, i.e., the number of stuiénts at the third

level of Education Per. 1000 Population.

The following results can be deduced from the avail -
able data (UNESCO, 1972) about this indicator :-

1 - The arithm:etic mean equal to 10.060

11 The standard deviation equal to 13.887

111 The correlation coefficient between this
indicator and the level of fertility equal to
- 0.69815 which is significant with 0.95
confidence coefficient. The scatter diagram

shown in Figure (15)
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e. Demographic Indicators
1. Life Expectancy at Birth

This indicator is a useful estimate of human resource
potential (e.g. labour fcrce) and is highly associated
with both health and economic indicators. The accuracy
of the data about such indicators and the other demo-
graphic indicators depends upon the accuracy of the .
demographic statistics in the country which is affected

by the socio-economic development level.
The available data (U.N., 1973) about this indicator shows :-

I The arithmetic mean equal to 61.4028

II The standard deviation equal to 10.1576

III The correlation coefficient between this indicator.
and the level of fertility ecual to - 9.39661 which
is significant with 0.95 confidence coefficient.

The scatter diagram shown in Table (16).

2. Infant Yortality Rate

A suTficiently close approximation to chances of dying
between birth and tha attainment of the first birthday
cen b2 given by this indicator. It could be used as an
iriicctor of the health condition of the community and
nence the level of living. Data (Bureau of Census, 1973)

~hout this indicator shows :-
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The arithmetic mean equal to 66.8493

The standard deviation equal to L49.0078

The correlation coefficient between this indicat-

or and the level of fertility equal to 0.86L08

which is sipnificant with 0.95 confidence coefficient.
The scatter diagram shown in Table (17).

Per Cent of Population Economically Active in
Apricultural to Total Pooulation

This indicator refers to the population who engage

in or attempts to engare in agricultural products.

The apricultural population tends to be set off more
distinctly from other povulation groups in its
cultural traits, living stendards and social institut-
ions, than the populatioz demendent on any other major
branches of econumic activity. This is so because in
rnost countries the people wvho make their living from
the land are to a comparative extent geopravhically
isolated, and because the home life of a farming
household is intimately connected with the operation
of a farm. The more hipghly developed a country in
econoniic is the less Per Cent of economically active
in agriculture. The available data (FAO, 1972) gives
the following results :

I The arithmetic resn equal to 39.52056

II The stendard deviation equal to 23.907

III The correlation coefficient betwveen this indicator



Figure ( 17)
The Scatter Diagram and the FPitted Curve for
the Relation Between the C.B.R. and
Infant Mortality Rate
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and the level of fertility eaual to 0.80328 which
is significant with 0.95 confidence coefficient.
The scatter diesram shown in Figure (18).

Per Cent of Female Active Population to Total

Economically Active

Female Population anc specially female active povu-
lation could play a big roll in the socio-economic
process. This indicator should be highly associated

with the economic indicators.

Data about this indicator suffered from the difference
in the definition of the femmle active population
between the countries. But the following results
could be deduced from the available data (ILC, 1071

& 197h) :-

I ' The arithmatic mean equal to 24.555
II The standard deviation equal to 122.977
III The correlation coefficient between this.
indicator and the level of fertility equal to
- 0.77279 which is significant with 0.95
confidence coefficient. The scatter diagram

shown in Figure (19).

The correlation metrix, Table (3) gives an idea about

the inter—relationship between the variables of the
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model., The inportant point here In that Shese indicators
either represeat a socio-economic conditiva or do have

a socio-scononic effcct.. They act aa iaternect together
and wvith other factors %o produca a ccrtain level of
deveiopment and such a level effects the attitude of

the people when making any decision end nuptiality

decision represent one kind of these decizions.

5. Estimation of the Model's Parnmeters

Applying the steps mentioned in section 3 to the collected
data about the Crude Birth Rate, and the 19 socio-economic
indicators, the following results could te deduced :

1. The relation between the C.B.R. and overy indicator

is found to be as follows :-

-0.35972
1) -Y = 287.985 (xl ) as shown in Fig. (1)
- =0.26311
II) Y = 178.087 (X ) as shown in Fig. (2)
2
III) Y = 1/(0.025552 + 0.00007 (X ) as shovn in Fig.(3)
: 3
- 0.26311
IV) Y = 59.8473 (X ) as shown in Fig. (%)
L
-0.17063
¥) Yy = 34,976k (x ) as shown in Fig. (5)

>
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-0.3312}
VI) Y = 155.25L (X ) as shown in Fig. (6)
6
VII) Y = 1/(0.02311 + 0.00013 (X ) as shown in Fig(7)
-0.1670k
VIII) Y = 34,0878 (X ) as shown in Fig. (8)
8
: -0.2L4632 ‘
IX) Y = 16.1667 (X ) as shown in Fig. (9)
9
%) Y = 47.1372 ~ (17042.05(X ) as shown in Fig.(10)
: 10
XI) Y =X /3.66132 + 0.01777(X ) as shown in Fig.(11)
11 S 11 :
XII) Y = 220.451 EXP (-0.00075(X ) as shown in Fig.(12)
: 12
XIII) Y = 67.3065 - 0.51hk7 (X ) as shown in Fig.(13)
' 13
-0.23961
XIV) Y = 121.683 (X ) ‘ as shown in Fig.(1k)
U
XV) Y= lo.ie8 (x ) O-2337 as shown in Fig.(15)
15
XVI) Y = 10h.4k2 - 1.16902 (X ) as shown}in Fig.(16)
16 '
0.46541
XVII) Y = 4.88352 (x ) as shown in Fig.(17)

T .
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XVIII) Y = 15.0745 + 0.Lkbg9 (X a) as ghovn in Fig. (18)
1

XIX) ¥ = 6432815 EXP (-0.0315 (X ) an skovn in Fig.(19)
19

2. The ‘above relations used in gredicting the C.B.R. and
the residuals cf every xeletion has been caliculated, Table

(6) shov the resedusls matrix.

3. The mean ard tho variance for avery series of the ‘residu-
als hes been calculated, Teble .(T) as well ex the correlation

‘between those of residuals, Table (B8).

4. The above results can be used in solving the System of
‘equations mentioned in’'section 3.2.2 and the model could be
in the following form :-
. " B B
Y wa A (x)=1 + a A (X )2 +a/(a-+B (x))
1.1 1 22 2 3 3 .3 3
. ‘B . B ; B
+a. K (X )k +.gA (X )54, A(X )6
RO 555 %66

B
+a /(A +B (X )% @ A(x ) 8"
T TT 88 8
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+

e A (x )% +a A& (B /(@)
9 9 9 10 10 10 10

+ @ (x )/(A + B+(x )+e A EXP (B (X ))

11 11 11 11 11 12 12 12 12
' B
+ a (A + B (x )+ o A (x )i
13 13 13 13 1k 1k 14
+ a A (x )Bis + o« (A ¥3B (X )
15 "15 15 ' g 16 16 16 16
B
+ a A (X )27 + a (A (x )
17T 1T 17 18 18 18

+ a A Exr (B x ))
19 19 19 19

Table (9) gives the values of A,B,a.

5. To examine the capability of the independent variable of
explaining the dependent veriable C.ﬁ.R. s the model is used
to predict fhe values of Y and comput;'.np; _the results deom‘
which the following measurement has been celculated :-

I The sum of the residuals is 19,2326.

IT The sum of the nbsolute value of the residua.ls is 213 1.
IIT The residuals sum of squares is 805.78°

Iv The value of R2

of the total variation which is very high.

= 0.9286 i.e. the model explains '92.86%
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6. To compare results produced by the proposed model with the
results produced by the multiple linear regressica model, the
last one applied on the same data as shown in Teble (9)from
vhich the following measurements are deduced :-

1 The sum of the resicduels is - 0.1L7

II The sum of the nbsolute value of the residuals is 229.L39

IIT' The residual sum of squaces ir 1hL6,7528

v The value of Rz = 0.9087, 1.2. the moccl explained 90.87%
of the total variation.

6. Conclusion

The levels of fertility and subseguently the growth of vopu-
lation depend mainly on the socio-economic conditions of the
certain levels of so;io-economic development, married couples
freely, opt for smaller families. Thus femily planning practices
spresd as s natural development within the framework of the
development process, as shown simpler in Figure (20).

The effort to understand and eventually bring about a change
in the level of fertility, therefore requires :

(1) The identification of relevant socio-economic factors
and the analysis of the manner in which they interact
vith family planning activities.

(2) The acceleration of the socio-economic development process.
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A MAcro-Demo:rsphic and Goclu~Economic Development model has
been construcred in thir paper by which the level of fertility
is expleined %ty ninchkesr nocio-economic development level 2in
eny society . wnd may ve woed in formulsting populatiou policies

within the framework of the socio-economic development plam.

Planners may select thz best indicator "mix" which would help
in achieving a reasonadbie level of fertility and a desirable
rate of population mrowth. taking into esccount the availsbie

resources as well eas the veiues of the society.
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FIGURE (20 ;

Socio
Economic
Deve lopment
Level

The Simple Circular Melaticnship between the Level of Developmsnt
and the lavel of Pertility
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X1
X2
X3
X4
X5
X6
X7
X8
X9
Xio0
x11
X12
X13
X114
Xi5
X16
x17
X18
X19
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Table (. 3 -)

The Correlation Matrix

¥ X1 x2 X3 x4 XS

1.00000 -
~0.74957  1.00000
-0.75147 0.90645  1.00000
-0.77617 0.84498 0.89596  1.00000

-0.63165 0.91250 ©.81287 0.69773  1.00000

~0.59634 0.60391 0.54697 0.62739 0.51778  1.00000
-0.52917 0.74089 0.78348  0.66048 0.66829 0.30610
-0.83479 0.93541 0.91872 0.89155 0.85563 0.64115
-0.63440 0.86879 0.81872 ' 0.71674 0.89913  0.50348
0.82967 -0.63323 -0.63339 -0.63999 -0.53731 -0.49874
0.57968 -0.46800 -0.43781 -0:44515 -0.36007 =0.30821
0.58864 -0.46477 -0.43575 -0.44963 -0.37577 -0.32707
-0.85984 0.73740 0.72835 0.71157 0.62856 0.59620
-0.78901 0.68200 ©0.65514  0.64897  0.38027 0.43110
-0.62135 0.77084 0.77841 ©0.66941 0.72874 0,27568
-0.69815 0.88104 0.78551 0.75659 0.78551 0.73662
~0.89661 0.71129 0.68449 0.69982 0.60573 . . 0.53139
0.86408 -0.69428 -0.66156 -0.67896 -0.59358 <0.52257
0.60328 -0.78476 -0.72560 -0.71333 -0.69505 -0.54581
-0.77279 0.62748  0.67233 0.39660 |

0.54424

0.42005°
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Table ( .1)

Definition of the Variable Considered,
the. 11me Period and the Availability of

the Data

Symbol of , Time No. of
the variable Variaple betindtion Period missing
values
I Dependent variable
Y Crude Birth Rate 1965-70 o
ITI Independent variables
Economic Indicators
X1 1 Per Capita Gross National
. Product 1969 °
X2 2 Per Capi?a Energy 1969-72 1
Consumption
X3 3 Per Capita Steel 1968-72 1
Consumption
X4 4 No. of motor vehicles in -
- 1
use per 1000 population 1?67 72
x5 5 No. of agricultural
' tractors per 1000 Hecters 1969-71 1
of agricultural land
B Cultural Indicators
X6 1 No. of radio broadcasting
. receivers per 1000 1970-72 o}
population
X7 2 No. of TV receivers per
' 1000 population 13%0-22 °
X8 3 Per Capita News Paper
consumption 1970-72 0
x9 4 Per cent of illiterate p
population aq.d 15 years 1968-70 18

and over




P

X1lo0
Xlo
X1l

X12

X13

X14

X15.

X1l6
X17
X18

X19

w N =M

- (125)
Table (1)

(Contimued)

ggaith and Nutrition
Indicators

No. of population per
physicians

No. of population per -
hospital beds

Dietry Energy Supply

Edﬁcation Indicators

School enrolment ratio for
the lst and 2nd levels of
education —

No. of students at the
3rd level of education
per 100,000 population

Per Capita consumption aof -}

printing paper other than
news print and writing
paper )

Demographic'Indicators

Life Expectancy at Birth
Infant Mortality Rate .

Per Cent of Population
Economically Active in
Agricultuvre to Total
Economically Active -
Population )

Per cent of Female Active
Population to Total
Economically Active
Population -

1969-70

- 1969-70

1969-71
1965-67
1965-67
1970-72

1965-70
1969-72

1970

1968-72




35
36
37

39

41
42
43
44
45

47
48
.49

51
52
53

55
56
57
59
61
62
63
65
67

69
70

71
72
73

(Continued )

ASTA**

-

I Hong Xong
I India
III Indonesia
IV Iran

v Iraq

Vi Israel
VII Japan
VIII Jordan

IX Pakistan
X Philipines
X1 Singapore
XIXI Sri Lanka
XIII Syria
XIIV Thailand
XV  Turky

EUROPE***

Austria
II Belgium

III Czechoslovakia

IV Denmark

\Y Finland

VI France

VII Germany D.R.
VIII Germany F.R.
IX Greece

X Hungary

XX Ireland

XII Italy

XIII Netherland
XIV Norway

Xv Poland

XVI Portugal
XVII Rumania
XVIII Spain

XIX Sweden

XX Switzerland
XXT Yugoslavia

OCEANTA

I Australia
II New Zealand

IIT

U.S.S.R.
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* South Africa and Rhodesia has been excluded because
data is available for the whole of the Population in
some instance and in other instances for the’'white
population only.

** Malayria has not been considered because data
obtained from international data sources for the
various indicators are in some instances for the
whole of the country and in others for its parts.

T e*+ The above conditions apply to date for the U.X.
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Y
Table { '2)

The Group of Countries Considered,
Populaticn and the Availability of

Data

IXx Venezuela

: Population No. of
No. The Name of the Country 1970 missing obs
AFRICAY
1 1 Algeria 14.0 (o]
2 I1 Egypt 33.9 o
3 III Ghana 9.0 1l
4 IV  Liberia 1.5 o
) v Libia 1.9 (o]
6 V1 Madagascar 6.9 (o]
7 VII Morocco 15.5 0
8 VIII Sudan 15.8. 0
9 IX Tanzania 13.2 0
10 X Tunisia 5.1 0
11 XI Uganda 8.6 0
AMERICA N. & C.
12 1 Canada 21.4 1l
13 I1 Costa Rica 1.8 o
14 IIXI Cuba 8.4 o]
15 IV Dominican - 4.3 (o]
16 v El-Selvador 3.4 <1
17 VI Guatemala 5.1 o
18 VII Hiti 4.1 (o]
19 VIII Honduras 2.7 0
20 - IX Jamaica 1.9 (o]
21 X Mexico 50.7 - 0
22 XI  Nicageria 2.0 (o]
23 XII Panama 1.5 0
24 XIII Puerto Rica . 2.7 3
25 XIIV U.S.A. 204.8 1
AMERICA S.
26 I Argentina 24.3 o
27 II Brazil 93.0 o]
28 III Chile 9.8 0
29 IV . Columbia ©21.4 0
30 v Ecuador 6.1 0.
31 V1  Paraguay 2.4 o)
32 Vil Pexu 13.6 o]
33 VIII Uruguay S 2.9 ‘0
. 34 10.9 1




x15
X16
x17
x18

x19

x12
X13
X14
X15
X16
X17
X18
x19
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Table (3 )
(continued)
X6 x7 x8 X9 X10 X1l
1.00000 *
0.75141  1.00000
0.70616 0.84191 1.00000
-0.48220 -0.72542 -0.56455 1.00000
-0.35926 -0.50361 -0.37138 0.60199 1.00000
-0.32088 -0.49426 -0.37793 0.59560 -0.50144  1.00000
0.48549 0.76257 0.60337 -0.7061 -0.58459 -0.52631
0.53426 0.72905 0.58044 -0.86595 -0.69827 -0.60263
0.78146 0.76678 0.74497 -0.61114 -0.41819 -0.35342
0.63773 0.86636 0.81434 -0.58247 -0.37361 -0.38554
0.50607 0.79156 0.62013 -0.90265 =-0.71071 -0.60269
-0.51697 -0.77853 -0.61810 0.89576 0.68532 0.56616
-0.59020 ©0.66106 -0.69513 0.73063 0.67378 0.55662
4.3828 -0.82660 0:21899 -0.80370 -0.42229 -0.49299
X12 x13 X14 X15 X16 X17
1.00000
0.71153  1.00000
0.56265  0.71125 1.00000
0.62962  0.55312 0.60974 1.00000
0.78914  0.88832 0.63563 0.63296 1.00000
-0.72190 -0.86421 -0.62779 -0.63696 -0.97061 1.00000
-0.71843  -0.81307 -0.61565 -0.69998 -0.86012 0.84267
0.62236  0.72691 0.56293 0.49621 0.74266 -0.74753
X18 X19

Xx18 | 1.00000
X19 {-0.81307

1.00000
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Y
Table {.%3)

Scme Statlstical Measurement
for the ariables

Variable Mean Standard Deviation

Y 32.6608 13.2437
X1 899.4520 873.9450
X2 2023.32C0 2354.5000
X3 167.2460 195.4780
X4 70.3111 101.1910
X5 12.8073 72.6265
X6 212.253G 213.8220
X7 103.7380 106.4390

! xe 8.1716 11.5630

%9 27.5510 26.5650
X1C 3698.9600 5257.6810
X11 437.3840 553.5300
X12 2883.36C0 509.9900
X13 67.3430 20.3110
X14 629.7120 610.5960
X15 10.1060 13.8860
X16 61.4030 10.1580

AT 66.8490 49.0080
X18 437.3840 553.5300
19 24.5550 11.0890
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Table (:'s7)

The Mean and Stondard Deviation

for the Residuales

Variable Mean Standarxd Dewviation
x1 0.78815 7.84858 -
x2 0.67225 8.48179
x3 2.63445 ' 8.04668
x4 1.11158 8.36917
X5 1.10932 9.40609
x5 2.28625 10.3911¢
X7 2.09922 6.3E417
%8 0.97311 9.3355"
X9 0.70260 6.054C5
X10 . 0.00001 6.6286>
x11 1.39%040 5.461%"
x12 0.71184 7.4737%
x13 0.00031 8.13663
x14 1.48955 10.43039
x15 - 0.70686 8.79263
X16 0.00010 5.85443
x17 0.55017 5.99970
x18 0.00011 7.88785
x19 1.10170 8.55630




X1
X2
X3
X4
X5
X6
X7
X8
X9
X10
X11
X12
X13
X14
X15
X16
X17
X18
X19

X6

X7

X8

X9

Xlo
X1l
X12
X13
X114
X15
X1i6
X17
x18
%19
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Table ( 6')

The Correlation Matrix
for the Residuales

X1 x2 X3 x4 X5
1.00000
0.84811 1.00000
0.63035 0.57141 1.00000
0.78941 0.64020 0.60172 1.0000
0.51909 0.55841 0.50597 0.55683 1.00000
0.67248 0.695%94 0.58057 0.66880 0.56036
0.73834 0.66124 0.76558 0.77989 0.54082
0.43247 0.36882 0.32046 0.44979 0.42776
0.49137 0.42336 0.59843 0.49518 0.45416
0.53034 0.45708 0.57606 0.42817 0.39567
0.69042 0.55791 0.63793 a.68230 0.48027
0.50281 0.46095 0.46127 0.39898 0.22942
0.68638 0.53110 0.52505. 0.63021 0.54200
0.61715 0.60421 ©0.52449 0.49812 0.62235
0.70415 0.78768 0.44579 0.60687 0.48637
0.63795 ©0.62178 0.39550 0.56716 0.51608
0.58187 0.49625 0.40493 0.54526 0.46918
0.75796 0.69707 0.59644 0.78525 0.55603
0.29424 0.28029 0.46462 0.28896 0.38852
X6 X7 X8 X9 X10
1.00000
0.71318 1.00000
0.44006 0.52316 1.00000
0.51164 0.64502 0.53281 1.00000
0.48341 0.5329% 0.29947 0.38004 1.00000
0.50592 0.62005 0.25177 0.55726 0.37207
0.43738 0.39134 0.26772 0.28029 0.36984
0.62836 0.62481 0.56087 0.61553 0.38723
0.60103 0.5%3B0 0.57314 0.49005 0.43996
0.592%0 0.59296 0.42462 0.38705 0.2£833
0.54B35 0.59465 0.64874 0.54228 0.36011
0.52084 0.61B83 0.59757 0.53688 (©.28195
0.68535 0.77385 0.50636 0.44269 0.43941
0.43496 0.46763 0.55381 0.59971 0.35354
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Table ( 6)
{continued)
X1l X12 X13 xl4 X15
X111t 1.00000
X12| 0.38395 1.00000
X131 0.50681 0.37467 1.CcCcoCcOo .
X114} 0.36919 0.33725 0.74934 l.cccoo
X151 0.50470 0.33593 0.62714 0.53650 1.0C000
X16{ 0.43650 0.28864 0.74242 0.69992 0.58497
X171 0.39569 0.12497 0.62736 0.58739 ©.52709
X18| 0.49648 0.35331 0.67645 0.62885 0.62213
- X19 _0.34949 0.14643 0.5855%0 0.50458 0.31603
x16 X17 X118 X19
X16 | 1.00000
X17 |1 0.84695 1.00000
X18 | 0.67032 0.61911 1.00000
X19 | 0.45613 0.44380 0.29869 1.00000
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Table ( 7 )

The Estimuted Parscotzres of the Modcl

Variable A B a
1 287.98500 -0.35972 ~0.289%0
2 178.08700 -0.26311 0.0477
3 0.02552 0.00007 -0.2215
4 59.84730 ~-0.21954 0.0214
5 34.97640 -0.17063 0.0214
6 155.25400 -0.33124 -0.1470
7 0.02311 0.00013 0.1777
8 34.08780 -0.16704 -0.0778
9 16.16670 0.24632 0.1455
10 47.13720 =17042.05000 0.2679
11 3.66132 0.01777 0.3889
12 220.45100 ~0.00075 0.2612
13 67.30650 ~0.51447 ~-0.0623
14 121.68300 -0.23961 -0.0594
15 40.17280 -0.23397 0.0642
16 104.44200 ~1.16902 0.0349
17 4.88352 0.43541 0.3617
18 15.07450 0.44499 0.1727
19 64.28150 ~0.03135 0.0562
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Table (- 8°)
Observed, Predicted

C.B.R.

and Residuals according to the

Proposed Models

No. of obs. Obgerved ¥ Predicted Y Residual
1 49.1¢c00 47.5782 1.5218
2 38.7300 42.%110 - 4.1810
3 46.6000 47 .4051 - 0.8051
4 49,8000 47.3186 1.9814
S 45,9000 £7.1846 - 1.2345
6 46.0C09 £5.4491 0.5509
7 4%, 5000 47.2683 1.6317
8 48.9030 48.4511 0.3439
9 47 .0000 w2.2747 4.6253

10 46.3000 43.3856 2.9144
11 43.2000 43.4301 - 0.2301
12 18.1300 20.7076 - 2.5776
13 45.1000 37.8124 7.287¢6
14 28.6C50 25.4987 1.1013
15 48. 5000 40.3984 7.5016
16 43.7800 £1.5303 2.2497
17 43.9C00 44.9314 - 1.0314
18 43.9000 %0.0331 - 6.1331
19 49.0000 4131.4204 5.5796
20 35.5000 30.0159 5.4842
21 43.2000 41.2129 ©1.9871
22 46 .0000 43,7637 2.2363
23 41.1000 34.6404 6.4597
24 25.8500 28.5757 - 2.7257
25 17.8500 22.4878 - 4.6378
26 21 .%000 23.9166 - 2.0166
27 37.8000 34.7528 3.0472
28 29.6000 35.4435 - 5.8435
29 44. 6000 39.0169 5.5831
30 44.9000 43.1974 1.7026
3l 44.6000 39.2337 5.3663
32 41.8000 43.8197 - 2.0197
kk | 22.6000 25.5110 - 2.9110




34
35
36
37
38
39
40
41
42
43
44
45

46
47
48
49

51
52
53
54
55
56
57
58
59

61
62
63
64
65
66
67
68
69
70
71
72
73
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Table (8)

( Continued )

40.9000
23.1000
42.8000
48.3C0%
45.4062
49.3000
25.3500
18.7000
49.100D
50.9022
44.700%
26.2000

31.97G2
47.5000
42.8600
38.5000
17.3100%
15,1530
15.285%
16.2800
15.8800
17.0002
14.7002
16.5800
18.0500
14.5800
21.30090
18.0500
18.9800
17.6800
16.3300
21.0300
24.1500
20.6300
14.7300
17.4000
19.4000
19.5700
22.5000
17.6000

37.4844
26.9364
43.2253
48.7970
48.87067
44.8785
18.9671
22.8326
46.7352
46.3222
46.5610
28.4120

34.4869
44.191%
32,0885
40.9850
16.9995
18.1l058
15.5232
19.2923
16.8794
15.1204
14.7116
17.0847
20.5580
16.3935
17.5007
18.6215
16.1754
14.6849
19.3254
26.3537
21.6828
26.2207

17.4801

l6.3632
27.5138
20.1329

22.3967

15.6331

3.4156
3.8364
0.4253
1.4970
3.5707
4.4215
6.3829
4.1334
2.3648
4.5778
1.8610
2.2120

2.5169
3.3081
3.7115
1.0850
0.1805
2.9559
0.2432
3.0123
2.9994
1.8796
0.0116
1.4953
2.5080
1.8135
3.7993
0.5715
2.8049
2.9951
2.9454
5.3237
2.4672
5.5907
2.7501
1,0366
8.1138
0.5629

0.1033
'1.9649
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Table ( 9 )

Observed, Predicted C.B.R. and the
Residuals according to Multi Linear
Regression Model

No. of obs Observed Y Predicted Y Residual
1l 49.10000 50.39890 - 1.29881
2 38.73000 45.54430 - 6.81429
3 £6.6000C 47.443%0 - 0.84393
4 49.80000 50.76940 - 0.96939.

. 5 45 . 90000 46.846GC0 - 0.94596
6 46 .00000 48.74720 - 2.74740
7 49. 50000 43.79¢9%0 S.70049
8 48 .90000 47.96520 0.93480
9 47 .00000 46.65030 0.34974

10 + 46.30000 44.42740 1.87260

11 43 . 20000 47.38060 - 4.18062

12 18.13000 20.02480 - 1.89479

13 45.10000 38.18400 6\.91599

14 26.60000 31.05130 - 4.45127

15 48 . 50000 43.79560 4.70441

16 43.78000 44.67560 - 0.89957

17 43 . 90000 46.09180 - 2.19182

18 43 .90000 53.47290 - 9.57289

19 49.00000 48. 60040 0.39957

20 35. 50000 31.25860 4.24141

21 43 .20000 35.70050 7.49950

22 46.00000 43.52210 2.47794

23 41 .10000 33.05850 8.04150

24 25.85000 23.82180 2.02819

25 17.85000 16.70910 1.14095

26 21 . 90000 26.17940 - 4.27938

27 37.80000 34.38640 3.41365

28 29 . 60000 34.69600 - 5.09597

29 44.60000 39.03150 5.56849

30 44 . 90000 43.70090 1.19910

31 44.60000 35.95050 8.64947

32 41 .80000 41.5775%0 0.22240

33 22.60000 27.75880 - 5.15881




34
35
36
37
38
- 39
40
411
42
43
44
45

46
47
48
49

51
52
53
54
. 55
65
67
68
69

61

62
63
64
65
66
67

68

69
70
71
72
73

£7..300620
o1 10000
£ . BOGOO
'I:b e 3m
€5.40000

FALLS

Z25.35000
18.70000
45.,10000
50.90000
£4.7C200
26.20000

31.97000
£7.50000
24 .80000
39.9%0000
17.18000
15.15000
15.28000
16.28000
15.880380
17.G2000
14.7¢000
16.58000
18.05000
14.58000
21.30000

18.05000 .

18.9B8000
17.68000
16.38000
21.03000
24.15000
20.63000
14.73000
17.40000
'19.40000
19.57000

22.50000 -
17.60090 '

Table {9)

(Contlnued )

36.436850
23.37360
459.24070
46.98510
45.3609%0
45.93480
24.21550
23.35230
46.42860
52.81410
43.10250
28.70840

38.16220 -
42.23560
37.48260
35.20920
17.48560
16.57750
13.94410
12.88550
18.71650
20.89480
12.92850

. 18.74460

25.30490
17.45720
21.10630
18.21270
14.80450
14.35350
18.20770
28.60710
22.15190
27.37210
14.74630
15.42540
23.64880
19.66390

 21.32970

17.40510

4.46355
0.27359
6.44066
1.31495
0.03909
3.36521
1.13455
4.65229
2.67138
1.91408
1.5974¢
2.50841

- = 6.19221

5.26444
5.31737
4.69085

- 0.30564
- 1.42747

1.33588
3.39450

- 2.83654
- 3.89481

1.77147

- 2.16464
- 7.25489

0.19375

- 0.16274

- 4.17548
3.32655

- 1.82767
- 7.57714

1.99815

- 6.74213
. - 0.16250

1.97460

- 4.24882
- 0.09388

1.17033
0.19494




